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General Notices xiii 


GENERAL NOTICES AND 

REQUIREMENTS 


The General Notices and Requirements section (the General 
Notices ) presents the basie assumptions, definitions, and de- 
fault conditions for the interpretation and application of the 
United States Phormacopeia (USP ) and the National Formulary 
(NF). 

Requirements stated in these General Notices apply to ail 
articles recognized in the USP and NF (the "compendia") 
and to all generał chapters unless specifically stated 
otherwise. 

1. TITLE AND REVISION 

The fuli title of this publication (consisting of four volumes 
and including its Supplements), is The Phormacopeia of the 
United States of America, Fortieth Revision and the Notional 
Formulary , Thirty-Fifth Edition. These titles may be abbrevi- 
ated to USP 40, to NF 35, and to USP 40-NF 35. The United 
States Phormacopeia, Fortieth Revision, and the National For - 
mulary, Thirty-Fifth Edition, supersede all earlier revisions. 
Where the terms "USP," "NF, or " USP-NF ' are used with- 
out further qualification during the period in which these 
compendia are official, they refer only to USP 40, NF 35, 
and any Supplemenlfs) thereto. The same titles, with no fur¬ 
ther distinction, apply equally to print or electronic presen- 
tation of these contents. Although USP and NF are pub- 
lished under one cover and share these General Notices, they 
are separate compendia. 

This revision is official beginning May 1, 2017 unless oth¬ 
erwise indicated in specific text. 

Supplements to USP and NF are published periodically. 
Accelerated Revisions, published periodically on the Offi¬ 
cial Text section of USP's website (http://www.usp.org/usp- 
nf/official-text), are designed to make revisions official morę 
quickly than through the routine process for publishing 
standards in the USP-NF. Interim Revision Announcements are 
Accelerated Revisions to USP and NF that contain official re- 
visions and their effective dates. 

Revision Bulletins are Accelerated Revisions to official text 
or postponements that require expedited publication. They . 
cjenerally are official immediately unless otherwise specified 
in the Revision Bulletin. 

Errata are Accelerated Revisions representing corrections 
to items erroneously published. Announcements of the avail- 
ability of new USP Reference Standards and announcements 
of tests or procedures that are held in abeyance pending 
availability of required USP Reference Standards are also 
available on the "Official Text" tab of USP's website. 

2. OFFICIAL STATUS AND LEGAL RECOGNITION 
Z10. Official Text 

Official text of the USP and NF is published in the USP-NF 
Online (www.uspnf.com) in the edition identified as "CUR- 
RENTLY OFFICIAL" and in Accelerated Revisions that super¬ 
sede the USP-NF Online as described below. 

Routine revisions are published in the USP-NF Online and 
become official on the datę indicated, usually six months 
after publication. Accelerated Revisions supersede the 
USP-NF Online and become official on the datę indicated. 

Links to Accelerated Revisions on the USP website can be 
found in any superseded monograph or generał chapter in 
the USP-NF Online. 

Print and USB flash drive versions of the USP and NF also 
are available. Routine revisions are provided with the same 
timing as the USP-NF Online. Official text published in Sup¬ 
plements supersedes that in the previously published print or 


USB flash drive versions of USP-NF. These versions also are 
superseded by Accelerated Revisions as described above. 

In the event of any disparity between the print or USB 
flash drive versions and the USP-NF Online, the USP-NF On¬ 
line will be deemed to apply. 

2.20. Official Articles 

An official orticle is an article that is recognized in USP or 
NF. An article is deemed to be recognized and included in a 
compendium when a monograph for the article is published 
in the compendium and an official datę is generally or spe- 
cifically assigned to the monograph. 

The title specified in a monograph is the officiol title for 
such article. Other names considered to be synonyms of the 
official titles may not be used as substitutes for official titles. 

Official articles include both official substances and official 
produets. An official substance is a drug substance, excipient, 
dietary ingredient, other ingredient, or component of a fin- 
ished device for which the monograph title includes no indi- 
cation of the naturę of the finished form. 

An official product is a drug product, dietary supplement, 
compounded preparation, or finished device for wnich a 
monograph is provided. 


2.30. Legał Recognition 

The USP and NF are recognized in the laws and regula- 
tions of many countries throughout the world. Regulatory 
authorities may enforce the standards presented in the USP 
and NF, but because recognition of the USP and NF may 
vary by country, users should understand applicable laws 
and regulations. In the United States under tne Federal 
Food, Drug, and Cosmetic Act (FDCA), both USP and NF are 
recognizedf as official compendia. A drug with □ name rec¬ 
ognized in USP-NF must comply with compendial identity 
standards or be deemed adulterated, misbranded, or botn. 
See, e.q., FDCA § 501 (b) and 502(e)(3)(b); also FDA regula¬ 
tions, 21 CFR § 299.5(a&b). To avoid being deemed 
adulterated, such drugs must also comply with compendial 
standards for strength, quality, and purity, unless labeled to 
show all respects in which the drug differs. See, e.g., FDCA 
§ 501 (b) and 21 CFR § 299.5(c). In addition, to avoid being 
deemed misbranded, drugs recognized in USP-NF must also 
be packaged and labeled in compliance with compendial 
standards. See FDCA § 502(g). 

A dietary supplement represented as conforming to speci- 
fications in USP will be deemed a misbranded food if it fails 
to so conform. See FDCA § 't03(s)(2)(D). 

Enforcement of USP standards is the responsibility of FDA 
and other govemment authorities in the U.S. and elsewhere. 
USP has no role in enforcement. 


Change to read: 

3. CONFORMANCE TO STANDARDS 
3.10. Applicability of Standards 
Standards for an article recognized in the compendia 
( USP-NF) are expressed in the article's monograph, applica¬ 
ble generał chapters, and General Notices. The identity, 
strength, quality, and purity of an article are determined by 
the orficial tests, procedures, and acceptance criteria, and 
other requirements incorporated in the monograph, in ap¬ 
plicable generał chapters, or in the General Notices. "Appli¬ 
cable generał chapters" means generał chapters numbered 
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below 1000 or above 2000 that are madę applicable to an 
artlcle through reference in General Notices , a monograph, 
or another applicable generał chapter numbered below 
1000. Where the requirements of a monograph differ from 
the requirements specified in these General Notices or an 
applicable generał chapter, the monograph reguirements 
apply and supersede the requirements of the General Notices 
or applicable generał chapters, whether or not the mono¬ 
graph explicitly States the difference. 

General chapters numbered 1000 to 1999 are for infor- 
mationa! purposes only. They contain no mandatory tests, 
assays, or other reguirements applicable to any official arti¬ 
cle, regardless of citation in a generał chapter numbered 
below 1000, a monograph, or these General Notices. Gen¬ 
eral chapters numbered above 2000 apply only to articles 
that are Intended for use as dietary ingredients and dietary 
supplements. General chapter citations in NF monographs 
refer to USP generał chapters. 

Early adoption of revised standards in advance of the offi¬ 
cial datę is allowed by USP unless specified otherwise at the 
limę of publication. Where revised standards for an existing 
article have been published as finał approved "official texr 
(as approved in section 2.10 Official Text) but have not yet 
reached the official datę (słx months after publication, un¬ 
less otherwise specified; see "official datę", section 2.20 Offi¬ 
cial Articles ), compliance with the revised standard shall not 
preclude a finding or indication of conformance with com¬ 
pendial standards, unless USP specifies otherwise by prohib- 
iting early adoption in a particular standard. 

Tne standards in the relevant monograph, generał chap- 
ter(sl and General Notices apply at all times in the life of the 
article from production to expiration. It is also noted that 
the manufacturer's specifications, and manufacturing prac- 
tices (e.g., Quality by Design, Process Analytical Technology, 
and Real Time Release Testing initiath/es), generally are foh 
lowed to ensure that the article will comply with com- 
pendial standards until its expiration datę, when stored as 
directed. Every compendial article in commerce shall be so 
constituted that when examined in accordance with these 
assays and test procedures, it meets all applicable pharma- 
copeial requirements (General Notices , monographs, and 
generał chapters). Thus, any official article is expected to 
meet the compendial standards if tested, and any official 
article actually tested as directed in the relevant monograph 
must meet such standards to demonstrate compliance. 

Some tests, such as those for Dissolution and Uniformity 
of Dosage Units, require multiple dosage units in conjunc- 
tion with a decision scheme. These tests, albeit using a 
number of dosage units, are in fact one determination. 

These procedures should not be confused with statistical 
sampling plans. The similarity to statistical procedures may 
seem to suggest an intent to make inference to some larger 
group of units, but in all cases, statements about whether 
the compendial standard is met apply only to the units 
tested. Repeats, replicates, statistical rejection of outliers, or 
extrapolations of results to larger populations, as well as the 
necessity and appropriate frequency of batch testing, are 
neither specified nor proscribed by the compendia; such de- 
cisions are based on the objectives of the testing. Frequency 
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ents that meet USP or NF standards, where standards for 
such m^redients exist (for dietary supplements, see section 

Official substances are prepared according to recognized 
principles of good manufacturing practice and from ingredi¬ 
ents complying with specifications designed to ensure that 
the resultant substances meet the requirements of the com¬ 
pendial monographs. 

3.10.10. Applicability of Standards to Drug Products, 
Drug Substances, and Excipients 

The applicable USP or NF standard applies to any article 
marketed in the United States that (1) is recognized in the 
compendium and (2) is intended or labeled for use as a 
drug or as an ingredient in a drug. Such articles (drug prod- 
ucts, drug substances, and excipients) include both human 
drugs (whether dispensed by prescription, "over the 
counter," or otherwise), as well as animal drugs. The appli¬ 
cable standard applies to such articles whether or not the 
added desianation "USP" or "NF" is used. The standards 
apply eguafly to articles bearing the official titles or names 
derived by transposition of the definitive words of official 
titles or transposition in the order of the names of two or 
morę active ingredients in official titles, or where there is 
use of synonyms with the intent or effect of suggesting a 
significant degree of identity with the official titie or name. 
3.10.20. Applicability of Standards to Medical Devices, 
Dietary Supplements, and Their Components and 
Ingredients 

An article recognized in USP or NF shall comply with the 
compendial standards if the article is a medical device, com- 
ponent intended for a medical device, dietary supplement, 
dietary ingredient, or other ingredient that is intended for 
incorporation into a dietary supplement, and is labeled as 
conforming to the USP or NF. 

Generally, dietary supplements are prepared from ingredi¬ 
ents that meet USr, Nr, or Food Chemicals Codex standards. 
Where such standards do not exist, substances may be used 
in dietary supplements if they have been shown to be of 
acceptable food grade quality using other suitable 
procedures. 

A 3.10.30. Applicability of Standards to the Practice of 
Cornpoundlng (New) 

OSP compounding practice standards, Phdrmaceutićal 
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Official products are prepared according to recognized 
principles of good manufacturing practice and from ingredi- 
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3.20. Indicating Conformance 
A drug product, drug substance, or excipient may use the 
designation "USP" or /7 NF" in conjunction with its official 
title or elsewhere on the label only when (1) a monograph 
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is provided in the specified compendium and (2) the artide 
complies with the identity prescribed in the spedfied 
compendium. 

Wnen a drug product, drug substance, compounded 
preparation, or excipient differs from the relevant USP or NF 
standard of strength, quality, or purity, as determined by 
the application of the tests, procedures, and acceptance cri- 
teria set forth in the relevant compendium, its difterence 
shall be plainly stated on its label. 

When a drug product, drug substance, compounded 
preparation, or excipient fails to comply with the identity 
prescribed in USP or NF or contains an added substance that 
interferes with the prescribed tests and procedures, the arti- 
cle shall be designated by a name that is clearly distinguish- 
incj and differentiating from any name recognized in USP or 

A medical device, dietary supplement, or ingredient or 
component of a medical aevice or dietary supplement may 
use the designation "USP" or "NF" in conjunction with its 
official title or elsewhere on the label only when (1) a mon- 
ograph is provided in the specified compendium and (2) 
the article complies with the monograph standards and 
other applicable standards in A that AW r40 compendium. 

The designation "USP" or "NF" on the label may not and 
does not constitute an endorsement by USP and does not 
represent assurance by USP that the article is known to 
comply with the relevant standards. USP may seek legał re- 
dress if an article purports to be or is represented as an 
official article in one of USP's compendia and such claim is 
determined by USP not to be madę in good faith. 

The designation "USP-NF" may be used on the label of 
an article prov!ded that the label also bears a statement 
such as "Meets NF standards as published by USP," indicat- 
ing the particular compendium to which the article purports 
to apply. 

When the letters "USP," "NF," or "USP-NF" are used on 
the label of an article to indicate compliance with com- 
pendial standards, the letters shall appear in conjunction 
with the official title of the article. Tne letters are not to be 
enclosed in any symbol such as a circle, square, etc., and 
shall appear in Capital letters. 

If a dietary supplement does not comply with all applica¬ 
ble compendial requirements but contains one or morę die¬ 
tary ingredients or other ingredients that are recognized in 
USP or NF, the individual ingredient(s) may be designated as 
complying with USP or NF standards or being of USP or NF 
quality provided that the designation is limited to the indi- 
vidual ingredient(s) and does not suggest that the dietary 
supplement complies with USP standards. 

4. MONOGRAPHS AND GENERAL CHAPTERS 
4.10. Monographs 

Monograpns set forth the article's name, definition, speci- 
fication, and other requirements related to packaging, stor- 
age, and labeling. The specification consists of tests, proce¬ 
dures, and acceptance criteria that help ensure the identity, 
strength, quality, and purity of the article. For generał re- 
quirements relating to specific monograph sections, see sec- 
tion 5 Monograph Componenls. 

Because monographs may not provide standards for all 
relevant characteristics, some official substances may con- 
form to the USP or NF standard but differ with regard to 
nonstandardized properties that are relevant to their use in 
specific preparations. To assure substitutability in such in- 
stances, users may wish to ascertain functional equivalence 
or determine sucn characteristics before use. 

4.10 

Ą __ Rr . 

C rocedure, and/or acceptance criterion for the same attri- 

ute. Unless otlierwise spedfied in the monograph, all tests 
are requirements. In some cases, monograph instructions al- 
low the selection of tests that reflect attributes of different 
manufacturers' articles, such as different polymorphic forms, 
impurities, hydrates, and dissolution. Monograph instruc- 


1.10. Applicability of Test Procedures 
single monograph may indude morę than one test. 


tions indicate the tests, procedures, and/or acceptance crite¬ 
ria to be used and the required labeling. 

The order in which the tests are listed in the monograph 
is based on the order in which they are approved by the 
relevant Expert Committee for inclusion in the monograph. 
Test 1 is not necessarily the test for the innovator or for the 
reference product. Depending on monograph instructions, a 
labeling statement is not typically required if Test 1 is used. 

4.10.20. Acceptance Criteria 

The acceptance criteria allow for analytical error, for una- 
voidable variations in manufacturing and compounding, and 
for deterioration to an extent consiaered acceptable under 
practical conditions. The existence of compendial accep¬ 
tance criteria does not constitute a basis for a claim that an 
official substance that morę nearly approaches 100 percent 
purity "exceeds" compendial quality. Similarly, the lact that 
an article has been prepared to tignter criteria than those 
specified in the monograph does not copstitute a basis for a 
claim that the article i7 exceeds" the compendial 
recjuirements. 

An official product shall be formulated with the intent to 
provide 100 percent of the quantity of each ingredient de- 
clared on the label. Where the minimum amount of a sub¬ 
stance present in a dietary supplement is required by law to 
be higher than the lower acceptance criterion allowed for in 
the monograph, the upper acceptance criterion contained 
in the monograph may be increased by a corresponding 
amount. 

The acceptance criteria specified in individual monographs 
and in the generał chapters for compounded preparations 
are based on such attributes of quality as mignt be ex- 
pected to characterize an article compounded from suitable 
bulk drug substances and ingredients, using the procedures 
providecfor recognized principles of good compounding 
practice, as described in these compendia. 

4.20. General Chapters 

Each generał chapter is assigned a number that appears in 
angle brackets adjacent to the chapter name (e.p.. Chroma - 
toaraphy (621». General chapters may contain the 
foflowing: 

• Descriptions of tests and procedures for application 
through individual monographs, 

• Descriptions and specifications of conditions and prac- 
tices for pharmaceutical compounding, 

■ General information for the interpretation of the com¬ 
pendial requirements, 

• Descriptions of generał pharmaceutical storage, dispens- 
ing, and packaging practices, or 

• General guidance to manufacturers of official substances 
official products. 


or ( 


When a generał chapter is referenced in a monograph, 
acceptance criteria may be presented after a colon. 

Some chapters may serve as introductory overviews of a 
test or of analytical techniques. They may reference other 
generał chapters that contain techmques, details of the pro¬ 
cedures, and, at times, acceptance criteria. 

Change to rend. 

5. MONOGRAPH COMPONENTS 
5.10. Molecular Formula 

The use of the molecular formula for the active ingredi- 
ent(s) named in defining the required strength of a com¬ 
pendial article is intended to designate the Chemical entity 
or entities, as given in the complete Chemical name of the 
article, having absolute (100 percent) purity. 

5.20. Added Substances 

Added substances are presumed to be unsuitable for in¬ 
clusion in an official article and therefore prohibited, if their 
presence impairs the bioavailability, therajpeutic efficacy, or 
safety of the official article; or they interfere with the assays 
and tests prescribed for determining compliance with the 
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compendial standards (see section 3.20 Indicotina 
Conformance). 

The air in a Container of an official article may, where 
appropriate, be evacuated or be replaced by carbon diox- 
■de, helium, argon, or nitrogen, or by a mixture of thesc 
gases. The use of such gas need not be declared in the 
labeling. 

5.20.10. Added Substances in Offidal Substances 
Official substances may contain only the specific added 
substances that are permitted by the mdh/idual monograph 
5uch added substances shall not exceed the auantity re- 
cjuired for providing their intended effecL Where such addi- 
tion is permitted, the label shall indicate the name(s) and 
amount(s) of any added substance(s). 

? Ą dde< ? Substances (Excipients and Ingredients) 
in Official Products 

Suitable substances and excipients such as antimicrobial 
agents, pharmaceutical bases, carriers, coatings, flavors, pre- 
servatives, stabilizers, and vehicles may be added to an offi- 
ciał product to enhance its stability, usefulness, or elegance 
or to facilitate its preparation, unless otherwise specified in 
the indmdual monograph. 

Added substances and excipients employed solely to im- 
part color may be incorporated into official products other 
than those intended for parenteral or ophthalmic use, in 
accordance with the regulations pertaining to the use' of 
/crf*\' l5Sued hy *^ e U.S! Food and Drug Administration 
(FDA), provided such added substances or excipients are 
otherwse appropriate in all respects. (See also A lnjectionś 
and Implanted Drugs Products (1), Product Quality Tests Com- 
mon to Parenteral Dosage Forms, Specific Tests, Vehicles and 
added substances, Added substanćes.) A . USM 
The proportions of the substances constituting the base in 
omtment and suppository products and preparations may 
be varied to maintain a suitable consistency under different 
climatic conditions, provided that the concentrations of ac- 
hye ingredients are not varied and provided that the 
bioavailability, therapeutic efficacy, and safety of the prepa- 
ration are not impaired. ' K 

5.20.20.1. In Compounded Preparations 
Compounded preparations for which a complete compo- 
sition is given shall contain only the ingredients named in 
the formulas unless specifically exempted herein or in the 
individual monograph. Deviation from the specified 
processes or methods of compounding, although not from 
the inaredients or proportions thereof, may occur provided 
that the finished preparation conforms to the relevant stan¬ 
dards and to preparations produced by following the speci¬ 
fied process. r 

Wnere a monograph for a compounded preparation calls 
lor an ingredient in an amount expressed on tRe dried ba- 
sis, the ingredient need not be dried before use if due al- 
lowance is madę for the water or other volatile substances 
present in the quantity taken. 

Specially denatured alcohol formulas are available for use 
in accordance with federal statutes and regulations of the 
Internal Revenue Service. A suitable formula of specially de¬ 
natured alcohol may be substituted for Alcohol in the manu- 
racture of official preparations intended for internal or topi- 
cal use, proyided that the denaturant is volatile and does 
not remain in the finished product. A preparation that is 
intended for topical application to the skin may contain spe- 
cially denatured alcohol, provided that the denaturant is ei- 
tner a usual ingredient in the preparation or a permissible 
added substance; in either case the denaturant shall be 
identified on the label of the topical preparation. Where a 
process is given in the individual monograph, any prepara- 
tion compounded using denatured alcohol shall be identical 
to that prepared by the monograph process. 

5.20.20.2. In Dietary Supplements 
Additional ingredients may be added to dietary supple- 
ment products provided that the additional ingredients: (1) 
comply with applicable regulatory reguirements; and (2) do 


not interfere with the assays and tests prescribed for deter- 
minmg compliance with compendial standards. 

5.30. Description and 5olubility 

Only where a quantitative solubility test is given in a 
monograph and Is designated as such is it a test for purity 

A monograph may include information regarding the arti¬ 
cle s descnption. Information about an artide's "description 
and solubility" also is provided in the reference table 
Descnption and Relative Solubility of USP and NF Articles The 
reference table merely denotes the properties of articles that 
comply with monograph standards. The reference table is 
intended primanly for those who use, prepare, and dispense 
■'yyj and /° r related articles. Although the information pro¬ 
yided in monographs and the information in the reference 
table may indirectly assist In the preliminary evaluation of an 
article, it is not intended to serve as a standard or test for 
purity. 

The approximate solubility of a compendial substance is 
indicated by one of the following descriptive terms: 


Descriotłye Term 

Parts of 5olvent Requlred 
for 1 Part of Solule 

Verv soluble 

Less than 1 

Frcely soluble 

From 1 to 10 

Soluble 

From 10 to 30 

Soarinaly ioluble 

From 30 to 100 

Sllahtly soluble 

From 100 to 1.000 

Very sliqhtlv soluble 

From 1.000 to 10,000 

Practically insoluble. or Insoluble 

Greater than or equal to 

10.000 


5.40. Identity 

A compendial test titled Identity or Identification is pro¬ 
yided as an aid in verifying the identity of articles as they 
are purported to be, e.g. # those taken from labeled contain- 
whether it is the article named in 
USP-NF. The Identity or Identification test for a particular arti¬ 
cle may consist of one or morę procedures. When a com¬ 
pendial test for Identity or Identification is undertaken, all 
requirements of all specified procedures in the test must be 
met to satisfy the requirements of the test. Failure of an 
article to meet all the requirements of a prescribed Identity 
°[ t Identification test (i.e., failure to meet the requirements of 
all of the specified procedures that are componentś of that 
test) indicates that the article is mislabeled and/or 
adulterated. 



5.50. Assay 

Assay tests for compounded preparations are not in¬ 
tended for evaluating a compounded preparation before 
dispensing, but instead are intended to serve as the official 
test in the event of a question or dispute regarding the 
preparation's conformance to official standards. 

5.50.10. Units of Potency (Biological) 

For substances that cannot be completely characterized 
by Chemical or physical means or that need confirmation of 

ilinrłinn^llłu nr tnr-f i im rfmrfiiM __ I _ ^ ^ 

gical 

. j t- j utiiynaicd refer¬ 

ence standard. In cases where International reference mater- 
lals have been discontinued, intemational units of potency 
may be defined in terms of molecular mass, such as in the 
cases of vitamins A, D, and E. 

Where available, World Health Organization (WHO) inter- 
10 °^ ,c ^ 1 s ^ ndards d eHne tłie Intemational Units 
(IU). USP monographs refer to the units assigned by USP 
Reference Standards either directly as International Units (IU) 
or as USP Units." For some biological products, units of 
potency are value assigned against a corresponding U.S. 
Standard established by FDA, whether or not International 
Units or USP Units have been defined (see Biologics (1041)) 
Notę that product-related labeling, e.g., on containers, need 
not use the fuli phrase "USP [product name] Units" that 
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appears in many USP monograph labeling sections. The 
term ''USP Units" can be used on product labeling consis- 
tent with USP compendial requirements, provided it is elear 
from the context that the volume is stated in terms of USP 
[product name] Units. In such circumstances it should be 
elear that "USP Units" and "USP [product name] Units" 
share the same meaning. 

5.60. Impurlties and Foreicjn Substances 

Tests for the presence of impurities and foreign substances 
are provided to limit such substances to amounts that are 
unobjectionable under conditions in which the article is cus- 
tomarily employed (see also Impurities in Drug Substances 
ond Drug Products (1086)). 

Nonmonograph tests and acceptance criteria suitable for 
detecting and controlling impurities that may result from a 
change m the processing methods or that may be intro- 
duced from external sources should be employed in addi- 
tion to the tests provided in the individual monograph, 
where the presence of the impurity is inconsistent with ap- 
plicable good manufacturing practices or good pharmaceu- 
lical practices. 

5.60.10. Other Impurities in USP and NF Artlcles 

If a USP or NF monograph indudes an assay or organie 
impurity test based on chromatography, other than a test 
for residual solvents, and that monograph procedurę does 
not detect an impurity present in the substance, the amount 
and identity of the impurity, where bolh are known, shall 
be stated in the labeling (certificate of analysis) of the offi- 
cial substance, under the heading Other Impurity(ies). 

The presence of any unlabelecTother impurity in an offi- 
cial substance is a variance from the standard if the content 
is 0.1% or greater. The sum of all Other Impurities combined 
with the monograph-detected impurities may not exceed 
2.0% (see Ordinary Impurities (466)), unless otherwise stated 
in the monograph. 

The followmg categories of drug substances are excluded 
from Other Impurities requirements: 

• Fermentation products and semi-synthetics derived 
therefrom, 

• Radiopharmaceuticals, 

• Biologics, 

• Biotechnology-derived products, 

• Peptides, 

• Herbals, and 

• Crude products of animal or plant origin. 

Any substance known to be toxic shall not be listed under 
Other Impurities . 

5.60.20. Residual Solvents in USP and NF Articles 

All USP and NF articles are subject to relevant control of 
residual solvents, even when no test is specified in the indi- 
vidual mdńograph. If solvents are used during production, 
they must be of suitable quality. In addition, the toxicity 
ana residual level of each solvent shall be taken into consid- 
eration, and the solvents limited according to the principles 
defined and the requirements specified in Residual Solvents 
(467), using the generał methods presented therein or other 
suitable methods. 

5.60.30. Elemental Impurities In USP Drug Products and 
Dietary Supplements 

Effective January 1, 2018, elemental impurities will be 
controlled in official drug products according to the princi¬ 
ples defined and reauirements specified in Ffemental Impuri¬ 
ties— Limits (232). Efłective January 1, 2018, elemental con- 
taminants are controlled in official dietary supplements 
according to the principles defined and requirements speci¬ 
fied in Elemental Lontaminants in Dietary Supplements 
(2232). Also effective January 1, 2018, Heavy Metals (231) 
will be omitted and all references to it in generał chapters 
and monographs will be deleted. Early adoption of the re¬ 
auirements in (232) and (2232) are permitted by USP, and 
if (232) or (2232), as applicable, is fully implemented with 
respect to a particular drug product or dietary supplement 
in advance of the January 1, 2018 datę, that product and its 
ingredients will no longer need to comply with applicable 


(231) requirements to be considered by USP to be in con- 
formance with USP-NF requirements. 


5.70. Performance Tests 

Where content uniformity determinations have been 
madę using the same analytical methodolocjy specified in 
the Assay , with appropriate allowances madę for differences 
in sample preparation, the average of all of the individual 
content uniformity determinaUons may be used as the Assay 
value. 


5.80. USP Reference Standards 

USP Reference Standards are authentic specimens that 
have been approved as suitable for use as comparison stan¬ 
dards in USP or NF tests and assays. (See USP Reference Stan¬ 
dards (11).) Where USP or NF tests or assays cali for the use 
of a USP Reference Standard, only those results obtained 
using the specified USP Reference Standard are conclusiye. 
Where a procedurę calls for the use of a compendial article 
rather than for a USP Reference Standard as a materia! stan¬ 
dard of reference, a substance meetiną all of the com¬ 
pendial monograph requirements for that article shall be 
usecf. If any new USP or NF standard requires the use of a 
new USP Reference Standard that is not yet available, that 
portion of the standard containing the requirement shall not 
be official until the specified USP reference materiał is 
availab!e. 

Unless a Reference Standard labę! bears a specific potency 
or content, assume the Reference Standard is 100.0% pure 
in the official application. Unless otherwise directed in the 
procedurę in the individual monograph or in a generał 
chapter, USP Reference Standards are to be used in accor- 
dance with the instructions on the label of the Reference 
Standard. 


Change to read: 

6 . TESTING PRACTICES AND PROCEDURES 
6.10. Safe Laboratory Practices 

In performing compendial procedures, safe laboratory 
practices shall be followed, induding precautionary meas- 
ures, protective equipment, and work practices consistent 
with the Chemicals and procedures used. Before undertaking 
any procedurę described in the compendia, the analyst 
should be aware of the hazards associated with the Chemi¬ 
cals and the techniques and means of protecting aaainst 
them. These compendia are not designed to descriBe such 
hazards or protective measures. 

6.20. Automated Procedures 

Automated and manuał procedures employing the same 
basie chemistry are considered equivalent. 

6.30. Altemative and Harmonized Methods and 
Procedures 

Alternative methods and/or procedures may be used if 
they provide advantages in terms of accuracy, sensitivity, 
precision, selectivity, or adaptability to automation or com- 
puterized data reduction, or in other special circumstances. 
Such altemative procedures and methods shall be validated 
as described in validation of Compendial Procedures (1225) 
and must be shown to give equivalent or better results. 

Only those results obtained by the methods and procedures 
given in the A cómpendia A i/sMo are conclusive. 

Alternative procedures should be submitted to USP for 
evaluation as a potential replacement or addition to the 
standard (see section 4.10 Monographs). 

Certain generał chapters contam a statement that the text 
in question is harmonized with the corresponding text of 
the Europeon Pharmacopoeia and/or the japonese Pharmoco- 
poeia and that these texts are interchangeable. Therefore, if 
a substance or preparation Is found to comply with a re- 
quirement using an interchangeable męthod or procedurę 
from one of these pharmacopeias, it should comply with the 
requirements of the USP-NF. When a difference appears, or 
in the event of dispute, only the result obtained by the 
method and/or procedurę given in the USP-NF is condusive. 
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6.40 Dried, Anhydrous, Ignited, or Solvent-Free Basis 
Ali calculations in the compendia assume an "as-is" basis 
unless otherwise specified. 

Test procedures may be performed on the undried or 
unigmted substance and the results calculated on the dried 
anhydrous, or ignited basis, provided a test for ioss on Dry- 
ing, or Water Determination, or ioss on Ignition, respectively 
is given in the monograph. Where the presence of moisture 
or other volatile materiał may interfere with the procedurę 
previous drying of the substance is specified in the individ- 
ual monograph and is obligatory. 

The term ' solvent-free" signifies that the calculation shall 
be corrected for the presence of known solvents as deter- 
mmed using the methods described in (467) unless a test 
for limit of organie solvents is provided in the monograph 
.Jhe term "previously dried" without qualification signifies 
that the substance shall be dried as directed under Loss on 
Drying (731) or Water Determination (921) (qravimetric 
determination). 

Where drying in vacuum over a desiccant is directed, a 
vacuum desiccator, a vacuum drying pistol, or other suitable 
vacuum drying apparatus shall be used. 

6.40.10. Ignite to Constant Weight 
Ognite to constant weight means that ignition shall be 
contmued at 800 ±25°, unless otherwise indicated, until 
two consecutive weighings, the second of which is taken 
after an additional period appropriate to the naturę and 
quantity of the residue, do not differ by morę than 0.50 ma 
per g of substance taken. 

6.40.20. Dried to Constant Weight 
"Dried to constant weight" means that drying shall be 
contmued until two consecutive weighings, the second of 
which is taken after an additional drying period appropriate 
to the naturę and quantity of the residue, do not differ by 
morę than 0.50 mg per g of substance taken. 

6.50. Preparation of Solutions 

6.50.10. Filtratfon 

Where a procedurę gives direction to "filier" without fur- 
ther qualification, the fiquid shall be passed through suitable 
niter paper or equivalent device until the filtrate is elear. 

Due to the possibility of filter effects, the initial volumes of a 
filtrate may be discarded. 

6.50.20. Solutions 

Unless otherwise specified, all Solutions shall be prepared 
with Purified Water. Solutions for quantitative measures shall 
be prepared using accurately weighed or accurately meas- 
ured analytes (see seclion 8.20 About). 

Ąn expression such as "(1 in 10)" means that 1 part by 
volume o( a liquid shall be diluted with, or 1 part by weiaht 
of a solid shall be disso!ved in, a sufficient quantity of the 
diluent or solyent to make the volume of the finished solu- 
uon 10 parts by volume. An expression such as "(20:5:2)" 
means that the respective numbers of parts, by volume of 
[nd‘c s ^ a ^ be mixed, unless otherwise 

6.50.20.1. Adjustments to Solutions 
When a specified concentration is called for in a proce- 
dure, a solution of other normality or molarity may be used 
provided that allowance is madę for the difference in con- 
centration and that the change does not Increase the error 
of measurement. 

Proportionately larger or smaller quantities than the speci- 
lied weights and volumes of assay or test substances and 
Reference Standards may be taken, provided the measure- 
ls rnade with at least equivalent accuracy. 

Unless otheiwise indicated, analyte concentrations shall be 
prepared to within ten percent (10%) of the indicated 
value. In the case in which a procedurę is adapted to the 
working rangę of an instrument, solution concentrations 
ma y 7.«n r / rom inc *icated value by morę than ten per¬ 
cent (10%) with appropriate changes in associated calcula- 
tions. Any changes shall fali within the validated ranqe of 
the instrument. a 


When adjustment of pH is indicated with either an acid or 
base and the concentration is not indicated, appropriate 
concentrations of that acid or base may be used. 

6.50.20.2. Test Solutions 

Information on Test Solutions (T5) is provided in the Test 
Solutions portion of the Reagents, Indicators, and Solutions 
section of the USP-NF. Use of an altemative Test Solution or 
a change in the Test Solution used may require validation. 

6.50.20.3. Indlcator Solutions 

Where a procedurę specifies the use of an indicator TS, 
approximately 0.2 mL, or 3 drops, of the solution shall be 
added unless otherwise directed. 

6.60. Units Necessary to Complete a Test 
Unless otherwise specified, a sufficient number of units to 
ensure a suitable analytical result shall be taken. 

6.60.10. Tablets 

Where the procedurę of a Tablet monograph directs to 
weigh and finely powder not fewer than a given number of 
Tablets, a counted number of Tablets shall be weighed and 
reduced to a powder. The portion of the powdered Tablets 
taken shall be representative of the whole Tablets and shall 
m turn, be weighed accurately. ' 

6.60.20. Capsules 

Where the proceduro of a Capsule monograph gives di¬ 
rection to remove, as completefy as possible, the contents of 
not fewer than a given number of the Capsules, a counted 
number of Capsules shall be carefully opened and the con¬ 
tents quantitatively removed, combined, mixed, and 
weighed accurately. The portion of mixed Capsules contents 
taken shall be representative of the contents of the Capsules 
and shall, in turn, be weighed accurately. 

6.70. Reagents 

The proper conduct of the compendial procedures and 
the reliability of the results depend, in part, upon the quality 
of the reagents used in the performance of the procedures 
Unteą otherwise specified, reagents conforming to the spec- 
ifications set forth in the current edition of Reagent Chemi¬ 
cals pubhshed by the American Chemical Society (ACS) shall 
be used. Where such ACS reagent specifications are not 
available or where the required purity differs, compendial 
specifications for reagents of acceptable quality are provided 
Reagents, Indicators, and Solutions section of the 
USP-NF). Reagents not covered by any of these specifica- 
hons should be of a grade suitable to the proper perfor¬ 
mance of the melhod of assay or test involved 
Listing of these reagents, including the indicators and so- 
lutions employed as reagents, in no way implies that they 
have therapeutic utiłity; furthermore, any reference to UsP 
or NF in their labeling shall include also the term "reaoent" 
or reagent grade." USP may supply reagents if they other¬ 
wise may not be generally commercially ayailable. 

6.80. Equipment 

Unless otherwise specified, a specification for a definite 
size or type of Container or apparatus in a procedurę is 
given solely as a recommendation. Other dimensions or 
types may be used if they are suitable for the intended use. 

6.80.10. Apparatus for Measurement 
Where vofumetric flasks or other exact measuring, weiqh- 
ing, or sorting devices are specified, this or other eauipment 
of at least equivalent accuracy shall be employed. 

6.80.10.1. Pipet/Pipette 

Where a pipet/pipette is specified, a suitable buret may be 
substjtuted. Where a "to contain" pipet/pipette is specified, 
a suitable volumetric fiask may be substituted. 

6.80.10.2. Light Protection 

Where low-actinic or light-resistant containers are speci- 
tied, either containers specially treated to protect contents 
from light or elear containers that have been rendered 
may^be ^ a PP^ ca b‘ on of a suitable coating or wrapping 
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6.80.20. Instrumental Apparatus 
An instrument may be substituted for the specified instru¬ 
ment if the substitute uses the same fundamental principles 
of operation and is of equivalent or greater sensitivity and 
accuracy. These characteristics shall be qualified as appropri- 
ate. Where a particular brand or source of a materiał, instru¬ 
ment, or piece of equipment, or the name and address of a 
manufacturer or distributor, is mentioned (ordinarily in a 
footnote), this identification is furnlshed solely for informa- 
tional purposes as a matter of convenience, without implica- 
tion of approval, endorsement, or certification. 

6.80.20.1. Chromatographic Tubes and Columns 
The term "diameter refers to internal diameter (ID). 

6.80.20.2. Tubing 

The term "diameter" refers to outside diameter (OD). 

6.80.20.3. Steam Bath 

Where use of a steam bath is directed, use actively flow- 
ing steam or another regulated heat source controlled at an 
equivalent temperaturę. 

6.80.20.4. Water Bath 

A water bath requires vigorously boiling water unieśs oth- 
erwise specified. 

6.80.30. Temperaturę Reading Devices 
Temperaturę reading devices suitable for pharmacopeial 
tests conform to speciTieations that are traceable to a Na¬ 
tional Institute of btandards and Technology (NIST) standard 
or equivalenL Temperaturę reading devices may be of the 
liquia-in-glass type or an analog or digital temperaturę indi- 
cator type, sucn as a resistance temperaturę device, thermis- 
tor, or tnermocouple. Standardization of thermometers is 
performed on an established testing frequency with a tem¬ 
peraturę standard traceable to NIST. For example, refer to 
the current issue of American Society of Testing and Materi¬ 
als (ASTM) standards El for liquid-in-glass thermometers. 

7. TEST RESULTS 

7.10. Interpretation of Reauirements 
Analytical results observed in the laboratory (or calculated 
from experimental measurements) are compared with stated 
acceptance criteria to determine whether tne artide con- 
forms to compendial requirements. 

The reportable value, which often is a summary value for 
several indh/idual determinations, is compared with the ac¬ 
ceptance criteria. The reportable value is the end result of a 
completed measurement procedurę, as documented. 

Wnere acceptance criteria are expressed numerically 
herein through spedfication of an upper and/or lower limit, 
ermitted vaTues include the specified values themselves, 
ut no values outside the limit(s). Acceptance criteria are 
considered significant to the last digit snown. 

7.10.5. Nominał Concentrations in Equations 
Where a "nominał concentration" is specified, calculate 
the concentration based on the label daim. In assay proce- 
dures, water correction is typically stated in the Definition 


and on the label of the USP Reference Standard. For other 
procedures, correction for assayed content, potency, or both 
is madę prior to using the concentration in the equation 
providea in the monograph. 

7.10.10. Equivalence Statements in Titrimetric 
Procedures 

The directions for titrimetric procedures conclude with a 
statement of the weight of the analyte that is equivalent to 
each mL of the standardized titrant. In such an equivalence 
statement, the number of significant figures in the concen¬ 
tration of the titrant should oe understood to correspond to 
the number of significant figures in the weight of the 
analyte. Corrections to calculations based on the blank de- 
termination are to be madę for all titrimetric assays where 
appropriate (see Tilrimetry (541)). 

7.20. Rounding Rules 

The observed or calculated values shall be rounded off to 
the number of decimal places that is in agreement with the 
limit expression. Numbers should not be rounded until the 
finał calculations for the reportable value have been com¬ 
pleted. Intermediate calculations (e.g., slope for linearity) 
may be rounded for reporting purposes, but the original 
(not rounded) value should be used for any additional re- 
quired calculations. Acceptance criteria are fixed numbers 
and are not rounded. 

When rounding is required, consider only one digit in the 
decimal place to the right of the last place in the limit ex- 
pression. If this digit is smaller than 5, it is eliminated and 
the preceding digit is unchanged. If this digit is equal to or 
greater than 5, it is eliminated and the preceding digit is 
fncreased by 1 . 

Clwnge to rend: 

8 . TERMS AND DEFINITIONS 

8.10. Abbreviations 

• RS refers to a USP Reference Standard. 

• CS refers to a Colorimetric Solution. 

• TS refers to a Test Solution. 

• VS refers to o Volumetric Solution that is standardized in 
accordance with directions given in the individual mon¬ 
ograph or in the Reagents, Indicators, and Solutions sec- 
tion of USP-NF. 

8.20. About 

"About" indfcates a quantity within 10%. 

If the measurement is stated to be "accurately measured" 
or "accurately weighed," follow the statements in Volumetric 
Apparatus (31) and Balances (41),.respectively. 

8.30. Alcohol Content 

Percentages of alcohol, such as those under the heading 
Alcohol Content , refer to percentage by volume of C 2 H 5 OH 
at 15.56°. Where a formula, test, or assay calls for alcohol, 
ethyl alcohol, or ethanol, the USP monograph article Alcohol 


lllustration of Rounding Numerlcal Values 
for Comparison with Reciulrements 

Compendial Reauirement 

Unrounded Valuc 

Rounded Result 

Conforms 

Assay limit 298.0% 

97.96% 


98.0% 

Yes 


97.92% 


97.9% * 

No 


97.95% 


98.0% 

Yes 

Assay limit £101.5% 

101.55% 


101.6% 

No 


101.46% 


101.5% 

Yes 


101.45% 


101.5% 

Yes 

Limit test £0.02% 

0.025% 


0.03% 

No 


0.015% 


0.02% 

Yes 


0.027% 


0.03% 

No 

Limit test <3 ppm 

3.5 ppm 


4 ppm 

No 


3.4 ppm 


3 ppm 

Yes 


2.5 ppm 


3 ppm 

Yes 
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shall be used. Where reference is madę to "CjHjOH," abso- 
lute (100 percent) ethanol is intended. Where a procedurę 
calis for dehydrated alcohol, alcohol absolute, or anhydrous 
alcohol, the USP monograph article Dehydrated Alcohol 
shall be used. 

8.40. Atomie Weights 

Atomie weights used in computing molecular weights and 
the factors in the assays and elsewhere are those established 
by the IUPAC Commission on *lśotopic Abundances and 
Atomie Weights.*w <0 

8.50. Blank Determinations 
Where it is directed that "any necessary correction" be 
madę by a blank determination, the determination shall be 
conducted using the same guantities of the same reagents 
treated in the same manner as the solution or mixture con- 
taining the portion of the substance under assay or test. but 

[pa ri inrt^nm itrnlf J 


with the substance itself omitted. 

8.60. Concomltantly 

"Concomitantly" denotes that the determinations or 
measurements are to be performed in immediate 
succession. 

8.70. Desiccator 
The instruction "in a desiccator indicates use of a tightly 
closed Container of suitable size and design that maintains 
an atmosphere of Iow moisture content by means of a suita 
ble desiccant such as anhydrous calcium chloride, magne- 
sium perchlorate, phosphorus pentoxide, or silica qel. See 
also section 8.220 Vacuum Desiccator. 

8.80. Loaarithms 
Logarithms are to the base 10. 

8.90. Microbial Strain 

A microbial strain cited and identified by its American 
Type Culture Collection (ATCC) catalog number shall be 
used directly or, if subcultured, shall be used not morę than 
five passages removed from the original strain. 

8 .100. Negligible 

"Negligible" indicates a quantity not exceeding 0.50 mq 
8.110. NLT/NMT 

"NLT /r means "not less than." "NMT" means "not morę 
than. 

8.120. Odór 

"Odorless," "practically odorless," "a faint characteristic 
odor, and variatJons thereof indicate evaluation of a suita- 
ble auantity of freshly opened materiał after exposure to the 
a ,r for 15 mmutes. An odor designation is descriptive only 
and should not be regarded as a standard of purity for a 
particular lot of an article. 7 

8.130. Percent 

"Percent" used without qualification means: 

• For mixtures of solids and semisolids, percent weiaht in 

weight; 3 

• For Solutions or suspensions of solids in liquids, percent 
weight in volume; 

• For Solutions of liqutds in liquids, percent volume in 
volume; 

• For Solutions of gases in liquids, percent weight in 
volume. 

For example, a 1 percent solution is prepared by dissolv- 
ing 1 g of a solid or semisolid, or 1 mL of a liquid, in suffi- 
cient solvent to make 100 mL of the solution. 

8.140. Percentage Concentrations 
Percentage concentrations are expressed as follows* 

• Percent Weight in Weight (w/w) is defined as the num¬ 
ber of g of a solute in lOOg of solution. 

• Percent Weight in Volume (w/v) is defined as the number 
of g of a solute in 100 mL of solution. 

• Percent Volume in Volume (v/v) is defined as the number 
of mL of a solute in 100 mL of solution. 

8.150. Pressure 

Pressure is determined by use of a suitable manometer or 
barometer calibrated in terms of the pressure exerted by a 
column of mercury of the stated heighL 


8.160. Reaction Time 

Reaction time is 5 minutes unieśs otherwise specified. 
8.170. Specific Gravity 

Spegfjc gravity is the weight of a substance in air at 25° 
divided by the weight of an equal volume of water at the 
same temperaturę. 

8.180. Temperatures 

Temperatures are expressed in centigrade (Celsius) de- 
grees, and all measurements are madę at 25° unless other¬ 
wise indicated. Where moderate heat is specified, any tem¬ 
peraturę not higher than 45° (113° F) is indicated. 

8.190. Time 

Unless otherwise specified, rounding rules, as described in 
section 7.20 Rounding Rules , apply to any time specified. 
8.200. Transfer 

"Transfer" indicates a quantitative manipulation. 

8.210. Vacuum 

"Vacuum" denotes exposure to a pressure of less than 
20 mm of mercury (2.67 kPas), unless otherwise indicatŚd. 
8.220. Vacuum Desiccator 

"Vacuum desiccator" indicates a desiccator that maintains 
a low-moisture atmosphere at a reduced pressure of not 
morę than 20 mm of mercury (2.67 kPas) or at the pressure 
designated in the individual monograph. 

8.230. Water 

8.230.10. Water as an Ingredient in an Official Product 
As an ingredient in an official product, water meets the 
recjuirements of the appropriate water monograph in USP or 

8.230.20. Water in the Manufacture of Official 
Substances 

When used in the manufacture of official substances, 
water shall meet the requirements for drinking water as set 
forth in the U.S. Environmental Protection Agency National 
Pnmary Drinking Water Regulations or in the drinking water 
regulations of the European Union or of Japan, or in the 
World Health Organization's Guidelines for Drinking Water 
Quality. Additional specifications may be required m 
monographs. 

8.230.30. Water in a Compendial Procedurę 
When water is called for in a compendial procedurę the 
USP article Purified Water shall be used unless otherwise 
specified. Definitions for other types of water are provided 
in Reagents , Indicators, and Solutions and in Water for Phar- 
maceutical Purposes (1231). 

8.240. Weights and Measures 
In generał, weights and measures are expressed in the 
International System of Units (SI) as established and revised 
by the Conference generale des poids et mesures. For com- 
pendial purposes, the term "weight" is considered to be 
synonymous with "mass." 

Mofality is designated by the symbol m preceded by a 
number that represents the number of moles of the desig- 
nated solute contained in 1 kilogram of the desiqnated 
solvent. 3 

Molarity is designated by the symbol M preceded by a 
number that represents the number of moles of the desig¬ 
nated solute contained in an amount of the designated sol- 
vent that is sufficient to prepare 1 liter of solution. 

Normality is designated by the symbol N preceded by a 
number that represents the number of equivalents of the 
designated solute contained in an amount of the designated 
solvent that is sufficient to prepare 1 liter of solution 
The symbol for degrees (“) without a aualifying unit of 
measure represents degrees Celsius. 

Chart of Symbols and Prefixes commonly employed for SI 
metric units and other units: 



Units 

Symbol 

Notes 

Lenath 





meter 

m 
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Units 

Symbol 

Notes 


centimeter 

cm 



millimeter 

mm 



micromeier 

lim 

Previously referred to 
as a micron 


nanometer 

nm 

PreviousIy the symbol 
mp (for milllmicron) 
was used 


Anastrom 

A 

Egual to 0.1 nm 

Mass 





kilogram 

kg 



oram 

g 



milliaram 

ma 



microaram 

na 

The symbol pg is used 
in the USP and NP to 
represent micrograms, 
but micrograms moy 
be represented as 
"mcg" for labeling 
and prescribing pur* 
poses. The term 
"gamma/ symbolized 
by y, frequently is 
used to represent mi¬ 
crograms in biochemi- 
cal literaturę. 


nnnonram 

ng 



DicDCiram 

pq 



dalton 

Da 

Also referred to as the 
unlfied atomie mass 
unit and Is equal to 
1/12 limes the mass 
of the free carbon 12 
atom. 


kilodalton 

kDa 


Time 





second 

s 



minutę 

min 



hour 

h 


Volurne 





liter 

L 

1 L is equal to 1000 
cm 1 (cubic centime- 
tersl 


deciliter 

dL 



milliliter 

mL 

1 mL is equal to 1 cm 1 , 
sometimes referred to 
as cc 


microliter 

uL 


Tempera¬ 

turę 





Celsius 

°C 


Amount of 
Substance 





mole 

mol 

Historically referred to 
as gram-molecular 
weight or gram-atom- 
ic weight 


millimole 

mmol 



mlcromole 

umol 



femtomole 

fmol 




Units 

Symbol 

Notes 


eauivalent 

Eg 

Also referred to as 
gram-equlvalent 
weight. It is used in 
the calculation of sub- 
stance concentration 
in units of normality. 
This unit is no longer 
preferred for use in 
analytical chemistry or 
metroloay. 


mili! equiv- 
alent 

mEn 



osmolę 

Osmól 

Osmolić pressure of n 
solution, related to 
substance concentra¬ 
tion. 


milliosmole 

mOsmol 


Pressure 





Pascal 

Pa 



kilopascal 

kPa 



pounds per 
square 
inch 

psi 



millimeter 
of mercu- 

rv 

mmHg 

Egual to 133.322 Pa 

Electrical 

units 





ampere 

A 



volt 

V 



mlllivolt 

mV 



hertz 

Hz 

Unit ol freguency 


kilohertz 

kHz 



meaahertz 

MHz 



electron 

volt 

eV 



kilo-elec- 
tron volt 

keV 



mega-elec- 
tron volt 

MeV 


Radiation 





becauerel 

Bn 

SI unit of activity for 
radionuclides 


kilobec- 

auerel 

kBn 

- 


megabec- 

auerel 

MBo 



gigabec- 

auerel 

CBn 



curie 

Ci* 

Non-SI unit of actwity 
for radionuclides 


mlllicurie 

mCi 



mlcrocurie 

uCi 



nanocurie 

nO 


Other 





acceleration 
due to 
oravitv 

Q 

Used to express ratę of 
centrifuaation 


revolutions 
per min¬ 
utę 

rpm 

Used to eapress ratę of 
centrifuaation 


Selected SI Preflxes 


Namc 

Symbol 

Factor 

aiqa 

C 

10* 

mega 

M 

106 


General Notices 
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Selected SI Prefl«es (Continued) 


Name 

Symbol 

Factor 

kilo 

k 

10* 

dęci 

d 

10-» 

centi 

c 

ICH 

milli 

m 

ICH 

micro 

u 

ICH 

nano 

n 


pico 

P 


femto 

f 

10-'1 


9. PRESCRIBING AND DISPENSING 
9.10. Use of Metric Units 

Prescriptions for compendial articles shall be written to 
State the quantity and/or strength desired in metric units 
unless otherwise indicated in the individual monograph (see 
also section 5.50.10 Units of Potency [Biological] above). If an 
amount is prescribed by any other system of measurement, 
only an amount that is the metric equivalent of the pre¬ 


scribed amount shall be dispensed. Abbreviations for the 
terms "Units" or "International Units" shall not be used for 
labeling or prescribing purposes. Apothecary unit designa- 
tions on labels and labeling shall not be used. 

9.20. Changes in Volume 

In the dispensing of prescription medications, slight 
changes in volume owing to variations in room tempera- 
tures may be disregarded. 

10. PRESERVATION, PACKAGING, STORAGE, AND 
LABELING 

10.10. Packaging and Storage 
Ali articles in USP or NF are subject to the packaging and 
storage requirements specified in Packaging and Storage Re- 
guirements (659), unless different requirements are provided 
in an individual monograph. 

10.20. Labeling 

Ali articles In USP or NF are subject to the labeling re- 
quirements specified in Labeling (7>, unless different require- 
ments are provided in an individual monograph. 
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Global Health Monographs 


Preface 

This section contains monographs for articles which are not currentły legally marketed in the United States, but which have 
been approved by a stringent regulatory authority as defined by the World Health Organlzation and are used for essential 
purposes in other parts ot the world. Selection and prioritizatfon of new entries to this section will be accomplished in close 
collaboratlon with stakeholders throughout the global health community. These monographs are not applicable to articles 
marketed for use m the United States. 


Add the foftowing: 


*Chlorhexidine Gluconate Topical Cel 

DEFINITION 

Chlorhexidine Gluconate Topical Cel is prepared from 
Chlorhexidtne Gluconate iOluUon, It contains NLT 90.0% 
and NMT 110.0% of the labeled amount of chlorhexidine 
gluconate (Cz^H^oCbNuj - 

[Notę—T he U.S. Food and Drug Ad ministra tion has not re- 
viewed the safety and efficacy of Chlorhexidine Gluconate 
Topical Gel and it is not approved for marketing in the 
United States.] - 

IDENTIFICATION 

• A. UlTRAVlOUET ABŚORPTiON <197U> 

Wavelength rangę: 200-400 nm 
Sampie solution: Nominally 0.01 mg/mL of chlorhex- 
idine gluconate from Topical Gd, prepared as follows. 
Transfer a suitable amount of Topical Gel to an appro- 
priate volumetric fiask and dilute with water to volume. 
Acceptance criteria: The UV absorption spectrum of 
the Sampie solution exhibitś two maxima at 231 and 
255 nm and two minima at 222 and 242 nm. 

• 8. The retention time of the major peak of the Sampie 

solution corresponds to that of the Standard solution, as 
obtained in the Assay . 

• C Thin-Layer Chromatographic Identification Test 

( 201 ) 

Diluent: Acetonitrile and water (1:1) 

Standard solution: 10 mg/ml of USP Potassium Gfuco- 
nate RS in Diluent 

Sampie solution: Nominally 20 mg/mL of chlorhexidine 
gluconate from Topical Gel, prepared as follows. Trans¬ 
fer a suitable amount of Topical Gel, equivalent to 
500 mg of chlorhexidtne gluconate, to a 25-mL volu- 
metric fiask. Add a suffident quantity of Diluent, soni- 
cate with intermittent shaking for 30 min, and dilute 
with Diluent to volume. Centrifuge the solution for 5 
min at 3000 rpm, 

Chromatographic system 

Adsorbent: 0.25-mm layer of chromatographic siiica 
gel 

Application volume: 10 pL 

Developing solvent system: Alcohol, ethyl acetate, 
ammonium hydroxtde, and water (5:1:1:3) 


Spray reagent: Di$solve 2.5 g of ammonium molyb- 
date in 50 ml of 2 N sulfurtc add in a 100-mL volu- 
metric fiask. Add 1.0 g of ceric sulfate, swtrl to dis- 
so!ve, and dilute with 2 N suffuric add to volume. 

Analysis 

Sam pies: Standard solution and Sampie solution 
Develop the chromatogram in a solvent system until 
the solvent front has moved 10 cm from the point of 
spottrng, Remove the piąte from the cham ber and dry 
at 110* for 20 min, Allow tg cool and spray with Spray 
reagent . Heat the piąte at 110 for 10 min. 

Acceptance criteria: The principal spot of the Sampie 
solution corresponds in cofor, size, and Rt value to that 
of the Standard solution, 

ASSAY 
* Procedurę 

Buffer: Dissolve 27.6 g of sodium dihydrogen phos- 
phate and 10 mL of triethylamine in 1.5 U of water. Ad- 
just with phosphone add to a pH of 3.0 and dilute with 
water to 2000 mL. 

Solution A: Acetonitrile and Buffer (30:70) 

Solution B: Acetonitrile 

Mobile phase: See Table 1. 


Table 1 


Time 

(min'} 

Solution A 
(%> 

Solution B 

CW>1 

0 

100 

0 

9 

100 

0 

10 

45 

55 

15 

45 

55 

16 

100 

0 

21 

100 

0 


Standard solution: 50 ug/mL of USP Chlorhexidine 
Acetate RS in Solution A 

Sampie stock solution: Nominally 0.4 mg/mL of 
chlorhexidine gluconate from Topical Gel, prepared as 
follows. Transfer a suitable amount of Topical Gel, 
equivalent to 40 mg of chlorhexidIne gluconate, to a 
100-ml volumetric fiask, Add about 70 ml of Solution 
A t sonicate with intermittent shaking for 30 min, and 
dilute with Solution A to votume. 

Sampie solution: Nominally 80pg/mL of chlorhexidine 
gluconate from the Sampie stock solution with Solution A 
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Chromatographlc system 

(See Chromatograpny (621), System Suitability *) 

Modę: LC 

Detector: UV 239 nro 

Column: 16-mm 25-cm; 5-jim pac king LI 

Column temperaturę: 40' 

Flow ratę: 1.5mL/min 
injection volume: 50 uL 
System suitability 
Sample: Standard solution 
SuitabiEity requirements 
TaiJing factor: NMT 2.0 
Relative standard devrat*on: NMT 2*0% 

Analysis 

5 amples: Standard solution and Sample solution 
Calculate the percentage of the labded amount of 
chlorhexidine gluconate (CsaHjóChNia ■ ZC^H^O?) in 
the portion of Topical Cel taken: 

Resull = (n,/r s ) x (C s /Cu) x (H//W*) x 100 

r u = peak area of chlorhexidine from the Sample 
solution 

rs - peak area of chlorhexidine from the Standard 
solution 

G = concentration of USP Chiorhexidine Acetate 
RS in the Standard solution (pg/mL) 

Gu - nominał concentration of chlorhexidine 

gluconate in the Sample łoju don (pg/mL) 

Hi ~ molecular weight of chlorhexidine gluconate, 
897.76 

M f > = molecular weight of chlorhexidine acetate, 
625.55 

Acceptance criteria: 90.0%~110*0% 

IIWPURJTIE5 

• Limit of p Chloroaniline 

Solution A, Solution B, Mobile phase, and Chromało* 
graphic system: Proceed as directed in the Assoy, 
System suitability solution: 50 jag/mL of USP 
Chlorhexid*ne Acetate RS and 1 pg/mL of USP p- 
Chloroaniline RS in Solution A 

Standard solution: L0 ug/mL of USP p-Chtoroaniline 
RS in Solution A 

Sample solution: Nominalfy 0.4 mg/mL of chlorhex- 
idine gluconate from Topical Gel, prepared as follows. 
Transfer a su Kable amount of Topical Cel, equivalent to 


40 mg of chlorhexidine gluconate, to a 100-mL vofu- 
metric fiask. Add about 70 mL of Solution A t sonicate 
with intermittent shaking for 30 min, and dilute with 
Solution A to volume. Centrifuge the solution* 

System suitability 

Samples: System suitobility solution and Standard 
solution 

Suitability requirements 

ResoJution: NLT 3.0 between chforhexidine and p- 
chloroaniline, System suitability solution 
Refative standard devration: NMT 5.0% f Standard 
solution 

Analysis 

Samples: Standard solution and Sample solution 
Calcu lale the percentage of p-ohloroaniline in the por* 
tion of Topical Ge! taken: 

Result = (fu/o) x | Cs/Cu) X 100 

fu - peak response of p-chloroaniline from the 
Sample solution 

r$ = peak response of p-chtoroanifine from the 
Standard solution 

Cs - concentration of USP p-Chforoaniline RS in the 
Standard solution (mg/mL) 

Cu = nominał concentration of chlorhexidine 

gluconate in the Sample solution (mg/mL) 
Acceptance criteria: NMT 0.35% 

SPECIFIC TESTS 

* PH (791) 

Sample solution: Nominally 1% of chlorhexidine gluco¬ 
nate from Topical Gel with water 
Acceptance criteria: 5.0-7*0 

ADDITIONAL REQU1REMENT5 

* Packacinc ano Storage: Preserve in well-closed contam- 

ers, protected from llght* Storę at controlled room 
temperaturę. 

* USP Reference Standards (11) 

USP ChforhexIdine Acetate RS 
USP p-Chloroaniline RS 
USP Potassium Gluconate RS 

Aam 
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DSetary Sojpplements 

Official Monographs 


N-AcetyiglucosaiiTime 


OH 



0 =< 

CH, 


C a H 15 NO fi 221 .21 

2~(Acetyla mi no)-2-deoxy-D-g I ucose; 

N-Acetyl-D-Gfucosamine [7512-1 7-6]. 

DEFIN1TION 

N-Acetylglucosamine contains NLT 98.0% and NMT 102.0% 
of W-acetylgiucosamine (CaH T5 N0 6 ), calcutated on the 
dried basis. 

IDENTIFICATION 

* A* Jnfrarep Absorption (197K) 

* B. It meets the requirements in the test for Opticol Rota- 

tion {781 S), Specific Rotation. 

* C. The retentlon time of the major peak of the Sample 

solution eorresponds to that of tne Standard solution, as 
obtalned in the Assay. 

ASSAY 

* Procedurę 

Buffer: Transfer 3.5 g of dibasic potassium phosphate to 
a 1-L voiumetric fiask, and add sufffcient water to dis- 
solve. Add 0.25 ml of ammonium hydrox!de, dilute 
with water to vo!ume, and mix. Adjust with phosphork 
add to a pH of 7.5* 

Mobile phase: Acetonltriie and Buffer ( 75:25) 

Diiuent: Acetonitrile and water (50:50) 

System suitability solution: 1,0 mg/mL of USP N- 
Acetylglucosamine RS and 0.6 mg/mL of USP Gfucosa- 
mine Hydrach Eon de RS in DUuent 
Standard solution: 1.0 mg/mL of USP N-Acetyl- 
glucosamine RS in DUuent 

Sample solution: 1.0 mg/mL of N-Acetylglucosamine in 
DUuent 

Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 195 nm 

Column: 4.6-mm x 15-cm; 3-pm packing L8 
Column temperaturo: 35° 

Flow ratę: 1.5 mL/min 
Injection volume: lOpL 
System suitability 

Sam pies: System suitability solution and Standard 
solution 


[Notę —The relatEve retention times for W-acetyL 
glucosamine and gJucosamine are TO and abouL 2.8, 
respectively*j 

Suitability reguirements 

Signal-to-noise ratio: NLT 10 for the glucosamine 
p ea k, Sys tern s mta bili ty s olu ti on 
Resolution: NLT 5.0 between the N-acetyl- 
glucosamine and glucosamine peaks, System suitabil- 
ity solution 

Tailing factor: NMT 2,0, Standard solution 
Relatrve standard deviation: NMT 2.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of N-acetylglucosamine 
(CaHisNOć) in the portion of N-Acetylgtucosarnine 
taken: 

Result - (fu/rs) x (Cs/Cu) x 100 

fu - peak response from the Sample solution 

rs - peak response from the Standard solution 

Cs = concentration of USP /SMcetylglucosamine RS 
in the Standard solution (mg/mL) 

Cu = concentration of /V-Acety3glucosamine in the 
Sample solution (mg/mL) 

Acceptance criteria: 98.0%-l 02.0% on the dried basis 

IMPURITIES 

« RESIDUE on Ignition (281): NMT 0.1% 

« Chloride and Sulfate, Chloride (221): NMT 0.1% 

■ ELEMENTAL IMPURITIES—Procedures (233) 

Acceptance criteria 
Arsenie NMT 1 pg/g 
Lead: NMT 10 jig/g 
» Related Compounds 

Buffer, Mobile phase, Dfluent, System suitability solu¬ 
tion, Chromatographic system, and System suitabih 
ity: Proceed as directed in the Assay , 

Sampie solution: 2.5 mg/mL of N-Acetylglucosamine in 
DUuent 
Analysis 

Sample: Sample solution 

Calculate the percentage of each impurity in the por¬ 
tion of N-Acetylglucosamine taken: 

Result - (ru/fr) x 1 00 

Tlt - peak response of each impurity from the 
Sample solution 

r T = sum of the peak responses from the Sample 
solution 
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Acceptance criteria 
Individua1 impurity: NMT 0,5% 

Totaf impuritles: NMT 2.0% 

* Limit of Giucosamine 

Buffer, Mobile phase, Diluent, System suitability solu- 
tron, Chromatographk system, and System suftabiT- 
ity: Proceed as directed in the Assay. 

Standard solutlon: 0.6 mg/mL of USP Giucosamine Hy¬ 
drochloride RS in Diluent 

Sample solution: 50 mg/mL of N-Acetylglucosamine In 
Diluent 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of giucosamine in the portion 
of N-Acetylglucosamine taken; 

Result = (ru/r$) x (G/Cu) x (M } /M 2 ) x 100 

fu = peak response of giucosamine from the 
Sample solution 

r s - peak response of giucosamine from the 
Standard solution 

C s - concentration of USP Giucosamine 

Hydrochloride RS in the Standard solution 
(mg/mL) 

C u - concentration of N-Acetylglucosamine in the 
Sample solution (mg/mL) 

M f - molecular weight of giucosamine, 179,17 
M 2 = molecular weight of giucosamine 
hydrochloride, 215,63 
Acceptance criteria: NMT 1.0% 

5PECIFIC TESTS 

* Optical Rotation, Spedfic Rotation (781S) 

Sample solution: 20 mg/mL In water, perform the 
measurement 3 h after sample preparatom 
Acceptance criteria: -f 39,(T to +43.0° 

* PH (791) 

Sample solution; 10 mg/mL in water 
Acceptance criteria; 6.0-8.0 

* Loss on Drying (731) 

Analysis: Dry a sample at 105 q for 2 h. 

Acceptance criteria: NMT 0,5% 

* Meltinc Rance or Temperaturę (741): 19ó 0 -205° 

* Microbial Enumeration Tests (2021): The tota! aerobic 

baclerial count does not exceed 10 3 cfu/g; the to tal corm 
bined molds and yeasts count does not exceed 10 3 cfu/ 

9 * 

* Absence of Specified Microorcanisms (2022): Meets the 

reąuirements of the tests for absence of Salmonella spe- 
des and Escherichia cofi 

ADDITIONAl REQUIREMENTS 

* Packacinc and Storage: Preserve in tight, light-resistant 
containers. 

* USP Reference Standards (11) 

USP N-Acetylglucosamine RS 
USP Giucosamine Hydrochloride RS 


Af-Acetyltyrosine 



C„H, 3 N0 4 223.2 

N- Ace ty I - L- ty ros i n e; 

(25)-2-(Acetylamino)*3-(4-'hydroxyphenyl)propanoic add) 


DEFINfTION 

N-Acetyltyrosine contains NLT 98,5% and NMT 101.0% of 
N-acetyftyrosine (ChHuNO*), as N-acetyl-L-tyrosine, calcu- 
lated on the dried basis. 

IDENTIFICATION 

* A. INFRARED ABSORPTfON (197K) 

* B, Optical Rotation, Spedfic Rotation <781 S> 

Sample solution: 10 mg/mL 

Acceptance criteria: NLT +46,0° and NMT 449,0* de- 
termined at 20° 

* C. The value of the prindpai spot of the Sample solu¬ 

tion in the test for Organie Impurhies corresponas to that 
of Standard solution h 

ASSAY 

* Procedurę 

Sample solution: DissoIve about 180 mg of N- 
Acetyltyrosine, weighed, in 50 mL of carbon dloxide- 
free water, 

Titrimetric system 
(See Titrimetry (541),) 

Modę: Direct titration 
Titrant: 0,1 N sodium hydroxide VS 
Endpoint detection: Potentiometric 
Eguivalency: Each mL of 0.1 N sodium hydroxide VS 
is equivalent to 22.32 mg of N-acetyityrosfne 
(CnHijNO,), 

IMPURIT1ES 

* Residue on Icnition (281); NMT 0,1% 

* Chloride and Sulfate, Chloride (221) 

Sample: 0,7 g 

Standard: 040 ml of 0,01 N hydrochloric acid 
Acceptance criteria: NMT 200 ppm 

* Chloride and Sulfate, Sulfate (221) 

Sample: 1 2 q 

Standard: 0,25 mL of 0.020 N sulfuric add 
Acceptance criteria: NMT 200 ppm 

* Iron (241): NMT 20 ppm 


Deiete the folio wing: 

*• Heaw Metals, Method 1 <231): NMT 10 ppm. (OMloa , 
\nn2m) 

• Organic Impurities 

Adsorbent: 0,25-mm layer of chromatographk silica 
gel mixture 

Standard stock solution 1; 8 mg/mL of USP AMcetyl-L- 
tyrosine RS in a mixture of water, glacial acetic add, 
and alcohol (3:3:94) 

Standard solution T; Dilute Standard stock solution 1 
with alcohol to obtain a solution having a known con¬ 
centration of about 04 mg/mL, 

Standard solution 2: 0.8 mg/mL of USP L-Tyrosine RS 
dissolved in a mixture of glacial acetic acid and water 
(1:1), and difuted with alcohol 

Sample solution: Transfer 0.8 g of ALAcetyltyrosme to a 
10-mL volumetric fiask, dissolve in 6 mL of a mixture of 
glacial acetic acid and water (1:1), and dilute with alco- 
Rol to volume, 

Application volume: 5pL 

Developing solvent system: A mixture of ammonia 
and 2-propanol (3:7) 

Spray reagent: Dissolve 0,2 g of ninhydrin in 100 ml 
of a mixture of butanol and 2 N acetic acid (95:5). 
Analysis: Proceed as directed for C hromatography (621), 
Thin-Layer Chromatography. After air-drying the piąte, 
repeat the deve!opment process. After air-drying a sec- 
ond time, examine the piąte under short-wave UV light, 
and record principal and secondary spots. Spray the 
piąte with Spray reagent , and heal between 100° and 
105° for about 15 min. Examine the piąte under white 
light, and record the principal and secondary spots. 
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Acceptance criteria: Under the short-wave UV liaht, 
any secondary spot observed from the Sampie solution 
is not targer or morę intense than the principal spot 
from Standard solution 1. After applying the Spray rea¬ 
gent, under white Irght, any secondary spot at the locus 
óf tyrosine from the Sampie solution is not targer or 
morę intense than the principal spot from Standard so - 
lution 2. 

!ndividual impurities: NMT 0.5% 

Limit of tyrosine: NMT 1.0% 

SPECKFIC TESTS 

O LOSS ON DRVINC (731) 

Anaiysis: Dry a sampie at 105° for 3 h, 

Acceptance cnteria: NMT 0 . 1 % 

ADOIT10NAL REQUIREEV5ENT5 

® PACKAGING and Storage: Preserve in well-dosed contain- 
ers, and storę at controlled room temperaturę. 

0 USP Reference Standard* {11} 

USP N-Acetybt~tyrosine RS 
USP L-Tyrosine RS 


Alpha lipoic Aciid —see Alpha Lipoic Acid 
under L. 


Ademetionine Disulfate Tosylate— see 5- 

Adenosyi-L-methionine Disulfate Tosylate 


5-Adenosyl-L-methionine Disulfate 
Tosylate _ 

Former Utle: Ademetionine Disulfate Tosylate 



CuHmNłOuS* 766.80 

S-(Adenosyl)4_-methionrne disulfate tosylate; 

{35)-5'-[(3-Am in o- 3-ca rboxy propyl) methy Isu Ifo nto]-5'-deoxy- 
adenosi ne, disu tfate-metny] benzenesu I fonate 
[97540-22-2]* 

DEFINITION 

5-Adenosyl-i-methionine Disulfate Tosylate is the 
disulfate-tosylate mixed salt of a mtxture of diaster- 
eoisomers of the S-adenosyl-L-methionine ion. It contains 
NLT 95,0% and NMT 105.0% of S-adenosyf-L-methionine 
disulfate tosylate calculated through the 

eon tent of S-adenosyl-L-methionine (CisH^MgOjSL), calcu- 
Jated on the anhydrous basis. 

IDENTIFICATION 

* A. iNFRARED ABSORPTION {197K) 

* B. The retention time of the major peak of the Sampie 

solution corresponds to that of S-adenosyl-L-methionine in 
the System suitability solution, as obtained in the Content 
Of S-ADENOSYL-L-METHIONINE. 

COMPOSITION 

- Content of S-Adenosyl-l-methignine 

Solution A: 10 mL of glacial acetie acid in 500 ml of 
water, Add 2.06 g of sodium 1-hexanesulfonate, and di- 
lute with water to 1000 mL 


Mobile phase: Acetronitrile and Solution A (15:85) 
System suitability solution: 400 jug/mL each of USP S- 
Adenosyl-L-metbionine Disulfate Tosylate RS and USP 5- 
Adenosyl-L-homocysteine RS 

Standard solution A: 400fig/ml of USP S-Adenosyl-L- 
homocysteine RS 

Standard solution B: 200 |ig/mL from Standard solution 
A 

Standard solution C: 80 tig/mL from Standard solution 
A 

Sampie solution: 20 mg of S-Adenosyl-L-methionine Di¬ 
sulfate Tosylate in 40 mL of water, Stir for 30 min, then 
dilute with water to 50,0 mL. Transfer 1.0 ml of the 
soiution to a 1.5-mL microcentrifuge tubę, and centrL 
fugę for 1 min. Use a portlon of the supernatant. 
Chromatographk system 
(See Chroma tograpny (621), System Suitobility.) 

Modę: LC 

Detector: UV 260 nm 
Column: 4.6-mm x 15-cm; 3-pm packing LI 
Flow ratę: 1 mL/min 
injection size: lOjiL 
System suitability 

Samples: System suitability soiution and Standard solu - 
tion B 

[Notę—T he relative retention times for S^adenosyhi- 
homocysteine and S-adenosyi-L-methionine disulfate 
tosylate are about 0.68 and 1 . 0 , respecth/ely.] 
Suitability requirements 

Resolution: NLT 1.5 between S-adenosyl-L-homocys- 
telne and S-adenosyl-L-methionine 
Tailing factor: NMT 1.5, Standard solution B 
Relative standard deviation: NMT 2.0% for 5-ade- 
nosyl-L-homocysteine, Standard solution B 
Anaiysis 

Samples: Standard soiution A f Standard soiution B, 
Standard soiution C, and Sampie solution 
[Notę—- Record the chroma tograms, and measure the 
area of the S-adenosyl-L-homocysteine peak in all three 
Standard Solutions and the S-adenosyl-L-methionine di¬ 
sulfate tosylate peak in the Sampie solution.] 

Plot a caJibration curve of the peak area of the Stan¬ 
dard Solutions versus the corresponding S-adenosyl-i- 
homocysteine concentration, in mg/ml, and draw 
the straight linę best fitting the three points, From 
the calibration curve, and using the peak area of S- 
adenosyl-L-methionine from the chromatogram from 
the Sampie solution, determine the concentration, C, 
in mg/mL, of S-adenosyl-L-methionine as S-adenosyl- 
L-homocysteine in the Sampie solution. 

Caiculate tne percentage of C 15 H 23 N 0 O 5 S* in the portion 
of S-AdenosyhL-methionine Disulfate Tosylate talcen: 

Result = (C/Cu) x (Mri/Mra) x 100 

C = concentration of S-adenosyl-L-methiomne as S- 
adenosyl-L-homocysteine obtained from the 
linear regression linę (mg/mL) 

Cu = concentration of 5-Adenosyi-L-Methionine 
Disulfate Tosylate in the Sampie solution 
(mg/mL) 

Mm - molecular weight of S-adenosyl-L-methionine, 
399.44 

M r2 = molecular weight of S-adenosyl-L- 
homocysteine, 384.41 

Acceptance criteria: 49*5%-54*7% on the anhydrous 
basis, equivalent to 95.0%-1 05% of S-adenosyl-L-methL 
onine disulfate tosylate on the anhydrous basis 

Content of Słilfate 

Mobile phase: 8.0 mM sodium carbonate and 1.0 mM 
sodium bicarbonate in water 

Standard solution: 0.18 mg/mL of potassium sulfate 
Sampie solution: 0.5 mg/mL of S-Adenosyl-i-methio- 
nine Disulfate Tosylate 
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Chromatographk system 
(See Chromatograpny (62*1), System Suitability.) 

Modę: LC 

Detector: lon detector with suppressed conductmty 
Column: 4.0-mm x 25-cm; 7-jam packing L74 
Column temperaturę: 30° 

Flow ratę: 1 mL/min 
Injection size: 25 jliL 
System suitability 
Sampfe: Standard solution 
Suitability reąuirements 
Column effrciency; NLT 8200 theoretica! plates 
Tailfng factor: NMT 1,5 
Relative standard deviatlon: NMT 1.0% 

Analysis 

Samples: Standard solution and Sample solution 
[Notę—M easure the area of the sulfate peak,] 

Calculate the percentage of sulfate (S0 4 ) in the portion 
of 5-Adenosyl-L-methionine Disulfate Tosylate taken: 

Result - (ru/rs) x (C s /Cu) x 100 

ru - peak response of sulfate from the Sample 
solution 

r s - peak response of sulfate from the Standard 
solution 

Cs - eoncentration of sulfate (S0 4 ) in the Standard 
solution (mg/mL) 

Cu = eoncentration of 5-AdenosyR-methiomne 
Disulfate Tosylate in the Sample solution 
(mg/mL) 

Acceptance criteria: 23.5%-26.5% 

IMPURITIES 


Oelete the following: 

•• Heavy IVIetals, Method I (23 T): NMT 20 ppm# mt€sai u 

I4RJ0I&) 

SPECIFIC TEST5 

* pH (791): 1,0-2.0, in an agueous solution (1 in 20) 

* Water D eter min ati on, Method to (921): NMT 3.0% 

* ISOMERIC RATIO 

B uff er: Transfer 4,2 g of citric add monohydrate and 
2,03 g of sodium dthydrogen phosphate dihydrate to a 
1-L volumetric fiask, and dissoW in and dilute with 
water to vo!ume. 

Mobile phase: 4.0 g of sodium dodecyl sulfate and 
440 mL of acetonitnle, Dilute with Sufler to 1 L, 
Standard solution: 1,0 mg/mL of USP 5-Adenosyl-L-me- 
thionine Disulfate Tosylate RS 

Sample solution: 1.0 mg/mL of 5-AdenosyLŁ-methio- 
nine Disulfate Tosylate 
Chromatographk system 
(See Chromatography (62}) f System Suitability .) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; 5-jurrt packing LI 
Flow ratę: 1.2 mL/min 
Injection size: 20 pL 
System suitability 
Sample: Standard solution 

[NOTĘ—The relative retention times for R,S- isomers and 
5,5-isamers are about 0,94 and 1.0, respectively.] 
Suitability reguirements 

Resolution: NLT 1.0 between the 5,54somer and the 
fl,5-isomer 
Analysis 

Samples: Standard solution and Sampfe solution 
Identłfy the peaks of the 5,5“ and /?,5-isomers of the 
Sample solution by comparison with the Standard solu¬ 
tion, and calculate the percentage of the 5,5-isomer: 

Result = [r ss /(rss + r RS )] x 100 


r S s = areas of the peaks corresponding to the 5,5- 
isomer in the Sampfe solution 
r RS - areas of the peaks corresponding to the R,S- 
isomer in tne Sample solution 
Acceptance eriteria: NLT 60% and NLT the labefed 
amount of the 5,5-isomer 

ADDITIONAL REQUIREMENTS 

* Packaginc and Storage; Preserve in tighi, light-resistant 

containers, and storę in a refrigerator. 

* Labeung: Label it to indicate tne minimum content of 5, 

5-isomer, as a percentage. 

* USP Riference Standarps (11) 

USP 5-Adenosyl-L-methionine Disulfate Tosylate RS 
USP 5-Adenosyl-L-homocysteine RS 


Alaninę —see Alaninę General Monographs 


L-Alanyl-L-glutamine 



CsHtsNjO^ 217.23 

L-2“(l -Oxo-2-amino-propyfamino)-4-am]no-4-oxobutanoic 
acid [39537-23-0]. 

DEFINmON 

L-Alanyl-L-glutamine contains NLT 98.0% and NMT 101.5% 
of L-alanyl-L-olutamme (CsHisNjOA calculated on the an- 
hydrous ano solvent-free basis, and excluding alaninę and 
glutaminę. 

IDENTIFICATION 
» A. INFRARED ABSORPTION (T97A) 

* B It meets the requirements for Optical Rotation, Specific 

Rotation (781S) in Specific Tests , 

AS5AY 

• Procedurę 

Sample: 300 mg 

Blank: Mix 5 mL of formie acid with 50 mL of glacial 
acetic acid. 

Titrimetrk system 
(See Titrimetry <541).) 

Modę: Direct titratron 
Ti tran t: 0.1 N perchloric acid VS 
Endpolnt detection: PotenUometric 
Analysis: Dlssolve the Sample in 5 mL of formie acid, 
add 50 mL of glacial acetic acid, and titrate with the 
Titrant Perform a Blank determination, and make any 
necessary correction. 

Calculate the percentage of ualanyht-gJutamine 
(C & HłsN 3 04 ) rn the Sampfe taken: 

Result, = [{Vs -V B )xNx (Fi W )] x 100 

V% - Titrant volume consumed by the Sample (mL) 

V R - Titrant volume consumed by the Blank (mL) 

N - actual normality of the Titrant (mEq/mL) 

F = equivalency factor, 217,2 mg/mEq 
W - Sample weight (mg) 
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Calculate the percentage of L-alanyl-L-glutamine 
(CaHisN^OO m the Sample taken, exauding alaninę 
and glutaminę: 

Result* - [(Resultj -o-b)}/[( 100 - Ala - Gin)] x 100 


a = Alax (Mri/Mrt) 


b = Gin x (MrjfMri) 

Ato = percentage of alaninę from the Related 
Compounds test 

Gin - percentage of glutaminę from the Related 
Compounds test 

M rt = molecular weight of L-alanyl-L-glutamine, 

21 7,2 

Mn - molecular weight of alaninę, 89.1 
Ma ~ molecular weight of glutaminę, 146.1 
Acceptance criteria; 98,0%-l 01.5% on the anhydrous 
and solvent"free basis, and exduding alaninę and 
glutaminę 

IMPURITIES 

* Residue on Ignition {281): NMT 0.1% 

* Chloride and Sulfate, Chloride {221) 

Sample: 0.89 g 

Standard solution: 0*50 mL of 0.010 N hydrochloric 
add 

Acceptance criteria: NMT 200 ng/g 

* CHLORIDE AND SULFATE, Sulfate ( 221) 

Sample: 0*98 q 

Standard solution: 0.20 mL of 0.010 N sulfuric acid 
Acceptance criteria: NMT 200 pg/g 

* Iron (241}: NMT10pg/g 

* Resjdual 5olvents {467} 

Acceptance criteria 
fsopropanol: NMT 0.5% 

[Notę—F or the Acceptance cnteria for any other residual 
solvents, see Residua/ Solvents {467}.] 

* Limit of Ammonium 

Standard stock solution: Dissolve 1.486 g of ammo¬ 
nium chloride in 500.0 mL of water. 

Standard calibration Solutions: Transfer 0.01, 0.1, 1.0, 
and 10.0 mL of Standard stock solution into separate 
100-mL volumetric ffasks, and dilute with water to vol- 
ume. The finał concentration s are 0.1, 1, 10, and 
IGGjug/mL of ammonium ions (NH^), respectfvely. 
Sample solution: Transfer 1.0 g of L-Alanyi-L-glutamme 
to a 150-mL beaker containing a plastic-coated stirring 
bar, add 100.0 ml of water, and stir until dtssolved. 
Electrode system: Use a gas-sensing, ammonia-specific 
indicating electrode with internal rererente connected 
to a pH meter capable of measuring potentiais with a 
minimum reproducibility of ±0*1 mV (see pH <791}). 
Condition the electrode according to the manufactur- 
eCs instructions. 

Analysis 

Standard response linę: Transfer 100 mL of water into 
a 150-ml beaker containing a pfastic-coated stirring 
bar, insert the electrode into the water, stir, and meas- 
ure the potentiaL Add 1 mL of 10 N sodium hydroxide 
solution, stir, and measure the potential after stabiliza- 
tion (about 3 min)* The potential difference must be 
below 20 mV* Transfer 100.0 mL of each of Standard 
calibration Solutions (0.1, 1, 10, lOOpg/mL of ammo¬ 
nium ions) into separate 150-mL beakers, and add 
1 mL of 10 N sodium hydroxide. Insert the electrode 
into each solution, stir, and measure the potential after 
stabilization (about 3 min). Plot a curve (four calibra¬ 
tion points) of the potential (mV) as functron of am¬ 
monium ion concentrations (pg/mL). 

Sample: Sample solution 

Rinse the electrode, insert it into the Sample solution, 
add 1 mL of 10 N sodtum hydroxide, and stir* Check 


the pH, which must be above 11; if not, adjust with 
10 N sodium hydroxide. After 3 min, measure the po¬ 
tential, and determine the corresponding ammonium 
ion concentration from the calibration curve. 

Calculate the content of ammonium in the portion of 
the Sample taken: 

Result = {Vx.Q!W 

V - volume of the Sample solution (mL) 

C = concentration of ammonium ions in the 
Sample solution determined from the 
Standard response linę (jig/mL) 

W ~ weight of L-Alanyl-L-glutamine taken to 
prepare the Sample solution (g) 

Acceptance criteria: NMT 200 pg/g 
Related Compounds 

Buffer solution: Dissolve 6.84 g of monobasic potas- 
sium phosphate in 1000 mL of water* 

Mobile phase: Acetonitrlle and Buffer solution (650:350) 
System suitability solution: Transfer 25 mg of USP L- 
Alanyl-L-cjIutamine RS and 5 mg of USP L-ATanyl-L-ala- 
nine RS into a 25-mL volumetric fiask, and dilute with 
water to volume* Transfer 1*0 mL of this solution into a 
10-mL volumetric fiask, and dilute with Mobile phase to 
volume. 

Standard solution 1: 0.025 mg/mL of USP L-Alanine RS 
in Mobile phase 

Standard solution 2: 0*1 mg/mL of USP Glutaminę RS 
in Mobile phase 

Sample solution: 2.5 mg/mL of l-AI a ny l-L-gl u tam ine in 
Mobile phase 

Chromatographk system 

(See Chromotography (62 1), System Suitability.) 

Modę: LC 

Detector: UV 215 nm 

Column: 4.6-mm x 25-tm; 5-pm packing L8 
Flow ratę: 0*7 mL/min 
Injection volume: 20 pL 
System suitability 
Sampie: System suitability solution 
[NOTĘ—The relative reten tron times for L-alanyl-L-alanme 
and L-alanyl-L-glutamine are 0.86 and 1.0, 
re$pectively.] 

Suitability requirements 

Column efficrency: NLT 8000 theoretical piates for 
the L-alanyl-L-glutamine peak 
Resolution: NLT 2.0 between L-alanyl-L-glutamine 
and L-aianyl-L-alanine 
Analysis 

Samples: Standard solution 7, Standard solution 2, and 
Sample solution 

Calculate the percentage of aianine and glutaminę in 
the portion of the Sample taken: 

Result = (rufn) x (Cs/Cy) x 100 

ry = peak response of alaninę or glutaminę from 
the Sample solution 

rj = peak response of alaninę from Standard 
solution 1 or glutaminę from Standard 
solution 2 

Cj - concentration of USP L-Alanine RS in Standard 
solution I (mg/mL) or concentration of USP 
Glutaminę RS in Standard solution 2 (mq/mL) 

C u - concentration of L-Alanyl-L-glutamine in the 
Sample solution (mg/mL) 

Calculate the percentage of any other specified and 
unspecified impurities in the portion ot the Sample 
taken: 

Result - (ry/rr) x 100 

ru = peak response of each indMdua! impurity 
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rr - sum of tlie responses of all the peaks, 

excluding peak responses of alaninę and 
gfutamine 

Acceptance criteria: See Tobie 7. 


Tafole 1 


Mamę 

Relative 

Retention 

Time 

Acceptance 
Criteria, 
NMT f%l 

Cydo(aia-qlrO 

0.2 7 

0.2 

Alaninę 

0,55 

1.0 

Glutaminę 

0,59 

0.5 

Ala-ala-qln 

1.10 

0.3 

Ala-qlu 

2,20 

0.2 

Anv unsoedfied impurity 

_ 

OJ 

Totat unspedfied impurittes 

— 

0.5 


SPECIFIC TEST$ 

« Optical Rotation, Spedfic Rotation (781S) 

Sample solution: 50 mg/mL in water. Perform the 
measurement at 20°. 

Acceptance criteria: +9.0° to +11,0° 
o Water Determination, Method ia (921): NMT 1.0% 

ADDITIONAL REQUIREMENTS 

o Packaginc and Storage: Preserve in welbclosed, tight, 
iight-resistant contamers. 
o USP Reference Standard5 (11) 

USP L-Alaninę RS 
USP L-AlanyLi-afanine RS 
USP t-Alanyl-L-giutamine RS 
USP Glutaminę RS 


American CmsesTng] 

DEFINITION 

American Ginseng consists of the dried roots of Ponax quin - 
quefotius L (Fam. Araliaceae). It contains NLT 4.0% of to- 
tal ginsenosides, calculated on the dried basis. 

IDENTIFICATION 
* A, Thin-Layer Chromatography 

Standard solution A: 20 mg/mL of USP Powdered 
American Ginseng Extract RS in methanol 
Standard solution B: 20 mg/mL of USP Powdered 
Asian Ginseng Extract RS in methanol 
Sample solution: Transfer about 1.0 g of finefy pow¬ 
dered American Ginseng to a 25-mL fiask fitted with a 
reflux condensen Add 10,0 mL of a mixture of metha¬ 
nol and water (7:13), and heat under reflux for 15 min. 
Cooi, filter, and dilute the filtrate with methanol to 
10.0 mL. 

Adsorbent: 0,25-mm fayer of silica gd, typically 20 cm 
tona (TLC plates) 

Application volume: 20 yL 

Developing soivent system A: Chloroform, methanol, 
and water (1 3:7:2). Use the lower phase, 

Developing soivent system B: Butyl alcohol, ethyl ace- 
tate, and water (4:1:5), Use the upper phase. 
Derivatization reagent: DrssoJve 0,5 mL of 
anisaidehyde in 10 mL of glacia! acetie acid, add 85 mL 
of methanol, mix, and carefully add 5 mL of sulfonie 
acid, 

Analysis 

Sam pies: Standard solution A, Standard solution B f and 
Sample solution 

Devetop in a cham ber containing Deveioping soivent sys¬ 
tem A until the solvent front has moved 10.5 cm from 
the origin. Remove the plates, and aflow to dry. Tum 


the plates 90°, and devefop in a chamber containing 
Developing solvent system B untii the so[vent front has 
moved 10,5 cm from the origin. Remove the pfates, 
and allow Lo dry. Spray with Derivatization reagent. 
Heat the plates at 105°-! 10° for 10 min, and examine 
under white light 

Suitabllity reguirements: The order, from top to bot- 
tom, of ginsenosides on the chromatographlc plates is 
Rg 2 (on left) and Rg T (on right), Rf, Re, Rd, Rc, Rb 2 (on 
left) and Rb* (on right), and Ro. Ginsenosides Rg 2 , Rgi, 
Rf, Re, and Rd are Found on the upper half of the 
plates; the remaining ginsenosides are found on the 
lower half after chromatographing with Developing sol - 
vent system 8, Standard solution A does not exhibit a 
spot for ginsenoside Rf, Standard solution B exhibits a 
spot for ginsenoside Rf, 

Acceptance criteria: The spots from the Sample solution 
correspond to those from Standard solution A * 
a IB. The retention times of the peaks for ginsenosides Rgi, 
Re, Rbi, Rb 2 , Rc?, and Rd of the Sample solution corre¬ 
spond to those of Standard solution A f as obtained In the 
test for C ontent of Ginsenosides. The ratio of the peak 
responses for ginsenosides Rb 2 to Rbi is less than 0,4, 
and the ratio of the peak responses for ginsenosides Rg T 
to Rbi is less than 0.3, The cnromatogram shows no sig- 
nificant peak at the retention time corresponding to that 
for ginsenoside Rfof Standard solution B f as obtained in 
the test for Content of Ginsenosides. 

COMPOSKTION 
* Content of Ginsenosides 

Solution A: Water 

Solution B: Acetonitrile and water (4:1) 

Mobile phase: See Tobie 7, 


Tabte 1 


Time 

(min) 

Solution A 
(%) 

Solution B 
(%ł 

0 

76 

24 

12 

76 

24 

28 

65 

35 

51.5 

56.5 

43.5 

52.5 

0 

100 

64.5 

76 

24 

77 

76 

24 


Diluent: Alcohol and water (4:6) 

Standard solution A: Transfer a quantity of USP Pow¬ 
dered American Ginseng Extract RS, equivalent to about 
2 mg of ginsenoside Rbi, to a suitable Container, and 
dissolve in 10,0 ml of Diluent * 

Standard solution B: Transfer a quantity of USP Pow¬ 
dered Asian Ginseng Extract RS, equivalent to about 
2 mg of ginsenoside Rgi, to a suitable Container, and 
dissolve In 10.0 mL of Diluent 

Sample solution: Reduce lOOg of American Ginseng to 
a powder, and transfer about 1,0 g of the powder, ac- 
curately weighed, to a 100-mL round-bottom fiask fit¬ 
ted with a reflux condenser. Add 50 mL of Diluent and 
a few grains of pumice, boil on a water bath under 
reflux for 1 h, cool, and fi [ter. Wash the fiask and the 
residue with 20 mL of Diluent, and pass through the 
same filter. Combine the filtrates, and evaporate in a 
rotary evaporator at 50° to dryness. Dissolve the residue 
in 10.0 mL of Diluent. 

Chromatographic system 
(See Chromatograpny (621), System Suitabiliiy.) 

Modę: LC 

Detector: UV 203 nm 

Anafytical column: 4.6-mm x 15-cm; 3-ym packing 
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Guard column: 4.6-mm x 2,0-cm; packing LI 
Column temperaturę: 25° 

Flow ratę: 1.5 ml/min 
Injection size: lOpL 
System sultabilrty 
Sample: Standard solution B 
Suitability reguirements 

Chromatogram sim Manty: The chromatogram is sim- 
ilar to the reference chromatogram provicfed with the 
lot of USP Powdered American Ginseng Extract RS 
being used. 

Relative standard deviation: NMT 2,0%,, determined 
for the sum of the peak areas for the six major ginse- 
nosides, in replicate rnjections 
Analysis 

Samples: Standard solution A f Standard solution B f and 
Sample solution 

Identify ginsenosides Rg t , Re, Rbi, Rc, Rb 2 , and Rd in 
the Standard Solutions and the Sample solution by com- 
parlng the chromatograms with the reference cnro- 
matogram provided with USP Powdered American 
Ginseng £xtract RS, and measure the peak responses. 
Calculate the percentages of mdividual ginsenosides in 
the portion of American Ginseng taken: 

Result - (ru/r s ) x C s x (V/W) x 100 

r u = peak response of ginsenoside Rep, Re, Rbi, Rc, 
Rb ? , or Rd from the Sample solution 
- peak response of ginsenoside Rg w Re, Rbi, Rc, 
Rb 2 , or Rd from the appropnate Standard 
solution 

Q - concentration of ginsenoside Rgt, Re, Rbi, Rc, 
Rb 2 , or Rd in the appropriate Standard 
solution (mg/mL) 

V = vofume of the Sample solution (mL) 

W - weight of American Ginseng taken to prepare 
the Sample solution (mg) 

Calculate the percentage of total ginsenosides in the 
portion of American Ginseng taken by adding the 
rndividual percentages. 

Acceptance criteria: NLT 4.0% of total ginsenosides on 
the drred basis 

C0NTAMINANTS 

* Articles of Botanical Origin, Limits of Elemental ImpurF 

ties (561); Meets the reguirements 
® Articles of Botanical Origin, Pestidde Residue Analysis 
(561): Meets the requirements 
® Microbial Enumeration Tests (2021); The total aerobic 
microbiaf count does not exceed 10 4 cfu/g. The total 
combined molds and yeasts count does not exceed IG- 
cfu/g, 

* Absence of Sfecsfied EV9 i cno organ i s ms (2022): It meets 

the reguirements of the tests for absence of Salmonella 
species and Escherichia coli. 

SPECIFIC TESTS 

* Botanical Characteristics 

IV! a ero stop rc: Fusiform or cylindrical roots, sometimes 
branched, typically 1-10 cm, sometimes up to 20 cm, 
in iength and up to 2.5 cm in diameter at the crown, 
with one or morę stem scars. External!y pale yelfow to 
golden, rough-textured, with prominent horizontal 
rfngs and fine longitudinal rldges as a result of drying. 
Root scars or fine rootlets are present. If stem base is 
present, scaJes are thin and perishing (differs from P. 
ginseng , in which scales at base of stem are fleshy and 
persistent). Fracture is short; fraetured surface is white 
to ivory, with distinct aromatic odor and rings of secre- 
tory canals present in secondary phloem. 

Microscoprc 

Transverse section of root: Multiple fayers of thin- 
walled cork cells are present. Secondary phloem js 
characterized by conspicuous air lacunae; abundant, 


starch-containing stora ge parenchyma; few sieve e!e- 
ments, found in smali groupings; and rings of 
schizogenous secretory canals. Each secretory canal is 
lined with 6-8 epithelial cells that lack starch. Xylem is 
characterized by abundant starch-containing sto ragę 
parenchyma and a few tracheary eiements, composed 
of nonlignified tracheids and slightly lignified spiral or 
retrcuiated vessels lacking secretory canals and found 
in isolation or in smali groupings. Druse crystals are 
sometimes present wlthin vascular parenchyma cells. 
Dlarch or triarch primary xyiem is in center of root. 

• Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 2.0% 

• Loss on Drying (731) 

Sample: 1.0 g of American Ginseng, finely powdered 
Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 10.0% 

s Articles of Botanical Origin, Total Ash (561): NMT 
8 . 0 % 

APDBTIONAL REQUIREMENT5 

• Packaging ano Storage: Preserve in tight, light-resistant 
containers, and storę protected from heat. 

o Labeling: The label States the Latin binomial and, folfow- 
ing the offidal name, the parts of the plant contained in 
the article. 

a USP Reference Standards (11) 

USP Powdered American Ginseng Extract RS 
USP Powdered Asian Ginseng Extract RS 


Powdered American GSnsencg 

DEFINITSON 

Powdered American Ginseng is American Ginseng reduced 
to a fine or a very fine powder, It contains NLT 4.0% of 
total ginsenosides, caiculated on the dried basis. 

IDENTIFICATION 

« A. Thin Layer Chromatography 

Standard solution A: 20 mg/mL of USP Powdered 
American Ginseng Extract RS in methanot 
Standard solution B: 20 mg/mL of USP Powdered 
Asian Ginseng Extract RS in methano] 

Sample solution: Transfer about 1.0 g of Powdered 
American Ginseng to a 25-mL fiask fitted with a reflux 
condenser. Add 10.0 ml of a mixture of methanoi and 
water (7:13), and heat under reflux for 15 min. Coof, 
filter, and dllute the filtrate with methanoi to lO.OmL. 
Adsorbent: 0.25-mm layer of silica gei, typically 20 cm 
long (TLC plates) 

Appfication volume: 20 pL 

Developing solvent system A: Chloroform, methanoi, 
and water (1 3:7:2). Use the lower phase. 

Developing solvent system B: Butyl aicohol, ethyf ace- 
tatę, and water (4:1:5). Use the upper phase. 
Derivatization reagent: Dissolve 0.5 mL of 
anisaldehyde in 10 mL of gladal acetic acid, add 85 mL 
of methanoi, mix, and carefutly add 5 mL of sulfurie 
acid. 

Analysis 

Samples: Stondard solution A, Standard solution B f and 
Sample solution 

Develop in a chamber containing Developing solvent sys¬ 
tem A untii the solvent front has moved 10.5 cm from 
the origin. Remove the plates, and allow to dry. Turn 
the plates 90 Ł , and devefop in a chamber containing 
Developing solvent system B untii the sofvent front has 
moved 10.5 cm from the origin. Remove the piates, 
and aliow to dry. Spray with DerivatIzation reagent. 
Heat the plates at 105M10 n for 10 min, and examine 
under white iighL 
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Sultability reguirements: The order, from top to bot- 
tom, of ginsenosides on the chromatographic plates is: 
Rg 2 (on Teft) and Rg, (on right), Rf, Re, Rd, Re, Rb 2 (on 
lert) and Rbi (on right), and Ro, Ginsenosides Rg^, Rgi, 
Rf, Re, and Rd are tound on the upper haif of the 
plates; the remaining ginsenosides are found on the 
lower haif after chromatographing with Deveioping soi- 
vent system B. Standard solution A does not exhibit a 
spot for ginsenoside RT Standard solution B exhibits a 
spot for ginsenoside RT 

Acceptance criteria: The spots from the Sample solution 
correspond to those from Standard solution A 

* B. The retention times of the peaks for ginsenosides Rgi, 

Re, Rbi, Rba, Rc*, and Rd of the Sample solution corre¬ 
spond to those of Standard solution A f as obtained in the 
test for Content of Ginsenosides. The ratio of the peak 
responses for ginsenosides Rb* to Rbi is less than 0,4, 
and the ratio of the peak responses for ginsenosides Rg] 
to Rbi is less than 0.3. The chromatogram shows no sig- 
nificant peak at the retention Limę corresponding to that 
for ginsenoside Rf of Standard solution B, as obtained in 
the test for Content of Ginsenosides. 

COMPOSmON 

• Content of Ginsenosides 

Solution A: Water 

Solution B: Acetonitrile and water (4:1) 

Mobile phase: See Tobie h 
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Diluent: Aicoho! and water (4:6) 

Standard solution A: Transfer a quantity of USP Pow- 
dered American Ginseng Extract RS, equivalent to about 
2 mg of ginsenoside Rbi, to a suitable Container, and 
dissolve in 10.0 ml of Diluent 

Standard solution B; Transfer a quantity of USP Pow- 
dered Asian Ginseng Extract RS, equivalent to about 
2 mg of ginsenoside Rgi, to a suitable Container, and 
dissolve in 10.0 mL of Diluent. 

Sample solution: Transfer about 1.0 g of Powdered 
American Ginseng, accurately weighed, to a 100-mL 
round-bottom fiask fitted with a reflux condenser. Add 
50 mL of Diluent and a few grains of pumice, boi! on a 
water bath under reflux for 1 h, cool, and filter, Wash 
the fiask and the residue with 20 mL of Diluent , and 
pass through the same fil ter. Combi ne the filtrates, and 
evaporate in a rotary evaporator at 50 D to dryness. Dis- 
solve the residue in 10.0 ml of Diluent , 
Chromatographic system 
(See Chromatograpny (621), System Sultability.) 

Modę: LC 

Detector: UV 203 nm 

Analytical column: 4.6-mm x 15-cm; 3-pm packing 
LI 

Guard column: 4.6-mm x 2.0-cm; packing LI 
Column temperaturę: 25° 

Flow ratę: 1.5 mL/min 
Injection size: lOuL 
System sultability 
Sample: Standard solution B 
Suitability requirements 

Chromatogram similarity: The chromatogram is sim* 
tiar to the reference chromatogram provśded with the 


lot of USP Powdered American Ginseng Extract RS 
being used. 

Relative standard devrat!on: NMT 2.0%, determined 
for the sum of the peak areas for the six major ginse¬ 
nosides, in replicate injections 
Analysis 

Sam pies: Standard solution A, Standard solution B t and 
Sample solution 

Identify ginsenosides Rg f , Re, Rb], Rc, Rb i, and Rd in 
the Standard Solutions and the Sample solution by coov 
paring the chroma tograms with the reference chro¬ 
matogram provided with USP Powdered American 
Ginseng Extract RS, and measure the peak responses. 
Calcu la te the percentages of indMdual ginsenosides in 
the portion of Powdered American Ginseng taken: 

Result = ( r 0 / r % ) x C s x (V/W) x 100 

ru - peak response of ginsenoside Rgi, Re, Rb], Re, 
Rb^, or Rd from the Sample solution 
r$ = peak response of ginsenoside Rg!, Re, Rbi, Rc, 
Rb*, or Rd from the appropriate Standard 
soiutlon 

Ci = concentration of ginsenoside Rgi, Re, Rbi, Rc, 
Rb*, or Rd in the appropriate Standard 
solution (mg/ml) 

V = vofume of the Sample solution (mL) 

W = weight of Powdered American Ginseng taken 

to prepare the Sample solution (mg) 

Caiculate the percentage of total ginsenosides in the 
portion of Powdered American Ginseng taken by 
addtng the IndMdual percentages. 

Acceptance criteria: NLT 4.0% of total ginsenosides on 
the dried basis 

CONTAMINANTS 

* Articles of Botanical Origin, Limits of Eiemental impuri - 

ties (561): Meets the requirements 

* Articles oe Botanical Origin, Pesticide Residue Analysis 
(561): Meets the requirements 

* Microbial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 10 J cfu/g. The total 
combined molds and yeasts count does not exteed 10 2 
cfu/g. 

* Absence of Specefied Microorganisms (2022): It meets 

the requirements of the tests for absence of Salmonella 
spec i es and Escherichio cofi . 

SPECIFfC TESTS 

* Botanical Characteristics: Pale yellowish-brown pow- 
der with a sJightly aromatic odor; ova! parenchymatous 
cells packed with starch granules and occasional druse 
crystals of caicium oxalate; yellowish-brown secretory 
vessels with yellowish-brown contents 

* Articles of Botanical Orion, Foreign Organie Matter 
(561): NMT 2.0% 

* Loss on Dryinc (731) 

Sample: 1.0 g of Powdered American Ginseng 
Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 10.0% 

* Articles of Botanical Oricin, Total Ash (561) 

Sample: 1.0 g of Powdered American Ginseng 
Acceptance criteria: NMT 8% 

ADDITIONAL REQUIREMENTS 

* Packaginc and Storace: Storę in tight containers, pro- 
tected from light, moisture, and heat. 

* Labeung; The iabel States the Latin binomial and, follow- 
ing the official name, the parts of the plant contained in 
the article. 
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• USP Reference Standard; (11) 

USP Powdered American Ginseng Extract RS 
USP Powdered Asian Ginseng Extract RS 


COMPO5ITI0N 
* CONTENT OF GINSENOSIDES 
Solution Ar Wat er 

Solution B: Acetonitrlle and water (4:1) 
Mobile phase: See Tabte 7. 


Powdered American Ginseng Extract 

DERNITION 

Powdered American Ginseng bctract is prepared from the 
pufverized dried roots of Panax quinquefotius L. {Fam. 
Araliaceae), using suitable solvents, and dried to a po w- 
der. It contains NLT 10.0% of total ginsenosides, calcu- 
lated on the anhydrous basis. The ratio of starting crude 
plant materiał to Powdered American Ginseng Extract is 
between 3:1 and 7:1. 

IDENTIFICATION 

* A. Thin-Iayer Chromatographic Identification Test 

Standard solution A: 20 mg/ml of USP Powdered 
American Ginseng Extraet RS In methanol 
Standard solution B: 20 mg/ml of USP Powdered 
Asian Ginseng Extract RS in methanol 
Sample solution: 20 mg/mL in methanol 
Adsorbent: 0.25-mm layer of chromatographic siiica 
gel, typically 20 cm long (TLC piates) 

Application voiume: 20 pL 

Developing solvent system A: Chloroform, methanol, 
and water (13:7:2), Use the lower phase. 

Developing solvent system B: Butyl alcohol, ethyl ace¬ 
tale, and water (4:1:5). Use the upper phase. 

Spray reagent: Dissolve 0.5 mL of anrsaldehyde in 
10 mL of giacial acetic acid, add 85 mL of methanol, 
mix, and carefully add 5 mL of sulfuric acid. 

Analysis 

Sam pies: Standard sofution A, Standard sofution B, and 
Sample solution 

Deveiop in a chamber containing Developing solvent sys¬ 
tem A untii the solvent front has movea 10,5 cm from 
the origin. Remove the piates, and allow to dry. Turn 
the piates 90°, and develop in a chamber containing 
Devefopinq solvent system B untii the soivent front has 
moved 10.5 cm from the origin. Remove the piates, 
and alfow to dry. Spray with Spray reagent. Heat the 
piates at 10S°—f 10 13 for 10 min, and examine. 
Suitability requirements: The order, from top to bot- 
Lom, of ginsenosides on the chromatographic piates Is: 
Rq z (on left) and Rg i (on right), Rf, Re, Ra, Rc, Rbz (on 
ieft) and Rb t fon right), ana Ro. Ginsenosides Rg 5 , Rgi, 
Rf, Re, and Rd are (bund on the upper haif of the 
piates; the remaining ginsenosides are found on the 
lower half after chromatogra phi ng with Deveioping soi- 
vent system B. Standard solution A does not exhibit a 
spot for ginsenoside Rf. Standard solution B exhibits a 
spot for ginsenoside Rf. 

Acceptance criteria: The spots from the Sample solution 
correspond to those from Standard solution A. 

* B, The retention times of the peaks for ginsenosides Rg^ 

Re, Rb*, Rbz, Rc, and Rd of the Sample solution corre¬ 
spond to those of Standard solution A, as obtained in the 
test for Content of Ginsenosides. The ratio of the peak 
responses for ginsenosides Rb* to Rbi is less than 0.4, 
and the ratio of the peak responses for ginsenosides Rgi 
to Rbi is less than 03. The Sample solution shows no 
significant peak at the retention time corresponding to 
that for ginsenoside Rf of Standard solution B t a$ obtainee 
in the test for Content of Ginsenosides. 
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Diluent: Alcohol and water (4:6) 

Standard solution A: Transfer a quantity of USP Pow¬ 
dered American Ginseng Extract RS, equlvalent to about 
2 mg of ginsenoside Rbi, to a suitable Container, and 
di$$olve in 10,0 mL of Diluent. 

Standard solution B: Transfer a quantity of USP Pow¬ 
dered Asian Ginseng Extract RS, equivafent to about 
2 mg of ginsenoside ftg lf to a suitable Container, and 
diS50ive in 10.0 mL of Diluent 
Sample solution: Transfer a quantity of Powdered 
American Ginseng Extract, equivalent to about 5 mg of 
ginsenosides, to a suitable Container. Dissolve m 
10,0 ml of Diluent, sonicating for 10 min, and filter. 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 203 nm 

Anaiytical column: 4.6-mm x 15-cm; 3-pm packing 

Guard column: 4.6-mm x 2.0-cm; packing LI 
Column temperaturę: 25° 

Flow ratę: 1.5 mL/min 
Injection size: 10 juL 
System suitability 
Sample: Standard sofution B 
Suitability reguirements 

Chromatogram similarity: The chromatogram is slm- 
Mar to the Reference Chromatogram provided with 
the lot of USP Powdered Asian Ginseng Extract RS 
being used. 

Relative standard deviation: NMT 2.0%, determined 
for the sum of the peak areas for the 6 major ginse¬ 
nosides, in replicate injections 
Analysis 

Samples: Standard solution A t Standard solution B, and 
Sample solution 

Identify ginsenosides Rgi, Re, Rbi, Rc, Rb 2 , and Rd in 
the Standard Solutions and the Sample solution by con> 
paring the chromatograms with the Reference Chro¬ 
matogram provided with USP Powdered American 
Ginseng Extract RS, and measure the peak responses, 
Calculate the percentages of individual ginsenosides in 
the portion of Powdered American Ginseng Extract 
taken: 


Result = (ru/r s ) x (G/G) x P 

ry = peak response of ginsenosides Rgi, Re, Rbi, 

Rc, Rbi, or Rd from the Sample solution 
r s = peak response of ginsenosides Rgj, Re, Rb T , 

Rc, Rbz, or Rd from the appropriate Standard 
solution 

Ca = concentratlon of ginsenosides Rgi, Re, Rbi, Rc, 
Rb 2 , or Rd in the appropriate Standard 
solution (mg/mL) 
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Cu - concentration of Powdered American Ginseng 
Extract in the Sample solution (mg/ml) 

P = fabeled amount, in pereentage, of each 
relevant ginsenoside in USP Powdered 
American Ginseng Extract RS 
Calcuiate the pereentage of totai ginsenosides in the 
portion of Powdered American Ginseng Extract taken 
by addrng the tndividual percentages. 

Acceptance criteria: NIT 10.0% of totai ginsenosides 
on the anhydrous basis 

CONTAMINANTS 


Detete the foftowing: 

Heaw Metals, Method II (231): NMT 20 ppm# i(CTncJa i i_ 

jiid-aois) 

* Articles of Botanical Origin, General Method for Pesti- 

cide Residues Analysis (561): Meets the reguirements 
■ MlCftOBIAL ENUMERATiON TESTS (2021): The totai aerobic 
microbiai count does not exceed 10 4 cfu/g. The totai 
combined molds and yeasts count does not exceed 10 3 
cfu/g. 

* Microbiologicał Procedures for Absence of Specified Ml- 

croorganisms (2022): ft meets the reguirements of the 
tests for absence of Salmonella spedes and Escherichia 
coli , 

SPEOFIC TESTS 

* Water Determination, Method l (921): NMT 7,0% 

* Botanical Extracts, Residue on Evaporation (565): Meets 

the reąuirements 

* Alcohol Determination, Method U (611): NMT 0.25% 
ADDITIDNAL REQUflREMENTS 

8 PACKAGING and Storage: Preserve tn tight, light-resistant 
containers. 

* Labeljng: i he tabel States the Latin binomial and, fotlow- 

ing the offidai name, the part of the plant from which 
the artide was derived. Label it to indicate the content of 
totai ginsenosides, the extracting solvent used for prepa- 
ration, and the ratio of the starting cmde plant materiał 
to the Powdered Extract It meets the [abeting reguire¬ 
ments under Botanical Extmcts (565), 

* USP Reference Standard* (11) 

USP Powdered American Ginseng Extract RS 
USP Powdered Asian Ginseng Extract RS 


American Ginseng Capsules 

DEFIN1TION 

American Ginseng Capsules contain Powdered American 
Ginseng Extract. Capsules contain NLT 90.0% and NMT 
110.0% of the fabeled amount of Extract, calculated as 
the sum of ginsenosides Rgt, Re, Rbi, Rc, Rb 2 , and Rd. 

(IDENTIFICATION 

* A, Thjn-Layer Chromatographlc Identification Test 

( 201 ) 

Sample solution 

Soft-shell gelatin Capsules: Transfer a portion of the 
contents of the Capsules, equivalent to 100 mg of 
Powdered Extract, to a separatory funnel containing 
30 mL of a mixture of hexanes, methanol, and water 
(20:15:10), disso!ve in this mixture, and colJect the 
lower layer. Wash the upper layer with three 15-mL 
portions of a mixture ot methanol and water (1 5:10), 
and combine the washings with the lower layer. Evap- 
orate to dryness under vacuum at 45°-50° ł Dissolve 
the residue In 5 ml of methanol. 

Hard-shell gelatrn Capsules: Transfer a portion of the 
contents of the Capsules, equlvalent to 100 mg of 


Powdered Extract, to a conical fiask. Extract at 55° 
with three 20-ml portions of a mixture of methanol 
and water (2:8). Evaporate the combined extracts to 
dryness under vacuum at 45 o -50°. Dissolve the residue 
in 5 mL of methanol 

Standard solution A: 20 rng/mL of USP Powdered 
American Ginseng Extract RS in methanol 
Standard solution B: 20 mg/ml of USP Powdered 
Asian Ginseng Extract RS in methanoi 
Application volume: 20 pL 

Developing solvent system A: The lower phase of a 
mixture of chloroform, methanol, and water (13:7:2) 
Developinq solvent system B: The upper phase of a 
mixture of butyl alcohol, ethyl acetale, and water 
(4:1:5) 

Spray reagent: Dissolve 0.5 ml of anisaldehyde in 
10 mL of glacial acetic acid, add 85 mL of methanol, 
mix, carefuliy add 5 mL of sulfunc acid, and mix. 
Analysis 

Sam pies: Sample solution t Standard solution A f and 
Standard soluuon B 

Develop the chromatograms in a chamber containing 
Developing solvent system A until the so!vent front has 
moved 10.5 cm from the origin. Remove the piąte 
from the chamber, and ailow to dry. Tum the piąte 
90°, and develop in a chamber containing Developing 
solvent system B until the solvent front has moved 
10.5 cm from the origin. Remove the piąte from the 
chamber, and ailow to dry. Spray with Spray reagent . 
Heat the piąte at 105 p -11 0° for 10 min, and ex-~ 
aminę. The order, from top to bottom, of ginseno- 
sides on the plates is Rg 2 (on left) and Rgi (on right), 
Rf, Re, Rd, Re, Rb? (on Teft) and Rbi (on right), and 
Ro. 

Ginsenosides Rg?, Rgi, Rf, Re, and Rd are found on the 
upper half of the plates; the remalning ginsenosides 
are found on the lower half after chromatographing 
with DeveIoping solvent system B. 

Acceptance criteria: Standard solution A does not ex- 
hibit a spot for ginsenoside Rf. Standard solution B ex- 
hibits a spot for ginsenoside Rf, The spots from the 
Sample solution correspond to those from Standard solu¬ 
tion A. 

» B. The retentton times of the peaks for ginsenosides Rgi, 
Re, Rbi, Rb?, Re?, and Rd in the chromatogram of the 
Sample solution correspond to those from the Standard 
solution , as obtatned In the test for Content of Ginseno¬ 
sides. The ratio of the peak response for Rb 2 to the peak 
response for Rbi is fess than 0.4; and the ratio of the 
peak response for Rg* to the peak response for Rbi is less 
than 0,3, There is no significant peak at the retentfon 
time correspond ing to that of ginsenoside Rf in the Sys¬ 
tem suitability solution , as obtained in the test for Content 
of Ginsenosides. 

5TRENCTH 

* Content of Ginsenosides 
Method 1 

Diluent: Water and alcohol (3:2) 

Solution A: Water 

Solution B: Acetonitrile and water (4:1) 

Mobile phase: See the gradient table helów. 
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Standard solution; A solution of USP Powdered Amer¬ 
ican Ginseng Extract RS in Diluent containing the 
equivalent of 0.2 mg/mL of ginsenoside Rbi 
Sample solution (soft-gelatm Capsuies): Gpen NLT 20 
Capsuies, transfer the contents to a suitable Container, 
and mix to homogenize. Transfer a portion, expected 
to contain an amount of Extract equivalent to 12 mg 
of ginsenosides, to a suitable fiask with a stoppen Add 
5.0 ml of tetrahydrofuran, and sonicate for 5 min, 

Add 25.0 mL of a mixture of methanol and water 
(4:6), and shake for 50 min tn an automattc shaker. 
Transfer 15.0 mL of the obtained emulsion to a centri- 
fugę tubę with a stopper, add 800 mg of sodlum chlo- 
ride, shake for 30 s, and centrifuge to obtain a elear 
upper phase. Dilute 1.0 mL of the upper phase with 

4 mL of water in a suitable tubę, and transfer the solu* 
tion to a column containing 360 mg of packing L2 
that has heen previously treated with 3.0 mL ot meth¬ 
anol foilowed by 8.0 mL of water. [Notę—E lute slowly, 
not faster than 1 drop/s, in ail elution steps* Do not 
use vacuum.] Rinse the tubę with 5 mL of water, trans¬ 
fer to the column taking the precautton of slow elu¬ 
tion, and discard the eluate. Repeat the elution with 

5 ml of a mixture of methanol and water (4:6), and 
discard the eluate. Elute the ginsenosides with 5.0 mL 
of methanol. Evaporate the solution under a stream of 
nitrogen at 40 c (50 min), and dissolve the residue with 
1.0 mL of a solution of acetonitrile and water (1:4). 

System suitability solution: 24 mg/mL of USP Pow¬ 
dered Astan Ginseng Extract RS in Diluent. Fij ter, 
Chromatographrc system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 203 nm 

Column 

Guard column: 4,6-mm x 2.0-cm; packing LI 
Analytical column: 4.6-mm x 15-cm; 3-pm packing 
LI 

Column temperaturę: 25° 

Flow ratę: 1.5 mL/min 
Injection size: 10 pL 
System suitability 

Sample: Sys tem su i ta bili ty soi u tion (i n j ect 2 0 p L) 

Suitability reguirements 

Chromatogram slrmiarity: The System suitability solu¬ 
tion chromatogram is similar to the Reference Chro- 
matogram provided with the lot of USP Powdered 
Asian Ginseng Extract RS being used. 

Relative standfard deviation: NMT 2,0%, determined 
for the sum of the peak areas for the six major ginse¬ 
nosides, in repeated injections 
Analysis 

Sampfes: Standard solution and Sample solution 
Identify ginsenosides Rg!, Re, Rbi, Rc, Rb 2t and Rd in 
the Standard solution and the Sample solution by 
comparing fhe chromatograms with the Reference 
Chromatogram provided with USP Powdered Ameri¬ 
can Ginseng Exlract RS being used, and measure the 
peak responses. 

Calcuiate the guantity, in mg, of each relevant glnse- 
noside (Rgi, Re, Rbi, Rc, Rb z , and Rd) in the portion 
of Capsule contents taken; 

Result = 0.3 x (ru/rs) x Cs x P 

ry = peak area for each relevant ginsenoside from 
the Sample solution 

r s = peak area for each relevant ginsenoside from 
Lhe Standard solution 

Cs = concentratlon of USP Powdered American 

Ginseng Extract RS in the Standard solution 
(mg/mL) 

P = labeied amount, in percentage, of each 

relevant ginsenoside in the USP Powdered 
American Ginseng Extract RS lot being used 


Calcutate the content of total ginsenosides, T, in mg, 
by adding the amounts of individual ginsenoside. 
Calcuiate the percentage of Powdered Extract with 
respect to the label clalm: 

Result = Tx (Awt/W) x (100/ Le) x (1 00/L) 

T - content of totat ginsenosides in the portion of 
Capsule contents taken (mg) 

Awt - average weight of Capsule contents (mg/ 
Capsule) 

W = weight of the portion of Capsule contents 
taken (mg) 

L e = content of total ginsenosides, mg, in 100 mg 
of the Extract used to prepare the Capsuies 
L - amount of Extract per Capsule according to 
label claim (mg/Capsule) 

Method 2 

Diluent, Solution A, Solution B, Mobile phase. 

System suitability solution, Chromatographic 
system, and Suitability requirements; Proceed as di- 
rected under Method 1. 

Solvent A: Upper phase of a mixture consisting of 
hexane, methanol, and water (4:3:2) 

Solvent B: Lower phase of a mixture consisting of 
hexane, methanol, and water (4:3:2) 

Standard solution: A solution of USP Powdered Amer¬ 
ican Ginseng Extract RS in Diluent containing the 
equivalent of 1 mg/mL of ginsenoside Rb] 

Sample solution A (for soft-gelatin Capsuies): Open 
NLT 20 Capsuies and transfer the contents to a suita¬ 
ble Container. Mix to homogenize and transfer a gor¬ 
don, expected to contain an amount of Extracf equiva- 
lent to 15 mg of total ginsenosides, to a 50-mL fiask. 
Add 1 0.0 mL of Solvent A f and sonicate for 3-5 min at 
25 o -30°. Transfer the solution to a 125-mL separatory 
funneL To the residue add 10 mL of So!vent 8, and 
sonicate for 3-5 min at 25°-30T Transfer the solution 
to the same separatory funneL Repeat the above pro¬ 
cedurę twice (the tota! volume will be about 60 ml). 
Shake, and then allow the phases to separate. Colfect 
the combined lower phase in a round-bottom fiask, 
and wash the combi ned upper phase twtce with 
10 mL of So(vent B . Evaporate the combined lower 
phase to dryness under vacuum at 45V50°. Transfer 
the residue to a 10-mL volumetric fiask using smali 
volumes of methanol, and dilute with methanol to 
volume. 

Sample solution B (for hard-gelatin Capsuies): Weigh 
the contents of NLT 20 Capsuies, and composite the 
contents. Transfer a portion of the composite, ex- 
pected to contain an amount of Extract equiva!ent to 
15 mg of total ginsenosides, to a conical fiask. Add 
15 mL of methanol, and shake to mix. Sonicate the 
mixture at 25°-30 C1 for 30 min. Cool, pass through 
ftiter paper, and return the residue to the conical fiask. 
Add another 15 mL of methanol, sonicate the mixture 
at 25 Q “30 Q for 30 min, and filter. Wash the residue 
with three 15-mL portions of methanol. Evaporate the 
combined extracts and washing to dryness under vac- 
uum at 45°-50°* Transfer the residue to a 10-mL vo\u- 
metric fiask using smali volumes of methanol, and di¬ 
lute with methanol to volume* 

Analysis 

Sam pies: Standard solution and Sample soiutlon 
Identify ginsenosides Rgi, Re, Rb*, Rc, Rb?, and Rd in 
the Standard solution and the Sample solution by 
comparing the chromatograms with the Reference 
Chromatogram provided with USP Powdered Ameri¬ 
can Ginseng Extract RS, and measure the peak 
responses. 
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Calculate the quantity, in mg, of each relevant ginse- 
noside (Rgi, Re, Rbi, Rc, Rb 2 , and Rd) in the pardon 
of Capsule contents taken: 

Result = 0.1 x (ru/fg) x C 5 x P 

hi = peak area for each relevant ginsenoside from 
the Sample solution 

h = peak area for each relevant ginsenoside from 
the Standard solu don 

C s - concentratfon of USP Powdered American 

Ginseng Extract RS in the Standard solu don 
(mg/mL) 

P = labeled amount, in percentage, of each 

relevant ginsenoside in the USP Powdered 
American Ginseng Extract RS lot being used 
Calculate the content of total ginsenosides, T, in mg, 
by adding the amounts of individual ginsenoside. 
Calculate the percentage of Powdered Extract with 
respect to the label claim: 

Result = T x (AWW) x (100/L E ) x (100/L) 

T = content of total ginsenosides En the portlon of 
Capsule contents taken (mg) 

Awr - average weight of Capsule contents (mg/ 
Capsule) 

W - weight of the portion of Capsule contents 
taken (mg) 

Le = content of total ginsenosides, mg, in 100 mg 
of the Extract used to prepare the Capsules 

L = amount of Extract per Capsule according to 
label claim (mg/Capsule) 

Acceptance criteria: 90.0%-! 10.0% of Extract, calcu- 
lated as the sum of ginsenosides Rg T , Re, Rbi, Rc, Rb 2 , 
and Rd 

PERFORMANCE TESTS 

* DlSINTEGRATIGN AND DlSSOLUTlON OF DlETARY SUPPLEMENTS 

(2040): Meet the requirements for Disintegradon 

■ Weight Variation of Dietary Supplements (2091): Meet 

the reguirements 



CONTAMINANTS 

* MfCRORiAL Enumeration Tests (2021): The total aerobic 

microbial count does not exceed 10^ cfu/g. The total 
combined moids and yeasts count does not exceed 10 3 
cfu/g. 

* Absence of Specified Microorganfsms (2022): Meet the 

requirements of the tests for absence of Salmonello spe- 
ci es and Escherichia coli. 

ADPITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers, 

protected from light. Storę at controfled room 
temperaturę. 

» Labeling: The label States the Latin binomial and, follow- 
ing the official na me, the article from which the Capsules 
were prepared. The label also rndicates the amount of 
Extract, in mg/Capsufe. Label the Capsules to IndEcate 
the percentage of ginsenosides in the Extract contained 
in the Capsules. For soft-gelatin Capsules, State the 
method for Content of Ginsenosides with which the prod- 
uct complies only if Method 1 ts not used. 


* USP Reference Standards (11) 

USP Powdered American Ginseng Extract RS 
USP Powdered Asian Ginseng Extract RS 


American GSraseng TabBets 

DEFINITION 

American Ginseng Tabiets contain Powdered American Gin¬ 
seng Extract Tablets contain NLT 90.0% and NMT 
110.0% of Extract, calculated as the sum of ginsenosides 
Rgi, Re, Rbi, Rc, Rb 2 , and Rd. 

IDENTIFICATION 

* A, Thin-Layer Chromatocraphic Identification Test 

( 201 ) 

Standard solution A: 20 mg/mL of USP Powdered 
American Ginseng Extract RS in methanol 
Standard solution B; 20 mg/mL of USP Powdered 
Asian Ginseng Extract RS in methanol 
Sample solution: Transfer a quantity of finety powdered 
Tablets, equiva!ent to 100 mg of Extract, to a conicaf 
ffask. Extract at 55° with three 20-mL portions of a mix- 
turę of methanol and water (2:8). Evaporate the com¬ 
bined extracts to dryness under vacuum at 45°-50°. 
Dissolve the residue in 5 mL of methanol. 

Application volume: 20 jliL 

Developing solvent system A: The lower phase of a 
mixture of chloroform, methanol, and water (13:7:2) 
Developing solvent system B: The upper phase of a 
mixture of butyl alcohol, ethyf acetate, and water 
(4:1:5) 

Spray reagent: Dissolve 0.5 mL of anisaldehyde in 
10 mL of gladal acetic acid, add 85 mL of methanol, 
mlx, carefully add 5 mL of sulfuric acid, and mix. 
Analysis 

Samples: Standard solution A, Standard solution fi, and 
Sample solution 

Proceed as directed in the chapter. Develop in a 
cham ber containing Developing so!vent system A untii 
the solvent front has moved 10.5 cm from the origin. 
Remove the plates from the chamber, and allow to 
dry. Turn the plates 90°, and develop in a chamber 
containing Deveioping solvent system fi until the sol- 
vent front has moved 10.5 cm from the origin, Re- 
move the plates from the chamber, and allow to dry. 
Spray with Spray reagent. Heat the plates at 
105°-] 10° for 10 min, and examine. The order, from 
top to bottom, of ginsenosides on the plates is Rg 2 
(on left) and Rg* (on rlght), Rf, Re, Rd, Re, Rb 2 (on 
left) and Rbi (on right), and Ro, Ginsenosides Rg 2 , 

Rgi, Rf, Re, and Rd are found on the upper half of 
the plates; the remaining ginsenosides are found on 
the lower half after chromatographing with Develop- 
ing solvent system B 

Acceptance criteria: The chrom a tog ram of Standard so¬ 
lution A does not exhibit a spot for ginsenoside Rf. Stan¬ 
dard solution B exhibits a spot for ginsenoside Rf. The 
spots from the Sample solution correspond to those 
from Standard solution 4. 

& B. The retention times of the peaks for ginsenosides Rgi, 
Re, Rbi, Rb 2 , Rq, and Rd in the chromatogram of the 
Sample solution correspond to those from the Standard 
soiudon , as obtained in the test for Content of Ginseno¬ 
sides. The rado of the peak response for Rb 2 to the peak 
response for Rbi is less than 0.4; and the ratio of the 
peak response for Rgi to the peak response for Rbi is less 
than 0.3, The Sample solution chromatogram shows no 
significant peak at the retention dmę corresponding to 
that of ginsenoside Rf in the 5ystem suitahility solution , as 
obtained in the test for Content of Ginsenosides. 
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STRENGTH 

■ CONTENT OF GINSENOSIDES 

DiJuent: Water and alcohol (3:2) 

Solution A: Water 

Solution B: Acetonitrile and water (4:1) 
Mobile phase: See the gradient table below. 


Time 

(min) 

Solution A 

Solution B 

0 

76 

24 

12 

76 

24 

28 

65 

35 

SUS 

56,5 

43.5 

52.5 

0 

100 

64.5 

76 

24 

77 

76 

24 


Standard solution: A solution of USP Powdered Ameri¬ 
can Ginseng Extract RS in Diluent containing the equiv- 
alent of 1 mg/mL of ginsenoside Rbi 
Sampie solution: Accurately weigh and fineiy powder 
NIT 20 Tablets. Transfer to a comcal fiask an accurately 
weighed portion of the powder expected to contain an 
amount of Extract equivafent to 15 mg of totał ginseno- 
stdes, add 15 mL of methanol, and shake to mix, Soni- 
cate the mixture at 25°-30° for 30 min. Cool, pass 
through filter paper, and return the residue to the toni- 
cal fiask. Add another 15 ml of methanol, sonicate the 
mixture at 25^-30° for 30 min, and fiiter. Wash the 
residue with three 15-mL portions of methanoh Evapo- 
rate the combined extracts and washings to dryness 
under yacuum at 45 0 -5Q°. Transfer the residue to a 
10.0-mL volumetric fiask, using smali volumes of meth- 
anol, and dilute with methanol to yolume. 

System suitability solution: 24 mg/mL of USP Pow¬ 
dered Asian Ginseng Extract RS in Diluent Filter. 
Chromatographic system 
(See Chromatogropny (621), System Suitability,) 

Modę: LC 

Detector: UV 203 nm 
Column 

Guard column: 4.6-mm X 2.0-cm; packing LI 
Analytical column: 4.6-mm x 15-cm; 3-jim packing 

Column temperaturę: 25° 

Flow ratę: 1.5 mL/mtn 
Injection size: 10 pL 
System suitability 

Sampie: System suitability solution (inject 20 pi) 

Suitability requirements 

Chromatogram simiiarity; The System suitability solu¬ 
tion chromatogram is stmilar to the Reference Chro¬ 
matogram provided with the lot of USP Powdered 
Asian Ginseng Extracl RS being used. 

Re!ative standard deviation: NMT 2.0%, determined 
for the sum of the peak areas for the six major ginse- 
nosides, in repeated injections 
Analysis 

Samples: Standard solution and Sampie solution 
Identify ginsenosides Rgi, Re, Rbi, Rc, Rb 2 , and Rd in 
the Standard solution and Sampie solution by compar- 
ing the chromatograms with tne Reference Chromat¬ 
ogram provided with USP Powdered American Gin¬ 
seng Extract RS lot being used, and measure the peak 
responses. 

Calculate the quantity, in mg, of each relevant ginse- 
noside (Rg,, Re, Rb,, Rc, Rb 2 , and Rd) in the portion 
of Tablets taken: 

Result = 0.1 x (ru/r s ) x Cs x P 

ru - peak area for each relevant ginsenoside from 
the Sampie solution 


^ = peak area for each relevant ginsenoside from 

the Standard solution 

Cs = concenfration of USP Powdered American 

Ginseng Extract RS in the Standard solution 
(mg/mL) 

P = labefed amount, in percentage, of each 

relevant ginsenoside in the USP Powdered 
American Ginseng Extract RS lot being used 
Calculate the content of total ginsenosides, T, in mg, 
by addtng the amounts of individual ginsenoside, 
Calculate the percentage of Powdered Extract with 
respect to the label daim: 

Result = T x (AmAV) x (100/U) x (100/L) 

T = content of total ginsenosides in the portion of 
Tablets taken (mg) 

Am - average weight of tablets (mg/Tabfet) 

W = weight of the portion of Tablets taken (mg) 

L e = content of total ginsenosides, mg, in 100 mg 
of the Extract used to prepare the Tablets 
L = amount of Extract per Tablet according to 
label claim (mg/Tablet) 

Acceptance criteria: 90.0%-110.0% of Powdered Ex- 
tract, calculated as the sum of ginsenosides Rgi, Re, 

Rb,, Rc, Rb 2 , and Rd 

PERFORMANCE TESTS 

* DISINIECRATiON AND DlSSOLUTION OF DIETARY SUPPLEMENTS 

(2040): Meet the reauirements for Disintegration 

* Weight Variation of Dietary Supplements (2091): Meet 

the requirements 

CONTAMINANTS 

* Microbial Enumeration Tests—Nutritional and Dietary 

Supplements (2021): The total aerobic microbial count 
does not exceed 10 4 cfu/g. The total combined molds 
and yeasts count does not exceed 10* cfu/g. Meet the 
requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli. 

ADDITIONAL REQUIREMENT$ 

* Packaging and Storace: Preserve in tight containers, 

protected from light Storę at controlled room 
temperaturo, 

* Labeling: The label States the Latin binomlai and, follow- 

ing the offida! name, the arttcie from which the Tablets 
were prepared, The labę! also tndicates the amount of 
Extract, in mg/Tablet Label the Tablets to indicate the 
percentage of total ginsenosides in the Extract contained 
in the Tablets. 

* USP Reference Standards <1T) 

USP Powdered American Ginseng Extract RS 
USP Powdered Asian Ginseng Extract RS 


Andrographis 

DEHNITION 

Andrographis consists of the dried stems and leaves of An¬ 
drographis paniculata (Burm. f.) Ne es (Fam. Acanthaeeae), 
It contains NLT 1,0% of diterpene lactones, calculated on 
the dried basis as the sum of andrographolide, neoandro- 
grapholide, 14-deoxy-l 1,12-didehyaroandrographolide, 
and andrograpanin. 

IDENTIFICATION 

* A. Thin-Layer Chromatographic Identificat?on Test 

( 201 ) 

Standard solution 1: Use Standard solution A t prepared 
as directed in the test for Content of Diterpene Lactones , 

Standard solution 2: Sonicate an amount of USP Pow¬ 
dered Andrographis Esćtract RS, equivalent to about 
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15 mg of diterpene lactones, for 10-15 min in 25 ml of 
methanol, centrifuge, and use the supernatanL 
Sample solution: Use Sample stock solution, p rep a red as 
direcled rn the test for C ontent of Diterpene Loctones . 
Adsorbent: Chrom atographic silita gel mrxture with an 
average particie size of 10-15 pm (TIC plates) 
Application volume; lOpL, as 5-10 mm bands 
DeveIoping solvent system: Chloroform, acetone, and 
toiuene (2:2:1) 

Derivatization reagent: A mixture of 1% vantllin in al- 
cohol and 10% suJfuric acid in alcohoi (1:1) 

Analysis 

Sampies: Standard solution 7, Standard solution 2 t and 
Sample solution 

Use a saturated chamber. Develop untii the solvent 
front has moved up about 90% of the fength of the 
piąte, Remove the piąte from the chamber, dry, treat 
with Derivatization reagent, beat for 5-10 min at 100°, 
and examine under wnile light. 

Acceptance criteria: The Sample solution exhibits three 
main grayish-bfue zones with Rf values of approximatefy 
0,4, 0,6, and 0.8 that correspond in position and color 
to zones in Standard solution 2 . Standard solution 1 ex- 
hibits a grayish-bfue zonę due to andrographoiide at an 
Rf of about 0.4. The Sample solution exhibits a zonę 
similar in coior and R f vaJue to that due to andrograph¬ 
oiide in Standard solution 7. 

* B. The retention time of the main peak of the Sample 
solution obtained in the test for Content of Diterpene tac- 
tones corresponds to that of andrographoiide in Standard 
soiutbn A. faentify other diterpene faclone peaks in the 
Sample solution by comparison with Standard solution B 
and the reference chromatogram provlded with Ehe Jot 
of USP Powdered Andrographis Extract RS being used. 

The Sample solution shows additionaf peaks correspond- 
ing to neoandrographolide, 14-deoxy-l 1,12- 
didehydroandrographolide, and andrograpanin. 

CONIPOSITIGN 

a Content of Diterpene Lactones 

Solution A: Dissoive 0.14 g of potassium dihydrogen 
phosphate in 900 ml of water, add 0.5 ml of phos- 
phonc add, dilute with water to 1000 ml, mix, fflter, 
and degas. 

Solution B: Acetonitrile, fikered and degassed 
Standard solution A: Dissolve a weighed guantity of 
USP Andrographoiide RS in methanol to obtain a 1.0- 
mg/mL solution. Transfer 5,0 mL of this solution to a 
10-mL yolumetric fiask, dilute with acetonitrile to voi- 
ume, and mix. 

Standard solution B: Transfer an amount of USP Pow¬ 
dered Andrographis Extract RS, equivaient to about 
25 mg of diterpene lactones, to a 50-mL yolumetric 
fiask, add 25 mL of methanol, heat gently for 15-20 
min, dilute with acetonitrile to vo!ume, and mix. Before 
injection, pass through a membranę fliter of 0,45-um or 
finer porę size, discarding the first 5 mL of the filtra te. 
Sample stock solution: Transfer aboul; 2.0 g of finely 
powdered Andrographis to a 250-mL fiask ntted with a 
reflux condenser. Aad 50 mL of methanol, ref[ux for 15 
min, cool to room temperaturę, and decant the super- 
natant. Repeat until the extraet is colorless. Combine 
the extracts, filter, concentrate under vacuum, and ad- 
just the volume to 50.0 mL uslng methanol. 

Sample solution: Transfer 25.0 mL of Sample stock solu¬ 
tion to a 50-mL yolumetric fiask, dilute with acetonitrile 
to volume, and mix, Before injection, pass through a 
membranę filter of 0,45-pm or finer porę size, discard¬ 
ing the first 5 mL of the filtrate. 

Mooile phase: See Table h 


Table 1 


Time 

(mini 

Solution A 

<°/<o 

Solution B 
(%> 

0 

95 

5 

18 

55 

45 

25 

20 

80 

28 

20 

80 

35 

55 

45 

40 

95 

5 

45 

95 

5 


Chromatographlc system 

(See Chromatography (621), System Suita bili ty.) 

Modę: LC 

Detector: UV 223 nm 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
Flow ratę: 1.5 mL/rnin 
Injection volume: 20 pL 
System suita billty 

Sampies: Standard solution A and Standard solution B 

Suitability requirements 

The chromatogram of Sfor?dard solution B Es similar to 
the reference chromatogram provided with the lot of 
USP Powdered Andrographis Extract RS being used. 
Column efficiency: NLT 5000 theoretical plates, 
Standard solution A 

Tai ling factor: NMT 1.5 for the andrographoiide 
peak. Standard solution A 

Relative standard deviation: NMT 2.0%, determined 
for the andrographoiide peak in replicate injections, 
Standard solution A 

Resolution: NLT 5 between the neoandrographolide 
and 14-deoxy-l 1,12-didehydroandrographolIde 
peaks, Standard solution B 
Analysis 

Sampies: Standard solution A , Standard solution B t and 
Sample solution 

Using the chromatogram of Standard solution A r Stan¬ 
dard solution B , and the reference chromatogram pro- 
vided with the lot of USP Powdered Andrographis Ex- 
tract RS being used, identify the retention times of the 
peaks corresponding to the dEfferent diterpene lac¬ 
tones. The approximate reiatiye retention times of the 
different diterpene lactones are provided in Table 2. 


Table 2 


Analyte 

Relativ€ 

Retention 

Time 

Androqrapliolide 

1.00 

Neoandroqrapho!ide 

1.16 

1 4-Deoxv-l 1T2<lidehvdroandroqrapholide 

1.31 

Androqraqanin 

1,50 


Separateiy calculate the percentages of andrographo- 
Ifde, neoandrographolide, 14-deoxy-11,12- 
didehydroandrographolide, and andrograpanin in the 
portion of Andrographis taken: 

Result = (rjrs) x (Q/W) x 10 F 

r u = peak area of each identified diterpene lactone 
in the Sample solution 

r$ = peak area of andrographoiide m Standard 
solution A 

Q = concentration of USP Andrographoiide RS in 
Standard solution A (mg/mL) 

W ~ weEght of Andrographis taken to prepare the 
Sample solution (g) 
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F = conversion factor: 1 *00 for andrographolide, 
3.90 for neoandrographolide, 1.45 for 
14-deoxy-11,12-didehydroandrographoiide, 
and 2.65 for andrograpanin 

Acceptance criteria; NLT 1,0% for the sum of the per- 
centages of andrographolide, neoandrographolide, 
14-deoxy*11,12-didehydroandrographoude, and an¬ 
drograpanrn, on the drred basis 

IMPURITIES 

* Articles of Botanical Origin, Umits of Eiementaf Impuri - 

ties <561): Meets the requirement5 

* Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 2*0% 

* Articles of Botanical Origin, Restidde Residue Analysis 
<561): Meets the reguirements 

SPECIFIC TESTS 

* Botanical Characteristics 

Macroscopic: Stern is dark green, woody, 2-6 mm m 
diameter, bearing numerous branches, snowing siightly 
swollen nodes, the upper part is distinctly guadrangular 
with four bulges in the four corners, and the Jower part 
is somewhat rounded; texture is fragile, easily broken; 
branches are quadrangular, often narrowly winged in 
the upper part* Leaves are simple, opposite, short, peti- 
olated or nearly sessile; lamina is orumpied and easily 
broken, lanceolate or ovate-)anceolate when whole, 

2-7 cm long, 1-3 cm wtde, with acuminate apex, retic- 
ulate venation, and cuneate-decurrent base, margin en- 
tire or undulate; the upper surface is green, the lower 
surface grayish-green; both surfaces are glabrous. Phar- 
matopeial artide consists of dry mixtures of crisp, dark- 
reen broken feaves and quadrangular stems; leaves are 
rittle; stems are fracture short, ftbrous. 

Microscopic 

Transverse section of stems: Epidermal layer shows 
cells containing round, long-elliptical or clavate cal- 
dum carbonate deposits (cystollths), 1—4 cetled non- 
landular hairs ana muiticelluiar, disk-shaped glandular 
atrs; collenchyma is below the epidermis antfin the 
bulges; endodermis is distinct; vascular bundies sur- 
round the parenchyma of the central pith; smali acicu- 
lar crystals of calcium oxalate are present in the cortex 
and pith. 

Trans verse section of Jeaves: Subsquare or rectangu- 
lar upper and lower epidermal cells; lower epidermal 
cells are retatiyely smaller; both epidermal layers show 
cells containing cystoliths, nonglandular hairs and 
glandular hairs similar to those of the stem; mesophyll 
is composed of 1-2 layers of palisadę parenchyma and 
spongy parenchyma; loosely arranged spongy paren- 
cnyma appear across the upper part of the midrib; 
yascular bundies of midrib are collatera! and grooved; 
celfs containing cystofiths appear above the xylem. 

* Loss ON Drying <731) 

Sample: 1.0 g of finely powdered Andrographis 
Analysis: Dry the Sample at 105° for 3 h* 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Total Ash ( 561 ) 

Sample: 1.0 g of finely powdered Andrographis 
Acceptance criteria: NMT 15% 

* Articles of Botanical Origin, Add-tmoiuble Ash <561): 

NMT 3,0% 

* Articles of Botanical Origin, AlcohaLSoluhle Extractives , 

Method 2 (561): NLT 8.0% 

* Microbial Enumesation Tests <2021): The total aerobic 

bacterial count does not exceed 10 5 cfu/g; the total com- 
bined molds and yeasts count does not exceed 10* cfu/ 

; and the biie-tolerant Cram-negative bacterial count 
oes not exceed 10 3 cfu/g. 

* Absence of Specifiid Microorganisms <2022): Meets the 

requirements of the tests for absence of Salmonella spe- 
des and Escherichia coli 


ADDITIONAL REQUIR£EVKENT5 

• Packaging and Storage: Preserve in wef!-do$ed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

• Labeung: The fabel States the Latin binomial and, follow- 
ing the offidal name, the parts of the plant contained in 
the artide* 

• U5P Reference Stanoards <11) 

USP Andrographolide RS 

U5P Powdered Andrographis Extract RS 


Powdered Andrographis 

DEFINITION 

Powdered Andrographis is Andrographis reduced to a fine 
or very fine powder. It contains NLT 1.0% of diterpene 
lactones, calculated on the drled basis as the sum of the 
andrographolide, neoandrographolide, 14-deoxy-11,12- 
didehydroandrographolide, and andrograpanin. 

IDENTIFICATION 

* A, Thin-Layer Chromatographic Identification Test 

( 201 ) 

Standard solution 1: Use Standard solution A, prepared 
as directed in the test for Content of Diterpene lactones. 
Standard solution 2: Sonicate an amount of USP Pow¬ 
dered Andrographis Extract RS, equivalent to about 
15 mg of diterpene lactones, for 10-15 min in 25 mL of 
methanol, centrifuge, and use the supematanl. 

Sample solution: Use Sample stock solution , prepared as 
directed in the test for Confenf of Diterpene Lactones. 
Adsorbent: Chromatographic silica gel mixture with an 
average particie size or lO-IS urn (TLC plates) 
Application volume: 10 pL, as 5-10 mm bands 
De^eloping solvent system: Chloroform, acetone, and 
toluene (2:2:1) 

Derwatrzation reagent: A mixture of 1% vantlfin in al- 
cohoi and 10% sulfuric actd in alcohol (1:1) 

Analysis 

Samples: Standard solution 1, Standard solution 2, and 
Sample solution 

Use a saturated chamber, Deyelop unti! the solvent 
front has moved up about 90% of the length of the 
piąte, Remove the piąte from the chamber, dry, treat 
with Deriyatization reagent, heat for 5-10 min at 100°, 
and examine under white light. 

Acceptance criteria: The Sample solution exhibits three 
main graytsh-blue zones with R f values of approximately 
0.4, 0.6, and 0,8 that correspond in position and color 
to the main zones of Standard solution 2. Standard solu - 
tion 1 exhibits a grayish-blue zonę due to andrographo¬ 
lide at an & of about 0,4. The Sample solution exhibits a 
zonę similar in coior and Rf value to that due to andro¬ 
grapholide in Standard solution 7 , 

* B* The retention time of the main peak of the Sample 
solution obtained in the test for Content of Diterpene Lac¬ 
tones corresponds to that of andrographolide in Standord 
solution A. Identrfy other diterpene lactone peaks in the 
Sample solution by comparison with Standard solution 8 
and the reference chromatogram provided with the fot 
of USP Powdered Andrograpnis Extract RS being used. 

The Sample solution shows additional peaks correspond- 
ing to neoandrographolide, 14-deoxy-11,12- 
didehydroandrographolide, and andrograpanin. 

COMPOSITION 

« Content of Diterpene Lactones 

Solution A: Di$solve 0.14 g of potassium dihydrogen 
phosphate in 900 ml of water, add 0.5 mL of phos- 
phonc acid, dilute with water to 1000 mL, mix, filter, 
and degas* 
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Solution B: Acetonitrile, filtered and degassed 
Standard sofution A: Dissolve a weighed guantity of 
USP Andrographolide RS in methanol to obtain a 1.0“ 
mg/m!, solution. Transfer 5.0 mL of this sofution to a 
IG-ml votumetric fiask, dilute with acetonitrile to voh 
u me, and mix. 

Standard solution B: Transfer an amount of USP Pow- 
dered Andrographis Extract RS, equivaJent to about 
25 mg of diterpene lactones, to a 50-mL volumetnc 
fiask, add 25 mL of methanol, beat gently for 15-20 
min, dilute with acetonitrile to vofume, and mix. Before 
injection, pass through a membranę filter of 0,45-j.im or 
finer porę size, discarding the first 5 mL of the filtrate. 
Sam ple stock sofution: Transfer about 2.0 g of Pow- 
dered Andrographis to a 250-mL fiask fitted with a re- 
ffux condenser. Add 50 mL of methanol, refiux for 15 
min, cool to room temperaturę, and decant the super- 
natant* Repeat untrl the extract is colorless. Combine 
the extracts, filter, concentrate under vacuum, and ad- 
just the volume to 50.0 ml using methanol 
Sample solution: Transfer 25.0 mL of Sample stock solu¬ 
tion to a 50-mL yolumetric fiask, dilute with acetonitrile 
to yolume, and mix. Before injection, pass through a 
membranę filter of 0.45-um or finer porę size discard¬ 
ing the first 5 mL of the filtrate* 

Mobile phase: See Tobie h 


Table 1 


Time 

(min} 

Solution A 

_ 

Solution B 

t%> 

0 

95 

5 

10 

55 

45 

25 

20 

80 

28 

20 

80 

35 

55 

45 

40 

95 

5 

45 

95 

5 



Chromatographic system 

(See Chromatograpny (621), System Suitability .) 

Modę: LC 

Detector: UV 223 nm 

Column: 4.6-mm x 25-cm; 5-pm packing LI 

Flow ratę: 1.5 mL/min 

Injection yolume: 20 ul 
System suitability 

Samples: Standard solution A and Standard soiution B 

Suitability reguirements 

The chromatogram of Standard solution B is similar to 
the reference chromatogram provided with the fot of 
USP Powdered Andrographis Extract RS berng used* 
Column efficiency: NLT 5000 theoretical plates, 
Standard solution A 

Tailing faotor: NMT 1.5 for the andrographolide 
peak, Standard solution A 

Relative standard deviation: NMT 2*0%, determrned 
for the andrographolide peak in replicate rnjections, 
Standard solution A 

Resolution: NLT 5 between the neoandrographoiide 
and 14-deoxy-11,12-didehydroandrographolide 
peaks, Standard solution B 
Analysis 

Samples: Standard soiution A, Standard solution B, and 
Sample solution 

Using the chromatogram of Standard solution A f Stan¬ 
dard solution B, and the reference chromatogram pro- 
vided with the lot of USP Powdered Andrographis Lx- 
tract RS being used, identify the retention times of the 
peaks corresponding to the different diterpene lac- 
tones. The approximate re!ative retention times of the 
different diterpene lactones are provided in Tobie. 2. 


Table 2 


Analyte 

Reiative 

Retention 

Time 

Andrographolide 

1.00 

Neoandrographoiide 

146 

14-Deoxv-l 1 42-djdehvdroandrGqrapho!ide 

131 

Androarapanin 

1,50 


Separateiy calculate the percentages of andrographo¬ 
lide, neoandrographoiide, 14-deaxy-11,12- 
didehydroandrographolide, and andrograpanin in the 
portion of Powdered Andrographis taken: 

Result = (fu/fs) x(C s /W)xlQF 

ru “ peak area of each identified diterpene lactone 
from the Sampie solution 

rs = peak area of andrographolide from Standard 
solution A 

Ci “ concentration of USP Andrographolide RS in 
Standard solution A (mg/mL) 

W = weight of Powdered Andrographis taken to 
prepare the Sampie solution (g) 

F - conversion factor: 1.00 for andrographolide, 
3.90 for neoandrographoiide, 1.45 for 
14-deoxy-11,12-didehydroandrographolide, 
and 2.65 for andrograpanin 

Acceptance criteria: NLT 1.0% for the sum of the per¬ 
centages of andrographolide, neoandrographoiide, 
14-deoxy-11,12-didehydroandrographolide, and an¬ 
drograpanin, on the dried basts 

IMPUR9T9E5 

* articles of Botanical Origin, Limits of Eiementai Impuri- 

ties (561); Meets the reguirements 
« Articles of Botanical Origin, Pestkide Residue Analysis 
(561): Meets the reguirements 

SPECIFBC TESTS 

* Botanical Characteristks 

Macroscopic: lt Is a grayish-brown powder. 
Microscopic: lt reveals celis of the upper and lower epi- 
dermis of the leaves, some cetls confaining large cysto- 
liths, up to 36 \im in diameter and 180 pm long, with 
a hilum-shaped scar in the large end; 1- to 4-cetied 
nongfanduiar hairs; disk-shaped glandular hairs, 8-celled 
head and very short stalk; diacvtic stomata mostly on 
the lower epidermis; stem epiaermal celis, some cells 
containing cystoliths, stomata, non glandular hairs and 
gfandular hairs similar to those of the leaves; thin- 
walled parenchyma celis; collenchyma cetls; acicutar 
phloem fibers; tracheids; vesse!s, with spiral and scalari- 
form thickening. 

® Loss ON DrY ING (731) 

Sample: 1.0 g of Powdered Andrographis 
Analysis: Dry the Sample at 105 Q for 3 h. 

Acceptance criteria: NMT 12,0% 

® Articles of Botanical Origin, Total Ash (561) 

Sample: 1*0 g of Powdered Andrographis 
Acceptance criteria: NMT 15% 

* Articles of Botanical Origin, Acid-lnsoluble Ash (561): 

NMT 3,0% 

» Articles of Botanical Origin, AkohoFSoluble Extractives, 
Method 2 (561): NLT 8*0% 

® Microbial Enuiyieration Tests (2021): The to ta i aerobic 
bacterial count does not exceed 10 5 cfu/g; the total com- 
bined molds and yeasts count does not exceed IG 3 cfu/ 
g; and the bile-toferant Gram-negative bacterial count 
does not exceed IG 3 cfu/g. 

■ Absence of Specified EViiCROORGAN}SMS (2022): Meets the 
reguirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 
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ADDITIONAL REQUIREMENT5 

a Packaging and Storage: Preserve in well-closed contaim 
ers, protected from light and motsture, and storę at 
room temperaturę. 

® Labeling: The label States the Latin binomial and, follow- 
ing the offidal name, the parts of the plant contained in 
the article. 

* USP Reference standards (11) 

USP Andrographoltde RS 

USP Powdered Andrographis Extract RS 


Powdered Andrographis Extract 

DEFINiTION 

Powdered Andrographis Extract is prepared from An¬ 
drographis by extraction with mediano! or alcohol. The 
ratio of plant materiał to extract is between 15:1 and 
1 0:1. It contains NLT 90.0% and NMT 110.0% of the 
labeled amount of diterpene lactones, calculated on the 
dried basls as the sum of andrographolide, neoandro- 
graphoiide, 14-deoxy-11/12-didehydroandrographonde, 
and androgra panin. The eon tent of 14-deoxy-l 1,12- 
didehydroandrographofide is NMT 15% of the total 
diterpene laetones. It may contain suitable added sub- 
stanceś as carriers. 

B DENTIFIC ATION 

o A* Thin-Layer Chromatographic Identification Test 

( 201 ) 

Standard soiution 1: Use Standard soiution A, prepared 
as directed in the test for Content of Diterpene Laetones, 
Standard soiution 2: Sonicate for 10-15 min a quan- 
tity of USP Powdered Andrographis Extract RS, eq u wa¬ 
leni to about 15 mg of diterpene laetones, in 25 mL of 
methanol. Centrifuge, and use the supernatant 
Sampfe soiution: Sonicate for 10-15 min a quantity of 
Powdered Andrographis Extract, equivalent to about 
15 mg of diterpene laetones, in 25 mL of methanol. 
Centrifuge, and use the supernatant 
Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 10-15 pm (TLC plates) 
Application volume: 10 pL, as 5-10 mm bands 
Developing sofvent system: Chloroform, aeetone, and 
toluene (2:2:1) 

Spray reagent: A mixture containing 1% vanllltn in at 
coho! and 10% sulfuric acid in alcohol (1:1) 

Analysis 

Sam pies: Standard soiution 1, Standard soiution 2, and 
Sampfe soiution 

Use a saturated cham bet Develop until the soh/ent 
front has moved up about 90% of the piąte, Remove 
the piąte from the cham ber. Dry, and spray with 
Spray reagent Heat for 5-10 min at 100°, and ex- 
arnine under visible light. 

Acceptance criteria: The Sampfe soiution exhibits three 
main grayish blue zones with R F va!ues of approximately 
0.4, 0.6, and 0.8 that correspond in position and color 
to zones in Standard soiution 2 , Standard soiution I ex- 
hibits a grayish biue zonę due to andrographolide at an 
R r of about 0.4. The Sample soiution exhibits a zonę 
similar in color and R f vaiue to that due to andrograph- 
olide in Standard soiution 1 . 

* B. The Sampie soiution in the test for Content of Diterpene 
Laetones shows a main peak at a retention time corre¬ 
spond ing to that of andrographolide in Standard soiution 
A. Identify other diterpene lactone peaks in the Sampie 
soiution by co m part son with Standard soiution B and the 
reference chromatogram provided with the lot of USP 
Powdered Andrographis Extract RS. The Sampie soiution 
shows additional peaks corresponding to neoandrograph- 
olide, 14-deoxy-l 1,12-didehydroandrographolide, and 
andrograpanin. 


CO M POSITION 

* Content of Diterpene Lactones 

Soiution A: Dissolve 0.14 g of potasslum drhydrogen 
phosphate in 900 mL of water, add 0.5 mL of phos- 
phoric acid, dilute with water to 1000 mL, mix, filter, 
and degas. 

Soiution B: Use filtered and degassed acetonitrile. 

Standard soiution A: Dissolve a weighed quantity of 
USP Andrographolide RS in methanol to obtain a solu- 
tion having a known concentrafion of about 1.0 mg/ 
mL. Transfer 5,0 mL of this soiution to a 10-mL volu- 
metric fiask, dilute with acetonitrile to volume, and mix. 

Standard soiution B: Transfer an amount of USP Pow¬ 
dered Andrographis Extract RS, equivalent to about 
25 mg of diterpene laetones, to a 50-mL volumetric 
fiask, add 25 mL of methanol, heaf gentiy for 1 5-20 
min, dilute with acetonitrile to vo3ume, and mix. Before 
injectron, pass through a membranę filter of 0,45-pm or 
fi ner porę size, discarding the first 5 mL of the fil tratę. 

Sampie soiution: Transfer a weighed amount of Pow¬ 
dered Andrographis Extract, equivaient to about 25 mq 
of diterpene laetones, to a 50-mL yolumetric fiask, add 
25 mL of methanol, heat gentiy for 15-20 min, dilute 
with acetonitrile to volume, and mtx. Before injection, 
pass through a membranę filter of 0.45-pm or finer 
porę size, aiscardtng the first 5 rnL of the filtrate. 

Mobile phase: See the gradient table below. 


Time 

(min) 

Soiution A 

(%> 

Soiution B 

0 

95 

5 

18 

55 

45 

25 

20 

80 

28 

20 

80 

35 

55 

45 

40 

95 

5 

45 

95 

5 


Chromatographic system 

(See Chromatography (621), System Suitability,) 

Modę: LC 

Detector: UV 223 nm 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
Flow ratę: 1,5 mL/min 
Injection size: 20 pL 
System suitabitity 

Samples: Standard soiution A and Standard soiution B 

Suitability requirements 

The chromatogram from Standard soiution B is similar 
to the reference chromatogram provided with the lot 
of USP Powdered Andrographis Extract RS. 

Column efficiency: NLi 5000 theoretical plates, 
Standard soiution A 

Tailing factor; NMT 1.5 for the andrographolide 
peak. Standard soiution A 

Relative standard deviation: NMT 2.0%, determined 
from the andrographolide peak for replicate injec- 
trons, 5 tern dard soiution A 

Resolution: NLT 5 between the neoandrographolide 
and 14-deoxy-11,12-didehydroandrographoiEde 
peaks, Standard soiution B 

Analysis 

Sam pies: Standard soiution A t Standard soiution B r and 

Sampie soiution 

Using Standard soiution A, Standard soiution B t and the 
reference chromatogram provided with the lot of USP 
Powdered Andrographis Extract RS being used, tden- 
tily the retention tlmes of the peaks corresponding to 
different diterpene lactones. The approximate relative 
retention Limes of the different diterpene lactones are 
provided in the foliowing table: 


OS Monographs 
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Anahrte 

Rei a ii ve 
Retention Time 

An drop rap hol i de 

1.00 

Neoa n d roq ra p ho 1 i de 

1.16 

14-Deoxy-l 1,12-didehydroan- 
droarapholide 

1*31 

Androtirapanin 

1.50 


SeparateEy calculate the percentages of andrographo- 
lide, neoandrographolide, 14-deoxy-11 ,1 2- 
didehydroandrographolide, and andrograpanin in the 
portion of Powdered Andrographis Extract taken: 

Result = (ru/rs) x (C 5 /W) x 5F 

fu - peak response for each diterpene lactone from 
the Sample solution 

fs = peak response for andrographolide from 
Standard solution A 

Cs = concentratlon of USP Andrographolide RS In 
Standard solution A (mg/mL) 

W ~ weight of Powdered Andrographis Extract 
Laken to prepare the Sample solution (g) 

£ = conversion factor for each anafyte (1.00 for 

andrographolide, 3.90 for 
neaandrographolide, 1.45 for 14-deoxy‘ 

11,1 2-didehydroandrographofide, and 2.65 
for andrograpanin) 

Acceptance criteria: 90.0%-110.0%, on the dried ba- 
sis, of the labeled amount of diterpene lactones cafcu- 
fated as the sum of the percentages of andrographo¬ 
lide, neoandrographolide, 14-deoxy-11,12- 
dFdehydroandrographolide, and andrograpanin 

IMPUI1ITIE5 
Inorganic Impyrities 

Delete the foliowing: 

** Heavy Metals, Method // (231): NMT 20 ppm» {om cifl i 

J an-zJis) 

Organie Ompurities 

0 Procedurę: Articles of Botanecal Origin, General 
Method for Pestidde Residues Analysis (561): Meets the 
requirements 

5PECIFIC TESTS 

» loss ON Dryinc (731): Dry 2.0 g at 105° for 3 h: it foses 
NMT 5.0% of its weight. 

» Mjcrobial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 10 ł cfu/g. The fotal 
combined yeasts and molds count does not exceed 10 3 
cfu/g. 

• Microbiological Procedures for Absence of Specified Ml- 
croorganisms (2022): it meets the requirements of the 
tests for absence of Salmonella species and Escherichia 
coli. 

ADDITIONAL REQUIREMENT5 

® Packaging and Storage: Preserve in well-closed contaln- 
ers, protected from lEght and moisture, and storę at con- 
trofled room temperaturę. 

* Labeling: The lalael States the Latin binomial and, foltow- 
ing the offidal na me, the part of the plant from which 
the article was prepared. It meets other labeling require- 
ments under Botankal Extracts (565). 

0 USP Reference Standards (11) 

USP Andrographolide RS 

USP Powdered Andrographis Extract RS 


Arginine —see Arginine General Monographs 


Arg i m me Hydrochloride —see Arginine 
Hydrochloride General Monographs 


Ar^Siiirae Ca[p$yBe$ 

DEFINITION 

Arginine Capsules contain NLT 90.0% and NMT 110.0% of 
the labeled amount of arginine or arginine hydrochloride 
in an amount equiva!ent to arginine (CsHhN.iO?). 

IDENTIFICATION 

• A. Thin-Layer Chroiviatographic Identification Test 

( 201 ) 

Standard solution: 1.5 mg/mL of USP L-Arginine RS or 
USP Arginine Hydrochloride RS in water 
Sample solution: Weigh the content of NLT 20 Cap¬ 
sules, mix, and transfer a portion of the content, equiv- 
afent to about 150 mg of arginine, to a 100-mL volu- 
metric fiask, add 80 mL of water, sonicate for 15 min, 
di lute with water to volume, mlx, and filter. 

Application volume; 5 jiL 

Developrng solvent system: Isopropyl afcohoi and am- 
monium hydroxide (7:3) 

Spray reagent: 2 mg/mL of ninhydrin in a mixture of 
bu ty i alcohol and 2 N acetic acid (95:5) 

A n a (y s i s: P ro ce ed as d i recte d fo r Ch roma tography (621), 
Thin-Layer Chromatography. Dry the piąte at 100 0 -105° 
until Lhe ammonia disappears completely, Spray with 
the Spray reagent, and neat at 100°-105° for about 15 
min, Examlne the piąte under wbite light. 

Acceptance criteria: The principal spot from the Sam¬ 
ple solution corresponds in appearance and Rf vaiue to 
that of the Standard solution. 

c B. The retention time of the major peak of the Sample 
solution corresponds to that from the Standard solution , 
as obtained in the Strength . 

STRENGTH 

• Procedurę 

Buffer: 6.9 mg/mL of monobasic sodlum phosphate in 
water. Adjust with phosphonc acid to a pH of 3.5. 
Solution A: 0.5 mg/mL of 1 -octanesutfonic acid sodium 
salt In Buffer 

Mobile phase: Solution A and acetonitrile (95:5) 
Standard solution: 1.5 mg/mL of USP L-Arginine RS or 
USP Arginine Hydrochfonde RS in Buffer 
Sample solution: Weigh the content of NLT 20 Cap- 
sutes, mlx, and transfer a portion of the content, equiv- 
alent to about 1 50 mg of arginine, to a 100-mL volu~ 
metric fiask, add 80 mL of Buffer, sonicate for 15 min, 
di lute with Buffer to voJume, mix, and filter. 

Chromatographic system 
(See Chromatography (621), System Suitability .) 

Modę: LC 

Delector: UV 215 nm 
Column; 4.6-mm x 25-cm; packing L7 
Flow ratę: 0.8 mL/min 
Injection sizer 10 |iL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Column efficiency: NLT 1500 theoretical plates 
Reiative standard deviation: NMT 2.0% rrom the ar¬ 
ginine peak, in repeated injections 
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Analysis 

Sam pies: Standard solution and Somple solution 
Calculate the percentage of the labeled amount of ar 
ginlne in the portion of Capsutes taken: 

Result = (tu/h) x (Cs/Cy) x 100 

ru - peak response from the Somple solution 

r s = peak response from the Standard solution 

Cs = concentration of the Standard solution 
(mg/ml) 

Cy = nominał concentration of Arginine in the 
Somple solution (mg/mL) 

Acceptance criteria: 90*0%-! 10.0% of the labeled 
amount of arginine (C^HuN+Oj) 

PERFORMANCE TEST $ 

* Disintegrahon and Dissolution of Dietary Supplements 

{2040): Meet the requirements for Dissolution 
Medium: 0.1 IM hydrochloric acid; 900 mL 
Apparatus 2: 100 rpm 
Time: 60 min 

Standard solution: Proceed as directed in the Procedurę 
for Strength. 

Sample solution: Sample per Disintegration and Dissolu¬ 
tion of Dietary Supplements (2040), Dilute with Medium 
to a concentration similar to that of the Standard 
solution. 

Analysis: Determine the amount of arginine dissolved 
in the Procedurę for Strength, making any necessary 
modifications, 

Tolerances: NLT 75% of the labeled amount of argt- 
nrne (C 6 H 14 N 4 G 2 ) is dissolved. 

- Weight Variation of Dietary Supplements <2091): Meet 
the reguirements 

ADDITIONAL REQUfREMENT5 

* Packaging and Storage: Preserve in tight, light-resistant 
containers* 

• LABELING: The label States the form of arginine that is 
used and the equivalent amount of arginine. 

• USP Reference Standaros (11) 

USP t-Arginine RS 

USP Arginine Hydrochloride RS 


Arginine Tablets 

DEFINITION 

Arginine Tablets contain NLT 90.0% and NMT 110.0% of 
the labeled amount of arginine or arginine hydrochloride 
in an amount equivalent to arginine (C^H^N-iOa), 

IDENTIFICATION 

• A. Thin-Layer Chromatographic Identification Test 

( 201 ) 

Standard solution: 1.5 mg/mL of USP L-Arginine RS or 
USP Arginine Hydrochloride RS in water 
Sample solution: Weigh and finely powder NLT 20 
Tablets, mix, and transfer a portion of the powder, 
equivalent to about 150 mg of arginine, to a 1OG-mL 
volumetric fiask, add 80 mL of water, sonicate for 15 
min, dilute wrth water to volume, mix, and filten 
Application volume: 5 pL 

Developing solvent system: Isopropyl alcohol and am- 
monium hydroxide (7:3) 

Spray reagent: 2 mg/mL of ninhydnn in a mhcture of 
butyl alcohol and 2 N acetic acid (95:5) 

Analysrs: Proceed as directed for Chromatography (621), 
Thin-Layer Chromatography. Dry the piąte at 100°-105 c 
until the ammonia dtsappears completely. Spray with 
the Spray reagent, and neat at 100°-105 G for about 15 
min, Examine the piąte under white light. 


Acceptance criteria: The principal spot from the Som¬ 
ple solution corresponds in appearance and R F value to 
that from the Standard solution , 

* B. The retention time of the major peak of the Sample 

solution corresponds to that of the Standard solution , as 
obtalned in Strength. 

STRENGTH 

* Procedurę 

Buffer: 6.9 mg/ml of monobasic sodium phosphate in 
water Adjust with phosphoric acid to a pH of 3.5. 
Solution A: 0,5 mg/mL of 1-octanesulfonic add sodium 
salt in Buffer 

Mobile phase: Solution A and aceton itrile (95:5) 
Standard solution: 1.5 mg/mL of USP L-Arginine R$ or 
USP Arginine Hydrochloride RS in Buffer 
Sample solution: Weigh and finely powder NLT 20 
Tablets, mix, and transfer a portion of the powder, 
equivalent to about 150 mg of arginine, to a 100-mL 
yolumetric fiask, add 80 mL of Buffer , sonicate for 15 
min, dilute with Buffer to volume, mix, and filter. 
Chromatographic system 
(See Chromatography (621), System Su i ta bil i ty.) 

Modę: LC 

Detector: UV 215 nm 
Column: 4.6-mm x 25-cm; packing L7 
Flow ratę: 0.8 mL/min 
Injection size: 10 ^lL 
System suitabiiity 
Sample: Standard solution 
Suitabiiity requirements 

Column efficiency: NLT 1500 theoretical plates 
Relative standard devialion: NMT 2.0% from the ar¬ 
ginine peak, in repeated injections 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of ar¬ 
ginine in the portion of Tablets taken: 

Result - (ru/r s ) x (C s /Cu) x 100 

ru = peak response from the Sample solution 

r$ = peak response from the Standard solution 

Cs - concentration of the Standard solution 
(mg/mL) 

Co = nominał concentration of Arginine in the 
Sample solution (mg/mL) 

Acceptance criteria: 90,Q%-110.0% of the labeled 
amount of arginine (CaHm^Oi) 

PERFORMANCE TE5TS 

* Disintegrahon and Dissolution of Dietary Supplements 

(2040): Meet the requirements for Dissolution 
Medium: 0.1 N hydrochloric acid; 900 mL 
Apparatus 2: 1 00 rpm 
Time: 60 min 

Standard solution: Proceed as directed in the Procedurę 
for Strength. 

Sample solution: Sample per Disintegration and Dissolu¬ 
tion of Dietary Supplements (2040). Dilute with Medium 
to a concentration similar to that of the Standard 
solution. 

Analysis: Determine the amounts of arginine dissolved 
m tne Procedurę for Strength , making any necessary 
modifieatrons, 

Tolerances: NLT 75% of the labeled amount of argi¬ 
nine (C 0 HUN 4 O 2 ) *s dissolved. 

* Weight Variation of Dietary Supplements (2091): Meet 

the requirements 

ADDITIONAL REQU!REMENT5 

* Packaging and Storage: Preserve in tight, fight-resistant 
containers. 

* Labeling: The label States the Form of arginine that is 

used and the equivalent amount of arginine. 


DS Monogrophs 
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■ USP Reference Stamdards (11) 

USP L-Anginine RS 

USP Arginine Hydrochloride RS 


Ascorbic Acid— see Ascorbic Acid General 
Monographs 


Ascorbic Acid Orał Solution— see Ascorbic 
Acid Orał Solution General Monographs 


Ascorbic Acid Tablets —see Ascorbic Acid 
Tablets General Monographs 


Ashwagandha Root 

DEFłNITION 

Ashwagandha Root ta the dried maturę root of Withania 
somnifera (L) Dunal (Fam. Solanaceae). It contains NLT 
03% of withanolides, calculated on the dried basis as the 
sum of withanolide aglycones calculated as withanolide A, 
and withanolide glycosides calculated as withanoside IV, 

IDENTIFICATION 


Change to read: 


A, A HPTLC FOR Articles of Botanical Drigin (203) 
Standard solution A: 0.2 mg/mL each of USP /?-Sitos- 
terol RS and USP Withanolide A RS in methanol 
Standard solution S: 20 mg/mL of USP Powdered 
Ashwagandha Root Extract RS in methanol. Sonicate for 
10 min r centrifuge, and use the supernalant [Notę— 

Re Las n the supernalant for use in me test for Content of 
Withanolides.] 

Sample solution: Suspend about 1 g of Ashwagandha 
Root, finely powdered, in 10 ml of methanol, and soni¬ 
cate for 15 min. Centrifuge, and use the supernatant. 
Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC piąte) 1 * 
Application volume: 2 pL each of Standard solution A 
and Standard solution B t and 10 pi of the Sample solu¬ 
tion, as 8-mm bands 

Relative humidity: Conditton the piąte to a reiative 
humidity of 33%, 

Temperaturę: Ambient, not to exceed 30° 

Developing so!vent system: Toluene, ethyl acetate, 
and gladaf acetic acia (55:45:3) 

Developing distance: 6 cm 

Derivatizatron reagent: 20 mL of sulfunc acid conv 
bined with 180 mL of ice-cold methanol 
Anatysta 

Samples; Standard solution A t Standard solution B, and 
Sample solution 

Apply the Samples as bands and dry in air Develop in a 
saturated chamber and dry in air. Treat the piąte wtfch 
the Deiwatizatkm reagent f heal at 100’ 5 for 5 min, and 
examme under UV lighl at 365 nm and under white 
fight. 

System suitabiiity: Under UV lighl at 365 nm, the der- 
ivatized chromatogram of Standard solution A displays 


1 SuitabJe commertrally avar!able plates aro HPTLC Silica Cel 60 Fis-i from EMO 

Millipore fe.g., Pan No. 1.05642.0001). 


in its lower third a blue band due to withanolide A and 
in its middle third a grayish-bJue band due to /f-sitos- 
teroL The chromatogram of Standard solution B displays 
a light-gray to whitish band due to withanone bełow 
the withanolide A band, and a faint light-gray band 
above the ^-sitosterol band; there i$ also a light-gray 
band close to the solvent front. A reddish band slightty 
above the appllcation linę ta due to withaferin A. Under 
white iight, the bands due to /J-sitosterol and wtEhano- 
lide A appear violet-gray. Additional faint bands may 
appear. 

Acceptance criteria: Under UV Iight at 365 nm and 
under white Iight, the chromatogram of the Sample so¬ 
lution displays the bands similar in position and color to 
those seen in Standard solution B. Additional bands may 
be observed, in particular a band just above that due to 
withanolide A (light-brown under UV Iight at 365 nm, 
dark-brown under white fight), and a tnin band below 
that due to ^-sitosterol (lignt-blue under UV Iight at 
365 nm, graywiolet under white Iight). Bands vary in 
intensity, and some of those seen in the chromatogram 
of Standard solution B may be very faint or absent From 
the Sample solution. ^usp4o 


Change to read: 

« B. HPLC 

Anaiysis: Proceed as directed in the test for Content of 
Withanolides. 

Acceptance criteria: The Sample solution shows main 
peafcs at retention times corresponding to those of 
withanolide A and withanoside IV in Standard solution A. 
A The Sample solution shows some of the withanolides 
listed in Tobie 2 .au$p*o 


COMPOSmON 


Change ta read: 

• Content of Withanolides 

Solution A: Dissofve 0.14 g of potassium dihydrogen 
phosphate in 900 mL of water, add 0.5 mL of phos- 
phonc acid, dilute with water to 1000 mL, and mix. 
Solution B: Acetonilrile, filtered and degassed 
^Standard solution A: A eomposite solution containing 
0.1 mg/mL of USP Withanolide A RS and 0/1 mg/mL or 
USP Withanoside fV RS in methanoł, accurately calcu¬ 
lated. Use gentle heat to aid dissolution. 

Standard solution B: Dilute two-fold a portion of Stan¬ 
dard solution B from Identification A with methanol, and 
mix well. Before injection, pass through a membranę 
frlter of 0.45-jim or finer porę s \ze.±usno 
Sample solution: ^Transfer about 5.00 g of Ashwa¬ 
gandha Root, finely powdered and accurately weighed, 
to a 250-mL round-bottom fiask fitted with a reflux 
condenser. Add 50 mL of methanol, reflux on a water 
bath for 15 min, cool to room temperaturę, decant, 
and retain the solvent Repeat until the solvent is tolor- 
less. Combi ne the r eta i nęci solvents, fil ter, concen tratę 
under vacuum to about 40 mL, transfer to a 50-mL vol- 
umetric fiask, and adjust the volume with methanol. 
Before injection, pass through a filier of 0.45-^m or 
finer porę size, discarding tne first few milliliters of the 
filtra te. 

Mobile phase: See Tobie L 


Table 1 


Time 

Solution A 

Solution B 

(min) 

m 

[°/<0 

0 

95 

5 

18 

5? 

45 

25 

20 

80 
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Table 1 (Continued) 


Time 

Solution A 

Solution B 

(min) 

(%) 

(%) 

28 

20 

80 

30 

95 

5 

40 

95 

5 


Chromatographk system 

(See Chromatograpny (621), System Suitabiiity ..} 

Modę: LC 

Detector: UV 227 nm 

Column: 4.6-mm x 25-cm # end-capped; packing LI 
Column temperaturę: 27° 

Flow ratę: 1*5 mL/min 
Injectron volume: 20 pL 
System suitabiiity 

Sampfes: Standard solution A and Standard sofution B 
Usfng the ehromatogram of Standard sofution B and the 
reference ehromatogram provided with the lot of USP 
Powdered Ashwagandha Root Extract RS being used, 
identify the retention times of the peaks corresponding 
to withanolide aglyeones and glycosides. The approxi- 
mate relative retention times are provided in Table 2 . 


Table 2 


Aitahrte 

Relative 

Retention Time 

Withanoside IV 

0.70 

Physaqulin O 

0.75 

2 7 -H vd rox vwi th a no n e 

0.60 

Withanoside V 

0.89 

Withanoside VI 

0.89 

Withaferin A 

0.92 

Wi Łhastramon oJ i de 

0.96 

Withanolide A 

1.00 

Withanone 

1.01 

Withanolide B 

1,14 


Suitabiiity requirements 

The ehromatogram of Standard sofution B is similar to 
the reference ehromatogram provided with the lot of 
USP Powdered Ashwagandha Root Extract RS being 
used. 

Resofution: NLT 1.0 between the withanolide A and 
withanone peaks, and NLT 3.0 between the 
withaferin A peak and the peak corresponding to 
coeluting withanoside V and withanoside VI, Standard 
sofution B 

Tatling factor: NMT 1.5 for the withanolide A peak. 
Standard solution A 

Relatfce standard devlation: NMT 2,0% for replicate 
injections, withanolide A peak, Standard sofution A 

Analysis 

Samples: Standard solution A, Standard solution B , and 

Sompfe sofution 

^Caiculate the percentage of withanolide aglyeones in 

the portion of Ashwagandha Root taken: 

Result *= (te/te) x G x ( V/W) x 100 

te - sum of the peak areas of withaferin A, 
wjfhastramonoljde, withanolide A, 
withanone, and withanolide B from the 
Sample sofution 

r 5 = peak area of withanolide A from Standard 
sofution A 

G = concentration of USP Withanolide A RS in 
Standard sofution A (mg/mL) 

V = vołume of the Sample solution (ml) 


W - weight of Ashwagandha Root taken to prepare 
the Sample sofution (mg) 

Calculate the percentage of withanolide glycosides in 
the portion of Ashwagandha Root taken: 

Result = (rvlr s ) x G x (W W) x 100 

te = sum of the peak areas of withanoside IV, 

withanoside V, and withanoside VI from the 
Sampfe solution 

rj ^ peak area of withanoside IV from Standard 
solution A 

Cj = concentration of USP Withanoside IV RS in 
Standard sofution A (mg/mL) 

V = volume of the Sample solution (mi) 

W weight of Ashwagandha Root taken to prepare 
the Sample sofution 

Acceptance eriterta: The sum of the percentages of 
withanolide aglyeones and withanolide glycosides is 
NLT 03%, cafculated on the dried basis. [Notę—B e- 
cause of inherent variation, some of the withanolldes 
mentioned in this test may be present in minor quanti- 
tres or may be totally absent, The sample will be 
deemed compliant if the sum of the withanolldes is NLT 
03%.] 

IMPUR1TKE5 

* Articles of Botanecal Origin (561), Umits of Elementol 

Impurities: Meets the requirements 

* Articles of Botanical Origin (561), Pestidde Residue 
Analysis: Meets the requirements 

* Articles of Botanical Origin (561), Methods of Analysis, 

Foreign Organie Marten NMT 2.0% 

* Articles of Botanical Origin (561), test for Afiatoxins: 

Meets the reąuirements 

* Microbial Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 10 5 cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 1 cfu/ 
g, and the bife-toferant Gram-negative bacterial count 
does not exceed 10 3 cfu/g* 

* Absence of Specified Microorganisms (2022), Test Proce * 

dures. Test for Absence of Salmonella Spedes and Test for 
Absence of Escherichia coli: Meets the reguirements 

5PECIFIC TESTS 

* Botanical Characteristics 

Macroscopic: Primary roots are not branched and are 
straight, conical, or fmger-ltke In shape and variable in 
thickness with age; some carry a crown, consisting of a 
number of remains of stem base; the outer surface is 
buff to arayish-yellow with longitudinal wnnkles; frac- 
turę is short and uneven; secondary roots are thin and 
fibrous, 

Microscopic: Transverse section of root shows a narrow 
band of yellowish crumpled cork, moderate-size cortex, 
and a wide wood. The cork cells are rectangular, radi- 
ally flattened, nonlignified, and filled with starch grains 
and reddish brown content; cork cambium is 2-4 dif- 
fused rows of cells; secondary cortex is formed of 
20-25 rows of thin-walted parenchymatous cells, filled 
with starch grains, and shows occasional microsphe- 
noidal crystals of calcium oxalate; phloem consists of 
sieve tubes, companion cells, and phloem parenchyma; 
vascular cambium consists of tangentially elongated 
parenchymatous cells; vessels andtracheids are In radia! 
rows toward the peripbery of the wood; medullary rays 
are uniseriate to 2- to 3-sertate, and are filled with 
starch grains; scattered vessels in groups are embedded 
in the parenchyma; ves$el$ have pitted and scalanform 
thickenings, and generally the end walls are perforated; 
a few fibers with thick ligniffed walis are also found 
scattered in the wood. 
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* Loss on Drying (731 > 

Sample: 1.0 g of finely powdered Ashwagandha Root 
Analysis: Dry the Sample at 105° for 3 hu 
Acceptance criteria: NMT 12.0% 

* Articles of Botanical Orion (561), Methods of Analysis, 

Totol Ash 

Sample: 1,0 g of finely powdered Ashwagandha Root 
Acceptance criteria: NMT 7,0% 

* Arttcles of Botanical Origin (561), Methods of Analysis, 

Add-tnsoluble Ash: NMT 1*0% 

* AmncLES of Botanical Origin (561), Methods of Analysis, 

AlcohohSolubie Extractives, Method 2: NIT 10.0% 

ADDITIONAL REQUIREMENTS 

■ Packaging and Storage: Preserve in weII-ciosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

* Labeling: The label States the Latin binomial and, follow- 

ing the official name, the part of the plant contained in 
the artide* 


C hangę to read: 

* USP Reference Standards HI) 

USP Powdered Ashwagandha Root Extract RS 
A USP /TSttosterol RS 
USP Withanolide A RS 
USP Withanoside IV RS 


Powdered Ashwagandha Root 

DEFIN1TION 

Powdered Ashwagandha Root is Ashwagandha Root redueed 
to a fine or very fine powder. It contains NLT 0*3% of 
withanolides, calculated on the dried basis as the sum of 
withanolide aglycones calculated as withanolide A, and 
withanolide gfycosides calculated as withanoside IV, 

IDENTIFICATION 


Change to read: 

• A. A HPTLC for Articles of Botanical Origin (203) 
Standard sofution A: 0.2 mg/mL each of USP /TSitos- 
terol RS and USP Withanolide A RS in methanoi 
Standard sol u tron B: 20 mg/mL of USP Powdered 
Ashwagandha Root Extract RS in methanoi. Sonicate for 
10 min, centrifuge, and use the supernatant. [Note— 
Retain the supernatant for use in the test for Content of 
Withanolides] 

Sample sofution: Suspend about 1 g of Powdered 
Ashwagandha Root in 10 mL of methanoi, and sonicate 
for 15 min. Centrifuge, and use the supernatant, 
Chromatographic system 

Adsorbent: Chromatographic sitica gef with an aver- 
age particie size of 5 jim (HPTLC piąte) 1 
Application volume: 2 jjL each oi Standard solution A 
and Standard sofution B, and 10 ul of the Sample so/u- 
t/on, as 8-mm bands 

Relative humidity: Condihon the piąte to a relative 
humidity of 33%, 

Temperaturę: Ambient, not to exceed 30° 

Devefopina solvent system: Toluene, ethyi acetale, 
and glaeial acelic acid (55:45:3) 

Developing distance: 6 cm 

Derivatizatlon reagent: 20 mL of sulfuric acid com- 
bśned with 180 mL of ice-cold methanoi 

1 Suftable commercially avaMable pldles are HPTLC Silica Cel 60 F 3 h from EMD 
MŁIlipore (eg„ Part No. (.05642.0001). 


Analysis 

Sampfes: Standard sofution A, Standard solution B, and 
Sample solution 

Apply the Samples as bands and dry in air. Develop in a 
saturated chamber and dry in air/Treat the piąte with 
the Deriyatization reagent, heat at 100 c for 5 min, and 
examine under UV light at 365 nm and under white 
light. 

System suitabifity: Under UV light at 365 nm, the der- 
ivatized chroma Logram of Standard solution A displays 
in its lower third a blue band due to withanolide A and 
in its middle third a grayish-blue band due to /Tsitos- 
terol. The chromatogram of Standard solution B displays 
a light-gray to whitish band due to withanone below 
the withanolide A band, and a faint light-gray band 
above the /f-sitosterol band; there is afso a light-gray 
band close to the solvent front* A reddish band siightly 
above the application linę is due to withaferin A. Under 
white light, the bands due to /Tsitosterol and withano¬ 
lide A appear violet-gray* Additional faint bands may 
appear. 

Acceptance criteria: Under UV light at 365 nm and 
under white light, the chromatogram of the Sample so» 
lution displays the bands similar in position and color to 
those seert in Standard solution B . Additional bands may 
be obsen/ed, in particular a band just above that due to 
withanolide A (Irght-brown under UV light at 365 nm, 
dark-brown under white light), and a thin band below 
Lhat due to /3-sitosteroI (iight-blue under UV light at 
365 nm, gray-violet under white light). Bands vary in 
rntensity, and some of those seen in the chromatogram 
of Standard solution B may be very faint or absent From 
the Sample sołution. A mp<i& 

Change to read: 

• B HPŁC 

Analysis: Proeeed as directed in the test for Content of 
Withanolides. 

Acceptance criteria: The Sample solution shows main 
peafcs at retention times corresponding to those of 
withanolide A and withanoside IV in Standard solution A. 
*The Satnple solution shows some of the withanolides 
listed in Tobie 2 .aosp<o 

COMPOSITION 


Change to read: 

* Content of Withanolides 

Solution A: Dissolve 0.14 g of potassium dihydrogen 
phosphate in 900 ml of water, add 0,5 mL of phos- 
phonc acid, dilute with water to 1000 mL, and mix. 
Solution B: Acetonitrife, filtered and degassed 
^Standard solution A: A composrte solution containing 
OJ mg/mL of USP Withanolide A RS and 0*1 mg/mL of 
USP Withanoside IV RS in methanoi, aecurately calcu¬ 
lated* Use gentle heat to aid dissolution. 

Standard solution B: Dilute Iwo-fofd a portion of the 
Standard solution B from Identification A with methanoi, 
and mix well. Before injection, pass through a mem¬ 
branę fil ter of 0.45-jam or finer porę size.A^o 
Sample solution: ^Transfer about 5.00 g of aecurately 
weighed Powdered Ashwagandha Root to a 250-mL 
round-bottom fiask fitted with a reflux condenser. Add 
50 mL of methanoi, reflux on a water bath for 15 min, 
cool to room temperaturę, decant, and retain the sol- 
vent* Repeal until the solvent is colorless. Combine the 
retained solvents, fil ter, concentrate under vacuum to 
about 40 mL, transfer to a 50-ml volumetric fiask, and 
adjust the volume with methanoi* Before injection, pass 
through a filter of 0.45 jjm or finer porę size, discarding 
the first few millilfters or the (Wtrat^A uwo 
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Mobile phase: See Table 1. 


Table 1 


Time 

Soiution A 

Soiution B 

(min) 

(%> 

(%) 

0 

95 

5 

18 

55 

45 

25 

20 

80 

28 

20 

80 

30 

95 

5 

40 

95 

5 


Chromatographic system 

(See Chromatograpny (621}, System Suitability.) 

Modę: LC 

Detector: U¥ 227 nm 

Column: 4,6-mm x 25-cm, end-capped; parking LI 

Column temperaturę: 27° 

Flow ratę: 1.5 mL/min 

Injection volume: 20 jiL 
System suitability 

Samples: Standard soiution A and Standard soiution B 

Using the chromatogram of Standard soiution B and the 
reference chromatogram provided witb the lot of USP 
Powdered Ashwagandha Root Extract RS being used, 
identify the retention times of the peaks corresponding 
to withanolide aglycones and glycosides. The approxi- 
mate relative retention times are provided in Tabie 2 ■ 


Table 2 


Afialyte 

Relative 

Retention Time 

Withanoside IV 

0.70 

Phvsaaulm D 

0.75 

2 7 - H vd rox v w i ih a n a ne 

0.80 

Withanoside V 

0.89 

Withanoside VJ 

0.89 

Withaferin A 

0.92 

WEthastramonolide 

0.96 

Withanolide A 

1.00 

Withanone 

1.01 

Withanolide B 

1.14 


Suitability reguirements 

The chromatogram of Standard soiution B is similar to 
the reference chromatogram provided with the lot of 
USP Powdered Ashwagandha Root Extract RS being 
used. 

Resolution: NLT 1.0 be twe en the withanolide A and 
withanone peaks, and NLT 3,0 between the 
withaferin A peak and the peak corresponding to 
coetuting withanoside V and withanoside VI, Standard 
soiution B 

Tmling factor: NMT 1 .5 for the withanolide A peak. 
Standard soiution A 

Re lat i ve standard deviation: NMT 2.0% for replicate 
injections, withanolide A peak, Standard soiution A 

Analysis 

Samples: Standard soiution Ą Standard soiution B t and 

Sampie soiution 

A Calculate the percentage of withanolide aglycones in 

Lhe portlon of Powdered Ashwagandha Root taken: 

Resuit = (fu/r,) x Cs x (V/W) x 100 

r u = sum of the peak areas of withaferin A, 
withastramonolide, withanolide A, 
withanone, and withanolide B from the 
Sampie soiution 

r s = peak area of withanolide A from Standard 
soiution A 


Q - concentration of USP Withanolide A RS in 
Standard soiution A (mg/mL) 

V = volume of the Sampie soiution (mL) 

W - weight of Powdered Ashwagandha Root taken 
to prepare the Sampie soiution (mg) 

Calculate the percentage of withanolide glycosides in 
the portion of Powdered Ashwagandha Root taken: 

Resuit = (fuM) x Q x (V!W) x 100 

ru = sum of the peak areas of withanoside IV, 

withanoside V, and withanoside VI from the 
Sampie soiution 

rs - peak area of withanoside IV from Standard 
soiution A 

Q - concentration of USP Withanoside IV RS in 
Stanom} soiution A (mg/mL) 

V = volume of the Sampie soiution (ml) 

W - weight of Powdered Ashwagandha Root taken 

to prepare the Sampie soiution (mg) A ^o 
Acceptance criteria: The sum of the percentages of 
withanolide aglycones and withanolide glycosides is 
NLT 0.3%, calculated on the dried basis. [Ngte —Be- 
cause of inherent variation, some of the withanolldes 
mentioned in this test may be present In minor quanti- 
tles or may be totally absent. The sampie will be 
deemed compliant Er the sum of the withanolides is NLT 
0.3%.] 

IMPURITIE5 

* Articles of Botanical Origin (561), Limits of Elemental 

fmpuritiesi Meets the reguirements 
® Articles of Botanical Origin (561), Pestidde Residue 
Analysis : Meets the reguirements 
® Articles of Botanical Origin (561), Test for Aflatoxins: 
Meets the reguirements 

■ Microbial Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 1 O 5 cfu/g, the total com- 
bined mofds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-tolerant Gram-negative bacteria count 
does not exceed IG 3 cfu/g. 

* Absence of Specified Microorganiswis (2022), Test Proce- 

dures. Test for Absence of Salmonella Species and Test for 
Absence of Escherichia coli: Meets the requirements 

SPECIFIC TESTS 

* Botanical Characteristics 

Macroscopic: Dusty white or grey to light brown pow- 
der with a characteristic odor and a mucilaginous, bib 
ter, acrid taste 

Microscopic: Collapsed cork cells filled with starch 
grains and reddish-brown content; thin-walled cortex 
parenchyma cells filled with starch grains and occa- 
sional microsphenoidal crystals of calcium oxa!ate; ves~ 
sels have pitted and scalariform thickenings, and gener- 
ally with end watls perforated; a few fi bers with thick 
lignified wails and simpte pits; abundant starch grains, 
mostly simple, sometimes compound, spherical, ren i- 
form-ovat with central htlum* 
o ioss on Drying (731) 

Sampie: 1.0 g of Powdered Ashwagandha Root 
Analysis: Dry the Sampie at 1 05° for 3 h„ 

Acceptance criteria: NMT 12,0% 

* Articles of Botanical Origin (561), Methods of Analysis, 

Totaf Ash 

Sampie: 1.0 g of Powdered Ashwagandha Root 
Acceptance criteria: NMT 7.0% 

* Articles of Botanical Origin (561), Methods of Analysis, 

Aciddnsoluble Ash: NMT 1.0% 

* Articles of Botanical Origin (561), Methods of Analysis, 

Alcohol-Soluble Extractives / Method 2: NUT 10.0% 

ADDITIONAL REQUHREMENTS 

o Packaging and Storage: Preserve in well-closed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 
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* Labeling: The label States the Latin binomial and, follow- 
mg the official name, the part of the plant contained In 
the arb de* 


Change to read: 

«■ USP Reference Standards (11) 

USP Powdered Ashwagandha Root Extract RS 
A USP /J-Sitosterol R$±usw> 

USP Withanolide A RS 
USP Withanoside IV RS 


Powdered Ashwagandha Root Extract 

DEFINITION 


Change to read: 

Powdered Ashwagandha Root Extract is p repa red from 
Ashwagandha *Roousing methanol, alcohol, water, 
or mixtures of these so!vents. It contains NIT 2.5% of 
withanolides, calculated on the dried basis as the sum of 
withanotide agJycones ^calculated as withanolide 
and withanolide glycosides ^calculated as withanoside IV. 
It may contaln suitable added substances. A (i S r^ 

IDENTIFICATION 


Change to read: 



* A. *HPTLC FOR ART1CUS OF BOTAMICAŁ ORIGIN (203) 
Standard solution A: 0.2 mg/mL each of USP /3-Sitos- 
terol RS and USP Withanolide A RS in methanol 
Standard solution B: 20 mg/mL of USP Powdered 
Ashwagandha Root Extract RS in methanol. Sonicate for 
10 min, centrifuge, and use the supernatant, [Notę— 
Reiain the supernatant for use in the test for Confenf of 
Withanolides.] 

Sample solution: Suspend about 200 mg of Powdered 
Ashwagandha Root Extracl in 10 mL of methanol, and 
sonicate for TO min. Centrifuge, and use the 
supernatant 

Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC piąte) 1 
Application volume: 2pL each of Standard solution A, 
Standard soiution B , and Sample solution t as 8-mm 
bands 

Relative humidity; Condition the piąte to a refative 
humidity of 33%. 

Temperaturę; Ambient, not to exceed 30 c 
Developing soIvent system: Toluene, ethyl acetale, 
and glacial acetic acid (55:45:3) 

Developing distance: 6 cm 

Derivatization reagent: 20 mL of sulfuric acid corm 
bined with 180 mL of ice-coEd methanol 
Analysis 

Samples: Standard solution A t Standard soiution B, and 
Sample soiution 

Apply the Samples as bands and dry in air. Develop in a 
saturaled chamber and dry in air. Treat the piąte with 
the Derivatization reagent, heat at 100 Ł ' for 5 min, and 
examine under UV light at 365 nm and under white 
light. 

System suitability: Under UV light at 365 nm, the der- 
ivatized chromatogram of Standard soiution A displays 


* Suitable commerdally availablc plates are HPTLC Silica Cel 60 from EMD 
Mflljpore part No. 1. 056425*001 )■ 


in its lower third, a bfue band due to withanolide A and 
in its middie third a grayish-blue band due to 0- s i tos¬ 
tem L The chromatogram of Standard soiution B displays 
a light-gray to whitish band due to withanone below 
the withanolide A band, and a faint lighTgray band 
above the /J-sitosterol band; there is aTso a light-gray 
band close to the $olvent front. A reddish band sligntly 
above the application linę is due to withaferin A, Under 
white light, the bands due to /Tsitosterol and withano- 
lide A appear violet-gray. Additional faint bands may 
appear. 

Acceptance critena: Under UV light at 365 nm and 
under white light, the chromatogram of the Sampte so¬ 
lution displays the bands similar In position and color to 
those seen in Standard soiution B . Additional bands may 
be observed, in partkular a band just above tbat due to 
withanolide A (light-brown under UV light at 365 nm, 
dark-brown under white light), and a thin band below 
that due to /Tsitosterol (fignt-blue under UV lighi at 
365 nm, gray-violet under white light). Bands vary in 
intensity, and some of those seen m the chromatogram 
of Standard soiution B may be very faint or absent from 
the Sample solution.Aumo 

Change to read: 

* B. HPLC 

Analysis: Proeeed as directed in the test for Content of 
Withanolides. 

Acceptance critena; The Sample solution shows main 
peafa at retention times correspondmg to those of 
withanolide A and withanoside IV in Standard solution A. 
*The Sample solution may show some of the withano¬ 
lides listecf in Tobie 

CGMPOSmON 


Change to read: 

* Content of Withanolides 

Solution A: Dissolve 044 g of potassium dihydrogen 
phosphate in 900 mL of water, add 0.5 mL of phos- 
phoric acid, dilute with water to 1000 mL, and mix, 

A Standard solution A; A composite solution containing 
OJ mg/mL of USP Withanolide A RS and OJ mg/ml of 
USP Withanoside IV RS in methanol, accurately calcu¬ 
lated. Use gende heat to ald dissolution. 

Standard solution B: Dilute two-fold a portion of Sfar?- 
dard solution B from Identification A with methanol, and 
mix well. Before injection, pass through a membranę 
filter of 0,45-pm or finer porę si ze.Aomo 

Sample solution: Transfer about T00 mg of Powdered 
Ashwagandha Root Extract, accurately weighed, to a 
10-mL volumetric fiask, add about 7 mL of methanol, 
heat gently on a water bath for 20 min, cool, dilute 
with methanol to volume, and mrx. Before injection, 
pass through a membranę filter of 0.45-pm or finer 
porę size, drscarding the fint few milliliters of the 
fil tratę. 

Mobile phase: See Table 1. 


Table 1 


Time 

(mini 

Soiution A 
(°/o) 

Solution B 

0 

95 

5 

18 

55 

45 

25 

20 

80 

28 

20 

80 

30 

95 

5 

40 

95 

S 
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Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 227 nm 

Column: 4.6-mm x 25-cm, end-capped; packing LI 

Cofumn temperaturę: 27° 

Flow ratę: 1.5 mL/mrn 

tnjectron vo!ume: 20 pL 
System suitability 

Samples: Standard solution A and Standard solution B 
Using the chromatogram of Standard solution B and 
the reference chromatogram provided with the lot of 
USP Powdered Ashwagandha Root Extract RS being 
used, [dentify the retention times of the peaks torre- 
sponding to withanolide aglycones and glycosides. 
The approximate relative retention times are provided 
m Tabfe 2 . 


Table 2 


Analyte 

Relative 

Retention Time 

Withanoside IV 

0.70 

Ftmaciulrn D 

0.75 

2 7-H vdroxvwithanone 

0,80 

Withanoside V 

0.89 

Withanoside VI 

0.89 

Withaferin A 

0.92 

Withastramonolide 

0,96 

Withanolide A 

1.00 

Withanone 

1.01 

Withanolide B 

1.14 


Suitability requirements 

The chromatogram of Standard solution B is similar to 
the reference chromatogram provided with the lot cf 
USP Powdered Ashwaaandha Root Extract RS beinq 
used. 

Resolution: NLT 1.0 between the withanolide A and 
withanone peaks, and NLT 3.0 between the 
withaferin A peak and the peak corresponding to 
coeluting withanoside V and withanoside VI, Standard 
solution B 

Tailing facton NMT 1,5 for the withanolide A peak, 
Standard solution A 

Relative standard deviation: NMT 2.0% for repiicate 
injections, withanolide A peak, Standard solution A 
Analysis 

Samples: Standard solution A f Standard solution 8 , and 
Sampie solution 

A Ca(culate the percentage of withanolide aglycones in 
the portion of Powdered Ashwaaandha Root Extract 
taken: 

Result = (Wn) x Q x (V/W) x 100 

ru = sum of the peak areas of withaferin A, 

withastramonolide, withanolide A, withanone 
and withanolide B from the Sampie solution 
^ = peak area of withanolide A from Standard 

solution A 

Cs = concentration of USP Withanolide A RS in 
Standard solution A (mg/mL) 

V = vofume of the Sampie solution (mL) 

W - weight of Powdered Ashwagandha Root 

Extract taken to prepare the Sampie solution 
(mg) 

Calculate the percentage of withanolide glycosides in 
the portion of Powdered Ashwagandha Root taken: 

Result = (Wr s ) x Q x {VI W) x 100 


r u - sum of the peak areas of withanoside IV, 

withanoside V, and withanoside VI from the 
Sampie solution 

r s ~ peak area of withanoside IV from Standard 
solution A 

Cs = concentration of USP Withanoside IV RS in 
Standard solution A (mg/mL) 

V - volume of the Sampie solution (mL) 

W - weight of Powdered Ashwagandha Root 

Extract taken to prepare the Sampie solution 
{mg)+u$Nó 

Acceptance criteria: The sum of the percentages of the 
withanolide aglycones and withanolide glycosides rs 
NLT 2.5%, cafculated on the dried basis, [Notę—B e- 
cause of mherent variat!on, some of the withanolides 
mentioned in this test may be present in minor quanti- 
tres or may be totally absent. The sampie will be 
deemed compliant if the sum of the total withanolides 
is NLT 2.5%,f 

1MPURIT1E5 


Oelete the foflowing: 

Heaw Metals (231), Method III NMT 20 ppm® 

J*n-20i8) 

■ Articłes of Botanical Origin (561), Pestidde Residue 
Analysis: Meets the requirements 

* Botanical Extracts (565), Preparations, General Pharma- 

copeial Requirements, Residual Solvents: Meets the 
reguirements 

* Articłes of Botanical Omem (56 1), Test for Aflatoxim: 

Meets the requirements 

* Micro Bi AL Enumeration Tests (2021); The total aerobic 
bactenal count does not exceed 10 j| cfu/g, and the total 
combined molds and yeasts count does not exceed 10 3 
cfu/g, 

* ABSENCE OF 5PEC1FIED MlCR ODR GA N15M5 (2022), Fest Proce- 

dures f Test for Absence of Salmonella Species and Test for 
Absence of Escherichia coli: Meets the requlrements 

5PECEFIC TE5TS 

* LOSS ON DRYING (731) 

Sampie: 2.0 g of Powdered Ashwagandha Root Extract 
Analysis: Dry the 5amp/e at 105° for 3 h. 

Accep tance criteria: NMT 6,0% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage; Preserve in wefl-dosed eontain- 
ers, protected from light and moisture, and storę at con¬ 
tro lled room temperaturę. 

» Labeling: The label States the Latin binomial and, follow- 
ing the official name, the part of the plant from which 
the artide was prepared, It meets other labeling require- 
ments under Botanical Extracts (565), 

C hangę to read ; 

* USP Reference Standards (11) 

USP Powdered Ashwagandha Root Extract RS 
A USP /f-Sitosterol RS Ayi ^o 
USP Withanolide A RS 
USP Withanoside IV RS 


Asian Ginseng 

DEHNIDON 

Asian Ginseng consists of the dried roots of Panox ginseng 
C.A. Mey. (Fam. Araliaceae). It contains NLT 0.2% of gin- 
senoside Rg 5 and NLT 0.1% of ginsenoside Rbi, both cal¬ 
cu Jated on the dried basis. 


DS Monographs 
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IDENTIFICATION 

* A. thin-Layer chrom atography 

Standard solution: 5 mg/mL eath of arbutin and escin, 
in methanol 

Sample solution: 1.0 g of finely powdered Asian Gin¬ 
seng in a 25-mL fiask fitted with a reflux condenser. 
Add 10,0 mL of a mixture of methanol and water (7:3), 
and heat under reflux for 15 min. Cool, filter, and di- 
lute the fil tratę with methanol to 10.0 mL. 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel, typically 20 cm long (TLC plafes) 

Application volume: 20 pL, as bands 
Developing solvent system: The upper layer of a mix- 
ture or butyl alcohoL ethyl acetate, and water 
(10: 2.5: 5} in an unsaturated chamber 
Spray reagent: Dissolve 0.5 mL of anisaldehyde in 
10 mL of glacial acetic add, add 85 mL of methanol, 
mix, and carefully add 5 ml of sulfuric add, and mix. 
Analysis 

Samples: Standard solution and Sample solution 
Develop the chromatograms untif the solvent front has 
moved up about three-fourths of the length of the 
pfate, Remove the piąte from the chamber, mark the 
solvent front, and allow the piąte to dry. Spray with 
Sproy reagent. Heat the piąte at 105M 10° for 10 min, 
and examine the piąte under white lighL 
System suitability: The Standard solutton chromato¬ 
gram shows, in the upper third, a brown zonę corre- 
sponding to arbutin, and in the lower third, a gray 
zonę corresponding to esdn. 

Acceptance critena: The Sample solution exhibits violet- 
gray zones corresponding to oinsenoside Rg T in the up¬ 
per portion and to ginsenoside Re in the middle and in 
between the zones corresponding Lo arbutin and escin 
in the Standard solution , A violet-gray zonę correspond¬ 
ing to ginsenoside Rbi is located at the same Rr value as 
the gray zonę corresponding to escin in the Standard 
solution. Other, less intense bands may be observed be¬ 
tween the zones due to ginsenosides Rb s and Re, and 
the zonę closest to the origin corresponds to ginseno¬ 
side Rc. Other spots may be yisible in the lower third of 
the chromatogram. 

* B. The retention times of the peaks for ginsenosides Rg^ 

Re, Rf, Rbi, Rc, and Rd in the Sample sofution chromato- 
gram correspond to those in the Standard soiution t as 
obtained in the test for Content of Ginsenosides Rhi and 
Rg,. The rado of the peak area for ginsenoside Rbi to the 
peak area for ginsenoside Rbi h NLT 0,4 (differentlation 
from American ginseng). 


COMPOSITION 


CONTENT OF GINSENOSIDES RB, AND RG, 

Solution A: Water 

Solution 6: Acetonitrile and water (4: 
Mobile phase: See Tobie 7. 


1 ) 


Table 1 


Tinie 
(ni In) 

Solution A 
{%) 

Solution B 

r/o) 

0 

76 

24 

12 

76 

24 

2S 

65 

35 

5t.S 

56.5 

43.5 

52.5 

0 

100 

6^.5 

76 

24 

77 

?6 

24 


Diluent: Alcohoi and water (4:6) 

Standard solution: Transfer a quantity of USP Pow- 
dered Asian Ginseng Extract RS, equivalent to 2 mg of 
ginsenoside Rgj, to a suitable Container, and di$sofvę in 
10,0 mL of Diluent. [Notę—T he concentrations of ginse- 
noside Rgi and ginsenoside Rb] in this solution are not 


expected to be equal and are determined on the basis 
of the labeled quantities present in USP Powdered Asian 
Ginseng Extract RS.] 

Sample solution: Reduce lOOg of Asian Ginseng to a 
powder, and transfer about l.ug of the powder, accu- 
rately welghed, to a IGG-mL, round-bottom fiask fitted 
with a reffux condenser, Add 50 mL of Diluent and a 
few grains of pumice, and boi! on a water bath under 
reflux for I h. Cool, and filter. Wash the fiask and the 
residue with 20 mL of Diluent , and pass through the 
same filter, Combine the filtrat es, and evaporate in a 
rotary evaporator at 50° to dryness* Disso(ve the residue 
in 10.0 mL of Diluent. 

Chromatographic system 
(See Chromatograpny (621), System Suitabiiity.) 

Modę: LC 

Detector: UV 203 nm 

Analyticai column: 4.6-mm x 15-cm; 3-pm packing 

Guard column: 4.6-mm x 2 .0-cm; packing LI 
Column temperaturę: 25° 

How ratę: 1,5 mt/min 
Injecbon vo!ume: 10 pL 
System suitabiiity 
Sample: Standard solution 
Suitabiiity reguirements 

Chromatogram similarlty: The chromatogram is sim- 
ilar to the reference chromatogram provided with the 
lot of USP Powdered Asian Ginseng Extract RS being 
used. 

Relative standard deviatron: NMT 2.0%, determined 
for the sum of the peak areas for the 6 major ginse¬ 
nosides, in replicate injections 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentages of ginsenosides Rbi and Rgi 
in the portion of Asian Ginseng taken: 

Result = ( r u fr$ ) x Q x (VfW) x 100 

fu = peak response of ginsenoside Rgi or 

ginsenoside Rb, from the Sample solution 
rs = peak response of ginsenoside Rg t or 

ginsenoside Rb 3 from the Standard solution 
Cs = concentratfon of ginsenoside Rg! or 

ginsenoside Rbt in the Standard solution 
(mg/mL) 

V - finał volume of the Sample solution (mL) 

W = weight of Asian Ginseng taken to prepare the 
Sample solution (mg) 

Acceptance criteria 

Ginsenoside Rm: NLT 0.2% on the dried basis 
Ginsenoside Rbi: NLT 0.1% on Lhe dried basis 

CONTAMINANTS 

* Articles of Botanical Origin, Limits of Eiemental impun- 

ties (561): Meets the requirements 

* Articles of Botanical Origin, Pestidde Residue Analysis 
(561): Meets the requirements 

o Micrgbial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 10^ cfu/g. The total 
combined molds and yeasts count does not exceed 10 3 
cfu/g. 

* Absence of Specified Micrgorganisms (2022): It meets 
the requirements of the tests for absence of Salmonella 
species and Escherichto coli . 

SPECIFIC TESTS 

* Botanical Characteristics 

Macroscopk: Fusiform or cylindrical roots, with distinct 
aromatio odor, sometimes branched, typically 1-10 cm, 
sometimes up to 20 cm in length and up to 2.5 cm in 
diameter at the crown, with one or morę stem scars. 
Externaliy pale yellow to golden, rough textured In the 
lower part, with prominent horizontal rings and ftne 
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longitudtnal ridges as a result of drying. Root scars or 
fine rootlets are present. Fractures are short, wifh the 
fractured surface, white to ivory, exposing a ring of se- 
cretory canals present in secondary phloem, 

Microscopic: Transverse section ot root presents multi- 
ple layers of thin-walled cork cells. Secondary phloem 
diaracterized by conspicuous air łacunae, abundant 
starch-containing storage parenchyma, few sieve ele- 
ments, and rings of schizogenous secretory canals. Xy- 
lem charaeterized by abundant starch-containing stor¬ 
age parenchyma, few tracheary elements, and a lack of 
secretory canals, Druse crystals are sometimes present 
with vascular parenchyma cells. 

* Articles of Botanical Gricin, Foreign Organie Matter 

(561): NMT 2,0% 

* Articles of Botanical Origin, Alcohol-Soiubie Extractives , 

Method 2 (561): NLT 14.0% 

* Loss ON Drying <731) 

Sampie: 1,0 g of Asian Ginseng, frnely powdered 

Analysls: Dry the Sampie a£ 105° for 2 n. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Total Ash <561) 

Sampie: 1.0 g of Asian Ginseng, finely powdered 

Acceptance criteria: NMT 8.0% 

* Articles of Botanical Origin, Aad-insoluble Ash (561): 

NMT 1.0% 


so!vent front, and alfow the piąte to dry. Spray with 
Spray reagent. Heat the piąte at 105°-110° for 10 min, 
and examine the piąte under white light. 

System suitability: The Standard solution chromato- 
gram shows, in the upper third, a brown zonę corre- 
sponding to arbutin, and in the lower third, a gray 
zonę corresponding to esdn. 

Acceptance criteria: The Sampie safution exhibits violet- 
gray zones corresponding to ginsenoside Rgi in the up- 
er portion and to ginsenoside Re in the middle and in 
etween the zones corresponding to arbutin and esdn 
in the Standard solution. A violet-gray zonę correspond¬ 
ing to ginsenoside Rb r is located at the same R f value as 
the gray zonę corresponding to escin in the Standard 
solutbn. Other, less intense bands may be observed be- 
tween the zones due to ginsenosides Rbi and Re, and 
the zonę closest to the origin corresponds to ginseno¬ 
side Rc. Other spots may be v*sible in the iower third of 
the chromatografii. 

* B. The retention times of the peaks for ginsenosides Rgi, 
Re, Rf, Rbi, Rc, and Rd in the Sampie solution chromało- 
gram correspond to those In the Standard solutbn, as 
obtained in the test for Gontem of Ginsenosides Rbi and 
Rg\. The ratio of the peak area for ginsenoside Rb 2 to the 
peak area for ginsenoside Rbi rs NLT 0.4 (differentiation 
from American ginseng). 


ADDITIONAL RE QUIREME NT 5 

• Packacing ano Storage: Preserve in weil-closed contain- 
ers, and storę in a cool, dry place. 

■ Labeling: The label States the Latin binomral and, follow- 
ing the official name, the part of the plant contained In 
the article. 

* USP Reference Standards (11) 

USP Powdered Asian Ginseng Extract RS 


Powdered Asian Ginseng 

DEFINITION 

Powdered Asian Ginseng is Asian Ginseng reduced to a fire 
or very fine powder. it contains NLT 0.2% of ginsenoside 
Rg, and NLT 0.1% of ginsenoside Rbi, both calculated on 
the dried basis. 

IDENTIFICATION 

• A. Thin-Layer Chrojviatography 

Standard solution: 5 mg/mL each of arbutin and escin, 
in methanol 

Sampie solution: 1.0 g of Powdered Asian Cinseng in a 
25-mL fiask fitted with a reflux condenser. Add 10.0 nL 
of a mixture of methanol and water (7:3), and heat 
under reflux for 15 min. Cool, filter, and dilute the fil- 
trafe with methanol to 10.0 mL. 

Adsorbent: 0.25-mm layer of chromatographic sili ca 
gel, typically 20 cm long (TLC plates) 

Application volume: 20 pL, as bands 
Developing solvent system: The upper layer of a mix- 
ture ot butyl alcohol, ethyl acetale, and water 
(10: 2.5: 5) in an unsaturated chamber 
Spray reagent: DlssoIve 0.5 mL of anisaldehyde in 
10 mL of glacial acetic acid, and add 85 mL of media¬ 
no!, mix, and carefutly add 5 mL of sulfuric add to this 
mixture, 

Analysis 

Samples: Standard solution and Sampie solution 
Deveiop the chromatograms until the solvent front has 
moved up about three-fourths of the length of the 
piąte. Remove the piąte from the chamber, mark the 


COMPOSITION 

* Contint of Ginsenosides Rb, and Rg, 
Solution A: Water 

Solution B: Acetonitnle and water (4:1) 
Mobile phase: See Tobie L 


Tabfe 1 


Time 

(min) 

Solution A 

Ol 

Solution B 

(%> 

0 

76 

24 

12 

76 

24 

28 

65 

35 

SI .5 

56.5 

43-5 

52,5 

0 

100 

64.5 

76 

24 

77 

76 

24 


Diluent: Alcohol and water (4:6) 

Standard solution: Transfer a quantity of USP Pow¬ 
dered Asian Ginseng Extract RS, equivalent to 2 mg of 
ginsenoside Rq ly to a suilable Container, and disso(ve in 
10.0 mL of Diluent [NOTĘ—The concentrations of ginse- 
noside Rg 5 and ginsenoside Rbi in this solution are not 
expectedto be equal and are determined on the basis 
of the labeled quantities present rn USP Powdered Asian 
Ginseng Extract RS.] 

Sampie solution: Transfer about 1.0 g of Powdered 
Asian Ginseng, accurately weighed, to a 1 00-mL, 
round-bottom fiask fitted with a reflux condenser, Add 
50 mL of a mixture of Diluent and a few grains of pum- 
ice, and boil on a water bath under reflux for 1 h. Cool, 
and filter. Wash the fiask and the residue with 20 mL of 
Diluent, and pass through the same filter, Combine the 
filtrates, and evaporate in a rotory evaporator at 50° to 
dryness. Dissolve the residue in 10.0 mL of Diluent 
Chromatographic system 
(See Chromatograpny (62^} ł System Suita bili ty.) 

Modę: LC 

Detector: UV 203 nm 

Analytical column: 4.6-mm x 15-cm; 3-pm packing 
LI 


DS Monographs 
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Guard column: 16-mm x 2,0-cm; packing LI 
Column temperaturę: 25° 

Fjow ratę: 1.5 mL/min 
Injection volume: lOpL 
System suitabrlity 
Sampfe: Standard solution 
Suitability requlrements 

Chromatogram srmilanty: The chromatogram is sim- 
ilar to the reference chromatogram provided with the 
lot of USP Powdered Asian Ginsena £xtract RS belna 
used. 

Relative standard deviation: NMT 2.0%, determined 
for the sum of the peak areas for the 6 major ginse¬ 
nosides, in rep lica te injections 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentages of ginsenosides Rbi and Rg t 
in the portion of Powdered Asian Ginseng taken: 

Result = (Wr s ) x Q x (V/W) x 100 

ru = peak response of ginsenoside Rgi or 

ginsenoside Rbi from the Sample solution 
r s - peak response of ginsenoside Rgs or 

ginsenoside Rb t from the Standard solution 
G = concentration of ginsenoside Rgi or 

S linsenoside Rbi En the Standard solution 
mg/ml) 

V - finał volume of the Sample solution (mL) 

W = weight of Powdered Asian Ginseng used to 
prepare the Sample solution (mg) 

Acceptance criteria 

Ginsenoside Rgi: NLT 0.2% on the dried basis 
Ginsenoside Rbi: NLT 0.1% on the dried basis 

CONTAMINANT5 

* Articles OF Botanical Origin, Umits of Elemental impuri - 
ties (561): Meets the reguirements 
* Articles of Botanical Origin, Pesticide Resldue Analysis 
(561): Meets the requirements 
* Microbial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 10 4 cfu/g, The total 
combined molds and yeasts count does not exceed 10 z 
cfu/g. 

* Absence of Specified Microorganisms (2022): It meets 
the requirements of the tests for absence of Salmonella 
spec i es and Escherkhia coli 

SPECIFffC TESTS 

* Botanical Characteristics: Pale yellowish-brown pow- 
der with a slightly aromatic odor. Under a mitroscope, 
the powder shows traces of cork eomposed of thin- 
wafled polygonal cells but mainly with phelloderm on 
the outslde; wide cortex of parenchymatous cells with 
numerous secretory canafs arranged in concentric zones; 
parenchymatous xylem with nonlignified tracheids and 
slrghtly Fignrfied vesseis with spiral and reticulate thicken- 
ing, Esolated or in smali groups; smali granules of starch 
0.5-1.0 pm in diameter In al! of the parenchymatous 
cells; and occasional cluster crystals of calcium oxalate in 
the cells of the central region. 

* Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 2.0% 

* Articles of Botanical Origin, Alcohol-Soluble Extractives f 
Method 2 (561): NLT 14.0% 

* Loss ON Dryinc (731) 

Sample: 1.0 g of Powdered Asian Ginseng 
Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 12,0% 

* Articles of Botanical Origin, Total Ash (561) 

Sample: 1,0 g of Powdered Asian Ginseng 
Acceptance criteria: NMT 8.0% 

* Articles of Botanical Origin, Aad-lnsolubłe Ash (561): 
NMT 1.0% 


ADDITIONAL REQUIREMENTS 

® Packaging and Storage: Preserve in well-closed contaim 
ers, and storę in a cool, dry place, 

• Labeling: The label States the Latin binomial and, follow- 

ing the offirial na me, the part of the plant source from 
which the artide was derived. 

• USP Reference Standards (11) 

USP Powdered Asian Ginseng Extract RS 


Powdered Asian Ginseng Extract 

DEFINITION 

Powdered Asian Ginseng Extract is p repa red from Asian Gin¬ 
seng by maceration, percolatlon, or ooth processes per- 
formea at room temperaturę with suitable so!vents such 
as aicohol, methanol, water, or mixtures of these so!vents, 
and by concentrating the fluidextracL at temperatures be- 
low 50°, The ratio or the starting crude plant materia! to 
Powdered Asian Ginseng Extract is between 3:1 and 7:1. 

It contains NLT 3.0% of ginsenosides Rgi, Re, Rbi, Rc, 

Rb^, and Rd combined, calculated on the anhydrous basis, 
Jt may contain other added substances. 

IDENTIFICATION 

• A, Thin-Layer Chromatographic Identification Test 

Extractlon column: Use a solid-phase extraction col¬ 
umn that contains Cl 8 packing with 55- to 105-jim 
particie size and a ratio of sorbent mass to column vol- 
ume of 360 mg/0.85 mL, or equivalent. Condition the 
column before use by washing with 3 mL of methanol 
and 8 mL of water. 

Standard solution; Transfer about 0,1 g of USP Pow¬ 
dered Asian Ginseng Extract RS to a 5-mL voIumetric 
fiask, and proceed as directed for the Sample solution , 
beginning with "Dissolve in water". 

Sample solution: About 1,0g of Powdered Asian Gin¬ 
seng Extract in a 25-mL volumetric fiask, Dissolve in 
water, sonicating if necessary. Di lute with water to vol- 
ume. Transfer 4.0 mL of this solution to the Extraction 
column , wash with 10 mL of water, and discard the elu- 
ate. Elute the cofumn with 2 mL of methanol. [Notę— 
Do not use vacuum, elute manually and slowly.] Collect 
the eluate in a suitable vial. 

Adsorbent: 0.2-mm layer of chromatographrc silica gel 
mixture on a high-performance thin-layer piąte 
Application volume: 10jiL, as bands 
Developing soivent system: Chloroform, methanol, 
and water (65:35:10). Use the lower phase. 

Spray reagent: Alcohol, acetic anhyaride, and sulfuric 
add (18:1:1) 

Analysis 

Samples: Standard solution and Sample solution 
Sa tu ratę the cham ber with Developing $olvent system 
for 2 h. Devefop the chromatograms until the so]vent 
front has moved up about three-fourths of the length 
of the piąte. Remove the piąte from the chamber, 
mark the solvent front, and allow the piąte to dry. 

Spray with Spray reagent , and heat in an oven at 105° 
for 10 min. Immediately examine the piąte in white 
light 

Acceptance criteria: The Sample solution exhibits, 
among other spots, eight brown-violet spots at the Rf 
values of about 0.70, 0.60, 0.50, 0.36, 0,30, 0,28, 

0.20, and 0,18, corresponding in color and Rf values to 
those obtained for the Standard solution. 

• B. Add 2 mL of glacial acetic add to 0.1 g of Powdered 
Asian Ginseng Extract, warm for 5 min in a hot water 
bath, and filter, Gently add 0.5 mL of sulfuric add to 

1.0 mL of the fiitrate. 

Acceptance criteria: A red-brown color develops at the 
zonę of contact. 
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* C, The retention times of the peaks for ginsenosides Rgi, 

Re, Rf, Rb), Rb 2 , Rc, and Rd in the Sample solution chro¬ 
matogram correspond to those in the Standard solution, 
as obtained in the test for Content of Ginsenosides. The 
ratlo of the peak area of Rb i to the peak area of Rbs is 
NLF 0,4 (dinerentiation from American Ginseng), 

COMPOSITION 

• Content of Ginsenosides 

Solution A: Water 

Solution B: AcetonitriJe and water (4:1) 

Mobile phase: See Tubie 1. 


labie 1 


Time 

fmin) 

Solutton A 
{%) 

Solution B 

0 

76 

24 

12 

76 

24 

28 

65 

35 

513 

56.5 

43.5 

S2.5 

0 

100 

64.5 

76 

24 

77 

76 

24 


Diluent: Alcohol and water (4:6) 

Standard solution: 24 mg/ml_ of USP Powdered Asian 
Ginseng Extract RS in DiluenL Dissofve by sonicating for 
10 min, mix, and filter, 

Sample solution: Proceed as directed for Standard solu¬ 
tion i, except use Powdered Asian Ginseng Extract, 
Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 203 nm 

Analytical coiumn: 4.6-mm x 15-cm; 3-pm packing 

Guard coiumn: 4.6-mm x 2.0-cm; packing LI 
Coiumn temperaturo: 25° 

Flow ratę: 1 ,5 mL/min 
Injection size: 20 pL 
System suitability 
Sample: Standard solution 
Suitability regutrements 

Chromatogram similarity: The chromatogram is sim- 
i lar to the Reference Chromatogram provided with 
the lot of USP Powdered Asian Ginseng Extract RS 
being used. 

Relative standard deviation: NMT 2.0%, determined 
for the sum of the peak areas for the 6 major ginse- 
nostdes, in replicate injectlons 

Analysis 

Sampfes: Standard solution and Sample solution 
Identrfy the peaks for the ginsenosides by comparison 
with the Reference Chromatogram provided with the 
lot of USP Powdered Asian Ginseng Extract RS being 
used, and measure the peak areas for the 6 major 
ginsenosides. 

Calculate the percentage of each relevant ginsenoside 
(Rgi, Re, Rbi, Rc, Rb 2 , and Rd) in the portion of Pow¬ 
dered Asian Ginseng Extract taken: 

Result - (r y /rj) x (Cs/ Cu) x P 

r v - peak area for each relevant ginsenoside from 
the Sample solution 

r% = peak area for each relevant ginsenoside from 
the Standard solution 

C$ - concentration of USP Powdered Asian Ginseng 
Extract RS in the Standard solution (mg/mL) 

Cu = concentration of Powdered As ran Ginseng 
Extract in the Sample solution (mg/mL) 


P - labeled amount, in percentage, of each 

relevant ginsenoside in the USP Powdered 
Asian Ginseng Extract RS 

Calculate the percentage of ginsenosides by adding the 
percentages of each relevant ginsenoside. 

Acceptance criteria: NLT 3.0% on the anhydrous basis 

GONTAMI NANTS 


Delete the foltowing: 

*• Heaw Metals (231): NMT 30 ppm. (óku 

* Articles of Botanical Origjn, General Metbod for Pesti- 

cide Residues Analysis (561): Meets the requirements 

* Microbial Enumeration Tests (2021): The total aeroblc 
microbial count does not exceed 300 cfu/g. The total 
combined moids and yeasts count does not exceed 100 
cfu/g. 

* MlCROBIOLOaCAl pROGEDURES FOR ABSENCE OF SPECIFIED Ml- 

croorganisms (2022): It meets the reguirements of the 
tests for absence of Salmonella species, Escherichia coli , 
and Staphylococcus aureus. 

SPECIFIC TESTS 

* Water Determination, Metbod l (921): NMT 7,0%, de¬ 

termined on a 0.15-g specimen 

* Alcohol Determination, Metbod II (611): NMT 0.25% 

ADDITIONAL REQUIREMENT5 

■ Packaging and Storage: Meets the requirements in Bo¬ 
tanical Extrocts (565) 

* Labeling: Meets the reguirements in Botanical Extracts 
(565) 

* USP Reference Standards (11) 

USP Powdered Asian Ginseng Extract RS 


Asian Giraserig Tablets 

DEFINITION 

Asian Ginseng Tablets are prepared from Powdered Asian 
Ginseng Extract. They contain NLT 90.0% and NMT 
110.0% of Powderea Extract, calcuiated as the sum of 
ginsenosides Rgi, Re, Rbi, Rc, Rb 2 , and Rd. 

IDENTIFICATION 

* A. Thin-Lavir Chromatografhic Identification Test 
( 201 ) 

Standard solution: 5 mg/mL each of arbutln and esdn, 
in methanol 

Sample solution: Transfer the equivalent of 100 mg of 
Powdered Extract from powdered Tablets to a co nie a I 
fiask, and extract three times, each with a 20-mL por¬ 
tion of a mixture of methanol and water (4:1), in a 55° 
bath for 30 min, strnring with a magnetic stirrer. Evapo- 
ratę the combined extracts to dryness in vacuum be- 
tween 45° and 50°, and dissolve the residue in 10 mL 
of a mixture of methanol and water (3:2). 

Application volume: 20 pL, as bands 
Developing solvent system: The upper layer of a mm- 
turę of butyl alcohol, ethyl acetale, and water (4:1:2) in 
an unsaturated chamber 

Spray reagent: 0.5 mL of anisaldehyde in 10 mL of gla- 
cial acetic add. Add 85 mL of methanol, carefully add 
5 mL of sulfuric acid, and mix. 

Anaiysis 

Sam pies: Standard solution and Sample solution 
Proceed as directed in the chapter. Remove the piąte 
from the developing chamber, and allow it to ary. 
Spray with Spray reagent Heat the piąte at 
105°-110° for 10 min, and examine the piąte. 
Acceptance criteria: The chromatogram of the Stan¬ 
dard solution shows, in the upper third, a bfown zonę 
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corresponding to arbutrn and, in the lower third, a gray 
zonę corresponding to escin. Between these two zones, 
the chromatogram of the Sample solution exhibits vio- 
let-gray zones corresponding to ginsenoside Rg 5 in the 
upper portion and to ginsenoside Re in the middle. A 
violet-gray zonę corresponding to ginsenoside Rth is lo- 
cated at the same Rf value as the gray zonę corre¬ 
sponding to escin in the chromatogram of the Standard 
solution. Other, tess intense bands may be observed be¬ 
tween the zones due to ginsenosides Rbf and Re, and 
the 2 one closest to the origin corresponds to ginseno¬ 
side Rc. Other spots may be visible in the lower third of 
the chromatogram. 

* B. The retention times of the relevant analytes of the 

Sample solution correspond to those of the Standard solu¬ 
tion , as obtained in the test for Content of G insenosides. 
The retention time of the peak for ginsenoside Rf of the 
Sample solution corresponds to that of the Standard solu - 
f/on, as obtained in the test for Content of Ginsenosides. 

STRENGTH 

* Content of Ginsenosides 

Diluent: Water and akohol (3:2) 

Solution A: Water 

Solution B: Acetonitrile and water (4:1) 

Mobile phase: See the gradient labie below* 


Time 

(mini 

Solution A 

Solution B 

{%! 

0 

76 

24 

12 

76 

24 

28 

65 

35 

51*5 

56*5 

43*5 

52*5 

0 

100 

64*5 

76 

24 

77 

76 

24 


Standard solution: 40 mg/mL of USP Powdered Asian 
Ginseng Extract RS in Diluent. Fil ter* 

Sample solution: Weigh and fineiy powder NLT 20 
Tablets* Transfer a quantity of the powder, equivalent to 
200 mg of Powdered Extract to a conical fiask, and ex- 
tract three times, each with a 20-mL portion of a mix- 
ture of methanol and water (4:1), in a 55 D bath for 30 
min, stirring with a magnetic stirrer* Evaporate the 
combined extracts to dryness in a vacuum between 45° 
and 50°* Dissolve the residue in 5.0 rnL of Diluent, and 
f il ter. 

Chromatographk system 

(See Chmmatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 203 nm 
Column 

Guard: 4.6-mm x 2.0-cm; packing LI 
Analytical: 4.6-mm x 15-cm; 3-pm packing LI 
Column temperaturę: 25° 

Flow ratę: 1.5 mL/min 
Injection size: 20 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 

Chromatogram similarity: The Standard solution 
chromatogram is similar to the Reference Chromato¬ 
gram provided with the lot of USP Powdered Asian 
Ginseng Extract RS being used. 

Relative standard deviation: NMT 2.0%, determined 
for the sum of the peak areas for the six major ginse¬ 
nosides, in repeated mjections 
Analysis 

Samples: Standard solution and Sample solution 
Record the chromatagrams, identify the peaks for the 
ginsenosides by companson with the Reference Chro¬ 
matogram provided with the lot of USP Powdered 


Asian Ginseng Extract RS being used, and measure 
the peak areas for the six major ginsenosides* 
Calculate the quantity, in mg, of each relevant ginse¬ 
noside (Rgi, Re, Rb T , Rc, Rb>, and Rd) in the portion 
of Tablets taken: 

Result = 0.05 x {ry/r$) x C s x P 

r u = peak areas for each relevant ginsenoside from 
the Sample solution 

r$ = peak areas for each relevant ginsenoside from 
the Standard solution 

Cj = concentration of USP Powdered Asian Ginseng 
Extract RS In the Standard solution (mg/mL) 

P = labefed amount, in percentage, of each 

relevant ginsenoside tn the USP Powdered 
Asian Ginseng Extract RS lot being used 
Calculate the content of total ginsenosides, T, in mg, 
by adding the amounts of individual ginsenoside, 
Calculate the percentage of Powdered Extract with 
respect to the label daim: 

Resuit = T x (Awr/W) x {100/U) x (100/L) 

T = content of total ginsenosides in the portion of 
Tablets taken (mg) 

A m = average weight of Tablets (mg/Tablet) 

W “ weight of the portion of Tablets taken (mg) 

U = content of total ginsenosides in 100 mg ot the 
Extract used to prepare the Tablets (mg) 

L = amount of Extract per Tablet according to 
iabel daim (mg/Tablet) 

Acceptance criteria: 90*0%-110*G% of Powdered Ex- 
tract, calculated as the sum of ginsenosides Rgi, Re, 

Rbi, Rc, Rb Jf and Rd 

PERFORMANCE TEST5 

* D IS FNTEG R ATI ON AND DlSSOLUTION OF DIETARY SUPPLEMENTS 

(2040): Meet the reguirements for Disintegration 

* Weight Variation of Dietary Supplements (2091): Meet 

the requirements 

CONTAMINANTS 

* Microbial Enumeration Tests (2021): The total aerobic 

microbial count does not exceed 10 4 cfu/g, and the total 
combined molds and yeasts count does not exceed 1000 
cfu/g. Tablets meet the requirements of the tests for ab- 
sence of Salmonella species and Escherichia coli . 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers, 

protected from light. 

* Labeling: The label states the Latin binomial and, follow- 

ing the official na me, the article from which the Tablets 
were prepared. The label also indicates the amount of 
Powdered Extract, in mg/Tablet, and the content, in mg, 
of ginsenosides per 100 mg of Powdered Extract. 

* USP Reference Standard* (11) 

USP Powdered Asian Ginseng Extract RS 


Aspartic Acid —see Aspartic Acid General 
Monographs 


Astaxanthin Esters 


Astaxanthin esters; 

Astaxanthin fatty acid esters; 

Fatty acid esters of (35,3L5)-3,3'-dihydroxy-/J,/3-carotene-4,4'- 
dione. 
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DEFINITION 

Astaxanthin Esters ts obtained by extraction With either 
supercritical carbon dioxrde or acetone from cuitures of 
Hoematococcus pluwalis* It consists mainly of 35,3'5 stereo- 
isomers of astaxanthrn in the monoester, diester, and free 
forms. The monoester form is the most abundant, fol- 
lowed by the diester form. The free form is a minor com- 
ponent. Suitable antioxidants may be added. It contains 
NLT 5% of total astaxanthin, caleulated as free astax- 
anthin on the anhydrous basis, 

IDENTIFICATION 

• A, Thin-Layer Chromatography 

Standard solution: 10 mg/mL of USP Astaxanthin Es- 
ters from Hoematococcus pluvialis RS in acetone 
Sample solution: 10 mg/mL of Astaxanthin Esters in 
acetone 

Chromatographic system 

(See Chromatography (621), Thin-Layer Chromato¬ 
graphy .) 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel mixture. Dry the adsorbent at 110° for 1 h before 
use, 

Application volume: 5 tiL 

Developing solvent system: Hexane and acetone 
(70:30) 

System suitability 

Suitability reąuirement: The chromatogram from the 
Standard solution exhibits three cleariy separated 
zones, with astaxanthin diester having the highest 
value, followed by astaxanthin monoester (the most 
intense) and free a$taxanthin (the least intense). 
Analysis 

Samples: Standard solution and Sample solution 
Develop the chromatogram in the Developing solvent 
system until the solvent front has movea about three- 
fourths of the length of the piąte. Remove the piąte 
from the chamber, and dry in a current of air. Ex- 
amine the plates under wnite light. 

Acceptance critena: The Sample solution exhibits three 
main zones corresponding in R f value to those obtained 
from the Standara solution . The zonę in the middle 
(monoester) is the most intense, and the zonę with the 
lower Rf Es the least intense. 

• B. HPLC: The Sample solution exhibits three major peaks 
wtth the retention times corresponding to those of 

13-o/s-astaxanLhin, all-trans-astaxanthEn, and 9-ris-astax- 
anthin peal<s in the Standard solution , as obtained in the 
test for Content of Total Astaxanthin. 

A5SAY 

• Content of Total Astaxanthin 

[Notę—A staxanthtn determined by this method is total 
a$taxanthin, including the free astaxanthin, the 
monoester, and the diester.] 

Buffer solution: Dissolve 6.06 g of tris(hydroxymethyl)- 
aminomethane in 750 rnL of water, adjust with 1 N hy- 
drochloric add to a pH of 7.0, and diiute with water to 
lOOOmL. 

Cholesterol esterase solution: 4 U/mL of cholesterol 
esterase 1 In Buffer solution. Prepare fresh daily. 

Solution A: Methanol 
Solution B: t-B utył met hylether 
Solution C: Phosphoric acid, 1% aqueous 
Mobile phase: See Table h 


Table 1 


Tlm* 

Solution A 

Solution B 

Solution C 

(mfn) 


(%) 


0 

81 

15 

4 

15 

66 

30 

4 


Table 1 (Contfrweey 


Time 

(mini 

Solution A 

(%> 

Solution B 

Solution C 
(%) 

23 

16 

80 

4 

27 

16 

80 

4 

27J 

81 

15 

4 

35 

81 

15 

4 


Internal standard solution: 37.5 pg/mL of USP Apo- 
caroienal RS in acetone 

Standard stock solution: Transfer 30 mg of USP Astax- 
anthin Esters from Hoematococcus p(uviafis RS to a 
100-mL volumetric fiask. Dissolve in 30 mL of acetone, 
shake by mechanical means, and diiute with acetone to 
yolume. 

Standard solution: Combine 2.0 mL of the Standard 
stock solution and 1.0 mL of the Internal standard solu¬ 
tion in a glass centrifuge tubę. Add 3.0 mL of Choles¬ 
terol esterase solution to the tubę, and mlx gentiy by 
inversion. Place the tubę in a błock heater set to 37°, 
and allow the reaction to continue for 45 min, gentiy 
and slowly inverting the tubę every 10 min. After 45 
min, add 1 g of sodium sulfate and 2 mL of petroleum 
ether to the tubę. Mix on a vortex mixer for 30 s, then 
centrifuge at 3000 rpm for 3 min. Carefully transfer the 
petroleum ether layer to a 10-mL glass centrifuge tubę 
containing 1 g of anhydrous sodium sulfate. Be careful 
to avoid pipetting the intermediate emulsive layer. 
Evaporate the petroleum ether layer using a vacuum or 
a stream of inert gas at room temperaturę, add 3 mL of 
acetone, sonicate, and fllter the mixture. The filtered 
solution is the Standard solution . 

Sample stock solution: Warm a quantity of the sample 
in a water bath at 50 Q -60° for 30 min. Shake the sam¬ 
ple well at 10-min in£ervals. After 30 min, transfer 
30 mo of the sample to a 100-mL voiumetric fiask. Dis- 
solve m 30 mL of acetone, shake by mechanical means, 
and diiute with acetone to voiume. 

Sample solution: Combine 2.0 mL of the Sample stock 
solution and 1,0 mL of the Internal standard solution in a 
glass centrifuge tubę. Add 3.0 mL of Cholesterol esterase 
soiution to the tubę, and mix gentiy by inversion. Place 
the tubę in a błock heater set to 37°, and allow the 
reaction to continue for 45 min, gentiy and slowly in- 
yerting the tubę every 10 min, After 45 min, add 1 g of 
sodium sulfate and 2 mL of petroleum ether to the 
tubę. Mix on a vortex mixer for 30 s, then centrifuge at 
3000 rpm for 3 min, Carefully transfer the petroleum 
ether layer to a ICMnL glass centrifuge tubę containing 
1 g of anhydrous sodium sulfate. Be careful to avold 
pipetting the intermediate emufsive layer. Evaporate the 
petroleum ether layer using a vacuum or a stream of 
mert gas at room temperaturę, add 3 mL of acetone, 
sonicate, and filter the mixture. The filtered solution is 
the Sample solution, 

Chromatographrc system 
(See Chromatography (621), System Suitability .) 

Modę: LC 
Detector: 474 nm 

Column: YMC Carotenoid, 4.6-mm x 25-cm, 5-pm 
packing L62 
Flow ratę: 1.0 mL/rnin 
Injection volume: 20 jil 

System suitability 
Sample: Standard solution 

[NOTĘ—The approximate re!ative retention times for 
13-ds-astaxanthin, ail-tronj-astaxanthin, 9-cis-a stax- 
anthin, and apocarotenal (tfom-beta-apo-8'-carotenaI) 
are listed in Table 2 .] 


1 Use Wako Pure Chemicals catalog no. 037-11221, available from www. 
wakousa.com; Sigma ca li log no. C92S1, aval labie from www.stgmaaldrich. 
com; or equivalent. 
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Table 2 


Name of Compound 

!telative 

Retentinn 

Time 

Relative 

Response 

Factor 

13-d5-Astaxflnthrn 

0.9 

1.3 

all - f rons-Astaxanthi n 

1.0 

TO 

9'ds-Asta^anthin 

1 A 

1.1 

Apocarotenal (internal 
standard) 

1.7 

— 


Surtabiiity requirements 

Chromatogram srmilanty; The chromatogram from 
the Standard sofution is Mm tiar to the Reference 
Chromatogram provided with the USP Astaxanthin 
Esters from Haemotococcus pfuvialis RS being used. 
Resolutton: NLT 2.0 between 13-c/j-astaxanthin and 
alf- trpf75-astaxa nthin 

Relative standard deviation: NMT 2.0% for the all- 
trom-astaxanthin peak 
Analysis 

Sam pies: Standard sofution and Sample solutbn 
Calculate the percentage of total astaxanthin content in 
the portion of sample taken: 

Result = (RJRs) x (Q/C u ) x P 

Ru -[(Ux peak area of 1 3-ds-astaxanthin + peak 
area of alLfram-astaxanthm + 1.1 x peak 
area of 9-d5-astaxanthin)/peak area of the 
interna) standard] from the Sample sofution 
Pi = [0-3 x peak area of 13-ds-astaxanthin + peak 
area of a)l-fram-astaxanthin + 1.1 x peak 
area of 9-ds-astaxanth in)/peak area of the 
internal standard] from the Standard sofution 
C$ = concentration of USP Astaxanthin Esters from 
Haemotococcus pluvia(is RS in the Standard 
sofution (mg/mL) 

Cu - concentration of the Sample solutbn (mg/mL) 

P = labeled amount of total astaxanthin as free 
astaxanthin in the USP Astaxanthin Esters 
from Haematococcus pluviotis RS (%) 

Acceptance criteria: NLT 5% of total astaxanthin, cal- 
culated as free astaxanthin on the anhydrous basis 

CONTAMINANT5 

• Elemental Imihjrities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 2,0 ug/g 
Cadmium: NMT 1,0 pg/g 
Lead: NMT 1.0 pg/g 
Mercury: NMT 1.0 pg/g 

• Mkrobial Enumeration Tests (2021): The total aerobie 
bacterial count does not exceed 10 J cfu/g, and the total 
combined molds and yeasts count does not exceed 10^ 
cfu/g. 

* Absence of Specified NtiCROGRCANiSMS (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
cies and Eścherichta coli 

* Pheophorbide Content 

Sofution A: 50 mg/mL of sodium sulfate 
Solutlon B: Saturated solution of sodium sulfate 
Sample stock solutton: Transfer 100 mg of the sample 
to a 10-mL test tubę, add 10 mL of acetone, and dls- 
solve with sonication. Quantitatively transfer this solu- 
don to a separatory funnel, rinsing the test tubę three 
times with 10-mL portions of acetone and adding the 
rinsings to the funnel. Add 30 mL of ethyl eLher to the 
separatory funnel, followed by 50 mL of Solutbn A Mix 
the contents of the separatory funnel by shaking gentfy, 
then draw off and discard the tower layer. Repeat wasn- 
ing with Sofution A three times. Dehydrate the remain- 
ing extract with anhydrous sodium sulfate, then transfer 
the extract to a 50-mL volumetric fiask, and dilute with 
ethyl ether to volume. 


Sample solution: Transfer 20 mL of the Sample stock 
solutbn to a smali beaker. Add 20 mL of 17% hydro- 
chloric acid, and mix the solution vigorously. Transfer 
the hydrochloric acid layer to a separatory funnel, and 
repeat the extraction with a second 10-mL portion of 
17% hydrochloric add, adding the hydrochloric acid 
layer to the separatory funnel Add 150 mL of Sofution 
B, 20 mL of ethyl ether, and mix the contents of the 
separatory funnel by shaking. Transfer the ethyl ether 
layer to a 20-mL yolumetric fiask, and dilute with ethyl 
ether to volume. 
fnstrumental condltions 
(See Ultraviolet-Visibfe Spectroscopy (857).) 

Analytkal wavelength: 667 nm 
Celi path: 1 cm 
Blank: Ethyl ether 
Analysis 

Sample: Sample sofution 

Cafculate the percentage of pheophorbide in the por¬ 
tion of sample taken: 

Result = A/(C x F) 

A = absorbance of the Sample solution 
C ~ concentration of the Sample solution (g/mL) 

F ~ coeffrcient of extinction (E 1% ) of pure 

pheophorbide in ethyl ether {100 mL - q _1 ■ 
cm U, 702 

Acceptance criteria: NMT 0.02% 

SPECIFIC TESTS 

* Water Determination, Method I (921): NMT 0.5% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in welf-dosed 
containers. 

* USP Reference Standards (11) 

USP Astaxanthin Esters from Haemotococcus pluviaffs RS 
USP Apocarotenal RS 
f rons-beta-Apo-8 ^ca rotenal. 

C30H40O 


Astragalus Root 

DEFINITION 

Astragalus Root consists of the dried root of Astragalus mem- 
bronaceus var monghoiicus (Bunge) P.K.Hsiao or Astragalus 
membranaceus (Fiscfi,) Bunge (Fam. Fabaceae). Astragalus 
root is typically harvested from a 2- to 3-year-atd plant in 
early fali. It eon tai ns NLT 0.04% of cycloartane sapontns 
ano NLT 0.03% of isoflavonoids calculated on the dried 
basis. 

IDENTIFICATION 

• A. HPTLC FOR ARHCLES OF BOTANICAL ORIGIN (203) 

Standard solution A: 1 mg/mL of USP Astragaloside )V 
RS in methanol 

Standard solutlon B: 2 mg/mL of USP Daidzin RS and 
1 mg/mL of USP Daidzein RS in methanol 
Standard solution C: 50 mg/mL of USP Astragalus Root 
Dry Extract RS in methanol. Sonicate for about 10 min, 
centrifuge, and use the supernatant 
Sampie solution: Heat 3 g of Astragalus Root, finely 
powdered, in 50 mL of methanol for 50 min under re- 
fiux. Centrifuge, withdraw the supernatant, and evapo- 
ratę to dryness under reduced pressure. Dissolve the 
residue in 1.0 mL of water. Transfer the resulting solu¬ 
tion onto a 6-mL solid-phase extraction column con- 
taining 500 mg of sorbent previously condittoned with 
3 mL of methanol and 3 mL of water. 1 Wash with 
15 mL of water fotlowed by 15 mL of 30% methanol, 

1 SuitabEe commercfally avallabte SPE columm are Bakerbond Octadecyl Cm. 
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and discard the rinsate. Efute with 20 mL of methanol, 
collect the eluate, evaporate to dryness under redueed 
pressure, and dlssolve the restdue tn 2 mL of methano* 
Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 Lim (HPTLC pfate) 5 
Application yolume: 3 jiL each of Standard solution A, 
Standard solution B ( Standard solution C, and Sample 
solution as 8-mm bands 

Relative humidity: Condition the piąte to a relative 
humidity of 33%. 

Temperaturę: Ambient, not to exceed 30° 

Devetoping solvent system: Ethyl acetate, methanol, 
and water (100:1 3.5:10) 

Developmg distance: ó cm 

Derivatization reagent: 10% Sulfuric acid in metha¬ 
nol. [NOTE^Prepare fresh, Slowly and gradually add 
sulfurtc acid to ice-cold methanol, and mix well,] 

System suitability 

Samples; Standard solution Ą Standard solution B, and 
Standard solution C 

Suitability requirements 

Chromatographic pattern: Under long-wave UV 
light (365 nm), fotlowing derivatization, Standard so- 
lution A exhibits an orange band in the middie of the 
lower third of the piąte due to astragaloside IV, with 
a retardation factor (Ri) of approxJmateEy 0,15, In 
Standard solution B f daidzin and daidzein form biuish- 
grey bands with fi; of approximatefy 0.34 and 0.76, 
respectively; the proximal band is snarper, while the 
dfstal is somewhat diffuse* In Standard solution 0, four 
orange bands are seen in the lower third of the piąte, 
corresponding to astragalosldes IV, lii, II, and I with 
of approximately 0.15, 0.18, 0.24, and 0*34, respec- 
tiveiy* The R f of the astragaloside 1 band approxi- 
mates that of daidzin in Standard solution B. The up- 
per two-thirds of the piąte typically display a number 
of bluish, greenish, and pinkish diffuse bands, one of 
which corresponds to that of daidzein in Standard so¬ 
lu tion B. 

Analysrs 

Samples: Standard solution A, Standard solution B, 
Standard soiution C, and Sample solution 
Apply the Samples as bands and dry in air. Develop in a 
saturated cham ber. Air-dry, treat with Derivatization re¬ 
agent, heat for 5 min at 100°, and exannine under 
Iong-wave UV light (365 nm). 

Acceptance criterra: Under long-wave UV light (365 
nm), the Sample soiution exhiblts bands corresponding 
in color and fi; to similar bands from Standard solution 
C In the lower third of the chromatogram, a number 
of orange bands are present; the most prominent ones 
corresponding to astragalosldes I and II, with of ap- 
proximately 0.34 and 0*24, respectively, In the upper 
part of the chromatogram, a number of diffuse bands 
are present, and additional weak bands may appear 
with respect to those seen in Standard solution C 
[Notę—T he root of Hedyserum polybotros, a common 
adulterant, does not show orange bands corresponding 
to astragalosides I and II.] 

* B. HPLC 

Analysrs: Proceed as directed in the test for Cantent of 
lsoffavonoids and Saponins * 

Acceptance criteria: The Sample solution exhibits peaks 
at the retention times corresponding to those of 
calycosin 7-0-/TD-glucopyranoside, ononin, calycosin, 
formononetin, astragaloside IV, astragaloside I, and as- 
tragatoside II from Standard solution F. 

2 Suitable commerrially available plates are HPTLC Silica Cel 60 from EMD 
Millipore (e.g., part no. 1.05642.0001). 


COMPOSITSON 

« CONTJENT OF iSOFLAVONQID5 AND SAPONINS 
Solution A: 03% Formie acid 
Solution B; Acetonitnie 
Mobile phase: See Table h 


Tabfe 1 


Time 

(min') 

Solution A 

<%> 

Solution B 

(°/o) 

0 

80 

20 

15 

80 

20 

25 

68 

32 

35 

66 

34 

45 

55 

45 

55 

50 

50 

75 

25 

75 

30 

80 

20 

100 

80 

20 


Standard solution A: Prepare a composite soiution 
containing 0.4 mg/mL of USP Astragaloside IV RS, 

0,1 mg/mL of USP Calycosin RS, 0*2 mg/mL of USP 
Calycosin 7-0-/?-D-Glucopyranoside RS, 0.05 mg/mL of 
USP Formononetin RS, and 0,1 mg/mL of USP Ononin 
RS in methanol. 

Standard Solutions B, C, D, E: Prepare four consecutive 
two-fold seria f dilutions of Standard solution A in 
methanoL 

Standard soiution F: Sonicate 150 mg of USP Astraga¬ 
lus Root Dry Extract RS in 5 mL of methanol* Pass 
through a nyfon filter of 0.45-ttm porę size, and discard 
the initiaf 1 mL of the filtrate, 

Sample solution: Accurately weigh 1.5 g of Astragalus 
Root redueed to flne powder, and transfer into a 
100-mL round-bottomed fiask. Attach the condenser 
and reflux in 60 mL of methanol for 3 h. Filter and 
evaporate methanol to dryness under redueed pressure. 
Dissolve the residue in a smali amount of methanol, 
and transfer quantitatively into a 5-mL volumetric fiask. 
Adjust with methanol to volume and msx well. Pass 
through a nylon filter of 0*45-pm porę size, and discard 
the initial 1 mL of the filtrate. 

Chromatographic system 
(See Chromotograpny (62 1), System Suitability.) 

Modę: HPLC 

Detectors: UV 280 nm and EL5D, connected in series 
ELSD drift tubę temperaturę: Optimize accordmg to 
the manufaetureCs reco m men dat i o ns to achieve opti- 
mal signal-to-noise ratio, typically 105°. 

ELSD carrier gas flow: Optimize according to the 
manufactureCs recommendations to achteve optimal 
signal-to-noise ratio, typically 2*70 L/min. 

Column: 4.6-mm x 25-tm; 5-pm packing LI 
Column temperaturę: 25° 

Flow ratę: 0.8 mL/min 
injection volume: 15pL 
System suitability 

Samples: Standard Solutions A~E and 5 fan dard solution 
F 

Suitability requirements 

Chromatographic similarity: The chromatogram of 
Standard solution f is similar to the reference chro¬ 
matogram provided with the lot of USP Astragalus 
Root Dry Extract RS being used* 

Theoretical plates: NLT 3,000 for calycosin J-O-fi-D- 
glucopyranoside (UV) and astragaloside IV (ELSD) 
peaks. Standard solution A 

Correlatfon coefficient: NLT 0.995 for each regres- 
sion Ime as determined in Analysis 


DS Monogmphs 
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Analysis 

Sampies: Standard Solutions A-F and Sampie solution 
Using the UV absorbance chromatograms of Standard 
Solutions A~i f Standard solution F f and the reference 
chromatografii provided with the lot of U5P Astragalus 
Root Dry txtract RS being used, identify the specified 
isoffavonoids in the Sampie solution chromatogram. 
Measure the areas of the isoffavonoid peaks. Plot the 
areas of the relevant peaks against the respective con¬ 
centrations (mg/mL) of each analyte in Standard Solu¬ 
tions A-E, and determine the equations of the resultmg 
least-$quares regression lines. 

Using the eguations of the relevant feast-squares iines, 
determine the concentrations of each specified 
isoflavonoid (calycosin 7-G-/3-D-glucopyranoside, 
ononin, calycosin, and formononetin) in the Sampie 
solution . 

Separately calculate the percentages of each isoflavo- 
noid in the portion of Astragalus Root taken: 

Result = C,x (V/W)x 100 

G = concentration of the rdevant isoflavonoid in 
the Sampie solution (mg/mL) 

1/ = volume of the Sampie solution (ml) 

W = weight of Astragalus Root taken to prepare the 
Sampie solution (mg) 

Calculate the sum of percentages of isoflavonoids. 

Using the ELSD chromatograms of Standard Solutions 
A-t t Standard solution F, and the reference 
chromatogram, provided with the lot of USP 
Astragalus Root Dry Extract RS being used, identify all 
specified saponins tn the Sampie solution 
chromatogram, The approximate relative retention 
limes for a strąg a los i des I and II, with respect to 
astragaloside IV, are provided in Tobie 2. 


Table 2 


Analyte 

Relative Retention Time 

Astraaaloside IV 

1.00 

AstraaaJoside 11 

1.10 

Astra aa] osi de 1 

1.28 


Measure the areas of the saponin peaks. Plot the 
logarithms of astragaloside IV peak areas against the 
logarithms of their respective concentrations (mg/mL) 
in Standard Solutions A-E, and determine the eguation 
of a least-squares regression linę. Using the equation of 
the least-sguares linę for astragaloside IV, calculate the 
concentrations of each specified saponin (astragaloside 
I, astragaloside II, and astragaloside IV) in the Sampie 
solution. 

Separately calculate the percentages of each saponin in 
the portion of Astragalus Root taken: 

Result = Ci x (V/W) x 100 

Cs = concentration of the relevant saponin in the 
Sampie solution (mg/mL) 

V - vo!ume of the Sampie solution (mL) 

W = weight of Astragalus Root taken to prepare the 
Sampie solution (mg) 

Calculate the sum of percentages of saponins. 


Acceptance criteria 

Sum of isoflayonoids: NLT 0.03% on the dried basis 
Sum of saponins: NLT 0.04% on the dried basis 

CONTAMINANTS 

■ Elemental Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT L5pg/g 
Cadmium: NMT 0.3pg/g 
Lead: NMTS.Opg/g 
Mercury: NMT OJ pg/g 

• ARTICLES of Botanical Origin (561), Pesticide Residue 
Analysis : Meets the reguirements 

• Microbial Enumeration Tests (2021): The total aerobic 

bacterial count does not exceed 10 5 cfu/g, total com- 
bined yeasts and molds count does not exceed IG 3 cfu/ 

, and the bile-tolerant Gram-negative bacteria count 
oes not exoeed 10 3 cfu/g. 

• Absence of Specified Microorganisnis (2022), Test Proce¬ 

dures , Test for Absence of Salmonella Spedes and Test for 
Absence of Escherichia coli: Meets the requirements 

SFECIFIC TESTS 

• Botanical Characteristics 

Macroscopk: Astragalus Root is cylindrical, some upper 
branches relatively tnick, 30-90 cm !ong, 0.5-3.5 cm in 
dtameter. Externally pale brownish yellow or pale 
brown (but not red), with irregular, longitudinal wrin- 
kies or furrows, Texture hard and tenadous, broken 
with difficulty, fracture highly fibrous and starchy; bark 
yellowish-white; wood pale yeilow, with radiate stria- 
tions and fissures, the center part of oid root occasion- 
ally fooking like rotten wood, blackish brown or 
hollowed. 

Microscopic: The transverse section shows cork consist- 
ing of many rows of Langentially elongated cells, Phello- 
derm, 3-7 rows of colfenchymatous cells. Outer part of 
phloem rays often curved and fissured, flbers in bundles 
from 6-22 pm in diameter, with longitudinal fissures 
and truncate or brushJike ends. The walis are thickened 
and lignified or slightly lignified, arranged alternately 
with sieve tubę groups; stone celis sometimes visible 
near pheiloderm. Cambium in a ring* Xylem vessefs 
scattered singły or 2-3 aggregated in groups; wood fi- 
bers among vessel stone cells singly or 2-4 in groups, 
sometimes visibie in rays, Parenchymatous cells contain 
starch granules* In the longitudinal section, no solitary 
calcium oxalate crystals are seen outside the fi ber bun- 
dle (a distinction from Hedysarum polybotros and other 
Hedysarum spedes, common adulterants). 

* Articles of Botanical Origin (561), Foreign Organie Mat- 

ten NMT 2,0% 

■ LOSS ON DRYING (731) 

Sampie: 1.0 g of finely powdered Astragalus Root 
Analysis: Dry the Sampie at 105° for 3 n, 

Acceptance criteria: NMT 10.0% 

• Articles of Botanical Origin (561), Total Ash 

Sampie: l.Og of powdered Astragalus Root 
Acceptance criteria: NMT 5,0% 

* Articles of Botanical Origin (561), Add-lnsoluble Ash 

Sampie: 1.0 g of powdered Astragalus Root 
Acceptance criteria: NMT 1.0% 

* Articles of Botanical Origin (561), Alcohol-Solubie Ex- 

tractives , Method 1 

Sampie: 2-4 q of powdered Astragalus Root 
Acceptance criteria: NLT 2.0% 

* Articles of Botanical Origin (561), Water-Soluble Extrac- 

tives , Method 1 

Sampie: 2-4 g of powdered Astragalus Root 
Accepiance criteria: N LT 1 7.0% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in weILdosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę* 
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« LABELfNG: The la bel States the Latin binomial of the spe- 
des from which the article was derived. 
o USP Reference Standards (11) 

USP Astragaloside IV RS 

USP Astragalus Root Dry Extraet RS 

USP Calycosin RS 

USP Calycosin 7-0-/?-D-ClucQpyranoside RS 

USP Daidzein RS 

USP Daidzin RS 

USP Formononetin RS 

USP Gnonin RS 


Astracnalus Root: Powder 

DEFINITION 

Astragalus Root Powder eonsists of the dried root of Astraga¬ 
lus membranaceus var* mongholicus (Bunge) P.K.Hsfao or 
Astragalus membranaceus (Fisch.) Bunge (Fam. Fabaceae) 
reduced to powder or very fine powder* Astragalus root is 
typicafly harvested from a 2- to 3-year-old plant in early 
fali. It contains NLT 0.04% of cycloartane saponins and 
NLT 0.03% of isofJavonoids calculated on the dried basis. 

IDENTIFICATION 

o A. HPTLC for Articles of Botanical Omem (203) 

Standard solution A; 1 mg/mL of USP Astragaloside IV 
RS in methanol 

Standard solution B: 2 mg/mL of USP Daidzin RS and 
1 mg/mL of USP Daidzein RS in methanol 
Standard solution C: 50 mg/mL of USP Astragalus Root 
Dry Extract RS in methanol. Sonlcate for about 10 min, 
centrifuge, and use the supernatant 
Sample solution: Heat 3 g of Astragalus Root Powder 
in 50 mL of methanol for 50 min under reflux. Centri¬ 
fuge, wfthdraw the supernatant, and evaporate to dry- 
ness under reduced pressure. DissoNe the residue In 
1.0 mL of water. Transfer the resulting solution onto a 
6-mL solrd-phase extraction column containlng 500 mg 
of sorbent previousEy conditioned with 3 mL of metha¬ 
nol and 3 mL of water 1 Wash with 15 mL of water fol- 
lowed by 15 mL of 30% methanol, and discard the rln- 
sate. Elute with 20 mL of methanol, collect the eluate, 
evaporate to dryness under reduced pressure, and dis- 
solve the residue in 2 mL of methanol. 
Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 Lim (HPTLC piąte) 2 
Application votume: 3 pL each of Standard solution A, 
Standard solution B, Standard solution C, and Sample 
solution as 8-mm bands 

Reiative humidity: Condition the piąte to a re!ative 
humidity of 33%. 

Temperaturę: Ambient, not to exceed 30° 

Developing solvent system: Ethyl acetale, methanol, 
and water (1 00: 1 3.5: 10) 

Developing distance: 6 cm 

Derivatization reagent: 10% Sulfuric acid in metha¬ 
nol* [NOTĘ—Prepare fresh. Slowly and gradually add 
sulfuric acid to ice-cold methanol, and mix well.] 

System suitability 

Samples: Standard solution A ,, Standard solution B f and 
Standard solution C 
Suitabillty reguirements 

Chromatographic pattern: Under long-wave UV 
light (365 nm), foflowlng derivatization, Standard so¬ 
lution A exhiblts an orange band in the rniddle of the 
lower thrrd of the piąte due to astragaloside IV, with 
a retardation factor (R f ) of approximately 0.15. In 
Standard solution B t daidzin and daidzein form bluish- 

1 Suitable commercially available SPE column s are Bakerbond Octadecyl Ci a. 

- Suitable commerdally available plates are HPTLC Silica Cel 60 from 
EMD Milltpore (e.g., part no. 1.05642.0001). 


grey bands with of approximately 0.34 and 0*76, 
respectively; the proximal band is snarper, while the 
distal is somewhat diffuse. In Standard solution C, four 
orange bands are seen in the lower third of the piąte, 
corresponding to astragalosides IV, lit, II, and I with Rf 
of approKimately 0.15, 0.18, 0.24, and 034, respec- 
tively. The R r of the astragaloside 1 band approxi- 
mates that of daidzin in Standard solution B. The up- 
per two-thirds of the piąte typieally display a number 
of bluish, greenish, and pinkish diffuse bands, one of 
which corresponds to that of daidzein in Standard so¬ 
lution B. 

Analysis 

Samples: Standard solution A , Standard solution B I, 
Standard solution C, and Sample solution 
Apply the Samples as bands and dry in atr. Develop In a 
saturated chamber. Air-dry, treat with Derivatization re¬ 
agent, heat for 5 min at 100 rJ , and examine under 
long-wave UV light (365 nm). 

Acceptance criteria: Under long-wave UV light (365 
nm), the Sample solution exhibits bands corresponding 
in color and Rf to slmilar bands from Standard solution 
C In the lower third of the chromatogram, a number 
of orange bands are present; the most prominent ones 
corresponding to astragalosides I and It, with Rf of ap- 
proximately 034 and 0*24, respectively. In the upper 
part of the chromatogram, a number of diffuse bands 
are present, and additronał weak bands may appear 
with respect to those seen in Standard solution C. 

[Notę—T he root of Hedysarum poły hot ros, a common 
adulterant, does not show orange bands corresponding 
to astragalosides I and II.] 

* B, HPLC 

Analysis; Proceed as directed in the test for Content of 
(sofiavonoids and Saponins, 

Acceptance criteria: The Sample solution exhibit$ peaks 
at tne retentfon times corresponding to those of 
calycosin 7 0-/3-D-glucopyranoslde, ononin, calycosin, 
formononetin, astragaloside IV, astragaloside I, and as¬ 
tragaloside II from Standard solution f* 

COMFOSITION 

* Content of Isoflavonoids and Saponjns 

Solution A: 0.3% Formie acid 

Solution B: Acetonitrile 

Mobile phase: See Tabie L 


Table 1 


Time 

(min) 

Solution A 

_ 

Solution B 

m 

0 

80 

20 

1 5 

ao 

20 

25 

68 

32 

35 

66 

34 

45 

55 

45 

55 

50 

50 

75 

25 

75 

80 

80 

20 

4:tio 

80 

20 


Standard solution A: Prepare a composite solution 
containing 0*4 mg/mL of USP Astragaloside IV RS, 

0.1 mg/ml. of USP Calycosin RS, 0.2 mg/mL of USP 
Calycosin 7-0-/3-0-Glucopyranoside RS, 0.05 mg/mL of 
USP Formononetin RS, and 0.1 mg/mL of USP Ononin 
RS in methanol. 

Standard Solutions B, C, D, E: Prepare four consecutive 
two-fold serial dilutions of Standard solution A in 
methanol. 

Standard solution F: Sonlcate 1 50 mg of USP Astraga¬ 
lus Root Dry Extract RS in 5 mL of methanol. Pass 
through a nylon filter of 0.45-pm porę size, and discard 
the initial 1 mL of the fil tratę. 


D5 Monographs 
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Sample solution: Accurately weigh 1.5 g of Astragalus 
Root Powder, and transfer into a 100-mL round-bot- 
tomed fiask. Altach the condenser and reflux in 60 mL 
of methanol for 3 h, Filier and evaporate methanol to 
dryness under reduced pressure, dissolve the residue in 
a smali amount of methanol, and transfer quantrtativeJy 
into a 5-mL volumetric fiask, Adjust with methanol to 
vofume and mix well. Pass through a nylon ftlter of 
0.45-pm porę size, and discard the initial 1 ml of the 
filtra te. 

Chromatographk system 

(See Chromatograpny (621 ), System Suitabiiity.) 

Modę: HPtC 

Detectors: UV 280 nm and ELSD, connected in series 
ELSD drift tubę temperaturę: Optimize according to 
the manufacturer's recommendations to achieve opti- 
mal signal-to-noise ratio, typicalfy 105°. 

ELSD carrier gas flow: Optimize according to the 
manufacturer's recommendations to achieve optimal 
signal-to-noise ratio, typicalfy 2,70 L/min, 

CoTumn: 4.6-mm x 25<m; 5-pm packing LI 
Column temperatura: 25° 

Flow ratę: 0.8 mL/min 
infection volume: 15 pi 
System suitabiiity 

Sam pies: Standard Solutions A-E and Standard solution 

Suitability reąuirements 

Chromatographk simUarity: The chromatogram of 
Standard solution E is similar to the reference chro¬ 
matogram provided with the lot of USP Astragalus 
Root Dry Extract RS being used* 

Theoreticai piat es: NLT 3,000 for cafycosin 7-0-/3-D- 
glucopyranoside (UV) and astragaloside IV (ELSD) 
peaks, Standard solution A 

Correlation coeffkient: NLT 0,995 for each regres- 
Sion linę as determined in Analysis 
Analysis 

Samples: Standard Solutions A-F and Sample solution 
Using the UV absorbance chroma tog rams of Standard 
Solutions A-E, Standard solution F, and the reference 
chromatogram, provided with the lot of USP Astraga¬ 
lus Root Dry Extract RS being used, identify the speci¬ 
fied isoflavonoids in the Sample solution chromato¬ 
gram, Measure the areas of the isofiavonoid peaks. 

Plot the areas of the relevant peaks against tne respec- 
tive concentrations (mg/mL) of each anatyte in Stan¬ 
dard Solutions A-E, and determine the equations of the 
resulting least-squares regression lines. 

Using the equations of the relevant least-sguares lines, 
determine the concentrations of each specified 
isoflavonoid (cafycosin 7-Q-/3-D-glueapyranos!de, 
ononin, calycosln, and formononetin) in the Sample 
solution . 

Separately calculate the percentages of each isoflavo- 
noid in the portion of Astragalus Root Powder taken: 

Result = C x ( VfW) x 100 

G = concentration of the relevant isoflavonoid in 
the 5 ample solution (mg/mL) 

= volume of the Sampłe solution (mL) 

- weight of Astragalus Root Powder taken to 
prepare the Sample solution (mg) 

Calculate the sum of percentages of isoflavonoids. 

Using the ELSD chromatograms of Standard Solutions 
A-C Standard solution F t and the reference 
chromatogram, provided with the lot of USP 
Astragalus Root Dry Extract RS being used, identify all 
specified saponins in the Sample soiution 
chromatogram, The approximate relative retention 
limes for astragalosides I and II, with respect to 
astragaloside IV, are provided In Table 2. 


Table 2 


Anatyte 

Relative Retention Time 

Astraoabside IV 

1.00 

Astraaaioside II 

1,10 

A5traQafoside 1 

1.28 


Measure the areas of the saponin peaks. Plot the 
logarithms of astragaloside IV peak areas against the 
logarithms of their respective concentrations (mg/mL) 
in Standard Solutions A-E f and determine the eguation 
of least-squares regression linę. Using the eauation of 
the least-sguares linę for astragaloside IV, calculate the 
concentrations of each specified saponin (astragaloside 
I, astragaloside II, and astragaloside IV) in the Sample 
solution * 

Separately calculate the percentages of each saponin in 
the portion of Astragalus Root Powder taken: 

Result = Qx (VfW) x 100 

Cs = concentration of Lhe relevant saponin in the 
Sample solution (mg/mL) 

V = volume of the Sample solution (mL) 

W - weight of Astragalus Root Powder taken to 
prepare the Sample solution (mg) 

Calculate the sum of percentages of saponins, 
Acceptance criteria 

Sum of isoflavonoids: NLT 0,03% on the dried basss 
Sum of saponins: NLT 0.04% on the dried basis 

CONTAMINANTS 

* Elemintal IM PU RIT JES—Pr q ced u r es (233) 

Acceptance criteria 
Arsenie: NMT 1.5 pg/g 
Cadmium: NMT 0,3 jig/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 04 pg/g 

* Articles of Botanical Origen (561), Pesticide Residue 

Analysis: Meets the reguirements 

* Microbial Enumeration Tests (2021): The total aerobk 

bacterial count does not exceed 10 5 cfu/g, total com- 
bined yeasts and molds count does not exceed 10 3 cfu/ 
g, and the bile-lolerant Gran>negative bacteria count 
a o es not exceed IG* cfu/g. 

* Absence of Specified Microorganisms (2022), Test Proce - 

dures, Test for Absence of Salmonella Species and fest for 
Absence of Escherichia coli: Meets the requirements 

SPECIFRC TESTS 

* BOTANICAL CHARACTERISTICS 

Macroscopic: Wbite to pale-yellow powder, spfintery 
and fibrous 

Microscopk: Fibers occur in bundles or scattered, 3-30 
(jm in diameter, walls thickened, the primary walls of- 
ten separated from secondary, with longitudinal fissures 
and truneate or bmsh-llke ends, polychromatic in po- 
larized light Stone cells occasionally visible, sub- 
rounded, oblong or irregular, slightly thick-walled, 
bright yellowish-white in polarized light Cork cells tr- 
regular or polygonal, sometimes witn sinuous antidinal 
walls, In Astragalus membranaceus var. mongholkus 
(Bunge) P.K.Hsiao, reticulated vesseJs abundant, bor- 
dered-pitted vessels few, 16-150 pm in diameter. in As¬ 
tragalus membranaceus (Fisch,) Bunge, bordered-pitted 
vessels abundant, bordered pits arranged closely, up to 
200 urn in diameter. Simple starch granules spneroidal 
or ellipsoid, 3-23 pm in diameter, with visible linear or 
punctate hifum. Occasional compound starch granules 
composed of 2-4 components, Observed In polarized 
light, starch granules are black and erudate, Cakium 
oxalate crystals are absent 

» Articles of Botanical Origin (561), Foreign Organie Mat- 
ter. NMT 2,0% 
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* Lo55 ON DRYING {731} 

Sample: KO g of Astragalus ftoot Powder 
Analysis: Dry the Sample at 105° for 3 h. 

Acceptance criteria: NMT 10,0% 

* ARTICLES OF BOTANICAL ORICIN (561), Tatol Ash 

Sample: KO g of Astragalus Root Powder 
Acceptance criteria: NMT 5.0% 

* Articles of Botanical Origjn (561), Acid-lnsolubie Ash 

Sample: KO g of Astragalus Root Powder 
Acceptance criteria: NMT K0% 

* Articles of Botanical Origin {561), Alcohol-Solubfe Ex- 

tractives t Method 1 

Sample: 2-4 g of Astragalus Root Powder 
Acceptance criteria; NLT 2.0% 

* Articles of Botanical Origin (561), Water-Soluble Extrac- 

tives, Method 1 

Sample: 2-4 g of Astragalus Root Powder 
Acceptance criteria: NLT 1 7,0% 

ADDITJONAL REQUIREM£NT5 

* Packaging AND Storage: Preserve In well-closed contain- 

ers, protected from llght and moi stu re, and storę at 
room temperaturę. 

* Labeling: The label States the Latin binomial of the spe- 

cies from which the article was deriyed. 

* USP REFERENCI STANDARDS (11) 

USP Astragaloside IV RS 

USP Astragalus Root Dry Extract RS 

USP Calycosin RS 

USP Calycosin 7-0-/J-D-Glucopyranoside RS 

USP Daidzein RS 

USP Daidzin RS 

USP Formononetin RS 

USP Ononin RS 


Astragalus Root Dry Extract 

DEFINITION 

Astragalus Root Dry Extract is prepared from the dried root 
of Astragalus membranaceus var. mongholicus (Bunge) P.K. 
Hsiao or Astragalus membranaceus (Fisch.) Bunge (Fam. 
Fabaceae) subjected to agueous or hydroalcoholic extrac- 
tion, It contarns NLT 90,0% and NMT 110.0% of the la- 
beled amounts of cycloartane saponins and isoflavonoids 
calculated on the anhydrous basis. ft may contain suitable 
substances added as carriers. 

IDENTIFICATION 

• A. HPTLC for Articles of Botanical Origin (203) 
Standard solution A: 1 mg/mL of USP Astragaloside IV 
RS in methanol 

Standard solution B: 2 mg/mL of USP Daidzin RS and 
1 mg/mL of USP Daidzein RS in methanol 
Standard solution C: 50 mg/mL of USP Astragalus Root 
Dry Extract RS in methanol. Sonicate for about 10 min, 
centrifuge, and use the supematanŁ 
Sample solution: 50 mg/ml of Astragalus Root Dry Ex- 
tract in methanol. Sonicate for about 10 min, centri- 
fugę, and use the supernatant. 

Chromatographic system 

Adsorbent: Chromatographic sifica ge! with an aver- 
age particie size of 5 pm (HPTLC piąte) 1 
Application volume: 3 pL each of Standard solution Ą 
Standard solution B t Standard solution C, and Sample 
solution as 8-mm bands 

Relatrve humidity: Condition the piąte to a relative 
humidity of 33%, 

Temperaturę: Ambient, not to exceed 30° 

Developing solvent system: Ethyf acetate, methanol, 
and water (100: 13.5: 10) 

1 Suitable commerclally available plates are HPTLC S ii i ca Cd 60 Fis* from 
EMD MillJpore fe.g,, part no. 1.05642.0001), 


Devefoping distance: 6 cm 

Derivatiza0cn reagent: 10% Sulfuric add in metha- 
nol. [Notł —Prepare fresh. Slowfy and gradually add 
sulfuric acid to ice-cold methanol, and mix well] 
System suitabiiity 

Samples: Standard solution A, Standard solution B, and 
Standard solution C 
Suitabiiity reguirements 

Chromatographic pattern; Under long-wave UV 
light (365 nm), foilowing derivatization, Standard so¬ 
lution A exhibits an orange band in the middle of the 
lower third of the piąte due to astragaloside IV, with 
a retardation factor (Rf) of approximately 0.15, In 
Standard solution B, daidzin and daidzein form bfulsh- 
grey bands with R f of approximately 0,34 and 0.76, 
respectively; the proximal band Is sharper, while the 
distal is somewhat diffuse. In Standard solution C, four 
orange bands are seen in the fower third of the piąte, 
corresponding to astragaiosides IV, III, II, and I with R f 
of approximatefy 0,15, 0.18, 0.24, and 0.34, respec- 
tiveiy* The Rf of the astragaloside I band approxi- 
mates that of daidzin in Standard solution B. The up- 
per two-thirds of the piąte typically display a numoer 
of bluish, greenish, and pinkish bands, one of which 
corresponds to that of daidzein in Standard solution B, 
Analysis 

Samples: Standard solution A, Standard solution B, 
Standard solution C, and Sample solution 
Apply the Samples as bands and dry in air. Develop in a 
saturated cham ber. Air-dry, treat with Deiwatization re¬ 
agent , beat for 5 min at 105°, and examine under 
long-wave UV light (365 nm). 

Acceptance criteria: Under long-wave UV light (365 
nm), the Sample solution exhibits bands corresponding 
in color and Rf to simifar bands from Standard solution 
C, at the Rf values listed in Chromatographic pattern , 
[Notę—T he extract of Hedysarum polybotros, a common 
adulterant, does not show orange bands corresponding 
to astragaiosides 1 and It.] 

* B. HPLC 

Analysis: Proceed as directed In the test for Content of 
isoffavonoids and Saponins. 

Acceptance criteria: The Sample solution exhibits peaks 
at the retention times corresponding to those of 
calycosin 7-0-/TD-glucopyranoside, ononin, calycosin, 
formononetin, astragaloside IV, astragaloside I, and as¬ 
tragaloside II from Standard solution F. 

COMPOSITION 

« Content of isoFLAVONOiD5 and Saponins 
Solution A: 0.3% Formie add 
Solution B: Acetonitrile 
Mobile phase: See Tobie 1. 


Table 1 


Tłme 

(min) 

Solution A 
(%) 

Solution B 
(%) 

0 

80 

20 

15 

80 

20 

25 

68 

32 

35 

66 

34 

45 

55 

45 

55 

50 

50 

75 

25 

75 

80 

80 

20 

1 00 

80 

20 


Standard solution A: Prepare a composite solution 
containing 0.4 mg/mL of USP Astragaloside IV RS, 

0,1 mg/mL of USP Calycosin RS, 0.2 mg/mL of USP 
Calycosin 7-O-^-D-Glucopyranosfde RS, 0.05 mg/mL of 
USP Formononetin RS, and 0.1 mg/mL of USP Ononin 
RS in methanol. 
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Standard Solutions 8, C, D, E: Prepare four consecutive 
two-fold serial dilutions of Standard solution A in 
methanol. 

Standard solution F: Sonicate 150 mg of USP Astraga¬ 
lus Root Dry Extract RS in 5 mL of methanol. Pass 
through a nylon fil ter of 0.45-pm porę size, and discard 
the initial 1 mL of the filtrate. 

Sampie solution: Accurately weigh about 300 mg of 
Astragalus Root Dry Extract into a 10-mL volumetrk 
fiask. Add 5 mL of methanol and sonicate for 10 min. 
Cool, adjust with methanol to volume, and mix well 
Chromatographrc system 
(See Chromatograpny <621 ), System Suitability.) 

Modę: HPLC 

Detectors: UV 280 nm and ELSD, connected in series 
ELSD drift tubę temperaturę: Optimrze according to 
the manufacturePs recommendations to achieve opti- 
mal signal-to-norse ratio, typicalJy 105°. 

ELSD carrier gas flow: Optimize according to the 
manufacturePs recommendations to achieve optimal 
signal-tomoise ratio, typically 2,70 L/min. 

CoTumn: 4,6-mm x 25-cm; 5-jam packing LI 
Column temperaturę: 25° 

Flow ratę: 0.8 mL/mm 
Injection volume: 15 pi 
System suitability 

Samples: Standard Solutions A-E and Standard solution 
F 

Suitability reąuirements 

Chromatographk similarity: The chromatogram of 
Standard solution F \$ simiiar to the reference chro¬ 
matogram provided with the lot of USP Astragalus 
Root Dry Extract RS being used. 

Theoreticai piat es: NIT 3,000 for calycosin 7-O-ji-D- 
glucopyranoside (UV) and astragaloside iV (ELSD) 
peaks, Standard solution A 

Correlation coeffident: NLT 0.995 for each regres- 
sion Jine as determined in Analysis 
Analysis 

Samples: Standard Solutions A-F and Sompie solution 
Using the UV absorbance chromatograms of Standard 
Solutions A-E f Standard solution F f and the reference 
chromatogram, provided with the lot of USP Astraga¬ 
lus Root Dry Extract RS being used, identify the sped¬ 
fied ]softavonoids in the Sample solution chrom a to- 
ram, Measure the areas of the isoflavonoid peaks. 
lot the areas of the relevant peaks againsf the respec- 
tive concentrations (mg/mL) of each analyte in Stan- 
dard Solutions A-E, and determine the equations of the 
resulting least-squares regression iines. 

Using the equations of the relevant least-squares Iines, 
determine the concentrations of each spedfied 
isoflavonoid {calycosin 7-0-/J-D-glucopyranoside, 
ononln, calycosin, and formononetin) in the Sompie 
sofution. 

Separately ca Iculate the percentages of each isoflavo- 
noid in the portion of Astragalus Root Dry Extract 
taken: 

Result ^ C x (V/W) x 100 

Ct - concentration of the relevant isoflavonoid in 
the Sample solution (mg/mL) 

V = volume oł the Sample solution (ml) 

IV = weight of Astragalus Root Dry Extract taken to 
prepare the Sample solution (mg) 

Cakulate the sum of percentages of isoflavonoids. 
Cakulate the percentage of the labeled amount of 
i$oflavonords in the portion of Astragalus Root Dry 
Extract taken: 

Result = (P/L) x 100 


P - sum of percentages of isoflavonoids in the 
Astragalus Root Dry Extract, as calculated 
above (%) 

l = labeled amount of isoflavonoids in the 
Astragalus Root Dry Extract (%) 

Using the ELSD chromatograms of Standard Solutions 
A-E , Standard solution F f and the reference 
chromatogram, provided with the lot of USP 
Astragalus Root Dry Extract RS being used, identify all 
specified saponins in the Sample solution 
chromatogram. The approximate relative retention 
times for astragalosides I and II, with respect to 
astragaloside IV, are provided in Tabie 2. 


Tobie 2 


Analyte 

Rclatlve Retention Time 

Astragaloside IV 

1,00 

Astragaloside li 

1.10 

Astraaafoside 1 

1.28 


Measure the areas of the saponin peaks. Plot the 
logarithms of Astragaloside IV peak areas against the 
logarithms of their respective concentrations (mg/mi) 
in Standard Solutions A-E, and determine the equation 
of a least-squares regression linę. Using the eguatlon of 
the least-squares linę for astragaloside IV, calculate the 
concentrations of each spedfied saponin (astragaloside 
i, astragaloside II, and astragaloside IV) in the sample 
solution. 

Separately cakulate the percentages of each saponin in 
tne portion of Astragalus Root Dry Extract taken: 

Result = Cs x (V/W) x 100 

Cs = concentration of the relevant saponin in the 
Sample solution (mg/mL) 

V - volume of the Sample solution (mL) 

W ~ weight of Astragalus Root Dry Extract taken to 

prepare the Sample solution (mg) 

Cakulate the sum of percentages of saponins, 

Cakulate the percentage of the labeled amount of 
saponins in the portion of Astragalus Root Dry Extract 
taken: 

Result = (P/L) x 100 

P ~ sum of percentages of saponins in Astragalus 
Root Dry Extract, as calculated above (%) 

L = labeled amount of saponins in Astragalus Root 
Dry Extract (%) 

Aceeptance criteria 

Sum of isoflavonoids: 90.0%-110.0% of the labeled 
amount of isoflavonoids on the anhydrous basis 
Sum of saponins: 90,0%-l 10,0% of the labeled 
amount of saponins on the anhydrous basis 

CONTAMINANTS 

* Elemental Impurities—Procedures (233) 

Aceeptance criteria 
Arsenie: NMT 1.5 pg/g 
Cadmium: NMT 0.3 pg/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 0.1 ug/g 

* Articles of Botanical Oricin (561), Pestidde Residue 

Analysis: Meets the requirements 

* Microbial Enumeration Tests (2021): The total aerobic 

bacterial count does not exceed 10 4 cfu/g, and total 
combined yeasts and molds count does not exceed IG 3 
cfu/g, 

* Absence of Specified Microoroanisms (2022), Test Proce¬ 

dures, Test for Absence of Salmonella Spec/es and Test for 
Absence of Escherichia coii: Meets the reguirements 
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SPECIF1C TEST5 
« Residue on Dgnition (281) 

Sam ple: 1.0 g of Astragalus Root Dry Extract 
Acceptance criteria: NMT 5.0% 
o Botankal £xtracts (565), Residua! Solvents: Meets the 
requirements 

O WATER DETERMiNATlON (921), Method (a 
Acceptance criteria: NMT 6.0% 

ADDITIGNAl REQUIRENIENT5 

* Packagfng and Storage: Presen/e in welt-closed contain- 
ers, protected from light and molsture, and storę at 
room temperaturę. 

* Labeling: The labeJ States the Latin binomial of the spe- 
des from which the artrde was derived. The labef also 
indicates the content of isofJavonoids and cycloartane sa- 
ponlns, the solvent used in extract preparadon, and the 
ratio of the starting crude plant materia] to dry extract. It 
meets the labeling reauirements of Botanico! Extracts 

(5 65). 

* USP Reference Standards (11) 

USP Astragaloside IV RS 

USP Astragalus Root Dry Extract RS 

USP Calycosin RS 

USP Calycosin 7-0-/?-D-Glucopyranoside RS 

USP Datdzein RS 

USP Dardzin RS 

USP Formononetin RS 

USP Gnonin RS 


Aztec Marigoid Zeaxanthin Extract 



C, 0 H S6 O 2 568.87 

(all-O-1,1 '-{3,7,12,1 6-TetramethyM ,3,5,7,9,11,13,15, 

17-octadecanonaene 1, 18-diyf)bis[2,ó,ó-trimethylcydohex- 
ene-3-ol]; 

3R,¥R-p f p- Carotene-3,3'-diol [148-68-3]. 

DEFBNJTION 

Aztec Marigold Zeaxanthin Extract ls a purlfied extract, de- 
nved from the flowers of Tagetes erecta L v grown from 
seeds of varietles of the Scarletade cultivar rich in zeaxan- 
thin, The extract contains NLT 36.0% of tota! carotenoids 
calculated as zeaxanthin (C^oHsćOz), NLT 30.0% of all- 
fram~zeaxanthin, and NMT 8.0% of iutein, calculated on 
the dried basi$, 

IDENTIFICATION 

e A. 

Sample soiution: Use the Sompfe sofution from the test 
for Content of Total Carotenoids . 

Analysis: Record the UV-Vis spectrum from 300-600 
nm. 

Acceptance criteria: The Sampfe sofution shows a shouh 
der at about 428 nm, an absorption maximum at about 
450 nm, and another maximum at about 478 nm. 

*> B. The retention time of the major peak of the Sampfe 
sofution corresponds to that of tne 5 tan da rd sofution, as 
obtained in the test for Content of Zeaxanthin. 

* C The retention time of the major peak of the Sample 
sofution corresponds to that of 3ft,3 ; ft-/? { /Tcarotene“3,3'- 
diol from the Standard soiution, as obtained in the test 
for Stereoisomeric Composition . 


COMPOSITION 

o Content of Total Carotenoids 

[Notę—U se low-actinic gfassware.] 

Sample stock soiution: Use the Sampfe stock soiution 
from the test for Content of Zeaxanthin. 

Sample soiution; Transfer 2.0 mL of the Sampfe stock 
sofution to a 100-mL volumetric fiask, diiute with etha- 
nol to volume, and mix well 
Instrumental conditions 
(See UltraviofetVisibfe Spectroscopy (857),) 

Analytlcal wavelength: 450 nm 
Celi path: 1 cm 
Blanłc: Ethanol 
Analysis 

Sample: Sample soiution 

[Notę—T he absorbance reading should be between 0.2 
AU to 1 0 AU. If not, readjust the dilution of the 
soiution,] 

Calcufate the percentage of the total carotenoids as ze- 
axanthin (Cjoh^Gz): 

Result = A!{C x F) 

A - absorbance of the Sampfe sofution 
C = eon centrali on of the Sample sofution (g/mL) 

F = coefficient of extinction (P % ) of zeaxanthin in 
ethanol (100 mL ■ g- 1 ■ cm- 1 ), 2480 
Acceptance criteria: NLT 36.0% of total carotenoids 
(7) as zeaxanthin (CioH^Oz) on the dried basis 
* Content of Zeakanthin 

[Notę—-U se low-actinic glassware.] 

Soiution A: Methyl fert-butyl ether 
Soiution B: Water 
Soiution C: Methanol 

Diluent: Mixture of hexane, ethanol, acetone, and tolu- 
ene (10:6:7:7) 

Mobile phase: Gradient elution. See Jobie 7. 


Table 1 


Time 

fmirri 

Soiution A 

(%V 

Soiution B 

CW 

Soiution C 
(%1 

0.0 

5 

7 

88 

15 

15 

7 

78 

30 

45 

7 

48 

60 

75 

6,5 

18.5 

66 

75 

6 

19 

76 

5 

7 

88 

86 

5 

7 

88 


Standard stock soiution: Transfer 20.0 mg of USP Az¬ 
tec Marigold Zeaxanthin Extract RS into a 100-mL volu- 
metric fiask, add 75 mL of Diluent to the fiask to sus- 
pend the sampie, and sonicate for 5 min. Diiute with 
Diiuent to volume, and mix well, Allow the tnsolubles to 
settle for at feast 10 min. Pass the supematant through 
a membranę fiiter of 0,45-pm porę size. 

Standard soiution: Transfer 0,5 mL of the Standard 
stock sofution to an 8-mL vial, evaporated to dryness 
with an aid of a stream of nitrogen. Dissolve the residue 
in 4.0 mL of a mixture of methyl tert-butyl ether and 
methano] (5:95). 

Sample stock soiution: Transfer 20.0 mg of Extract to a 
100-mL yolumetric fiask, add 75 ml of Diluent to the 
fiask to suspend the sample, and sonicate for 5 min. 
[Caution— Electrostatic charges may ca use the sample 
to sputter and stick to the sides of the fiask. Carefully 
wash down the product into the fiask using Diluent} 
Diiute with Diluent to volume, and mix well. Allow the 
rnsolubles to settle for at feast 10 min. Pass the super- 
natant through a membranę fiiter of 0,45-jum porę size. 

Sample soiution: Transfer 0,5 mL of the Sample stock 
soiution to an 8-mL vial, and evaporate to dryness with 
the aid of a stream of nitrogen. Dissolve the residue in 
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a 4.0-mL mixture of methyl tert-butyl ether and metha- 
nol (5:95), 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: HPLC 
Detector: 450 nm 

Column: 2.0-mm x 15-cm; 3-pm packing L62 
FIow ratę: 0.4 mL/min 
Injection valume: 10 piL 
System suitability 
Sample: Standard soiulion 

[Notę—T he approximate relative retention times for lu- 
tein and zeaxantliin are 0.87 and 1.0, respectively.] 
Suitability requirements 

Chromatographic similarity: The chromatogram 
from the Standard solution is similar to the reference 
chromatogram provided with the USP Aztec Mangold 
Zeaxanthin Extract RS being used. 

Resolution: NIT 1.0 between zeaxanthin and lutein 
Tallin g factor: NMT 2.0 for the zeaxanthin peak 
Relative standard deviation: NMT 2.0% for the zea- 
xanthin peak 
Analysis 

Sample: Sample solution 
Calcufate the percentage of al!-trans-zeaxanthin 
(CłoHsfiOa) in the portion of the sample taken: 

Resuit - (ra/rr) x T 

r u = peak response of all-tram-zeaxanthin from the 
Sample solution 

rr = sum of Lhe responses for all the peaks from 
the Sample solution 

T - percentage of totaf carotenoids as determfned 
rn the test for Content of To ta I Carotenoids 
Acoeptance criteria: NLT 30,0% of all-from-zeaxanthin 
on the dried basis 

* Lute in and Other Related Compounds 

[Notę—U se low-actinic glassware.] 

Mobile phase, Standard solution, Sample solution, 
Chromatographic system, and System suitability: 
Proceed as directed in the test for Content of 
Zeaxantbin> 

Analysis 

Sample: Sampfe solution 

Calculate the percentage of lutein in the portion of the 
sample taken: 


Result = ( rjrj ) x T 



ru - peak response of lutein from the Sample 
solution 

r T = sum of the responses for all the peaks from 
the Sampfe solution 

T - percentage of total carotenoids as determined 
in the test for Content of Total Carotenoids 
Calculate the percentage of other related compounds in 
the portion of the sample taken: 

Result - ( rulrj ) x 100 

ru = peak response of individual related 

compounds peaks from the Sample solution 
r r = sum of the responses for all the peaks from 
the Sample solution 
Acceptance criteria 
Lutein: NMT 8.0% on the dned basis 
Other related compounds: NMT 2.0% 

O STEREOISOMERIC COMPOSITION 

[Notę —Use low-actinic glassware.] 

Mobile phase: Gradient elution. See Tobie 2 . 


Table 2 


Time 

(min) 

n-Hexane 

(%> 

2-Propamol 

<%> 

0,0 

95 

5 

50 

95 

5 

55 

50 

50 

63 

50 

50 

65 

95 

5 

75 

95 

5 


Standard stock solution: 0.1 mg/ml of USP Aztec Mar- 
igold Zeaxanthin Extract RS in methylene chloride. Son- 
icate if necessary to dissolve the sample. 

Standard solution: Transfer 1.0 mL of the Standard 
stock solution into a 15-mL test tubę, and evaporate to 
dryness with the aid of a stream of nitrogen. Disso]ve 
the residue in a 10.0-mL mixture of 2-propano! and 
hexane (5:95). Pass through a membranę filter of 045- 
]xm porę size. 

Sample stock solution: Weigh 10 mg of Extract into a 
100-mL volumetric fiask, add 85 mL of methylene chlo¬ 
ride, sonicate, and swirl to dissolve. Di lute with methyl¬ 
ene chloride to volume. 

Sample solution: Transfer 1.0 ml of the Sampfe stock 
solution into a 15-mL test tubę, and evaporate to dry¬ 
ness with the aid of a nitrogen stream. Dtssolve the 
residue in a 10.0-mL mixture of 2-propanol and hexane 
(5:95). Pass the solution through a membranę filter of 
0.45-pm porę size. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: HPLC 
Detector: 450 nm 

Column: 4.6-mm x 25-cm; 5-jim packing L51 
FIow ratę: 0.8 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 

[Notę— The approximate relative retention times for 
(3R,3"5 meso)-^eaxanthin, (3fl,3'fl)-zeaxanthrn, and (3 R t 
3"R,6'R)-lutein are 0.92, 1.00, and 1.12, respective!y.] 
Suitability reguirements 

Resolution: The resolution between each pair of 
peaks due to (3fl,3'5 mesó)-zeaxa nthin, (3fl,3'tf)-zea- 
xanthln, and (3R,3'R,6'/?)-lutein is NLT 1,0. 
Chromatogram similarity: The chromatogram from 
the Standard solution is similar to the reference chro¬ 
matogram provided with the USP Aztec Marigold Ze- 
axanthin Extratt RS being used. 

Analysis 

Samples: Standard solution and Sample solution 
Identify the peaks of the relevant analytes in the chro¬ 
matogram of the Sampfe solution by com panno with 
those in the chromatogram of the Standard solution 
obtained from the System suitability. 

Calculate the percentages of (3/?,3'5 meso)-zeaxanthin 
and (3/?,3'/?)-zeaxanthin in the portion of the sample 
taken: 

Result - (r u /rr) x 100 

ru - peak response of the corresponding analyte 
r T = sum of the responses for two peaks 
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Acceptance criteria 
(3 fl, 3' K)’Zeaxanttńn: NLT 99.0% 

(3fl,35 m es o) -Zeax a n th i n: NMT T .0% 

CONTAMINANTS 

• Elemental Imfurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 0.5 pg/g 
Cadmium: NMT T .0 pg/g 
Lead: NMT5.0jig/g 
Mercury: NMT OJ jjg/g 

SPECIFIC TESTS 

■ Loss on Dr v Ing (731) 

Analysis: Dry a sample under vacuum at 105° for 3 h. 

Acceptance criteria: NMT 25,0% 

ADDmONAL REQU1REMENT5 

• PACKACINC and STORAGE: Preserve in tight, light-resistant 

contafners. 

• USP Reference Standard; (11) 

USP Aztec Marigold Zeaxanthin Extract RS 


Bacopa 

DEFINITION 

Bacopa consists of the drred stems and leaves of Bacopa 
monnieri (L.) Pennell (Fam. Scrophuiariaceae). It contains 
NLT 2*5% of triterpene glycosides, cale u lat ed on the dried 
basis as the sum of bacopaside f, bacoside Aj, bacopaside 
II, the jujubogenin isomer of bacopasaponin C, and 
bacopasaponm C* 

IDENTIFICATION 

® A, Bacopa meets the requirements for Spedfic Tests, Bo¬ 
tanicel C haracteristics, 

* B. Thin-Layer Chromatographic Identification Test 
( 201 ) 

Standard solution; Transfer about 10 mg of USP Pow- 
dered Bacopa Extract RS to a 10-mL vo!umetric fiask, 
and add about 8 mL of methanol. Sonicate and heat 
gently for 15-20 min, dilute with methanol to volume, 
mix, centrifuge, and use the supernatant. 

Sample solution: Use the Sample solution, p repa red as 
directed En the test for Content of Triterpene Glycosides. 
Adsorbent: Chromatographic silica gel mixture with an 
average particie size of 10-15 pm (TLC plates) 
Application volume: 15pL, as 5-10 mm bands 
Devefoping solvent system: Ethy! acetate, methanol, 
and water (7:2:1) 

Spray reagent: 1% Vanil!in in alcohol and 10% suifurk 
acitł in alcohol (1:1) 

Analysis 

Sam pies: Standard solution and Sample solution 
Apply the sam pies as bands (see Chromotography (621))* 
Use a saturated cham ber* Develop the chromatograms 
until the solvent front has moved yp about three- 
fourths of the piąte* Remove the pfate from the cham- 
ber, dry, spray with Spray reagent, heat for 5-10 min at 
70% and examme under white light. 

Acceptance criteria: The Sample solution exhibits a 
main dark blue zonę due to a mixture of bacoside Aj, 
bacopaside II, the jujubogenin isomer of bacopasaponm 
C, and bacopasaponm C at an R f value of approxt- 
mately 0.6 and a faint pink spot due to bacopaside I at 
an R f value of approximately 0.4, both of which corre- 
spond in position and color to zones in the chromato- 
gram of the Standard solution . Other zones are ob- 
served for the Sample solution and Standard solution. 

* C HPLC Identification Test: The Sample solution from 

the test for Content of Triterpene Glycosides shows a main 
peak at the retention tirne correspondlng to that of 


bacoside Aj in the chroma tog ram of Standard solution A. 
Identify other triterpene cjlycoside peaks in the Sample 
solution by companson with the chromatogram of Stan¬ 
dard solution B and the reference chromatogram pro- 
vided with the lot of USP Powdered Bacopa Extract RS* 
The Sample solution shows additional peaks correspond- 
ing to bacopaside i, bacopaside II, the jujubogenin iso¬ 
mer of bacopasaponm C, and bacopasaponm C. 

COMPOSfTlON 

* Content of Triterpene Glycosides 

Solution A: Dissolve 0.14 g of anhydrous potassium 
dihydrogen phosphate in 900 mL of water, add 0.5 mL 
of phosphoric acid, dilute with water to 1000 ml, mix, 
filter, and deaas. 

Solution B: Use filtered and degassed acetonitrile. 
Mobile phase: See the gradient table below. 


Time 

(min) 

Solution A 

(%1 

Solution B 

(W 

0 

70 

30 

25 

60 

40 

26 

70 

30 

30 

70 

30 


Standard solution A: Sonicate an accurately weighed 
guantity of USP Bacoside Aj RS in methanol to obtain a 
solution with a concentration of about 0.5 mg/mL* 
Standard solution B: Transfer about 10 mg of USP 
Powdered Bacopa Extract RS to a 10-mL volumetric 
fiask, and add about 8 mL of methanoL Sonicate and 
heat gently for 15-20 min, dilute with methanol to vol- 
ume, and mix* Before injection, pass through a mem¬ 
branę fMter of 0,45-pm or finer porę size, discarding the 
first 5 mL of the filtrate* 

Sample solution: Transfer about 2.5 g of Bacopa, finely 
powdered, to a 100-ml round-bottom fiask fitted with 
a reflux condenser. Add 25 mL of methanol, reflux on a 
water bath for 10 min, cool to room temperatura, and 
decant the supernatant. Repeat until the last extract is 
colorless. Combine the extracts, filter, concentrate 
under vacuum, and adjust the volume to 100 ml using 
methanol* Before injection, pass through a membranę 
filter of 0,45-pm or finer porę slze, discarding the first 
5 mL of the filtrate. 

Chromatographic system 
(See Chromotography (62 1), System Suitability ..) 

Modę: LC 

Detector: UV 205 nm 

Column: 4*6~mm x 25-cm; S-pm, endcapped, base- 
deactiyated packing LI 

Column temperaturę: 27° 

Flow ratę: 1*5 mL/min 
injection volume: 20 pL 
System suitability 

Samples: Standard solution A and Standard solution B 
Suitability requirements 

Chromatogram similanty: The chromatogram from 
Standard solution Bis similarto the reference chro¬ 
matogram provided with the lot of USP Powdered 
Bacopa Extract RS being used. 

Re solution: NLT 1.0 between the bacopaside II and 
bacoside Aj peaks, Standard solution B 
Taiiing factor: NMT 1*5 for the bacoside Aj peak, 
Standard solution A 

Relative standard deviation: NMT 2% determined 
from the bacoside A 3 peak for replicate injections, 
Standard solution A 
Analysis 

Samples: Standard solution A f Standard solution S, and 
Sample solution 

Using the chromatograms of Standard solution A and 
Standard solution B and Lhe reference chromatogram 
provided with the lot of USP Powdered Bacopa Extract 
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RS being used, identify the retention times of the 
peaks corresponding to dEfferent triterpene glycosrdes 
The approxfmate relative retention tEmes of the rde- 
vant trlterpene glycosides are provided in the fol Iow- 
ing tobie. 


Analyte 

Relat!ve 

Retention 

Time 

Bacopaside 1 

0.73 

Bacoside A? 

1.00 

Bacopaside U 

1.04 

The iujuboqenin isomer of bacopasaponin C 

1.15 

Bacopasaponin C 

1.22 


Separately calculate the percentages of bacopaside I, 
bacoslde A 3 , bacopaside II, the jujubogenin isomer of 
bacopasaponin C, and bacopasaponin C in the portior 
of Bacopa taken: 


Result = (ru/rs) x Cj x (V/W) x F x 1 00 

ru - peak response for each triterpene glycoside 
from the Sampie solution 

^ - peak response for bacoside A 3 from Standard 

solution A 

Cs - concentration of USP Bacoside Aj RS in 
Standard solution A (mg/mL) 

V “ finał vo!ume of the Sampie solution (mL) 

W = weight of Bacopa used to prepare the Sampie 
sofudon (mg) 

F ~ conversion factor for each analyte: 1 .00 for 
bacoside Ai, UG3 for bacopaside I, 0.81 for 
bacopaside II, 0.99 for the jujubogenin 
Esom er of bacopasaponin C, and 0.75 for 
bacopasaponin C 

Aceeptance criteria: Add the percentages of bacopa- 
side I, bacoside A 3 , bacopaside II, the jujubogenin iso¬ 
mer of bacopasaponin C, and bacopasaponin C: NLT 
2.5% is found, calculated on the dried basis. 


IMPURITIE5 

® Articles of Botanical Origin, Adddnsoluble Ash (561): 
NMT 6.0% 

• Articles of Botanical Origin, Limits of Efemental Impuri- 
ties(S6\): Meets the requirements 
s Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 2.0% 

o Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the reguErements 



SPEOFSC TE5TS 
» Botanical Characteristics 

Macroscopic: Stern is creeping, succuEent, glabrous, 
soft, obtuse-angular; with long internodes, rooting at 
nodes; devotd of leaves toward the base; branches as- 
cending. Leaves are simple, sessile or short petiolate, 
opposite, succulent, 1-2 mm thiek; oblong-oboyate or 
spatulate, margin en tire or rarely den tatę, apex 
rounded, midrib indrstinct, 0.6-2.5 cm long, 3-8 mm 
wide; the upper surface Es green, the Eower surface Es 
green and dotted. Pharmacopelal articte is yellowish in 
color; consists of dry mrxtures of broken leaves and 
stems, with majority of Ieaves detached; mEld and hay- 
like odor, and very bitter taste. 

Mlcroscopic 

Transverse section of stems: Epldermal layer; a wide 
cortex composed of thin-wall parenchyma cells and 
large intercelEular spaces; xyfem vesse!s radia! ly ar- 
ranged, unEsertate medullary rays; plth composed of 
thin-wall, round or isodiametric cells with dEstinct in- 
tercellular spaces. Resln canals and pericycfic sderelds 
are absent. 


Transverse section of leaves: Shows a morę or less 
isobilateral structure; epidermis with giandular hair and 
stomata; upper surface has morę hairs and less sto- 
mata than tne lower surface; mesophyll composed of 
spongy tEssue, a few prisms of caicium oxalate, and 
vascular bundtes are present 
« LOSS ON DRYING (731) 

Sampie: 1.0 g of finely powdered Bacopa 
Analysis: Dry the Sampie at 105° for 3 n. 

Aceeptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Totai Ash (561) 

Sampie: 1.0 g of finely powdered Bacopa 
Aceeptance criteria: NMT 18% 

« Articles of Botanical Origin, Alcohoi- Soiuble Extractives i 
Method 2 (561): NLT 6.0% 

o Micro Bi al Enumeration Tests (2021): The to tal aerobic 
bacteriai count does not exceed 10 5 cfu/g, the total com¬ 
bi ned molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferant Gram-negative bacteria does not 
exceed IG 3 cfu/g. 

* Absence of Specified Microorganisms (2022): Meets the 

requlrements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

ADDIlTfiONAL REQUIREMENIS 

® Packaging and Storage: Preserve in well-closed contain- 
ers, protected from Ifght and moisture, and storę at 
room temperaturę. 

o Labeling: The label States the Latin blnomiaE and, follow- 
ing the official name, the parts of the ptant contained in 
the article. 

* USP Reference Standards (11) 

USP Bacoside Aa RS 

USP Powdered Bacopa Extract RS 


Powdered Bacopa 


DEFINITiON 

Powdered Bacopa is Bacopa reduced to a powder or very 
fine powder. It contains NLT 23% of triterpene glyco- 
sides, calculated on the dried basis as the sum ot bacopa- 
side I, bacoside A 3 , bacopaside II, the jujubogenin isomer 
of bacopasaponin C, and bacopasaponin C 


IDENTIFICATION 

* A. Powdered Bacopa meets the reguirements under Spe- 

cific Tests , Botanical Characteristics. 

* B* Thin-Layer Chrgmatographic Identification Test 

( 201 ) 

Standard solution: Transfer about 1 0 mg of USP Pow¬ 
dered Bacopa Extract RS to a 10-mL volumetnc fiask, 
and add about 8 mL of methanoL Sonicate and heat 
gently for 15-20 min, dilute with methanol to volume, 
mix, centrEfuge, and use the supernatant. 

Sampie solution: Use the Sampie solution , prepared as 
directed in the test for Content of Triterpene Glycosides. 

Adsorbent: Chromatographic silica gel mExture with an 
average particie size or 10-15 pm (TLC plates) 

Application volume: 15 pL, as 5-10 mm bands 

Developing solvent system: Ethyf a c eta te, methanol, 
and water (7:2:1) 


Spray reagent: 1% Vantltin in alcohol and 10% sulfuric 

^rirf En slrnhnl H 


Analysis 

Samples: Standard solution and Sampie solution 
Appfy the sampfes as bands (see Chromatography 
(621)). Use a saturated chamber. Deve3op the chro- 
matograms until the solvent front has moved up about 
three-fourths of the piąte. Remove the piąte from the 
chamber, dry, spray with Spray reagent heat for 5-10 
min at 70°, and examine under white light. 
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Acceptance criteria: The Sample solution exhibits a 
main dark blue zonę due to mfxture of bacoside A 3 , 
bacopaside II, the jujubogenin isomer of bacopasaponin 
C, and bacopasaponin C at an R f value of approxi- 
mately 0.6 and a faint prnk spot due to bacopaside I at 
an vafue of approximately 0-4, both of whteh corre- 
spond in position and color to zones in the chromato¬ 
gram of tne Standard solution . Other zones are ob- 
served for the Sample solution and Standard solution. 

■ C. HPLC Identification Test: The Sample solution from 
the test for Content of Triterpene Giycosides shows a main 
peak at a retentlon time torresponding to that of baco¬ 
side A 3 in the chromatogram of Standard solution A. Iden- 
tify other triterpene glycoside peaks in the Sample soiu- 
tion by companson with the chrom a tog ram of Standard 
solution B and the reference chromatogram provided 
with the lot of USP Powdered Bacopa Extract RS belng 
used. The Sample solution shows additionaJ peaks corre- 
sponding to bacopaside I, bacopaside I!, the jujubogenin 
isomer of bacopasaponin C, and bacopasaponin C 

COMPOSITION 

* Content of Triterpene Cłycosjdes 

Solution A: Dissoive 0.14 g of anhydrous potassium 
dihydrogen phosphate in 900 ml_ of water, add 0.5 m, 
of phosphoric add, dilute with water to 1000 ml, mix, 
fil ter, and degas. 

Solution B: Use filtered and degassed acetonitrife. 
Mobile phase: See the gradient tobie below. 


Time 

(min) 

Solution A 

(%> 

Solution B 
(°/o) 

0 

70 

30 

25 

60 

40 

26 

70 

30 

30 

70 

30 


Standard solution A: Sonicate an accurately weighed 
quantity of USP Bacoside A 3 RS in methanof to obtain a 
solution having a known concentratlon of about 
0.5 mg/mL. 

Standard solution B: Transfer about 10 mg of USP 
Powdered Bacopa Extract RS to a 10-mL volumetric 
fiask, and add about 8 mL of methanol. Sonicate and 
heat gently for 15-20 min, dilute with methanol to vot- 
ume, and mix. Before injection, pass through a mem- 
brane fil ter of 0.45-pm or finer porę size, dtscarding the 
first 5 mL of the filtrate. 

Sample solution: Transfer about 2.5 g of Powdered 
Bacopa, accurately weighed, to a 100-mL round-bot- 
tom fiask fitted with a reflux condenser. Add 25 mL of 
methanol, reflux on a water bath for 10 min, cool to 
room temperaturę, and decant the supernatant. Repeat 
until the last extract is colorless. Combine the extraots, 
filter, concentrate under vacuum, and adjust the voi- 
ume to 100 mL using methanol. Before injection, pass 
through a membranę filter of 0.45-pm or finer porę 
size, discarding the first 5 mL of the filtrate. 
Chromatograpnic system 
(See Chromatography (62 1), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 

Column: 4.6-mm x 25-cm; 5-pm, endcapped, base- 
deactivated packing LI 
Column temperaturę: 27“ 

Flow ratę: 1,5 mL/min 
Injection volume: 20 pL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability reguirements 

Chromatogram similarity: The chromatogram from 
Standard solution B is simifar to the reference chro- 
matogram provided with the lot of USP Powdered 
Bacopa Extract RS being used. 


Resolution: NLT 1.0 between the bacopaside If and 
bacoside A 3 peaks, Standard solution B 
Tailing factor: MMI 1.5 for the bacoside Au peak, 
Standard solution A 

Relafive standard deviation; NMT 2% determined 
from the bacoside A 3 peak for replicate injections, 
Standard solution A 
Analysis 

Samples: Standard solution A f Standard solution B f and 
Sample solution 

Using the chromatograms of Standard solution A and 
Standard solution B and the reference chromatogram 
rovtded with the lot of USP Powdered Bacopa Extract 
S being used, Edentify the retentlon times of the 
peaks corresponding to different triterpene giycosides. 
The approximate relative retention times of the rele- 
vant triterpene glycosides are provided In the follow- 
ing tubie. 


Analyte 

Relative 

Retentlon 

Time 

Bacopaside 1 

0.73 

Bacoside As 

1.00 

Bacopaside II 

1.04 

The iuiubogenin isomer of bacopasaponin C 

1.15 

Bacopasaponin C 

1.22 


Separatejy calculate the percentages of bacopaside I, 
bacoside A 3 , bacopaside II, the jujubogenin Isomer of 
bacopasaponin C, and bacopasaponin C in the portion 
of Powdered Bacopa taken: 

Result = (r v fr$ x Q x ( V/W) xFx 100 

ru = peak response for each triterpene glycoside 
from the Sampie solution 

r s - peak response for bacoside A 3 from Standard 
solution A 

Cs - concentration of USP Bacoside A 3 RS in 
Standard solution A (mg/mL) 

V = finał vo!ume of the Sampie solution (mL) 

W - wetght of Powdered Bacopa used to prepare 
the Sample solution (mg) 

F = conversion factor for each anafyte: 1.00 for 
bacoside A 3 , 1.03 for bacopaside I, 0.81 for 
bacopaside II, 0.99 for the jujubogenin 
isomer of bacopasaponin C, and 0.75 for 
bacopasaponin C 

Acceptance criteria: Add the percentages of bacopa¬ 
side l, bacoside A 3 , bacopaside ii, the jujubogenin iso¬ 
mer of bacopasaponin C, and bacopasaponin C NLT 
2.5% Is found on the dried basis. 

impurities 

* Articlb of BOTANICAL ORIGIN, Acid-lnsoiuble Ash (561): 

NMT 6.0% 

O ARTICLE5 OF BOTANICAL ORIGIN, iimits of Elemental Impuri- 
ties (561): Meets the reguirements 

* Articles of Botanical Origin, Pesticide Resldues Analysis 

(561): Meets the requirements 

SPECIFIC TEST5 

* Botanical Characteristics: Yellowfsh in color; mild and 

hay-fike odor, and very bitter taste. Under a microscope, 
it shows fragments of upper and lower epiderma! cells of 
the !eaves in surface view, having sessile glandufar 
trichomes with 4-8 ceils and diacytic or anomocytic sto- 
mata; upper epidermis has morę trichomes and less sto- 
mata than the lower epidermis; lower epidermis cefls 
with sinuous antldinal walls and at places striated cuticle; 
fragments of epidermaI cells of the stem in surface view; 
parenehyma cells endosing air cavities and some contain 
rosette and prismatic crystals of calcium oxalate; frag- 
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ments of longitudlnally cut annular and spiral vessels; 
fragments of cortical ceUs of the stem; and oystals of 
calcium oxalate, 

LOSS ON DRYING (731) 

Sampie: 1.0 g of Powdered Bacopa 
Analysis: Dry the Sampie at 105° for 3 h. 

Aceeptance critena: 12.0% 

Articles of Bgtanical Origin, Tatal Ash (561) 

Sampie: 1.0 g of Powdered Bacopa 
Aceeptance critena: NMT 18% 

Articles of Botanical Origin, Alcohol-Soluble Extractives, 
Method 2 (561): NLT 6.0% 

Microbial EnuiuieratioN Tests <2021): The totai aerobic 
bacterial count does not exceed IG 5 cfu/g, the total con> 
bined molds and yeasts count does not exceed 10 s cfu/ 
g, and the biie-tolerant Gram-negative bactena does not 
exceed 1 0 3 cfu/g. 

Absence of Specifeed Microorganisms (2022): Meets the 
reguirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 


Acceptaoce criteria: The Sampie soiution exhibits a 
main dark blue zonę due to a mixture of bacoside A$, 
bacopaside II, the jujubogenin isomer of bacopasaponin 
C, and bacopasaponin C at an R F value of approxi- 
mateiy 0.6 and a faint pink spot due to bacopaside I at 
an R f value of approximately 0.4, both of which corre- 
spond in position and color to zones in the chromato¬ 
gram of the Standard soiution. O ther zones are ob- 
served for the Sampie soiution and Standard soiution. 

* B. HPIC Identification Test: The Sampie soiution from 
the fest for Content of Triterpene Glycosides shows a main 
peak at a retention time corresponding to that of baco¬ 
side A 3 in the chromatogram of Standard soiution A. Iden- 
tlfy other triterpene giycoside peaks in the Sampie solu- 
tion by comparison with the chromatogram of Standard 
soiution B and the reference chromatogram provided 
with the lot of USP Powdered Bacopa Extract RS being 
used. The Sampie soiution shows additional peaks corre¬ 
sponding to bacopaside I, bacopaside II, the jujubogenin 
isomer of bacopasaponin C, and bacopasaponin C. 


ADDITIONAL REQUI RE MENTS 

® Packaging and Storage: Preserve in well-dosed eon tai n- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

» Labeling: The label States the Latin binomiai and, follow- 
ing the official name, the parts of the plant conlarned In 
the artide. 

• USP Reference Standards (11) 

USP Bacoside A.* RS 

USP Powdered Bacopa Extract RS 


Powdered Bacopa Extract 

DEFINITION 

Powdered Bacopa Extract is prepared from Bacopa by ex- 
traction with water, alcohol, methanol, or a mixture of 
these sotvents. The ratio of plant materia! to extract is 
between 20:1 and 10:1. It contains NLT 90.0% and NMT 
110.0% of the labeled amount of triterpene glycosides, 
cakulated on the dried basis as the sum of bacopaside I, 
bacoside A*, bacopaside II, the jujubogenin isomer of 
bacopasaponin C, and bacopasaponin C. It may contain 
sułtanie added substances as carners. 

IDENTIFICATION 

o A, Thin-Layer Chromatographic Identification Test 
Standard soiution: Transfer about 10 mg of USP Pow¬ 
dered Bacopa Extract RS to a IG-mL volumetnc fiask, 
and add about 8 ml of methanol. Sonicate and heat 
gently for 15-20 min, diiute with methanol to volume, 
mix, centrifuge, and use the supernatant 
Sampie soiution: Sonicate for about 10 min an amount 
of Powdered Bacopa Extract equivaient to about 40 mg 
of triterpene glycosides in 10 ml of methanol, centri- 
fugę, and use the supernatant. 

Adsorbent: Chromatographic silica gef mixture with an 
average particie size of 10-15 pm (TLC piates) 
Application volume: 15 pL, as 5-10 mm bands 
Developing solvent system: Ethyl acetate, methanol, 
and water (7:2:1) 

Spray reagent: 1% vanillin in alcohol and 10% sulfuric 
add in alcohol (1:1) 

Analysis 

Samples: Standard soiution and Sampie soiution 
Apply the samples as bands to a suitable thin-layer 
chromatographic piąte (see Chromatography (621)). 
Use a saturated cham ber. Develop the chrom ato- 
grams until the solvent front has moved up about 
three-fourths of the piąte. Remove the piąte from.the 
chamber, dry, spray with Spray reagent , heat for 5-10 
min at about 70°, and examine under visible light. 


COMPOSITION 

& Content of Triterpene Glycosides 

Soiution A: Dissolve 04 4 g of anhydrous potassium 
dihydrogen phosphate in 900 mL of water, add 0.5 mL 
of phosphoric acid, diiute with water to 1000 mL, mix, 
filter, and degas. 

Soiution B: Use filtered and degassed acetonitrife. 

Mobile phase: See the gradient table below. 


Time 

Soiution A 

Soiution B 

(min) 

(W 

(%! 

0 

70 

30 

25 

60 

40 

26 

70 

30 

30 

70 

30 


Standard soiution A: Sonicate a weighed quantity of 
USP Bacoside As RS in methanol to obtain a soiution 
with a concentrafion of about 0.5 mg/mL. 

Standard soiution B: Transfer about 10 mg of USP 
Powdered Bacopa Extract RS to a 10-mL yoiumetric 
fiask, and add about 8 ml of methanol. Sonicate and 
heat gently for 15-20 min, diiute with methanol to vof- 
ume, and mix. Before injection, pass through a mem¬ 
branę filter of 0.45-pm or finer porę size, cnscardlng the 
frrst 5 ml of the fil tratę. 

Sampie soiution: Transfer an amount of Powdered 
Bacopa Extract, equivalent to about 25 mg triterpene 
glycosides, to a 25-mL Yoiumetric fiask, and add 15 mL 
of methanol. Sonicate and heat gently for 15-20 min, 
diiute with methanol to volume, and mix. Before injec¬ 
tion, pass through a membranę filter of 0.45-pm or 
finer porę size, aiscardtng the first 5 mL of the fil tratę. 
Chromatographic system 
(See Chromatography (621), System Suitabiiity.) 

Modę: LC 

Detector: UV 205 nm 

Column: 4,6-mm x 25-cm; 5-pm, endcapped, base- 
deactiyated packing LI 
Column temperaturo: 27 ± 1 ° 

Flow ratę: 1.5 mL/min 
Injection size: 20 j.iL 
System suitabiiity 

Samples: Standard soiution A and Standard soiution B 
Suitabiiity reguirements 

Chromatogram similarity: The chromatogram from 
Standard soiution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Bacopa Extract RS being used. 

Resolution: NLT 1.0 between the bacopaside II and 
bacoside Ai peaks, Standard soiution B 
Tai ling factor: NMT 1.5 for the bacoside A* peak, 
Standard soiution A 
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Relative standard deviation: NMT 2% determined 
from the bacoside A 3 peak for replicate injecttons, 
Standard solution A 
Analysis 

Samples: Standard sol u don A f Standard soludon 8 , and 
Sample soludon 

Using the chromatograms of Standard soludon A and 
Standard soludon B and the reference chromatogram 
provided with the lot of USP Powdered Bacopa Ex- 
tract RS betng used, identify the retention times of 
the peaks corresponding to different tnterpene glyco- 
sides. The approximafce relafive retention times of the 
different tnterpene glycosides are provided in the foi- 
lowing table. 


Analvte 

Relative 

Retention 

Time 

Bacopaside ! 

0.73 

Bacoside At 

1.00 

Bacopaside II 

1.04 

The tujubopenin isomer of bacopasaoontn C 

1.15 

Bacopasaponin C 

1,22 


Separately calculate the percentages of bacopaside I, 
bacoside A 3 , bacopaside li, jujubogenin isomer of 
bacopasaponin C, and bacopasaponin C in the por- 
tlon of Powdered Bacopa Ex tract taken: 

Result = (ru/rs) x (Cs/Cu) x F x 100 

ru = peak response for each triterpene glycoside 
from tne Sample soludon 

h = peak response for bacoside A 3 in Standard 
soludon A 

Cs - concentration of USP Bacoside A 3 RS in 
Standard soludon A (mg/mL) 

Cu = concentration of Powdered Bacopa Extract in 
the Sample soludon (mg/mL) 

F - conversion factor for each analyte: 1* *00 for 
bacoside A 3 , 1.03 for bacopaside I, 0*81 for 
bacopaside II, 0.99 For the jujubogenin 
isomer of bacopasaponin C, and 0,75 for 
bacopasaponin C 

Acceptance criteria: Add the percentages of bacopa¬ 
side I, bacoside A 3 , bacopaside II, the jujubogenin iso¬ 
mer of bacopasaponin C, and bacopasaponin C: NLT 
90.0%-NMT 110.0% of the labeled amount of 
triterpene glycosides is found on the dried basis. 

8MPURITBE5 

Inorgantc Impurities 

Detete the following: 

HEAW Metals, Method fil (231): NMT 20 ppm* 

Jsn-ZOIB) 

Orgamc Impurities 

« Procedurę: Articles of Botanecal Origin, General 
Method for Pesdcide Residues Analysis (561): Meets the 
repuirements 

SPECIFIC TESTS 

o LOSS ON DRYING (731): Dry 1.0 g of Powdered Bacopa 
Extract at 105* for 3 h: it loses NMT 5% of its weignt. 

* MiCROBiAL Enumeration Tests (2021): The Lotaf aerobic 
microbial count does not exceed 10 4 cfu/g. The total 
combined molds and yeasts count does not exceed 10 * 
cfu/g. 

a Microsiological Procedures for Absence of Specified Mi 
CROORGANI5MS (2022): It meets the requirements of the 
tests for absence of Salmonella species and Escherichia 
coli. 


® Other Requirements: It meets the reguirements of the 
test for Residua! Solvents under Botanicel Extracts (565). 

APDITIONAL REQUSREMENTS 

o Packaging and Storage: Preserve in well-dosed contain- 
ers, protected from light and moisture, and storę at eon- 
trolled room temperaturę. 

® Labeling: The labef stafes the Latin binomial and, follow¬ 
ing the official name, the part of the plant from which 
the article was derived. It meets other labefing require- 
ments under Botanical Extracts (565). 

o USP Reference Standard; (11) 

USP Bacoside A 3 RS 

USP Powdered Bacopa Extract RS 


Banaba Leaf 


DEFINITION 

Banaba Leaf consists of the dried leaves of Lagerstroemia 
speciosa (L.) Pers. (Fam. Lythraceae). It contatns NLT 0.2% 
of corosolic acid (C 30 H 4 BO 4 ), calculated on the dried basis. 

IDENTIFICATION 

* A. Meets the requirements for Speciflc Tests , Bota nic 

Characteristlcs 

• B. Then-Layer Chromatography 

Standard solution A: 0.2 mg/mL of USP Corosolic Add 
RS in methanol 

Standard solution B: 10 mg/mL of USP Lagerstroemia 
speciosa Leaf Dry Extract RS in methanol. Sonicate for 
10 min, centrlfuge, and use the supernatant. 

Sample solution: About 0.2 g of Banaba Leaf, finely 
powdered, in 1 0 mL of methanol. Sonicate for 15 min, 
centrifuge, and use supernatant. 

Chromatographlc system 
(See Chromatography (621), Thln-Layer Chromato¬ 
graphy.) 

Modę: HPTLC 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application vol u me: ó pL each of Standard solution A 
and Standard soludon B and 8 pL of the Sample soludon 
as 8 -mm bands 

Relative humidity: Condition the piąte to a relative 
humfdity of about 33% using a suitable deyice. 
Developing solvent system: A mixture of toluene, 
ethyl acetate, and acetic acid (55: 45: 0.5) 
Denvatization reagent: 85 mL of ice-cooled methanol 
mixed with 10 mL of glacial acetic acid, 5 mL of sulfu- 
ric add, and 0.5 mL of p-anisaldehyde 
Analysis 

Samples; Standard solution Ą Standard soludon B f and 
Sample soludon 

Apply the samples as bands to a suitable HPTLC piąte, 
and dry in air. Develop the chromatograms in an un- 
saturated chamber, remove the piąte Trom the cham- 
ber, and dry. Treat with Derivadzadon reagent, heat for 
3 min at 100 D , and examine under visib!e light. 

System suitabiiity: Under visib!e light, the chromato¬ 
gram of Standard solution B exhibits the most intense 
Band, a violet or blue band, with similar R f and coior as 
the corosolic acid band in the chromatogram of Stan¬ 
c/ord solution A ; a blue band elose to the start (about 
0 . 1 ), consistent with asiatic acid; two minor blue bands 
in between the corosolic and asiatic bands; a minor 
blue band due to ylrgatic acid, above the band due to 
corosolic acid; and just below the asiatic band, a minor 
brown band. Standard soludon B ais o exhibits two mi¬ 
nor violet bands, separated, at about three-fourths of 
the chromatogram; the band with the lower R F corre- 
sponds to oleanolic acid. 
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Acceptance criteria: Under visible light, the chromato- 
ram of the Sample solution exhibits the most intense 
and as a vioJet band corresponding in color and R f to 
the band due to corosolic add in the ehromatogram of 
Standard solution A, as well as the foliowing bands eon 
responding to similar bands of Standard solution B: a 
minor blue band close to the start (about R F 0.1), a 
minor brownish band above the corosolic acid, and a 
minor violet band at about three-fourths of the 
ehromatogram. 

• C. HPLC 

Analysis: Proceed as directed in Content of Corosolic 
Acta * 

Acceptance criteria: The ehromatogram of the Sample 
solution exhibits a group of three peaks. The one in the 
center is the most intense of the group and occurs at a 
retention time corresponding to that of corosolic acid in 
the ehromatogram of Standard solution A The peak that 
eJutes before corosolic acid has about one-haff to one- 
third of the intensity of that of corosolic acid, and the 
peak that elutes after corosolic acid has the lesser inten¬ 
sity of the three and is consistent with virgatic acid. A 
minor peak due to oleanolic acid elutes later in the 
ehromatogram. 

COMPOSITION 

• Content of Corosolic Acid 

Solution A: Dilute 0.1% phosphoric add in water. 
Solution B: Acetonitrile 

Mobile phase: A mixture of Solution A and Solution B 
(4:6) 

Standard solution A: 0.1 mg/ml of USP Corosolic Acid 
RS in methanol 

Standard solution B: 5.0 mg/mL of USP Lagerstroemio 
speciosa Leaf Dry £xtract RS in methanol. Sonicate rf 
necessary. Before injection, pass through a membranę 
filter of 0.45-jum or finer porę size. Discard the first few 
mL of the filtrate, 

Sample solution: Transfer about 5.0 g of Banaba Leaf, 
finely powdered and accurately weighed, to a round- 
bottom fiask. Add 75 mL of methanol, refiux for 15 
min, set aside to settle, and decant the supernatant. 
Repeat the extraction three morę times, then combrne 
the extracts. ftlter, and concentrate under reduced 
pressure. Transfer to a 100-mL voiumetrtc fiask, adjust 
with methanol to volume, and mix, Before injection, 
pass through a membranę filter of 0,45-pm or finer 
porę size. Discard the first few mL of the frltrate. 
Chromatographic system 
(See Chromatograpny (62)\ System Suitabifity.) 

Modę: LC 

Detector: UV 205 nm 

Column: 4.6-mm x 25-cm; 5-pm packing LI 

CoJumn temperaturo: 25° 

Flow ratę: 1.6 mL/min 
Injection volume: 20 pL 
System suitabrlity 

Sam pies: Standard solution A and Standard solution B 
[Notę—T he approximate relative retention times of the 
individuaf peaks for corosolic acid, virgatic acid, and 
oleanolic acid are 1.0, 1,1, and 3.2, respectivefy.] 
Suitability regurrements 

ehromatogram similarity: The ehromatogram from 
Standard solution B is similar to the reference chro- 
matogram provided with the fot of USP Lagerstroemio 
speciosa Leaf Dry Extract RS being used. 

Resolution: NLT 1 ,5 between the corosolic add peak 
and the preoeding peak, Standard solution B 
Tailing factor: NMT 2,0 for the corosolic acid peak, 
Standard solution A 

Relative standard deviation: NMT 2,0% determined 
from the corosolic add peak in repeated injections, 
Standard solution A 


Analysis 

Samples: Standard solution A , Standard solution B, and 
Sample solution 

Idendfy the relative retention times of the peaks for 
corosolic acid, virgatic acid, and oleanolic add in the 
Sample solution . 

Calculate the percentage of corosolic acid in the por- 
tion of Banaba Leaf taken: 

Result = (ry/r 5 ) x C s x (V/W) x 100 

fv = peak area of corosolic add from Sample 

solution 

r$ = peak area of corosolic add from Standard 
solution A 

Cs = concentration of corosolic add in Standard 
solution A (mg/mL) 

V = volume of Sample solution (mL) 

W = weight of Banaba Leaf taken to prepare the 

Sample solution (mg) 

Acceptance criteria; NLT 0.2% of corosolic acid on the 
dried basis 

CONTAMINANTS 

* elemental Iiwpurities—PROCEDURES (233) 

Acceptance criteria 
Arsenie: NMT 2.0|ig/g 
Cadmlum: NMT 0.5 pg/g 
Lead: NMT 5 pg/g 
Mercury: NMT 0,2pg/g 

* Articles of Botanical Origin, General Method for Pesti- 

cide Residues Analysis (561); Meets the requirements 

* Microbial Enumeration Tests (2021); The to tal aerobic 

bacterial count does not exceed 10 S cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 3 du/ 

, and the bile-tolerant Cram-negative bacteria count 
oes not exceed 10* cfu/g. 

® Absence of Speofied Microorganisms (2022); Meets the 
reguirements of the tests for absence of Salmonella spe- 
cies and Escheńchia coli 

SPECIFIC TESTS 

* Botanic Characteristtos 

Macroscopic: Banaba leaves vary in shape, including 
lanceolate, oblong-lanceofate, oblong, and elliptic 
ovate, They are up to 34 cm long and 11 cm wide; ol- 
ive green to yellowish brown; entrrely or slrghtly wavy 
at the margins; base atute; apex acute to acuminate; 
leathery in texture; and petiolate with petioles up to 
1 cm (ong. 

Microscopic 

Transverse section of the midrib: A iayer of upper 
epidermis composed of rectangular to round cells cov- 
ered with thin eutiele; a few layers of collenchyma 
cells; numerous layers of parenchyma cells, some con- 
taining cluster crystals of calcium oxafate, with large 
intercellular spaces; groups of Jignified fiber bundles; 
and secretory canais scattered in the parenchyma 
zonę. Bicoilateral vascular bundle encircled by a con- 
tinuous sheath of fibers accompanied by sderenchyma 
and cells containing cluster crystals of calcium oxafate; 
secretory canals between the vascular bundles; numer¬ 
ous layers of parenchyma cells, some containing dus- 
ter crystals of calcium oxaiate, with large intercellular 
spaces; a few layers of collenchyma; a Tayer of lower 
epidermal celis. 

Transverse section of the lamina: A Iayer of upper 
epidermis composed of rectangular cells about twice 
as large as those of the lower epidermis. Some cells 
are secretory cells, which tend to protrude into the 
mesophyll and sometimes appear to be below the up¬ 
per epidermis. Twa layers of rectangular palisadę cells; 
4-Ó layers of parenchyma cells, some containing 
prisms of calcium oxalate and others containing clus- 
ters crystals of calcium oxalate, with large intercellular 
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spaces; groups of vascular bundles scattered in the pa- 
rencbyma zonę; iower epidermis showing stomata. 

* Articles of Botami cal Origin, Foreign Organie Matter 
(561): NMT 2.0% 

* Loss on Drying (731) 

Analysis: Dry 2* *0 g of Banaba Leaf, finely powdered, at 
105° for 2 h, 

Acceptance criteria; NMT 10% 
o Articles of Botanicał Origin, Totai Ash (561) 

Analysis: 2.0 g of Banaba Leaf, finely powdered 
Acceptance criteria: NMT 7,0% 

» Articles of Botanicał Origin, AlcohohSoiuble Extractives, 
Method 1 (561): NMT 10.0% 

* Articles of Botanicał Origin, Acid-lnsoluble Ash (561) 

Analysis: 4,0 g of Banaba Leaf, finely powdered 
Acceptance criteria: NMT 2% 

® Articles of Botanicał Origin, Water-Soiuble Extractives f 
Method 1 (561): NLT18.0% 

AODITIONAL REQIIIR£IV8ENT5 

* Packaging and Storage: Preserve in welLclosed contain- 
ers, protected from light and mofsture, and storę at 
room temperaturę. 

o LA8ELING: The label States the Latin binomial and, follow- 
ing the offidal name, the part(s) of the plant contained 
in the artlele. 

* USP Reference Standards (11) 

USP Corosolic Acid RS 

USP Lagerstroemia spedosa Leaf Dry Extract RS 


Banaba Leaf Powder 


DEFINITION 

Banaba Leaf Powder consists of the dried leave$ of Lager¬ 
stroemia spedosa (L.) Pers. (Fam. Lythraceae) reduced to 
powder or very ftne powder* It contalns NLT 0.2% of the 
(abeled amount of corosolic acid (G^H mCh), calculated on 
the dried basis. 

IDENTIFICATION 

* A. Meets the requirements for Spedfic Tests , Bolonie 
Charactenstics 

« E . Thin-Layer Chromatography 

Standard solution A: 0.2 mg/mL of USP Corosolic Acid 
RS in methanol 

Standard solution B: 10 mg/mL of USP Lagerstroemia 
spedosa Leaf Dry Extract RS in melhanol. Sonicate for 
10 min, centrifuge, and use the supernatant, 

Sampie solution: About 0.2 g of Banaba Leaf Powder 
in 10 mL of methanol* Sonicate for 15 min, centrifugą 
and use the supernatant. 

Chromatographie system 

(See Chromatograpny (621 ), Thin-Layer Chromało- 
graphy.) 

Modę: HPTLC 

Adsorbent: Chromatographie silica gel mixture with 
an average particie size ot 5 \im (HPTLC plates) 
Application vo!ume: 6 pL each of Standard solution A 
and Standard solution B and 8 pL of the Sampfe solution 
as 8-mm bands 

Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device* 

Colunrm temperaturę: 25 Q 

Developing solvent system: A mixture of toluene, 
ethyl acetale, and acetic add (55: 45; 0,5) 
Derivatizatfon reagent: 85 mL of ice-cooled methanol 
mixed with 7 0 mL of glacial acetic acid, 5 mL of sulfu- 
ric add, and 0.5 mL of p-anisaldehyde 


Analysis 

Sam pies: Standard solution A t Standard solution B f and 
Sampie solution 

Apply the samples as bands to a suitable HPTLC piąte, 
and dry in a Er. Develop the c lirom atograms m an un- 
saturated cham ber, remove the piąte from the cham- 
ber, and dry. Treat with Derivatization reagent t heat for 
3 min at 1Q0 n , and examtne under visible light. 

System suitability: Under visible fight, the chromało- 
ram of Standard solution B exhibits the most intense 
and, a violet or blue band, with similar R f and color as 
the corosofic add band in the chromatogram of Stan¬ 
dard solution A ; a blue band close to the start (about R F 
0,1), consistent with asiatic acid; two minor blue bands 
in between the corosolic and asiatic bands; a minor 
blue band due to virgatic acid, above the band due to 
corosolic acid; and just below the asiatic band, a minor 
brown band. Standard solution B also exhibits two mi¬ 
nor violet bands, separated, at about three-fourths of 
the chromatogram; the band with the lower Rr corre- 
sponds to ofeanolic acid* 

Acceptance criteria: Under Ytsible light, the chromato- 
ram of the Sampie solution exhibits the most intense 
and as a violet band corresponding in color and to 
the band due to corosolic acid in the chromatogram of 
Standard solution A , as well as the following bands cor¬ 
responding to similar bands of Standard solution B : a 
minor blue band close to the start (about R f 0*1), a 
minor brownish band above the corosolic acid, and a 
minor violet band at about three-fourths of the 
chromatogram. 
o C. HPiC 

Analysis: Proceed as directed in Content of Corosofic 
Acid * 

Acceptance criteria: The chromatogram of the Sampie 
solution exhlbits a group of three peaks* The one in the 
center is the most intense of the group and occurs at a 
retentlon time corresponding to that of corosolic acid in 
the chromatogram of Standard solution A . The peak that 
elutes before corosolic acid has about one-half to one- 
third of the Intensity of that of corosolic add, and the 
peak that elutes after corosolic acid has the lesser inten¬ 
sity of the three and is consistent with virgatic acid. A 
minor peak due to oleanolic acid elutes later in the 
chromatogram* 

COMPOSITION 
o Content of Corosolic Acid 

Solution A: Dilute 0*1% phosphoric add in water. 
Solution B: Acetonitrile 

Mobile phase: A mixture of Solution A and Solution B 
(4:6) 

Standard solution A: 0.7 mg/mL of USP Corosolic Acid 
RS in methanol 

Standard solution B: 5,0 mg/mL of USP Lagerstroemia 
spedosa Leaf Dry Extract RS in methanol. Sonicate lf 
necessary. Before injection, pass through a membranę 
f ii ter of 0.45-pm or finer porę size. Discard the first few 
mL of the f litra te, 

Sampie solution: Transfer about 5.0 g of Banaba Leaf 
Powder, accurately weighed, to a round-bottom fiask. 
Add 75 mL of methanol, refiux for 15 min, set aside to 
settle, and decant the supernatant. Repeat the extrac- 
tion three morę times, then comblne the extracts. Filter, 
and concentrate under reduced pressure, Transfer to a 
100-ml volumetric fiask, adjust with methanol to vol- 
ume, and mix* Before Injection, pass through a mem¬ 
branę filter of 0.45 -ll m or finer porę size* Discard the 
first few mL of the filtrate* 
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Chromatographic system 

(See Chromotograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 

Coiumn: 4i-mm x 25-cm; 5-jim packlng LI 

Flow ratę: 1.6 mL/min 

Injectlon volume: 20 fiL 

System suitability 

Samples: Standard solution A and Standard solution B 
[NOTĘ —The approximate relative retention times of the 
indMdual peaks for corosolic acid, virgatic add, and 
oleanolic add are 1* *0, 1*1, and 3.2 min, respectively.] 
Suitability requirements 

Chromatograrn similarity: The chromatogram from 
Standard solution B is stmilar to the reference chro¬ 
matogram provided with the lot of USP Lager¬ 
stroemia speciosa Leaf Dry Extract RS being used, 
Resolution: NLT 1.5 between the corosolic acid 
peak and the preceding peak, Standard solution B 
Tailing factor: NMT 2.0 for the corosolic acid peak. 
Standard solution A 

Re!ative standard deviation: NMT 2.0% deter- 
mined from the corosollc acid peak in repeated in- 
jections, Standard solution A 
Analysis 

Samples: Standard solution A t Standard solution B, and 
Sample solution 

Identify the relative retention times of the peaks for 
corosollc acid, virgatic acid, and oleanolic acid In the 
Sample solution * 

Calculate the percentage of the labeled amount of 
corosollc acid In the portion of Banaba Leaf Powder 
taken: 

Result = (fu/rs) x Q x (V/W) x 100 

ru - peak area of corosollc acid from the Sampfe 
solution 

r$ = peak area of corosolic acid from Standard 
solution A 

Q - concentration of corosolic add in Standard 
solution A (mg/mL) 

V - volume of the Sample solution (ml) 

W = weight of Banaba Leaf Powder taken to 
p rep are the Sample solution (mg) 

Acceptance criteria: NLT 0*2% of the labeled amount 
of corosolic acid on the drietl basis 

CONTAMINANTS 

* Elementał Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 2.0 pg/g 
Cadmium: NMT 0.5 pg/g 
Lead: NMT 5 pg/g 
Mercury: NMT 0,2pg/g 

* Articles of Botanical Origin, General Method for Pesti- 

cide Residues Analysis (561): Meets the reguirements 

* Microbial Enumeration Tests (2021): The totai aerobic 

bacterial count does not exceed 10 -1 cfu/g, and the totai 
combined molds and yeasts count does not exceed 10 2 
cfu/g. 

* Microbial Proceoures for Absence of Specified Microor- 
ganisms (2022): Meets the requtrements of the tests for 
absence of Salmonella spec i es and Eschenchia coli 

SPECIFiC TESTS 
O Eotanic Characteristics 

Macroscopic: Crayish-green powder 
Microscopic: Fragments of upper epidermis with poly- 
gonal cells, some containing ca Idu m oxalate crystals, 
and no stomata; fragments of lower epidermis celfs 
with irregutar shapes and slightly wavy walls, anomo- 
cytic stomata; fragments of upper epidermal cells with 
underlying palisadę cells; fragments of parenchyma 
cells, some containing prisms of calcium oxalate and 


others containing cfuster crystals of calcium oxalate; oii 
celis; fragments of lignified fi bers; fragments of spiral 
vessels; fragments of pitted vessels associated with 
fibers 

a Articles of Botanical Origin, General Method for Pesti- 
cide Residues Analysis (561): Meets the reguirements 

# Loss on Drying (731) 

Sample: 2.0 g of Banaba Leaf, finely powdered 
Analysis: Dry the Sample at 105° for 2 hu 
Acceptance criteria: NMT 1 0% 

® Articles of Botanical Origin, Totai Ash (561) 

Analysis: 2.0 g of Banaba Leaf, finely powdered 
Acceptance criteria: NMT 7.0% 
a Articles of Botanical Origin, Aciddnsoluhle Ash (561) 
Analysis: 4.0 g of Banaba Leaf, finely powdered 
Acceptance criteria; NMT 2% 
o Articles of Botanical Origin, AlcohohSoluble Extraciives / 
Method 1 (561): NLT 10.0% 

* Articles of Botanical Origin, Water-Soluble Extractives, 

Method 1 (561): NLT 18,0% 

ADD1TIONAL REQU9REMENTS 

& Packaging and Storage: Preserve in well-dosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

• LABELING: The label States the Latin binomial and, follow- 

ing the offtcial name, the part(s) of the plant contained 
in the article. 

o OSP Reference Standards (11) 

USP Corosolic Acid RS 

USP Lagerstroemia speciosa Leaf Dry Extract RS 


Banaba Leaf Dry Extract 

DEHNITION 

Banaba Leaf Dry Extract consists of the dried leaves of Lagę- 
troemia speciosa (L.) Pers. (Fam, Lythraceae) by extraction 
with hydroalcohoJic mixtures* It contains NLT 90.0% and 
NMT 110.0% of the labeled amount of corosolic acid 
(C 30 H 4 SO 4 ), calculated on the dried basis. 

IDENTIFICATION 

* A. Meets the requirements for Spedfic Tests , Botanic 

Characteristics 

* B. Thjn-Layer Chromatography 

Standard solution A: 0*2 mg/mL of USP Corosolic Acid 
RS in methanol 

Standard solution B: 10 mg/mL of USP Lagerstroemia 
speciosa Leaf Dry Extract RS Sn methanol. Sonicate for 
10 min, centrifuge, and use the supernatant. 

Sample solution: Banaba Leaf Dry Extract in methanol 
at a concentration equivafent to 0*2 mg/mL of corosolic 
add accordlng to the label claim. Sonicate if necessary. 
Chromatographic system 

(See Chromotograpny (621), Thin-Layer Chromato- 
graphy *) 

Modę: HPTLC 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 6 pL as 8 -mm bands 
Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device* 
Column temperaturę: 25 d 

Developing solvent system: A mixture of toluene, 
ethyt acetate, and acetic add (55: 45: 0*5) 

Developing distance: 6 cm 

Derivatization reagent: 85 mL of ice-cooled methanol 
mixed with 10 mL of glacial acetic add, 5 mL of sulfu- 
ric acid, and 0.5 mL of p-anisaldehyde 
Analysis 

Samples: Standard solution A f Standard solution B , and 
Sample solution 
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Apply 
and c 


f the samples as bands to a sultable HPTLC piąte, 
and dry in alr. Develop the chromatograms in an un- 
saturated chamber, remove the piąte from the cham¬ 


ber, and dr> 
3 min at II 


Treat with Derivatiżation reagent, heat for 


dry. Ir 

100 *, and examine under visible light. 

System suitability: Under vislble light, the chromato- 
gram of Standard sofution B exhibits the most intense 
band, a violet or blue band, with similar Rf and color as 
the corosolic acid band in the chromatogram of Stan¬ 
dard sofution A; a blue band close to the start (about Rp 
0.1), consistent with asiatic acid; two minor blue bancs 
in between the corosolic and asiatic bands; a minor 
blue band due to virgatic acid, above the band due to 
corosolic acid; and just below the asiatic band, a minor 
brown band. Standard sofution B also exhibits two mi¬ 
nor violet bands, separated, at about three-fourths of 
the chromatogram; the band with the lower R F corre- 
sponds to oleanolic acid. 

Acceptance cnteria: Under visib!e light, the chromato¬ 
gram of the Sampfe sofution exhlbits the most intense 
band as a violet band corresponding in color and Rf to 
the band due to corosolic acid in the chromatogram of 
Standard solution A , as well as the following bands cor¬ 
responding to similar bands of Standard solution B: a 
minor blue band close to the start (about Rf 0.1), two 
minor purple bands below the corosolic acid, two mi¬ 
nor blue bands above the corosolic acid, and two mi¬ 
nor violet bands, which are separated, at about three- 
fourths of the chromatogram . 

C HPLC 

Analysis: Proceed as directed in Content of Corosolic 
Acid . 

Acceptance critena: The chromatogram of the Sample 
solution exhibit$ a group of three peaks. The one in the 
center is the most intense of the group and occurs at a 
retention time corresponding to that of corosolic acid in 
the chromatogram of Standard solution A The peak that 
elutes before corosolic acid has about one-ha!f to one- 
third of the intensity of that of corosolic acid, and the 
peak that elutes after corosolic acid has the lesser inten¬ 
sity of the three and is consistent with virgatic acid. A 
minor peak due to oleanolic acid elutes later in the 
chromatogram. 


C OM PO S1TIO N 
® Content of Corosolic Acid 

Solution A: Dilute 0.1% phosphoric acid in water. 
Solution B: Acetonitrile 

Mobile phase: A mixture of Sofution A and Solution B 
(4:6) 

Standard solution A: 0.1 mg/mL of USP Corosolic Acid 
RS in methanol 

Standard solution B: 5.0 mg/mL of USP tagerstroemio 
spedosa Leaf Dry Extract RS in methanol. Sonfcate if 
necessary. Before injection, pass through a membranę 
fi [ter of 0.45-pm or fi ner porę size, Discard the first few 
ml of the filtra te. 

Sample solution: Banaba Leaf Dry Extract in methanol 
at a concentration equivalent to 0.1 mg/mL of corosolic 
acid according to the iabel ctaim. Sonicate if necessary. 
Before injection, pass through a membranę filter of 
0.45-Lim or finer porę size. Discard the first few mL of 
the fiitrate, 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 

Column: 4.6-mm x 25-cm; 5-|im packing LI 

Flow ratę: 1.6 mL/min 

Injection volume: 20 pL 

System suitability 

Sam pies: Standard sofution A and Standard solution B 
[Notę— The approximate relative retenLion times.of the 
individual peaks for corosolic acid, virgatic acid, and 
oleanolic add are 1.00, 1.1, and 3.2, respectively.] 


Suitability reguirements 

Chromatogram similarity: The chromatogram from 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Lager- 
stroemia spedosa Leaf Dry Extraet RS being used. 

Resolution: NLT 1.5 between the corosolic acid 
peak and the preceding peak, Standard sofution B 

Tailing factor: NMT 2.0 for the corosolic acid peak, 
5 fon dard solution A 

Relative standard deviation: NMT 2.0%, deter- 
mined from the corosolic acid peak in repeated in- 
jections. Standard sofution A 
Analysis 

Sam pies: Standard solution Ą Standard solution B, and 
Sample solution 

Identify the relative retention limes of the peaks for 
corosolic acid, yirgatic acid, and oleanolic acid of the 
Sample solution . 

Calculate the percentage of the labeled amount of 
corosolic acid in the portion of Banaba Leaf Dry Ex- 
tract taken: 


Result = (rufrs) x (G/Q>) x 100 

ru - peak area of corosolic acid from the Sampfe 
solution 

r$ - peak area of corosolic acid from Standard 
sofution A 

Cs = concentration of corosolic acid in Standard 
sofution A (mg/mL) 

Cu - concentration of Banaba Leaf Dry Extract in 
the Sample solution (mg/mL) 

Calculate the percentage of the Tabel ed amount of 
corosolic acid in the portion of Extract taken: 

ResuJt = (P/L) x 100 

R - content of corosolic add as determined above 

(%) 

i = labeled amount of corosolic acid (%) 
Acceptance critena: 9Q.Q%-11G.Q% of the labeled 
amount of corosolic acid on the dried basis 

CONTAMINANT5 

O ELEMENTAL iMPURITIES—PROCEDURES (233) 

Acceptance cnteria 
Arsenie: NMT 2.0 pg/g 
Cadmium: NMT 0.5 pg/g 
Lead: NMT 5 pg/g 
Mercury: NMT 0.2 pg/g 

* Articłes of Botanical Omom, Geneza/ Method for Pesti- 

cide Residues Analysis (561); Meets the requirements 

* Microbial Enłjmeration Tests (202T): The total aerobic 

microbial count does not exceed 10^ cfu/g, and the total 
tombrned molds and yeasts count does not exceed 1 O 3 
cfu/g. 

* Microbial Procedures for Absence of Specified Microor 

GANlsrws (2022): Meets the requirements of the tests for 
absence of Salmonella species and Escherichta coli 

SPECSFIC TESTS 
O Loss ON Drying (731) 

Sample: 2.0 g of Banaba Leaf Dry Extract 
Analysis: Dry the Sampie at 105° for 2 h. 

Acceptance cnteria: NMT 8% 

ADDITIGNAl R£QUIREMENT5 

0 PACKAGJNG and STORAGE: Preserve in well-closed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

* Labeling: The Iabel States the Latin binomial and, follow¬ 

ing the official name, the parts of the plant from which 
the artlde was derived. It meets other labeling require- 
ments in Bo fan/ca/ Extracts (5 65). 
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* USP Reference Standards (11) 

USP Corosolic Add RS 

USP Lagerstroemia speciosa Leaf D ry Extract RS 


Beta Carotene —see Beto Carotene General 
Monographs 


Beta Carotene Preparation 

DEFINITION 

Beta Carotene Preparation is a combination of beta carotene 
witli one or morę inert substances, It may be in a solid or 
a ltquid form, It contains NLT 95,0% and NMT 130,0% of 
the labeled amount of to tal beta carotene (GiaHse) on the 
anhydrous basis. 

IDENTIFICATION 

* A, 

Sample solution: Transfer 5,0 mL of Sample stock solu¬ 
tion A or Sample stock solution B from the test for Con- 
tent of Beta Corotene to a 100-mL volumetric fiask, and 
dilute with cydohexane to volume. Pass the solution 
through a membranę fil ter of 0.45-j.im porę size. 
Analysis: Record the UV-Vis spectrum from 300 to 600 
nm. 

Acceptance crlteria: The Sample solution shows a shoul- 
der at about 427 nm, an absorption maximum at about 
455 nm, and another maximum at about 483 nm. The 
absorbance ratio ApWAmj is between 1,14 and 1.18, 

* B* The retention time of the major peak of the Sample 

solution corresponds to that of the Standard solution , as 
obtained in the test for Content of Beta Carotene, 

COMPOSmON 

* Content of beta Carotene 

[ŃOTE—Use low-actinic glassware,] 

Mobile phase: Transfer 50 mg of butylated hydroxytol- 
uene to a 1-L volumetric fiask, and dissolve with 20 mL 
of 2-propanoL Add 0.2 mL of N-ethyfdiisopropylarnine, 
25 mL of 0,2% ammonium acetate solution, 455 mL of 
acetonttrile, and about 450 mL of methanol. Allow the 
solution to reach room temperaturę, and dilute with 
methanol to volume, 

Diluent: 50 pg/ml of butylated hydroxytoluene in 
alcohol 

System suitability solution: Transfer 20 mg of USP Beta 
Carotene System Suitability RS to a 50-mL volumetric 
fiask, Add 1 mL of water and 4 mL of tetrahydrofuran, 
and sonicate for 5 min. Dilute with Diluent to voiume, 
and sonicate for 5 min. Cool to room temperaturę, pass 
the suspension through a membranę filter of 0,45-tim 
porę size, and use the elear fiitrate. 

Standard stock solution: 60 pg/mL of USP Beta Caro¬ 
tene RS in tetrahydrofuran 

Standard solution A: Transfer 5,0 mL of the Standard 
stock solution to a 100-mL volumetric fiask, add 5,0 mL 
of tetrahydrofuran, and dilute with Diluent to volume. 
The concentration of the all-from-beta carotene in this 
solution will be determined by the spectrophotometric 
procedurę uslng Standard solution B as follows. 

Standard solution B; Transfer 5*0 mL of the Standard 
stock solution to a 100-mL vofumetric fiask, and dilute 
with cyclohexane to vo!ume, Prepare in triplicate* 
Instrumental conditions 
(See Uttraviofet-Visible Spectroscopy (857).) 


Analyticai wavelength: 456 nm 
Celi path: 1 cm 
Blank: Cyclohexane 
Analysis 

Sample: Standard solution B 
Calculate the concentration of total beta carotene 
(mg/mL) as ałl-trom-beta carotene (C 4 oH 5 fi) in Standard 
solution B: 

Result = A/F 

A = average absorbance of the three preparations 
of Standard solution B 

F - absorptivity of pure all-trons-beta carotene in 
cydohexane, 250,5 

Sample stock solution A (for solid Beta Carotene Prepa¬ 
rations): Transfer a quantity of Preparation, equivalent 
to 10 mg of beta carotene, to a 250-mL volumetric 
fiask. Add 250 mg of butylated hydroxytoluene, 0,5 mL 
of aJkaiine protease R, and 15 mL of water, Tilt the fiask 
gently to wet the entire eon ten Ls. Sonicate the solution 
in an ultrasonic bath at about 50° for 30 min, and swirl 
at 10-min intervals. Add 100 mL of alcohol to the warm 
suspension, and shake vigorously, Add 135 mL of meth¬ 
ylene chloride, and shake again, Let the mixture stand 
in the dark until it reaches room temperaturę (about 2 
h). Dilute with methylene chloride to volume, shake 
vigorously, and allow solids to settle in the dark, 

Sample stock solution B (for liguid Beta Carotene sus- 
pensions in otl Preparations): Transfer a quantity of 
Preparation, equivalent to 20 mg of beta carotene, to a 
250-mL volumetric fiask. Add 250 mg of butylated 
hydroxytoluene, 120mL of methylene chloride, and 
100 mL of alcohol. Shake the fiask until the sample is 
completely dissolyed or suspended* * Let the mixture 
stand in the dark until it reaches room temperaturę 
(about 2 h), Add methylene chloride to volume, and 
shake again vigorous!y* 

Sample solution: Transfer 5.0 mL of Sample stock solu¬ 
tion A or Sample stock solution B to a 50-mL volumetric 
fiask, and dilute with a mixture of methylene chloride 
and Diluent (1:1) to volume. Pass through a membranę 
filter of 0,45-um porę size. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 448 nm 

Column: 4.6-mm x 25-cm; 5-pm packing L68 
Column temperaturę: 30° 

Flow ratę: 0,6 mL/mln 
Injection volume: 20 pL 
System suitability 

Samplesr System suitability solution and Standard solu¬ 
tion A 

The approximate relative retention Limes of the cornpo- 
nents in the System suitabilky solution are listed in 7o- 
ble h 


Table 1 


Na me 

Reliitlve 

Retention 

Tfme 

Relafiue 

Response 

Factor 

a\\-trans -Alpha carotene 

0.93 

1*0 

all-frons-Beta carotene 

1.00 

1*0 

9-ris-Beta carotene 

1*07 

TO 

13-cis-Be ta carotene 

1,17 

1,2 

15-ris-Beta carotene 

1,21 

1.4 


Suitability requirements 

Resolution: NLT 1,2 between beta carotene and af- 
ha carotene and between beta carotene and 9-ds- 
eta carotene, System suitability solution 
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Tali Ing factor: NMT 2.0 for the beta carotene peak, 
Standard solution A 

Re!atlve standard deviatlon: NMT 2* *0% for the beta 
carotene peak from replicate Injections, Standard solu- 
tion A 

Chromatogram similarity: The chromatogram from 
the System suitability solution is similar to the refer- 
ence chromatogram provided with the lot of USP 
Beta Carotene System Suitability RS being used. 

Analysls 

Sam pies: Standard solution A and Sample solution 
Record the chromatograms, and identify the peaks of 
the relevant analytes of the Sample solution by compar- 
ing with those of the System suitability solution. Meas- 
ure the peak area responses. 

Calculate the percentage of the labeled amount of total 
beta carotene in the portion of Preparation taken: 

Result = (ru/fs) x (G/Cu) x 100 

ru = [(peak area of all-frww-beta carotene) + (peak 
area of 9-c/s-beta carotene) 4* (peak area of 
1 3-cfs-beta carotene x 1 2) + (peak area of 
15-c/s-beta carotene x 1.4) + (sum of peak 
areas of other os-isomers of beta carotene)] 
in the Sample solution 

rj - peak area of all-frans-beta carotene in 
Standard solution A 

C s = concentration of all-tram-beta carotene in 
Standard solution A as determined by 
spectrometric procedurę (mg/mL) 

C y - nominał concentration of Preparation in the 
Sampie solution (mg/mL) 

Calculate the percentage of the labeled amount of alh 
frons-beta carotene in the portion of Preparation 
taken: 

Result = (rufo) x (G/Cy) x 100 

ru ~ peak area of all-frons-beta carotene in the 
Sample solution 

r 5 - peak area of all-frans-beta carotene in 
Standard solution A 

Q = concentration of all-trons-beta carotene in 
Standard solution A as determrned by 
spectrometric procedurę (rng/mL) 

Cu = nominał concentration of Preparation in the 
Sample solution (mg/mL) 

Acceptance criterla: The Preparation contains 
95.0%-13Q.0% of the labeled amount of total beta car¬ 
otene, caleulated as (OoHss) on the anhydrous basis, 

• Alpha Carotene and Other Related Compounds 

Mobile phase, System suitability solution, Sampie so¬ 
lution, and Chromatographic system: Proceea as dl- 
rected in the test for Content of Beta Carotene. 

Injection volume: 20 pL 

Analysls 

Sample: Sample solution 

Calculate the percentage of alpha carotene and other 
individual related compounds relative to total beta car¬ 
otene in the portion of Preparation taken: 

Result = (fyfo) x 100 

fu - peak area of alpha carotene or other 

individual related compounds from the 
Somple solution 

tr ^ sum of the peak areas of all the peaks from 
the Sample solution 

Acceptance criteria 
Alpna carotene: NMT 1.0% 

Any other indlvidual related compound: NMT 1*0% 
Total related compounds (rncluding alpha carotene): 
NMT 5% 


IMPURITIE5 

* Residue on Icnition (281): NMT 2.0% 


Delete the foflowing: 

*• Heaw Metals, Method II (231): NMT 10 ppm* u 

lanuiti) 

SPECIFIC TESTS 

» WATER Determination (921), Method i: NMT 8.0% for 
solid Preparations; NMT 1*0% for liquid Preparations 

ADDITIONAL REQUJREtVIENTS 

* Packaging and Storage: Preserve in tightly sealed, Irght- 

and oxygen-resistant eontainers* Storę In a cool place, 

* Labę LING: The label States the name and content of any 

carriers and antioxidants added to the formulation, the 
content of total carotenofds as beta carotene, and the 
percentages of cis- and all-tram-isomers in the total beta 
carotene at the Limę of product manufacture and release* 

* USP Reference Standards (11) 

USP Beta Carotene RS 

(ofl-£)-1,1 '-(3,7,12,1ó-Tetramethyl-1, 3,5,7,9,11,13,15, 

17-octadecanonaene-1,18- 
diyl)bi$[2,ó,ó4rimethyfcyclohexene]. 

USP Beta Carotene System Suitability RS 


Beta Carotene Capsules —see Beta 
Carotene Capsules General Monographs 


Beta Glucan 


DEFINITION 

Beta Glucan is obtajned by extraction from the celi wali of 
fermented and thermally processed Baker's yeast 
(Saccharomyces cemsiae )* It is comprlsed mainly of /3- 
(1,3)/(1,6) branched glucan polymers. Smali amounts of 
/T(l,6)-glucan and chitin are also expected to be present 
in the finał product. It contains NLT 70% beta glucan, 
caleulated as glucose after enzymatic hydrolysis, on the 
dned basis* 

IDENTIFICATION 

• NUCLEAR MAGNETIC RESONANCE SPECFROSCOPY (761) 

Standard solution: Dissolve 10 mg of USP Beta Glucan 
RS in 0,6 mL of dimethyl suIfoxide-ck, and heat at 100 D 
for 1 h, Then add 0,1 mL of D^O, mix the solution, and 
transfer to an NMR tubę. 

Sample solution: Disso1ve 10 mg of Beta Glucan in 
0.6 mL of dimethyl 5ulfoxide-d 6 , and heat at 100- for 1 
h* Then add 0*1 mL of DjO, mix the solution, and 
transfer to an NMR tubę. 

Analysls: Collect ł H NMR spectra at 8G D , and compare 
individua! resonances from the Sample solution to those 
from the Standard solution , The major signafs associated 
with Beta Glucan are shown in Table 1. 


Tobie 1 


l H NMR Major Sicjnali 

USP Beta Glucan RS 

H-1 tOTalucan 

4.S2, d. 1 = 7.5 Hz. 1H 

H-2. 4, and 5 fi .3-) 

3.27-133, m. 3H 

H-3 and 6b (1.30 

3,45-348, m. 2H 

H-6a (1,3-1 

3,71. d. 1 = 11 Hz. 1H 

H-T n*6)-ducan 

4.27. d. 1 ^ 7*7 Hz. 1H 


In Leg ratę the area under the peaks five times for each 
sample, and average* Determine the relative percentage 
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of (1,6) linked gluean in the portion of Beta Gluean 

taken: 

Re suit = [A/(A + B)} x 1 00 

A = integration values for the signal at 4,27 ppm, 
corresponding to H-1 from (1,6) gluean 

B = integration values for the signal at 4.52 ppm 
corresponding to H-1 (1,3) gfucan 

Acceptance criteria; The ] H spectrum of the Sample 
solution exhibits a Chemical shift pattern with signal lo- 
cations and relative intensities that correspond to those 
of the Standard solution. In addition, the relative per- 
centage of (1,6) linked gluean is 10%-! 8% of the totał 
linkages. 

COMPOSmON 

* CONTENT OF BETA GLUCAN 

Buffer A: Dissolve 11.6 ml of glacial acetic acid in ap- 
proxlmately 900 mL of water, Adjust the solution with 
20% sodium hydroxide solution to a pH of 5, and di¬ 
lute with water to 1000 mL 

Buffer B: DtssoIve 69:6 ml of glacial acetic acid in ap- 
proxlmately 800 mL of water. Adjust with 20% sodium 
nydroxide solution to a pH of 3*8, and di lute with 
water to 1000 mL, 

Buffer C: Dissolve 12.12 g of tri 5 (hydroxymethyl)- 
aminomethane (IRIS), 11.69 g sodium chloride, and 
4.16 g of ethylenediaminetetraacette acid (LDTA) tetra* 
sodium salt aihydrate in approximately 900 mL of 
water. Adjust with concenlrated hydrochfonc acid or 
20% sodium hydroxide solution to a pH of 7.5, and 
dilute with water to 1000 mL, [Notę —Buffer C can be 
stored for 1 year at 2°-8 c .] 

Buffer D 1 2 : Transfer 45.287 g of dibasic potassium phos- 
phate, 30,382 g of p-hydroxybenzoic acid, and 4 q of 
sodium azide tnto a 1000-mL volumetric fiask, and care- 
fully add 800 mL of water, Mix with a stirring bar and 
mlld heat until completely dissolved. Allow the solution 
to cool, adjust with 16.7% potassium hydroxide solu¬ 
tion to a pH of 7.4, and dilute with water to volume. 
[Notę—S torę Buffer D In an amber bottle with an expi- 
ration datę of 3 years at 4°.l 

Lytkase solution; Prepare the required volume of lytL 
case from Arthrobacter luteus* at a concentration of 10 
U/jiL by dissoMng the guantity stated by the manufac- 
turer (U/mg) in a solution containing 10% (v/v) Buffer 
C. [Notę— unused solution can be stored at NMT -15° 
with an expiration datę of 1 year. Every time a different 
lot of lyticase is used, the concentration of lyticase solu¬ 
tion required needs to be qualifted*J 

(1,ó)-Glucanase solution: 1 U/300 juL solution of lyophi- 
lized (l,6)-glucanase 3 in Buffer A. [Notę—S olids may not 
fully dissolve; therefore, this solution should be handled 
as a homogeneous suspension. The solution is stable for 
at least 60 days at NMT -15°,] 

Polishing enzyme mix: Mix 2000 U of exobeta-glu- 
canase' 1 * * and 400 U of beta-glucosidase4n lOO.O mL of 
Buffer A. A premix of the enzymes may be used as an 
aiternative ó . [Notę—S torę on ice during the procedurę, 
and for use in a same-day assay. linused Polishing en * 
zyme mix can be refrozen once at NMT “15° with an 
expiration datę of 2 years.] 

Glucose oxidase/peroxidase reagent: Dissolve the 
contents of the Glucose Determination Reagent 7 in 1 L 
of water containing 50 mL of Buffer D. [Notę—S torę 
the reagent in an amber bottle, and label with an expi- 

1 This buffer is also available as Bottle #3 ot the K-YBCL kit (Megazyme), or 

Bottle #1 of the GO POD kit (Megazyme). 

2 Lyticase from Arthrobacter lutem. Sigma L4025, or equ Iwa tent. 

J Commerdally awaifable as Pustulanase, Celi 36, Prokazyme, or equivalent. 

4 E-EXBGL 200 U/mL p 200 U/bottle, Megazyme, or equivalent. 

s 200 U/bottle, Megazyme, or equivalent 

* E-EX0GOS, Megazyme, or equ3valent. 

7 Bottle #4 of K-YBGL kil, or Bemie &2 of GO POD kit, Megazyme, or eqiiiva* 

lent. 


ration dale of 3 months at a temperaturę between 2° 
and 8° or 1 year at NMT -17°. Minimize the time spent 
at room temperaturę.] 

Sample solution: Transfer 15-20 mg of Beta Gluean 
into a 16- x 10Q-mm glass viaL Place the vial in an ice 
bath. Add a 0.4-mL afiguot of cold potassium hydroxide 
(1 in 6) while mixing on a vortex mixer to disperse the 
powder. Return the vial to the ice bath. Continue cy- 
cling through mixinq on a vortex mixer and ptacing the 
viafs in the ice bath for 20 min. The mixture should 
turn into a homogenous, translucent dispersion. 

Standard solution; Proceed as directed for the Sample 
solution excepl replace Beta Gluean with USP Beta Glu¬ 
ean RS, [Notę—P repare the Sample solution and Stan¬ 
dard solution in triplicate* It is cntieal for the success of 
the assay that the sample is well dispersedj 

Lyticase digestion: Upon removal of all viafs containing 
the Sample solution or the Standard solution from the ice 
bath, and 1.6 mL of Buffer B and 600 pL of Lyticase solu¬ 
tion to each vial. Incubate the mixture at 50° for 12-18 
h, and cool to room temperaturę. 

(1,6>Glucanase digestion: After cooling of all vials, re- 
move a 130-pL allguot of each vial, and digest further 
by adding 25 pL of 16.7% potassium hydroxide solu¬ 
tion and 300 pL of (1,6)-Glucanase solution. Incubate vi- 
als at 80° for 15 min, and cool to room temperaturę. 

Beta giucanase/glucosidase digestion: After cooiing of 
all vials, add 390 pL of the Polishing enzyme mix to each 
vial, and incubate the vlais at 40 ó for 1 h. Cool thern to 
room temperaturę, centrifuge, and transfer 50-fiL ali* 
quots (in duplicate) to new vials, 

Enzyme blank solution: Prepare enzyme blanks in trip- 
licate by combining all the reagents used during the 
digestion steps except the Sample solution or Standard 
solution . 

Instrumental conditions 

(See U(trQvhlet-Visible Spectroscopy (857).) 

Modę: Vis 

Analytical wavelength: 510 nm 

Analysis: Dilute the 50-j.iL aliquots obtained after the 
Beta giucanase/glucosidase digestion with 50 jiL of water, 
and tnen add 3 mL of Glucose oxidase/peroxidase rea¬ 
gent Incubate the vials for 20 min at 40°. Determine 
the absorbance of each vial of the Sample solution or 
Standard solution against the Enzyme blank solution. Pre¬ 
pare a standard curve using the absorbance of simliarly 
treated series of glucose standards (0, 0,1, 0.25, 0.5, 
and 1.0 mg/mL). From the slope of the standard curve 
and the absorbance of the digested Sample solution and 
Standard Solutions , determine the concentration, C in 
mg/mL, of liberated glucose m the cuvette: 

Result = (A* - As)/slope 

A$ - average absorbance of the sample or USP Beta 
Gluean RS 

Aa = average absorbance of the Enzyme blank 
solution 

Calculate the percentage of beta gluean as glucose in 
the portion of Beta Gluean taken: 

Result - 100 x cmWTs/H) x (F2fF3)]f2} 

WTs - original weight of the sample or USP Beta 
Gluean RS (mg) 

FI - total volume in the vial during Lyticase 
digestion , 2.6 mL 

F2 - volume of the sample or USP Beta Gluean RS 
transferred to a new via1 during (1,6)- 
Glucanase digestion, 0.130 mL 

F3 = total volume during Beta giucanase/glucosidase 
digestion, 0.845 ml 

Acceptance criteria: NLT 70% beta gluean, calculated 
as glucose after enzymatic hydrolysis, on the dried basis 



USP 40 


Dietary Supplements / Beta Clucan 6833 


* CONTENT OF PROTEIN 

Sample: 1.0 g of Beta Glucan 

Analysis: Proceed as directed in Nitrogen Determination 
(461), and multiply the nitrogen content by 6,25, 
Acceptance criteria: NMT 10.0% 

* Content of Fat 

Sample: 2 g of Beta Glucan, previously dried 
Analysis: Transfer the Sample to an extraetion thimble, 
and mix with an equivalent quantity of dry, dean sand. 
Place a fat-free cotton or glass woof piug on top of the 
thimble, Place the thimble In a continuous~extraction 
apparatus provided with a tared collection fiask. Pour 
75 mL of solvent hexane through the sample into the 
collection fiask. Extract at a condensation ratę of 
5-6 drops/s for 4 h, then at a ratę of 2-3 drops/s for 
the next 16 h. Detach the collection fiask, tarefully 
evaporate the soivent, and dry the collection fiask anc 
its contents in a drying oven at 100° for 30 min to 
constant weight. Caiculate the percentage of the ex- 
tract (crude fat) in the portion of Beta Glucan taken. 
Acceptance criteria: NMT 20,0% 

CONTAMINANTS 

* Elemental Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 0,5 jig/g 
Cadmium: NMT 0.5 ug/g 
Lead: NMT 0.5 jig/g 
Mercury: NMT 0,1 pg/g 

* Microbeal Enumeration Tests <2021): The totaf aerobk 

bacterial count does not exceed 2x10^ tfu/g, the totai 
combined molds and yeasts count does not exceed 2,5 
x1(P cfu/g, and the bile-tolerant Gram-negative bactena 
does not exceed 10 cfu/g, 

* Absence OF Specified Microorcanisms (2022): Meets the 

requirements of the tests for the absence of Salmonella 
spedes and Bscherichia coli 


Table 2 


Time 

fminł 

Soiution A 
(%1 

Soiution B 

(%) 

0 

36,0 

64.0 

15.0 

36.0 

64.0 

35.0 (sampte Injec- 
tion} 

S9A 

40.6 

80.0 

59.4 

40,6 


[NOTĘ—The run time typically reguired rs 80 min,] 

Interna! standard solutfon: 0.8 mg/mL of USP Inositol 
RS in water 

Sample soiution: Weiah 2.0-4,0 mg of Beta Glucan in 
duplrtate into viafs with strr bars. Add 500 pL of pure 
trifiuoroacetic add (TFA), and allow the mixture to form 
a uniform dispersion by stirring for T h at room temper¬ 
aturę. Incubate in a 80 q water bath for 2 h with stirring, 
and Lhen cool to room temperaturę, Add 100 pL of the 
InternaI standard soiution to each viai, and incubate 
with stirring in a boiling water bath for 15 min, Cool 
again to room temperaturę, then add 1.07 mL of water 
to each vial, and incubate with stirring in a boiling 
water bath for 1 h. Cool the Solutions to room temper¬ 
aturę, and dry ovemight on a SpeedVac, or equivalent, 
at Iow beat with the cryopumping system off, Dissofve 
the dried preparation in 2.5 mL dr deionized water, and 
pass through a PTFE syringe fifter of 0.2-pm porę size. 
bilute with an equal volume of water before Injection. 

Standard Solutions: Prepare a 4-mg/mL soiution of 
USP Dextrose RS and a 80-pg/mL soiution of USP Man- 
nose RS. Separately transfer aliquots of these Solutions 
to individuai vials (see Table 3). Prepare each standard 
in dupllcate, and freeze-dry them, Treat the freeze-dried 
vials as directed in the Sample soiution , beginning with 
"Add 500 pL of pure trifiuoroacetic add". 


5FECIFIC TESTS 
• Glycogen 

Buffet B: Prepare as directed in Content of Beta Glucan. 
Amyloglucosrdase/invertase soiution®: A mixture of 
1630 U/mL of amyloglucosidase and 500 U/mL of m* 
vertase in glycerol soiution (50% v/v) 

Sample: 100 mg 

Analysis: Transfer the Sample in triplicate into individual 
16- x 150-mm glass screw-cap via(s. Place the vials in 
an ice bath, and add to each vial a 2-mL allguot of cold 
potassium hydroxide (1 in 6) while mixing on a vortex 
mixer to dtsperse the powder. Return the vial to the ice 
bath. Continue cyding through mixing on a vortex 
mixer and pladng vials in the ice bath for 20 min, The 
mixture should turn into a homogenous, translucent 
dispersion, Add 8 mL of Buffer S, Mix thoroughly on a 
vortex mixer, and immediately add 200 uL of Amy- 
iogiucosidase/mertase soiution , and mix again on a vor~ 
tex mixer. Incubate the mixture al 40° for 30-35 min, 
Cool to room temperaturę. Mix again on a vortex 
mixer, transfer Lo a sultable centriruge lube, and centri- 
fuge until a elear supematant is obtained, Transfer du- 
plicate 50-jiL aiiquots of supematant into new vials, and 
proceed as directed for the Analysis in Content of Beto 
Glucan , 

Acceptance criteria: NMT 1.0% 

O Mannose 

Soiution A: 100% purified water 
Soiution B: 956 mM sodium hydroxide 
Mobile phase: See Table 2. 


Table 3 


Standard 

Identi¬ 

fication 

N urn b er 

ML/Vlal 
of 4 mg/ 
mL 

Clucose 

Content 
of Glu- 

cose 

pL/Vial 
of 80 jjg/ 

mL 

Mannose 

Content 
of Man¬ 
nose 

fuq> 

0 

0 

0 

0 

0 

1 

100 

400 

25 

2 

2 

200 

800 

50 

A 

3 

300 

1200 

100 

8 

4 

500 

2000 

200 

16 

5 

1000 

4000 

400 

32 


Chromatographic system 
(See Chroma tog raphy (621), System Suitability.) 
Modę: LC 

Detector: Efectrochemical detector 
Detector modę: Pulsed amperometric detection 
Detector rangę: 3000 pC (may be modified if 
needed) 

Working electrode: Goid 

Reference electrode: pH, siiver-silver chloride 

Efectrochemical waveform: See Table 4. 


Table 4 


Time 

Potentlal 


($) 

(V> 

lnteqration 

0,00 

0,10 


0.20 

0.10 

Start 

0,40 

0,10 

End 

0.41 

-2,00 


0,42 

-2,00 


0,43 

0,60 


0.44 

-0.10 


0.50 

-0,10 



1 Altematjyeły, Boitle 32 of K-YBGL kit (M&gazyme, or equivaiertt) couid be 
used directiy. 
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Column: 4- mm x 25-cm; packing L47 
Guard column: 4-mm x 5-cm; packing L47 
Column temperaturę: 30° 

Flow ratę: 0.4 mL/min 
Injection size: 10j.iL 
System sultability 
Sample: Standard Identification #S 
[Notę —The relative retention limes for inositol, man- 
nose, and glucose are 0,68, 0,95 and 1,0, 
respectiveJy,] 

Suitability requirements 

Resolutron: NLT 1,5 between mannose and glucose 
Anaiysis 

Sampies: Standard Solutions and Sample solution 
Calculate the ratios of the peak area response of the 
glucose and mannose to the peak area response of the 
internal standard from the Standard Solutions. Make 
two standard response lines by plotting the peak area 
response ralio versus the amount (pg) of the glucose 
and mannose in the Standard Solutions . Calculate the 
ratio of the peak area response of the glucose and 
mannose to the peak area response of the internal 
standard from the Sample solution. From the calcu la ted 
ratios of peak responses for glucose and mannose and 
their respective standard response fines, determine the 
eon tent of glucose, Cc, and mannose, Cm, both in pg, 
In the Sample solution , 

Calculate the percentage of mannose in the portion of 
Beta Glucan taken: 

Result = Cm/(Cm + Cc) x 100 

C w - eon tent of mannose In the Sample solution 
from the mannose recjression Tinę (pg) 

Cc = eon tent of glucose in the Sample solution from 
the glucose regresslon llne (pg) 

Acceptance crlteria; NMT 1.0% mannose, as a func- 
tron of totaf hexose recovered (glucose and mannose) 

* Residue oh Ignition (281): NMT 2,5% 

* Loss ON DrYINC (731) 

Sample: 1 g 

Anaiysis: Dry the Sample at 105° for 3 h. 

Acceptance arteria: NMT 8.0% 

ADDITIONAL REQU1REMENTS 

* Packaging and Storage: Preserve in tight and light-resis- 
tant containers. 

i U5P Reference Standards (11) 

USP Beta Glucan RS 
USP Dextrose RS 
USP Inositol RS 
USP Mannose RS 


Powdered Bilberry Extract 

DEFINITION 

Powdered Bilberry Extract is prepared from the ripe fruits of 
Vacdnium myrtllfus L, (Fam. Ericaceae) using suitable sol- 
vents such as akohol, methanol, or water or mixtures of 
these solvents, The ratio of the starting plant materia! to 
Powdered Extract rs between 153:1 and 76:1. It cantains 
NLT 36.0% of anthocyanosides, calculated as cyanidin- 
3-Oglucoside chloride, and NMT 1.0% of anthocyanidins, 
calculated as cyanidin chloride; both are calculated on the 
anhydrous basis, 

IDENTIFICATION 

• A, Thin-Layer Chromatographic Identification Test 
Standard solution: 4 mg/mL of USP Powdered Bilberry 
Extract RS in methanol. Centrifuge, and use the dear 
supematant. 


Sample solution: 4 mg/mL of Powdered Bilberry Ex- 
tract In methanol, Centrifuge, and use the elear 
supematant. 

Adsorbent: Use suitable thin-layer chromatographic 
plates coated with a layer of cellulose, 

Application volume: 10 pL 

Developing solvent system A: Glacial acetic acid, hy- 
drochlorie acid, and water (15:3:82) 

Developing solvent system B: Glacial acetic acid and 
water (6:4) 

Anaiysis 

Sampies: Standard solution and Sample solution 
Use a saturated cham ber. Deve!op the chroma tograms 
using Deveioping solvent system A t and dry the piąte 
with the aid of a current of warm air. Develop the 
chromatograms in the same direction using Develop~ 
ing solvent system B. Examine the piąte under yisibfe 
light 

Acceptance crlteria: The chromatogram of the Sample 
solution exhibits three main red bands with Rf values of 
approximately 0.55, 0.65, and 0.70 that are simllar In 
position and color to the corresponding main bands in 
the chromatogram of the Standard solution. 

• B The retention times of the anthocyanoside peaks in 

the chromatogram of the Sample solution correspond to 
those in the cnromatogram of Standard solution C, as ob- 
tained in the test for Content of Anthocyanosides and 
Anthocyanidins* The peaks due to delphinidin-3~0-galac- 
toside chloride and delphinldin-3-O-glucoside chloride 
are the most intense peaks and are of simllar intensity, 
and each is morę intense than the peak due to cyanidin- 
3-O-glutoside chloride. The peaks due to cyanidin-3~0 
galactoslde chloride, ddphinidin-3-O-arabinoside chlo* 
ride, and cyanidin-3-O-glucoside chloride are of similar 
intensity. Each of the remaining anthocyanoside peaks is 
of lower intensity than the peak due to cyamdin-3-O- 
glucoside chforide. 

COMPOSITION 

* CONTENT OF ANTHOCYANOSIDES AND ANTHOCYANIDINS 

Soivent: Methanol and hydrochlortc acid (49:1) 

Diłuent: 85% phosphoric acid and water (1:9) 

Solution A: Formie acid and water (1:9) 

Solution B: Acetonitrile, methanol, formie acid, and 
water (45:45:20:80) 

Mobile phase: See Tobie 1. 


Table 1 


Time 

(min) 

Solution A 

(%) 

Solution B 
(°/<0 

0 

93 

7 

35 

75 

25 

45 

35 

65 

46 

0 

100 

50 

0 

100 

51 

93 

7 

60 

93 

7 


Standard stock solution A: 0,4 mg/mL of USP Cy- 
anidin-3-O-glucoside Chloride RS in Solvent. [Notę—D is* 
solve using sonication.] 

Standard solution A: 0.08 mg/mL of USP Cyanidin- 
3-O-glucoside Chloride RS from Standard stock solution 
A in Diluent [Notę —This solution Is stable for 48 h at 
4*.] 

Standard stock solution B: 0,5 mg/mL of USP Cyanidin 
Chloride RS in 5o/ve/?t. [Notę—D issolve using 
sonreation,] 

Standard solution B: 0.01 mg/mL of USP Cyanidin 
Chloride RS from Standard stock solution B in Diluent . 
[Notę—T his solution is stable for 36 h at 4 a ] 

Standard solution C: Transfer 125 mg of USP Pow¬ 
dered Bilberry Extract RS to a 100-mL volumetric fiask, 
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add 25 mL of Solvent f sonicate to dlssolve, and di lute 
with Diluent to volume. [Notę—T hls solution is stable 
for 48 h at 4°.] 

Sample solutfon: Transfer 125 mg of Powdered Bilberry 
Extract to a 100-mL volumetric fiask, add 25 mL of Sol- 
vent t sonicate to drssotve, and dllute with Diluent to 
volume. 

Chromatographic system 

(See Chromatography (62^) / System Suitability.) 

[Notę —Use deactivated silanized l-IPLC vials.] 

Modę: LC 

Detector: UV-Vis 535 nm 

Column: 4.6-mm x 25-cm; 5-pm packing 11 

Temperaturę 

Refrlgerated autosampler: 4° 

Column: 30 ± 1° 

Flow ratę: 1 mt/mtn 
Injection size: fOjiL 
System suitability 

Samples: Standard solution A and Standard solution C 

Suitabifity requirements 

Chromatogram similanty: The chromatogram from 
Standard solution C is simllar to the Reference Chro¬ 
matogram provided with USP Powdered Bilberry Ex- 
tracE RS. 

Resolution: NIT 0,8 between the delphinidin-3-O- 
arabinoside, rna3vidin-3-0-ga3actoside, and petunidin- 
3-G-arabinose peaks and NLT 1,0 for other compo- 
nents, Standard solution C 

Taiiing factor rangę: 0.8-2.0 for the cyanidm-3-O- 
gtucoside chloride peak, Standard solution A 
Refative standard aeviation: NMT 2,0% for ty- 
anidin-3-0-qlucoside chloride peak En repeated injec- 
tions, Standard solution A 
Analysis 

Samples: Standard solution A, Standard solution B f 
Standard solution C, and Sample solution 
UsEng the chromatogram of Standard solution C and the 
Reference Chromatogram, identify the retention times 
of the peaks corresponding to the drfferent anthocya- 
nosides and anthocyanidins. The approximate relative 
retention times, re!ative to cyanidin-3-O-glucoside 
chloride, are provided for the anthocya nosides in Tobie 
2 and for the anthocyantdins in Tobie 3 . 

Separately calculate the percentages of each anthocya- 
nosEde (see Table 2) in the portion of Powdered Extract 
taken: 

Result - (fy/rs) x (Cs/Cu) x 1 00 

r u - peak response of each of the anthocyanosides 
in the Sample solution 

r s = peak response of cyanEdin-3-O-glucoside 
chloride En Standard solution A 
Cs - concentration of USP CyanEdin-3-O-glucoside 
Chloride R5 in Standard solution A (mq/ml) 

Cu - concentration of Powdered Extract in tne 
Sample solution (mg/mL) 


Table 2 


Analyte 

Relative 

Retention 

Time 

Delphinidin-3-Q-qa[actoside chloride 

0,61 

DeEphinidin-3-0-qtiJcciside chloride 

073 

Cvanidin-3-0-aalactoside chloride 

0.84 

Delphimdin-3-O-arabtnosEde chloride 

0.86 

Cvanldfn-3-0-qluco5tde chloride 

1,00 

Petunidin-3-O-cialactoside chloride 

TOS 

CvanEdin-3-0-arabinoside chloride 

Ul 

Petunidin-3*0-qlucoside chloride 

1,24 

P eoni di rv 3-O- o a 1 actos tde c h Eo rid e 

1.36 


Table 2 (Continued) 


Analyte 

Relative 

Retention 

Time 

Petunidln* 3 - O-ara bi n osi d e chlorid e 

1.39 

Peonidm-3-O-cilucoside chloride 

1.55 

M a I vi d i n - 3-Q-qalactoside chioride 

1.58 

Peonidin-3-O-arabinoside chloride 

1.67 

IVl£ilvidin-3-0-qlucoside chloride 

176 

Mafvidin-3-0-arabinoside chloride 

1,91 


Separately calculate the percentages of anthocyanidins 
(see Table 3) in the portion of Powdered Extract taken: 

Resuft - (ru/rs) x (G/ Cu) x 100 

ru - peak response of each of the anthocyanidins 
En the Sample solution 

rs = peak response of cyanidin chloride in Standard 
solution B 

Cs - concentration of USP Cyanidin Chloride RS in 
Standard solution B (mg/mL) 

Cu = concentration of Powdered Extract in the 
Sample solution (mg/mL) 


Table 3 


Analyte 

Relative 

Retention 

Time 

Delphinidin chloride 

1.28 

Cyanidtn chloride 

1.82 

Petunidln chloride 

2.0S 

Peonidin chloride 

2.27 

Malyidin chloride 

2.30 


Accepfance criteria 

Sum of all anthocyanosides: NLT 36.0% on the anhy- 
drous basis 

Sum of all anthocyanidins: NMT 1,0% on the anhy¬ 
dro us basis 

CONTAWl INAMTS 


Delete the following: 

** Heavy Metals, Methad U (231): NMT 20 ppm# <cwicw ( 

jan 20IS) 

* Articles of Botanical Oricin, General Method for PestT 
ode Residues Analysis (561); Meets the requirements 

» MlCROBIAL ENUMERATION TESTS (2021) 

Total aerobic microbial count: NMT 10^ cfu/g 
Total combrned yeasts and molds count: NMT IG 3 
cfu/g 

a MlCROBIOLOGICAL PROCEDURES FOR AB5ENCE OF SPECIFłED Ml 
croorgamjsms (2022): It meets the requirements of the 
tests for absence of Salmonella species and Escherichia 
coli. 

SPECSFIC TESTS 

O ACID Dnsoluble Fraction 

Sample: 5 g of Powdered Extracf ftnely ground 
Anafysis: Transfer about 1 g to a 500-mL fiask, add 
200 mL of 0.1 N hydrachforfc acid, and shake vigor- 
ously for 2 h. Pass the solution through a previousJy 
ta red sintered-glass fi Eter, wash the fEask with 30 mL of 
0,1 N hydrochfonc acid, and transfer the washings to 
the fiiter. Wash the f ii ter with 30 ml of 0.1 N hydra¬ 
ch loric acid in 5-mL portions. Dry the fiiter for 3 h at 
105°, cool In a deslccator, and weigh. Calculate the 
percentage of the acid insoluble fraction. 
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Acceptance criteria: NMT 5% 

• Water Deterwhnation, Method la <921): NMT 4.5%, de- 

termlned on 0.5 g 

• Residue on Ecnition (281): NMT 3,0%, determined on 

1,0 g 

• BOTANICAL EXTRACTS, Residual Solvents (S6S): Meets the 
requirement$ 

ADDITIOMAL REQUIREIV1ENTS 

• Packaging and Storage: Preserve in wel!-dosed contain- 
ers, protected from light and moisture, and storę at con- 
trolled room temperaturę. 

• Labeling: The label States the Latin binomial and, follow- 

ing the offidal name, the part of the plant from whieh 
the artide was prepared* It meets other labeling reguire- 
ments under Botonicat Extracts <565). 

• USP Reference Standard* (11) 

USP Powdered Bil ber ry Extract RS 

USP Cyanidin Chloride RS 

USP Cyanidin-3-G-glucoside Chloride RS 


Biotin —see Biotin General Monographs 


Biotin Capsules —see Biotin Capsules 
General Monographs 


Biotin Tablets —see Biotin Tablets General 
Monographs 


Black Cohosh 


DEFINrTION 

Black Cohosh consists of the dried rhizome and roots of 
Actaea racemosa L. {Gmidfuga racemosa (L.) Nutt,] 

( Ranunculaceae ). It is harvested in the summer. It contains 
NLT 0,4% of triterpene glycosides, calculated as 23-epi- 
26-deoxyaetein 1 (CT 7 H 56 O 10 ) on the dried basls. 

IDENTIFICATION 

» A* Thin-Layer Chromatography 

Standard solution A: 100 mg/mL of USP Powdered 
Black Cohosh Extract RS in methanoł 

Standard solution B: 1 mg/mL each of USP Actein RS, 
USP 23-ep/-26-Deoxyactein RS, and isoferulic add in 
methanoł 

Sam ple solution: Transfer 5 tj of finely powdered Black 
Cohosh to a screw-cap centrifuge tubę, add 10 mL of a 
mixture of aicohof and water (7:3), and heat on a 
steam bath for 10 min. Centrifuge, and use the elear 
supernatant 

Adsorbent: Chromatographic siliea gel mixture with an 
average particie size of 10-15 pm (TLC plates) 

Application voIume: 10 pL 

Developrnq solvent system: Use the upper phase of a 
mixture of butyl alcohol, glacial acetic acid, and water 
(5:1:4). 

Denvatizatron reagent: Methanoł, glacial acetic acid, 
sulfuric acid, and p-anisafdehyde (85: 10: 5: 0.5). 

[Notę—S torę in a refrigerator* The reagent is colorless; 
discard if color appears.] 

Analysis 

Samples: Standard solution A, Standard solution B t and 
Sample solution 


Develop the chromatograms until the solvent front has 
moved about 15 cm, and dry the piąte in a stream of 
air. Examine the piąte under UV light at 365 nm. Treat 
the piąte with Derivatization reagent, heat at 100° for 
5 mm, and examine in white tight 
Acceptance criteria: Under UV Mght at 365 nm, the 
chroma togram of the Sample solution exhibits main 
zones simflar in position and color to the main zones of 
Standard solution A. In the upper third of the piąte, the 
Sample solution exhtbits a blue fluorescent zonę at the 
!evef of the zonę due to isoferulic acid of Standard solu¬ 
tion B> Under white light, the Sample solution exhibits 
matn zones simiłar in position and color to the main 
zones of Standard solution A. Standard solution B exhibits 
redwiolet zones due to actein and 23-ep/-2ó-deoxy* 
actein. The Sample solution exhibits severaI greenish- 
brown spots in the lower third of the piąte and several 
violet zones above; two of these vioiet zones occur at R f 
values similar to those due to actein and 23~ep/-26-de- 
oxyactein of Standard solution B , 

* B. HPTLC FOR Articles of Botanical Origin (203) 

Adsorbent: Chromatographic silica gel mixture with an 
average particie size of 5 pm {HPTLC plates) 

Standard solution A: 0,5 ml of Standard solution A pre~ 
pared in Identification test A, diluted with methanoł to 
2 mL 

Standard solution B: 1.0 ml of Standard solution 8 pre- 
pared in Identification test A, diluted with methanoł to 
5 mL 

Sample solution: Transfer 0.5 g of Black Cohosh, finely 
powdered, to a screw-cap tubę, add 5 mL of methanoł, 
sonicate for 10 min, and filter into a 10-mL volumetric 
fiask, Wash the residue on the filter paper four times, 
using 1 mL of methanoł for each washing; add the 
washings to the volumetric fiask; and difute with meth- 
anoi to voiume. 

Application volume: 2 jiL as 8 -mm bands 
Developing solvent system: Toluene, ethyl formate, 
and formie acid (5:3:2) 

Derivatization reagent: Proteed as directed for Identifi¬ 
cation test A. 

Analysis 

Samples: Standard solution A, Standard solution B, and 
Sample solution 

Deve(op the chromatograms until the solvent front has 
moveo about Lwo-thirds of the length of the piąte, 
and dry the piąte in a current of air. Treat fche piąte 
with Derivatization reagent; heat at 100° for5 min, 
and examine in white light 

Acceptance criteria: The Sample solution exhibits main 
zones similar in position and color to the main zones of 
Standard solution A. Standard solution B exhibits redwio- 
lef zones due to actein and 23-ep/-2ó~deoxyactein at R f 
values of about 0.5 and 0.4, respectively. The Sample 
solution exhibits zones similar in color and Rr values to 
those due to actein and 23-ep/-2ó-deoxyactein of Stan¬ 
dard solution B. 

* C The Sample solution exhibits peaks for cimiracemoside 
A, 2Ó-deoxycimidfugoside, (265)-actein, 23-ep/*26-deoxy- 
actein, cimigenol-arabinoside, and cimigenol“Xyloside at 
retention times corresponding to these compounds tn 
the Standard solution, as obtamed in the test for Conient 
of Triterpene Glycosides. The ratio of the peak areas of 
cimigenol-arabinoside to ctmigenoi-xy!oside is NLT 0.4 
(distinctlon from Cimicifuga foetida ). 

COMPOSITSON 

* CONTENT OF TRITERPENE GLYCOSIDES 

Standard solution: Dissolve a guantity of USP Pow¬ 
dered Black Cohosh Extract RS in methanoł with shak- 
ing for 1 min, and dilute with methanoł to obtain a 
solution having a known concentration of 30 mg/mL, 

Pass through a membranę filter of 0.45-pm or frner 
porę size. 


23-ep/-26-De0xyatteln is sometimes referred io as 27-deoxyactein. 
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23-ep/-26-Deoxyactem standard Solutions: Dissolye 
USP 23-ep/-2ó™Deę>xyactein RS in methanol wEth shaking 
for 1 min. Dtlute quantitatlveiy, and stepwise if neces- 
sary, to obtain Solutions having concentratlons of 500, 

100, 50, 25, and 12.5 pg/mL, Pass through a mem¬ 
branę filter of 0.45-pm orfiner porę size. 

System suitability solution: 0.1 mg/mL eath of USP 
Actein RS and USP 23-ep/-2ó-Deoxyactein RS in 
methanol 

Sam ple solution: Accurately weigh about 750 mg of 
Black Cohosh, finely powdered, and place in a 2G-mL 
PTFE-capped centrikige tubę. Add 15 mL of methanol, 
sonicate for 30 min, centrlfuge, and retain the superna- 
tant. Repeat the extractfon twice. Evaporate the com¬ 
bi ned extracts under vacuum at 4S Q -S OT Dissolve the 
residue in methanol, and guantitatively transfer to a 
10-mL yolumetric fiask. Dtlute with methanol to voh 
u me, and pass through a membranę filter of G.45-pm 
or fi ner po rę size. 

Solution A: 0.05% TrEfluoroacetlc add in water 
Solution B: Aceton i tri le 
Mobile phase: See Table 1. 


Table 1 


Time 

fminl 

Water 

Solution A 

(%> 

Solution B 

(%1 

0 

0 

80 

20 

8 

0 

80 

20 

15 

68 

0 

32 

55 

36 

0 

64 

65 

5 

0 

95 

70 

5 

0 

95 

85 

0 

80 

20 


Chrom atographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Evaporative iight-scattering 

[NOTĘ—The Detector is set up according to the manu- 
factureds instrucdons in order to achieve a signal-to- 
noise ratio of NLT 1 0 for the 12.54ig/ml 23-epi-26-De- 
oxyactein standard solution .] 

Column: 4,6-mm x 25-cm; 5-pm packing LI 

Column temperaturo: 35° 

Flow ratę: 1,6 ml/mln 

Injection volume: 20 pL 
System suitability 

Samples: System suitability solution, Standard solution, 
and 100-pg/mL 23- epi-26-Deoxy actein standard solution 

Suitability requirements 

Chromatogram similarity: The chromatogram of the 
Standard solution is similar to the reference chromato¬ 
gram provided with the lot of USP Powdered Black 
Cohosh Extract RS being used. 

Resolution: NLT 1.0 between the (265)-actein and 
the 23-ep/-26-deoxyactein peaks, System suitability 
solution 

Tallin g factor: NMT 2.0 for the 23-ep/“2ódeoxy- 
actein peak, 1 00-pg/mL 23-eph26-Deoxyactein stan¬ 
dard sofution 

Relative standard deyiation: NMT 2.0% of the (oga- 
nthm of the area response of the 23-epi-26-deoxy- 
acteln peak In repeated injections, 100-pg/mL 23-epn 
26-Deoxyactein standard solution 

Analysis 

Samples: System suitability solution, Standard sofution, 

2 3-epi-2 6 - Deoxy actein standard Solutions, and Sam ple 
solution 

Using the chromatogram of the Standard solution and 
the reference chromatogram provided with the lot of 
USP Powdered Black Cohosh Extract RS belng used, 
identify the retention times of the peaks correspondirg 
to the triterpene glycosides. The approxlmate re!ative 


retention times of the triterpene glycosides are pro- 
yided in Tabie 2, 


Table 2 


Compound 

Re!ative 

Retention 

Time 

Cimicifuposide H-1 

0,61 

C i mi racem os id e A 

0,78 

(2ó/?)-Actein 

0.94 

2 6 - Deox vc i m i c if u oos td e 

0.96 

f26S)-Actein 

0.98 

2 3- eoi-26- D eo x va cte i n 

1.00 

Ace t v!- 5 h en ci ma no 1—xvl o s id e 

1.03 

Gm ia en o Ca ra bi n osi d e 

1.08 

Cimiqenol“XVloside fdmicifuqoside) 

1 13 

26‘Deoxvactein 

122 

2 5-Acetyl- d m i a en ol-a ra bi n os ide 

1.60 

f 2 4 51-2 5 - At e tvl-dmi aenoJ-x y lo s id e 

1.64 

25-0-MethvUcimiaenol-arabtnoside 

1.90 

25- O-Methy 1- c Em i qe no E-xyl o sid e 

1.93 


Plot the logarithms of the peak areas against the loga- 
rithms of the concentrations, In pg/mL, of the 23-epi- 
26-Deoxyactein standard Solutions, and establish the 
calibration curve by least-sguares regression. The cor- 
relation coefficlent for the regression linę 1$ NLT 0.995. 
From the plot, determine the concentration, C, In 
pg/mL, of the relevant analytes in the Sample solution, 
Separately calculate the percentages of the individual 
triterpene glycosides in Table 2 as 23-ep/-2ó-deoxy- 
actein (C^hbóOm) in the portion of B]ack Cohosh 
taken: 


Result = (Vx Q /(fx W) x 100 

V - finał volume of the Sample solution (mL) 

C - concentration of the re!evant analyte In the 
Sample solution (pg/mL) 

F = factor to convert mg to pg, 1000 pg/mg 

W = welght of Black Cohosh taken to prepare the 

Sample solution (mg) 

Calculate the percentage of triterpene glycosides in the 
portion of Black Cohosh taken by addlng the 
percentages of the indlyldual analytes. 

Acceptance criteria: NLT 0.4% on the dried basls 

CONTAIWINANTS 

a Articles of Botanical Origim, Limits of Elemental Impuri- 
ties (561): Meets the requirements 

b Articles of Botanical Orbgsn, Pesticide Residue Analysis 
(561): Meets the requlrements 

* MiCROBłAL Enumeration Tests (2021): The to ta! aerobic 

mtcrobial count does not exceed 10* cfu/g, the to tal 
combtned molds and yeasts count does not exceed 10 3 
cfu/g, and the bile-tolerant Cram-negative bacterla count 
does not exceed 10 3 cfu/g. 

* Absence of Speofied Microorganisms (2022): Meets the 

requlrements of the tests for the absence of Salmonella 
spec i es and Escherichia coli 

SPECIFK TESTS 

o Botanical Characteristics 

Macroscopie The Black Cohosh rhizome is dark brown, 
longitudinally grooved, rough, strongly knotty, and 
somewhat curled and Irregular. It is 15 cm long and up 
to 2.5 cm thick. The upper surface is covered with nu- 
merous round scars of the earlier sta Iks; Jaterally, it is 
cleariy curled, and the lower surface Is covered with 
thtn, longitudinally grooved, dark brown, easily breaka- 
ble roots. The fracture is horny and flbrous. The trans- 
yerse cut shows a thin outer bark surrounding a ring of 
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numerous pale, narrow wedges of vascular tissue aiter- 
nating with dark medullary rays and a large central 
pith. Black Cohosh roots are dark brown, between 1 
and 3 mm in diameter, brittle, nearly cylindrical or ob- 
tusely quadrangular, and longitudinally wrmkled. The 
fracture is short. The tranwerse cut shows a distinct 
cambium linę separatinn a wide outer bark from a cen¬ 
tral region composed oF three to six wedges of lignified 
xylem tissue united by their apices and separated by 
broad nonlignified medullary rays. 

Microscopic: In a surface view, suberous epidermal cefls 
are tabular with moderately thickened walls. The paren- 
chymatous cortex is filled with starch, Xylem wedges 
are lignified and composed of numerous smali vessels 
with Bordered pits or reticulately thickened walls, thim 
walled fibers, and xylem parenchyma. The parenchyma 
of the pith is unlignified. Medullary rays are filled with 
starch granules, which are spherical or polygonal and 
are mostly simple or two to three compounded but can 
be up to six compounded. Individuaf starch granules 
are between 3 and 15 pm in diameter, each with a 
somewhat central slk-shaped hilum. 

* ARTICLES of Botanical ORIGIN, Forelgn Organie Matter 

(561): NMT 2,0% of foreign organie matter, and NMT 
5.0% of stem bases 

* Articles of Botanical Origin, Alcohol-Soluble Extractives , 

Method 2 (561): NLT 8,0%, using a mixture of alcohol 
and water (1:1) instead of alcohoF 

* Loss ON Drying (731) 

Sampie: 1.0 g of Black Cohosh 
Anaiysis: Dry the Sampie at 105* for 2 h. 

Acceptance crlteria: NMT 12,0% 

* Articles OF Botanical Origin, foto/ Ash (561): NMT 

10,0% 

* Articles of Botanical Origin, Aciddnsoiuble Ash (561): 

NMT 4.0% 

ADDITIONAL REQUIREfVI£NTS 

* Packaging and Storage: Preserve in a weli-closed, light- 

resislanl Container. Protect from moisture, and storę at 
room temperaturę. 

* Labeling: The label States the Lattn binomial and, follow- 

ing the official name, the parts of the plant contained in 
the artiefe, Dosage forrm prepared witn this article 
should bear the followmg statement: Discontinue use 
and consult a Healthcare practitioner if you have a liver 
disorder or develop symptoms of liver trouble, such as 
abdominal pain, dark unne, or jaundice, 

* USP Reference Standard* (11) 

USP Actein RS 

USP Powdered Black Cohosh Extract RS 
USP 23-ep/-26“Deoxyactein RS 


Powdered Black Cohosh 


DEFINłTION 

Powdered Black Cohosh is Black Cohosh reduced to a pow- 
der or a very fine powder. IL contains NLT 0.4% of 
triterpene głycosides, calculated as 23-ep^26“deoxyactein , 
<C 3 ? HsftOie) on the dried basrs. 

IDENTIFICATION 

* A. THIN-LAYER chromatography 

Standard solution A: 100 mg/mL of USP Powdered 
Black Cohosh Extract RS in methanoi 
Standard solution B: 1 mg/mL each of USP Actein RS, 
USP 23-ep-26-Deoxyactein RS, and isoferulic acid in 
methanoi 

Sampie solution; Transfer 5 g of Powdered Black Co- 
hosn to a screw-cap centrifuge tubę, add 10 mL of a 

1 23-ep^26-Dt?ojtyacLein is sometimes referred lo fis 27-deony actein. 


mixture of aJcohol and water (7:3), and heat on a 
steam bath for 10 min, Centrifuge, and use the elear 
supernatant 

Adsorbent: Chrornatographic silica gel mixture with an 
average particie size of 10-15 pm (TLC plates) 
Application vol u me; IOjjL 

Developinq solvent system: Use the upper phase of a 
mixture of butyl alconol, gladal acetic acid, and water 
(5:1:4), 

Oerivatization reagent: Methanoi, gladal acetic acid, 
suffuric acid, and p-anisafdehyde (85:10: 5: 0.5). 

[NOTĘ—Storę In a refrigerator, The reagent is colorless; 
discard if color appears.] 

Anaiysis 

Samples: Standard solution A, Standard solution B f and 
Sampie solution 

Devefop the chromatograms until the solvent front has 
movea about 15 cm, and dry the piąte in a stream of 
atr. Examtne the piąte under UV light at 365 nm. Treat 
the piąte with Derivatization reagent, heat at 100° for 
5 min, and examine in white ligrit. 

Acceptance crlteria: Under UV light at 365 nm, the 
chrom a tog ram of the Sampie solution exhibits main 
zones similar in position and color to the main zones of 
Standard solution A. In the upper third of the piąte, the 
Sampie solution exhibits a blue fluorescent zonę at the 
levef of the zonę due to isoferulic add of Standard solu¬ 
tion B. Under white light, the Sampie solution exhibits 
main zones similar in position and color to the main 
zones of Standard solution A. Standard solution 8 exhibits 
red-violet zones due to actein and 23-epf-2ó-deoxy- 
aetein, The Sampie solution exhibits several greenish- 
brown spots in the lower third of the piąte and several 
violel zones above; two of these violet zones occur at Rf 
values similar Lo those due to actein and 23-ep/-26-de- 
oxyactein of Standard solution B. 

6. HPTLC for Articles of Botanical Origin (203) 
Standard solution A: 0.5 mL of Standard solution A pre¬ 
pared in Identification test A, diluted with methanoi to 
2 mL 

Standard solution 8: 1.0 mL of Standard solution B pre¬ 
pared in Identification test A, diluted with methanoi to 
5 mL 

Sampie solution: Transfer 0.5 g of Powdered Black Co- 
hosn to a screw-cap tubę, add 5 mL of methanoi, soni- 
cate for 10 min, and filter into a 10-mL volumetnc fiask. 
Wash the residue on the filter paper four tlmes, using 
I mL of methanoi for each washing; add the washlngs 
to the volumetric fiask; and dilute with methanoi to 
volume. 

Adsorbent: Chromatographic silica gel mrxture with an 
average particie size of 5 pm (HPTLC plates) 

Application volume: 2 pL as Nim bands 
Developing solvent system: Toluene, ethyl formate, 
and formie add (5:3:2) 

Derivatizatron reagent: Proceed as directed for Identifi¬ 
cation test A. 

Anaiysis 

Samples: Standard solution A, Standard solution B r and 
Sampie solution 

Deve(op the chromatograms until the solvent front has 
movea about two-thirds of the length of the piąte, 
and dry the piąte with in a current of air. Treat the 
piąte with Derivotization reagent, heat at 100° for 5 
min, and examine in white light 
Acceptance crlteria: The Sampie solution exhibits main 
zones similar in position and color to the main zones of 
Standard solution A. Standard solution B exhibits red-vio- 
let zones due to actein and 23-ep/-26-deoxyactein at R f 
values of about 0,5 and 0,4, respectively. The Sampie 
solution exhibrts zones similar in color and Rf values to 
those due to actein and 23-ep/-26-deoxyac£ein of Stan¬ 
dard solution B. 

C, The Sampie solution exhibits peaks for cimiracemoside 
A, 26-deoxycimicifugoside, (2ó5)-actein f 23-ep/-2ó-deoxy- 
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actein, cimigenol-arabinoside, and dmigeno!-xyloside at 
retention times corresponding to those compounds in 
the Standard solution, as obtained in the test for Content 
of Triterpene Glycosides * The ratio of the peak areas of 
dmigenol-arabinoside to dm!genol-xyloside is NIT 0*4 
(distrnction from Gmidfuga foetida). 

COMPOSmON 

* Content of Triterpene Glycosides 

Standard solution: Dissalye a guantity of USP Pow- 
dered Black Cohosh Extract RS in methanoi with shak- 
ing for 1 min, and ditute with methanoi to obtain a 
solution havtng a known concentration of 30 mg/mL 
Pass through a membranę filter of 0.45-pm or fi ner 
porę size, 

23- ep/- 26-Deoxy actein standard Solutions: Dissolve 
USP 23-ep/-2ó-Deoxyactein RS in methanoi with shaking 
for 1 mtn. Dilute quantitatively, and stepwise tf neces- 
sary, to obtain Solutions having concentrations of 500, 

100, 50, 25, and 12*5 pg/mL. Pass through a mem¬ 
branę filter of 0.45-pm or finer porę size. 

System suitability solution: 04 mg/mL each of USP 
Ac tein RS and USP 23-ep/-26-Deoxyactein RS in 
methanoi 

Sample solution: Accuratefy weigh about 750 mg of 
Powdered Black Cohosh, and place in a 20-mL PTFE- 
capped centrifuge tubę. Add 15 ml of methanoi, soni- 
cate for 30 min, centrifuge, and retain the supernatant. 
Repeat the extraction twlce. Evaporate the combined 
extracts under vacuum at 45°-50T Dissolve the residue 
in methanoi, and quantitatively transfer to a 10-mL voh 
umetrlc fiask. Difute with methanoi to vo!ume, and pass 
through a membranę filter of 0,45-pm or finer porę 
size, 

Solution A: 0.05% Trifluoroacetic acid in water 
Solution B: Acelonitrile 
Mobile phase: See Table h 


Table T 


Time 

(min) 

Water 

Solution A 
(%) 

Solution IB 
(%) 

0 

0 

80 

20 

8 

0 

80 

20 

15 

68 

G 

32 

55 

36 

0 

64 

65 

5 

0 

95 

70 

5 

0 

95 

85 

0 

80 

20 


Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Evaporative Hght-scattering 
[Notę—T he Detector is set up according to the manu- 
factureCs instructions in order to achieve a signal-to- 
noise ratio of NLT 10 for the 12.5-jLig/mL 23-epi-26-De- 
oxyacteln standard solution ♦] 

Column: 4,6-mm x 25-cm; 5-j-im packi ng LI 
Column temperaturo: 35° 

Flow ratę: 1.6 mL/min 
Injection volume: 20 jiL 
System suitability 

Samples: System suitability solution f Standard solution, 
and 100-pg/mL 23-epi-26-Deoxyactein standard solution 

Suitability reguirements 

Chromatogram similarify: The chromatogram of the 
Standard solution is similar to the reference chromato¬ 
gram provided with the lot of USP Powdered Black 
Cohosh Extract RS being used. 

Resolution: NLT 1*0 between the (265>actein and 
the 23-ep/-26-deoxyactein peaks, System suitability 
solution 


Tailing factor: NMT 2.0 for the 23-ep/-2ó-deoxy- 
actein peak, 100-pg/mL 23-epi-26-Deoxyactein stan¬ 
dard solution 

Relative standard deviatior»: NMT 2.0% of the loga- 
rithm of the area responses for replfcate iniections, 
100-pg/mL 23-ep'h26-Deoxyaotein standard solution 
Analysis 

Sam piesi System suitability solution , Standard solution , 
23-epi-26-Deoxyactein standard Solutions , and Sample 
solution 

Using the chromatogram of the Standard solution and 
the reference chromatogram provided with the lot of 
USP Powdered Black Conosh Extract RS being used, 
identify the retention times of the peaks corresponding 
to the triterpene glycosides. The approximate relafive 
retention times of the triterpene glycosides are pro- 
vided in Table 2 , 


Table 2 


Name 

Rełative 

Retention 

Time 

Cimidfuaoside H-1 

0.61 

Ćimiracemosicfe A 

0,78 

(26fl)-ActeEn 

0.94 

2 6- D eo x vc im id fu q osi d e 

0.96 

(265) -Actein 

0.98 

2 3-ec3f-26-Deoxvactein 

1.00 

Acety 1 -siie nq m a n o l-xy fos \ de 

1.03 

C E m i qe n o 1 -a r a b i nos f d e 

1.08 

C Em i qe n o l-xy los id e (dmi c i f uq os rde) 

1.13 

26-Oeoxvactein 

1 .22 

25-Acetvl-dmiqenoE-arabinqsEde 

1.60 

( 24 S)-2 5 - Acetyl -c i m i qe n ol-xy 1 osi de 

1.64 

25-0-Methvl-cimiaenol-arabinoside 

1.90 

25-0-Methvl<imiaenol-xvloside 

1.93 


Plot the logarithms of the peak areas against the loga- 
rithms of the concentrations, in pg/mL, of the 23-epi- 
26-Deoxyactein standard solution , and establish the cali- 
bration curve by least-squares regression. The correia- 
tion coefficient for the regression linę is NLT 0.995* 
From the plot, determine the concentration, C in 
pg/mL, of the relevant analytes in the Sample solution. 
Separately calculate the percentages of the Endividual 
triterpene glycosides in Table 2 as 23-eph26-deoxy- 
actein (C 3 7 H 5 fiOio) in the portion of Powdered Black 
Cohosh taken: 

Result = (Vx Q/(Fx W) x 100 

V - volume of the Sample solution (mL) 

C = concentration of the relevant analyte in the 
Sample solution (pg/mL) 

F - factor to convert mg to pg, 1000 pg/mg 
W ~ weight of Powdered Black Cohosh taken to 
prepare the Sample solution (mg) 

Calculate the percentage of triterpene glycosides in the 
portion of Powdered Black Cohosh taken by add ing 
the percentages of the tndividual analytes. 

Acceptance crrteria: NLT 0.4% on the dried basis 

CONTAMINANTS 

o Articles of Bgtanical Origin, Limits of Elemental ImpurP 
ties (561): Meets the requirements 

• Articles of Botanical Origin, Pestkide Residue Analysis 
(561): Meets the requirements 

* Microbial Enumeration Tests (2021): The total aerobic 

microbial count does not exceed 10 s cfu/g; the total 
combined molds and yeasts count does not exceed 10 3 
cfu/g; and the bile-tolerant Cram-negative bactena count 
does not exceed 10 ? cfu/g. 
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* Absence of Specified Micrgorganjsms (20 22): Meets the 

reguirements of the tests for the absence of Salmonella 
species and Escherichta coli 

SPEC1FIC TiSTS 

* BOTANICAL CHARACTERIST1C5 

Macroscopic; The materiał is a light to dark brown 
powder, is odorless or has a slight odor, and has an 
acrid or bitter taste. 

Microscopic: łt shows numerous starch granuies with 
concentric striatfons, simple or compound, The individ- 
ual granuies are spherical or morę or less polygonaJ and 
are Be twe en 3 and 15 pm in diameter, each with a 
somewhat central slit-shaped hilum. Vessels with bor- 
dered pits occur, as do lignified fibers. Reddish to 
brown fragments of suberized epidermts with morę or 
less ta bu lar cells occur, 

* Articles of Botanical Origin, Alcohol-Soluble Extraotives, 

Method 2 (561): NLT 8.0%, using a maturę of alcohol 
and water (1:1) instead of alcohot 

* Loss on Drying (731) 

Sample: 1 g of Powdered Black Cohosh 
Anafysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Total Asfr (561): NMT 

10 , 0 % 

* Arucles of Botanical Origjn, AcMnsoluble Ash (561): 

NMT 4.0% 

ADDITIONAL REQUIR£MENT5 

* PACKAGING and Storage: Preserve in well-dosed, Irght- 

resistant containers, and protect from moisture. 

* Labeling: The label States the Latin blnomial and, follow- 

ing the official name, the parts of the plant from which 
the article was denved. Dosage forms prepared with this 
article should bear the foliowi ng statement: Discontinue 
use and consult a heafthcare practitioner if you have a 
tiver disorder or develop symptoms of liver trouble, such 
as abdominal pain, dark urlne, or jaundite. 

* USP Reference Standards (11) 

USP Actein RS 

USP Powdered Black Cohosh Extract RS 
USP 23-ep/-26-Deoxyattein RS 


Powdered Black Cohosh Extract 


DEFINITION 

Powdered Black Cohosh Extract is prepared from Black Co¬ 
hosh by extraction with hydroalcoholic mixtures or other 
suitable solvents. Jt contains NIT 90.0% and NMT 
110,0% of the labeled amount of triterpene glycosides, 
calculated as 23-ep/-26-deoxyactein (C^H^Guj) on the 
dried basis. 

IDENTIFICATION 

• A, Thin-Layer Chromatographic Identification Test 

Standard solution A: lOOmg/mL of USP Powdered 
Black Cohosh Extract RS in methanol 
Standard solution B: 1 mg/mL each of USP Actein RS f 
USP 23-ep/-2ó-Deoxyactem RS, and isoferulic acid in 
methanol 

Sample solution: Shake a quantity of Powdered Ex- 
tract, equivafent to 25 mg of triterpene glycosides, in 
10 ml_ of methanol, Al Iow to stand for 15 min before 
use. 

Adsorbent: Chromatographic srlrca gel mixture with an 
average particie size of 10-15 pm (TLC plates) 
Application volume: 10 pL 

DeveIop1ng solvent system: Use the upper phase of a 
mixture of butyl alcohol, glacial acetic acid, and water 
(5:1:4). 


Spray reagent: Methanol, glacial acetic acid, sulfunc 
acid, and p-anisaldehyde (85:10:5:0.5). [NoTE^Store in 
a refrigerator. The reagent is colorless; discard if color 
appears.] 

Analysis 

Samples: Standard solution A, Standard solution B t and 
Sample solution 

Develop the chromatograms until the solvent front has 
moved about 15 cm, and dry the piąte with the aid 
of a cu rrent of air, 

Acceptance criteria: Examine the piąte under UV light 
at 365 nm. The chromatogram of the Sample solution 
exhibits main zones similar in positlon and color to the 
main zones in the chromatogram of Standard solution A . 
In the upper third of the piąte, the chromatogram of 
the Sample sotution exhibits a blue fluorescent zonę at 
the levefof the zonę due to isoferulic acid in the chro¬ 
matogram of Standard solution B . Spray the piąte with 
Spray reagent , heat at 100° for 5 min, and examine in 
daylight. The chromatogram of the Sample solution ex- 
hibits main zones similar in positlon and color to the 
main zones in the chromatogram of Standard solution A, 
The chromatogram of Standard solution B exhibit$ red- 
violet zones due to actein and 23-epT26-deoxyaetein. 
The chromatogram of the Sample solution exhibits sev- 
eral greemsh-brown spots in the lower third of the piąte 
and $everal viołet zones above; two of these violet 
zones occur at R? values similar to those due to actein 
and 23-epf-2ó-deoxyactein in the chromatogram of 
Standard solution B l 

• B. Thin-Layer Chromatographic Identification Test 

Standard solution A: 0,5 ml of Standard solution A pre¬ 
pared rn Identification test A, diluted with methanol to 
2 mL 

Standard solution B: 1.0 ml of Standard solution B pre¬ 
pared in Identification test A t diluted with methanol to 
5 mL 

Sample solution: Dilute 1 mL of ihe Sample solution 
prepared in Identification test A with methanol to 
10 ml. 

Adsorbent: Chromatographic stlica gel mixture with an 
average particie size of5 pm (HPTLC plates) 

Application volume: 2 pL as an 8-mm band 
Devefoping so!vent system: Toluene, ethyl fermatę, 
and formie add (5:3:2) 

Spray reagent: Proceed as directed for Identification 
test A. 

Analysis 

Samples: Standard solution A f Standard solution 8, and 
Sample solution 

Develop the chromatograms until Ehe solvent front has 
moved about two-thirds of the length of the piąte, 
and dry the piąte with the aid of a current of air. 
Spray the piąte with Spray reagent , heat at 100° for 5 
mrn, and examine in dayltght 
Acceptance criteria: The chromatogram of the Sample 
solution exhibits main zones similar in positlon and 
color to the main zones in the chromatogram of Stan¬ 
dard solution A. The chromatogram of Standard solution 
B exhibits red-violet zones due to actein and 23-ep/- 
26-deoxyactein at Rf values of about 0.5 and 0.4, re- 
spectivefy. The chromatogram of the Sample solution 
exhibits zones similar in color and Rf values to those 
due to actein and 23-ep/-2Ó-deoxyactein in the chro¬ 
matogram of Standard solution 5, 

* C. The chromatogram of the Sample solution exhibits 

peaks for dmiracemoside A, 2Ó-deoxydmidfugoside, 

(265) actein, 23-epi-26-deoxyactein, dmigenoT-arabino- 
side, and cimigenol-xyloside at retention times corre- 
sponding to those compounds in the chromatogram of 
tne Standard solution, as obtained in the test for Contanf 
of Triterpene Glycosides . The ratio of the peak areas of 
dmigenol-arabinoside to cimigenol-xy!oside is NLT 0.4 
(disttnetton from Cimicifuga foetida). 
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COMPOSmON 

* CONTENT OF TRITERPENE GLYCOSIDES 

Standard soiution: Dissolve a guantity of USP Pow¬ 
dered Bfack Cohosh Extract RS in methanol with shak- 
mg for 1 min, and dilute with methanol Lo obtain a 
soiution having a known concentration of 30 mcj/rnL. 
Pass through a membranę frlter of G.45-pm or fi ner 
porę size. 

23-ep/-26-Deoxyactein standard Solutions: Dissoke 
USP 23-ep/-26-Deoxyactein RS in methanol with shaking 
for 1 min. Dilute quantitatively, and stepwise if neces- 
sary, to obtain Solutions having known concentrations 
of 500, 1 00, 50, 25, and 12.5 pg/mL, Pass through a 
membranę filter of 0.45-um or finer porę size. 

System suitability soiution: 0.1 mg/rnL each of USP 
Actein RS and USP 23-ep/-2ó"Deoxyactein RS in 
methanol 

Sample soiution: Transfer a guantity of Powdered Ex- 
tract, equivalent to 7.5 mg of triterpene glycosides, to a 
10-mL volumetrk fiask, add 7 mL of metnanok and 
sonicate for 30 min, Dilute with methanol to volume. 
Centrifuge, or pass through a filter of 0.45-pm or finer 
porę size, 

Soiution A: 0.05% trifluoroacetic add in water 

Soiution B: Acetonitrile 

Mobile phase: See Tobie L 


Table 1 


Time 

(min) 

Water 

(%) 

Soiution A 

Soiution B 

t%) 

0 

0 

80 

20 

8 

0 

80 

20 

IS 

68 

0 

32 

55 

36 

0 

64 

65 

5 

0 

95 

70 

5 

0 

95 

85 

0 

80 

20 


Chromatographic system 

(See Chromatogmpny (621), System Suitability.') 

Modę: LC 

Detector: Evaporative llght-scattering 

[Notę —The detector is set up according to the manu- 
factureds instruction in order to achieve a signal-to- 
noise ratio of NIT 10 for the 12.5-pg/mL 23-epi-26-De- 
oxyactein standard soiution .] 

Column: 4.ó-mm x 25-cm; 5-pm packing LI 

Column temperaturę: 35" 

Flow ratę: 1.6 mL/min 

Injection size: 20 jliL 
System suitability 

Samples: System suitability soiution, Standard soiution, 
and 100-pg/mL 23-epi-26-Deoxyactein standard soiution 

Suitability reąuirements 

Chroma tog ram stmilarity: The chroma Log ram of the 
Standard soiution is similar to the Reference Chromat¬ 
ogram provided with the lot of USP Powdered Black 
Cohosh Extraet RS being used. 

Resolution: NLT 1.0 between the (265>actetn and 
the 2 3-ep/-26-deoxyactein peaks, System suitability 
soiution 

Tailing factor: NIV1T 2.0 for the 23-ep/-26-deoxy- 
actein peak, 100-pg/mL 23epi-26-Deoxyactein stan¬ 
dard soiution 

Relative standard deviation: NMT 2.0% of the loga- 
rithm of the area response of the 23-ep/-26-deoxy- 
actein peak in repeated injections, 100-pg/mL 23-eph 
26-Deoxyactein standard soiution 
Analysis 

Sampies: System suitability soiution , Standard soiution, 

23-epI-26-Deoxyactein standard Solutions, and Sample 
soiution 


Using the chromatogram of the Standard soiution and 
the'Reference Chromatogram provtded with the lot 
of USP Powdered Black Cohosh Extract RS, Identify 
the retention times of the peaks corresponding to the 
triterpene glycosides. The approximate relative reten¬ 
tion times of the triterpene glycosides are provided in 
Tobie 2. 


Table 2 


Name 

Relative 

Retention 

Time 

Cimicifugoside H-l 

0.61 

G i mi race musicie A 

0,78 

(2 6 R)-Actein 

0.94 

26-Deoxvdmidfuaoside 

0.96 

(265)-Aaein 

0.98 

2 3 - eohl 6 - Deox vac tei n 

T00 

Acety l-shenq m a n oi-xy łosi de 

1.03 

Ctmraenol-arabEnosFde 

1.08 

C f m i aeno E-xy 1 o 5 id e {d mi cif u qos i d e) 

1.13 

26-Deoxvactein 

1.22 

25-Acetvl-d mi qeno l-arabinoside 

1.60 

f 24 SI - 2 5-Acetyl -ci m iq e n 0 l-xy 1 osi de 

1.64 

2 5- O- Me th y I-ci m i □ en oi-a ra bi nos ide 

1.90 

2 5- O- M eth VI-ci m iq e n ol-?: V1 os i de 

1.93 


Plot the togarithms of the peak area responses versus 
the logarithms of the concentrations, in ug/mL, of 
the 23-eph26~Deoxyactein standard soiutions , and de- 
termine the regression linę using a !east-squares anal¬ 
ysis. The correlatton coeffrdent For the regression linę 
is NLT 0.995. From the graphs so obtained, deter- 
mine the concentratlon, C in pg/ml, of the relevant 
analyte in the Sample soiution . Separately calcuiate 
the percentages of cimicifugoside H-1, cirmraeemo- 
side A, (26R)- actein, 2ó-deoxydmidfugoside / (265)- 
actein, 23-ep/-2ó-deoxyactein, acetyl-snengmanol-x- 
yloside, dmigenol-arabinoside, cimigenol-xyloside 
(cimicifugoside), 2ó-deoxyactein, 25-atety!-cimigeno- 
l-arabinoside, (245)-25-acetyl-cimigenol-xyloside, 
25-0-methyl-cimigenol-arabinoside, and 25-0- 
methyl-cim3geno]-xy[oside as 23-ep/-2ó-deoxyactein 
(Ci/HsńOio) in the portion of £xtract taken: 

Result - (t^x Q/(f x W) x 100 

V = voiume of the Sample soiution (mL) 

C = concentration of the relevant analyte in the 
Sample soiution (jig/mL) 

F - factor to convert mg to pg, 1000 ug/mg 

W = weight of the Powdered Extract taken to 
prepare the Sample soiution (mg) 

Calcuiate the percentage of the labeled amount of 
triterpene glycosides in the portion of Extract taken 
by adding all of the percentages calculated for 
individual analytes. 

Acceptance criterla: 90.0%-110.0% on the dried basis 

CONTAMINANTS 


Detete the following: 

•- Heaw Metals (231): NMT TO ppm© 

* Microbiał Enumeration Tests (2021): It meets the re¬ 
pu Irements of the tests for absence of Salmonella species 
and Escherichia coli. The total bacterial count does not 
exceed 10* cfu/g, and the total combined molds and 
yeasts count does not exceed 1 0 3 cfu/g. 

* Other Requirements: It meets the reguirements under 

Botanical Extracts (565), P es ti ci de Residues, 


DS Monographs 































6842 Black Cohosh / Dietary Supplements 


USP 40 


SPECIFIC TESTS 

* Loss ON Dhying (731): NMT 5.0% 

ADD1TIONAL REQUIREMEMTS 

* Packaging and Storage: Preserve in tight, light-resfstant 
containers, and storę in a cool place, 

• Labeling: It meets the reguirements under Botanical Ex- 

tracts (565), Label it to indicate the content of triterpene 
glycosides, in percentage, calculated as 23-ep/-2ó-deoxy- 
actein. Dosage forms prepared with this article should 
bear the followfng statement: "Discontinue use and con- 
sult a healthcare practitioner if you have a liver disorder 
or devefop symptoms of liver trouble, such as abdominal 
pain, dark urine, or jaundice." 

• USP Reference Standards (11) 

USP Actein RS 

USP Powdered Black Cohosh Extract RS 
USP 23-ep/-2ó-Deoxyacte!n RS 


Black Cohosh Fluidextract 


DEFINITION 

Black Cohosh Ruidextract is prepared from Black Cohosh by 
extraction with hydroalcoholic mixtures or isopropa- 
nol-water mixtures. Each ml contains the extracted con- 
stituents of 1 g of the plant materiał. It contains NLT 
90.0% and NMT 110.0% of the fabeled amount of 
triterpene glycosides, calculated as 23-ep/-26-deoxyactein 

(C3?H$ńOio), 

IDENTIFICATION 

• A. Thin-Layer Chromatographic Identification Test 
Standard solution A: 100 mg/mL of USP Powdered 
Black Cohosh Extract RS in methanol 
Standard sofution B: 1 mg/mL each of USP Actein RS, 
USP 23-ep-26-Deoxyactein RS, and isoferulic add in 
methanol 

Sample solution; Fluidextract 

Adsorbent: Chromatographic silica gel mixture with an 
average particie size of 10-15 pm (TLC pfates) 
Application volume: 10pL 

Developing solvent system: Use the upper phase of a 
mixture of butyl alconof glaciai acetic acid, and water 
(5:1:4). 

Spray reagent: Methanol, glaciai acetic acid, suffuric 
acid, and p-anisaldehyde (85:10:5:0.5), [NOTĘ—Storę in 
a refrigerator. The reagent is colorless; discard if color 
appears.] 

Analysis 

Samptes: Standard solution A, Standard solution B, and 
Somple solution 

Develop the chromatograms until the sofvent front has 
moved about 15 cm, and dry the pfate with the aid 
of a current of air. 

Acceptance criteria: Examine the piąte under UV light 
at 365 nm. The Sample solution exnibits main zones 
similar in position and color to the main zones of Stan¬ 
dard solution A . fn the upper third of the piąte, the 
Sample solution exhibits a blue ftuorescent zonę at the 
Ievef of the zonę due to isoferulic acid of Standard solu¬ 
tion B. Spray the piąte with Spray reagent , heat at 100° 
for 5 min, and examine in daylight. The Sample solution 
exhibits main zones similar in position and coior to the 
main zones of Standard solution A, Standard solution B 
exhibits red-violet zones due to actein and 23-ep/- 
26* *deoxyactein. The Sample solution exhibits several 
greenish-brown spots in the lower third of the piąte 
and several violet zones above; two of these vio!et 
zones occur at ft F values similar to those due to actein 
and 23-ep/-26-deoxyactein of Standard solution B . - 


• B . Thin-Layer Chromatographic Identification Test 

Standard solution A: 0.5 mL of Standard solution A pre¬ 
pared in Identification test A t diluted with methanol to 
2.0 mL 

Standard sofution B: TO mL of Standard solution B pre¬ 
pared in Identification test A t diluted with methanol to 
5.0 mL 

Sample solution: Use the Fluidextract, diluting if neces- 
sary with a suitable solvent to obtain a concentration of 
0.25 mg/mL of triterpene glycosides. 

Adsorbent: Chromatograpnic silica gel mixture with an 
average particie size of 5 firn (HPTLC pfates) 

Application volume: 2 pL as an 8-mm band 
DeveIoprng sofvent system: Toluene, ethyl formate, 
and formie acid (5:3:2) 

Spray reagent: Proceed as directed for Identification 
test A. 

Analysis 

Samples: Standard solution A t Standard solution B, and 
Sample solution 

Develop until the solvent front has moved two-thirds 
of the fength of the piąte, and dry the piąte with the 
aid of a current of air. Spray the piąte with Spray 
reagent, heat at 100° for 5 min, and examine in 
daylight 

Acceptance criteria: The Sample solution exhibits main 
zones similar m position and color to the main zones of 
Standard solution A. Standard solution B exhibits redwio- 
let zones due to actein and 23-ep/-26-deoxyactein at k F 
values of about 0.5 and 0.4, respectively. The Sample 
solution exhibits zones similar in color and Rf values to 
those due to actein and 23-ep/-26-deoxyactein of Stan¬ 
dard solution B. 

■ C The Sample solution exhibits peaks for dmiracemoside 
A, 2ó-deoxycimidfugoside, (265)-actein, 23-ep/-26-deoxy- 
actein, cimigenol-arabinoside, and dmigenol-xyloside at 
retention times corresponding to those compounds in 
the Standard solution t as obtained in the test for Content 
of Triterpene Glycosides , The ratio of the peak areas of 
dmigenol-arabmoside to dmigenoi-xyfoside is NLT 0.4 
(distmetion from Gmicifuga foetida). 

COMPOSITJON 

* Content of Triterpene Glycosides 

Standard solution: Dissolve a quantity of USP Pow¬ 
dered Black Cohosh Extract RS in methanol with shak- 
inq for 1 min, and dilute with methanol to obtain a 
solution having a known concentration of 30 mg/mL. 
Pass through a membranę filter of 0.45-jjm or fmer 
porę size. 

23-epf-2ó-Deoxyactein standard Solutions: Di$solve 
USP 23-epj-26-Deoxyactein RS In methanol with shaking 
for 1 min. Dilute quantitativefy, and stepwise if neces- 
sary, to obtain Solutions having known concentrations 
of 500, 100, 50, 25, and 12.5 pej/mL. Pass through a 
membranę filter of 0,45-pm or fmer porę size. 

System suitability solution: 0.1 mg/mL each of USP 
Actein RS and USP 23-ep/-2ó-Deoxyaotein RS in 
methanol 

Sample solution: Use the Fluidextract, diluting if neces- 
sary with methanol to obtain a concentration of about 
0.75 mg/mL of triterpene glycosides. Centrifuge, or 
pass through a filter of 0.45-j.im or finer porę size. 
Solution A: 0.05% tnffuoroacetk acid in water 
Solution B: Acetonrtrile 
Mobile phase: See Tobie h 


Tabte I 


Time 

Water 

Solution A 

Solution B 

(mini 

f%> 

f%) 


0 

0 

80 

20 

8 

0 

80 

20 

15 

68 

0 

32 
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Table 1 (Continued) 


Time 

(min 1 ) 

Water 

Solution A 

Solution B 

(W 

55 

36 

0 

64 

65 

5 

0 

95 

70 

5 

0 

95 

85 

0 

80 

20 


Chromatographic system 

(See Chromatograpny {621), System Suitability.) 

Modę: LC 

Detector: Evaporative Eight-scattering 

[Notę—T he detector is set up according to the manu- 
facturer's instruction in order to achieve a signal-to- 
norse rafio of NLT 10 for the 12.5-f.ig/mL 23-epb26-De- 
oxyactein standard solution.] 

Column: 4.6-mm x 25-cm; 5-pm packtng LI 

Column temperaturę: 35 p 

Flow ratę: 1.6 mL/min 

Injection size: 20 pL 
System suitability 

Samples: System suitability solution , Standard solution, 
and 100-pg/mL 23-epi-26-Deoxyactein standard solution 

Suitability reąuirements 

Chromatogram similarity: The chromatogram of the 
Standard solution \s simflar to the Reference Chromat- 
ogram prov!ded with the lot of USP Powdered Black 
Cohosh Extract RS being used. 

Resolution: NLT 1,0 between the (265}-actein and 
the 23-ep/-26-deoxyactein peaks, System suitability 
solution 

Tailing factor: NMT 2,0 for the 23-ep/-2ó-deoxy- 
actein peak, 100-pg/mL 23-epi-26-Deoxyactein stan¬ 
dard solution 

Relative standard deviation: NMT 2.0% of the loga- 
rithm of the area response of the 23-ep/-26-deoxy- 
actein peak in repeated injections, 100-jig/mL 23-epi- 
26-Deoxyactein standard solution 
Anaiysis 

Samples: System suitability solution, Standard solution, 
23-epi-2ć-Deoxyactein standard Solutions, and Sample 
solution 

Using the chromatogram of the Standard solution and 
the Reference Chromatogram provided with the lot 
of USP Powdered Black Cohosh Extraci RS, identify 
the retention times of the peaks correspondEng to the 
triterpene glycosides. The approximate relative reten¬ 
tion times of the triterpene glycosides are provided in 
Tobie 2, 


the 23-eph26-Deoxyactein standard Solutions, and de- 
termine Lhe regression linę using a least-squares anal- 
ysis, The correlation coefficient for the regression linę 
is NLT 0.995. Prom the graphs so obtaSned, deter- 
minę the concentration, C, in pg/mL y of the relevant 
analyte tn the Sample solution . Separatefy calcu Eate 
the concentrations, in pg/mL, of dmicifugostde M-1, 
dmiracemoside A, (26R)-aetein, 26-deoxycimicifugo- 
side, (26S)-actein, 23-ef?T26-deoxyatteEn, acetyl- 
shengmanol-xy]oside, dmigenol-arabinoside, cimige- 
no!-xy[os]de (cimicifugoside), 2ó-deoxyactein, 25-ace- 
tyhdmigenol-arabinosjde, (245)-25-acetyl-dmigenol- 
xylosrde, 25-Omethy3-cimEgeno3~arabEnoside, and 
25-0-methyl-cimigenoNxyloside as 23-ep/-26~deoxy- 
actein (C^n^Cho) in the portion of Fluidextract taken; 

Result = (D x C IV) 

D - dilution factor for the Sample solution, if 

applicable: finał voEume of Sample solution/ 
vofume of aliouot of Flujdextract taken 
(mL/mL) 

C - concentration of the re!evant analyte in the 
Sample solution (pg/mL) 

V - vofume of the Fluidextract taken to prepare 
the Sample solution (mL) 

Cafculate the percentage of the labeled amount of 
triterpene glycosides in the portion of Fluidextract 
taken: 


Result = IC/L x 100 

SC -sum of concentrations of the individual 
triterpene glycosides (mg/mL) 
i ~ labeled concentration of triterpene glycosides 
of the F!uidextracL (mg/mL) 

Acceptance criteria: 90.0%-110.0% 

CONTAMBNANTS 


Delete the folfowing: 

•* heaw Metals (231): nmt 10 ppm* (Offirial Han-2D1B) 
o Microbial Enumeration Tests (2021): The totaf bacteriai 
count does not exceed ICH cfu/g, and the total com- 
bined mofds and yeasts count does not exceed IG 5 tfu/ 
g. 

■ Other Requirements: It meets the reąuirements under 
Botanical Extracts (565), Residuai Solvents and Pestidde 
Residues. 


Tahle 2 


Compound 

Relative 

Retention 

Time 

CEmtcifuqoside H-1 

0.61 

Clmiracemoside A 

0.78 

(26 R)-Ac tein 

0.94 

26- Deox vci m ici f uq osid e 

0.96 

(2 6 S)- Actein 

0.98 

2 3 - epi-26 -Deoxya c te i n 

1.00 

Ace tyk s h en q ma no E-xy 1 osi d e 

1,03 

Ci m iq en o!-a ra b i n osi de 

1,08 

CEmEqenol-xyloside (dmkifuqo5ide) 

1.13 

2ć-Deoxyactein 

1.22 

2 5-Acetyl - ci m iq en ol-a ra bi n osi d e 

1.60 

(245)- 2 5 - Acetyl- ci m i q en ol-xyiosl de 

1,64 

25- 0-M e th yl-ci miqenof-a rabi nosi de 

1.90 

25 - O- M eth y 1- ci m i q eno l-xy los i de 

1.93 


Plot the logaritbms of the peak area responses versus 
the logarithms of the concentrations, in jig/mL, of 


ADDITtONAL REQUIREMENTS 

o Packagbng and Sto race: Preserve in tight, Jight-resistant 
containers, and storę in a cooE place, 
o Labeling: It meets the requirements for Labeling under 
Botanical Extracts (565), LabeE it to Indicate the content, 
in percentage, of triterpene glycosides, calculated as 
23-ep/-26-deoxyactein. Dosage forms prepared with this 
artlcle should bear the folfowing statement: Discontlnue 
use and consull a heafthcare practitioner if you have a 
Eiver dlsorder or develop symptoms of llver trouble, such 
as abdominal pain, dark urine, or jaundice. 
o USP Reference Standards {Tl) 

USP Actein RS 

USP Powdered Black Cohosh Extract RS 
USP 23-€p/“26-Deoxyactein RS 


Black Cohosh Tablets 


DEFINITION 

Black Cohosh Tabfets contain Powdered Black Cohosh Ex- 
tract or Black Cohosh Fluldextract. Tablets contain NLT 


DS Monographs 
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90.0% and NMT 110,0% of the iabeled amount of Pow- 
dered Extract or Fluidextract, represented by the content 
of triterpene glycosides, calculated as 23-eph26-deoxy~ 
actein (C37HsfiOio), 



IDENTIFICATION 

* A. Thin-Layer Chr om atog rap hic Identification Test 

< 2 ° 1 ) 

Adsorbent: Chromatographic silica gel mixture with an 
average particie size of 10-1 5 pm (TLC plates) 

Sample solution: 10 ml of the Sample solution pre- 
pared for Identification test R £vaporate to dryness, anc 
redissolve in 1 ml of methanol. 

Standard solution A: 100 mg/mL of USP Powdered 
Black Cohosh Extract RS in methanol 
Standard solution B: 1 mg/mL each of USP Actein RS, 
USP 23-epj-2ó-Deoxyactein RS, and isoferulic acid in 
methanol 

Application voiume: 10 \xl 

Developing so!vent system: Use the upper phase of a 
mixture or butyl alconol, gladal acetic acid, and water 
(5:1:4). 

Spray reagent: Methanol, glacial acetic acid, sulfuric 
acid, and p-anisaldehyde (85:10:5:0.5) 

[Notę—S torę in a refrigerator. The reagent rs colorless; 
discard if color appears,] 

Analysis 

Sam pies: Standard solution A, Standard solution B , and 
Sample solution 

Develop until the solvent front has moved 15 cm, and 
dry the piąte with the aid of a current of air. Examine 
the piąte under UV light at a wavelength of 365 nm. 
Spray the piąte with Spray reagent f heat at 100* for 5 
min, and examine in dayfight, 

Acceptance criteria; The Sample solution exhibits main 
zones similar in position and color to the main zones of 
Standard sofution A. Examined under UV light, the Som- 
pie sofution exhibits a blue fluorescent zonę at the Ievel 
of the zonę due to isoferulic acid in Standard soiution B , 
*ń the upper third of the piąte. £xamined after treat- 
ment witn Spray reagent , the Sample solution exhibits 
several greenish-brown spots in Ehe lower third of the 
piąte and several violet zones above; two of these vioiet 
zones occur at Rf values similar to those due to actein 
and 23-ep/'2ó-deoxyacteiii in Standard solution B. 

• B. Thin-Layer Chromatographic Identification Test 


( 201 ) 

Adsorbent: Chromatographic silica gel mixture with an 
average particie size of5 pm (HPTLC plates) 

Sample solution: Transfer the equivalent of the Iabeled 
amount of Powdered Extract or Fluidextract, containing 
25 mg of triterpene glycosides from a portion of pow- 
derecTTablets, to 25 mL of water; shake to disperse; and 
sonicate for 10 min. Add 75 mL of methanol, and soni¬ 
cate for 10 min. Allow to stand for 15 min, and use the 
elear supematant 

Standard solution A: Methanol and Standard solution A 
p repa red in Identification test A (3:1) 

Standard soiution B: Methanol and Standard soiution B 
prepared in Identification test A (4:1) 

Application volume; 2 pL as an 8-mm band 
Developing solvent system: Toluene, ethyl forma te, 
and formie acid (5:3:2) 

Spray reagent; Methanol, glacial acetic acid, sulfuric 
acicf, and p-anisaldehyde (85:10:5:0.5) 

[NOTĘ—Storę in a refrigerator. The reagent i$ colorless; 
discard if color appears.] 

Analysis 

Sam pies: Standard solution A, Standard soiution B, and 
Sample solution 

Develop until the solvent front has moved two-tfrirds 
of the length of the piąte, and dry the piąte with the 


aid of a current of air. Spray the piąte with Spray 
reagent , heat at 100° for 5 min, and examine tn 
daylrght. 

Acceptance criteria: The Sample solution exhibits main 
zones similar in position and color to the main zones of 
Standard soiution A t two of whieh are red-violet zones al 
R r values of 0.5 and 0.4, similar in color and R f values 
to those due to actein and 23-epj-26-deoxyacteIn in 
Standard solution B , 

■ C, The Sample soiution exhibits peaks for cimiracemoside 
A, 26-deoxycrmicifugoside, {26Ą actein, 23-ep/-2ó-deoxy- 
actein, drmgenofarabinoside, and cimigenofxyloside at 
retention times corresponding to those compounds in 
the Standard solution , as obtained in the test for Content 
of Triterpene Glycosides . The ratio of the peak areas of 
cimigenol-arabinoside to ctmigenol-xyloside is NLT 0.4 
(distmetion from Cimicifuga foetida). 

STRENGTH 

* CONTENT OF TRITERPENE GLYCOSIDES 

Solution A: Filtered and degassed 0.05% trifluoroacetlc 
acid in water 

Solution B: Filtered and degassed acetonitrile 
Mobile phase: See the gradient table below. 


Time 

{mini 

Water 

Solution A 

f%1 

Solution B 

t%ł 

0 

0 

80 

20 

S 

0 

80 

20 

15 

68 

0 

32 

55 

36 

0 

64 

65 

5 

0 

95 

70 

5 

0 

95 

85 

0 

80 

20 


System suitability solution; 0.1 mg/mL each of USP 
Actein RS and USP 23-ep/-26-Deoxyactein RS in 
methanol 

Standard solution: Dis$olve a ąuantity of USP Pow¬ 
dered Black Cohosh Extract RS in methanol with shak- 
ing for 1 min, and difute with methanol to obtain a 
solution havlng a known concentration of 30 mg/ml. 
Pass through a membranę fil ter having a 0.45-pm or 
fi ner porosty. 

23-epf-26-DeoxyacŁem standard Solutions: DIssoJve 
USP 23-epi-26-Deoxyactein RS in methanol with shaldng 
for 1 min. Dilute quantitatively, and stepwise if netes- 
sary, to obtain Solutions having known concentrations 
of 500, 100, 50, 25, and 12.5 pg/mL Pass through a 
membranę frlter having a 0.45-pm or finer porosity. 

Sample solution: Weigh NLT 20 Tablets, and finely 
powder. Transfer a quant*ty of the powder, equivaient 
to 8 mg of triterpene glycosides, to a suitable polytef- 
cappea centrifuge tubę. Add 3 mL of water, shake to 
disperse, and sonicate for 10 min at 6Q C . Add 3 mL of 
methanol, and sonicate for 10 min. Centrifuge, and 
transfer the elear supematant to a 10-mL ydumetric 
fiask. Wash the resfdue twice with 1.5 mL of a mixture 
of methanol and water (1:1), and transfer the washings 
to the volumetric fiask. Dilute with a mixture of metha- 
nol and water (1:1) to volume, and pass through a 
membranę fllter having a 0.45-pm or finer porosity. 

Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Mo de: LC 

Detector: Evaporative light-scattering 
[Notę—D etector rs set up according to the manufactur- 
eris instruction in order to achieve a signal-to-noise ra¬ 
tio of NLT 10 for the 12.5 pg/ml 23-epi-26-Deoxy - 
actein standard solution.) 
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Column: 4,6-mm x 25-cm; 5-Lim pac king LI 
Column temperaturę: 35 D 
Flow ratę: 1,6 ml/min 
Injection size: 20 pL 
System suitability 

Samples: Syste/n suitability solution and 100 jig/mL of 
23-epi-26-Deoxyactein standard solution 

Sultaoility requirements 

Chromatographit profile: The chromatogram of the 
Standard solution is similar to the Reference Chromat- 
ogram provided with the lot of USP Powdered Black 
Cohosh Extract RS. 

Resolution: NLT 1.0 between the (265)-actein and 
the 23-epL26-deoxyactein peaks, System suitability 
solution 

Tai!Ing factor: NMT 2,0 for the 23-ep/-2ó-deoxy~ 
actein peak, 100 pg/mL 23-epi-26-Deoxyactein stan¬ 
dard solution 

Relative standard deviatron: NMT 2.0% for the log- 
arithm of the area responses for repllcate injections, 

1 00 pg/mL 23-epi-26-Deoxyactein standard solution 
Analysis 

Samples: System suitability solution , Standard solution, 
23-epi-26-Deoxyactein standard Solutions f and Sćmpfe 
solution 

Using the chromatogram of the Standard solution and 
the Reference Chromatogram provided with the lot 
of USP Powdered Black Cohosh Extract RS, identify 
the retention times of the peaks corresponding to the 
triterpene giycosides. The approximate relative reten¬ 
tion times of the triterpene glycosides are provided in 
the fol łowi ng tabfe. 


Name 

Rel^tive 

Retentaon 

Time 

Cimidfuqoside H-1 

0.61 

Ctmiracemoside A 

0.70 

f26fil-Actetn 

0.94 

2 6 “Deo x vc i m id fuq osi d e 

0.96 

(265)-Actein 

0,98 

2 3 -epi-26 -Deo x va c Łei n 

1.00 

Ace ty 1-5 h en q rna n o 1—xvl osid e 

1.03 

Gmiqenol-arabinoside 

1.08 

C im iq e n o!-x vl os i de f ci m \c ifu q os tde) 

113 

26-Deoxvactein 

1.22 

25-Acetv1'dmiqenoharabinoside 

1.60 

(24 5)- 25 - Acety 1 -ci m iq e n o E-xy 1 osi d e 

1.64 

25-0-Methvl-cimiqeno!-arabinoside 

1.90 

25-0-MethvLcimiqenol-xvfoside 

1.93 


Plot the Jogarithms of the peak area responses versus 
the logarithms of the concentrations, in pg/mL, of 
the 23-eph26-Deoxyactein standard Solutions, and de- 
termine the regression linę using a ieast-sguares anaf- 
ysis. The correlation coeffident For the regression iine 
is NLT 0.995. From the graphs so obtained, deter- 
mlne the concentration, C, in pg/mL, of the relevant 
analyte In the Sample solution. 

Calcufate the guantity, in mg, of triterpene glycosides 
in the portion of Tablets taken: 

Result - C T /100 

Cr = sum of the concentrations C, in pg/mL, of all 
the relevant triterpene glycosides, calcuiated 
as 23-epL2ó-deoxyactein 

Calculate the percentage of the labefed amount of 
Extract in the portion of Tablets taken: 

Result = (Awt/W) x (100/L e ) x (100/L) x Ctt- 
A m = average weight of Tablets 


W = weight of sample 

L e - labeled content, as percentage, of tli ter pen es 
in the Extract used to prepare the Tablets 
L - labeled amount of Extract per Tablet 

Ctt = content, in mg, of triferpenes in the sample 

Acceptance criteria: 90,0%~110.G% of the labeled 
amount of Powdered Extract or Fluidextract, repre- 
sented by the content of triterpene glycosides 

PERFORMANCE TESTS 

• D i SI NTEG KATION AND DlSSOLUTlON OF DiETARY SUPPLEMENTS 

(2040): Meet the requirements for Disintegration 

• Weight Variation of Dietary Supplements (2091): Meet 

the reguirements 

CONTAMINANTS 

o Microbial Enumeration Tests—Nutritional and Dietary 
Supplements <2021): The total bacterlal count does not 
exceed I0 4 cfu/g, and the total combined molds and 
yeasts count does not exceed 10* cfu/g. 

» Microbial Procedures for Absence of Specified Mcroor- 
ganisms—Nutritional and Dietary Supplements 
(2022): Tablets meet the reguirements of the tests for 
absence of Salmonella spedes and Escherichia coli . 

ADDITIONAL REQIUREMENTS 

e Packaging and Storage: Preserve In tight, light-resistant 
eontainers, and storę at room temperaturę. 

• LABELING: The label States the Latin binomiai and, follow- 

ing the official name, the article from which the Tablets 
were prepared. The label also indicates the amount, in 
mg/Tablet, of Powdered Extract or Fluidextract; the sok 
vents used to prepare the Powdered Extract or Fluid- 
extract; and the ratio of starting crude plant materiał to 
Powdered Extraet or Ffuidextract. Label it to indicate the 
content, in percentage, of triterpene glycosides as 23-epi- 
26-deoxyactein In the Powdered Extract or Ftuidextract 
used to prepare the Tablets. 

The label bears the followlng statement: Discontinue use 
and consult a healthcare practitloner if you have a liver 
disorder or develop symptoms of liver trouble, such as 
abdomlnal pain, dark urine, or jaundice. 

® USP Reference Standards (11) 

USP Actein RS 

USP Powdered Black Cohosh Extract RS 
USP 23-ep/-2ó-Deoxyactein RS 


BBacBt Pepper 

DEFINmON 

Black Pepper consists of the drled fully developed unripe 
fmits of Piper nigrum L. (Fam. Plperaceae). It contains NLT 
2.5% of piperine, calcuiated on the dried basis, 

IDENTIFICATION 

* A, Black Pepper meets the reguirements under Speciftc 

Tests, Botanical Characteristics. 

* B, HPT1C for Artbcles df Botanical Origin (203) 

Standard solution A: 0.9 mg/mL of USP Piperine RS in 
methanol 

Standard solution B: 2.0 mg/mL of borneol in 
methanol 

Standard solution C: 5 mg/mL of USP Powdered Black 
Pepper Extract RS in methanol. Sonicate for about 10 
min, oentrifuge, and use the supernatant. 

Sample solution; Sonicate for 10 min about 0.5 g of 
Black Pepper, finely powdered, in 5 mL of methanol, 
centrifuge, and use the supernatant. 

Chromatographic system 

Adsorbent: Chromatographic sillca gel mixture with 
an average particie size of 5 pm (HPTLC plates) 


DS Monographs 
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plkatron volume; 15f.iL of Standard solution C, 7 pL 
óf the Sample solution , and 3 |iL of the Standard solu- 
tion A and Standard solution B, as bands 
Developing solvent system: Hexanes and ethyl ace- 
tatę (5:3) 

Derivatizatron reagent: A mixture of 1 7 ml of ice- 
cooled methanol, 2 mL of acetic acid, 1 mLof sulfuric 
add, and 0.1 ml of anisafdehyde, mixed in this order 
Analysis 

Samples: Standard sofution A r Standard sofution B, 
Standard sofution C, and Sample sofution 
Appiy the Samples as bands, Use a saturated chamber, 
ana condition the piąte to a refative hu midi ty of about 
33% ustng a suitable devke. Develop until the solvent 
front has moved up about 7 cm from the lower edge 
of the piąte, Remove the piąte from the chamber, drv, 
and examine under UV light at 254 nm. Treat with tne 
Derivatization reagent, heat for 5 min at 100*, and ex- 
aminę under white light. 


lig 

Acceptance criteria: Under UV 254 nm, the chromato- 



chromatogrć 

a quenching band at of about 0.02, and three 
guenching bands iocated between R f of about 0,3 and 
0.5. Under white light, the derivatized chromatogram 
of the Sample sofution exhibits main bands similar in 
position and color to the main bands in the chromato¬ 
gram of Standard solution C These bands include a dark 

E reen band of the same color and Rr as the piperine 
and tn Standard solution A ( R f of about 0.15), a weak 
viotet band at R f of about 0,47 below the position of 
the band due to borneol in Standard solution B t and a 
greemsh band in the lower part of the chromatogram 
at R f of about 0.07. Other minor bands may be ob- 
served tn the Sample sofution and Standard sofution C 
chromatograms. No blue bands are detected in the 
chromatogram of the Sample sofution at Rf of about 
0.10 and 0.58 (distinction from long pepper). 

* C HPLC 


Analysis: Proceed as directed in the test for Content of 
Piperine , 

Acceptance criteria: The chromatogram of the Sample 
solution obtained at 343 nm exhibits a major peak at 
the retention time corresponding to piperine. Identify 
other piperamide peaks in the Sampfe solution chromat¬ 
ogram by comparison with the chromatogram of Stan¬ 
dard solution B and the reference chromatogram pro- 
vided with the lot of USP Powdered Black Pepper 
Extract RS being used. The Sample solution chromato¬ 
gram shows an additional peak corresponding to piper- 
yline, The chromatogram of the Sample solution oo- 
tained at 270 nm does not exhibit a peak due to (2E, 
4£)-N-lsobutyldecadienamide at a relative retention time 
of 1.74 to the piperine peak (distinction from long 
pepper). 


COMPOSiTION 
» Content of Piperine 

Solution A: Dissolve 0,14 g of anhydrous potassium 
dihydrogen phosphate in 900 ml of water, and add 
0.5 mL of phosphoric add. Dilute with water to 
1000 mL, mix, ftlter, and degas. 

Solution B: Acetonitrile 
Mobile phase: See Tabfe h 


Table 1 


Time 

Solution A 

Solution B 

(mini 



0 

95 

5 

18 

55 

45 

25 

20 

80 . 

28 

20 

80 


Tahte 1 (Continued) 


Time 

Solution A 

Solution B 

(mini 

(%1 


35 

55 

45 

40 

95 

5 

45 

95 

5 


[Notę—P roceed under subdued light or using low-ac- 
tintc glassware,] 

Standard solution A: 0.1 mg/mL of USP Piperine RS in 
methanol 

Standard solution B: Sonicate a portion of USP Pow¬ 
dered Black Pepper Extract RS in methanol to obtain a 
solution having a concentration of about 0.5 mg/mL. 
Before injection, pass through a membranę fil ter of 
0,45-|jm or finer porę size, dlscarding the first few mL 
of the filtra te* 

Sample solution: Transfer about 2.0 g of Black Pepper, 
ftnely powdered and accurately wesgned, to a 250-mL 
fiask fitted with a reflux condenser. Add 50 mL of meth¬ 
anol, reflux on a water bath for about 20 min, allow to 
settle, and decant the supernatant. Repeat until the last 
extract is color less. Combi ne the extracts, concen tratę 
under vacuum, and adjust the volume to 100 mL using 
methanol. Before injection, pass through a membranę 
filter of 0,45-Mm or finer porę size, discarding the first 
few mL of the filfrate. 

Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 343 nm and 270 nm 
Column: 4.6-mm x 25-cm; 5-pm, 100 A packi ng LT 
Flow ratę: 1,5 ml/min 
Injection volume: 20 pL 
System suitability 

Samples: Standard sofution A and Standard sofution B 

Suitability reguirements 

Chromatogram similarity: The chromatogram ob¬ 
tained from Standard solution B is similar to the refer¬ 
ence chromatogram provtded with the lot of USP 
Powdered Black Pepper Extract RS being used. 

Taili ng factor: NMT 1.5 for the piperine peak, Stan¬ 
dard solution A 

ReJative standard deviation: NMT 2.5% determined 
from the piperine peak in replicate injections, Stan¬ 
dard sofution A 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sampfe solution 

[NOTĘ —Standard solution A , Standard solution B f and the 
Sample solution are stable for 6 h at room 
temperatura.] 

Using the chromatograms of Standard solution A , Stan¬ 
dard solution B , and the reference chromatogram pro- 
vided with the lot of USP Powdered Black Pepper Ex- 
tract RS being used, identify the retention times of the 
peaks corresponding to piperine and piperyllne in the 
Sample solution chromatogram, 

Calculate the percentage of piperine in the portion of 
Black Pepper taken: 

Result = (Wfj) x Q x (Vf W) x 100 

r u = peak area of piperine from the Sample solution 
chromatogram at 343 nm 
rj - peak area of piperine from the Standard 
solution A chromatogram at 343 nm 
Cs - concentration of piperine in Standard solution 
A (mg/mL) 

V = finał vo!ume of the Sample solution (mL) 

W = weight of Black Pepper used to prepare the 
Sample solution (mg) 
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Acceptance criteria: NIT 2.5% on the dried basis 

CONTAMINANTS 

* Articles of Botanical Origin, Limits of Elementol Impuri - 

ties <561); Meets the repuirements 

* Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the reguirements 

* Microbial Enumeration Test s (2021): The total aerobic 
bacteriai count does not exceed i O 5 cfu/g, the total com- 
bmed molds and yeasts count does not exceed 1 O 1 cfu/ 
g, and the bile-toferant Granvnegative bacteriai count 
does not exoeed 10 3 cfu/g, 

* Absence of Specified Microorganisms (2022): Meets the 

requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

SPECIFIC TESTS 

* BOTANICAL CHARACTERISTICS 

Macroscopic: Fruit is an indehiscent, one-seeded berry, 
globose, ovoid to oblong, 3.5-6 mm in diameter, hard; 
surface is greyish-black to brownish-black, rough, with 
raised reticulate wrinkles, shows remains of sessile 
stigma on the tip and a basal scar showing point of 
attachment to the axis; characteristic aromatic odor; 
characteristlc pungent taste; seed white and hollow. 
Microscoplc 

Transverse cut: Grcular in outline with corrugated 
margin; shows outer narrow brownish pericarp; a seed 
coat endrcling the wide central whitish perisperm, 
hollow in center; a narrow vertically runntng channel 
connecting the hollow center of the fruit to a smali 
endosperm adherent to the remains of the stigma; a 
smali embryo is present in the endosperm; a conical 
short projection at the base showing point of altach- 
ment to the axts. 

Transverse section: Shows a well-differentiated peri¬ 
carp, testa and perisperm; pericarp consists of a layer 
of epicarp, a wide mesotarp, and a layer of endocarp; 
the epicarp layer is covered with thick cuticle contain- 
ing a few stoma ta and smali prisms of calcium oxalate; 
mesocarp composed of 2-3 layers of parenchyma cells 
showing groups of rectangular to circular lignified 
sclereids, a broad zonę (12-15 layers) of tangentially 
running parenchyma cells containing starch grains and 
showing tsolated oval oil cells, a broad zonę (10-15 
layers) of compactly arranged parenchyma cells 
smaller than tnose of the outer zonę and showing 
groups of fibrovascular bundles, 1-2 layers of tangen¬ 
tially running oil cells, and 2-3 layers of thick-walled 
parenchyma cells; endocarp is composed of one layer 
of three-slded thickened pitted stone cells (beaker- 
shape cells); testa is composed of one layer of cells 
filled with brown pigments; perisperm is very wide, 
composed of cells fuli of starch grains, some aleurone 
grains, and oil cells. 

* Articles of Botanical Origin, Foreign Organie Molier 

(561): NMT 2.0% 

* Articles of Botanical Origin, Akohol-Soluble Extractives, 

Method 1 (561): NLT 10,0% 

* Articles of Botanical Origin, Water-Soiubie Extractives , 

Method 1 (561): NLT 9,0% 


* LOSS ON DRYING (731) 

Sample: 1.0 g of finely powdered Black Pepper 
Analysis: Dry the Sample at 105 Q for 2 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Total Ash (561) 

Sample: 1,0 g of finely powdered Black Pepper 
Acceptance criteria: NMT 5.0% 

* Articles of Botanical Origin, Acid-lnsoiuble Ash (561) 

Sample: 1.0 g of finely powdered Black Pepper 
Acceptance criteria: NMT 1,0% 

AD D (Tl ON AL REQUIREMENT5 

* Packaging and Storage: Preserve in well-closed contain- 

ers, protected from light and moisture, and storę at 
room temperaturę. 

■ Labeling: The label States the Latin bmomial and, follow- 
ing the official name, the part of the plant contalned in 
the article. 

* USP Reference Standards (11) 

USP Piperine RS 

USP Powdered Black Pepper Extract RS 


Powdered Black Pepper 

DEFINITION 

Powdered Black Pepper is Black Pepper reduced to powder 
or very fine powder. It contains NLT 2.5% of piperine, 
calculated on the dried basis. 

IDENTIFICATION 

■ A. Powdered Black Pepper meets the requirements under 
Specific Tests, Botanical Characteristics. 

* B. HPTLC for Articles of Botanical Origin (203) 

Standard solution A: 0.9 mg/mL of USP Piperine RS in 
methanol 

Standard solution 8: 2.0 mg/mL of borneol in 
methanol 

Standard solution C: 5 mg/mL of USP Powdered Black 
Pepper Extract RS in methanol Sonicate for about 10 
min, centhfuge, and use the supernatanL 
Sample solution: Sonicate for 10 min about 0.5 g of 
Powdered Black Pepper in 5 mL of methanol, centri- 
fuge, and use the supernatanL 
Chromatographic system 

Adsorbent: Chromatographic silica gel mlxture with 
an average particie size or 5 pm (HPTLC pfates) 
Application vofume: 15 pL of Standard solution C, 7 pL 
of the Sample solution , and 3 pL of Standard solution A 
and Standard solution 8 , as bands, 8 mm 
Developing solvent system: Hexanes and ethyl ace¬ 
tale (5:3) 

Derwatization reagent: A mixture of 17 mL of ice- 
cooled methanol, 2 mL of acetrc acid, 1 ml of sulfuric 
acid, and 0.1 mL of anisaldehyde, mrxed in this order 
Analysis 

Samples: Standard solution A , Standard solution B, 
Standard solution C, and Sample solution 
Apply the Samples as bands. Use a saturated chamber, 
and condition the piąte to a relative humidity of about 
33% using a suttable device. Develop until the solvent 
front has moved up about 7 cm from the lower edge 
of the piąte. Remove the piąte from the chamber, ary, 
and examine under UV light at 254 nm. Treat with tne 
Derivatization reagent, heat for 5 min at 100°, and ex- 
amine under white light, 

Acceptance critena: Under UV 254 nm, the chroma to- 
gram of the Sample solution exhibits an intense guench- 
ing band at of about 0.15 corresponding to the pip- 
erme band in the chroma to gram of Standard solution A , 
a ąuenching band at R f of aoout 0.02, and three 
quenching bands of similar intensity equaliy spaced lo- 
cated between Rt of about 0,3 and 0.5, Under white 
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light, the derivatized chromatografu of the Sample salu- 
tion exhibits main bands simiEar in position and color to 
the main bands in the chroma tog ram of Standard solu¬ 
tion C. These bands include a dark green band of the 
same coJor and R f as the piperine band in Standard so- 
lution A (Rr of about 0,15), a weak viofet band at R f of 
about 0.47 below the position of the band due to bon 
neol in Standard sofution B !, and a greenish band in Ehe 
Jower part of the chromatogram at Rf of about 0.07. 
Other minor bands may be observed in the Sampfe so- 
lution and Standard sofution C chromatograms. No blue 
bands are detected in the chromatogram of the Sample 
sofution at R F of about 0.10 and 0,58 (distinction from 



Analysis: Proceed as directed in the test for Content of 
Piperine. 

Acceptance criteria: The chromatogram of the Sample 
sofution obtained at 343 nm exhibits a major peak at 
the retention time corresponding to piperine. Edentify 
other piperamide peaks in the Sample sofution chromat¬ 
ogram by comparison with the chromatogram of Stan¬ 
dard sofution B and the reference chromatogram pro- 
ytded with the Jot of USP Powdered Black Pepper 
Extract RS being used. The Sample sofution cnromato- 
gram shows an additional peak corresponding to pipen 
yJine. The chromatogram of the Sample sofution ob¬ 
tained at 270 nm does not exhibit a peak due to (2£, 
4£)-/s/-isobutyldecadienamide at a relative retention time 
of 1.14 to the piperine peak (distinction from long 
pepper). 

COMPOSGTION 
* Content of Piperine 

Solution A: Dissolve 0.14 g of anhydrous potassium 
dihydrogen phosphate in 900 mL of water, and add 
0.5 ml of phospnoric acid. DiJute with water to 
1000 ml, mix, fifter, and degas. 

Solution B: Aceton i tri Je 

Mobile phase: See Tabfe 1. 


TabGe 1 


Time 

(min) 

Solution A 

Solution B 

0 

95 

5 

18 

55 

45 

25 

20 

80 

28 

20 

80 

35 

55 

45 

40 

95 

5 

45 

95 

5 


[Notę—P roceed under subdued light or using low-ac- 
tinic glasswarej 

Standard solution A: 0.1 mg/ml of USP Piperine RS in 
methanol 

Standard solution B: Sonicate a portion of USP Pow¬ 
dered Black Pepper Extract RS in methanol to obtain a 
sofution having a concentration of about 0.5 mg/mL. 
Before injection, pass through a membranę filter of 
0,45-pm or fi ner porę size, discarding the first few ml 
of the filtrate. 

Sample solution: Transfer about 2.0 g of Powdered 
Bfack Pepper, accurately weighed, to a 250-mL fiask fit- 
ted with a reffux condenser. Add 50 mL of methanol, 
reflux on a water bath for about 20 min, allow to settle, 
and decant the supernatant. Repeat untiJ the Jast ex- 
tract is coiorless. Combine the extracts, concentratę 
under vacuum, and adjust the volume to 100 mL using 
methanol. Before injection, pass through a membranę 
filter of 0.45-pm or fi ner porę size, discarding the first 
few mL of the filtrate. 


Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detecton UV 343 nm and 270 nm 
Cofumn: 4.6-mm x 25-cm; 5-pm, 100 A packlng LI 
Plow ratę: 1.5 mL/min 
Injection volume: 20 pL 
System suitability 

Sampies: Standard soiution A and Standard sofution B 

Suitability reguirements 

Chromatogram similarity: The chromatogram ob¬ 
tained from Standard solution B is similar to the refer¬ 
ence chromatogram provided with Ehe lot of USP 
Powdered Bfack Pepper Extract RS being used. 

Taiiing factor: NMT 1.5 for the piperine peak, Stan¬ 
dard sofution A 

Relative standard deviation: NMT 2.5% determined 
from the piperine peak in replicate injections, Stan¬ 
dard solution A 
Analysis 

Sampies: Standard sofution A t Standard sofution B f and 
Sample solution 

[Notę— Standard solution A, Standard sofution B f and the 
Sample solution are stable for 6 h at room 
temperaturę.] 

Using the chromatograms of Standard solution A, Stan¬ 
dard solution B f ano the reference chromatogram pro- 
vided with the lot of USP Powdered Biatk Pepper Ex- 
tract RS being used, identify the retention times of the 
peaks corresponding to piperine and piperyline in the 
Sample solution chromatogram. 

Calculate the percentage of piperine in the portion of 
Powdered Black Pepper taken: 

Result - (rufrs) x C s x (Vf W) x 100 

ru - peak area of piperine from the Sample solution 
chromatogram at 343 nm 
r 5 = peak area of piperine from the Standard 
solution A chromatogram at 343 nm 
Cs - concentration of piperine In Standard soiution 
A (mg/mL) 

V = finał voiume of the Sample solution (mL) 

W = weight of Powdered Black Pepper used to 
prepare the Sample sofution (mg) 

Acceptance criteria; NLT 2.5% on the dried basis 

CONTAMINANTS 

* Articles of Botanical Origin, Umits of Eiementaf fmpuri - 

ties (561): Meets the requirements 
® Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the reguirements 
» Mdcrobhal Enumeration Tests (2021): The total aerobic 
bacteriai count does not exceed IG 5 cfu/g, the total com¬ 
bi ned molds and yeasts count does not exceed 1 0 3 cfu/ 
g, and the bile-toferant Gram-negative bacteriai count 
does not exceed IG 1 cfu/g. 

■ Absence of Specified Microorganisms (2022): Meets the 
requirements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

SPECIF1C TESTS 
o Botanical Characteristics 

Macroscopic: Bfackish-grey powder; characteristic aro- 
matic odor; characteristic pungent taste 
Microseoprc: Fragments of potygona! epicarp cells, 
some contasning smali prisms of calcium oxalate; paren- 
chyma cells containing sfcarch grains; oil celfs; lignified 
sciereids; three-sided thickened pitted stone cells 
(beaker-shape cells) both in surface and side view; yel- 
lowish-brown pofygonal cells of the testa; fragments of 
spiral vessels; parenthyma cells fuli of starch grains; 
aleurone grains; oil drops; and starch grains 

* Articles of Botanical Origin, Aicohol-Soluble Extractives ł 

Method I (561): NLT 10,0% 
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• Ahticles of BojanicAL Origin, Water-Soluble Extractives, 

Method 1 (561): NLT 9.0% 

0 Loss on Drying (731) 

Sample: 1.0 g of Powdered Black Pepper 
Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 12,0% 

• Articles of Botanical Origin, Total Ash (561) 

Sample: 1,0 g of Powdered Black Pepper 
Acceptance criteria: NMT 5.0% 

® Articles of Botanical Orion, Acid-lnsoluble Ash (561) 
Sample: 1.0 g of Powdered Black Pepper 
Acceptance criteria: NMT 1.0% 

ADDOTIONAŁ REQUIREMENTS 

e Packaging and Storage: Preserye in well-dosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

• Labeling: The label States the Latćn binomial and, foflow- 
ing the official name, the part of the plant from which 
the article was derived. 

S USP Reference Standards (11) 

USP Piperine RS 

USP Powdered Black Pepper Extract RS 


Powdered BBack Pepper Extract 

DEFINITION 

Powdered Black Pepper Extract is prepared from Black Pep¬ 
per using suitable solvents such as ethyl acetate, metha¬ 
nol, or a mixture of these sofvents. The ratio of plant ma¬ 
teriał to extract is about 15:1. It contains NLT 90.0% and 
NMT 110.0% of the labeled amount of piperine, calcu- 
lated on the dried basis. jt may contain suitable added 
substances as carriers. 

IDENTIFICATION 
* A. Thin-Layer Gkromatography 

Standard solution A; 0.9 mg/mL of USP Piperine RS In 
methanol 

Standard solution B: 2.0 mg/mL of borneol in 
methanol 

Standard solution C: 5 mg/mL of USP Powdered Black 
Pepper Extract RS in methanol. Sonicate for about 10 
min, centrifuge, and use the supernatant. 

Sample solution: Sonicate for about 10 min an amount 
of Powdered Extract, equivatent to about 10 mg of prp- 
erine, in 10 mL of methanol, centrifuge, and use the 
supernatant. 

Chromatographic system 

(See Chromatography (62 1), Thin-Layer Chromato- 
graphy.) 

Adsorbent: Chromatographic siiica gel mixture with 
an average particie size of 5 jim (HPTLC plates) 
Application volume: 15 pL of Standard solution C, 7 pL 
of the Sample solution f and 3 liL of Standard solution A 
and Standard solution B , as bands, 8 mm 
Developing solyent system: A mixture of hexanes 
and ethyl acetate (5:3) 

Derjyatlzation reagent: A mixture of 1 7 mL of ice- 
cooled methanol, 2 mL of acetic acid, 1 ml of suffuric 
acid, and OJ mL of anisaldehyde mixed in thfs order. 
Analysis 

Sam pies: Standard soiution A , Standard solution B t 
Standard solution C, and Sample solution 
Apply the Samples as bands to a suitable high perfor¬ 
mance thin-layer chromatographic piąte (see Chroma¬ 
tography (621)). Use a saturated cham ber, and condi- 
tion the piąte to a reiative humidity of about 33% 
using a suitable device. Devdop the chromatograms 
until the solvent front has moved up about 7 cm. 
from the lower edge of the piąte. Remove the piąte 
from the chamber, dry, and examine under Uv light 


at 254 nm. Denvatize with the Derivatizathn reagent, 
heat for 5 min at 100°, and examfne under visrbfe 
light. 

Acceptance criteria: Under UV 254 nm, the chromato- 
gram of the Sample solution exhibits an intense quench- 
ing band at R? of about 0.15 corresponding in to the 
piperine band in the chromatogram of Standard solution 
A t a quenching band at R / of about 0.02, and three 
guenching bands of similar intensity equally spaced lo- 
cated between R f of about 0.3 and 0.5. Under visible 
light and after denyatization, the chromatogram of the 
Sample solution exhibits main bands similar in position 
and color to the main bands in the chromatogram of 
Standard solution C These bands include a dark green 
band of the same cotor and R f as the piperine band in 
Standard solution A (Rr of about OJ 5), a weak vio!et 
band at R f of about 0.47 below the position of the 
band due to borneol in Standard solution B, and a 
greenish band in the lower part of the chromatogram 
at Rf of about 0.07. Other minor bands may be ob- 
served in the Sample solution and Standard solution C 
chromatograms. No biue bands are detected in the 
chromatogram of the Sample soiution af R F of about 
0.10 and 0.58 (distinction from Long Pepper). 

o B. JHflPiC 

Analysis: Proceed as dfrected in the test for Content of 
Piperine. 

Acceptance criteria: The chromatogram of the Sample 
solution obtained at 343 nm exhibits a major peak at 
the retention Limę corresponding to piperine. Identify 
other piperamide peaks En the Sample solution chromat¬ 
ogram by comparison with the chromatogram of Stan¬ 
dard solution B and the reference chromatogram pro- 
vided with the lot of USP Powdered Black Pepper 
Extract RS being used. The Sample solution chromato¬ 
gram shows an additional peak corresponding to piper- 
ytine. The chromatogram of the Sample soiution oo- 
tained at 270 nm does not exhibit a peak due to (2£, 
4£)-N-isobutyldecadienamide at a relative retention time 
of 1.14 to the piperine peak (distinction from Long 
Pepper). 

COMPOSITION 
« Content of Piperine 

Solution A: Dissofve 0,14 g of anhydrous potassium 
dihydrogen phosphate in 900 mL of water, and add 
0.5 mL of phosphonc acid. Di lute with water to 
1000 mL, mix, filter, and degas. 

Solution B: Acetonitrile 
Mobile phase: See Tobie j. 


Table 1 


Time 

(min) 

Solution A 
(%1 

Solution B 
(%> 

0 

95 

5 

18 

55 

45 

25 

20 

80 

28 

20 

80 

35 

55 

45 

40 

95 

5 

45 

95 

5 


[Notę— Proceed under subdued light or using low-actinic 
g la ssware.] 

Standard solution A: OJ mg/mL of USP Piperine RS in 
methanol 

Standard solution B: Sonicate a portion of USP Pow¬ 
dered Black Pepper Extract RS in methanol to obtain a 
solution havtng a concentration of about 0.5 mg/mL. 
Before injection, pass through a membranę filter of 
0.45-^1 m or finer porę size, discarding the frrst few mL 
of the filtrate. 
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Sampie salution: Transfer an accurately weighed 
amount of Powdered Extract, equivalent to about 
25 mg of piperine, to a 25-mL volumetric fiask, add 
15 mL of methanol, and sonicate for 10 min. Cool to 
room temperatura, di lute with methanol to volume, 
and mix, Dilute the obtained solution in methanol 
(1:10). Before injection, pass through a membranę filier 
of 0.45-pm or fi ner porę size, discardfng the first few 
mL of the filtra te. 

Chromatographrc system 
(5ee Chromatography {6 21), System Suitability.) 

Modę: LC 

Detector: UV 343 nm and 270 nm 
Column: 4,6-mm x 25-cm; 5-u.m, 100 A packing LI 
Flow ratę: 1.5 ml/min 
injectron volume: 20 llL 
System suita bi lity 

Sam pies: Stan dard solution A and Standard solution B 
Suitability regurremertts 

Chromatogram similarity: The chromatogram ob- 
tained from Standard solution B i$ similar to the refem 
ence chromatogram provided with the lot of USP 
Powdered Black Pepper Extract RS betng used, 

Taiting factor: NMT 1.5 for the piperine peak, Stan¬ 
dard solution A 

Relative standard deviation: NMT 2.5% determlned 
from the piperine peak in repeated injectjons, Stan¬ 
dard solution A 
Analysis 

Sam pies: Standard solution A, Standard solution B t and 
Sampie solution 

[Notę —Standard solution A i, Standard solution B, and the 
Sampie solution are stable for 6 hours at room 
temperaturę.] 

Ustng the chromatograms of Standard solution A, Stan¬ 
dard solution B, and the reference chromatogram pro- 
vided with the lot of USP Powdered Black Pepper Ex- 
tract RS being used, identlfy the retention time of the 
peaks correspondlng to piperine and piperyline in the 
Sampie solution chromatogram, 

Calculate the percentage of piperine in the portion of 
Powdered Extract tak en: 

P = (ry/rs) x (CdCu) x 100 

ru = peak area for piperine from the Sampie 
solution chromatogram at 343 nm 
r 5 - peak area for piperine from the Standard 
solution A chromatogram at 343 nm 
Cs - concentration of piperine in Standard solution 
A (mg/mL) 

Cu - concentration of Powdered Extract in the 
Sampie solution (mg/mL) 

Calculate the percentage of the fabeled amount of 
piperine in tne portion of Powdered Extract taken: 

Resiit = (P/i) x 100 

P = content of piperine as determined above (%) 
i - labeled amount of piperine (%) 

Acceptance critena; 90%-110% on the dried basis 

CONTAMINANTS 


Delete the following: 

** Heavy Metals, Method Ul (231): NMT 20 jLtg/g# (Offiaat T- 

15 ^ 2018 ) 

« AHTICUS of Botanical Origin, General Method for Pesth 
cide Residues Analysis (561): Meets the reguirements 

* Microbial Enumeration Tests (2021): The to tal aerobic 
bacteria! count does not exceed 10 4 cfu/g, and the total 
combined molds and yeasts count does not exceed IG 3 
cfu/g. 


« Absence of Specified Mbcroorganisms (2022): Meets the 
requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

SPECIFIC TESTS 

* Loss on Drving (731) 

Sampie: 1.0 g of Powdered Extract 
Analysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT 7.0% 

ADPSTflONAL REQUIREMENT5 

* Packaging and Storage: Preserve in welhclosed contain- 
ers, protected from light and moisture, and storę at eon- 
troIJed room temperaturę, 

® Labeling: The fabel States the Latin binomiaf and, follow¬ 
ing the official name, the part of the plant from which 
the article was derived. It meets other tabeling reguire¬ 
ments in Botanical Extracts (565). 

» USP Reference Standards (11 > 

USP Piperine RS 

USP Powdered Black Pepper Extract RS 


Boranie Seed OiB 

[84012-16-8], 

DEFINmON 

Bo ragę Seed Oit is derrved from seeds of Borago officinalis L 
The oil is extracted by cotd press or supercritical fluid ex- 
traction and then refined. A suitabie antioxidant may be 
added. 

IDENTIFICATION 

• A. It meets the reguirements in Specific Tests for Fats and 
Flxed Oils (401), Fotty Add C omposition. 

® B. Identification df Fixed Oils by Thin-Layer Chroma- 
tography (202): The values of the principal spots of 
the Sampie solution correspond to those of tne Standard 
solution . 

IMPURITSES 


Delete the following; 

** Heavy Metals, Method U (231): NMT 10pg/g* łOfficial 1, 

|an-20l8j 

SPECIFIC TESTS 

* Fats and Fixed Oils, Add Value (401): NMT U0 

* Fats and Fixed Oils, Peroxide Value (401): NMT 5.0 

o Fats and Fixed Oils, Saponificatlon Value { 401): 184-194 
e Fats and Fixed Oils, Unsapontfiable Matter (401): NMT 
2 , 0 % 

■ FATS and Fixed Oils, Fatty Add Composition (401): Bor- 
age Seed Oil exhibits the composition profile of fatty 
acids in Table 7. 


TabBe 1 


Fatty Acid 

Shorthand 

Notatron 

Percentage 

(%) 

Palmitic acid 

16:0 

8,0-11,0 

Stearic add 

18:0 

2,0-5.0 

Oleić acid 

18:1 

14.0-19.0 

Gamma-linolentc 

acid 

18:3 

18.0-24.0 

Linoletc acid 

18:2 

34.0—42.0 

Arachidic acid 

20:0 

NMT 0.5 

Gadoleic acid 

20:1 

2.0-ć.O 

Behenic acid 

22:0 

NMT 0.B 
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Table 1 (Continued) 


Fattv Acid 

Shorthand 

Notation 

Percentage 

(°/ol 

Eruric add 

22:1 

NMT 5.0 

Nervonic add 

24:1 

NMT 4.5 


• Refractwe INDEX (831): 1.474-1,478 at 20° 


ADDITIONAL REQUIREMENTS 

* Packacinc and Storace: Preserve in tight containers, 
preferably under an atmosphere of an inert gas, pro- 
tected from light. 

* Labeling; La bel it to indicate the name and guantity of 
any added antioxidants. Where Borage Seed OiJ js in- 
tended for use in the manufacture of dosage forms, it is 
so labeled, 

* USP Reference STANDARDS (11) 

USP Borage Seed Oil RS 


Borage Seed Oil Capsules 

DEFINITION 

Borage Seed Oil Capsules are prepared with Borage Oil de- 
rtved from seeds of Borago offidnalts L by cold pressing or 
supercnticai fluid extrachon and contain NIT 95*0% of 
the labeled amounts of y-lrnolenic (Cl 8:3 n-6), linoleic 
(Cl 8:2 n-6), and oleić (Cl 8:1 n-9) acids. 

IDENTIFICATION 
* A* Fatty Acid Profile 

System suitability solution and Chromatographic sys¬ 
tem: Proceed as directed in Strength. 

Sam ple solution: Proceed as directed for the Sampte 
solution in Strength , beginning with 'Transfer 80 mg" 
without the addition of the Intemal standard, 

Analysis: Identify the specrfied fatty acid methyl ester 
peaKs by comparing them to the reference chroma to- 
ram provided with the lot of USP Borage Seed Oil RS 
eing used, Determine the percentage of each constltu- 
ent relative to the totaf integrated area. 

Acceptance crlteria: The Sample solution conforms to 
the fatty add composition profile in Tobie L 


Table 1 


Fatty Add 

Shorthand 

Notatlon 

Percentage 

Palmitlc add 

16:0 

8*0-11.0 

Stearic acid 

18:0 

2.0-5*0 

Olek acid 

18:1 n-9 

14.0-19*0 

^Unolenic acid 

18:3 n-6 

18.0-24.0 

Linoleic add 

18:2 n-ó 

34.0-42*0 

Arachidic add 

20:0 

NMT 0.5 

Gondoic acid 

20:1 n-9 

NMT 6.0 

Behenic acid 

22:0 

NMT 0.8 

Emcic add 

22:1 n-9 

NMT 5.0 

Nervonic acid 

24:1 n-9 

NMT 4*5 


STRENGTH 

* CONTINT OF y-LlNOLENIC, LINOLEIC, AMD OLEIĆ ACIDS 

[Note— y-Li n o I en tc acid is quantrtated against USP 
Methyl Linolenate RS in this procedurę,] 

0.5 N methanolic sodium hydroxide solution: Dis- 
solve 2 g of sodium hydroxide in 100 mL of methanoL 
Interna! standard: Methyl pentadecanoic acid 
Sample solution: Weigh NLT 10 Capsules. With a Sharp 
blade, carefully slice open the Capsules, avoiding loss of 
shell materiał. Combine the Capsufe contents in asuita- 
ble Container, and mix well, Remove any adhering sub- 


stance from the emptied Capsules by washing with sev- 
eral portions of diethyl ether, and discard Ehe washings, 
Allow the ernpty Capsule shells to air-dry over a period 
of NMT 30 min, takmg precautions to avoid uptake or 
loss of moistgre, Weigh the empty Capsule shells, and 
calcuiate the average fili weight/Capsule ( A f ), Transfer 
80 mg of the accurately weighed combined Capsule 
contents directly into a ta red 30-mL screw-top glass 
centrifuge tubę, Re-tare, and accurately weigh about 
40 mg of Intemal standard, Add 2 mL of OJ N metha¬ 
nolic sodium hydroxide solution, tightly cap, and transfer 
to a heating błock or another appropriate heating de- 
vice, Reflux the solution until fat globules disappear 
(usualiy 5-10 min), Add 2 mL of 0.14 g/mL boron 
tnfluonde in methanof, cap, and ref!ux for 2 min* Add 
4 mL of chromatographic n-heptane, cap, and reflux for 
1 min, Cool, add about 8 mL of saturated sodium chlo- 
ride solution, shake, and centrifuge to sępa ratę the lay- 
ers, Dilute an aljguot of the upper (heptane) layer 1:8 
with chromatographic n-heptane, and mix well. 

System suitability solution: Ustng about 80 mg of USP 
Borage Seed Oil RS, proceed as directed for the Sample 
solution , beginning with Transfer 80 mg" without the 
addition of the Intemal standard . 

Standard solution: Directly into a ta red 30-mL screw- 
top glass centrifuge tubę accurately weigh about 20 mg 
of USP Methyl Linolenate RS, 40 mg of USP Methyl Li¬ 
nolea te RS, and 20 mg of USP Methyl Oleate RS. Pro¬ 
ceed as directed for the Sample solution , beginning with 
"Re-tare". 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę; GC 

Detector: Plamę ionlzation 

Column; 0.53-mm x 30-m fused silsca ca pil lary; coated 
with a 1,0-pm film of G16 
Temperatures 
Injection port: 220° 

Detector: 260° 

Column: See Table 2. 


Table 2 


Initla! 

Temperaturę 

_ 

Temperaturę 

Ramp 

( Q /min1 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
fminfr 

70 

0 

70 

2 

70 

5 

240 

5 


Carrier gas: Helium 
Ltnear velocity: 50 cm/s 
Split modę: Splitless 
Injection volume: 1 pL 
System suitability 

Samples: System suitability solution and Standard 
solution 

Suitability reąuirements 

Chrom a tog ram similarity: The System suitability solu¬ 
tion chromatogram ts similar to the reference chro- 
matogram provided with the lot of USP Borage Seed 
Oil R> being used. 

Resolution: NLT 1.5 between methyl oleate and 
methyl stearate, System suitability solution 
Relative standard deviation: NMT 2% for the peak 
area ratios of analytes to intemal standard, Standard 
solution 
Analysis 

Samples: Sample solution and Standard solution 
[Notę —The relative retention times for gamma methyl 
linolenate and alpha methyl linolenate are about 0.98 
and 1.0, respectiveJy*] 

Identify the retention times of the re!evant fatty acid 
methyl esters by comparing the peaks in the chromat¬ 
ogram of the System suitability solution with those in 
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the reference chromatograrn. Identify the locus for the 
interna! standard peak by com parno n of the chromat- 
ograms of the Standard solution and System suita bil ity 
solution. 

Calcuiate the content, in mg/g, of y-linofenic, linofetc, 
and oleić acids in the portion of Capsules taken: 

Result = ( Ru/R s ) x (A u /As) x (mdW) * (Hi/M*) 

Ru - peak area ratio of the relevant methyl ester to 
the interna! standard from the Sample 
solution 

fis = peak area ratio of the refevant methyt ester to 
the internal standard from the Standard 
solution 

Au ~ weiglit of the Internal standard in the Sample 
solution (mg) 

A% = weight of the Internal standard in the Standard 
solution (mg) 

= weight of the relevant USP Methyl Ester RS in 
the Standard solution (mg) 

W - sample weight used to prepare the Sample 
solution (gj 

M r i - molecular weight of the relevant fatty add (g/ 
mol) 

M r2 - molecular weight of the relevant fatty acid 
methyl ester (g/mol) 

Ca lcu la te the percentage of the labeled amounts of 
each (y-linolenic, linoleic, and oleić) acid in the portion 
of Capsules taken: 

Result = A X Af X (100/0 

A ~ content of the relevant fatty acid in the 

portion of Capsule content taken (mg/g) 

A f - average fili weight (g) 

L ~ labeied content of the relevant fatty acid (mg/ 
Capsule) 

Acceptance criteria: 95.0% of the labeled amounts of 
y-linolenic, linoleic, and oleić acids 

PERFORMANCE TESTS 

e ID isinteg kation and D1550LUTI0N <2040): Meet the re- 
quirements in Rupture Test for Soft Shell Capsules 
® Weight Variation of Ddetary Supplements (2091): Meet 
the requirements 

SPEC1FIC TESTS 

* Fats and Fixed Oils, Peroxide Value <401): NMT 10.0 

CONTAMINANTS 

o Mickobial Enumeration Tests <2021): The total aerobie 
microbial count does not exceed 1 x 10 3 cfu/g, and the 
comblned molds and yeasts count does not exceed 
3x10^ cfu/g. 

* Absence of Specified Microorganisiws (2022): Meet the 

requirements of the tests for absence of Escherichia coli 

ADDITIONAL REQU1REEV1ENTS 

* Packaging and Storage: Presen/e in tightiy-dosed, light- 

resistant containers, 

* LABELING: The label States the article whieh the Capsules 
were prepared with and content of y-linolenic, linolefc, 
and oleić acids in mg/Capsufe. 


» USP Reference Standards (11) 

USP Borage Seed Oil RS 
USP Methyl Linoleate RS 
USP Methyl Linoienate RS 
USP Methyl Oleate RS 


Boswellia serrata 


DEFINITtON 

Bosweflia serrata is the oleogum resin obtained by incision or 
roduced by spontaneous exudation from the stem and 
ranches of Boswellia serrata Roxb* (Fam, Burseraceae). It 
contains NLT 1.0% of the keto derivatives of /J-boswelNc 
acid, calcutated on the dried basis as the sum of 11-keto- 
/Tboswellic acid and 3-acetyl-11-keto-^-boswellic acid. 

IDENTIFICATION 

* A. Thin-Layer Chromatographic Identification Test 

< 201 ) 

Standard solution: Treat a guantity of USP Boswellia 
serrata Extract RS with gentle heating in methanol to 
obtain a solution havinq a known concentration of 
30 mg/mL, cool, centrifuge, and use the supernatanL 
Sample soiution: Use the Sample solution, prepared as 
directed in the test belo w for Content of l<eto-Oenvatives 
of 8-Boswellk Acids , and concentrate to 10% of the 
volume< 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel 

Deveioping solvent system: A mixture of hexane and 
ethyl acetate (6:4) 

Derivatization reagent: Prepare a solution of 10% sul- 
furic acid in methanol. [Notę—P repare immediately 
before use.] 

Application volume: 10 juL 
Analysis 

Sampfes: Standard solution and Sample solution 
Apply the samples as bands to a suitable thin-layer 
chromatographic piąte (see Chromotography (621))* 

Use a saturated cham ber. Develop until the solvent 
front has moved up about 90% of the piąte. Remove, 
dry, and examine under UV light at 254 nm. Dip in 
the DerivatUation reagent , heat for 5-10 min at 100°, 
and examine under white light 
Acceptance criteria: Under UV light at 254 nm, the 
Sample solution exhibits two main zones due to 11-keto- 
/Tboswellic acid and 3-acetyhl 1-keto-/J-boswel!ic add at 
Rf values of about 0.30 anci 0.36, respectively, corre- 
sponding to zones from the Standara solution . Under 
white light, the Sample solution exhibits two additional 
zones due to /3-boswellic add and 3-acetyl-/Tboswellie 
acid at Rf values of about 0.49 and 0.58, respectively, 
corresponding to zones from the Standard solution. 
Other, less intense zones are observed for the Sample 
solution and the Standard solution. 

* B* The 210-nm chromatograrn of the Sample solution t in 
the test for Content of Keto-Derivatives of fi-Boswellic Acids , 
exhibits peaks for 11-keto-/Tboswellic acid, 3-acetyl- 

11 -keto-p-boswellic acid, p-boswellic acid, and 3-acetyl-/T 
bosweilic acid at retention times that correspond to 
those in the 210-nm chromatograrn of Standard solution 
B and the 210-nm reference chromatograrn provided 
with the USP Boswellia serrata Extract RS. 

COMPOS1TION 

* Content of Keto-Derivatives of /TBoswellic Acids 

Standard solution A: Dissolve a quantity of USP 3-Ace- 
tyi-1 l-keto-/?-Boswe!lic Acid RS in methanof to obtain a 
solution havlng a known concentration of 0.1 mg/mL. 
Standard solution B: Treat a guantity of USP Boswellia 
serrata Extract RS with gentle heating in methanol to 
obtain a solution having a known concentration of 
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lOmg/mL. Before injection, pass through a filter of 
0.45-jim porę size. 

Sam ple solution: Transfer about 2.0 g of crushed Bos- 
wellio serrata to a round-bottom fiask, and reflux in 
50 mL of methanol on a water bath for 15 mm, stirring 
magneticaliy. Repeat until the extract is colorless. Evap- 
orate the combined extracts to about 50 ml, transfer to 
a 100-mL volumetric fiask, and dilute with methanol to 
volume. Before injection, pass through a filter of 0.45- 
pm porę size, and discard the first few ml of the 
filtrate* * 

Mobile phase: Prepare a flltered and degassed mbcture 
of acetonitnle, water, and glacial acetic add 
(900: 100: 0.1). Make adjustments if necessary. 

Chromatographic system 
(See Chromotograpny (621), System Suitobility *) 

Modę: LC 

Detector: UV 254 nm 

Coiumrt: 4.6-mm x 25<m; packing LI 

Flow ratę: See Tobie h 


Table 1 


Time 

Flow Ratę 

(mini 

(mL/ntinl 

0 

1 

5 

1.5 

10 

2 

30 

2 

32 

1 

45 

1 


Injection voiume: 20 pL 
System suitability 

Samples: Standard solution A and Standard salution B 
[Notę—T he reiative retention limes for 11-ketoJf-bos- 
wellic acid and 3-acetyM l-ketoJiJ-boswellic acid are 
about 1.0 and 1.4, respectiveJy«] 

Suitability requirements: The chromatografu of 5torr- 
dard solution 8 is similar to the 254-nm reference chro¬ 
ma tog ram provided with the lot of USP Boswellia ser* 
roto Extract RS being used. 

Relative standard devlation: NMT 2.0% for the 
3-acetyl-l 1-keto-/J-boswe!lic acid peak in replicate in¬ 
jection s, Standard solution A 

Tailing factor: NMT 1,5, 3-acetyM14<eto-/3-boswellic 
acid peak, Standard solution A 

Analysis 

Samples: Standard solution A f Standard salution B f and 
Sample solution 

Using the chromatogram of Standard solution B and the 
reference chromatogram provided with the lot of USP 
Boswellia serrata Extract RS being used, identify the re¬ 
tention limes of the peaks of 11 -ketoJJ-boswellic acid 
and 3-acetyl-l1 -keto-^-boswellic acid in the Sampie 
solution. 

Separately calculate the pereentages of the two analytes 
in the portion of Boswellia serrata taken: 

Result = (r 0 /r s ) x (Q/W) x 10F 

ro - peak area of each anafyte from the Sample 
solution 

r% ~ peak area of 3-acetyl-l1-keto-/J-boswe!lic acid 
from Standard solution A 

Cj = concentration of USP 3-Acetyl-l 1-keto-/3- 
Boswellic Acid RS in Standard solution A 
(mg/mL) 

W = weight of Boswellia serrata taken to prepare 
the Sample solution (g) 

F - conversion factor for each analyte: 0.93 for 

1 l-ketoJJ-boswellic add and 1*0 for 3-acetyL 
11-keto-^-boswellic acid 


Acceptance criteria: Add the pereentages calculated for 
1 1 -keto-^-bosweflic acid and 3-acetyM 1 -keto-/3-boswel- 
lic acid; NLT 1.0% on the dried basis, 

IMPURIT1E5 

* ARTICLES OF Botanical Origin, Limits of Elemental Impuri- 

des (561): Meets the requirements 

* Articles of Botanical Origin, Foreign Organie Mauer 

(561): NMT 2.0% 

■ Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the reguirements 

SPECIFIC TE5T5 

* Botanical Characteristics 

Macroscopk: It occurs as smal) ovoid tears, sometimes 
forming agglomerated masses up to 5 cm long and 
2 cm tnick; whitish to golden yellow; fracture is brittle, 
and fractured surface is waxy and transiucent character- 
istic aromatic odor; aromatic, slightly mudlaginous 
taste. 

* LosS ON Drying (731) 

Sample: 1.0 g of Boswellia serrata , finely powdered 
Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Total Ash (561) 

Sample: 2.0 g of Boswellia serrata , finely powdered 
Acceptance criteria: NMT 2.0% 

* Articles of Botanical Origin, Add-insoluble Ash (561): 

NMT 0.5% 

* Articles of Botanical Origin, AlcohoTSołuble Extractives t 

Method 2 (561): NLT 56% 

ADDITIONAJl REaUlBEIWENTS 

- Packaging and Storage: Pre$erve in well-dosed contain- 
ers, protected from light and moisture, and storę in a 
cool place. 

* Labeling: The labei States the Latin binomiai of the spe- 
cies of Boswellia from which the oleogum resin was 
obtained. 

* USP Reference Standard* (11) 

USP 3-AcetyLl 1 -ketoJJ-Boswellic Acid RS 
USP Boswellia serrata Extract RS 


Boswellia serrata Extract 


DEFINmON 

Bosweflia serrata Extract is prepared from pulverized Boswel- 
lio serrata, using suitable solvents suth as isopropanol, al- 
cohoi, methanol, hexanes, or mixtures of these solvents. 
The ratio of starting plant materiał to Extract is approxh 
mately 6:1. It contains NLT 90.0% and NMT Tl0.0% of 
the Jaoeled amount of Extract, calculated, on the dried 
basis, as the sum of 11 -keto-/3-boswellic acid and 3-acetyi- 
11 -keto-/3-boswellic acid; it may contain suitable added 
substances. 

IDENTIFICATION 

* A. Thin-Layer Chromatographic Identification Test 

( 201 ) 

Standard solution: Treat a guantity of USP Boswellia 
serrata Extract RS with gentle heatmg in methanol to 
obtain a solution havinq a known concentration of 
30 mg/mL, coof, centnfuge, and use the supernatant 

Sample solution: Treat a quantity of Extract with gentle 
heating in methanol to obtain a solution having a 
known concentration of 30 rng/nnL, cool, centnfuge, 
and use the supernatant. 

Adsorbent: 0.25-mm layer of chromatographic sifica 
gel 

Developlng sdvent system: A mixture of hexane and 
ethyf acetate (6:4) 


DS Monographs 














DS Monographs 


6854 Boswellia / Dietary Suppiements 


USP 40 


Oipping reagent: Prepare a solution of 10% sulfuric 
acid in methanoL [NOTĘ—Prepare fresh immediately 
before use,] 

Application vofume: 1 0 pL 
Analysis 

Sam pies: Standard solution and So nipie solution 
Apply the Somples as bands to a suitable thin-layer 
chromatographic piąte (see Chromatogrophy (621)). 
Use a saturated chamber. Pevelop until the solvent 
front has moved up about 90% of the piąte. Remove, 
dry, and examine under UV light at 254 nm. Dip in 
fhe Dipping reagent, heat for 5-10 min at 100°, and 
examine under visible light, 

Acceptance criteria: Under UV light at 254 nm, the 
Somple solution exhibits two main zones due to 11-keto- 
/3-bosweI3ic acid and 3-acetyi-11-keto-jS-boswelllc acid at 
R f values of about 030 and 036, respectively, corre- 
sponding to zones from the Standard solution. Under 
visible tight, the Sample solution exhibits two additional 
zones due to /Tboswellic acid and 3-acety[-/?-boswel[ic 
acid at Rf values of about 0,49 and 0.58, respectively, 
corresponding to zones from the Standard solution . 
Other, less intense zones are observed for the Sample 
solution and the Standard solution. 

* B. The 210-nm chroma tog ram of the Sample solution, in 

the test for Content of Keto-Derivatives of p-Boswellic Atids, 
exhibits peaks for 11 -keto^/Tboswellic acid, 3-acetyl- 
1 1-keto-p-boswellic acid, /3-boswellIc acid, and 3-acetyl-/?- 
boswelljc acid at retention times that correspond to 
those in the 210-nm chromatogram of Standard solution 
B and the 210-nm Reference Chromatogram provided 
with the USP Boswellia serrata Extract RS. 

COMPOSBTION 

• Content of Keto-Derivatives of /TBoswełlic Acids 

Standard solution A: DEssolve a guantity of USP 3-Ace- 
tyl-11-keto-/TBosweflic Acid RS in melhanol to obtain a 
solution having a known concentration of 0.1 mg/ml. 
Standard solution B: Treat a guantity of USP Boswellia 
serrata Extract RS with gentte neating in methanof to 
obtain a solution having a known concentration of 
10 mg/ml. Before injection, pass through a filter of 
0.45-jam porę size, 

Sample solution: Treat a quantity of Extract with gentle 
heating in methanot to obtain a sofution having a 
known concentration of 10 mg/ml. Before injection, 
pass through a filter of 0.45-)im porę size, and dtscard 
the first few ml of the filtrate. 

Mobife phase: Prepare a filtered and degassed mixture 
of acetonitrile, water, and glacial acettc acid 
(900:100:0.1). Make adjustments if necessary. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 

Column: 4.6-mm x 25-cm; packfng LI 

Flow ratę: See the gradient table below. 


Time 

(min') 

Flow Ratę 
(mL/min 1 ) 

0 


5 

1.5 

10 

2 

30 

2 

32 

1 

45 

1 


injection size: 20 juL 
System suitability 

Sampies: Standard solution A and Standard solution B 
[Notę —The refative retention times for 1 1-!<eto-/?-bos- 
wellic acid and 3-acetyM 1 -keto-jS-boswellic acid ąre 
about 1.0 and 1.4, respectivefy*j 


Suitability requirements: The chromatogram of Stan¬ 
dard solution B is simiiar to the 254-nm Reference 
Chromatogram provided with the USP Boswellia serrata 
Extract RS. 

Tailing factor: NMT 1.5, 3-acetyl-71 -keto-/?-boswellic 
acid peak, Standard solution A 
Relative standard deviation: NMT 2.0% of the 
3-acetyl-11-keto-/?-boswellit acid peak response for 
replicate injections. Standard solution A 
Analysis 

Sampfes: Standard solution A, Standard solution B, and 
Sample solution 

Using the chromatogram of Standard solution B and 
the 254-nm Reference Chromatogram provided with 
the [ot of USP Boswellia serrata Extract RS, identify the 
retention times of the peaks of 11 -keto-/3-boswdfic 
acid and 3-acetyl-11-keto-j3-boswellic acid in the 5om- 
ple solution chromatogram. 

Separately caiculate the percentages of 11 -keto~/3-bos- 
wdlic acid and 3-acetyM 1 -keto-/3-bosweilic acid in 
the portion of Extract taken: 

Result = (ru/r s ) x (C S V/W) x 100F 

ru - peak area of each anaiyte from the Sample 
solution 

r s = peak area of 3-acetyl-11-keto /Tboswellic acid 
from Standard solution A 

Cs = concentration of USP 3-Acetyl-I1 -keto-/3- 
Boswelfic Acid RS in Standard solution A 
(mg/mL) 

V = finał volume of the Sample solution (mL) 

W - weight of Extract taken to prepare the Sample 

solution (mg) 

F = conversion factor for each anaiyte (0,93 for 

11 -keto-/?-boswel lic acid and 1.0 for 3-acetyl- 
11-keto-/?-bosweJlic acid) 

Acceptance criteria: Add the percentages of the two 
analytes. It contains NLT 90,0% and NMT 110,0% of 
the labeled amount of Extract, calculated on the dried 
basis, as the sum of 11-keto-/3-boswdlic acid and 3-ace¬ 
tyli 1 -keto~/3-boswel lic acid, 

mpmrms 

Inorganic Impurif ies 
Delete the folfowmg: 

*• Heavy Metals, Method II (231): NMT 20 ppm* (Official1- 

|an-20ła} 

Organie Bmpunfies 

® Procedurę: Articles of Botanical Oricin, General 
Method for Pesticide Residues Analysis (561): Meets the 
requirements 

5PECIFIC TESTS 

■ Loss ON DRVING (731): Dry 1,0 g of Extract at 105° for 2 
h: it loses NMT 5.0% of its weight. 
o Microbial Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 10 4 cfu/g, and the total 
combined molds and yeasts count does not exceed 10 3 
cfu/g. 

O MlCROBIOLOGICAL Procedures for Absence of Specifjed Ml- 
croorganisms (2022): Meets the reguirements of the 
tests for absence of Salmonella species and Escherichia 
coli . 

ADDBTIONAl REQUBREMENTS 

® Packaging and Storage: Preserve in wellclosed contain- 
ers, protected from light and moisture, and storę in a 
cool place. 

* Labeling: The label States the Latin binomia! and, fol Iow- 
ing the official name, the part of the plant from which 
the article was prepared. It meets other labefing reguire¬ 
ments under Botanical Extracts (565). 
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• USP Reference Standards (Tl) 

USP 3-Acetyl-N-keto-/3-Boswellic Acid RS 
USP Boswefiia serrata Extract RS 


Calcifediol — see Calcifediol General 
Monographs 


Calcifediol Capsules— see Calcifediol 
Capsules General Monographs 


Calcium Ascorbate— see Calcium Ascorbate 
General Monographs 


Calcium Carbonate— see Calcium 
Carbonate General Monographs 


Calcium Carbonate Orał Suspension— 

see Calcium Carbonate Orał Suspension 
General Monographs 


Calcium Carbonate Tablets— see Calcium 
Carbonate Tablets General Monographs 


Calcium Citrate -see Calcium Citrate 
General Monographs 


Calcium Citrate Tablets 


DEFINITION 

Calcium Citrate Tablets contain NLT 90.0% and NMT 
110 . 0 % of Łhe labeied amount of calcium (Ca). 

IDENTIFICATION 

* A. The Sample solution from the test for Strength pro- 

duces linę emissions or absorptions at the charactenstic 
wavelengths for calcium. 

• B. Identification Tests—General, Calcium (191) and Cit¬ 

rate (191) 

Analysis: Crind a Tablet to a fine powder in a mortar. 
Transfer the powder to a centrifuge tubę, add 2-5 mL 
of water, sonicate for 1 min, shake, and centrifuge, 
Acceptance crlteria: The supernatant meets the re- 
guirements of the tests. 

STRENGTH 

[Notę—A standard stock solution is commercially available 
at different calcium concentrations. Necessary volumetric 
adjustment can be madę in the Standard solution. Concen- 
trations of the Standard solution and the Sample solution 
may be modified to fit the linear or working rangę of the 
instrument,] 

® Content of Calcium, Procedurę 1 

Standard stock solution: Weigh about 1.001 g of cal¬ 
cium carbonate, previously dried at 300° for 3 h and 


cooled in a desiccator for 2 h, and dissolve in 25 mL of 
1 N hydrochloric acid. Boif to expel carbon dioxide, and 
di lute with water to lOOmL to obtain a solution having 
a known concentration of about 4000 pg/mL of 
calcium. 

Standard solution: To a 200-mL volumetric fiask add 
100 mL of water and 4 mL of nitric acid, and mix thor- 
oughly. Pipet 25.0 mL of the Standard stock solution 
into tne volumetric fiask, and dilute with water to vol- 
ume to obtain a solution having a known concentration 
of about 500 pg/mL of calcium. 

Sample solution: Weigh and finely powder NLT 20 
Tablets. Transfer a weighed portion of the powdered 
Tablets, equiva!ent to about 0,1 g of calcium, to a 
50-mL fiask. Add 4 mL of nitric add, and heat the solu- 
tion to boil gently, during which fuming evolves. Boil 
the solution for an additional 30 min with constant 
swirling, during which no fuming should be observed. 
Cool tne solution to room temperaturę, quantitatively 
transfer all of the solution to a 200 -mL volumetnc fiask, 
dilute with water to volume, mix, and filter. 
Instrumental conditrons 
(See Plasma Spectrochemistry (730).) 

Modę: ICP-AE5 

Analytlcal wavelength: 317.93 nm. [Notę —The oper- 
ating conditions may be developed and optimized 
based on the manufactureds reoommendation. A typi- 
cal setting indudes radio frequency (RF) power of 
about 1 300 watts, argon torch flow of about 15 U 
min, argon auxifiary flow of about 0,2 L/mtn, and a 
nebulizer flow ratę of about 0.8 L/min.] 

Analysis: Determine the emission of the Standard solu- 
tion t the Sample solution , and a 2% nitric acid solution 
as the blank at the wavelength indicated above. 
Calculate the percentage of the labeied amount of cal- 
cium (Ca) m the portion of Tablets taken: 

Result = (ruin) x (G/O,) x ioo 

Aj s peak response of calcium from the Sample 
solution 

r 5 55 peak response of calcium from the Standard 
solution 

Cs = concentration of calcium in the Standard 
solution (pg/mL) 

Cu = nominał concentration of calcium in the 
Sample solution (pg/mL) 

Acceptance criterla: 90,G%~110,0% 

* Content of Calcium, Procedurę 2 

Lanthanum chlonde solution: 267 rmg/mL of lantha- 
num chlonde heptahydrate in 0.125 N hydrochloric 
acid 

Calcium standard solution: Dissolve 1,001 g of calcium 
carbonate, previously dried at 300* * for 3 h and cooled 
in a desiccator for 2 h, in 25 mL of 1 N hydrochloric 
acid, Boil to expel carbon dioxide, and dilute with 
water to 1000 ml to obtain a concentration of 400 pg/ 
mL of calcium, 

Standard stock solution: 100 pg/mL of calcium from 
Calcium standard solution in 0.125 N hydrochloric add 
Standard Solutions: Into separate 100-mL volumetric 
flasks pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Stan¬ 
dard stock solution. To each fiask add 1.0 mL of Lantha¬ 
num chlonde solution, and dilute with water to volume 
to obtain concentrations of 1 .0, 1.5, 2.0, 2,5, and 
3.0 pg/mL of calcium. 

Sample solution: [NOTĘ—Finety powder NLT 20 
Tablets.] 

Transfer an equivalent to 5 Tablets from powdered Tab¬ 
lets to a porcelain crucible. Heat the crudble in a rnuf- 
fle fu mace maintained at 550° for 6-12 h, and cool. 
Add 60 mL of hydrochloric acid, and boil gently on a 
hot piąte or steam bath for 30 min, intermittently rins- 
ing the inner surface of the crucible with 6 N hydro- 
chloric add. Cool, and quantitatively transfer the eon- 
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tents of the crucible to a 100-mL volumetric fiask. 

Rinse the crucible wlth smali pordons of 6 N hydro- 
chloric add, and add the rinsings to the fiask- Drlute 
with water to vo3ume, and fil ter, discarding the first 
5 ml of the filtra te. Di lute this solution quantitatively, 
wlth 0.125 N hydrochloric acid to obtain a concentra- 
tion of 2 pg/mL of calcium, addlng 1 mL of Lanthanum 
chloride solution per 100 mL of the finał vo]ume. 
Instrumental conditions 
(5ee Atomie Ahsorption Spectroscopy (852)0 
Modę; Atomie absorption spectrophotometry 
Analytical wavelength: Calcium emission linę at 
422.7 nm 

Lamp: Calcium hoflow-cathode 
Flame: Nitrous oxide-acetylene 
Blank: 0.125 N hydrochloric acid eontainlng 1 mL of 
Lanthanum chloride solution per 100 ml 
Analysis 

Samples: Standard Solutions and the Sample solution 
Determine the absorbances of the Solutions, ustng the 
Blank. From a linear regresslon equat!on, calculated 
using the absorbance of the Standard Solutions versus 
eoncentrations, determine the concentration, C, 3n 
pg/mL of calcium in the Sample solution . 

Calcu iate the percentage of the labefed amount of cal¬ 
cium (Ca) in the portion of Tablets taken; 

Result = (C/Cu) x 100 

C = determined concentration of calcium in the 
Sampie solution 

C u - nominał concentration of calcium in the 
Sampie solution 

Acceptance critena: 90.0%-l 10.0% 

CONTAMINANTS 

* Microbial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 1000 cfu/g. The total 
combined yeasts and molds count does not exceed 100 
cfu/g. 

o ABSENCE of Specbfjed Microorganism-s (2022): Meet the 
requirements of the test for absence of Escherichia coli 

PERFORMANCE TEST5 

* Dl SINTEG R ATS ON AND DlSSOLUTION OF DiETARY SUPPLEMENTS 

(2040): Meet the requirements for Disintegration , 15 
min 

* Weight Variatjon of Dietary Supplements (2091): Meet 
the recjuirements 

ADDITIONAL REQUIREfVflENTS 

o Packaging and Storage; Preserve rn well-closed 
containers. 

« LABELING; The label States the quantity of calcium in 
terms of mg/Tablet. 


Calcium Glubionate Syrup —see Calcium 
Glubionate Syrup General Monographs 


Calcium Gluceptate —see Calcium 
Giuceptate General Monographs 


Calcium Gluconate —see Calcium 
Gluconate General Monographs 


Calcium Gluconate Tablets —see Calcium 
Gluconate Tablets General Monographs 


Calcium Glycerophosphate 


o 



Ć 3 H 7 Ca0 6 P 210.14 

1,2,3-Prapanetriol, mono(dihydrogen phosphate) calcium 
salt (1:1); 

Calcium glycerophosphate [27214-00-2]. 

DEFINITION 

Calcium Glycerophosphate Is a mixture, in variab!e propor- 
tions, of calcium (ft5}-2,3-dlhydroxy propyl phosphate and 
calcium 24iydroxy-l-(hydroxymethyi)ethyl phosphate, 
which may be bydrated. Calcium Glycerophosphate con- 
tains NLT 18.6% and NMT 19.4% of calcium (Ca), calcu¬ 
lated on the dried basis. 

IDENTIFICATION 

« A. 

Analysis: Ignite 0.1 g in a crucible. Take up the residue 
with 5 mL of nitric acid, heat on a water bath for 1 
min, and fllter. Mix 1 mL of the filtrate wlth 2 mL of 
ammonium molybdate TS. 

Acceptance critena: A yeliow cofor develops> 

* B. 

Analysis: Dissolve 20 mg of the substance being ex- 
amined in 5 mL of 5 M acetic acid, and add 0.5 mL of 
potassium ferrocyanide solution (53 mg/mL). The result- 
ing solution remains elear. To the elear solution, add 
50 mg of ammonium chloride. 

Acceptance criteria: A whlte crystatline precipitate is 
praauced. 

ASSAY 

* Procedurę 

Sample: 200 mg 

Titrimetrk system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0.1 M edetate disodium VS 
Endpoint detection: Colorimetnc 
Blank: 300 mL of water. Add 6 mL of 10 M sodlum 
hydroxide and 15 mg of calconcarboxylic acid 
tri tu ratę. 

Analysis: Dissolve the Sample in 300 mL of water, add 
6 mL of 10 M sodium hydroxide and 15 mg of calcon- 
carboxylic add triturate. Utratę wlth Titrant until the so¬ 
lution rs a disttnet blue color. 
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Calculate the percentage of calcium (Ca) in the portion 
of Calcium Glycerophosphate taken: 

Result = [( V - B) x M x F x 100 ]/W 

V - Sample titrant volume (ml) 

B = Blank titrant volume (mL) 

M = titrant molarity (mM/mL) 

F = equivaiency faclor, 40.08 mg/mM 

W = weight of the Sample (mg) 

Acceptance criteria: 18.646-19,4% on the dried basts 

IMPURITIES 

« Leao (251): NMT 4 ppm 
• Iron (241) 

Standard solution: Dilute 1 volume of Standard iron 
Solution, prepared as directed 3n the ehapter, with 
water to 10 volumes (1 jtig/ml), 

Analysis: Dissolve 0.20 g in 10 mL of water. Add 2 mL 
of a 20% (w/v) solution of citrfc add, 0.1 ml of thiogly- 
colic add, and mix. Make alkaline with 10 M ammonia, 
dilute with water to 20 ml, and allow to stand for 5 
min. Any pink color produced is not morę intense than 
that obtained by treating 4 mL of the Standard solution 
in the same manner, 

Acceptance criteria: NMT 20 ppm 

Delete the fotłowing: 

•* Heavy Metals, Method I (231): NMT 20 ppm. ( o ll;tla „. 

lon-201 B) 

9 Limit of Chloride 

Standard solution: 8.24 pg/mL of sodium chloride in 
water 

Sample solution: Dissoive 7 25 mg tn a 10-mL mixture 
of 5 M aeetic acid and water (2:8), and dilute with 
water to 15 mL 

Analysis: To the Sample solution add 1 mL of 2 M nitrtc 
acid, then add 1 mL of a silver nitrate solution (1 7 mg/ 
mL), and allow to stand for 5 min protected from fjght. 
To 10 mL of the Standard solution add 5 mL of water, 

1 mL of 2 M nrtric acid, and 1 mL of silver nitrate solu* 
tion (17 mg/mL), and allow to stand for 5 min pro¬ 
tected from fighL When viewed against a dark back- 
round, the Sample solution is not morę turbid than the 
tandard solution. 

Acceptance criteria: NMT 0.04% 

* Limit of Sulfate 

Standard solution: 36,2 ng/mL of potassium sulfate tn 
water 

Sample solution: Use the Sample solution prepared as 
directed in the test for Appearance of Solution. 

Analysis: To 15 mL of the Standard solution add 0.5 mL 
of 5 M acetic add and 1 ml of barium chloride solution 
(250 mg/mL). Repeat, usrng 15 mL of the Sample solu¬ 
tion. Allow the Solutions to stand for 5 min protected 
from light. When viewed against a dark bactground, 
the Sample solution is not morę turbid than tne Stan¬ 
dard solution. 

Acceptance criteria: NMT 0,2% 

* Limit of Arsenic 

Standard stock solution: In a 250-mL vo!umetric fiask 
dissolve 330 mg of arsenic trioxide in 5 ml of 2 N so¬ 
dium hydroxide, and dilute with water to volume. 
Transfer 1 mL of this solution to a 100-mL volumetric 
fiask, and dilute with water to volume. 

Standard solution: Transfer 1 mL of Standard stock solu¬ 
tion into a 10-mL volumetric fiask, and dilute with 
water yolume. 

Tln(JI) chloride solution: Heat 20 q of tin with 85 ml 
of hydrochloric add until no morę nydrogen is released, 
Allow to cool. Dilute 1 yolume of this solution with 10 
volume$ of dilute hydrochloric acid (200 mg/mL of hy¬ 
drochloric acid in water). 


Sample solution: Transfer 330 mg of Calcium Glycer- 
ophosphate to a 25.0-ml volumetric fiask, and dilute 
with water to yolume. 

Apparatus: Prepare a 100-mL side-arm conical fiask 
containing a magnetic stirring bar. Attach to the conical 
fiask a ground-gfass stop per through whicli passes a 
glass tubę 20-cm łona, with an internal diameter of 
5 mm. The lower ena of the tubę is inside the conical 
fiask and has been drawn to a tip with an internal di* 
ameter of 1 mm, An orifice 3 mm in diameter is 15 mm 
from the tip and at least 3 mm below the lower surface 
of the stopper. The upper end of the tubę has a fiat 
round surface at a riqht angle to the axis of the tubę. 
second glass tubę or the same interna! diameter and 
30 mm long, with a stmiJar fiat ground surface, is 
placed in contact with the ground surface of the first 
tubę and is held in position by a clamp and springs, 

Into the fower tubę, insert 55 mg of Joosely packed lead 
acetate cotton. Place a disk of mercuric bromide paper 
between the fiat surfaces of the tubes. 

Analysis: Before placing the tubę assembly into the 
fiask, transfer the Sample solution to the fiask, and add 
15.0 mL of hydrochloric acid, 0.1 mL of Tin(ll) chloride 
solution, and 5 mL of potassium iodide TS. Allow to 
stand for 15 min, and add 5 g of activated zinc, Assem- 
ble the apparatus immediately, and immerse the fiask in 
a water bath at a temperaturę such that a uniform 
evo!ution of gas is mamtafned. After not less than 2 h, 
examme the stain produced on the mercuric bromide 
paper, Perform the same procedurę using 1.0 mL of the 
Standard solution , The stain produced on the mercuric 
bromide paper by the Sample solution is not morę in¬ 
tense than that produced by the Standard solution. 
Acceptance criteria: NMT 3 ppm 

• Limit of Phosphates 

Suifomolybdk solution: Dissoke with heating 2.5 g of 
ammonium molybdate in 20 mL of water. Dilute 28 mL 
of sulfuric acid with 50 mL of water, and cool Mix the 
two Solutions, and dilute with water to 100 mL 
Tin(II) chloride solution: Prepare as directed in the test 
for Limit of Arsenic . 

Standard stock solution: 14.3 pg/mL of monobasic po¬ 
tassium phosphate in water. 

Standard solution: Transfer 1.0 mL of Standard stock 
solution to a 100-mL volumetrlc fiask, and dilute with 
water to yolume, 

Sample solution: Transfer 2.5 mL of the Sample solution 
from the test for Appearance of Solution to a 100-mL 
yolumetric fiask, and dilute with water to volume. 
Analysis: To 100 mL of the Sample solution add 4 mL of 
Sulfomolyhdic solution , mix, and add 0.1 mL of Tin(ti) 
chloride solution. To 100 mL of the Standard solution, 
add 4 mL of Sulfomolyhdic solution , mix, and add 
0,1 mL of Tin(ll) chloride solution. Allow the preparations 
to stand for 10 min, then examine 20 mL of each prep- 
aration. Any color produced by the Sampie solution is 
not morę intense than that produced by the Standard 
solution. 

Acceptance criteria: NMT 0.04% 

• Citric Acid 

Mercury(ll) sulfate solution: 1 g of mercuric oxide In 
20 mL of water and 4 ml of sulfuric add 
Analysis: Mix 5 g of Calcium Glycerophosphate with 
20 mL of carbon dioxide~free water, and nlter. To the 
fil tratę add 0J5 ml of sulfuric acid, and filter. To the 
ftltrate add 5 mL of Mercury(ll) sulfate solution, and heat 
to boiling. Add 0.5 ml of 0.2 M potassium permanga* 
na te, and heat to boiling. 

Acceptance criteria: No precipitate is formed. 

• Clycerol and Alcohol-soluble Substances 

Analysis: Mix 1 g with 25 mL of alcohol, and shake for 
1 min. Filter, evaporate the filtrate to dryness on a 
water bath, and dry the residue at 7Q & for 1 h. 
Acceptance criteria: The residue weiohs NMT 5 mq 
(0.5%). 
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SPECiFIC TE5TS 
« Appearance of Solution 

Opaiescent suspension: Dissolve Ig of hydrazine sut- 
fate in 100 ml of water and allow to stand for 4-6 h. 
Add 25 ml of this solution to 25 ml of a solution eon- 
taining lOOmg/mL of methenamine fn water, and allow 
to stand for 24 h. 

Pnmary reference suspension; Dflute 15.0 mL of the 
Opaiescent suspension with water to 1000 ml. [Notę— 
This suspension is freshly prepared and may be stored 
for NMT 24 h.] 

Reference suspension: Primary reference suspension and 
water (30:70). [NOTĘ-—Shake before using.] 

Sample solution: Dlssolve 1.5 g at room temperaturę in 
150 mL of carbon dioxide-free water. 

Analysrs: Compare the opalescence of equal volumes of 
the Sample solution and the Reference suspension. 
Acceptance criteria: The Sample solution is not morę 
opaiescent than the Reference suspension. 

O AC ID ETY OR ALKALINITY 

Analysis: Dissoive 1 g of Calcium Clycerophosphafe in 
100 mL of water. Add 0.1 mL of 1.0% (w/v) phenol- 
phthalein solution. 

Acceptance criteria: NMT 0,5 mL of 0.1 M sod i urn hy- 
droxide or 0.1 M hydrochloric acid Is required to 
change the color of the indicator, 
o Loss on Dryfng (731): Dry a sample at 150° for 4 h: k 
loses NMT 12,0% of its weight. 

ADDETBONAL REQU!REN1ENT5 

• Pagkaging and Storage: Preserve in well-closed contain- 
ers, and storę at controlied room temperaturę. 


Calcium L-S-MetBuyltetrahydrofoiate 



■ xHzQ 

CioH^zCaN/Oe (anhydrous) 4 97,52 

N-[4-[[(2-Amino-1,4,5,ó,7,8-hexahydro-5-methyl-4-oxo-(6S)- 
pteridinyi)methyl]amino]benzoyf]-L-glutamrc acid, calcium 
salt (1:1); 

^'{4-[[((6S)-2-Aniino-1,4,5,ó, 7,8-hexahydro-5-methyL4-oxo- 
6-ptend!nyl)methy3]amino]-benzoyl}-L’glutam[c add, cal¬ 
cium salt (1:1) [15.1533-22-1]. 

DEF 1 NITION 

Calcium L-5-Methyltetrahydrofolate contains NLT 95.0% 
and NMT 102.0% of calcium 5-methyltetrahydrofolate 
(C^oH^CaN^Oń), the sum of the |_- and D-diastereoisomers* 
calcuiated on the anhydrous and sofvent-free basis, of 
which NMT 1.0% corresponds to calcium d- 
5-rnethyStetrahydrofolate, 

IDENTIFICATION 

* A. iNFRARED ARSORPTION ( 197 K) 

[NOTĘ—If the spectra obtained show differences, dissolve 
the substance to be examined and the USP Calcium ol- 
5-Methyitetrahydrofolate RS separatefy in the minimum 
quantlty of water, and add dropwise sufficient acetone 
to prodfuce a precipitate. Allow to stand for 15 min, 
centrifuge to eollect the predpitate, wash the precipl- 
tate twice with a minimum quantlty of acetone, and 
dry, Record new spectra using the residues.] 


• B. Identification Tests—Generał, Calcium (191): A 
5-mg/mL solution meets the reguirements. 

* C. HIPLC: The retention time of the major peak of the 

Sample solution corresponds to that of the Standard solu¬ 
tion , as obtained in the Assay , It complies with the accep¬ 
tance criteria of the test for Enanthmeric Purity. 

ASSAY 
« Procedurę 

Buffer: 7.8 g/L of sodlum dlhydrogen phosphate dihy- 
drate in water 

Solution A: Adjust the Buffer with 32% (w/v) sodium 
hydroxide solution to a pH of 6.5. 

Solution B: Methanol and Buffer (35:65). Adjust with 
32% (w/v) sodium hydroxide solution to a pH of 8.0. 
Mobile phase: Gradient elution, See Table L 


Tabie 1 


Time 

(mini 

Solution A 
(°/ o ) 

Solution B 

(%> 

0 

100 

0 

14 

45 

55 

17 

0 

100 

24 

0 

100 

24.01 

100 

0 

33 

100 

0 


[NoiE—After analysis the column should be flushed and 
stored in a mixture of methanoi and water (85:15).] 
System suitability solution: Transfer 25 mg of USP 
Folie Acid RS and 25 mg of USP 4-Amlnobenzoyl- 
glutamic Acid RS to a 1 00-mL volumetric fiask. Add 
about 15 mg each of sodium hydrogen carbonate and 
sodium carbonate to the fiask, add sufficient water, son- 
icate to dissolve, and difute with water to volume. 
Transfer 1.0 mL of this solution to a second 100-mL vol- 
umetric fiask containing 50 mg of USP Calcium Dl- 
5-Methyltetrahydrofolate RS, di5solve, and diJute with 
water to vofume. 

[Notę—T he foliowi ng Standard and Sample Solutions 
must be injected immediateiy after preparation and in- 
jected only once,] 

Standard solution: 0.5 mg/mL of USP Calcium DL- 
5-Methyitetrahydrofolate RS in water 
Sample solution: 0.5 mg/mL of Calcium L-5-Methylte- 
trahydrofoiate in water 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Column; 4.ó-mm x 25-cm; 5-pm packlng LI 

Column temperaturę: 32° 

Flow ratę: 1,1 mL/min 
Injection volume: 10 jliL 
System suitability 

Sampfes: System suitability solution and Standard 
solution 

[Notę—F or the System suitability solution the relative re¬ 
tention times of the component peaks are listed in To¬ 
bie 2. The l- and D-isomers of 5-methyltetrahydrofolafe 
co-elute as a single peak, The 4a-hydroxy-5-methylte- 
trahydrofolic acid, 5-methyltetrahydropteroic acid, and 
dimethyltetrahydrofolic add are induaed as minor 
components in USP Calcium oi-S-Methyltetrahydrofo- 
late RS,] 

Suitability requirements 
Resolution: System suitability solution 

NLT ó between 4-aminobenzoylg!utarmc acid 
and 4a-hydroxy-5-methyltetrahydroroiie acid 
NLT 8 between folie add and 5-methylte- 
trahydrofolic add 

NLT 15 between 5-methyltetrahydrofolic acid 
and dimethyltetrahydrofolic add 
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Refative standard deviation: Prepare three separate 
Standard Solutions , and inject eacn immedlately and 
only one time. NMT 2.0%; peak response factor from 
three injections 
Analysis 

Sam pies: Standard soiution and Sampie soiution 
Calculate the percentage of calcium 5-methylte- 
trahydrofofate (CzoH^CaN^Oe), the sum of the l- and 
D-diastereoisomers, in the portion of Calcium L- 
5-Methyltetrahydrofolate taken: 

Result = (fu/fs) x (Q/Cu) x 100 

ru - peak response from the Sampie soiution 

r$ - peak response from the Standard soiution 

Cs - concentration of USP Calcium DL- 

5-Methy [tetra hydrofolate RS in the Standard 
soiution (mg/mL) 

C v - concentration of Calcium L-5-Methyltetra- 

hydrofoJate in the Sampie soiution (mg/mL) 
Acceptanee criteria: 95.G%-1G2.0% on the anhydrous 
and solvent-free basis 

IMPURITIES 
« CHL 0 R 1 DE 

Sampie: 300 mg 

Blank: Mix 1 mL of nitric acid with 75 rnl of water. 
Titrimetric system 
(See Titrimetry (5 41>.) 

Modę: Direct titration 
Titrant: 0.005 M sifver nitra te VS 
Endpoint detection: Potentlometric 
Analysis: Dissolve the Sampie in 75 mL of water (heat 
to maxlmum of 40°), add 1 mL of nitric acid, and ti- 
trate with the TitranL Perform a Blank determination, 
and make any necessary correction. 

Calculate the percentage of chlonde (Cl) in the Sampie 
taken: 

Result = [(Vs - Vq) x M x F/W] x 1 00 

V% ~ volume of Titrant consumed by the Sampie 
(ml) 

V B = volume of Titrant consumed by the Blank (mL) 

M = actual mofarity of the Titrant (mmol/ml) 

F - equivalency factor, 35,45 mg/mmol 

W = Sampie weight (mg) 

Acceptanee criteriaf NMT 0,5% 

* Elementał Impurities—Procedures (233) 

Acceptanee criteria 
Boroń: NMT5Gjj.g/g 
Platinum: NMT 10 pg/g 
Arsenie: NMT 1.5 pg/g 
Cadmium: NMT 0.5 ]ig/g 
Lead: NMT 1.0 pg/g 
Mercury: NMT 1.5 jag/g 
« Residual 5olvents (467) 

Acceptanee criteria 
Ethanol: NMT 0.5% 

2-Propanol: NMT 0,5% 

[Notę—F or acceptanee criteria for any other residua! sol- 
vents, see Residual Solvents (467).] 

■ Related Compounds 

Soiution A, Soiution B, Mobile phase. System suitabil- 
ity soiution, Standard soiution, Sampie soiution, 
Chromatographic system, System suitabiiity, and 
Suitability requirements: Proceed as directed in the 
Assay. 


Analysis 

Samples: Standard soiution and Sampie soiution 

[Ngte—T he impurities are listed in Tobie 2 ,] 

Calculate the percentage of each Impurity, as free acid, 
in the portion of Calcium i-5-Methyitetrahydrofolate 
taken: 

Result = (rJn) x ( C s /Cu) x Fx (A^j/Hz) x 100 

fu = peak response of the corresponding impurtty 
from the Sampie soiution 

rs ~ peak response of the principal peak from the 
Standard soiution 

Cs = concentration of USP Calcium Dl- 

5-Methyitetrahydrofojate RS in the Standard 
soiution (mg/mL) 

Cu - concentration of Calcium L-5~Methyltetra- 

hydrofolate in the Sampie soiution (mg/mL) 

f = relative response factor for the corresponding 
rmpunty peak (see Tobie 2) 

M r j - molecular weight of L-5-methyltetrahydrofolic 
acid, 459.46 

M S 2 - molecular weight of calcium L-5-methyltetra- 
hydrofolate, 497.52 

Acceptanee criteria 

[Notę—D isregard any impurity peak less than 0.05%.] 

Individual Impurities: See Tobie 2. 


labie 2 


Na me 

Relafive 

Retention 

Time 

Relative 

Response 

Factor 

Acceptanee 
Criteria, 
NMT Wa) 

4-Aminobenzoyl- 
olutamic acid'’ 

0,29 

0,91 

0.5 

4 a -Hy d ro xy- 5-m ethyk 
tetra hydrofolic add b 

0.37 

1.09 

1.0 

f6R)-Mefox c d 

0.49 

1.05 


f65)-Mefox cd 

0,50 

LOS 

1.0 (sum of 
6R and 651 

Tetra hydrofolic acid' 

0,65 

1.0Q ,: 

0.5 

7,8-Dihvdrofolic add f 

0.83 

0.95 

0.5 

Folie acid^ 

0,85 

0.83 

0.5 

5,10-Methylenete- 
trahydrofolic add h 

0.88 

1 00 |! 

0.5 

5 - M e thy 1 te tra hy d ro p- 
teroic acid 1 

L10 

0,67 

0.5 

Drmethyl te¬ 
tra hydro folie audi 

1.25 

1.00' 

0.15 

TotaE imourities 


— 

2.5 


a N-(4-AminobenzoyI)-L-glutamic acid. 

b N-[4-({[(6S)-2-Amino-4a-hydroxy-5-methyM-oxo-T ,4,43,5,6. 7,8,83- 
ot la I łyd ro p teridi n-ó-y f] meihy I) a m in □) benzoy I]-L-gl uta mica eid. 
c 2“Amint>8-methy[“4 ł 9-dioxo*7*methyi-p'aminabenzoyl-glutamate-6,7,8, 
9-tetrahydro-4 ft-pyrazmo-H ,2-o)-j-tr i azine. 
d Report the impurity Mefox as the sum of 6S - and 6f?-Mefox. 

11 N-[4-({[(5)-2-Amino-4-oxo-1.4,5,6,7,8-hexahydropteridin-6-yl]metl> 
y 1} a m i n o)be n zoyIJ-L-gl uta m ic acid, 

I N’{4-([(2-Amino-4‘Oxo-1,4,7,8-ietra hydro p ter i d in -6-y I) m e thy 1 j a mi¬ 
no) be nzoyl}-L-gl u tamie add, 

i N-(4-{[ (2 - Amino-4- oxa-1 ,4-dlhydropterldin-ć-yl)methyIjamino)benzoyl)-i- 
glutamic acid, 

II N-(4-(LAmino-1 -oxo-5,ć,6a.7-tetrahydmimidazo[1,5-J]pteridin-8{1 H t AH f 
9H)-yl)benzyl)-i-glutamie add. 

■ (5)-4-{[(2-Am ino-5-rnet hy 1-4 -oxo-1.4,5,6,7,8-hex a hydro pi er i di n-ó - 
yfjmethyljamino) benzole acid. 

I N-t4-((i(5)-5-MeLhyi-2-(methy[amino)-4-oxo-l .4,5,6,7,8-hexahydropter- 
idi n-ć -y l] m e t hyl} am i no)b en zoyi]-L- gl u ta m te a ci d. 
k Eslimated factor. 

* ENANTiOMERtC PURITY 

Buffer: 4.54 g/L of sodium dihydrogen phosphate dihy- 
drate in water 

Mobile phase: Acetonitrile and Buffer (3:97). Adjust 
with 32% (w/v) sodium hydroxfde to a pH of 6.8. 
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Standard solution: 0.5 mg/mL of USP Calcium DL- 
5-Methyltetrahydrofoiate RS fn water 
Sampie solution: 0.5 mg/mL of Cakium L-5-Methylte- 
trahydrofolate in water 

System suitability solution: Transfer 1.0 ml_ of Standom 
solution to a 50-mL volumetnc fiask, and dilute with 
Sampie sofution to vo!ume. 

Chromatographte system 
(See Chromatogropny (62^, System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Column: 4.0-mm x 15-cm; 5-jim packing L79 1 
Column temperaturę: 40° 

Flow ratę: 1.0 ml/rnin 
Injection volume: 10 fj.L 
System suitability 
Sampie: System suitability solution 
[Notę—T he relative retentlon times of L-5-methyite- 
trahydrofolate and D-5-methyltetrahydrofolate are 
about 1 and 1.5, respectlvely.] 

Suitability requirements 

Resolution: NU 1,5 between L-5-methy!tetrahydrofo- 
late and D-5-methyltetrahydrofojate 
Analysis 

Sampie: Sampie solution 

Calcu late the percentage of D-S-methyltefrahydrofolate 
in the portion of Cakium L-5-Methyltetrahyarafolate 
taken: 


Result - [(r D /(r D + r L ) x 100] 

ro = peak response of D-5-methyltetrahydrofolate 
from the Sampie solution 

n - peak response of L-5-methyltetrahydrofolate 
from the Sampie solution 

Acceptance criteria: NMT 1.0% of D-5-methyltetra- 
hydrofolate 

SPECBFKC TESTS 
• CALCIUM 

Sampie: 250 mg 

Blank: 150 mL of water, 15 ml of 1 N sodium hydrox- 
ide, and 300 mg of hydroxy naphthol blue 

Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 

Titrant: 0,05 M edetate disodrum VS 

Endpoint detection: Vlsual 

Analysis: Dissolve the Sampie in 150 ml of water, add 
15 mL of 1 N sodium hydroxlde and 300 mg of hy- 
droxy naphthol blue, and titrate with the Titrant untll 
the solution is deep blue in tolor. Perform a Blank de- 
termination, and make any necessary correction. 

Ca ku late the percentage of calcium (Ca) in the Sampie 
taken: 


Result = [(Vs -V b )xMx F/W] x 100 

V$ ~ volume of Titrant consumed by the Sampie 
(mL) 

\4 = vo!ume of Titrant consumed by the Blank (mL) 

M - actual molarity of the Titrant (m mol/m L) 

F - equiva!ency factor, 40,08 mg/m mol 
W - Sampie weight (mg) 

Acceptance criteria: 7.0%-8.5% on the anhydrous and 
solvent4ree basiś 

e Water Determination, Method lc{9 21) 

Sampie: Transfer 40 mg of Calcium L-5-Methylte- 
trahydrofolate to a 20-mL headspace vial, and cap 
tightfy. Heat the vraJ in a sultable Karl Fischer oven at 
250 Q . 


' A chkal-recognition protein, human serum albumin (USA), Chemical Ey 
bonded to sllica particie, about 5 jjm In cfiameter. For exampfe: Chromtech 
Chiral HSA, available at www.chromtech.com 


Analysis: The rełeased and evaporated water is trans- 
ferred into the titration-cell in a stream of dry nitrogen 
at a flow ratę of about 40 mL/min as directed in Water 
Determination, Method Ic (921). 

Acceptance criteria: 6.0%-l 7.0% 


A0DITIOMAŁ R£QUIREMENTS 

• Packaging ano Storage: Storę rn a tlght Container, in a 

cool and dry place. 

* OSP REFERENCE Standard* (11) 

USP 4-Aminobenzoylglutamic Acid RS 
W~(4-Aminobenzoyl)-L-glutamic add. 

C 12 H 14 N 2 O 5 266.25 

USP Calcium DL-5-Methyltetrahydrofolate RS 
N[4-[[(2-Amino-1,4,5,6,7,8-hexahydro-5-methyl"4-oxo- 
ó-pteridinyl)methy]]amtn 0 ]benzoyl]-L-glutamic acid, 
calcium salt ( 1 : 1 ). 

C2 D H 2 3CaN 7 0 6 497.52 
USP Folie Acid RS 


Calcium L-5-Methyltetrahydrofolate 
CapstsEes 

DEFINITION 

Calcium L-S-Methyltetrahydrofolate Capsules contain NLT 
90,0% and NMT 110,0% of the labeled amount of cak 
ci um L-5-methyltetrahydrofolate (C^HnCaN^Oe). 

IDENTIFICATION 

® A. HPŁC: The retention tlme of the major peak of the 
Sampie solution corresponds to that of tne Standard solu¬ 
tion , as obtained in Strength , and to the L-isomer of the 
Standard solution in the test for Enantiomeric Purity. 

STRENGTH 
9 procedurę 

Antioxidant solution: 1 .5% sodium sulfite in water 
Buffer; 7.8 g/L of sodium dlhydrogen phosphate dlhy- 
drate tn water 

Solution A: Adjust fhe Buffer with 32% (w/v) sodium 
hydroxide solution to a pH of 6.5, 

Solution B: Methano! and Buffer (35:65). Adjust with 
32% (w/v) sodium hydroxide solution to a pH of 8 . 0 . 
Mobile phase: Gradient elution. See Tobie 7. 
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System suitability solution: Transfer 25 mg of USP 
Folk Add RS to a ]00-mL voIumetnc fiask. Add about 
15 mg each of sodium hydrogen carbonate and sodium 
carbonate to the fiask, add sufficient water, sonicate to 
dissolve, and dilute with water to volume. Transfer 
1,0 mL of this solution to a second 100-mL volumetric 
fiask contalning 50 mg of USP Calcium D, U5-Methyl te¬ 
tra hydrof o late RS, dissolye, and dilute with water to 
volume. 

Standard solution: 0.1 mg/mL of USP Calcium d,l- 
5-MethyltetrahydrofoSate RS in Antioxidant solution 
Sampie solution: Remove, as completely as possible, 
the contents of NLT 30 Capsules, and welgh accurately. 
Transfer a portion of the Capsule contents, nomlnally 
equivalent to 2.5 mg of cakium L-5-methyltetrahydrofo- 
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late, to a 25-mL yolumetric fiask Add 20 mL of Antioxi- 
dant solution and sonicate for 20 min with occasiona! 
shaking, cooi to room temperaturę, diiute with Antioxi- 
dant solution to vofume, mix well, and filter. 
Chromatographic system 
(See Chromatograpny (621 ), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Column: 4i-mm x 25-cm; S“^im packing 11 

Column temperaturę: 32° 

Flow ratę: 1.1 mL/min 
Injection volume: 1Q|iL 
System suitability 

Sam pies: System suitability solution and Standard 
solution 

[Notę—F or the System suitability solution the reiative re- 
tention times of folie add and l- and D-isomers of 
5-methyltetrabydrofolate, which co-elute as a single 
peak, are 0.85 and 1.0, respectively.] 

Suitability reguirements 

Resolution: NLT 8 between folie add and 5-methylte- 
trahydrofolic add, System suitability solution 
Relative standard deviation: NMT 2,0%, Standard 
solution 

Analysis 

Samples: Standard solution and Sample solution 
Calcuiate the percentage of the iabefed amount of cab 
dum i-5-methyitetrahydrofoiate (GohhsCaN^) in the 
portion of Capsules taken: 

Result = (ru/fs) x (C s/Cu) x 100 

r u - peak response from the Sample solution 

fs - peak response from the Standard solution 

Cj - concentration of USP Caidum D,L- 

5-MethyltetrahydrofoIate RS In the Standard 
solution (mg/mL) 

Cu = nominał concentration of caidum L- 

5-methyltetrahydrofolate in the Sample 
solution (mg/mL) 

Acceptance criteria: 90.0%-110.0% 

IMPURfTIES 
* Enantidmeric Purity 

Buffer: 4.54 g/L of sodium dihydrogen phosphate dihy- 
drate in water 

Mobile phase: Acetonitrile and Buffer (3:97), Adjust 
with 32% (w/v) sodium hydro* tde to a pH of 6.8. 
Standard solution: 0.4 mg/mL of USP Caidum D,L- 
5-Methy (tetra hydrofola te R5 in water 
Sample solution: Filtered portion, equivalent to 
0.4 mg/mL of calcium L-5-methyltetrahydrofoiate, from 
the contents of NLT 30 Capsules, in water 
System suitability solution: Transfer 0,2 mL of Standard 
solution to a 10-mL voiumetric fiask, and diiute with 
Sample solution to volume. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Column: 4,0-mm x 15-cm; 5-pm packing L79 1 
Column temperaturę: 40° 

Flow ratę: l.OmL/min 
Injection vo!ume: lOpL 
System suitability 
Sample: System suitability solution 
[NOTĘ—The relative retention times of L-5-methylte¬ 
tra hydrof o late and D-5-methyltetrahydrofolate are 
about 1 and 1.5, respectiveły.] 

Suitability requirements 

Resolution: NLT 1.5 between L-5-methyltetrahydrofo- 
late and o-5-methyftetrahydrofolate 

1 A chrraFrecognition protein, human serum albumin (HSA), Chemical Ey 
bondecf to sflica particie, about 5 pm in dlameter. For example: Chromtech 
Chrral HSA, auailable at www.chrqmtech,com. 


Analysis 

Sample: Sample solution 

Calcuiate the percentage of D-5-methyltetrahydrofoEate 
in the portion of caidum L-S-methyltetrahydrofolate 
taken: 

Result = [r D /(r D + rj] x 100 

to = peak response of D-S-methyltetrahydrofolate 
from the Sample solution 

0 - peak response of b-5-mefhyl tetra hydrofola te 

from tne Sample solution 
Acceptance criteria: NMT 1.0% 

PERFORMANCE TESTS 

• PiSiNTEGRATiON and DtssoiUTiON (2040), Disintegration : 

Meet the reguirements 

e WE 1 GHT VARIATSON OF DlETARY SUPPLEMENTS (2091): Meet 
the reguirements 

ADDITIONAL REQUIREMENT$ 

* Packaging and Storage: Storę in a tight, lig ht-resis fant 

Container, in a cod and dry place. 

« USP Reference Standards (11) 

USP Cafcium D,L-5-Methyltetrahydrofolate RS 
USP Folie Add RS 


Ca Ic 3 io m l- 5 - Met hy 1 1 et rahydrofolate 
Tablets 


DEFINITION 

Caidum t-5-Methy I tetra hydrof o late Tabtets contain NLT 
90.0% and NMT 110.0% of the iabefed amount of cal¬ 
cium L-5-methyltetrahydrofolate (C 2 oH23CaN 7 06). 

IDENTIFICATION 

» A. HPLC: The retention time of the maior peak of the 
Sample solution corresponds to that of the Standard solu¬ 
tion , as obtained in Strength, and to the utsomer of the 
Standard solution in the test for Enantiomerk Purity. 

STRENGTH 
e Procedurę 

Antioxrdant solution: 1.5% sodium sulfite in water 
Buffer: 7.8 g/L of sodium dihydrogen phosphate dihy- 
drate in water 

Solution A: Adjust the Buffer with 32% (w/v) sodium 
hydroxide solution to a pH of 6.5. 

Solution B: Methanol and Buffer (35:65), Adjust with 
32% (w/v) sodium hydroxtde solution to a pH of 8,0. 
Mobile phase: Gradient elution. See Tobie 1. 
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System suitability solution: Transfer 25 mg of USP 
Folie Acid RS to a lOG-mŁ yolumetric fiask. Add about 
15 mg each of sodium hydrogen carbonate and sodium 
carbonate to the fiask, add sufficient water, sonicate to 
dissolve, and diiute with water to volume. Transfer 
1.0 mL of this solution to a second 100-mL yolumetric 
fiask containing 50 mg of USP Caidum D,L-5-Methylte- 
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trahydrofolate RS, dissolve, and dilute with water to 
voJume. 

Standard solution: 0.1 mg/mL of USP Calcium d,l- 
5-Methyltetrahydrofolale RS in Antioxidant solution 
Sample solution: Transfer a pardon from NLT 30 finely 
powdered Tablets, nominally equivalent to 2.5 mg of 
calcium t-5^methyltetrahydrofolate, to a 25-mL volu- 
metric flasie Add 20 mL of Antioxidant solution and soni- 
cate for 20 min with occasional shakina, cool to room 
temperaturę, dii u te with Antioxktant sofution to volume, 
mix well, and filter. 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Column: 4.6-mm x 25-cm; 5-pm packing LI 

Column temperaturę: 32° 

Flow ratę: 1,1 mt/min 
injection volume: 10 juL 
System suitability 

Samples: System suitability solution and Standard 
solution 

f NOTĘ—For the System suitability solution the relative re- 
tention times of folie acid and t- and D-isomers of 
5-methyltetrahydrofolate, which co-elute as a single 
peak, are 0.85 and 1.0, respective)y.] 

Suitability requirements 

Resolution: NLT 8 between folie add and 5-methylte- 
trahydrofolic add. System suitability solution 
Relath/e standard deviation: NMT 2.0%, Standard 
solution 
Analysls 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of cal¬ 
cium U5-methyl te trahydrofolate (Gof-hsCaNjpO*) in the 
portion of Tablets taken: 

Result = (rjfś) x (Cs/G) x 100 

ru = peak response from the Sample solution 

r* - peak response from the Standard solution 

Cs = concentration of USP Calcium D,t- 

S-Methyltetrahydrofolate RS in the Standard 
solution (mg/mL) 

G - nominał concentration of calcium L- 

5-methyitetrahydrofolate in the Sample 
solution (mg/mL) 

Acceptance criteria: 90.0%-11 G.G% 

IMPURITIES 
* ENANTtOMERlC PURITY 

Buffer: 4.54 g/L of sodium dihydrogen phosphate dihy- 
drate in water 

Mobile phase: Acetonitrile and Buffer (3:97). Adjust 
with 32% (w/v) sodium hydroxide to a pH of 6.8. 
Standard solution: 0.4 mg/mL of USP Calcium 0,1- 
5-Methyltetrahydrofolate RS in water 


Sample solution: Rltered portion, equivalent to 
0.4 mg/mL of calcium L-5-methyltetrahydrofołate, from 
NLT 30 finely powdered Tablets, in water 
System suitability solution: Transfer 0.2 mL of Standard 
solution to a 10-mL volumetric fiask, and dilute with 
Sample solution to vo!ume. 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Column: 4.0-mm x 15-cm; 5-jim packing L79 T 
Column temperaturę: 40° 

Flow ratę: 1.0 mL/min 
Injection volume: 10 jtL 
System suitability 
Sample: System suitability solution 
[Notę— The relative retention times of i-5-rnethylte- 
trahydrofolate and D-5-methyltetrahydrofolate are 
about 1 and 1.5, respect?vely.] 

Suitability reąuirements 

Resolution: NLT 1.5 between L-S-methyltetrahydrofo- 
late and 0-5-methyitetrahydrofolate 
Analysi s 

Sample: Sample solution 

Calculate the percentage of D-5-methyltetrahydrofolate 
in the portion of calcium L-5-methyltetrahyarofolate 
taken: 

Result = [f£>/(fD + n)] x 100 

ro - peak response of D-S-methyltetrahydrpfolate 
from the Sample solution 

fi - peak response of L-S-methyltetrahydrofolate 
from the Sample sofution 
Acceptance criteria: NMT 1.0% 

PERFORMANCE TESTS 

* DlSfNTEGRATlON AND DiSSOlUTlON <2040), Disintegratiom 

Me et the requlrements 

* Weicht Variation of Dietary Supplements (2091): Meet 

the requirements 

ADDITIONAL REQUIREMENT5 

* PACKACING AND Stgrage: Storę in a tlght, laght-resistant 

Container, in a cool and dry place. 

* USP Reference STANDARDS (11) 

USP Calcium D,L-5-Methyitetrahydrofolate RS 
USP Folie Add RS 


1 A chiral recognition protein, human serum albumin (HSA), chemically 
bonded to sllka partide, about 5 |xm in dtametef. For example: Chromtech 
Chiral H5A, avaiJable at www.chromtech.com. 
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CaDcium Lactate— see Calcium Łaciate 
General Monographs 


Calcium Lactate Tabiets— see Calcium 
Lactate Tabiets General Monographs 


Calcium Lactobionate— see Calcium 
Lactobionate General Monographs 


Calcium Levulinate— see Calcium 
Levulinate General Monographs 


Calcium Pantothenate— see Calcium 
Pantothenate General Monographs 


Calcium Pantothenate Tabiets— see 

Calcium Pantothenate Tabiets General 
Monographs 


Calcium Pantothenate, Racemic —see 

Racemic Calcium Pantothenate General 
Monographs 


Calcium Phosphate, Tribasic— see Tribasic 
Calcium Phosphate NF Monographs 


Calcium with Vitamin D Tabiets 


DEFIN1TION 

Calcium with Vitamin D Tabiets contain NLT 90.0% and 
NMT 125.0% of the labeled amount of calcium (Ca), de- 
rived from substances generatly recognized as safe, and 
NLT 90.0% and NMT 1 65.0% of the labeled amount of 
vitam in D, as cholecalciferol {C 27 H 44 O) or ergocaldferol 
(C 2 sH, 40 ). They contain no other vitamins or minerals for 
which nutrrtional value is claimed. They may contain 
other labeled added substances or addklonal mgredients 
In amounts that are unobjectionable. 

STRENCTH 

« Calcium 

[Notę—A commerdally available atomie absorption stan¬ 
dard solution for calcium may be used where prepara- 
tion of a Calcium standard stock solution is d esc ii be d in 
the following assay. Concentratlons of the Standard So¬ 
lutions and tne Sample stock solution may be modified 
to fit the linear or working rangę of the instrument.] 

Lanthanum chloride solution: Dissoh/e 26.7 g of lan- 
thanum chloride in 0,125 N hydrochloric acio to make 
100 ml 

Calcium standard stock solution: Weigh 1.001 g of 
calcium carbonate, previously dried at 300° for 3 h and 
cooled in a desiccator for 2 n, and dissoh/e in 25 mL of 


1 N hydrochloric add. Boil to expei carbon dioxlde, and 
diiute with water to 1000 mL to obtain a solution haw 
Ing a concentration of 400 pg/mL of calcium. 

Standard stock solution: 100 pg/mL of calcium from a 
volume of Calcium standard stock solution in 0.125 N 
hydrochloric add 

Standard Solutions: Into separate 100-mL volumetric 
flasks, separately pipet 1. 0 , 1 ,5, 2.0, 2.5, and 3.0 mL of 
the Standard stock solution. To eacb fiask add 1,0 ml of 
Lanthanum chloride solution , dilute with water to vol- 
ume, and obtain Standard Solutions having concentra- 
tions of 1 . 0 , 1.5, 2.0, 2,5, and 3.0 pg/mL, of calcium. 
Sample stock solution: Weigh and finely powder NLT 
20 Tabiets, Transfer the equiva!ent to 500 mg of cal- 
cium, in 25 mL of concentrated hydrochloric acid, and 
heat for 30 min on a stearn bath. Cool, dilute with 
water to 1000 mL, and filter. 

Sample solution: Quantitatively dilute a voiume of 
Sample stock solution with 0.125 N hydrochloric acid to 
obtain a concentration of 100 pg/mL of calcium. Trans¬ 
fer 2.0 mL of this solution to a 100-mL volumetnc fiask, 
add 1.0 mL of Lanthanum chloride solution, and dilute 
with water to volume, 

Spectrometrk conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
Lamp: Calcium hollow-cathode 
Flame: Nitrous oxide-acetylene 
Analytical wavelength: Calcium emission linę, 422.7 
nm 

Blank: 1 mL of Lanthanum chloride solution per 100 mL 
of 0.125 N hydrochloric acid 
Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions, against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of calcium, and 
draw the straiaht linę best fitting the five plotted 
points. From tne graph so obtained, determine the 
concentration, C, in pg/mL, of calcium in the Sample 
solution. 

Calculate the percentage of the labeled amount of cal- 
cium (Ca) in the portion of Tabiets taken: 

Result = (C/Cu) x 100 

C ” measured concentration of calcium in the 
Sample solution (pg/mL) 

Cu - nominał concentration of calcium In the 
Sample solution (pg/mL) 

Acceptance critena: 9Q.0%~125.0% of the labeled 
amount of calcium (Ca) 

* CHOLECALCIFEROL OK ERCOCALCIFEROL (VtTAMIN D) 

[NoTL—U se low-actinic glassware throughout this 
procedurę.] 

Mobile phase: r?-Hexane and isopropyl alcohol (99:1) 
Standard solution: 2 pg/mL of USP Ergocalciferol RS or 
USP Cholecalciferol RS in n-hexane 
System suitability solution: Heat a volume of Standard 
solution at 60 D for 1 h to partially isomerize vitamin D 
(eraocalciferol or cholecalciferol) to Its correspondlna 
precursor. 

Sample solution: Weigh, and grind NLT 20 Tabiets, 
Transfer the equivaient to 20 pg of cholecalciferol or er¬ 
gocalciferol to a Container having a polyteTlined screw 
cap. Add 8 mL of dimethyl sulfoxlde and 12 mL of n- 
hexane, and shake for 45 min on a wrist-action shaker 
with tubes in a water bath maintained at 60°, Centrl- 
fuge for 10 min, withdraw the hexane layer by means 
of a pipet, and transfer to an evaporatian fiask. Add 
12 mL of r?-hexane to the dimethyl sulfoxide layer, mix 
on a vortex mixer for 5 min, and again withdraw the 
hexane layer by means of a pipet, and add to the evap- 
oration fiask. Repeat this extraction with three addi- 
tlonal 12-mL portions of n-hexane, addlng the hexane 
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extracts to the evaporatlon fiask. Evaporate the córo- 
bined hexane extracts in vacuum at room temperaturę 
to dryness. Dissofye in and dilute the residue in a voJ- 
ume of n-hexane to obtain a concentration of 2 pg/mL 
Chromatographic system 
(See C h mm a tog rap hy (621), System Suitabifity.) 

Modę: LC 

Column: 4,6-mm x 15-cm; 3-pm packing L8 
Detector: UV 265 nm 
Flow ratę: 1 mL/min 
Injection size: 100 pL 
System suitability 

Sam pies: Standard solution and System suitability 
solution 

Suitability requrrements 

Resolution: NIT 10 between the yitamin D form 
presert and its corresponding precursor, System suita - 
bility solution 

Relatiye standard deviation; NMT 3.0%, Standard 
sotution 
Analysis 

Samples: Standard solution and Sampfe solutian 
Measure the peak areas for vitamin D r 
Calculate the percentage of the labeled amount of cho- 
lecąfcifero! (GzH.mO) or ergocalciferol (CjaHwO) in the 
portion of Tablets taken: 

ResulL = ( r u /rs ) x (Cs/Cu) x F x 100 

ru = peak area of cholecalclferoi or ergocalciferol 
from the Sampie solution 

rs = peak area of cholecalciferol or ergocalciferol 
from the Standard solution 
C s = concentration of USP Cholecalciferol RS or 

USP Ergocalciferol RS in the Standard solution 
(j-tg/ml) 

Cu ~ nominał concentration of cholecalciferol or 

ergocalciferol in the Sampie solution (pg/ml) 

F - correction factor to account for the average 
amount of previtamin D present in the 
Sampie solution, 1.09 

Acceptance criteria: 9G.0%-1 65,0% of the labeled 
amount of yitamln D as cholecalcIferoJ or er¬ 

gocalciferol (C^EtnO) 

PERFORMANCE TESTS 

* DlSINTEGftATION AND DlSSOLUTION OF DlETARY SUPPLEMENTS 

<2040): Meet the requirements for Dissolution with re- 
spect to calcium 

Medium: 0.1 N hydrochloric add; 900 ml 
Apparatus 2: 75 rpm 
Time: 30 min 

Analysis: DetermEne the amount of calcium (Ca) dis- 
soived, using the procedurę tn Calcium, making any 
necessary yolumetrlc adjustments. 

Tolerances: NLT 75% of the labeled amount of calcium 
(Ca) is dissolved. 

e WEIGHT VARIATION OF DlETARY SUPPLEMENTS (2091): Meet 
the requiremenfs 

CONTAMINANTS 

* Microrial Enumeration Tests (2021): The to tal aerobic 

microbial count does not exceed 3000 cfu/g, and the 
total combined molds and yeasts count does not exceed 
300 cfu/g. 

* Absence of SPECIFIED EWIiCROORGANiSMS (2022): Meets the 

requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

ADDITIONAl REQUIREIU1ENT5 

* Packaging and Storage: Preserve in tight, ligbUresistant 

containers. 

® Labeling: The labę! States that the product is Calcium 
with Vitamin D Tablets. The label States also the guanti- 
tles of cafcium and vitamin D in terms of metric unlts/ 


Tablet, and the salt form of calcium and the Chemical 
form of vitamin D present in the Tabiet. 
o OSP Reference Standards (11) 

U5P Cholecalciferol RS 
USP Ergocalciferol RS 


Calcium and Vitamim D with Minerals 
Tablets 


DEFINITION 

Calcium and Vitamin D with Minerals Tablets contain Vita- 
min D as Ergocatciferol (Yitamin D 2 ) or Cholecalciferol (VI- 
tarnin DE), Cafcium, and one or morę minerals derived 
from substances generałfy recocjnized as safe, furnishing 
one or morę of the following elements m lonizable form: 
copper, magnesium, manganese, and zinc, Tablets con¬ 
tain NLT 90.0% and NMT 165,0% of the labeled amount 
of vitamin D, as cholecalciferol (C 2 7 H^O) or ergocatciferol 
(CasH^O), and NLT 90.0% and NMT 125.0% of the la¬ 
beled amounts of cafcium (Ca), copper (Cu), magnesium 
(Mg), manganese (Mn), and zinc (Zn). They may contain 
other labeled added substances that are generalfy recog- 
nized as safe, in amounts that are unobjectionable. 

5TRENGTH 

* Cholecalciferol or Ergocalciferol (Vitamin o> 

[Notę—U se Jow-actinic glassware throughout this 
procedurę.] 

Mobile phase: /7-Hexane and isopropyl alcohol (99:1) 
Standard solution: 2 jug/mL of USP Ergocalciferol RS or 
USP Cholecalciferol RS in n-hexane 
System suitability solution: Heat a volume of Standard 
solution at 60° for 1 h to partia!ly isomerize yitamin D 
(ergocalciferol or cholecalciferol) to its corresponding 
precursor. 

Sampie solution: Weigh NLT 20 Tablets, and grind the 
Tablets to a flne powder. Transfer the equivalent of 
20 pg of chotecaldferol or ergocalciferol to a Container 
having a polytef-lined screw cap. Add 8 mi of dśmethyl 
suffoxide and 12 mL of n-hexane, and shake for 45 min 
on a wrist-action shaker with tubes in a water bafh 
maintained at 60°. Centrifuge for 10 min, wifhdraw the 
hexane layer by means of a pipet, and transfer to an 
evaporation fiask. Add 12 ml of n-hexane to the dl- 
methyl sulfoxide layer, mix on a vortex mixer for 5 min, 
and again withdraw the hexane layer by means of a 
pipet, and add to the evaporation fiask. Repeat this ex- 
traction with three additional 12-mL portions of n-hex- 
ane, adding the hexane extracts to the evaporation 
fiask. Evaporate the combined hexane extracts in vac- 
uum at room temperaturę to dryness. Dissoive in and 
dilute the residue in a volume of f?-hexane to obtain a 
concentration of 2 jiig/ml, 

Chromatographic system 
(See Chromatograpny (621), System Suita bility.) 

Modę: LC 

Detector: UV 265 nm 

Column: 4.6-mm x 15-cm; 5-pm packing L8 
Flow ratę: i mL/min 
Injection size: 1 00 pL 
System suitability 

Sampfes: Standard solution and System suitability 
solution 

Suitability requirements 

Resolution: NLT 10 between the yitamin D form 
present and its corresponding precursor, System suita¬ 
bility solution 

Relatiye standard deviation: NMT 3.0%, Standard 
solution 
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Analysis 

Samples: Standard solution and Sampie solution 
Measure the responses for the vitamin D peaks. 
Calculate the percentage of the labeled amount of eho 
lecaldferol (C 27 H 44 O) or ergocalciferol (C^aH^O) in the 
portion of Tablets taken: 

Result - (ryfr$) x (Cs/Cu) x Fx 100 

ru - peak herght for cholecaldferol or ergocalciferol 
from the Sampie solution 

r 5 - peak helght for cholecaldferol or ergocalciferol 
from the Standard solution 

Cs - concentration of USP Ergocalciferol RS or USP 
Cholecalcifero! RS En the Standard solution 
(pg/mL) 

Co - nominał concentration of ergocalciferol or 

cholecaldferol in the Sampie solution (pg/mL) 

F - correction factor to account for the average 
amount of previtamrn D present in the 
Sampie solution, 1.09 

Acceptance criteria: 90.0%-l 65.0% of the labeled 
amount of cholecaldferol (C 27 H 44 O) or ergocalciferol 

(C 2 flH-wO) 

o Calcium, Method 1 

fNOTE—A commerdally available atomie absorption stan¬ 
dard solution for calcium may be used where prepara- 
tion of a Calcium standard stock solution is described in 
the foliowing section. Concentrations of the Standard 
Solutions and the Sampie stock solution may be modif ied 
to fit the iinear or worki ng rangę of the instrument.] 
Lanthanum chioride solution: 267 mg/mL of lantha¬ 
num chioride heptahydrate in 0.125 N hydrochloric 
acid 

Calcium standard stock solution: 400 pg/mL of cal- 
cium. Dissolve 1 .001 g of calcium carbonate, previoustv 
dried at 300" for 3 h and cooled In a desiccator for 2 h r 
and dissolve in 25 ml of 1 N hydrochloric acid. Boli to 
expel carbon dioxide, and dilute with water to 
1000 mL. 

Standard stock solution: 100 pg/mL of calcium from 
Calcium standard stock solution diluted with 0.125 N hy¬ 
drochloric add 

Standard Solutions: Into separate 100-mL vo!umetric 
flasks pipet 1.0, 1,5, 2.0, 2.5, and 3.0 mL of the Stan¬ 
dard stock solution. To each fiask add 1.0 mL of Lantha¬ 
num chioride solution, and di [u te with water to vo!ume 
to obtain Standard Solutions havlng concentrations of 
1 . 0 , 1.5, 2 . 0 , 2.5, and 3.0 pg/mL of calcium. 

Sampie stock solution: WeEgh and finely powder NLT 
20 Tablets. Mix a portion of the powder equivalent to a 
nominał amount of 500 mg of calcium with 25 mL of 
concentrated hydrochloric add, and heat for 30 min on 
a steam bath. Coo!, dilute with water to 1000 ml, and 
filter. 

Sampie solution: Quantitatively dilute a volume of the 
Sampie stock solution with 0.125 N hydrochloric acid to 
obtarn a nominał concentration of 100 pg/mL of cal- 
dum. Transfer 2.0 mL of this sołution to a 100-mL volu- 
metric fiask, add 1.0 mL of Lanthanum chioride solution, 
and dilute with water to volume. 

Spectrometrk conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Calcium hollow-cathode 
Flame: Nitrous oxide-acetylene 
Analytical wavelength: Calcium emission iine, 422.7 
nm 

Blank: 04 25 N hydrochloric add containing 1 mL of 
Lanthanum diloriae solution perlOOml 
Analysis 

Samples: Standard Solutions and Sampie solution 
Determine the absorbances of the Solutions against the 
Blank. Płot the absorbances of the Standard Solutions 
versus concentration, in pg/mL, of calcium, and draw 


the strarght linę best fitting the five plotted points. 
From the graph, determine the concentration, in 
pg/mL, of calcium in the Sampie solution. 

Calculate the percentage of the fabeied amount of cal- 
dum (Ca) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentratton of calcium in the 
Sampie solution (pg/mL) 

Cu “ nominał concentration of calcium in the 
Sampie solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeled 
amount of calcium (Ca) 

* Copper, Method 1 

Copper standard solution: Dissolve 1.00 g of copper 
foif in a minimum volume of a 50% (v/v) solution of 
nitric acid solution, and dilute with a 1 % (v/v) solution 
of nitric add to 1000 mL. This solution contains 
1000 pg/mL of copper. 

Standard stock solution: 100 pg/mL of copper from 
Copper standard solution diluted with 0.125 N hydro- 
chlortc acid 

Standard Solutions: To separate 200-mL volumetric 
flasks transfer 1.0, 2.0, 4.0, 6.0, and 8.0 mL of the Stan¬ 
dard stock solution. Dilute with water to volume to ob¬ 
tain concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 pg/mL 
of copper. 

Sampie solution: Weigh and finely powder NLT 20 
Tablets. Transfer the equivalent of 5 mg of copper from 
owdered Tablets to a porcefain crudble. Heat for 6-12 
in a muffle furnace maintained at 550", and cool. 

Add 15 mL of hydrochloric acid, and boli gentiy on a 
hot piąte or a steam bath for 30 min, intermittently 
rinsing the inner surface of the crudble with 6 N hydro- 
chlorlc add. Cool, and quantitatively transfer the con- 
tents of the crudble to a 100-mL volumetric fiask, rins¬ 
ing the crudble with portions of ó N hydrochloric add. 
Dilute the contents of the fiask with water to volume, 
and fi iter, discarding the first 5 mL of the filtra te. Dilute 
thefiltrate quantitatively with 0.125 N hydrochloric 
acid to obtain a concentration of 2 pg/mL of copper. 
Spectrometric conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Copper hollow-cathode 
Flame: Air-acetylene 

Analytical wavefength: Copper emission iine, 324.7 
nm 

Blank: 0.125 N hydrochloric add 
Analysis 

Samples: Standard Solutions and Sampie solution 
Determine the absorbances of the Solutions against the 
Blank „ Plot the absorbances of the Standard Solutions 
yersus concentration, in pg/mL, of copper, and draw 
the straight Iine best fitting the five plotted points. 

From the graph, determine Lhe concentration, C, in 
j.ig/mL, of copper In the Sampie solution. 

Calculate the percentage of the labeled amount of cop¬ 
per (Cu) in Lne portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of copper in the 
Sampie solution (pg/mL) 

Cu - nominał concentration of copper in the 
Sampie solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeted 
amount of copper (Cu) 

O Magnesium, Method I 

Lanthanum chioride solution: 267 mg/mL of lantha¬ 
num chioride heptahydrate in 0.125 N hydrochloric 
add 

Magnesium standard stock solution: Transfer 1.00 g 
of magnesium to a 1000-mL vo!umetrio fiask, dissolve 
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in 50 mL of 6 N hydrochforic acid, difute with water to 
volume, and mlx to obtain a solution having a known 
concentration of 1000 pg/mL* 

Standard stock solution: 20 pg/mL of magnesium 
from Magnesium standard stock solution diluted with 
0.125 N nydrochlorie add 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 1.0, 1.5, 2.0, 2.5, and 3.0 ml of Standard 
stock solution. To each fiask add 1.0 ml of Lanthanum 
chloride solution, and dilute with 0.125 N hydrochloric 
acid to volume to obtain concentrations of 0.2, 0.3, 

0.4, 0.5, and 0.6 pg/mL of magnesium. 

Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer the equivalent of 200 mg of magnesium to a porce- 
lain crucible. Heat for 6-12 Ti in a muffle furnace main- 
tained at 550°, and cool. Add 15 mL of hydrochloric 
acid, and boil gently on a hot piąte or a steam bath for 
30 min, intermittently rinsing the inner surface of the 
crucible with 6 N hydrochloric acid, Coof, and guantita- 
tively transfer the contents of the crucible to a 100-mL 
voiumetric fiask, rinsing the crucible with portions of 
6 N hydrochloric acid, Dilute the contents of the fiask 
with water to volume, and fil ter, disearding the first 
5 mL of the fil tratę. Dilute the fil tratę quanhtatively with 
0.125 N hydrochloric acid to obtain a concentration of 
0.4 pg/mL of magnesium, addtng 1 mL of Lanthanum 
chloride solution per 100 mL of the finał volume. 
Spectrometric conditions 
(See Atom/c Absorption Spectroscopy <852).) 

Modę: Atomie absorption spectra photo metry 
Lamp: Magnesium hollow-cathode 
Flame: Air-acetylene 

Analytical wavefength: Magnesium emisston linę, 
285.2 nm 

Blank: 0.125 N hydrochforic acid containing 1 mL of 
Lanthanum chloride solution per 100 mL 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus concentration, in pg/mL, of magnesium, and 
draw the straight linę best fitting the fwe plotted 
points, From tne graph, determine the concentration, 

C, in pg/mL, of magnesium in the Sample solution . 
Cakulate the percentage of the labeled amount of 
magnesium (Mg) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of magnesium in the 
Sample solution (pg/mL) 

Cu - nominał concentration of magnesium in the 
Sample solution (pg/mL) 

Acceptance enteria: 90.0%-125.0% of the labeled 
amount of magnesium (Mg) 

* Manganese, Method I 

Manganese standard stock solution: Transfer 1.00 g of 
manganese, weighed, to a 1000-mL volumetric fiask. 
Dtssoive in 20 mL of nitric acid, dilute with 6 N hydro¬ 
chloric acid to vo3ume, and mix to obtain a solution 
with a concentration of IGOOpg/mL of manganese. 
Standard stock solution: 50 pg/mL of manganese from 
Manganese standard stock solutton diluted with 0.125 N 
hydrochloric acid 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Stan¬ 
dard stock solution. Dilute the contents of each fiask 
with 0.125 N hydrochloric acid to volume to obtain 
Solutions with concentrations of 0.5, 0.75, 1.0, 1.5, and 
2.0 pg/mL of manganese. 


Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer the equivafent of 9 mg of manganese from pow- 
dered Tablets to a porceiain crucible. Heat for 6-12 h in 
a muffle furnace maintained at 550 D , and cool, Add 
15 mL of hydrochloric acid, and boil gently on a hot 
piąte or a steam bath for 30 min, intermittently rinsing 
the inner surface of the crucible with 6 N hydrochloric 
acid. Cool, and quantitatively transfer the contents of 
the crucible to a 100-mL vofumetric fiask, rinsing the 
crucible with portions of 6 N hydrochloric acid. Dilute 
the contents of the fiask with water to volume, and 
frlter, disearding the first 5 mL of the filtrate. Dilute the 
filtrate quantitatively wrth 0.125 N hydrochloric add to 
obtain a concentration of 1 pg/mL of manganese. 
Spectrometric conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectroph oto metry 
Lamp: Manganese hollow-cathode 
Flame: Air-acetylene 

Analytical wavelength: Manganese emission linę, 
279.5 nm 

Biank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of manganese, 
and draw the straight linę best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in mg/mL, of manganese in the 
Sample solution. 

Calculate the percentage of the labeled amount of 
manganese (Mn) in tne portion of Tablets taken: 

Result = (C/Cu) x 100 

C - measured concentration of manganese in the 
Sample solution (pg/mL) 

Cu = nominał concentration of manganese in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeled 
amount of manganese 
* ZiNC, Method 1 

Zinc standard stock solution: 1000 pg/mL of zinc from 
zinc oxide dissolved in 5 M hydrochlonc acid (3.89 mg/ 
mL), and diluted with water to finał volume. [Notę—** 
Dissolve in 5 M hydrochloric acid by warming, if neces- 
sary, cool, and then dilute to finał volume.] 

Standard stock solution: 50 ug/mL of zinc from Zinc 
standard stock solution diluted with 0.125 N hydrochlo¬ 
ric acid 

Standard Solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 
5.0 mL of Standard stock solution to separate 100-mL 
volumetric flasks. Dilute the contents of each fiask with 
0.125 N hydrochloric add to vo!ume to obtain concen¬ 
trations of 0.5, 1,0, 1.5, 2.0, and 2.5 pg/mL of zinc. 
Sample solution: Weigh and finely powder NLT 20 
Tablets. Transfer the equivalent of 40 mg of zinc from 
powdered Tablets to a porceiain crucible. Heat for 6-12 
h in a muffle furnace maintained at 550°, and cool. 

Add 15 ml of hydrochloric acid, and boil gently on a 
hot piąte or a steam bath for 30 min, intermittently 
rinsing the Inner surface of the crucible with 6 N hydro¬ 
chloric acid. Cool, and quantitatively transfer the con¬ 
tents of the crucible to a 100-mL volumetric fiask, rins¬ 
ing the crucible with portions of 6 N hydrochloric acid. 
Difute the contents of the fiask with water to votume, 
and filter, disearding the first 5 mL of the filtrate. Dilute 
the filtrate quantitatively with 0.125 N hydrochloric 
acid to obtain a concentration of 2 pg/mL of zinc. 
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Spectrometric conditions 

(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Lamp: Zinc boliow-tathode 
Flame: Air-acetylene 

Analyticaf wavefength: Zinc emission linę, 213.8 nm 
Blank: 0.125 N hydrochloric acid 
Analysis 

Sampies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus concentration, in pg/ml, of zinc, and draw the 
straight linę best fitting the five plotted points. From 
the graph, determine the concentration, C, tn jag/mL, 
of zinc in the Sarnple solution. 

Caiculate the percentage of the labeled amount of zinc 
(Zn) in the portion of Tablets taken: 

Result ^ (C/Cu) x 100 

C - measured concentration of zinc in the Sarnple 
solution (pg/ml) 

Cu = nominał concentration of zinc in the Sarnple 
solution (pg/mL) 

Acceptance criterra; 90,0%“125.0% of the labeled 
amount of zinc (Zn) 

® Calcium, Copper, Magnesium, WIanganese, and Zinc, 

Method 2 

Stock aqua regia solution: Prepare a mixture of hydro¬ 
chloric add and nitric acid (3:1) by adding the nitric 
acid to the hydrochloric acid, [N OTE—Period i cal !y vent 
the solution in an appropriate fume hood.j 
Diluent: Prepare a mixture of Stock aquo regia solution 
and water (1:9) by adding one volume of 5tod< aqua 
regia solution to two volumes of water. Dilute with addi- 
tional water to volume, and mix well. 

System suitability solution: Prepare a mixture of 
1 000 mg/L of yttrfum in 5% (v/v) nitric acid solution 
and 1000 mg/L of scandtum in 5% (v/v) nitric acid so¬ 
lution with Diluent (1:1:198), and mix. 

Standard stock solution (Ca, Cu, Mg, Mn, and Zn): 
[NOTĘ —It is only necessary to include the minerals of 
interest in the solution.] Using commerdally available 
element standard (single- or multl-efement) Solutions in 
5% (v/v) nitric acid solution, pipet the appropriate 
amount of element standard solution into a volumetnc 
fiask, and dilute with 5% (v/v) nitric acid solution to 
obtain a solution having finał concentrations of about 
1000 mg/L of calcium, 100 mg/L of copper, 500 mg/L 
of magnesium, 100 mg/L of manganese, and 250 mg/L 
of zinc. 

Standard Solutions: Prepare a mixture of Standard 
stock solution in Diluent to prepare a six-point calibra- 
tion curve to bracket the concentration rangę of each 
minerał of interest. 

Sample solution: Weigh and finely powder NIT 20 
Tablets. Transfer a portion equal to the average Tablet 
weight to a 250-mL volumetric fiask. Slowly add 25 ml 
of Stock aqua regla solution in 5-mL inerements, fol- 
lowed by mixing. [Notę— if the sample contains a car- 
bo na te, bubbling will occur. Wait until bubbling encls 
to proceed.] Br i ng the solution to a boil on a hot piąte. 
Continue to heat gently until fumes cease (about 1 h). 
Remove from heat, cool, and dilute with water to vof- 
ume, Filter about 30 ml into a centrifuge tubę using a 
5-pm porę size nylon syringe filter. If necessary, make 
any further dilutions using the Diluent. 

Spectrometric conditions 
(See Plasma Spectrochemistry (730).) 

Modę: lnductively coupled plasma spectrometry, using 
a spectrometer set to measure the emission of each 
minerał of interest at about the corresponding wave- 
length. [Notę—T he operating conditions may be de- 
veloped and optimized based on the manufactureds 


recommendation, The wavelengths selected shoutd be 
demonstrated experimentalfy to provide sufficient 
specifidty, sensitivity, linearity, aceuracy, and 
precision.] 

System suitability 

[Notę—A nalyze the System suitability solution and obtain 
the response as directed for Analysis .] 

Suitability requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Sampies: Standard Solutions and Sample solution 
Determine the emission of each minerał of interest in 
the Standard Solutions and Sample solution with an in- 
ductlveiy coupled plasma system using the Diluent as 
the blank. Pfot the emission of the Standard Solutions 
versus concentration, in mg/L, of the minerals of inter¬ 
est, and draw the straight Tinę best fitting the plotted 
points. From the graph, determine the concentration, 
C, in mg/L, for each minerał of interest in the Sample 
solution. 

Caiculate the percentage of the labeled amount for 
each minerał: 

Resuit = Cx (V/W) x F x (W T /i) x 1 00 

C - measured concentration of the relevant 
element in the Sample solution (mg/L) 

V = volume of the Sample solution (L) 

W - sampie weight (mg) 

F - dii u tion facto r of the Sample solution 
V\/j = average Tablet weight (mg) 
i = labeled amount of the relevant element (mg/ 
Tablet) 

Acceptance criteria: NLT 90.0%-! 25.0% of the labeled 
amount of calcium (Ca), copper (Cu), magnesium 
(Mg), manganese (Mn), ano zinc (Zn), 

PERFORMANCE TESTS 

* DlSINTEGRATiON AND PlSSOLUTION OF DiETARY SUPPLEMENTS 

(2040): Meet the reąuirements for Dissotution with re- 
spect to calcium 

Medium: 0.1 N hydrochloric add; 900 mL 
Apparatus 2: 75 rpm 
Time: 30 min 

Analysis: Determine the amount of calcium (Ca) dis- 
so!ved, using the procedurę in the assay for Calcium , 
making any necessary yojumetric adjustments. 
Tolerances: NLT 75% of the labeled amount of Ca is 
dissolved. 

* Weight Variation of Dietary Supplements (2091): Meet 

the requirements 

SPEOFBC TESTS 

o Microbial Enumeratfon Tests (2021): The total aerobic 
microbial count does not exoeed 3000 cfu/g, and the 
total combined molds and yeasts count does not exceed 
300 cfu/g. Tablets aiso meet the reguirements of the 
tests for absence of Salmonella species, Escherichia coli, 
and Staphylococcus aureus . 

* Absence of Specified Mkroorganisms (2022): Meet the 

reąuirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

ADD1TIONAL REQUJREMENTS 

o Packaging and Storage: Preserve in tight, light-resistant 
containers. 

* Iabeling: The labę! States that the product is Calcium 

and Vitamin D with Minerals Tablets. The la bel also States 
the quantities of each minera! and vitamin D/dosage 
unit, the salt form of the minerał used as the source of 
each element present, and the Chemical form of vttamin 
D present in the dosage unit. 
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• USP Reference Standards (11) 
USP Cholecalciferol RS 
USP Ergocalciferol RS 


Anhydrous Dibasic Calcium —see 

Anhyarous Dibasic Calcium Phosphate General 
Monographs 


Dibasic Calcium Phosphate Dihydrate— 

see Dibasic Calcium Phosphate Dihydrate 
General Monographs 


Calcium Phosphate, Dibasic Tablets— 

see Dibasic Calcium Phosphate Tablets General 
Monographs 


Cat's Claw 


DEFINITION 

Cat's Cfaw consists of the inner bark of the stems of Uncaria 
tomentosa (Willd.) DC, ( Rubiaceae ), It contains NLT 0.3% 
of pentacyclic oxindole alkaloids as isopteropodine, calcu- 
lated on the dried basis, as the sum of speciophylline, 
uncarine F, mitraphylline, isomitraphylline, pteropodine, 
and isopteropodine. 

IDENTIFICATION 

* A, Thin-Layer Chromatographic Identification test 
( 201 ) 

Standard solution: 100 mg of USP Powdered Cat's 
Claw Extract RS in 2 ml of methanol. Sonicate for 5 
min, shaking oceasionally, heat in a water bath at 60 g 
for 15 mtn, eool, and centrifuge. 

Sample solution: 5 g of powdered Cat's Claw in 10 mL 
of methanol. Sonicate for 5 min, shaking oceasionally. 
Heat the mixture in a water bath at 60° for 15 min, 
cool, and filter 

Adsorbent: Chromatographic silica gel mixture with an 
average particie size or10-15 pm (TLC plates) 
Application volume: 20 |iL, as bands that are 1 cm in 
length 

Developing solvent system: Ethyl acetale and hexane 

Derivatization reagent A: Dissolve 0.85 g of basie bis- 
muth nitrate in 10 mL of glacial acetic acid and 40 mL 
of water by heating. Filter if necessary (Solution A). Dis- 
solve 8 g of potassium iodide in 30 mL of water (Solu¬ 
tion B), Mix Solution A and Solution & (1:1) to obtain a 
stock solution, Dilute 1 mL of the stock solution with 
2 mL of glacial acetic add and 10 mL of water, [Notę— 
Use freshly mixed Solution A and Solution S.] 
Derivałization reagent B: Use a 10% solution of so- 
dium nitrite in water. 

Analysis 

Samples: Standard solution and Sample solution 
Develop the chromatogram to a length of NLT 12 cm, 
and dry the piąte in a current of air. 

Acceptance arteria: Examine the piąte under short- 
wave UV light (254 nm). The Sample solution chromato¬ 
gram shows multiple zones that correspond in Rr values 
to those observed in the Standard solution chromato¬ 
gram, Other zones of varying intensities may be ob- 
served in the Sample solution. Treat the piąte with Der- 


ivatization reagent A followed by Denvatization reagent 
B f and examine the piąte under white light The Sample 
solution chromatogram shows multiple orange-brown 
zones that correspond in color and R f va!ues to those 
observed in the Standard solution chromatogram. Other 
colored zones of varying intensities may be observed in 
the Sample solution. 

• B. The Sample solution exhibits peaks for speciophylline, 

uncarine F, mitraphyllinę, isomitraphylline, pteropodine, 
and isopteropodine at retention times that correspond to 
those in Standard solution A f as obtained in the test for 
Content of Pentacyclic Oxindole Alkaloids and Umit of Tetra- 
cydic Oxindoie$. 

COMPOSmON 

• CONTENT OF PENTACYCUC OXIND0LE ALKALOIDS AND LIMIT 

OF TETRACYCLIC Oxindoles 

Standard solution A: Dtssolve an accurately weighed 
guantity of USP Powdered Cat's Claw Extract RS in 
methanol, shaking for 1 min, Dilute with methanol to 
obtain a solution naving a known concentration of 
about 0.5 mg of the labeled amount of total oxindole 
alkaloids per mL. Pass through a filter of 0.45-pm or 
finer porę size. 

Standard solution B: 0,1 mq/mL of USP Isopteropodine 
RS in methanol. Pass througn a nylon filter of 0.45-pm 
or finer porę size. 

Sample solution: Accurately weigh approximately 
750 mg of ground Cat's Claw, and place in a 10-ml 
centrifuge tubę. Sonicate with 2,5 mL of methanol for 
10 min. Centrifuge, and transfer this solution to a 
10-mL volumetric fiask. Repeat the extraction three ad- 
ditional times combining the extracts in the 10-mL vol- 
umetric fiask, and dilute with methanol to volume. 
Transfer about 3 mL of the solution to a test tubę eon- 
taintng 300 mg of polyamide powder, and shake for 1 
min. Pass through a nylon filter of 0,45-pm or finer 
porę size, discarding the first part of the filtrate, 

Solution A: Prepare a filtered and degassed 10 mM pH 
7,0 phosphate buffer by mbcing 6 mL of 1 N sodium hy- 
droxide, 10 ml of 1 M monabasic potassium phos¬ 
phate, and sufficient water to make 1000 mL, Adjust to 
a pH of 7.0 ±0.1 by adding morę of either solution, 
Solution B: Acetonitrile 

Solution C: Methanol and glacial acetic acid (99:1) 
Mobile phase: See Table 1. 


Table 1 


Time 

(mM 

Solution A 
(%) 

Solution 8 

Solution C 

(%) 

0 

65 

35 

0 

17 

65 

35 

0 

25 

50 

50 

0 

10 

50 

50 

0 

31 

0 

0 

100 

36 

0 

0 

1 OC i 

39 

65 

35 

u 

49 

65 

35 

0 


Chromatographic system 

(See Chromatography (621}, System Suitability.) 

Modę: LC 

Detector: UV 245 nm 

Column: 4.6-mm x 10-cm; end-capped 3-pm packing 
LI 

Flow ratę: 0.75 ml/min 
Injection volume: 10 pL 
System suitability 

Samples: Standard solution A and Standard solution B 
Suitability reguirements 

Chromatogram simiiarrty: The chromatogram ob¬ 
tained using Standard solution A is simifar to the ref er- 
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ence chromatogram provided with the USP Powdered 
Cat's Claw Extract RS, 

Tailrng faetor: NMT 2.0 for the isopteropodine peak 
Standard solution 8 

Relative standard deviałton: NMT 2.0% for the 
isopteropodine peak in repeated injections, Standard 
solution B 
Analysis 

Samples: Standard solution Ą Standard solution B f and 
Sample solution 

Measure the areas of the a na ty te peaks* Identify the re- 
tention times of the peaks corresponding to speci¬ 
ophylline, uncarine F, mitraphylline, isormtrapnylline, 
rnynchophylline, isorhynchopnylline, pteropodine, and 
isopteropodine by comparison of the chromatogram 
of Standard solutton A with the reference chromato- 
gram provided with the lot of the USP Powdered Cat's 
Claw Extract RS used. 

Separately calculate the percentages of speciophylline, 
uncarine F, mitraphylline, isomitraphylline, rhyncho- 
phylfine, isorhynchophyliine, pteropodine, and isopfer- 
opodine, as isopteropodine, In the portton of Cat's 
Claw taken: 

Result - (rjr$) x (Q/Q) x 100 

ru = peak response for each relevant alkaloid from 
the Sample solution 

rs = peak response for isopteropodine from 
Standard solution B 

Cs = concentration of USP isopteropodine RS in 
Standard solution B (mg/mL) 

Cu = concentration of Cat's Claw in the Sample 
solution (mg/mL) 

Calculate the eon tent of pentacyclic oxindoie alkaloids 
by addlng the percentages of speciophylline, uncarine 
F, mitrapnyiline, isomitraphylline, pteropodine, and 
isopteropodine, 

Calculate the content of tetracydic oxindołe alkaloids 
by adding the indWiduai percentages of 
rhynchopnylline and isorhynchophyliine. 

Acceptance criteria 

Pentacyclic oxindołe alkaloids; NLT 0.3% 

Tetracydic oxindofe alkaloids: NMT 0*05% 

CONTAMINANTS 

* Articles Of Botanical OniciN, Umfts of Elemental Impuri - 

ties (561): Meets the reąuirements 

* Articles of Botanical Origin, Pestidde Residue Analysis 
(561): Meets the reguirements 

* MtCROBfAL Enumeration Tests (2021): The total aerobic 

microbiaf count does not exceed 10Vg; the total com* 
bined molds and yeasts count does not exceed 1G7g; 
and the bile-tolerant Gram-negatitfe bacteria do not ex- 
ceed 10Vg- 

* Absence of Specified Microorganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe* 
des and Escherichia coli 

SPEOFIC TESTS 

* Botanical Characteristics 

[Non—The Pharmacopdal article is constituted only by 
the stem inner bark of U tomentosa (Wtlld*) DC De- 
scriptions of other parts of the plant are given to aid in 
the collection of the right species. Compliance should 
be determined using tne entlre monograph and not 
only the botanical description.] 

Macroscopic: Cat's Claw is a woody vine with a main 
stem up to 20 cm in diameter and up to 30 m long. 

The branches are obtusely quadrangular and generally 
puberulous. Stipules in the buds are densefy tomentose 
in the upper side (different from U . guianensis in which 
the stipules are glabrous) with the hairs, often with 
curved tips, mesned together and with the longer hairs 
of the leaf helping to connect the pair of stipules along 


the margins, but Split when older (different from U. gai - 
anensis in which tne stipules separate eariy in the bud 
development), Thorns are straight to sickie-shaped, not 
spiral ly twisted (different from U * guianensis ), very pun- 
gent and woody, from 8 to 20 mm long and from 3 to 
6 mm wide. When recently cut, the cobr of the inner 
bark can be whitish gray, yellowish brown, or dark red, 
with longitudinal fissures and persistent rhytidome. The 
internal part has a slightly dusty fibrous and laminar 
texture with a characteristic ferruginous dust and an ex- 
tremely astnngent taste. The terminal branches have a 
quadrangular section and yellowish green internal 
medulla, 

Microscopic: The periderm with cork (pheflem) is con¬ 
stituted by 6-8 rows of cells having walls evenly thick- 
ened, a compressed phellogen and a phelloderm with 
1-7 rows of sclereids, [NOTĘ—-The periderm and pheflo- 
gen should be absent in the Pharmacopeiaf article*] The 
secondary cortex with concentric rings of fibers are sep- 
arated by rings of parenchyma; rings of fibers are fre- 
quently fnter rupted by radial rows of parenchyma cells 
(predominately 1 celi broad) or narrow medullary rays 
(few cells broad), forming rectangular bundies of fibers 
in a regular network. In longitudinal view, the fibers 
appear with numerous conspicuous pits; calcium oxa- 
late microcrystals (sand-like) are abundant In the paren¬ 
chyma, but usually absent as farge polyhedral crystals 
or in the form of styloids with bifurcated endings, the 
latter forms typically present in the parenchyma of U. 
guianensis; a brown substance is dispersed in paren¬ 
chyma cells; starch is abundant, granules are sojilary 
(circular in outtine, up to 10 firn in diameter) or com- 
pound (2-3 components up to 15 pm in diameter)* 

* Articles of Botanical Orjgin, Foreign Organie Matter 

(561): NMT 2.0% 

* toss ON Drying (731) 

Sample: 1*0 g of Cat's Claw, flnely powdered 
Analysis: Dry the Sample at 105° for 2 h« 

Acceptance criteria: NMT 7.0% 

* Articles of Botanical Origin, Totol Ash (561): NMT 

8 . 0 % 

* Articles of Botanical Origin, Aciddnsoluble Ash (561): 

NMT 2.0% 

ADDITIONAL REQUIREIVIENTS 

* Packaginc and Storage: Preserve in tight, light-resistant 
containers, and storę at room temperatura, 

* Labeling: The labei States the Latin binomial and, folfow- 

ing the official name, the parts of the plant contained in 
the article. 

* USP Reference Standards (11) 

USP Isopteropodine RS 

USP Powdered Cat's Claw Extract RS 


Powdered Cat's Claw 


DEFINITION 

Powdered Cat's Claw is CaTs Claw reduced to a powder or 
veiy fine powder. It contains NLT 03% of pentacyclic ox- 
indole alkaloids as isopteropodine, calculated on the dried 
basis, as the sum of speciophylline, uncarine F, mitraphyh 
tine, isomitrapliylline, pteropodine, and isopteropodine. 

IDENTIFICATION 

• A* Thin-Layer Chromatographic Identification Test 
( 201 ) 

Standard solution: 100 mg of USP Powdered Cat's 
Claw Extract RS in 2 mL of methanoL Sonicate for 5 
min, shaking occasionally, heat in a water bath at 60° 
for 15 min, cool, and centrifuge. 

Sample solution: 5 g of Powdered Cat's Claw tn 10 mL 
of methanol. Sonicate for 5 min, shaking occasionafly. 
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Heat the mixture in a water bath at 60 D for 15 min, 
cool, and filter. 

Adsorbent: Chromatographit sllica gel mixture with ar 
average particie size of 1 0-15 pm (TLc plates) 
Application volume: 20 pL, as bands that are 1 cm in 
length 

Developing solvent system: Ethyf acetate and hexane 
(95:5) 

Derivatization reagent A: Oissolve 0.85 g of basie bis- 
muth nitrate in 10 ml of glacial acetic acid and 40 mL 
of water by heatlng. Filter if necessary (Solution A). Dis- 
solve 8 g of potassium iodide in 30 mL of water (Solu¬ 
tion B). Mix Solution A and Solution B (1:1) to obtain a 
stock solution. Di lute 1 mL of the stock solution with 
2 mL of glacial acetic acid and 10 mL of water. [Notę— 
Use freshly mixed Solution A and Solution 8,] 
Derivatization reagent B: Use a 10% solution of so- 
dium nitrite in water. 

Analysis 

Samples: Standard solution and Sample solution 
Devefop the chromatogram to a length of NLT 12 cm, 
and dry the piąte in a current of air. 

Acceptance criteria: Examine the piąte under short- 
wave UV light (254 nm), The Sampfe solution chrom a to¬ 
gram shows multiple zones that correspond In R f values 
to those observed in the Standard solution chromato- 
gram. Other zones of varying intensitres may be ob- 
served rn the Sample solution. Treat the piąte with Der- 
ivatization reagent A followed by Deńvatization reagent 
B, and examine the piąte under white light The Sample 
solution chromatogram shows multiple orange-brown 
zones that correspond in color and R f v aiues to those 
observed in the Standard solution chromatogram, Other 
colored zones of varying intensities may be observed in 
the Sample so/ut/on. 

o B. The Sample solution exhibits peaks for spedophyJline, 
uncarine F, mitraphyllme, isomitraphylline, pteropodine, 
and isopteropodine at retention times that correspond to 
those in Standard solution A t as obtained in the test for 
Content of Pentacydic Qxindole Alkaloids and Limit of Tetra- 
cydic Oxindofe$ r 

COMPOSITION 

* CONTEMT OF PENTACYCUG OXJNDOŁE ALKALOID5 AND LIMIT 
OF TETRAOYCLIC OXIND0LES 

Standard solution A: Dissolve an accurately weighed 
guantity of USP Powdered Cat's Claw Extract RS in 
methanol, shaking for 1 min. Dilute with methanol to 
obtain a solution having a known concentration of 
about 0.5 mg of the labeled amount of total oxindole 
alkaloids per mL, Pass through a filter of 0.45-pm or 
finer porę size. 

Standard solution B: 0.1 mg/mL of USP Isopteropodine 
RS in methanol. Pass through a nylon filter of 0.45-pm 
or finer porę size, 

Sample solution: Accurately weśgh approximately 
750 mg of Powdered Cat's Claw, and place in a 10-ml 
centrifuge tubę, Sonicate with 2,5 mL of methanol for 
10 min. Centrifuge, and transfer this solution to a 
10-mL volumetric fiask, Repeat the extraction three ad- 
ditional times combining tne extracts in the 10-mL voL 
umetrie fiask, and diiute with methanol to volume. 
Transfer about 3 mL of the solution to a test tubę con- 
taining 300 mg of polyamide powder, and shake for 1 
min. Pass through a nylon filter of 0.45-pm or finer 
porę size, dlscardlng tne first part of the filtrate. 

Solution A: Prepare a filtered and degassed 10 mM pH 
7.0 phosphate buffer by mixing 6 mL of 1 N sodium hy- 
droxide, 10 mL of 1 M monobastc potassium phos¬ 
phate, and suffreient water to make 1000 mL. Adjust to 
a pH of 7,0 ± 0,1 by adding morę of either solution. 


Solution B: Acetonitrile 

Solution C: Methanol and gtacial acetic acid (99:1) 
Mobile phase: See Table 1. 
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Chromatographk system 

(See Chroma tograpny {62 1), System Suitability*) 

Modę: LC 

Detector: UV 245 nm 

Column: 4.6-mm x 10-cm; end-capped 3-pm packing 

Flow ratę: 0.75 mL/min 
Injection volume: lOpL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability requirements 

Chromatogram slmilarity: The chromatogram ob¬ 
tained using Standard solution A is stmilar to the refer- 
ence chromatogram provided with the USP Powdered 
Cat's Claw Extract RS, 

Tatling factor: NMT 2.0 for the isopteropodine peak, 
Standard solution B 

Relative standard deviation: NMT 2.0% for the 
isopteropodine peak in repeated injections, Standard 
solution B 
Analysis 

Samples: Standard solution A, Standard solution 8 f and 
Sample solution 

Measure the areas of the analyte peaks, Identify the re¬ 
tention times of the peaks correspondmg to speci- 
ophylline, uncarine F, mitraphylline, isomitrapnylline, 
rhynchophylline, isorhynchophylline, pteropodine, and 
isopteropodine by comparison of the chromatogram 
of Standard solution A with the reference ehromato- 
ram provided with the lot of the USP Powdered Cat's 
law Extract RS used. 

Separately calculate the percentages of speciophylline, 
uncarine F, mitraphylline, isomitraphylline, rhyncho- 
phylline, isorhynchophylline, pteropodine, and isopter¬ 
opodine, as isopteropodine, in the portion of Pow¬ 
dered Cat's Claw taken: 

Result = ( ru/rs ) x (C^/Cu) x 100 

r u - peak response for each relevant alkaloid from 
the Sample solution 

r$ = peak response for isopteropodine from 
Standard solution B 

Cs - concentration of USP Isopteropodine RS in 
Standard solution B (mg/mL) 

C u - concentration of Powdered Cat's Claw in the 
Sample solution (mg/mL) 

Calculate the content of pentacydic oxindole alkaloids 
by adding the percentages of speciophylline, uncarine 
F, mitraphyllme, isomitraphylline, pteropodine, and 
isopteropodine. 

Calculate the content of tetracyclic oxindole alkaloids 
by adding the individual percentages of 
rnynchophylline and isorhynchophylline. 
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Acceptance criteria 

Pentacyclic oxlndole aikaloids: NLT 0,3% 

Tetracydic oxindole aikaloids: NMT 0.05% 

CONTAMINANTS 

* Ania cl es of Botanical Origin, Limits of Elementu! Impuri- 

ties (561): Meets the requirements 

® Articles of Botanical Origin, Pesticide Residue Anafysis 
(561): Meets the reguirements 

* Microbial Enumeration Tests (2021): The to tal aerobic 
microbial count does not exceed 10Vg; the totaf com- 
bined molds and yeasts count does not exceed 10Vg; 
and the bile-toterant Gram-negative bacteria do not ex- 
ceed 10 3 /g. 

o Absewce OF SPEC1F1ED r^SCROORGANJSMS (2022): Meets the 
requirements of the tests for the absence of Salmonella 
spec fes and Escherichio coli 

5PEC1FIC TESTS 

o Botanical Characteristics: Presence of fragments of 
cork and subertzed cells, with celi walls evenly thickened; 
presence of phelloderm sclereids; fragments of fibers that 
are cross ed by vascutar rays darkened due to the pres¬ 
ence of sańd-like caicium oxatate microcrystals; solitary or 
two- to three-eompound starch grains up to 15 pm in 
diamefer; absence of sfyloids, typically present in U. 
guianensis 

O LosS ON Drying (731) 

Sample: 1.0 g of Powdered Cat's Ctaw 
Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 7.0% 

s> Articles of Botanical Origin, Totaf Ash (561); NMT 

8 . 0 % 

o Articles of Botanical Origin, Acid-lnsoiuble Ash (561): 

NMT 2.0% 

ADDITflONAL REQUIREMENT5 

* Packaging and Storace: Preserve in tight, light-resistant 
eon ta i ners, and storę at room temperaturę. 

* Labeling: The label States the latin binomial and, folio w- 
ing the officiai name, the part of the plant from which 
the artide was derived. 

* OSP Reference Standards (Tl) 

USP Isopteropodine RS 

U5P Powdered Cat's Claw Extraet RS 


Powdered Cat's Claw Extract 


DEFINITION 

Powdered Cat's Qaw Extract Es prepared from Cat's Ga w by 
extraction with hydroalcoholio mixtures or other suitable 
so]vents. The ratio of plant materia! to extract is between 
4:1 to 6:1. It contatns NLT 90.0% and NMT 110.0% of 
the labeled amount of pentacyclic oxindole atkaloids as 
isopteropodine, calculated on the drjed basis, as the sum 
of spedophylline, uncarine F, mitraphylline, rso mitraphyl¬ 
line, pferopodine, and isopteropodine. It may contatn 
suitable added substanees. 

IDENTIFICATION 

* A. Thin-Layer Chromatographic Identification Test 

Standard solution: 100 mg of USP Powdered Cat's 
Claw Extract RS in 2mL of methanol, Sonicate for 5 
min, shaking occasionally, heat in a water bath at 60° 
for 15 min, cool, and centrifuge, 

Sample solution: Shake a quantity of Powdered Ex- 
tract, equivalent to about 25 mg of the labeled amount 
of pentacyclic oxindole aikaloids, in 20 mL of methanol, 
AHow to stand for 15 min before use. 

Adsorbent: Chromatographic silica gel mixture with an 
average particie size of 10-15 pm (TLC plates) 


Application volume: 20 uL, as bands that are 1 cm In 
length 

Developing solvent system: Ethyl acetate and hexane 
(95:5) 

Spray reagent A: Dissolve 0.85 g of basie bismuth ni¬ 
tra te in 10 mL of glacial acetic add and 40 mL of water 
by heating. Fil ter if necessary (Solution A). Dissolve 8 g 
of potassium Eodide in 30 mL of water (Solution B). Mix 
Solution A and Solution B (1:1) tg obtain a stock solu¬ 
tion. Dllute 1 mL of the stock solution with 2 mL of 
glacial acetic acid and 10 mL of water. [NOTĘ—Use 
freshiy mlxed Solution A and Solution 8 ] 

Spray reagent B: Use a 10% solution of sod rum nitrite 
in water. 

Analysis 

Sam pies: Standard solution and Sampie solution 
Develop the chromatogram to a length of NLT 12 cm, 
and dry the piąte in a current of air. 

Acceptance criteria: Examine the piąte under short UV 
light. The Sample solution chromatogram shows multi- 
ple zones that correspond in Rr values to those ob- 
served from the Standard solution chromatogram. Other 
zones of varying intensities may be observed in the 
Sample solution. Spray the piąte with Spray reagent A 
followed by Spray reagent fi, and examine the ptate 
under daylight The Sample solution chromatogram 
shows multiple orange-brown zones that correspond in 
co lor and fi f values to those observed in the Standard 
solution chromatogram. Other colored zones of varying 
intensities may be observed in the Sample solution . 

® B. The chromatogram of the Sample solution exhibits 
peaks for spedophylline, uncarine F, mitraphylline, isomi- 
traphylline, pteropodlne, and isopteropodine at retentlon 
times that correspond to those of Standard solution A, as 
obtalned in the test for Content of Pentacyclic Qxindote 
Aikaloids and Limit of Tetracydic Oxindole Aikaloids. The 
sum of the peak areas for the tetracydic oxindole aika¬ 
loids rhynchophylline and isorhynchophylline is less than 
25% of the lofal peak areas detected for pentacyclic ox- 
indole aikaloids. 

COMPOSinON 

a Content of Pentacyclic Oxindole Alkaloeds and Limit 
of Tetracyclic Oxindoles 

Standard solution A: Dissolve an accurately weighed 
guantity of USP Powdered Cat's Claw Extract RS in 
methanol, shaking for 1 min. Dilute with methanol to 
obtain a solution having a known concentration of 
about 0.5 mg of the labeled amount of total oxindole 
aikaloids per mL. Pass through a fil ter of 0.45-jum or 
frner porę size. 

Standard solution B: 0.1 mg/mL of USP Isopteropodine 
RS in methanol. Pass through a nylon filter of 0.45-pm 
or fi ner porę size. 

Sampie solution: Transfer an accurately weighed quan- 
tity of Powdered Extract, equivalent to about 5 mg of 
the labeled content of pentacyclic oxindole aikaloids, to 
a 10-ml centrifuge tubę. Add 2,5 ml. of methanol, and 
sonicate for 10 min. Centrifuge, and transfer the super- 
natant to a 10-mL volumethc fiask, Repeat the extrac- 
tion three additional times combining the extraets in 
the 10-mL volumetric fiask, and dilute with methanol to 
volume. Transfer about 3 mL of the solution to a test 
tubę containing 300 mg of polyamlde powder, and 
shake for 1 min. Pass through a nylon filter of 0.45q_im 
orfiner porę size, discarding the frrst part of the filtrate. 
Solution A; Prepare a filtered and degassed 1 0 mM pH 
7.0 phosphate buffer by mixing 6 mL of 1 N sodrum hy- 
droxide, 10 mL of 1 M monobasic potassium phos- 
phate, and sufficient water to make 1000 mL. Adjust to 
a pH of 7,0 ± 0.1 by adding morę of either solution. 
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Solution B: Acetonitrile 

Solution Cr Methanol and glacial acetie acid (99:1) 
Mobile phase: See Tobie h 


Table 1 
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Chromatographic system 
(See Chromatogropny (621), System Su i ta hi lity.) 

Modę: LC 

Detector: UV 245 nm 

Colurnn: 4,6-mm x 10-cm; end-capped 3-pm paeking 
LI 

Row ratę: 0.75 mL/mtn 
Injection size: lOpL 
System suitability 

Sam pies: Standard solution A and Standard solution B 

Suitability requirements 

Chromatogram similarity: The chromatogram ob~ 
tained using Standard solution A is similar to the Ref* * 
erence Chromatogram provided with the USP Pow- 
dered Cat's Claw Extract RS being used. 

Tai ling faeton NMT 2.0 for the isopteropodine peak, 
Standard solution B 

Relative standard deviation: NMT 2.0% for the 
isopteropodine peak in repeated Injections, Standard 
solution B 
Analysis 

Samples: Standard solution A, Standard solution B t and 
Sample solution 

Measure the areas of the analyte peaks. Identify the re- 
tention times of the peaks corresponding to sped- 
ophyjKne, uncarine F, mitraphylline, isomitrapnyfline, 
rhynchophylline, isorhynchophylline, pteropodine, and 
isopteropodine by comparison of the chromatogram 
of Standard solution A with the Reference Chromato¬ 
gram provided with the lot of the USP Powdered Cat's 
Claw Extract R5 used. 

Separately calculate the percentages of speciophylline, 
uncarine F, mitraphylline, isomłtraphyflme, rhyncho- 
phylline, isorhynchophylline, pteropodine, and isopter¬ 
opodine, as isopteropodine, in the portion of Pow¬ 
dered Extract taken: 

Result = (r*;/n) x (Cs/Cu) x 100 

r u - peak response for each relevant alkaloid from 
the Sample solution 

rs - peak response for isopteropodine from 
Standard solution B 

Cs = concentration of USP Isopteropodine RS in 
Standard solution B (mg/ml) 

Cu - concentration of Powdered Extract in the 
Sample solution (mg/mL) 

Calculate the percentage of the labeled amount of 
pentacyclic oxindole alkaloids in Lhe Powdered Extract; 

Result = (ZPA/i) x 100 

I PA ~ sum of percentages of speciophylline, uncarine 
F, mitraphylline, isomitraphylline, 
pteropodine, and isopteropodine (%) 
i - fabeled amount of pentacyclic alkaloids as - 
isopteropodine (%) 


Calculate the content of tetracyclic oxrndole alkaloids 
by addina the indlvtdual percentages of 
mynchopliylHne and isorhynchophylline. 

Acceptance criterla 

Pentacyclic oxindoie afkaloids: 90.0%-110.Q% of the 
labeled amount on the dried basis 
Tetracyclic oxindofe alkaloids: NMT 25% of the la- 
befed amount of pentacyclic oxindole alkaloids on the 
dried basis 

CONTAMINANTS 


Detete the following ; 

** Heaw Metals, Method II (231): NMT 10 ppm* { on,c^ i- 

Jan-2018) 

• Microbial Enumeration Tests (2021): Meets the reguire- 

ments of the tests for absence of Salmonella spęd es and 
Eschenchia coli. The total aerobic microbial counl does 
not exceed KH/g, and the total combined molds and 
yeasts count does not exceed 10Vg. 

* Other Requiremłnts: lt meets the requirements for Bo* 

tanka! Extracts (565), ResiduaI Sołvents and Pesticide 
Residues. 

SPECIF1C TESTS 

• Loss ON Dhyinc (731): Dry 1 g at 105° for 2 h: it loses 

NMT 10.0% of its weight. 

ADDITIONAL REQUIREMENTS 

• Packagjng and Storage: Preserve in ttght, light-resistant 

containers, and storę at room temperaturę. 

* Labeling: The label States the Latin binomial and, follow¬ 

ing the official na me, the pa rt of the plant from whkh 
the artide was prepared. The label also rndieates the con¬ 
tent of pentacyclic oxindole alkaloids, the extracting sol- 
vent or solvenl mixture used for preparation, and the 
ratio of the starting crude plant materiał to Powdered 
Extraci. It meets the requirements for Botanical Extract$ 
(565), Labeling . 

* USP Reference Standards (11) 

USP Isopteropodine RS 

USP Powdered Cat's Claw Extract RS 


Cat f s Claw Capsules 

DEFINITION 

Cat's Claw Capsuies contain Powdered Cat's Claw ExtracL 
Capsules contain NLT 90.0% and NMT 110.0% of the 
fabeled amount of Powdered Extract, calculated as penta¬ 
cyclic oxindoie alkaloids. 

IDENTIFICATION 

* The Sample solution chromatogram exhibits peaks for 

spedophylline, uncarine F, mitraphylline, isomitraphyl- 
Mne, pteropodine, and isopteropodine at retention times 
that correspond to those In Standard solution A t as ob- 
tained in the test for Content of Pentacyclic Oxindole Alka¬ 
loids and Limit of Tetracyclic Oxindole Alkaloids. The con¬ 
tent of tetracyclic oxindo!e alkaloids, calculated as the 
sum of rhyncnophyllrne and isorhynchophylline, is NMT 
25% of the labeled amount of pentacyclic oxindoie 
alkaloids. 

STRENGTH 

* Content of Pentacyclic Oxindole Alkaloids and Limit 

of Tetracyclic Oxindole Alkaloids 
Solution A: Prepare a 10 mM pH 7.0 phosphate buffer 
by mixing 1 N sodium hydroxide, 1 M monobasic po- 
tassium phosphate, and water (3:5:492), and adjust to 
a pH of 7.0 ±0,1 by adding morę of elther solution. 
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Solution Br Acetonitrile 

Solution Cr Methanol and glacial acetic acid (99:1) 
Mobile phase: See the gradient table below. 
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Standard solution A: Dissake an accurately weighed 
quantlty of U5P Powdered Cat's Claw Extract RS in 
methanol, shake for 1 min, and diiute with methanol to 
obtain a solution having a known concentration of 
about 0.5 rng/mL of the labeled amount of total ox- 
indole alkaloids. Pass through a filter of 0.45-pm or 
finer porę size. 

Standard solution B: 04 mg/nriL of USP Isopteropodine 
RS in methanoL Pass through a nylon filter of Q.45-pm 
or finer porę size. 

Sample solution: Accurately weigh the contents of not 
fewer than 20 Capsules and pulverize. Transfer an accu- 
rateiy weighed guantity of the powder, equivalent to 
20 mg of the labeled amount of pentacydic oxindole 
alkaloids, to a 50-mL eentrifuge tubę. Sonicate with 
10 ml of methanol for 10 min. Centnfuge and transfer 
this solution to a 50-mL volumetric fiask. Repeat the 
above extraction three morę times, combining the ex- 
tracts in the 50-mL volumetric fiask, and diiute with 
methanol to volume. Transfer 3 mL of the solution to a 
test tubę eontaining 300 mg of pofyamide powder, and 
shake for 1 min. Pass through a nylon filter of 0.45-iim 
or finer porę size, and discard the frrst part of the 
flltrate. 

Chromatographie system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 245 nm 

Column: 4.6-mm x 10-cm; endcapped 3-pm packing 

LI 

Flow ratę: 0.75 mL/min 
Injection size: lOpL 

System suitability 

Sam pies: Standard solution A and Standard solution B 

Suitability requrrements 

Chromatogram similarity: The chromatogram ob- 
tained using Standard solution A Is simllar to the Ref- 
erence Chromatogram provided with the USP Pow¬ 
dered Cat's Claw Extract RS belng used. 

Tailing factor: NMT 2.0 for the isopteropodine peak, 
Standard solution B 

Relative standard dev$ation: NMT 2.0% from the 
isopteropodine peak in repeated injections, Standard 
solution B 

Analysis 

Samples: Standard solution A, Standard solution B, and 

Sample solution 

Measure the areas of the analyte peaks. Identify the 
retention times of the peaks corresponding to speci 
ophylline, uncarine F, mitraphylline, isomitraphylline, 
pteropodine, isopteropodine, rhynchophylline, and 
tsorhynchophylltne by companson of the diromato- 
gram of Standard solution A with the Reference Chro¬ 
matogram provided with the lot of the USP Pow- 
derecfCabs Claw Extraet RS being used, 

Calculate the content, in mg, of speciophylline, un¬ 
carine F, mitraphylHne, tsomitrapbyfline, pteropodine, 


and isopteropodine, as isopteropodine, in the portion 
of Capsules taken: 

Result - (r u /rs) x C s x V 

r y ~ peak response for each re!evant alkaloid from 
the Sample solution 

r s = peak response for isopteropodine from 
Standard solution B 

C s - concentration of USP Isopteropodine RS in 
Standard solution B (mg/mL) 

V = finał dilution volume of the Sample solution 
(mL) 

Calculate the content, in mg, of total pentacydic 
oxindole alkaloids (Cc) in the portion of Capsules 
taken by adding the individual contents of 
speciophylline, uncarine F, mitraphylline, 
Isomitraphylline, pteropodine, and isopteropodine. 
Calculate the percentage of Powdered GaLs Claw 
Extract with respect to the label claim; 

Result = C c x (Awc/W) x (100/L t ) x (100/L) 

Cc - content of total pentacydic oxindote alkaloids 
in the portion of Capsules taken (mg) 

A wc ~ average weight of Capsules contents (mg/ 
Capsule) 

W = welght of the portion of Capsules taken (mg) 

L E - content of total pentacydic oxindole alkaloids, 
mg, in 100 mg of the Extract used to 
prepare the Capsules 

L - amount of Extract per Capsule according to 
label claim (mg/Capsule) 

Calculate the percentage of tetracyclic oxindole 
alkaloids with respect to the content of pentacydic 
oxindole alkaloids in the portion of Capsules taken: 

Result - (rr/rj.) x 100 

rj = sum of peak responses for rhynchophylline 

and isorhynchophylline in Lne chromatogram 
of the Sample solution 

r P - sum of peak responses for speciophylline, 

uncarine F, mitraphylline, isomitraphylline, 
petoropodine and isoperopodine in the 
chromatogram of the Sample solution 
Acceptanee criterra: 90.0%-110.0% of the labeled 
amount of Powdered Extract calculated as pentacydic 
oxlndole alkaloids; and NMT 25% of tetracyclic ox- 
indole alkaloids with respect to the labeled amount of 
pentacydic oxlndole alkaloids is found. 

PERFORMANCE TESTS 

* Disintecration and Dissolution of Dietary Suppłements 
(2040): Meets the requirements for Disintegration 

o Weight Variation of Dietary Supplements (2091): 

Meets the reguirements 

CONTAMINANTS 

* Microbial Enumerateon Tests (2021): ihe total aerobic 
microbial count does not exceed 10 j[ cfu/g, and the total 
combined molds and yeasts count does not exceed 10 3 
cfu/g. 

* ABSENCE of Specehed Microorganisms (2022): Meets the 

requirements of the tests for absence of Salmonella spe- 
des and Escherichta coli, 

ADDITIONAL REQUIREMENTS 

* Packageng and Storage: Preserve in tight, light-resistant 

containers, and storę at room temperaturo, 
o Labelinc: The label States the Latin binomial and, follow- 
ing the officlal name, the article from which the Capsules 
were prepared. If prepared with Extract, the label also 
indlcates the quantity, in mg, of Extract per Capsule and 
the content, in mg, of pentacydic oxindole alkaloids per 
100 mg of Powdered Extract, 


D5 Monographs 
















6874 Cat's Claw / Dietary Supplements 


USP 40 


• USP Reference Standard; (11) 

USP Isopteropodine RS 

USP Powdered Cat's Claw Extract RS 


Cat's Claw Tabłets 


OEFINmON 

Cat's Claw Tablets contain Powdered Cat's Claw bctract. 
Tablets contain NLT 90.0% and NMT 110*0% of the la* 
beled amount of Powdered Extract, calculated as penta- 
cyclic oxindole alkaloids. 

IDENTIFICATION 

• The Sample soiution chromatogram exhibits peaks for 

speciophylline, uncarine F, mitraphylline, isomitraphyl- 
linę, pteropodine, and isopteropodine at retention tmnes 
that correspond to those m Standard soiution A, as ob¬ 
ła ined in tne test for Content of Pentacyclic Oxindole Afka- 
foids and Limit of Tetracydic Oxindole Alkaloids. The con¬ 
tent of tetracydic oxindole alkaloids, calculated as the 
sum of rhyncnophylline and isorhynchophylline, is NMT 
25% of the labeled amount of pentacyclic oxindole 
alkaloids* 

5TRENGTH 

* CONTENT OF PENTACYCLIC OXINOOLE ALKALOIDS AND LIMU 

OF Tetracyclic Oxindole Alkaloids 

Soiution A: Prepare a 10 mM pH 7.0 phosphate buffer 
by mixing 1 N sodlum hydroxide, 1 M monobasic po- 
tassium phosphate, and water (3:5:492), and adjust to 
a pH of 7.0 ± OJ by addlng morę of either soiution. 
Soiution B: Acetonitrile 

Soiution C: Methanol and glacial acetic acid (99:1) 
Mobile phase: See the gradient table below. 


Chromatographk system 

(See Chromatogropny (621), System Suitability.) 

Modę: LC 

Detector: UV 245 nm 

Coiumn: 4,6-mm x 10<m; endcapped 3-pm packing 

Flow ratę: 0.75 mL/mm 
Injection size: 10 pL 
System suitability 

Samples: Standard soiution A and Standard soiution B 
Suitability requirements 

Chromatogram similarity: The chromatogram ob- 
tained using Standard soiution A is similar to the Ref- 
erence Chromatogram provided with the USP Pow¬ 
dered Cat's Claw Extract RS being used. 

Tai ling factor: NMT 2*0 for the isopteropodine peak. 
Standard soiution B 

Relative standard deviatfon: NMT 2*0% from the 
isopteropodine peak in repeated injecttons, Standard 
soiution B 

Analysis 

Samples: Standard soiution Ą Standard soiution B, and 
Sompie soiution 

Measure the areas of the anaiyte peaks. Identify the re¬ 
tention tlmes of the peaks corresponding to speci¬ 
ophylline, uncarine F, mitraphylline, isomitrapnylline, 
pteropodine, isopteropodine, rhynchophylfine, and 
isorhynchophyjJine by comparison of the chromato¬ 
gram of Standard soiution A with the Reference Chro¬ 
matogram provided with the lot of the USP Powdered 
Cat's Claw Extract RS being used. 

Calculate the content, in mg, of speciophydtne, un¬ 
carine F, mitraphylline, isomitraphylline, pteropodine, 
and isopteropodine, as isopteropodine, in the portion 
of Tablets taken: 

Result - (ru/rs) x Cs x V 


Time 

Soiution A 

Soiution B 

Soiution C 

(min) 



fW 

0 

65 

35 

0 

17 

65 

35 

0 

25 

50 

50 

0 

30 

50 

50 

0 

31 

0 

0 

100 

36 

0 

0 

100 

39 

65 

35 

0 

49 

65 

35 

0 


Standard soiution A: Dissolve an accurately weighed 
guantity of USP Powdered Cafs Claw Extract RS in 
methanol, shake for 1 min, and dilute with methanol to 
obtain a soiution having a known concentration of 
about 0*5 mg/mL of the labeled amount of total ox- 
indole alkaloids* Pass through a filier of 0.45-pm or 
finer porę size* 

Standard soiution B: OJ mq/mL of USP Isopteropodine 
RS in methanol. Pass through a nylon fil ter of 0.45-pm 
or finer porę size. 

Sample soiution: Accurately wergh not fewer than 20 
Tablets and pulyenze. Transfer an accurately weighed 
guantity of the powder, equlvalent to 20 mg of the la¬ 
beled amount of pentacyclic oxindole alkaloids, to a 
50-mL centrifuge tubę. Sonicate with 10 mL of metha¬ 
nol for 10 min* Centrifuge and transfer this soiution to 
a 50-mL yolumetric fiask* Repeat the above extraction 
three morę times, combining the extracts in the 50-mL 
yolumetric fiask, and dilute with methanol to voiume. 
Transfer 3 mL of the soiution to a test tubę eontaining 
300 mg of potyamide powder, and shake for 1 min. 

Pass through a nylon fliter of 0.45-pm or finer porę 
size, and discard the frrst part of the filtra te* 


Tm - peak response for each relevant alkaloid from 
the Sample soiution 

r 5 = peak response for isopteropodine from 
Standard soiution B 

Cs “ concentration of USP Isopteropodine RS in 
Standard soiution B (mg/mL) 

V = finał dilution volume of the Sample soiution 
(mL) 

Calculate the content, In mg, of total pentacyclic 
oxindole alkaloids (C T ) In the portion of Tablets taken 
by adding the indiyidual contents of speciophylline, 
uncarine F, mitraphylline, isomitraphylline, 
pteropodine, and isopteropodine. 

Calculate the percentage or Powdered Cat's Claw 
Extract with respect to the label dafm: 

Result = C r x (Am/W) x (100/L E ) x (100/L) 

Cr - content of total pentacyclic oxmdole alkaloids 
in the portion of Tablets taken (mg) 

Awt ~ average weight of Tablets (mg/Tablet) 

W = weight of the portion of Tablets taken (mg) 

U = content of total pentacyclic oxindole alkaloids, 
mg, in 100 mg of the Extract used to 
prepare the Tablets 

L - amount of Extract oer Tablet according to 
label claim (mg/Tablet) 

Calculate the percentage of tetracyclic oxindole 
alkaloids with respect to the content of pentacyclic 
oxindole alkaloids in the portion of Tablets taken: 

Result = (rr/rn) x 100 

rr = sum of peak responses for rhynchophylline 

and isorhynchophylline in tne chromatogram 
of the Sample soiution 
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T P = sum of peak responses for speciophylline, 
uncarine F, mitraphylline, isomitraphylline, 
petoropodine and isoperopodine in the 
chromatogram of the Sampie sofution 
Acceptance criteria: 90.0%-110.0% of the labeled 
amount of Powdered Extract ca Iculated as pentacyclic 
oxindole alkaloids; and NMT 25% of tetracydic ox- 
indole alkaloids with respect to the labeled amount of 
pentacyclic oxlndole alkaloids is found. 

PERFORMANCE TESTS 

• Dl Si NT EG R ATI ON AND DlSSOLUTION OF DlETARY SUPPLEMENTS 

(2040): Meets the requirements for Disintegration 

• Weight Variation of Dietary Supplements (2091): 

Meets the reguirements 

CONTAMINANTS 

o Microbial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 10 4 cfu/g, The total 
combined molds and yeasts count does not exceed 10 3 
cfu/g* * 

® Absence of Specified Microorganisms (2022): Meets the 
requirements of the tests for absence of Salmonella spe- 
cies and Esęherkhia coli. 

ADDSTBONAL REQU|REMENTS 

o Packaging and Storage: Preserve in tight, light-resistant 
containers, and storę at room temperaturę. 

• Labeung: The labei States the Latin binomial and, follow- 

Ing the offlciaf name, the article from which Tablets were 
p repa red. The label also fndicates the ąuandty of Pow- 
dered Extract per Tablet, in mg* Label tablets to Indicate 
the content, In mg, of pentacyclic oxindole alkaloids per 
100 mg of Powdered Extract 
o USP Reference Standards (11) 

USP Isopteropodine RS 

USP Powdered Cat's Oaw Extract RS 


Centella asiatica 


DEFINITION 

Centefla asiatka consists of the dned aerial parts of Centella 
asiatka (L.) Urb, [Syn: Hydrocotyle asiatka L,] (Fam. 
Apiaceae). It is also known in commerce as gotu kola. It 
contains NLT 2.0% of triterpene defivatives, calculated on 
the dried basis. 

IDENTIFICATION 

* A. Centella osiatica meets the reguirements for Specific 

Tests, Botanical Characteristics. 

• B. THłN-LAYER CHROMATOGRAPHY 

Standard solution A: 0,5 mg/ml of USP Asiaticoside RS 
in methanol 

Standard solution B: 10 mg/mL of USP Powdered 
Centella asiatka Extract RS in methanol Sonicate for 
about 10 min, centrifuge, and use the supernatanL 

Sampie solution: About 0*5 g of Centella asiatka , findy 
powdered, in 5 mL of methanol. Sonicate for 10 min, 
centrifuge, and use the supematant* 

Adsorbent: Chromatographlc silica gef with an average 
particie size of 10-15 pm (TLC plates) or with an aver- 
age particie size of 5 pm (HPTLC plates) 

Application volume: TO pL (TLC plates) or 4 j_iL (HPTLC 
plates) 

Developing solvent system: Methylene chlorlde, meth¬ 
anol, and water (14:6:1) 

Denvatization reagent: A solution of 10% sulfuric actd 
in methanol. [Notę—P repare freshj 

Analysis 

Samptes: Standard solution Ą Standard solution B f and 
Sampie solution 


Apply the Samples as bands* Use a saturated chamber. 
DeveIop the chromatograms untii the solvent front has 
moved up about three-fourths of the piąte. Remove 
the piąte from the chamber, dry, treat with Derivatiza- 
tion reagent, heat for 3 min at 120°, and examlne 
under white fight 

Acceptance criteria: The Sampie solution chromato¬ 
gram exhibits a violet band En the lower third of the 
piąte due to asiatlcoside, corresponding tn color and k 
to that In Standard solution A ; a violet band due to 
madecassoside at an R f . lower than that of asiaticoside; 
and two addttional violet bands in the upper third of 
the piąte due to aslatic acid and madecassic acid. Bands 
detected En the Sampie solution correspond tn position 
and color to bands in Standard solution B. Other minor 
bands may be observed tn the Sampie solution and 
Standard solution B l 

o C HPLC: The Sampie solution chromatogram from the 
test for Content of Triterpene Denvatives snows a peak at 
the retention time corresponding to that of asiaticoside 
in Standard solution A. 1 dentify other triterpene derivative 
peaks tn the Sampie solution by eomparison with the 
chromatogram of Standard sofution B and the reference 
chromatogram prwided with the lot of USP Powdered 
Centeila asiatka Extract RS being used, The Sampie solu¬ 
tion shows additional peaks corresponding to madecasso¬ 
side and asiaticoside B (these two peaks may co-elute), 
madecassic acid, terminolic acid, and asiatic actd. 

COMPOSETION 

* Content of Triterpene Derivatives 

Solution A: Dilute 3 mL of phosphoric acid with water 
to 1000 mL, mix, filier, and degas. 

Solution B: Acetonitrile 
Mobile phase: See Tobie h 


Table 1 


Time 

(mini 

Solution A 
(%) 

Solution 6 
(%1. 

0 

78 

22 

65 

45 

55 

66 

5 

95 

75 

5 

95 

76 

78 

22 

85 

78 

22 


Standard solution A: 0.05 mg/mL of USP Astaticoside 
RS in methanol 

Standard sofution B: Sonicate a portion of USP Pow¬ 
dered Centella asiatka Extract RS in methanol to obtain 
a solution with a concentration of about 5.0 mg/ml, 
Before EnjectEon, pass through a membranę filter of 
0.45-pm orfiner porę size, discarding the first few mL 
of the fi it ratę. 

Sampie stock solution: Transfer about 1 *0 g of Centelia 
asiatka, finely powdered and accurately weighed, to a 
Soxhiet apparatus. Add 100 mL of methanol, extract for 
8 h, cool, and dilute with methanol to 100 ml. Pass 
through a membrano filter of 0.45-fim or ftner porę 
size, discarding the first few mL of the filtra te. [Notę— 
Use a thimble of a suitable stze such that the volume of 
methanol used in the Soxhlet extraction Es at least twice 
the volume of the thimble.] 

Sampie solution: Dilute 5.0 ml of Sampie stock solution 
with methanol to 10.0 mL. 
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Chroma tographic system 

(See Chromatograpny {621), System Suitability.) 

Modę: LC 

Detector: UV 200 nm 

Column: 4.6-mm x 25-cm; 5-pm packmg LI 

Flow ratę: 1.0 mL/min 

injectton volume: IOjliL 
System suitabilUy 

Samples: Standard sofution A and Standard solution B 

Suita bility requirements 

Chromatografii similarity: The chroma tog ram from 
Standard sofution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Centella asiatica Extract RS being used. 

Taiting factor: Between 0.8 and 2.0 for the astatico- 
side peak, Standard solution A 
Resolution: NIT 1.5 between the madecassic add 
and terminolic add peaks, Standard solution B 
Relative standard deviation: NMT 2.0% determlned 
from the asiaticoside peak En repJicate Enjections, 
Standard solution A 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sample solution. [Notę —Standard solution A, Standard 
solution B , and the Sample solution are stable for 48 h 
at room temperaturę.] 

Using the chromatograms of Standard solution A, Stan¬ 
dard solution B, and the reference chromatogram pro- 
vided with the lot of USP Powdered Centella asiatica 
Extract RS being used, identify the retention tEmes of 
the peaks corresponding to different triterpene deriva- 
tives. The approximate relative retention o mes of the 
different triterpene derivatives are provided in Tobie 2. 


labie Z 


Analyte 

Approximat;e Relalive 
Retention Time 

Madecassoside 

0,71 

Asiaticoside B 

0.72 

Asiaticoside 

1.00 

Madecassic add 

2.40 

Terminolic acid 

2AA 

Asiatic acid 

3T2 


Separately catculate the percentages of the sum of 
madecassoside and asiaticoside B (these two peaks 
may co-e!ute), asiaticoside, the sum of madecassic acid 
and terminolic acid, and asiatic acid in the portion of 
Centella asiatica taken: 

Result = (ruin) xC s x (V/W) xDxFx 100 

fu = peak areas of the triterpene denvatives from 
the Sample solution 

fs - peak area of asiaticoside from Standard 
solution A 

Ci = concentradon of USP Asiaticoside RS in 
Standard sofution A (mg/ml) 

V = finał volume of Sample stock solution (ml_) 

W - weight of Centella asiatica used to prepare 
Sampfe stock solution (mg) 

D = dilution factor to prepare the Sample solution 
from the Sample stock solution 
F = conversion factors for analytes: 1,00 for 
asiaticoside, 1.017 for the sum of 
madecassoside and asiaticoside B, 0.526 for 
the sum of madecassic acid and terminoltc 
add, and 0.509 for asiatic acid 
Acceptance cnteria: Add the percentages of different 
triterpene denvatives: NU 2.0% on the dried basis. 


CONTAMINANTS 

- Articles of Botanical Origin, timits of Elementu! Impuri- 
ties (561); Meets the reguirements 

* Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the requirements 

* M KROBI al Enumeratio h Tests (2021): The total aerobic 
bacterial count does not exceed IG* cfu/g, the total com- 
bined yeasts and moids count does not exceed 10 3 cfu/ 

, andthe bile-tolerant Cram-negatfve bacteria count 
oes not exceed 1 O 2 cfu/g. 

* Absence of Specified Microorganisms (2022): Meets the 
requirements of the tests for absence of Salmonello spe- 
des and Escherichia coli 

SFECJFIC TESTS 

* Botanical Characterisucs 

Macroscopic: Stern is slender, yellowish-brown, with 
long mternodes, rooting at nodes; leaves are grayish- 
green, simple, alternate or grouped together at the 
nodes, remform or obfong-dfiptic, have pal matę vena- 
tion, usually with 7 veins, apex obtuse, margin crenate, 
base cordate, variable tn size, 1-4 cm long, 2-A cm and 
sometimes up to 7 cm wide, young leaves show a few 
trkhomes on the lower surface and adult leaves are gla- 
brous; petioies are long, grooved, base wider and 
sheathing; the inflorescence, if present, is a single um- 
bel and consists of 3 flowers, rarely 2 or 4; the flowers 
are very smali (about 2 mm), pentamerous, and have 
an inferior ovary; the fruit, brownish-gray, orbicular 
cremocarp, up to 5 mm long, is very flattened laterally 
and has 7-9 prominent curved ridges. Pharmacopeial 
artide is green to yellowish-green masses composed 
mostly of leaves and stem fragments; odor slight; taste 
slightfy bitter to sweet, 

Mkroscoprc 

Transverse section of stems: Epidermal layer, sub- 
rounded or subsquare cells; 2-4 layers of collenchyma 
cells; 6-8 layers of thin-walled parenchyma cells with 
intercellular spaces; 6-7 col la terał vascular bundles, xy- 
lem vesseIs radially arranged, slightfy lignified fiber 
groups occurring outside the phloern; pfth large, com¬ 
posed of thin-walled parenchyma cells; secretory 
ca n ais, composed of 5-7 sec retory cells, observed in 
cortex and medullary rays 

Transverse section of leaves: Upper and lower eplder- 
mis; mesophyll composed of parenchyma cells, some 
contain crystafs of calcium oxalate; 2-3 layers of col- 
lenchyma present in the midrib region next to both 
epidermal layers; vascular bundles in the center with 
xylem on the ventral side and phioem on the dorsal 
side, Transverse section of petioies has a li shape, 
showing an upper and a lower epidermis, followed by 
2-3 layers of col le uchy ma next to both epidermal lay¬ 
ers; a broad parenchymatous zonę, some cells contain 
crystals of calcium oxalate; 7 vascular bundles forming 
a U-shape in the parenchymatous zonę, the two pres¬ 
ent in tne projecting arms being less developed, 

* Articles of Botanical Origin, Foreign Organie Mauer 
(561): NMT 7.0%, of which NMT 5.0% are of under¬ 
ground organs and NMT 2% are of other foreign matter 

* Loss ON Dryinc (731) 

Sample: 1,0 g of finely powdered Centella asiatica 
Analysis: Dry the Sample at 105° for 2 h. 

Acceptance cHteria: NMT 12.0% 

■ Articles of Botanical Origin, Total Ash (561) 

Sample: 1,0 g of finely powdered Centella asiatica 
Acceptance criteria: NMT 12% 

* Articles of Botanical Origin, Adddnsoiuble Ash (561): 

NMT 3.5% 

ADDITtONAL REQUIREMENT$ 

* Packaging and Storage: Preserve in weil-closed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 
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<* Labeling: The label States the Latin blnomial and, foflow- 
ing the official name, the parts of the plant contained Sn 
the artide. The Jabel States that the artide is exempted 
from the requirements of the General Notices and Reguire- 
ments with respect to the pregnancy and tactation State- 
ment (10>40,50. Labeling Botankal-Containing Products ), 
o USP Reference Stawdards (11) 

USP Asiatieoside RS 

USP Powdered Centella asiatica Extract RS 


Powdered Centella asiatica 


DEFINITION 

Powdered Centella o siat ko is Centella asiatica reduced to a 
powder or very fine powder. It contains NLT 2.0% of 
triterpene derivatives, oafculated on the dried basls. 

IDENTinCATffON 

* A. Powdered Centella asiatica meets the requirements for 

Specific Tests, Batanical Chamcteństics. 

® B. THIN-LAYER CHR03YIAT0GRAPHY 

Standard solution A: 0.5 mg/mL of USP Asiatieoside RS 
in methanol 

Standard solution B: 10 mg/mL of USP Powdered 
Centella asiatica Extract RS in methanol. Sonicate for 
about 10 min, centrifuge, and use the supernatant. 
Sampfe solution: About 0,5 g of Powdered Centella 
asiatica in 5 ml of methanol. Sonicate for 10 min, cen- 
trifuge, and use the supernatant. 

Adsorbent: Chromatographic siiica gel with an averagę 
particie size of 10-15 jirrt (TLC plates) or with an aver- 
age particie size of 5 pm (HPTLC plates) 

Application volume: 10 (iL (TLC plates) or 4 |iL (HPTLC 
plates) 

Deveioping sofvent system: Methylene chloride, meth¬ 
anol, and water (14:6:1) 

Derivatization reagent: A solution of 10% sulfuric acid 
in methanol. [Notę—P repare fresh.] 

Analysis 

Sam pies: Standard solution A f Standard solution B, and 
Sampie solution 

Apply the Samples as bands. Use a saturated cham ber. 
Deve!op the chromatograms until the solvent front has 
moved up about three-fourths of the piąte. Remove 
the piąte from the cham ber, dry, treat with Derivatiza- 
thn reagent t heat for 3 min at 120°, and examme 
under white ilght. 

Acceptance criteria: The Sampie solution chromato- 
gram exhibits a violet band in the lower third of the 
piąte due to asiatieoside, corresponding in color and R F 
to that in Standard solution A ; a violet Band due to 
madecassoslde at an R F lower than that of asiatieoside; 
and two additionai viofet bands in the upper third of 
the piąte due to asiatśe acid and madecassic acid. Bands 
detected in the Sampie solution correspond in position 
and coior to bands in Standard solution B. Other minor 
bands may be observed in the Sampie solution and 
Standard solution B. 

* C. HPLO The Sampie solution chromatogram from the 

test for Content of Triterpene Derivatives snows a peak at 
the retention tfme corresponding to that of asiatieoside 
in Standard solution A . fdentlfy other triterpene derivative 
peaks in the Sampie solution by comparison with the 
chromatogram of Standard solution B and the reference 
chromatogram provided with the iot of USP Powdered 
Centella asiatica Extract RS befng used. The Sampie solu- 
tlon shows additional peaks corresponding to madecasso¬ 
slde and asiatieoside B (these two peaks may co-elute), 
madecassic acid, terminolic add, and asiatic acid. 


COMPOSITION 

* Content of Triterpene Derivatives 

Solution A: Dilute 3 mL of phosphoric add with water 
to 1000 mL, mix, fllter, and degas. 

Solution B: Acetonitriie 
Mobile phase: See Table 7. 


labie 1 


Time 

fmtiri 

Solution A 

(°/^ 

Solution B 

(%> 

0 

78 

22 

65 

45 

55 

66 

5 

95 

75 

ótoflir 

95 

76 

78 

22 

85 

78 

22 


Standard solution A: 0.05 mg/mL of USP Asiatieoside 
RS in methanol 

Standard sofution B: Sonicate a portion of USP Pow¬ 
dered Centella asiatica Extract RS in methanol to obtain 
a solution with a concentration of about 5.0 mg/mL. 
Before injection, pass through a membranę fllter of 
0.45-pm or fi ner porę size, discarding the first few mL 
of the flltrate* * 

Sampie stock sofution: Transfer about 1.0 g of Pow¬ 
dered Centella asiatica , accurately weighed, to a 5oxh!et 
apparatus. Add 100 mL of methanol, extract for 8 h, 
cooi, and dilute with methanol to 100 mL. Pass through 
a membranę fifter of 0,45-pm or finer porę size, dis¬ 
carding the first few mL of the filtrate, [Notę —Use a 
thimble of a suitable size such that the volume of meth¬ 
anol used in the Soxhlet extraction is at least Lwice the 
voiume of the thimbie.J 

Sampfe sofution: Dilute 5.0 ml of Sampie stock solution 
with methanol to lO.OmL. 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 200 nm 

Column: 4,6-mm x 25-cm; 5-pm packing LI 
Flow ratę: 1.0 mL/mln 
Injection voIume: 10pL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability requirements 

Chromatogram simifarity: The chromatogram from 
Standard solution B is slmilar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Centella asiatica Extract RS being used. 

Tailing factor: Between 0.8 and 2.0 for the asiatico- 
side peak, Standard solution A 
Resolution: NLT 1 .5 between the madecassic acid 
and terminolic acid peaks, Standard solution B 
Relative standard deviation: NMT 2.0% determined 
from the asiatieoside peak in repficate injections, 
Standard solution A 
Anafysfs 

Samples: Standard solution A, Standard solution B, and 
Sampie solution. [Notę— Standard solution A t Standard 
solution B t and Sampie solution are stable for 48 h at 
room temperaturę.] 

Using the chromatograms of Standard sofution A, Stan¬ 
dard solution B t and the reference chromatogram pro- 
vided with the lot of USP Powdered Centella asiatica 
Extract RS being used, identify the retention times of 
the peaks corresponding to different triterpene deriva- 
tives. The approximate relative retention times of the 
different triterpene derivatives are provided in Table 2. 
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Table 2 


Analvte 

Approximate Relative 
Re tent i cm Time 

Madecassoside 

0.71 

Asiaticoside B 

0.72 

Asiaticoside 

1.00 

Madecassic acid 

2.40 

Terminolic acid 

2.44 

Asiatic acid 

3.12 


Separately calculate the percentages of the sum of 
madecassoside and asiaticoside B (these two peaks 
may co-elute), asiaticoside, Lhe sum of madecassic acid 
and terminolic acid, and asiatic acid in the portion of 
Powdered Centelia asiatica taken: 

Result = (rufrt) xQx (V/W) x D x F x 100 

Tu = peak areas of the triterpene derivatives from 
the Sampie solution 

r$ = peak area of asiaticoside from Standard 
solution A 

Cj = concentration of USP Asiaticoside RS in 
Standard solution A (mg/mL) 

V - finał vo!ume of Sampie stock solution (ml) 

W = weight of Powdered Centello osiotica used to 

prepare the Sampie stock solution (mg) 

D = difution factor to prepare the Sampie solution 
from the Sampie stock solution 
F - conversion factors for analytes: 1.00 for 
asiaticoside, t .017 for the sum of 
madecassosrde and asiaticoside B, 0.526 for 
the sum of madecassic acid and terminoNc 
add, and 0.509 for asiatic acid 
Acceptance arteria: Add the percentages of different 
triterpene derivative$: NLT 2.0% on the dried hasis. 

CONTAMINANTS 

* Articles of Botanical Oricin, Limlts of Elemental impun- 
ties (561): Meets the requirements 

• Articles of Botanical Oricin, Pesticide Residue Analysis 
(561): Meets the reguirements 

« Mit ROBI AL Enumeration Tests (2021): The to tal aerobic 
bacteriai count does not exceed 10 s tfu/g, the total com- 
bined yeast and mold count does not exceed 10 * * 3 cfu/g, 
and the bife-tolerant Gram-negative bacteria count does 
not exceed 10 3 * cfu/q. 

• Absence of Specified Microorganisms (2022): Meets the 
reguirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

5PEOIFIC TESTS 

* Botanical Oharacteristics: Greenish-gray to greenish- 
brown in color; odor slight; taste slightry bitter to sweet; 
under a microscope, factions of epidemnal cells of the 
leaves with irregufar striated cuticle, showing anisocytic, 
some pafacytic, and rarely anomocytic stomata; epider- 

■ mai cells of young leaves showing untcellular, occasion- 
ally mullicelfular, non-glandular trichomes; secretory 
canals composed of 5-7 secretory cells; parenchyma 
cells, some showing prisms or msettes or calcium oxalate; 
bundles of narrow septate fibers from the stem; spiral 
vessels; fragments of the fmits, fayers of wide cells in a 
parquetry arrangement, annular vessels, parenchyma cells 
containing simpJe or compound starch granules 
* Loss on Drying (731) 

Sampie: 1,0 g of Powdered Centello osiotica 
Analysis: Dry the Sampie at 105 & for 2 h. 

Acceptance crltena: NMT 12.0% 

* Articles of Botanical Oricin, Total Ash (561) 

Sampie: 1.0 g of Powdered Centelia asiatica 
Analysis: NMT 12% 

• Articles of Botanical Oricin, Add-lnsoluble Ash (561): 

NMT 3.5% 


ADDITIONAL REQUIREMENTS 

* Packacing and Storage: Preserve in welhdosed contairt- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

• Labeling: The labet States the Latin binomial and, follow- 
ing the official name, the parts of the plant contained in 
the article. The tabel States that the article is exempted 
from the reguirements of the General Notices and keąuire- 
ments with respect to the pregnancy and lactation state- 
ment (10.40.50. Labeling Botonicul-Contoining Products ). 

« USP Reference Standards (11) 

USP Asiaticoside RS 

USP Powdered Centelia asiatica Extract RS 


Powdered Centelia asiatica Extract 

DEFINITION 

Powdered Centello aslotka Extract is prepared from Centello 
asiatica by extraction with afcohoi, methanol, acetone, or 
a mixture of these solvents. The ratio of plant materia! to 
extract is between 65:1 and 30:1. It contains NLT 90.0% 
and NMT 110.0% of the labeled amount of triterpene 
derivatives; the labefed amount of triterpene derivatives is 
NMT 40%, calculated on the dried basis as the sum of 
madecassoside, asiaticoside B, asiaticoside, madecassic 
acid, terminoNc add, and asiatic acid. It may contain suil- 
able added substances as carriers. 


IDENTIFICATION 

* A. Thin Layer Chromatographic Identification Test 

Standard solution A: 0.5 mg/mL of USP Asiaticoside RS 
in methanol 

Standard solution B: 10 mg/mL of USP Powdered 
Centelia asiatica Extract RS in methanol. Sonicate for 
about 10 min, centrifuge, and use the supernatant. 
Sampie solution: Transfer an amount of Powdered 
Centelia asiatica Extract equivalent to about 5 mg of 
triterpene derivatives to a centrifuge tubę. Add 5 mL of 
methanol, sonicate for 10 min, centrifuge, and use the 
supernatant. 

Adsorbent: Chromatographic silica gel with an average 
particie size of 10-15 pm (TLC plates) or with an aver- 
age particie stze of 5 jim (HPTLC plates) 

Application volume: 10 pL (TLC plates) or 4 pL (HPTLC 
plates) 

Developing so!vent system: A mixture of methylene 
chloride, methanol, and water (14:6:1) 

Spray reagent: A solution of 10% sulfurie actd in meth¬ 
anol. [Notę—P repare fresh.] 

Analysis 

Samples: Standard solution A, Standard solution B f and 
Sampie solution 

Apply the samples as bands to a suitable thin-layer 
chromatographic piąte (see Chromatography (621)). 
Use a saturated cnamber. Develop the cnromato- 
grams until the solvent front has moved up about 
three-fourths of the piąte. Remove the piąte from the 
chamber, dry, spray with the Spray reagent , heat for 

3 min at 120T and examine under visible light, 
Acceptance criterla: The Sampie solution chromato- 
gram exhibits a violet band in the lower thrrd of the 

piąte due to asiaticoside, corresponding tn color and Rf 
to that in Standard solution Ą a violet Band due to 

madecassoside at an Ri lower than that of asiaticoside; 
and two additional viofet bands in the upper thrrd of 
the piąte due to asiatic acid and madecassic add. Bands 
detected in the Sampie solution correspond in position 
and color to bands in Standard solution B . Other minor 
bands may be observed in the Sampie solution and 
Standard solution B, 

* B. HPLC Identification Test: The Sampie solution chro¬ 
ma tog ram from the test for Content of Triterpene Deriva- 
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tives shows a peak at the retention time corresponding to 
that of asiaticoside in Standard soiution A , Identify otlier 
triterpene derivative peaks in the Sampfe soiution by com- 
parison with the chromatogram of Standard soiution B 
and the reference chromatogram provided with the lot 
of USP Powdered Centeiia asiatica Extract RS being used. 
The Sample soiution shows additionaJ peaks correspond¬ 
ing to madecassoside and asiaticoside B (these two peaks 
may co-elute), madecassic add, terminolic add, ano asi- 
atlc acid. 

COMPOSITION 

* COWTENT OF TRITERPENE DERIVATIVES 

Soiution A: Dilute 3 ml of phosphoric acid with water 
to 1 000 mL, mix, filter, and degas, 

Soiution B: Aeetonihile 

Mobile phase: See the gradient table below. 


Time 

(mini 

Soiution A 

Soiution B 

(%1 

0 

_ 

78 

22 

65 

45 

55 

66 

5 

95 

75 

5 

95 

76 

78 

22 

85 

78 

22 


Standard soiution A: 04 mg/ml of USP Asiaticoside RS 
in methanol 

Standard soiution B: Sonicate a portion of USP Pow¬ 
dered Centeiia asiatica £xtract RS in methano! to obtain 
a soiution with a concentration of about 5.0 mg/mL 
Before injection, pass through a membranę fil ter of 
0.45-pm or finer porę size, discarding the frrst few mL 
of the filtra te. 

Sample soiution: Sonicate a portion of Powdered 
Centeiia asiatica Extract in methano! to obtain a soiution 
with a concentration of about 5.0 mg/mL, Before mjet- 
tion, pass through a membranę filter of 0.45-pm or 
finer porę size, discarding the first few mL of the 
filtrate. 

Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 200 nm 
Column: 4.6-mm x 25-cm; 5-fim packing LI 
Flow ratę: 1.0 mL/min 
Injection size: 10 j.iL 
System suitabifrty 

Sam pies: Standard soiution A and Standard soiution B 

Suitability reguirements 

Chromatogram similarity: The chromatogram from 
Standard soiution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Centeiia asiatica Extract RS being used. 

Tailing factor: Between 0.8 and 2.0 for the asiatico¬ 
side peak. Standard soiution A 
Resolution: NIT 1.5 between the madecassic acid 
and terminolic acid peaks. Standard soiution B 
Relative standard deviation: NMT 2.0% determined 
from the asiaticoside peak in repeated injections, 
Standard soiution A 
Analysis 

Sam pies: Standard soiution A, Standard soiution B, and 
Sample soiution , [Notę —Standard soiution Ą Standard 
soiution B, and the Sample soiution are stable for 48 h 
at room temperaturę.] 

Using the chromatoarams of Standard soiution A t Stan¬ 
dard soiution B, ano the reference chromatogram pro- 
vided with the lot of USP Powdered Centeiia asiatica 
Extract RS being used, identify the retention times of 
the peaks corresponding to different triterpene deriva- 


tives. The approximate relative retention times of the 
different triterpene derivat[ves are provided in the fol¬ 
io wlng tabte. 


Analyte 

Approximate Relatwe 
Retention Time 

Madecassoside 

0.71 

Asiaticoside 8 

0.72 

Asiaticoside 

1.00 

Madecassic add 

2.40 

Terminolic acid 

2.44 

Asiatic acid 

3.12 


Separately calcu tatę the percentages of the sum of 
madecassoside and asiaticoside B (these two peaks 
may co-e]ute), asiaticoside, the sum of madecassic acid 
and terminolic acid, and asiatic acid in the portion of 
Powdered Centeiia asiatica Extraet taken: 

Result = (r y /r$) x (Cs/Cg) x F x 100 

Tg ~ peak response(s) of the triterpene derivative(s) 
from the Sample soiution 

rs = peak response of asiaticoside from Standard 
soiution A 

Cs - concentration of USP Asiaticoside RS in 
Standard soiution A (mg/mL) 

Cg = concentration of Powdered Centeiia asiatica 
Extract in the Sample soiution (mg/mL) 

F - conversion factors for analytes: 1.00 for 
asiaticoside, 1.01 7 for the sum of 
madecassoside and asiaticoside B, 0.526 for 
the sum of madecassic acid and terminolic 
acid, and 0.509 for asiatic acid 
Acceptance cnteria; Add the percentages of different 
triterpene derivatives: NLT 90.0% and NMT 110.0% of 
the labeled amount of triterpene denvatives; the labeEed 
amount of triterpene derivatives is NMT 40%, tal tu¬ 
lą ted on the dried basis, 

CONTAMINANTS 


Dełete the fotlowing: 

** Heaw Metals, Method Hi (231): NMT 20 ppm* {Ófffęfej 1- 

|an- 2018 ) 

« ARTfCLES of Botanical Origin, General Method for Pesth 
dde Residues Analysis (561): Meets the requirements 
9 MICROBIAL Enumeration Tests (2021): The to tal aerobic 
microbial count does not exceed ICH cfu per g. The total 
combined yeast and mold count does not exceed IG* cfu 
per g. 

« Microbbological Procedures for Absemce of Spegfjed Mb 
croorgawisms (2022): Meets the reguirements of the 
tests for absence of Salmonella species and Escherichia coli 

SPECIFIC TESTS 

* Loss ON Drying (731): Dry 1.0 g of Powdered Centeiia 

asiatica Extract at 105° for 2 h: Et loses NMT 5% of its 
weight. 

o 0THER Requerement5: Meets the reguirements of the test 
for Residuai Solvents under Botanical Extracts (565) 

ADDITIONAL REQUIRE1VIENTS 

® Packaging and Storage: Preserve in weEbdosed contain- 
ers, protected from fight and moisture, and storę at con¬ 
tro] led room temperaturę. 

* Labeung: The labę] States the Latin binomial and, follow- 

ing the officiaJ name, the part of the plant from which 
the article was derived. It meets other labelfng reguire¬ 
ments under Botanical Extracts (565), 
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** USP Reference Standards (11) 

USP Asiaticoside RS 

USP Powdered Centelia osia t i ca Extract RS 


Centelia a siatka Triterpenes 

DEFINJTION 

Centelia asiatica Triterpenes is a fraction enriched in Centelia 
asiatica triterpenes derivatives. !L is prepared from CentellG 
asiatica Extract using suitable solvents or other means. It 
contains NIT 90.0% of triterpene derivatives, caiculated 
on the anhydrous basis, as the sum of two or morę of the 
following: madecassoside, asiaticoside B, asiaticoside, 
madecassic acid, terminollc add, and asiatic acid, 

IDENTIFICATION 

• A. Thin-Layer Chromatographic Identification Test 

Standard solution A: 0.5 mg/mL of USP Asiaticoside RS 
in methanol 

Standard solution B: 10 mg/mL of USP Powdered 
Centelia asiatica Extract RS in methanol, Sonicate for 
about 10 min, centrifuge, and use the supernatant. 
Sampie solution: Transfer an amount of Centelia ostat¬ 
ka Triterpenes, equivaEent to about 5 mg of triterpene 
denvatives, to a centrifuge tubę. Add 5 ml of methanol, 
sonicate for 10 min, centrifuge, and use the 
supernatant. 

Adsorbent: Chromatographic silica gel with an average 
particie size of 10-15 pm (TLC plates) or with an aver- 
age particie size of 5 pm (HPTLC plates) 

Application vofume: 1 0 pL (TLC plates) or 4 jjL (HPTLC 
plates) 

DeveIoping so!vent system; A mixture of methylene 
chiortde, methanol, and water (14:6:1) 

Spray reagent: A solution of 10% sulfuric add in meth¬ 
anol. [NOTĘ—-Prepare fresh.] 

Analysis 

Samples: Standard solution A t Standard solution 8, and 
Sompie solution 

Apply the samples as bands to a suitable thin-layer 
chromatographic piąte (see Chromatography (621)), 
Use a saturated chamber. Devefop the cnromato- 
grams until the solvent front Has moved up about 
three-fourths of the piąte. Remove the piąte from the 
chamber, dry, spray with Spray reagent, heat for 3 
min at 120°, and examine under vistble light. 

Accep tance criteria: The Sampie solution chromato- 
gram exhibits a violet band in the lower third of the 
piąte due to asiaticoside, corresponding in color and R F 
to that in Standard solution A. The Sampie solution 
shows addltional bands corresponding to some or afl of 
the following triterpene derivatlves: a violet band due 
to madecassoside at an R F lower than that of asiatico¬ 
side, a viofet band in the upper third of the piąte due 
to asiatic add, and a violet band due to maoecassic 
acid at an Rf lower than that of asiatic acid. Bands de- 
tected in the Sampie solution correspond in position and 
color to bands in Standard solution 8. Other minor 
bands may be observed in the Sampie solution and 
Standard solution B. 

• B, HPLC Identification Test: The Sampie solution chro¬ 

matografy) from the test for Content of Triterpene Detwa- 
tives shows a peak at the retention time corresponding to 
that of asiaticoside in Standard solution A. Identify other 
triterpene denvative peaks in the Sampie solution by com- 
parison with the chromatogram of Standard solution B 
and the reference chromatogram provided with the Jot 
of USP Powdered Centelia asiatica Exlract RS being used. 
The Sampie solution shows additional peaks correspond¬ 
ing to some or alf of the folfowing: madecassoside and 
asiaticoside B (these two peaks may co-elute), madecassic 
acid, terminollc add, and asiatic acid. 


COMPOSITION 

® Content of Triterpene Derivatives 

Solution A: Dilute 3 mL of phosphoric add with water 
to 1 000 ml, mix f fil ter, and degas, 

Solution B: Acetonitrile 

Mobile phase: See the gradient table below. 


Time 

Solution A 

Solution B 

(min) 


(%> 

0 

78 

22 

65 

45 

55 

66 

5 

95 

75 

5 

95 

76 

78 

22 

85 

78 

22 


Standard solution A: 0.2 mg/mL of USP Asiaticoside RS 
in methanol 

Standard solution B: Sonicate a portion of USP Pow¬ 
dered Centelia asiatica Extract RS fn methanol to obtain 
a solution with a concentration of about 5.0 mg/mL. 
Before injection, pass through a membranę filter of 
0.45-pm or fi ner porę size, discarding the first few ml 
of the filtra te. 

Sampie solution: About 1.0 mg/mL of Centelia asiatica 
Triterpenes in methanol; sonicate if necessary. Before in- 
jection, pass through a membranę fifter of 0.45-pm or 
fi ner porę size, discarding the first few mL of the 
filtrate. 

Chromatographic system 

(See Chromatography (621), System Suita hi lity.) 

Modę: LC 

Detector: UV 200 nm 
Cofumn: 4.6-mm x 25-cm; 5-pm packtng LI 
Flow ratę: 1.0 ml/min 
Injection size: TOpL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability requirements 

Chromatogram simffarity: The chromatogram from 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Centelia asiatica Extract RS being used. 

Tailing factor; Between 0.8 and 2.0 for the asiatico¬ 
side peak. Standard solution A 
Resolution; NLT 1.5 between the madecassic acid 
and terminalic acid peaks, Standard solution B 
Relalive standard deviation: NMT 2.0% determined 
from the asiaticoside peak in repeated injections. 
Standard solution A 
Anafysrs 

Samples: Standard solution A t Standard solution B t and 
Sompie solution . [NOTĘ —Standard solution A t Standard 
solution 8, and the Sampie solution are stable for 48 h 
at room temperaturę.] 

Using the chromafograms of Standard solution A , Stan- 
dard solution B, and the reference chromatogram pro- 
vlded with the lot of USP Powdered Centelia asiatica 
Extract RS being used, identify the retention times of 
the peaks corresponding to different triterpene deriv- 
atives, The approximate re!ative retention times of 
the different triterpene derivatives are provided in the 
following table. 


AnaJyte 

Afjpr0xima£e Relatfre 
Retention Time 

Madecassoside 

0.71 

Asiaticoside B 

0.72 

Asiaticoside 

T00 

Madecassic acid 

2,40 

Terminolic acid 

2.44 

Asiatic acid 

3,12 
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Separately calculate the percentages of the triterpene 
derivatives In the portion of Centelfa asiatica 
Triterpenes taken: 

Resuit = (ru/rs) x (Cs/Cu) x F x 100 

ru = peak response(s) of fhe triterpene derivative(s) 
from fhe Sample solution 

r$ = peak response of asiaticoside from Standard 
solution A 

Cs - concentration of USP Asiaticoside RS in 
Standard solution A (mg/mL) 

Cu = concentration of Centella asiatica Triterpenes in 
the Sample salution (mg/mL) 

F - tonversion factors for analytes: 1.00 for 

asiaticoside, 1.017 for madecassoside, 1.017 
for asiaticoside B, 0.526 for madecassic add, 
0.526 for terminolic acid, and 0.509 for 
asiatic add 

Acceptance criteria: Add the percentages of different 
triterpene derivatives: NLT 90.0% on the anhydrous 
basis, 

CONTAfWINANTS 


Delete the foltawing; 

** Heavy Metals, Method Itl (231 >: NMT 20 ppm. (0 ii, M i i- 

lan-2013) 

* Artjcles of Botanical Omom, General Method for Pesti- 

cide Residues Analysis <561}: Meets the reguirements 
O Microbial Enumeration Tests <2021): The total aerobic 
microbial count does not exceed 1 0 3 cfu/g. The total 
combined yeast and mold eount does not exceed 10- 
cfu/g. 

* Mbcrobiological Procedures for Absence of Specified Ml 

croorg A NI SMS <2022): Meets the requirements of the 
tests for absence of Escherichia coli 

SPECSFIC TESTS 

G Water D ETER MIN ATI ON, Method I <921); NMT 5% 

* Other Keouirements: Meets the reguirements of the test 
for Residuai Soivents under Botanical Extracts (565) 

ADDKTIOKAL REQUJREMENTS 

* Packaging and Storage: Preserve in weJhdosed contatn- 

ers, protected from light and moisture, and storę at eon- 
trolled room temperaturę. 

0 Labeung: The label states the Latin binomial and, follow- 
ing the offidal name, the part of the plant from which 
the article was derived. 

o USP Reference Standard* (11) 

USP Asiaticoside RS 

USP Powdered Centella asiatica Extract RS 


Chamomile 


DEFINJTION 

Chamomile consists of the drteci flower heads of Matricaria 
recutita L. (Matricaria chamomilia L, r Matricaria chamomiila 
L var. courrantiana, Chamomiila recutita L.) Rauschert 
(Fam. Asteraceae alt. Compositae). It contatns NLT 0.4% 
of blue volati[e oif, NLT 0.3% of apigenin-7-glucoside, and 
NLT 0.15% of bisabolol derivatives, calculated as 
levomenol. 

IDENTIFICATION 

« A. Thin-Layer Chromatographic Identification Test 

Standard solution: 1,0 mg/mL of borneol, 2.0 mg/mL 
of bornyf acetate, and 0.4 mg/mL of guaiazulene in 
toluene 


Sample solution: Reduce 1.0 g of Chamomile to a 
coarse powder, uslng a porcelain pestle and mortar. 
Transfer to a 1.5-cm x 15-cm chromatographic column, 
and tamp lightfy with a short length of rubber hose. 
Rinse the pestle and mortar twice, each time with 
10 mL of methylene chloride. Pour the rinsings into the 
column. Collect the percoEate in a fiask with a tong, 
narrow neek, and remove the solvent by evaporation 
on a water bath. Dissolve the residue in 0.5 mL of 
toluene. 

Adsorbent: 0.25-mm fayer of chromatographic silica 
gel 

Developing solvent: Chloroform 
Spray reagent: Mix anrsaidehyde, glacial acefic add, 
and methanof (0.5: 10: 85). Tnen carefully add 5 ml of 
sulfuric acid to this solution. 

Application vofume: 10pL, as 3-mm x 20-mm bands 
Analysis 

Samples: Standard solution and Sample solution 
Examlne the piąte under short-wavefength UV light: 
the Sample solution exhibits a nu m ber of guenchi ng 
areas, the largest of which is due to en-yne-di- 
cydoether and has the same Rf value as the band due 
to borny! acetale in the Standard solution. There is 
also a band due to matricin near the linę of applica- 
tion. Spray the piąte evenly with the Spray reagent 
Examine the piąte in daylight while heafing at 
100°-105° for 5-10 min, The chromatogram ob- 
tained from the S ton dard solution shows in the fower 
third a brownish yellow zonę that becomes violet- 
gray after a few hours and is due to bomeo!; in the 
middie a yellowish brown to gray zonę due to bornyl 
acetate; and in the upper third a deep red zonę witn 
a blue edge due to guaiazutene. 

Acceptance criteria: Tne Sample solution exhibits a blue 
zonę due to matricin near the starting point; severa3 
v3olet-red zones, one of which is due to bisabolol, at R f 
values between those of borneol and bornyl acetate; a 
brownish zonę, due to en-yne-dicycloether, at an Rt 
value corresponding to that of borny! acetate; red 
zones, due to terpenes, at Rr values similar to those of 
guaiazutene; and other zones that appear in the middle 
and lower parts of the chromatogram. 

o B. 

Analysis: Disso!ve 0.25 g of dimethylaminobenzaide- 
hycfe in a mixture of 5 mL of phosphoric acid, 45 mL of 
acetic add, and 45 mL of water. Transfer 2.5 mL of this 
solution and 0.1 mL of the Sample solution t prepared as 
directed for Identification test A f to a test tubę. Heat on 
a water bath for 2 mtn, and alEow to cooL Add 5 mL of 
solvent hexane, and shake. 

Acceptance criteria: The aqueous layer has a distinct 
greenish blue or blue color, 

COMPOSmON 

* CONTENT OF APIGENIN-7-GLUCOSIDE 

Dilute phosphonc acid: Mix 5.0 mL of phosphoric acid 
in 50 ml of water, Dilute with water to 100 mL. 

Solution A: 0.005 M solution of monobasEc potassium 
phosphate. Adjust with Dilute phosphoric acid to a pH of 
2.55 ± 0.05. 

Solution B: Acetonitrife and methanol (13:7) 

Mobile phase: See Tobie h 


Table 1 


Time 

(min') 

Solution A 
(%) 

Solution B 

(W 

0 

74 

26 

3 

74 

26 

22 

15 

35 

27 

74 

26 

30 

74 

26 
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Standard solution: 25.0 ]_Lg/mL of USP Apigenin-7-glu- 
coside RS and KLOpa/mL of 7-methoxycoumarin in 
methanol and water (1:1) 

Sample solution: Transfer 1.0 g of Chamomile to a suit- 
able fiask fitted with a reflux condenser and a stirrer. 
Add 80.0 mL of methanol and reflux the mixture with 
stirring for 1 h. Cool the fiask to room temperaturę, 
pass the extrac t through a folded fi [ter paper, and col- 
lect the filtrate in a 100-mL vo!umetric fiask. Rinse the 
fiask with 3 mL of methanol, pour the methanofic rins- 
ings through the fil ter paper, and add the filtrate to the 
yolumetric fiask. Dilute with methanol to yofume, and 
mix. Transfer 25.0 mL of the fiitered solution to a 
round-bottom fiask fitted with a reflux condenser and a 
stirrer; add 5.0 mL of sodium hydroxide solution, pre- 
ared by dissolving 0.4 g of sodium hydroxide in 
.0 mL of water; and reffux the mixture for 25 min. 

Cooi the fiask, and adjust the solution with hydrochloric 
add to a pH of 5.0-6.2. QuantitativeEy transfer the solu¬ 
tion to a 50-mL yolumetric fiask, dilute with methanol 
to volume, and filter, discardlng the first 10 mL of the 
filtrate. 

Chromatographk system 

(See Chromatogropny {621), System Suitability.) 

Modę: LC 

Detector: UV 3 35 nm 

Column: 4-mm x 12.5-cm; packing LI 

Flow ratę: 1 mL/min 

[Notę—M ake adjustments, if necessary, to obtain rela- 
tive retention Limes of 0.63 for apigenin-7-glucoside 
and 1.0 for 7-methoxycoumann.] 

Injection srze: 15pL 
System suitability 
Sample: Standard solution 

[Notę—T he relatiye retention times for apigenin-7-glu- 
coside, 7-methoxycou marin, apigenin, trarcs-spiroether, 
and c/s-spiroether are about 0.63, 1.0, 1.2, 1,6, and 
1.8, respective!y.j 

Suitability requirements 

Resolution: NLT 3.5 between aptgenin-7-glucostde 
and 7-methoxycoumarin 
Relatiye standard deviation: NMT 2,0% for 
apigenin-7-glucosfde 
Anaiysis 

Sam pies: Standard soiution and Sample solution 
[Notę— Al Iow the Sample solution to elute for NLT 6 
times the retention time of apigenin-7-glucoside.] 
Calcuiate the percentage of apigenfn-7-glucoside in the 
portion of Chamomile taken: 

Re suit = (ru/rs) xQx (V/W) x 100 

r u - peak response of aptgenin-7-glucoside from 
the Sample solution 

r$ = peak response of apigenin-7-giucoside from 
the Standard solution 

Cs = concentration of USP Apigenin-7-glucoside RS 
in the Standard solution (mg/mL) 

V “ voiume of Sample solution (mL) 

W = weight of Chamomile taken to prepare the 
Sample solution (mg) 

Acceptance criteria: NLT 0.3% 

CONTENT OF BlSA&OŁANE OERIVATtV£5 
Standard solution: 1 mg/mL of USP LevomenoI RS in 
cyclohexane 

Sample solution: Transfer the yolatile oils obtained In 
the test for Artides of Botanical Origin (561), Voiatile Oli 
Determinatlon to a 25-mL yolumetric fiask, rinse the 
graduated Lube of the apparatus with a smafl portion of 
cyclohexaną transfer the rinsing to the 25-mL yolumet- 
ric fiask, add cyclohexane to yoTume, and mix. 


Chromatographic system 

(See Chromatogropny (621), System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Column: 0.32-mm x 30-m fused-silica ca pil lary; coated 
with a 0.25-pm film of phase G16 
Temperaturo 
Column: See Tobie 2. 


labie 2 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

r/miiO 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min) 

70 

4 

230 

10 


Detector: 25 0* 

Injection port: 220° 

Carrier gas: Helium 
Flow ratę: 1.0 mL/min 
injection size; 1 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Tailing factor: NMT 1.8 for levomenol 
Relatiye standard deviation: NMT 2.0% 

Anaiysis 

Samples: Standard solution and Sample solution 
Measure the peak areas. Identify the peaks due to 
levomenol, bisabolol oxide B, bisabolol oxide, and 
bisabolol oxide A in the Sample solution , using the 
retention time of leyomenol in the Standard solution 
and the approximate relatiye retention times of 0.89, 
0.97, and 1. 3 for bisabol oxide B, bisabol oxlde, and 
bisabol oxtde A, respectiydy, with reference to the 
leyomenol peak. 

Calcuiate the percentage of bisabolane deriyatives in 
the portion of Chamomile taken: 

Result - (rr/r$) x Gx ( V/W) x 100 

fr = sum of the peak areas for bisabolol oxide B, 
bisabolol oxide, leyomenol, and bisabolol 
oxide A from the Sample solution 
r$ ~ leyomenol peak area from the Standard 
solution 

Cs = concentration of USP Leyomenol RS in the 
Standard solution (mg/mL) 

V - volume of Sample solution (mL) 

W - weight of Chamomile taken to prepare the 
Sample solution (mg) 

Acceptance criteria: NLT 0.15% 

* Articles of Botanical Origin, l /olatile Oli Determinatlon 
(561) 

Anaiysis: Proceed as directed, except use 60 g of 
coarsely powdered Chamomile as the test specimen, a 
2-L round-bottom fiask, 300 mL of water as distillation 
llpuid, and 0.5 mL of xylene in the graduated tubę. Dis- 
till for 4 h at a ratę of 3^4 mL/min, 

Acceptance criteria: NLT 0.4% of blue yolatile oil is 
found. [Notę—R etain the yolatile oils for use in the test 
for Content of Blsaboiane DerivativesĄ 

CONTAMINANTS 

* Microbial Enumeration Tests (2021): The total bacterial 
count does not exceed 10 3 cfu/g, the total combined 
molds and yeasts count does not exceed 10 3 cfu/g, and 
the bile-tolerant Gram-negatiye bacterial count does not 
exceed 10 3 cfu/g, 

* Absence of Specified WIjcroorganisms (2022): It meets 
the requrrements of the tests for absence of Salmonella 
species and Escherichia coli. 

o Articles of Botanical Origin, Pestidde Resldues (561): 
Meets the reguirements 
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5PECIFIC TESTS 

* Botanic Characteristics 

Macroscopic: Flower head is hemispherical, about 
6 mm In diameter, composed of a few ray florets and 
numerous disk florets (distinction from Matrkaria dh- 
coidea, which has disk florets only), carned on a recep- 
tade surrounded by an involucre. lnvolucre is green, 
formed of two to three rows of lanceolate, glabrous, 
and imbricated bracts with blunt apices and scanous 
whitish edges. Ray florets, which usually have fali en off, 
have 10-20 pistils; corofla is ligulate, wnate, but darkens 
at a length of ó mm and a width of about 2 mm, 
3-toothed, and traversed by four main veins. Disk flo¬ 
rets are yeliow, perfect, about 2 mm in length; corolla is 
tubular with five teeth; five stamens are epipetalous and 
syngenesious. Receptacle is hollow (distinction from 
Chrysanthemum and Anthemis species), hemispherical ir 
the young and conical tn the old flower head, 3-10 mm 
in width, and facklng paleae. Achene is ovoid, and has 
three to flve longitudinal ribs. 

Microscopic: Separate the capltulum into its parts, and 
examine under a microscope. The outer, abaxial epider- 
mis of the invoJucrat bracts shows a scarious margm 
with a single layer of radiaJly elongated cells and a cen¬ 
tral part madę Lip of chlorophyll tissue covered by elon- 
gated epidermal cells with sinuous lateral walls, sto- 
mata, and secretory trichomes. The vascular bundles are 
surrounded by numerous elongated, pitted sclerelds 
with fairly targe lumens. ]n surface view, ligulate and 
tubular corollas show isodiametric or elongated cells 
with morę or less wavy walls and a few glandular 
trichomes. The outer part of the epidermis of the ligu- 
iate florets consists of papillary cells with cuticular stria- 
tions radiating from their tips. In the mesophyll, very 
smali clusters of calcium oxalate are sometimes seen. 
Four main veins run lengthwise through the entire mes¬ 
ophyll, sometimes accompanied by one or fwo other 
veins, which are shorter and run pa rai lei to the main 
veins. Each of the two main median veins Split into two 
near the ttp and, with the lateral veins, anastomose twe 
by two to form three ares at the three terminal teeth of 
the ligufe. The ovaries, oval to spherical, of both kinds 
of florets have at their base a sclerous ring consisting of 
a single row of cells. The epidermis of the ovarv is 
madę up of elongated cells with sinuous walls between 
whkh secretory trichomes are situated. The ovarles con- 
tain numerous, very smali clusters of calcium oxalate. In 
the tubular florets, the Iow part of each stamen fi lament 
is surrounded by thick-walled cells. The ends of the two 
stigmata have papillose epidermal cells, The pollen 
grains have a diameter of about 30 \ivr\ and are 
rounded and triangular, with three germinal pores and 
a spiny exine, 

* Broken Flowers; NMT 25% passes through a No, 25 
standard-mesh sieve (see Particie Size Distnbution Estima - 
tbn by Anafytica! Sieving (786)}. 

* Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 2.0% 

* Articles of Botanical Origin, Total Asft (561); NMT 

13.0%, determined on 1.0 g of powdered Chamomile 

ADDITIONAL REQUIREMENT5 

* Packagjng and Storage: Presen/e in well-closed contain- 
ers, protected from light, 

* Labeling: The labę! States the Latin binomta! and, follow- 
ing the offfcial na me, the part of the plant contained in 
the artide, This article is exempted from the require- 
ments of the General Notices with respect to the preq- 
nancy and lactation statement (section 10.40.50. iaBeling 
Botanical-Containing Products). 


• USP Reference Standards (11) 
USP Apigenin-7-glucoside RS 
USP Levomenol RS 


Chaste Tree 


DEFINITION 

Chaste Tree consists of the dried ripe fruits of Vitex agnus- 
castus L (Verbenaceae)> It contains NLT 0.05% of aqnu- 
side and NLT 0,08% of casticin, calculated on the dried 
basis. 

IDENTIFICATION 

* A. Thin-Layer Chromatocraphy 

Standard solution: 100 mg of USP Powdered Chaste 
Tree Extracl RS in 1 mL of methanoL Heat in a water 
bath at 60° for 10 min. Centrifuge, and use the elear 
supernatant. 

Sample solution; Transfer about 1 g of powdered plant 
materiał to a screw-capped centrifuge tubę, Add 10 mL 
of methanol, heat in a water bath at 60° for 10-15 
min, cool, and filter 

Adsorbent: Chroma tographic siiica gel with an ayerage 
particie size of 10-15 pm (TLC plates) 

Application volume: 90j.iL, Standard solution ; 60 pL, 
Sample solution; in bands that are 2 cm tn length 
Devefoping solvent system: Ethyl acetate, methanol, 
and water (77:15:8) 

Denvatization reagent: 10 mg/mL of p-dimetbylami- 
nobenzaldehyde in 1 N hydrochlorrc acid 
Anaiysis 

Sam pies: Standard solution and Sample solution 
Develop to a length of NLT 12 cm, and dry the piąte in 
a stream of air, Treat the piąte with Derivatization rea¬ 
gent, and heat for 10 min at 120°. 

Acceptance criteria: The Sample solution shows the fof- 
iowing: a blue zonę (at an Rf value of about 0.21) due 
to the presence of aucubin and that corresponds tn 
color and R f value to a similar zonę for the Standard 
solution ; a blue zonę (at an R? va!ue of about 0.44) as a 
result of the presence of agnuside that corresponds tn 
color and Rt value to a similar zonę for the Standard 
solution ; and one broad zonę, violet tn the middle, near 
the solvent front and that corresponds in color and Rf 
value to a similar zonę for the Standard solution. Other 
colored zones of varying intensities may be observed 
for the Sample solution. 

* B, In the test for Content of Casticin, the chroma tog ram 
of the Sample solution shows a peak at the retention time 
correspondrng to the casticin peak in the chromatogram 
of the Standard solution * 

COMPOSmON 

* Content of Casticin 

Standard solution; About 0,05 mg/mL of USP Casticin 
RS in methanol, with sonication. Pass through a cellu- 
lose membranę filter of 0.45-pm or finer porę size. 
Sample solution; Place about 1000 mg of ground plant 
materiał in a Container with a stopper. Extraet twice 
with 40 mL of methanol, using a hand homogenizer at 
19,000 rpm for 2 min. Filter each supernatant, and 
transfer to a 250-mL round-bottom fiask. Rinse the resi- 
due with methanol, and filter the resutting solution into 
the fiask. Eyaporate the combined extract to dryness. 
Dissolve the residue in methanol, quantitatively transfer 
to a 20-mL volumetric fiask, and dilute with methanol 
to volume. Pass through a cellulose membranę filter of 
0,45-jim or finer porę size. 
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Solution A: Methanol 

Solution B: 5.88 g/L of phosphoric actd in water 
Mobile phase: See Table 7. 


Table 1 


Ume 

(min) 

Solution A 
{%> 

Solution B 

0 

50 

50 

0 

50 

50 

13 

65 

35 

18 

100 

0 

23 

50 

50 


Chromatographic system 

(See Chromatography (621), System Suitability,) 

Modę: LC 

Deteetor: UV B4S nm 

Column: 3.1-mm x 12,5-cm; 5-pm packing LI 
Column temperaturę: 25° 

How ratę: 1 mL/min 
Injection vofume; 10 pL 
System suitability 
Sam ple: Standard solution 
Suitability reguirements 
Tailing factor: NIMI 2.0 for the casticin peak 
Relative standard devlation: NMT 2.0% for the cas¬ 
ticin peak, in repeated injections 
Analysis 

Samples: Standard solution and Sample solution 
Cafculate the percentage of casticin in the portion of 
Chaste Tree taken; 

Result - (ru/n) x (Cs/C u ) x 100 

fu = peak response of casticin fmm the Sample 
solution 

r 5 = peak response of casticin from the Standard 
solution 

Q = concentration of USP Casticin RS in the 
Standard solution (mg/mL) 

Cu = concentration of Chaste Tree in the Sample 
solution (mg/mL) 

Acceptance criteria: NLT 0.08% of casticin on the 
dried basis 

■ CONTENT OF AGNUS3DE 

Solvent: Methanol and water (1:19) 

Standard solution: Dissoive a quantity of USP Agnuside 
RS in Solvent f with sonication. Dilute with methanol to 
obtain a concentration of about 0.125 mg/mL. Pass 
throucjh a celluiose membranę filter of 0,45-j.im or finer 
porę size. 

Sample solution: Place about 1 000 mg of ground plant 
materia! in a Container with a stopper. Extract twice 
with 40 mL of methanol, using a band homogenizer at 
19,000 rpm for 2 min. Centrifuge, and transfer each 
supernatanf to a 250-mL round-bottom fiask. Rinse the 
residue with methanol, and filter the resulting solution 
into the fiask. Evaporate the combtned extract to dry- 
ness, and dissolve the residue in 2 mL of Solvent Quan- 
titatively transfer the solution to a solid-phase extraction 
cartridge packed with neutral aluminum oxide previ- 
ously conditioned with 5 mL of Solvent . Connect the 
cartridge to a vacuum pressure not exceeding 300 
mbar, and coilect the eluate. Rinse the round-bottom 
fiask with 2 mL of 5olvent f pass this solution through 
the cartridge, apply the vacuum, and coilect the eluate. 
Rinse the cartridge with 4 mL of Solvent , and coilect the 
eluate. Combtne the eluates from the cartridge, transfer 
to a IG-mL yolumetnc fiask, and diiute with Solvent to 
volume. 


Solution A: Atetonitrife 

Solution B: 5.88 g/L of phosphoric acid in water 
Mobile phase: See Tahle 2. 


Table 2 


Time 

(min) 

Solution A 

(°/o) 

Solution B 

(°/o) 

0 

7 

93 

0.6 

10 

90 

5 

10 

90 

7 

14 

86 

13 

15 

85 

13*1 

100 

0 

18 

100 

0 

18.1 

7 

93 

23 

7 

93 


Chromatographic system 

(See Chromatography (62 1), System Suitability.) 

Modę: LC 

Deteetor: UV 258 nm 

Column: 3/1-mm x 12.5-cm; 5-jam packing LI 
Column temperaturę: 25° 

Flow ratę: 1.3 mL/min 
Injection volume: 10 pi 
System suitability 
Sample: Standard solution 
Suitability reguirements 

Tailmg factor: NMT 2.0 for the agnuside peak 
Relatrve standard deviation: NMT 2.0% for the 
agnuside peak, in repeated injections 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of agnuside in the portion of 
Chaste Tree taken: 

Resuft = (fu/rs) X (Ci/Cu) X 100 

r u = peak response of agnuside from the Sample 
solution 

H = peak response of agnuside from the Standard 
solution 

C s = concentration of USP Agnuside RS in the 
Standard solution (mg/mL) 

Cu - concentration of Chaste Tree in the Sample 
solution (mg/mL) 

Acceptance criteria: NLT 0.05% of agnuside on the 
dried basis 

CONTAWIINANTS 

* Articles of Botanicąl Ohigłn, Umits of Elemental tmpurh 

des (561): Meets the requirements 
o Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the reguirements 
o IUIicrobial Enumeration Tests (2021): The total aerobic 
microbiai count does not exceed 10 5 cfu/g, the total 
combined molds and yeast count does not exceed 1Q 3 
cfu/g, and the bile-toierant Gram-negative bacteria count 
does not exoeed 10 3 cfu/g. 

* Absence of Specified Micrdorganisms (2022): Meets the 

requirements of the tests for the absence of Salmonella 
species and Escherichia coli 

SPECIFIC TESTS 

* Botanical Characteristics 

Macroscopic: Maturę chaste tree fruits are sphericai to 
ovoid, 2^1 mm in diameter, very hard, usuaiiy with a 
short pediceL The fruit is reddish brown to black, 
slightly rough, and covered with glandular hairs. There 
are four grooves perpendicular to one another, and a 
sllght depression on the apex, morę evident on Jarge 
fruits. The interna! appearance of the fruit is yeliowish. 
The internal structure of the fruit indudes four compart- 
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ments, each containing an oblong seed. A group of up 
to $ix spongy, light tan, immature fruits may also ac- 
company maturę fruits. The fruit is often covered by a 
tubular, greenlsh-gray, fine tomentose calyx, which is 
persistent and has five teeth. 

Microscopic: The exocarp is brown and narrow, con- 
sisting of parenchymatous cells with thfn walls and par- 
tially tignified cdls with many pitted thickenings on the 
inside, In surface view, the exocarp shows an epidermis 
of polygonal cells wkh trregular thiekenings and glandu- 
lar hairs, each with a short single-celled stalk and a 
four-ceiled head containing essentlal oiL The outer mes- 
ocarp consists of several fayers of brown, isodiametric 
parenchyma cells. The inner mesocarp consists of finety 
pitted sclerenchymatous cells, some with moderately 
thickened walls, others consisting of isodiametric stone 
cells with smal! lumen. The endocarp consists of a layer 
of smali brown sdereid cells. The seeds are smali, hav- 
ing large cotyledons surrounded by thin-walled, large 
parencTiymatous cells that have ribbed thiekenings, The 
nutri£ive tissue and the cells of the germ contaln 
aleuron grains and oil globutes. Starch is absent. The 
outer epidermis of calyx is eomposed of polygonal cells, 
covered by abundant unicelfular or multicelluiar curved 
trichomes, The inner epidermis of calyx is glabrous and 
eomposed of rectangular, elongated cells with slightly 
wavy walls. 

* Articles of Botanical Oricin, Foreign Organie Motter 
(561): NMT 3,0% 

* Loss ON Drying (731) 

Sample: 1.0 g of Chaste Tree, finely powdered 
Analysis: Dry the Sample at 105° for 2 h, 

Acceptance criteria: NMT 10,0% 

* Articles of Botanical Origin, Total Ash <561); NMT 

8 . 0 % 

* Articles of Botanical Origin, Acid-lnsolubte Ash (561): 

NMT 2.0% 

ADDITIONAL R E QU KR EM E N T 5 

* Packaging and Storage: Preserve in wefLcIosed contain- 
ers, and storę at controlled room temperaturo. 

* Lareung: The label States the Latin binomial and, follow- 
ing the official name, the part of the plant contained in 
the article, 

* USP Reference Standards <11) 

USP Agnuside RS 
USP Casticin RS 

USP Powdered Chaste Tree Extract RS 


Powdered Chaste Tree 


DEFINITION 

Powdered Chaste Tree is Chaste Tree reduced to a powder 
or a very fine powder, tt contains NLT 0,05% of agnuside 
and NLT 0.08% of casticin, calcu lated on the dried basis. 

IDENTIFICATION 

* A. thin-Layer Chromatograpmy 

Standard solution: 100 mg of USP Powdered Chaste 
Tree Extract RS in 1 mL of methanol. Heat In a water 
bath at 60 B for 10 min, Centrifuge, and use the elear 
supernatant. 

Sample solution: Transfer about 1 g of Powdered 
Chaste Tree to a screw-capped centrifuge tubę. Add 
10 mL of methanol, heat in a water bath at 60° for 
10-15 min, cooi, and filter. 

Adsorbent: Chromatographic silica gel with an average 
particie size of 10-15 pm (TLC plates) 

Application volume: 90 pL, Standard solution; 60 pL, 
Sample solution; tn bands that are 2 cm in iength 

Developlng soivent system; Ethyl acetate, methanol, 
and water (77:15:8) 


Derivatization reagent: 10 mg/mL of p-dimethylami- 
nobenzaldehyde in 1 N hydrochloric add 
Analysis 

Samples: Standard solution and Sample solution 
Develop to a Iength of NLT 12 cm, and dry the piąte in 
a current of air, Treat the piąte with Derivatizotion rea¬ 
gent, and heat for 1 0 min at 120°. 

Acceptance criteria: The Sample solution shows the fol- 
lowing: a blue zonę (at an R F value of about 0.21) due 
to the presence of aucubrn and that corresponds rn 
color and R F value to a similar zonę for the Standard 
solution; a blue zonę (at an R f value of about 0.44) as a 
result of the presence of agnuside that corresponds in 
color and Rf value to a similar zonę for the Standard 
solution; and one broad zonę, vjolet in the middle, near 
the solvent front and that corresponds in color and Rf 
value to a similar zonę for the Standard solution. Other 
colored zones of varying intensfties may be observed 
for the Sample solution. 

• B. In the test for Content of Casticin, the chromatogram 

of the Sample solution shows a peak at the retention ttme 
corresponaing to the castidn peak in the chromatogram 
of the Standard solution. 

COMFOSmON 

* Content of Casticin 

Standard solution: About 0,05 mg/mL of USP Casticin 
RS in methanol, with sonication. Pass through a cellu- 
lose membranę filter of 0.45-pm or finer porę size, 
Sampfe solution: Place about 1000 mg of Powdered 
Chaste Tree in a Container with a stopper. Extract twice 
with 40 mL of methanol, using a hand homogenizer at 
19,000 rpm for 2 min. Filter each supernatant, and 
transfer to a 250-mL round-bottom fiask. Rinse the resE- 
due with methanol, and filter the resuiting solution into 
the fiask. Evaporate the combined extract to dryness. 
Dissolve the residue in methanol, quantitatively transfer 
to a 20-mL volumetric fiask, and diiute with methanol 
to volume. Pass through a cellulose membranę filter of 
0.45-pm or finer porę size. 

Solution A: Methanol 

Solution 8: 5.88 g/L of phosphoric acid in water 
Mobile phase: See Tobie h 


Tabte 1 


Time 

(min) 

Solution A 

f%l 

Solution B 

(%> 

0 

50 

50 

0 

50 

50 

13 

65 

35 

18 

100 

0 

23 

50 

50 


Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 348 nm 

Column: 3.1 -mm x 12,5-cm; 5~pm packing LI 
Column temperaturę: 25° 

Flow ratę: 1 mL/rnin 
Injection volume: 10 pL 
System suitability 
Sample: Standard solution 
Suitabiiity reguirements 
Tailing factor: NMT 2.0 for the casticin peak 
Relatfve standard deviation: NMT 2.0% for the cas* * 
tietn peak, in repeated injections 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of casticin in the portion of 
Powdered Chaste Tree taken; 

Result - {Wrs) x (C s /C v ) x 100 
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r u = peak response of casticin from the Sample 
solution 

^ = peak response of easticin from the Standard 

solution 

Q - concentration of USP Casticin RS En the 
Standard śólulion (mg/mL) 

Cu = concentration of Powdered Chaste Tree in the 
Sample solution (mg/mL) 

Acceptance criteria: NLT 0,08% of casticin on the 
dried basis 

O CONTENT OF AGNUSIDE 

Soh/ent: Methanol and water (149) 

Standard solution: Dissolve a puantity of USP Agnuside 
RS in Soivent , with sonication. Dilute with methanol to 
obtaln a concentration of about 04 25 mg/mL, Pass 
through a cellulose membranę filier of 0.45-pm or ftner 
porę size. 

Sample solution: Place aboul 1000 mg of Powdered 
Chaste Tree in a Container with a stopper. Extract lwice 
with 40 mL of methanol, using a hand homogenizer at 
19,000 rpm for 2 min. Centrifuge, and transfer each 
supernatant to a 250-mL round-bottom fiask. Rinse the 
residue with methanol, and filter the resulting solution 
into the fiask, Evaporate the comblned extract to dry- 
ness, and dis$olve the residue in 2 mL of Solvent Quan- 
titatively transfer the solution to a solid-phase extraction 
cartridge packed with neutral aluminum oxide previ- 
ously conditioned with 5 mL of Solvent Connect the 
cartridge to a vacuum pressure not exceedinq 300 
mbar, and collect Lhe eluate, Rinse the round-bottom 
fiask with 2 mL of Soivent t pass this solution through 
Lhe cartridge, apply the vacuum, and collect the eluate. 
Rinse the cartridge with 4 mL of Soivent t and collect the 
eluate. Combine the etuates from the cartridge, transfer 
to a IG-mL volumetric fiask, and dllute with Solvent to 
volume. 

Solution A: Acetonitrile 

Solution B: 5.88 g/L of phosphoric acid in water 

Mobile phase: See Table 2 . 


TabJe 2 


Time 

Solution A 

Solution B 

fmlnl 


(%) 

0 

7 

93 

0.6 

10 

90 

5 

10 

90 

7 

14 

86 

13 

15 

85 

13.1 

100 

0 

18 

100 

0 

18.1 

7 

93 

23 

7 

93 


Chromatographic system 

(See Chromatograpny (621), System SuitabiUty.) 

Modę: LC 

Detector: UV 258 nm 

Column; 34 -mm x 12.5-cm; 5-jluti packing LI 
Column temperaturę: 25° 

Flow ratę: 1.3 mL/min 
Injection volume: 10 pL 
System surtability 
Sample: Standard solution 
Suitability reąuirements 
Tailing factor: NMT 2.0 for the agnuside peak 
Re!ative standard deviation: NMT 2.0% for the 
aanuside peak, in repeated injectlons 
Analysis 

Samples: Standard solution and Sample solution 
Cafculate the percentage of agnuside in the portion of 
Powdered Chaste Tree taken: 


ru = peak response of agnuside from the Sample 
solution 

- peak response of agnuside from the Standard 
solution 

Cs = concentration of USP Agnuside RS in the 
Standard solution (mg/mL) 

Cu - concentration of Powdered Chaste Tree in the 
Sample solution (mg/mL) 

Acceptance criteria: NLT 0.05% of agnuside on the 
dried basis 

CONTAMINANTS 

* Articles of Botanical Origin, Limits of Elementu! Impuri - 

tfes(56T): Meets the reguirements 
o Articles of Botanical Origin, Pestidde Residue Analysis 
(561): Meets the reqLilrements 

* Mtcrorial Enumeration Tests (2021); The total aerobic 

microbial count does not exceed 1 O 5 cfu/g, the total 
comblned molds and yeast count does not exceed IG 3 
cfu/g, and the bile-tolerant Gram-negatMe bacteria count 
does not exceed 10 3 cfu/g. 

O AB5ENCE OF SPFCIFIED MICROORGANESIUIS (2022): Meets the 
reguirements of the tests for the absence of Saimoneiia 
spec i es and Escherichia coli 

5PECIFIC TESTS 

* Botanical Characteristics: Powdered Chaste Tree is 
dark brown, with a musty, slightly aromatic odor, and a 
taste resembling that of sagę. The following characteris¬ 
tics are present: fragments of the calyx with coverrng and 
glandular trlchomes on the outer side and rectangular, 
elongated cells with slightly wavy walts on the inner side; 
fragments of exocarp with trlchomes and cells with large 
pfts in the outer wali; thin-walled parenchymatous cells 
and g [obułeś of fixed oil; stone-pitted cells from the mes- 
ocarp; ovoid, lignified cells with bands of reticulate thlck- 
ening from the testa; and endosperm and cotyledons 
with fixed oil. 

8 Loss on Drying (731) 

Sample: 1.0 g of Powdered Chaste Tree 
Analysis: Dry the Sample at 105° for 2 h t 
Acce p ta n ce crite ri a: N M T 10.0% 

8 Articles of Botanical Origin, Total Ash (561): NMT 
8 . 0 % 

& Articles of Botanical Origin, Acid-lnsoluble Ash (561): 
NMT 2,0% 

ADDITIONAL REQUIRE(V!ENT5 

* Packaging and Storage: Preserve In well-ctosed contaim 
ers, and storę at controlled room temperaturę. 

® LaEEUng: The label States the Latin binomial and, follow¬ 
ing the offrcial name, the part of the plant from whlch 
the artlcle was derlved. 

* USP Reference Standards (11) 

USP Agnuside RS 
USP Casticin RS 

USP Powdered Chaste Tree Extract RS 


Powdered Chaste Tree Extract 

DEFINITION 

Powdered Chaste Tree Extract is prepared from Chaste Tree 
by extraction with hydroalcoholic mixtures or other suita- 
ble solvents, it contains NLT 90.0% and NMT 110.0% of 
the labeled amount of casticin and agnuside, cafculated 
on the dried basis. It may contain suitable added 
substances. 

IDENTIFICATION 

* A. Thin-Layer Chromatographic Identification Test 

Standard solution: 1 00 mg of USP Powdered Chaste 
Tree Extract RS in 1 mL of methanol Heat in a water 


Result = ( ru/rs ) x (Cs/Cy) x 100 
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bath at 60° for 10 min, Centrifuge, and use the elear 
supernatant. 

Sample solution: Shake a quanti£y of Extrac£, equiva- 
lent to about 10 mg of the labeled amount of agnuside, 
in 10 mL of methanol. Heat in a water bath at 60°. 
Centrifuge or filter before use. 

Adsorbent: Chromatographic silica ge! with an average 
particie size of 10-15 pm (TLC plates) 

Application volume: 90 pL, Standard solution; 60 pL, 
Sample solution ; in bands that are 2 cm in length 
Developing solvent system: Ethyl acetate, methanol, 
and water (77:15:8) 

Spray reagent: 10 mą/mL of p-dimethylaminobenzal- 
dehyde in 1 N hydroćnJorie acid 
Analysts 

Samples: Standard solution and Sample solutioni 
Deve!op the chromatograms to a length of NIT 
12 cm, and dry the pfate In a current of air. Spray the 
late with Spray reagent , and heat for 10 min at 
20 D . 

Acceptance critena: The Sample solution shows the fol- 
lowmg: a blue zonę (at an Rp va!ue of about 0,21) due 
to the presence of aucubin and that corresponds in 
color and R f value to a similar zonę for the Standard 
solution; a blue zonę (at an Rf value of about 0.44) as a 
result of the presence of agnuside that corresponds in 
color and % value to a similar zonę for the Standard 
solution; and one broad zonę, violet in the middle, near 
the solvent front and that corresponds in color and R y 
value to a similar zonę for the Standard solution , Other 
colored zones of varying rntensities may be observed in 
the Sample solution , 

* B. In the test for Content of Casticin , the ehromatogram 

of the Sample solution exhibtts a peak at the retention 

time corresponding to casticin. 

* C In the test for Content of Agnuside, the chromatograrr 

of the Sample solution exhibits a peak at the retention 

time corresponding to agnuside, 

COMPOSmON 

* Content of Casticin 

Standard solution: About 0.05 mg/mL of USP Casticin 
RS in methanol, with sonication. Pass through a cellu- 
lose membranę filter of 0.45-pm or finer porę size. 

Sample solution: Transfer a guantity of Extract, equtva* 
lent to about 2,5 mg of the labeled content of casticin, 
Into a 50-mL volumetric fiask, Add 25 ml of methanol, 
and sonlcate Sn a bath at 4G Q for 10 min, shaking to 
disperse the solid. Cool to room temperaturę, and di- 
lute with methanol to volume. Centrifuge or pass 
through a filter of 0.45-pm or finer porę size. 

Solution A: Methanol 

Solution B: 5.88 g/L of phosphofic acid in water 

Mobile phase: See Tobie T 


Chromatographic system 
(See Chromatograpny {621), System Suitabilłty,) 

Modę: LC 

Detector: UV 348 nm 

Column: 3.1 -mm x 12.5-cm; S-jLim packing LI 
Column temperaturę: 25° 

Flow ratę: 1 mL/min 
Injection size: 10 pL 
System sultability 
Sample: Standard solution 
Suitabifity regurrements 
Tailing factor: NMT 2.0 for the casticin peak 
Relative standard deviation: NMT 2.0% for the cas¬ 
ticin peak, in repeated injections 
Analysis 

Samples: Standard solution and Sample solution 
Calcuiate the percentage of casticin, Pc f in the porlion 
of Extract taken: 

Pc= (rjr$) x (Ci/ C u ) x 100 

fu - peak response of casticin from the Sample 
solution 

fs = peak response of casticin from the Standard 
solution 

Ci = concentration of USP Casticin RS in the 
Standard solution (mg/mL) 

G = concentration of Extract in the Sample solution 
(mg/mL) 

Calcuiate the percentage of the labeled amount of 
casticin In the portion of Extract taken: 

Result - (Pcf i) x 100 

Pc - content of casticin as calculated above (%) 
i - labeled amount of casticin (%) 

Acceptance critena: 9Q,0%-110.0% on the drled basis 
« Content of Agnuside 

5olvent: Methanol and water (1:19) 

Standard solution: Dissolve a quantity of USP Agnuside 
RS in Solvent, with sonfoation. Diłute with methanol to 
obtatn a concentration of about 0.125 mg/mL. Pass 
through a cellubse membranę filter of 0.45-(im or finer 
porę size. 

Sample solution: Transfer an amount of Extract, equiv- 
alent to about 6.25 mg of the labeled content of agnu¬ 
side, into a 50-mL volumetnc fiask. Add 25 mL of Sol- 
vent, and sonicate in a bath at 40° for 10 min, shaking 
to disperse the solid. Cool to room temperaturę, and 
dilute with Solvent to volume, Centrifuge or pass 
through a filter of G.45-pm or finer porę size. 

Solution A: Acetonitrile 

Solution B: 5.88 g/L of phosphonc acid in water 
Mobile phase: See Tobie 2, 


Table 1 


Time 

(min> 

Solution A 
(%) 

Solution B 
(%) 

0 

50 

50 

0 

50 

50 

1? 

65 

35 

18 

100 

0 

23 

50 

50 


Time 

{min} 

Solution A 
<%> 

Solution B 
{%> 

0 

7 

93 

0.6 

10 

90 

5 

10 

90 

7 

14 

86 

13 

15 

85 

13.1 

100 

0 

18 

100 

0 

18.1 

7 

93 

23 

7 

93 
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Chromatographic system 
(See Chromatograpny (621X System Sw/taM/ty.) 

Modę: LC 

Detector: UV 258 nm 

Colurrm: 3.1-mm x 1 2.5-cm; 5-pm packing LI 
Cotumn temperaturę: 25° 

Flow ratę: 1.3 mL/min 
Injection size: 10 pi 
System suitability 
Sample: Standard soluthn 
Suitability reguirements 
Taifing factor: NMT 2.0 for the agnuside peak 
Relative standard deviation: NMT 2.0% for the 
agnuside peak, in repeated injections 
Analysis 

Sampies: Standard soluthn and Sample solution 
Calcu tatę the percentage of agnuside, Pa t in the par¬ 
don of Extract talcen; 

Pa = (fu/r s ) x (Qf C u ) x 100 

r u - peak response of agnuside from the Sample 
soiution 

te = peak response of agnuside from the Standard 
soiution 

G - concentration of USP Agnuside RS in the 
Standard soiution (mg/m L) 

Cu - concentration of Extract in the Sample soiution 
(mg/mL) 

Calculate the percentage of the Iabeled amount of 
agnuside in the portion of Extract taken: 

Result = (Pa/i) x 100 

Pa - content of agnuside calculated above (%} 

JL = Iabeled amount of agnuside (%) 

Acceptance criteria: 90.0%-110.0% on the dried basis 

CONTAMINANTS 


Delete the following: 

*• HeavY Metals, Method U {23 1}: NMT 20 ppm# (omcfai i- 

laitZOISJ 

• Microbial Enumeration Tests (2021): The total bacterial 
count does not exceed 10 4 cfu/g, The total combined 
molds and yeasts count does not exceed 1000 cfu/g. It 
meets the requirements of the tests for absence of Salmo¬ 
nella spęd es and Escherichia coli. 

o Other Requirements: It meets the reguirements for Bo- 
tanicaf Extracts {565), Residua! Solvents and Pestidde 
Restdues. 

SPECiFJC TESTS 

o Loss ON Drying (731): NMT 6.0% 

ADDITIONAL REQUIIR£MENT5 

o FACECAGfNG and Storage: Preserve in tight containers, 
and storę in a cool place, protected from iight. 

e Labeling: The label States the Latin blnomia! and, follow¬ 
ing the offtdal name, the part of the plant from which 
the artide was prepared. The label also indieates the con¬ 
tent of casticin and agnuside, the extracting solvent or 
solvent mixture usedror preparation, the ratio of the 
starting crude plant materiał to Extract, the percentage of 
native extract, and the name and guantity of any added 
substances. It meets the reguirements for Botanice! Ex - 
tracts (565), La beling. 


e USP Reference Standard* (11) 

USP Agnuside RS 
USP Casticin RS 

USP Powdered Chaste Tree Extract RS 


Horse Chestnut 


DEFINmON 

Horse Chestnut consists of the dried seeds of Aesculus hippo- 
castanum L. (Fam* Hippocastanaceae) harvested in the fali 
It contains NLT 3.0% of triterpene glycosides, calculated 
on the dried basis as escin (CssHsgO^). 

IDENTIFICATION 

• A, Thin-Layer Chromatographic Identification Test 

Standard soiution: 5 mg/mL of USP Escin RS in 
methanol 

Sample soiution: Transfer 1 g of the powdered plant 
materiał to a screw-capped centrifuge tubę, add 10 mL 
of a mixture of alcohol and water (7:3), and heat on a 
steam bath for 10 min. Centrifuge, and use the elear 
supernatant. 

Chromatographic system 

(See Chromatograpny (621), Thin-Layer Chromato- 
graphy ,) 

Adsorbent: 0.25-mm layer of chromatographic siiica 
gei (TLC plates) 

Application volume: lOpL 

Developing solvent system: Use the upper phase of a 
mixture of 1-butanol, glacial acetic acid, and water 
(5:1:4)* 

Derivatizatlon reagent: Methanol, glacial acetic add, 
sulfuric acid, and p-anisaldehyde (85: 10: 5: 0.5) 
Analysis 

Sampies: Standard soiution and Sample soiution 
Develop the chromatograms to a fength of NLT 15 cm, 
and dry the piąte in a stream of alr* Spray the piąte 
with Denvatization reagent , heat a1100° for 5 min, 
and examine under wnite Iight. 

Acceptance criteria: The chromatogram of the Sample 
soluthn shows a blue-violet zonę corresponding to es- 
dn, comparable in position and color to the mam zonę 
rn the chromatogram of the Standard soluthn . Above 
this zonę, the chromatogram of the Sampfe soiution 
shows several narrow, brown to brownisn-red zones 
that are less intense than the zonę corresponding to 
escin. 

COM POSITION 

* Content of Triterpene Clycosides 

Solvent A: Methanol and water (13:7) 

Solvent B: Use the fower phase of a mixture of chloro¬ 
form, 0.1 N hydrochloric add, and 1-propanol (5:3:2), 
Reagent: Dissolve 75 mg of ferric chloride in 50 mL of 
ice-coid glacial acetic add. Add 50 mL of sulfuric acid, 
while swiding on an ice bath. Prepare immediately 
before use. 

Standard soiution A: 0.2 mg/mL of USP Escin RS in 
glacial acetic acid, shaken for 1 min 
Standard soiution B: 0.4 mg/mL of USP Escin RS in 
glacial acetic acid, shaken for 1 min 
Standard soiution C: O.ó mg/mL of USP Escin RS in 
glacial acetic acid, shaken for 1 min 
Sample soiution: Accurately weigh about 1 g of 
ground seeds, and transfer into a 250-mL round-bot- 
tom fiask. Add exactly 100 mL of Solyent Ą and weigh 
the fllled fiask with a predsion of ±0.1 g* Attach a con- 
denser, reflux for 30 min, and allow to cool. Adjust to 
the initial weight by addlng Solvent A f and filter Trans¬ 
fer 30,0 mL of the nltrate to a round-bottom fiask, and 
evaporate under vaeuum. Dissolve the residue tn 20 mL 
of 0.1 N hydrochloric add, and guantitatiyely transfer 
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with the aid of two additional 5-mL portions of 0.1 N 
hydrochlorfc acid to a 250* * mL separatory funnel. Add 
20 mL of 1-propanol and 50 mL of chloroform, and 
shake vigorously for 2 min- Collect and retain the lower 
chloroform layer, and add 50 mL of Solvent B to the 
upper layer remaining In the separatory funnel. Shake 
vigorously for 2 min; collect and retain the lower chlo¬ 
roform layer. Combine the retained chloroform layers in 
a round-bottom fiask, and evaporate to near-dryness 
under vacuum, Evaporate the remaining solvent under 
a stream of air. Wash the residue with two 1 G-mL alb 
quots of ether, filter, wash the filier with 10 mL of 
ether, and discard the ether filtrates. After evaporation 
of the residua! ether, suspend the residue in 10 mL of 
glacial acetic acid, and pass through the previously 
used dried filter into a 50-mL volumetric fiask. Repeat 
the addition of glacial acetic acid followed by fiitration 
two additional times, combining the filtrates in the 
50-mL volumefxic fiask. Wash the round-bottom fiask 
with smali quantities of glacial acetic add, and filter 
into the volumetric fiask. Dilute with glacial acetic acid 
to volume. 

Instrumental conditrons 

(See UItraviolet-Visible Spectroscopy <857).) 

Modę: Visible 
Wavelength: 540 nm 
Blank; Glacial acetic add 

Analysis: Accurately transfer 1.0 mL each of Standard 
Solutions Ą B t and C, Somple solution, and Blank into 
sępa ratę screw-cap test tubes. Add 4.0 mL of Reagent to 
each tubę, cap the tubes, and keep them on a water 
bath at 60 g for 25 min, shaking occasionally, Measure 
the absorbances of the reacted Sample solution and 
Standard Solutions Ą B , and C, corrected for the Blank . 
Plot the absorbances of Standard Solutions A, 8 , and C 
against thdr respective concentrations, and estabiish 
the caiibration linę by linear regression. From the plot, 
determine the concentration, C in mg/mL, of triterpene 
glycosides as escin in the Somple solution. 

Cafculate the percentage of triterpene glycosides as es- 
dn in the portion of Horse Chestnut taken: 

Result = (C/W) x (50/3) 

C - concentration of triterpene glycosides in the 
Sample solution as obtained above (ni g/m L) 

W = weight of Horse Chestnut taken to prepare the 
Sample solution (g) 

Acceptance criteria: NLT 3.0% of triterpene glycosides, 
ca Iculated as escin (C^H^O^), on the dried basis 

CONTAMINANTS 

* Articles of Botanical Origin, Umits of Elemental Impurn 

ties <561): Meets the requirements 

* Articles of Botanical Origin, Pesticide Residue Analysis 
<561): Meets the requirements 

* Microbial Enumeration TESTS (2021): The total aerobic 
microbial count does not exceed 10 6 cfu/g, the total 
combined molds and yeast count does not exceed 10 4 
cfu/g, and the bile-tolerant Cram-negative bacteria counf 
is NMT 10^ cfu/g. 

* Absence of Specbfbed Microorganbsms <2022): !t meets 

the requirements of the tests for absence of Salmonella 
species and Escherichia coli. 

SPECIFIC TESTS 

* Botanical Characteristics 

Macroscopic: Horse chestnut seeds are dense and hard, 
subspherical to oval, slightly flattened, and from 2 to 
4 cm in diameter. They have a dark brown seed coat 
from 1 to 1.5 mm thick, with a large, round, light 
brown spot (hilum). The seed coat is shiny, but only in 
fresh condition. The space under the coat is totally filied 
with the shiny, massive embryo and its large, pale yeb 
Iow cotyledons iacking endosperm. 


Microscopic: The epidermis of the testa in surface view 
has yeliowish-brown cells of fairly uniform size, with the 
majority of cells rounded to polygonal, and a few that 
are square to obscurely triangular. The walls of these 
cells are considerably but rather unevenly thickened, 
and lack pits. In the sectional view, the cells are colum- 
nar, approx!mately 3-4 times as high as they are wrde, 
with the outer perfclinal wali markediy thickened, une- 
ven, and becoming ihinner toward the base; beneath 
the epidermis there are a few layers of smali collenchy- 
matously thickened cells with smali intercdlular spaces; 
the greater part of the testa consists of larger, loosely 
packed parenchymatous cells forming a spongy tissue; 
the walls are vanably and unevenly thickened, with in- 
tercellular and large circular spaces well marked; the in- 
ner layer of the testa is a narrow zonę, with ill-defined 
and tninner-walled cells. Ali the parenchymatous cells of 
the testa are darkly pigmented. The embryo has an 
outer layer of smali cotorless cells, almost square In sec¬ 
tional view, with outer and side walls thickened. In the 
surface view, only the irregular and morę or less poły- 
gonal lumens are discernible, gtving a reticulate, pitted 
appearante. Cotyledons are moderately thickened and 
indistinctly pitted, having round to ovoid parenchyma¬ 
tous cells densely filied with starch. Starch granules, 
mainly simple, are present in two size ranges: from 15 
to 30 and from 3 to 10 pm. The largest granules 
vary from circular, ovoid, and bluntly polygonal to pyri- 
form, most of them with a well-marked cleft or stellate 
hilum, and Iacking striations. The smaller starch gran¬ 
ules are less variable, spherical to ovoid, with the hilum 
morę often a point. Compound starch granules are 
found very infrequently. 

* EXTRACTABLE MATTER 

Analysis; Proceed as directed for Articles of Botanical Or- 
igin (561), Alcohol-Soluble Extractives, Method 2, except 
use a mixture of methanol and water (8:2) instead of 
alcohol. 

Acceptance criteria: NLT 18.0% 

* Articles of Botanical Origin, Foreign Organie Motter 

(561): NMT 2.0% 

* Loss ON Drying <731): Dry a sample at 105° for 2 h: it 

loses NMT 10.0% of its weight 

* Articles of Botanical Origin, Total Ash (561): NMT 

4.0% 

ADDITIONAL REQU!REMENT$ 

* Packaging and Storage: Preserve In a well-closed, light- 

resistant Container, protected from moisture. 

* Lareljng; The iabel States the Ladn binomial and, follow- 

Ing the official name, the part of the plant contained tn 

the article. 

* U5P Reference Standards (11) 

USP Escin RS 


Powdered Horse Chestnut 


DEFINITION 

Powdered Horse Chestnut is Horse Chestnut reduced to a 
powder or very fine powder. It contalns NLT 3.0% of 
triterpene glycosides, calculated on the dried basis as es¬ 
cin (CssHbóOjO* 

IDENTIFICATION 

• A. Thin-Layer Chromatographic Identification Test 
S tandard solution: 5 mg/mL of USP Escin RS in 
methanol 

Sampie solution: Transfer 1 g of Powdered Horse 
Chestnut to a screw-capped centrifuge tubę, add 10mL 
of a mixture of alcohol and water (7:3), and heat on a 
steam bath for 10 min. Centrifuge, and use the elear 
supernatant. 
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Chromatographic system 

(See Chromatograpny (62^), Thin-Layer Chromato- 
graphy.) 

Adsorbent: 0,25-mm layer of chromatographic silica 
gel (TLC plates) 

Application volume: 10pL 

Developmg solvent system: Use the upper phase of a 
mixture of 1-butanol, glacta! acetic add, and water 
(5:1:4). 

Derh/atization reagent: Methanol, glacial acetic acid, 
sulfuric add, and p-anisaldehyde (85: 10: 5: 0,5) 
Analysis 

Samples: Standard solution and Sompfe solution 
Develop the chromatograms to a length of NLT 15 cm, 
and dry the piąte in a current of air. Spray the piąte 
with Derwatization reagent , heat at 100 11 for 5 min, 
and examine under white light. 

Acceptance critena: The chromatogram of the Sampie 
solution shows a blue-violet zonę corresponding to es- 
cin, comparable in position and cofor to the main zonę 
in the chromatogram of the Standard solution . Above 
this zonę, the chromatogram of the Sampie solution 
shows several narrow, brown to brownish-red zones 
that are less intense than the zonę corresponding to 
escin. 

C OM POSITION 

* CONTENT OF TRITERPENE GLYCOSIDES 

Solvent A: Methanol and water (1 3:7) 

Solvent B: Use the lower phase of a mixture of chloro¬ 
form, 0.1 N hydrochloric acid, and 1-propanol (5:3:2). 
Reagent: Dissolve 75 mg of ferric chlorlde In 50 mL of 
ice-cojd glacial acetic acid. Add 50 ml of sulfuric add, 
whrle swirling on an ice bath. Prepare immediately 
before use. 

Standard solution A: 0,2 mg/ml of USP Escin RS in 
glacial acetic acid, shaken for 1 min 
Standard solution B: 0.4 mg/mL of USP Escin RS in 
glacial acetic acid, shaken for 1 min 
Standard solution G 0,6 mg/ml of USP Escin RS in 
glacial acetic acid, shaken for 1 min 
Sampie solution: Accurately weigh about 1 g of Pow- 
dered Horse Chestnut, and transfer into a 250-mL 
round-bottom fiask. Add exactly 100 mL of SoIvent A, 
and weigh the fitled fiask with a precision of ±0*1 g. 
Attach a condenser, reflux for 30 min, and allow to 
cooL Adjust to the initial weight by adding Solvent A , 
and fil ter. Transfer 30.0 ml of the filtra te to a round- 
bottom fiask, and evaporate under vacuum. Dfssolve 
the residue In 20 mL of 0,1 N hydrochloric add, and 
quantitatrvely transfer with the atd of two additional 
5-mL portions of 0.1 N hydrochloric add to a 250-mL 
separatory funneL Add 20 mL of 1-propanol and 50 mL 
of chloroform, and shake viqorously for 2 min. Collect 
and retain the lower chloroform layer, and add 50 mL 
of Solvent B to the upper layer remaining in the separa¬ 
tory funneL Shake vigorously for 2 min; collect and re¬ 
tain the lower chloroform layer. Combine the retained 
chloroform layers in a round-botLom fiask, and evapo- 
ratę to near-dryness under vacuum. Evaporate the re¬ 
maining solvent under a stream of air, Wash the residue 
with two 10-mL aliguots of ether, filter, wash the filter 
with 10 ml of ether, and discard the ether filtrates. Af- 
ter evaporation of the residua! ether, suspend the resi¬ 
due in 10 ml of glacial acetic acid, and pass Lhrough 
the previousiy used dried filter into a 50-mL volumetric 
fiask. Repeat the addition of glacial acetic acid followed 
by filtration two additional times, combining the fil¬ 
trates in the 50-mL volumetric fiask. Wash the round- 
bottom fiask with smali quantities of glacial acetic add, 
and filter into the volumetnc fiask. Dilute with glacial 
acetic acid to volume. 


Instrumental conditions 

(See Ultraviolet-Visibfe Spectroscopy (857),) 

Wavelength: 540 nm 

Modę: Vrsible 

Blank: Glacial acetic acid 

Analysis: Accurately transfer 1.0 mL each of Standard 
Solutions A, B, and C, the Sampie soluthn , and the Blank 
into sępa ratę screw-cap test tubes. Add 4,0 mL of Rea¬ 
gent to each tubę, cap the tubes, and keep them on a 
water bath at 60° for 25 min, shaking occaslonalty. 
Measure the absorbances of the reacted Sampie solution 
and Standard Solutions A f B f and C, corrected for the 
Blank. Plot the absorbances of Standard Solutions A, B f 
and C against their respective concentrations, and es- 
tablish the calibration (tne by linear regresslon. From 
the plot, determme the concentratton, C, in mg/ml, of 
triterpene glycosldes as escin in the Sampie solution. 
Calculate the percentage of triterpene glycosldes as es¬ 
cin in the portion of Powdered Horse Chestnut taken; 

Result = (C/ W) x (50/3) 

C = concentration of triterpene glycosides in the 
Sampie solution as obtained above (mg/mL) 

W = weight of Powdered Horse Chestnut taken to 
prepare the Sampie solution (g) 

Acceptance criteria: NLT 3.0% of triterpene glycosides, 
calculated as escin (CssHsćO^), on the dried hasis 

CGNTAM1NANTS 

* Articles of Botanical Origin, Umlts of Efemental Impurl* 

ties (561); Meets the requlrements 

* Articles of Botanical Origin, Pestidde Residue Analysis 
(561): Meets the reguirements 

* MICRO BI AL Enumeration Tests (2021); The total aerobic 
microbial count does not exceed 10* cfu/g, the total 
combined molds and yeast count does not exceed 10^ 
cfu/g, and the bile-tolerant Granvnegative bacteria count 
is NMT 10* cfu/g. 

* Absence of Specified Mic&oorganisms (2022): It meets 
the requlrements of the tests for absence of Salmonella 
species and Eschenchia coli. 

SPECIFiC TESTS 

* Botanical Characteristics: Yellowish-brown powder, 
odorless, with a somewhat mealy, disagreeably bitter, 
and lingering taste. It shows numerous, different-slzed 
fatty oil droplets that are free or within the thin-walled, 
colorless tissue of the cotyledons* Fragments of the testa 
consist of thick-walled pltted sclerencnymatous cells. The 
following are also present: pyriform, roundtsh or renlform 
larger individua! starch granules from 15 to 30 pm tn 
diameter, smatler indivtaual granules from 3 to 10 nm, 
and only a few compounded granules consisting of 2-4 
single gralns that form rows up to 45 Jim in Iength* 

Many of the starch granules have a bistellate or polystel- 
late, but rarely simple, hi fum. 

* Extractable WlATTER 

Analysis; Proceed as directed for Articles of Botanical Or¬ 
igin (561), AlcohoESoluble Extroctives , Method 2, except 
use a mixture of methanol and water (8:2) instead of 
alcohot 

Acceptance criteria: NLT 18.0% 

■ Hoss on Drying (731): Dry a sampie at 105 D for 2 h: it 
loses NMT 10*0% of its weight. 

o Articles of Botanical Origin, Total Ash (561); NMT 
4.0% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage; Preserve in well-closed, light- 

resistanf containers, protected from moisture, 

* Labeling: The label States the Latin binomial and, follow- 
ing the official name, the part of the plant from which 
the article was derived* 
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* USP Reference Stamoards (11) 

USP Escin RS 


Powdered Horse Chestnut Extract 

DEFINIT10N 

Powdered Horse Chestnut Extract is prepared from Horse 
Chestnut by extraction with alcohol-water mixtures or 
methanof-water mbctures, The rado of startfng plant ma¬ 
teriał to extract is between 5:1 and 8:1. It contains NLT 
90,0% and NMT 110.0% of the labeled amount of 
triterpene glycosides, calculated on the dried basis as es¬ 
dn (CssHańO^). It may contain suitabJe added substances, 

IDENTIFICATION 

* A* Thin-Łayer Chromatographic Identification Test 

Standard solution: 5 mg/mL of USP Esdn RS in 
methanol 

Sample solution: To 10 mL of methanol add a auantity 
of Powdered Extract equivalent to 25 mg of the labeled 
amount of triterpene glycosides, and shake. Al Iow to 
stand for 15 min before use. 

Chromatographic system 
(See Chromatograpny (62 1), Thin-Layer Chromato- 
graphy.) 

Adsorbent: 0,25-mm layer of chromatographic silica 
gel 

Application volume: 1Q\lL 

Developmg solvent system: Use the upper phase of a 
mrxture or 1-butanol, glacial acetic add, and water 
(5:1:4). 

Spray reagent: Methanol, glacial acetic acid, sulfurk 
add, and p-anisaldehyde (85: 10: 5: 0.5) 

Analysis 

Samples: Standard solution and Sample solu lian 
Devefop the chromatograms to a length of NLT 15 cm, 
and dry the piąte in a current of air Spray the piąte 
with Spray reagent, heat the piąte at 100° for 5 min, 
and examine the piąte under dayiight 
Acceptance criteria: The chromatogram from the 
ple solution shows a blue-violet zonę corresponding to 
esdn, comparable in position and color to the main 
zonę in the chromatogram from the Standard solution. 
Above this zonę, the chromatogram of the Sample solu¬ 
tion shows several narrow, brown to brownish-red 
zones that are less intense than the zonę corresponding 
to esdn, 

COM POSITION 

* CONTENT OF TRITERPENE GLYCOSIDES 

5olvent A: Methanol and water (1 3:7) 

5olvent B: Use the lower phase of a mixture of chloro- 
form, 0.1 N hydmchioric add, and 1-propanol (5:3:2). 
Reagent: Dtssolve 75 mg of fenie chforide in 50 mL of 
glacial acetic acid. Add 50 mL of sulfurk: acid, while 
shaking and cooling. Prepare immediately before use. 
Standard solution A: 0.2 mg/mL of USP Esdn RS in 
glacial acetic acid, shaking for 1 min 
Standard solution 8: 0.4 mg/m!_ of USP Esdn RS in 
glacial acetic acid, shaking for 1 min 
Standard solution C: 0,6 mg/mL of USP Escin RS in 
glacial acetic acid, shaking for 1 min 
Sample solution: Transfer a ąuantity of Powdered Ex- 
tract, equivalent to 50 mg of the labeled eon tent of 
triterpene glycosides, into a 50-ml fiask. Add 20 ml of 
0,1 Psi hydrochloric acid, and shake for 5 min. Filter into 
a 250-mL separatory funnel with the aid of two addi- 
tional 5-mL porbons of 0.1 N hydrochloric acid, Add 
20 mL of 1 -propanol and 50 mL of chloroform, and 
shake yfgorousfy for 2 min. Sępa ratę the chloroform 
layer, and add Solvent B to the upper phase remaining 
in the separation funnel, Shake vigorously for 2 min, 


and separate the chloroform layer. Combine the chloro¬ 
form łayers in a round-bottom fiask, and evaporate to 
dryness under vacuum. £vaporate the remaining sol- 
vents with the aid of a current of air. Wash the residue 
with two 10-mL portrons of ether, filter, wash the fifter 
with 10 mL of etner, and discard the ether filtrates. Af- 
ter evaporation of the residual ether, add to the residue 
a 10-mL portion of glacial acetic acid, and pass through 
the previously used dried filter into a 100-mL voiumet- 
ric fiask. Repeat the addition of glacial acetic acid fol- 
lowed by filtration two additional times, combining the 
filtrates in the volumetrk fiask. Wash the round-bottom 
ffask with smali quantities of glacial acetic acid, and fil¬ 
ter into the volumetric fiask. Di lute with glacial acetic 
acid to volume. 

Instrumental conditions 
(See Ultraviolet- Vlsible Spectroscopy (857).) 

Modę: Visible 
Wavelength: 540 nm 
Blank: Glacial acetic acid 

Analysis: Transfer 1 mL each of Standard Solutions A, B t 
ano C, the Sample solution , and the Blank to separate 
test tubes with stoppers, Add 4,0 mL of Reagent to each 
tubę, cap the tubes, and place them in a water bath at 
60° for 25 min, shaking occasionally. Measure the ab- 
sorbances of the reacted Sample solution and the re- 
acted Standard Solutions A , 8, and Q and correct for the 
Blank. Plot the absorbances of the reacted Standard so- 
lutlons Ą B, and C versus concentrations, in mg/mL of 
USP Escin RS in the corresponding Standard solution. 
From the graphs determine the concentration, C, in 
mg/mL, of triterpene glycosides as esdn (C^H^O^) in 
the Sample solution . 

Ca leuiate the percentage of the labeled amount of 
triterpene glycosides in the portion of Powdered Ex- 
tract taken: 

Result - (C/Q) x 100 

C = concentration of triterpene glycosides in the 
Sample solution as obtained above (mg/mL) 

Cu - nominał concentration of triterpene glycosides 
in the Sample solution (mg/mL) 

Acceptance criteria: 90.0%-11 0,0% of the labeled 
amount of triterpene giycosldes as escin (CsiM^Ch-O on 
the dried basis 

CONTAMINANTS 


Delete the followlng: 

** Heavy Metals, Method II (231): NMT 20 pg/g* w *m i- 

i*n-2Q1«) 

* Microbial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 10** cfu/g, the total 
combined molds and yeasts count does not exceed 10 2 
cfu/g, and the count for enterobaeteria does not exceed 
10 3 cfu/g. 

* Absence of Specified Microorganisms (2022): It meets 
the requirements of the tests for absence of Salmonella 
spedes and Escherkhia coli 

SPECłFIC TESTS 

■ Loss ON Drying (731): Dry 1 g at 105° for 2 h: it loses 
NMT 5.0% of its weight 

* Other Requirements: It meets the reąuirements tn Botan - 
icai Extracts (565), General Pharmacopeial Regulrements, 
for Packaging and Storage , Residual Śoivents { and Pestldde 
Residues for powdered extracts. 

ADDITIONAL REQUIREMENTS 

» Packaging and Storage: Preserve in tight, [ight-reslstant 
containers. Storę in a cool place, 

* Labeung: The fabef States the Latin binomial and, follow- 
ing the officiaf name, the part of the plant from which 


DS Monographs 






DS Monographs 


6892 Horse Chestnut / Dietary Suppiements 


USP 40 


the artide was prepared. The labę! also indicates the con- 
tent of Eriterpene glycosides, the extracting solvent or 
so!vent mixture useu for preparation, the ratio of the 
starting crude plant materiał to Powdered Extract, and 
the name and content of any added substance. It meets 
the reguirements for tabeling in Botanical Extracts (565), 

* USP Reference Standard* <11) 

USP Esein RS 


Chinese Salvia 


DEFINITION 

Chinese Salvia consists of the dried roots and rhizomes of 
Salvia miltiorrhiza Bunge, also known as Danshen (Fam. 
Lamiaceae), It contains NLT 0.1% of tanshinone Ma; NIT 
0.2% of tota! tanshinones, calculated as the sum of 
cryptotanshinone, tanshinone \, and tanshinone ll A ; and 
NLT 3,0% of salvianolic acid B; alt calculated on the dried 
basis. It is collected in spring or falL 

IDENTIFICATION 

o A, Chinese Salvia meets the requirements for Spedfic 
Tests f Bota nic Characteristics. 

» B. Thin-Layer Chromatography 

Standard solution A: A mixture of about 0.5 mg/mL of 
USP Tanshinone II* RS and about 1.5 mg/mL of USP 
Salvianolic Acid B RS in alcohoi 

Standard solution B: About 0.25 g of USP Powdered 
Chinese Salvia Extract RS in 5.0 mL of alcohoi. Sonicate 
for 1 5 min, centrifuge, and use the supernatant. 

Sample solution; About 1.0 g of Chinese 5alvia, finely 
powdered, in 5.0 mL of alcohoi. Sonicate for 15 min, 
centrifuge, and use fhe supernatant. 

Chromatographic system 
(See Chromatography {621), Thin-Layer Cfrromato - 
graphy.) 

Adsorbent; Chromatographic silica gel mixture with 
an average particie size of 2-10 Lim (HPTLC plates) 
Application vo!ume: 5 pL, as 8-mm bands 
Developing solvent system A: A mixture of ethyl ace¬ 
tale, chloroform, toluene, formie add, and methanol 
(S:6:4;4:l) 

Developing solvent system B: A mixture of solvent 
hexane and ethyl acetale (4:1) 

Analysis 

Samples; Standard solution Ą Standard solution B, and 
Sample solution 

Apply the samples as bands to a suitable high perfor¬ 
mance thindayer chromatographic piąte, Use a satu- 
rated cham ber, and condition the piąte to a relative 
humidity of about 33% using a suitable device. De- 
velop the chromatograms in Developtng soivent system 
A until the sofvent front has moved up about 40% of 
the piąte. Remove the piąte, and allow to dry, Develop 
the chromatograms in a saturated cham ber containing 
Deveioping solvent system B until the solvent front has 
moved up about three-fourths of the piąte. Remove 
the piąte, dry, and examine under visrble light and UV 
llght at 254 nm and 365 nm. 

Acceptance criteria 

Under visible light, the chromatografii of the Sample 
solution exhibits three bands similar in positlons and 
colors to bands in the chromatogram of Standard solu¬ 
tion 8. These Include a pink band in the upper third of 
the chromatogram, similar in Rf and color to the tan¬ 
shinone ll A band in the chromatogram of Standard so¬ 
lution A, a yellowish-orange band in the upper third of 
the chromatogram, and an orange band at about the 
middle of the chromatogram due to tanshinone I and 
cryptotanshinone, respectively. 


Under UV iight at 365 nm, the chromatogram of the 
Sample solution exhibits three blue bands similar in po- 
sitions and colors to bands in the chromatogram of 
Standard solution These include an intense blue 
band in the lower third of the chromatogram corre- 
sponding in R? and color to the salvianolic acid B band 
in the chromatogram of Standard solution A f and two 
minor blue bands in the lower third of the chromato¬ 
gram and above the salvianolic add B band, due to 
lithospermic acid and rosmarinic add. 

Under UV light at 254 nm, the chromatogram of the 
Sample solution exhlbits intense guenching bands at Rf 
corresponding to those for tanshinone ll A and salvia- 
noltc add B in the chromatogram of Standard solution 
A. The chromatogram of the Sample solution also ex- 
hibits other quenching bands corresponding in R F to 
the bands in the chromatogram of standard solution £?, 
» C. HPLC 

Analysis; Proceed as directed in the test for Content of 
Tanshinones , 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits the most intense peak at a retention 
time corresponding to that of tanshinone ll A in the 
chromatogram of Standard solution A . The Sample solu¬ 
tion chromatogram exhibits two additional peaks corre¬ 
sponding to tanshinone 1 and cryptotanshinone, of less 
intensky and accounting for about half of the fotal tan¬ 
shinones content 
« D, HPLC 

Analysis: Proceed as directed in the test for Content of 
Salyianolk Add B. 

Acceptance criteria: The chromatogram of the Sample 
solution exhlbits a peak at a retention time correspond¬ 
ing to that of salvianolic acid B in the chromatogram of 
Standard solution A. 

COMPOSITION 
* Content of Tanshinones 

Solution A: 0.02% phosphoric acid in water (v/v) 

Solution B: Acetonitrile 

Mobile phase: See Tobie L 


Table 1 


Time 

(min) 

Solution A 

(%> 

Solution B 

0 

39 

61 

6 

39 

61 

20 

10 

90 

20.5 

39 

61 

25 

39 

61 


[Notę—P roceed under subdued light or use low-actinic 
glassware. The Standard solution and Sample solution 
are stable for 24 h at room temperaturę,] 

Standard solution A: 0.02 mg/mL of USP Tanshinone 
Ma RS in methanol 

Standard solution B: 2 mg/mL of USP Powdered Chi¬ 
nese Salvia Extract RS In methanol. Sonicate for 15 min, 
and pass through a membranę fiker havlng a 0.45-jiLm 
porę size. Discard the first few mL of the filtra te. 

Sample solution: About 300 mg of Chinese 5aJvia, 
finely powdered and accurately weighed, in 40 ml of 
methanol. Sonicate for 30 min, filter into a 50-mL volu- 
metrtc fiask, and wash the residue and the filter paper 
with a few mL of methanol. Adjust with methanol to 
volume, mix, and pass through a membranę filter hav- 
ing a 0.45-pm porę size. Discard the first few mL of the 
filtra te. 
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Chromatographic system 

(See Chromatography {621 ) y System Suitability) 

Modę: LC 

Detector: UV 270 nm 
Colurnn; 4,6-mm x 25-cm; 5-pm packing LI 
Column temperaturę: 20 D 
Ftow ratę: 1.0 mL/min 
Injection volume: 10 pL 
System suitability 

Sa m pies: Standard solution A and Standard solution B 

Suitability reguirements 

Chromatogram sirnilanty: The chromatogram from 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Chinese SaMa Extract RS being used, 

Taifing factor: NMT 2*0 for the tanshinone IU peak, 
Standard soiution A 

Relative standard deviation: NMT 2.0%, determined 
from the tanshinone IU peak in repeated injectlons, 
Standard solution A 

Resolution: NLT 1*5 between the cryptotanshinone 
and tanshinone i peaks, Standard solution B 
Anafysis 

Samples: Standard solution A t Standard solution B f and 
Sampie solution 

Uslng the chromatograms of Standard solution A, Stan¬ 
dard solution B t and the reference chromatogram pro- 
vided with the lot of USP Powdered Chinese Salvia Ex- 
tract RS being used, identify the retention times of the 
peaks corresponding to different tanshinones in the 
Sampie solution chromatogram, The approximate rela- 
tive retention times of the different peaks for 
cryptotanshinone, tanshinone 1, and tanshinone IU are 
0,75, 0*79, and 1.00, respectively. 

Calculate the percentages of cryptotanshinone, tanshi¬ 
none i, and tanshinone IU in the portion of Chinese 
$alvia taken: 

Result = (ru/rs) x Q x (VJW) x Fx 100 

r u - peak area of the relevant analyte from the 
Sampie solution 

r% ~ peak area of tanshinone II A from Standard 
solution A 

Cs = concentration of USP Tanshinone IU RS in 
Standard solution A (mg/mL) 

V - volume of the Sampie solution (mL) 

W ~ weight of Chinese SaMa taken to prepare the 
Sampie solution (mg) 

F - conversion factor for analytes (1.18 for 

cryptotanshinone, 1*31 for tanshinone I, and 
1*00 for tanshinone ll A ) 

Add the percentages of cryptotanshinone, tanshinone I, 
and tanshinone fl A . 

Acceptance criteria: NLT 0.1% tanshinone ll A and NLT 
0.2% of totaf tanshinones, calculated on the dried basis 
« CONTEMT Of SALVlANOLIC ACID B 

Solution A: 0.1% phosphoric acid in water (v/v) 

Mobile phase: Solution A and acetonltnle (78:22) 

[NOTĘ—The Standard solution and Sampie solution are sta¬ 
dle for 12 h at room temperaturę*] 

Solvent: Methanol and water (3:2) 

Standard solution: 0.1 mg/mL of USP SaManolic Acid 
8 RS in Solvent 

Sampie stock solution: About 1 50 mg of Chinese Sal- 
via, finely powdered and accurately weighed, in 40 mL 
of Soivent Sonicate for 30 min, fil ter into a 50-mL voJu- 
metric fiask, and wash the residue and the filter paper 
with a few mL of SaivenL Adjust with Solvent to vol- 
ume, mix, and centrifuge a portion. 

Sampie solution: Dilute a portion of the supernatant 
from the Sampie stock solution (1:2) with Solvent t mix, 
and pass through a membranę filter having a 0.45-pm 
porę size. Discard the first 2 mL of the filtrate. 


Chromatographic system 

(See Chromatography (62 1), System Suitability.) 

Modę: LC 

Detector: UV 286 nm 

Coiumn: 4,6-mm x 25<m; 5-pm packing LI 

Column temperaturę: 20 ± 1 ° 

Flow ratę: 1.2 mL/min 
Injection volume: 10 pi 
System suitability 
Sampie: Standard solution 
Suitability reguirements 

Tailrng factor: NMT 2.0 for the sa]vianolic acid B 
peak 

Re!ative standard deviation: NMT 2.0%, determined 
from the saManolic acid B peak in repeated injections 
Analysis 

Samples: Standard solution and Sampie solution 
Using the chromatogram of the Stanaard solution , iden- 
tify the retention time of the peak corresponding to 
saMartolk: acid B in the Sampie solution , 

Calculate the percentage of saManolic acid B in the 
portion of Chinese Saivia taken: 

Result - (rufo) x G x (VI W) x D x 100 

r u - peak area of saManolic acid B from the 
Sampie solution 

rs = peak area of salvianolic add 8 from the 
Standard solution 

G = concentration of USP SaManolic Acid B RS in 
the Standard solution (mg/mL) 

V = yofume of the Sampie stock solution (mL) 

W = weight of Chinese SaMa used to prepare the 
Sampie stock solution (mg) 

D - dilution factor to prepare the Sampie solution 
from the Sampie stock solution , 2 
Accep tance criteria: NLT 3,0%, calculated on the dried 
basis 


CONTAMflNANTS 

* ElEMENTAl IMPURITIES—PROCEDURE5 (233) 

For deionized water: Use deionized water of at least 1 8 
megaohm* 

Sampie solution: Use Chinese SaMa previously dried 
for 2 h at 60°, ground to coarse powder. Accurately 
weigh 0*5 g of the powder, transfer to a dosed mlcro- 
wave vessel, and add 5-10 ml of concentrated nitric 
add. [Notę —in case of a severe reaction, set the vessel 
aside until the reaction ceases.] Digest under pressure 
followlng the instrument manufacturehs recommenda- 
tions, cool to below 60°, and remove the vessel. Coof 
to room temperaturę, transfer the contents with the aid 
of three 10-mL portions of deionized water to a 250-mL 
yolumetric fiask, dilute with deionized water to volume, 
and mix. [Notę —In case of deposits, centrifuge, and 
use the supernatant*] 

Acceptance criteria 
Arsenie NMT 2 pg/g 
Cadmium: NMT 0.3 pg/g 
Lead: NMT 5 pg/g 
Mercury: NMT 0.2 pg/g 

9 Articles of Botanical Origin, General Method for Pesti- 
cide Res id u es A n alysis (561): M eets the req u i re m e n ts 

* MIicrobial Enumeration Tests (2021): The total aerobic 

bacteriaf count does not exceed 10 5 cfu/g, the total com- 
bfned molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferant Gram-negative bacteria does not 
exteed TO 3 cfu/g. 

Absence of Speofied Microorganesms (2022): Meets the 
reguirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

9 Articles OF Botanical Oricin, Test for Aflatoxins (561): 
Meets the requirements 
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SPECIFIC TESTS 
« Bota nic Charactfristics 

Macroscopic: Rhizomes short and thick, sometimes 
with remalns of stems at Ehe apex. Roots, fong, cylfndri- 
cal, slightly curved, some branched, with rootfets, 

10-20 cm long, 03-1,5 cm m diameter. Extemally 
brownish-red or dark brownish-red, rough, longitudi- 
natly wrEnkled, The bark of oid roots is loose, mostEy 
purplish-brown, usually scaling off; the bark of young 
roots is closely adhering to wood and uneasy to be 
scaled off, Texture hard and fragile, fracture loose, with 
brownish-red bark and greyish-yellow or purplish-brown 
wood, showing bundles of vesse!s, yelJowish-white, ar- 
ranged radialJy. 

Microseoplc 

Transverse section; Cork, 4-8 rows of ceils with 
brown contents; rhytidome tissues may be present; 
cortex broad, parenchyma ceils showfng readish- 
brown granules; phloem narrow, crescent shape; cam- 
bium in a ring; xylem vessels, lignified, mainly scalari- 
form and reticulate, numerous near the cambtum ring 
and fewer near the pith; xylem fibers in bundle, scat- 
tered radially; pith In the center. 

* Articles of Botanecal Grtgin, Foreign Organie Matter 

(561): NMT 2,0% 

* Articles of Botanecal Origin, Alcohol-Solubie Extractives f 

Method 1 (561): NLT 15.0% 

® Articles of Botanical Origin, Water-Soluble Extractives / 
Method 2 (561): NLT 35.0% 

* Loss on Dryinc (731) 

Sampfe: 1.0 g of finely powdered Chinese Salvia 
Analysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT 13% 

* Articles of Botanical Origin, Toto! Ash (561) 

Sample: 4.0 g of fineJy powdered Chinese Sa!via 
Acceptance criteria: NMT 10% 

* Articles of Botanical Oregin, Aeid-lnsoiuble Ash (561): 

NMT 3,0% 

ADDITIONAL REQUBREMENTS 

0 Packaging and Storage: Preserve in welhclosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę, 

* Lareling: The label States the Latin bmomial and, follow- 
?ng the officia! name, the parts of the plant contained in 
the article. 

* USP Reference Standards (11) 

USP Powdered Chinese Salvia Extract RS 
USP 5alvEanollc Add B RS 
USP Tanshinone ll A RS 


Powdered Chinese $alvia 


DEFINITION 

Powdered Chinese Salvia Is Chinese 5alvia reduced to a 
powder or very fine po wd er. It contains NLT 0,1% tanshi- 
nonę IU; NLT 0,2% of total tanshinones, calculated as the 
sum of eryptotanshinone, tanshinone I, and tanshinone 
lf A ; and NLT 3.0% of safvianolic acid B; afl calculated on 
the dried basis. 

IDENTIFICATION 

* A, Powdered Chinese Salvia meets the requirements for 
Specific Tests, Batonie Charocteristks . 

« B. Thin-Layer Chromatography 

Standard solution A: A mixture of about 0.5 mg/mL of 
USP Tanshinone 1I A RS and about 1.5 mg/mL of USP 
SaManolie Acid B RS in alcohol 
Standard solution B: About 0.25 g of USP Powdered 
Chinese SaJvia Extract RS in 5,0 mL of alcohol. Soniote 
for 15 min, centrifuge, and use the supernatant 


Sample solution: About 1.0 g of Powdered Chinese Sal- 
via in 5.0 mL of alcohol. Sonicate for 15 min, centri- 
fugę, and use the supernatant. 

Chromatographic system 

(See Chromatograpny (621), Thin-Layer Chromało- 

graphy.) 

Adsorbent: Chromatographic silica gel mtxture with 
an average particie size of 2-10 pm (E-IPTLC plates) 
Application volume; 5 jiL, as 8-mm bands 
Developlng solvent system A: A mlxture of ethyl ace¬ 
tale, chloroform, toluene, formie add, and methanol 
(S:6:4:4:1) 

Developing solvent system B: A mlxture of solvent 
hexane and efhyl acetate (4:1) 

Analysis 

Samples: Standard solution A t Standard solution B , and 
Sample solution 

Appiy the samples as bands to a suitable high perfor¬ 
mance thin-layer chromatographic piąte. Use a satu- 
rated cham ber, and condition the piąte to a relative 
hu m id Ety of about 33% using a suitable device, De- 
velop the chromatograms in Developing solvent system 
A until the solvent front has moved up about 40% of 
the piąte. Remove the piąte, and allow to dry. Develop 
the chromatograms in a satu rated cham ber containing 
Deveioping sofvent system B until the solvent front has 
movec! up about three-fourths of the piąte, Remove 
the piąte, dry, and examlne under visible light and UV 
light at 254 nm and 365 nm, 

Acceptance criteria 

Under vtslble light, the chromatogram of the Sample 
solution exhibits three bands similar in positions and 
colors to bands in the chromatogram of Standard solu¬ 
tion 8. These include a pink band in the upper third of 
the chromatogram, similar in R f and color to the tan¬ 
shinone Ib band in the chromatogram of Standard so¬ 
lution A , a yellowish-orange band in the upper third of 
the chromatogram, and an orange band at about the 
mlddle of the chromatogram due to tanshinone i and 
cryptotanshlnone, respectively. 

Under UV Eight at 365 nm, the chromatogram of the 
Sampfe solution exhibits three blue bands similar in po- 
sitbns and colors to bands In the chromatogram of 
Standard solution B. These indude an intense blue 
band In the lower third of the chromatogram corre- 
spondlng In Rf and color to the salyianolic add B band 
in the chromatogram of Standard solution A, and two 
minor blue bands in the lower third of the chromato¬ 
gram and above the sa!vianolrc acid B band, due to 
lEthospermic add and rosmarinlc acid. 

Under UV light at 254 nm, the chromatogram of the 
Sample solution exhtblts Intense quenching bands at R F 
corresponding to those for tanshinone ll A and salvia- 
nolic add B in the chromatogram of Standard soiution 
A. The chromatogram of the Sample solution also ex- 
hlbits other guenching bands corresponding in to 
the bands in the chromatogram of the Standard solu¬ 
tion B . 

0 C, HFLC 

Analysis: Proceed as dlrected in the test for Content of 
Tanshinones, 

Acceptance criteria: The chromatogram of the Sample 
soiution exhibits the most intense peak at a retention 
time corresponding to that of tanshinone ll A in the 
chromatogram of Standard solution A * * The Sample solu¬ 
tion chromatogram exhiblts two addational peaks corre¬ 
sponding to tanshinone I and eryptotanshinone, of less 
intensity and accountlng for about half of the total tan¬ 
shinones content. 

0 a HFLC 

Analysis: Proceed as dlrected in the test for Content of 
Salvianofic Add 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits a peak at a retention time correspond- 
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ing to that of saManolic add B rn the chromatogram of 
Standard soiution A, 

COMPOSITION 
* CONTENT OF TANSHINONES 

Soiution A: 0.02% phosphoric acid in water (v/v) 
Soiution B: Acetonitrile 
Mobile phaser 5ee Tobie h 


Table T 


Time 

(min) 

SoJution A 

Soiution B 

(%) 

0 

39 

61 

6 

39 

61 

20 

10 

90 

20.5 

39 

61 

25 

39 

61 


[Notę—P roceed under subdued light or use low-actinic 
glassware. The Standard soiution and Sample soiution are 
stable for 24 h at room temperaturę.] 

Standard soiution A: 0.02 mg/mL of USP Tanshinone 
IU RS in methano! 

Standard soiution B: 2 mg/mL of USP Powdered Chi¬ 
nese SaMa Extract R5 in methanol. Sonicate for 15 min, 
and pass through a membranę filter having a 0,45-pm 
porę size. Discard the first few mL of the filtrate. 

Sample soiution: About 300 mg of Powdered Chinese 
Salwa, accurately weighed, in 40 ml of methanoL Soni¬ 
cate for 30 min, and filter into a 50-mL volumetnc fiask. 
Wash the residue and the filter paper with a few ml of 
methanol, adjust to volume with methanol, mix, and 
pass through a membranę filter hawng a 0.45-pm porę 
size. Discard the first few mL of the filtrate. 

Chrom atographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 270 nm 

Coiumn: 4.6-rnm x 25-cm; 5-p .m patking LI 

Columo temperaturę: 20° 

Fiow ratę: 1.0 mL/min 
Injection volume: 10 pL 
System suitability 

Samples: Standard soiution A and Standard soiution B 

Suitability requirements 

Chromatogram similarity: The chromatogram fram 
Standard soiution B is similar to the reference chro¬ 
matogram prowded with the lot of USP Powdered 
Chinese SaMa Extract RS being used, 

Tailing factor: NMT 2.0 for the tanshinone IU peak. 
Standard soiution A 

Relative standard deviatron: NMT 2.0%, determjned 
from the tanshinone IU peak in repeafed injectrons. 
Standard soiution A 

Resolution: NIT 1.5 between the oyptotanshinone 
and tanshinone I peaks, Standard soiution B 
Analysis 

Samples: Standard soiution A , Standard soiution B, and 
Sample soiution 

Using the chromatograms of Standard soiution A t Stan¬ 
dard soiution B f and the reference chromatogram pro¬ 
wded with the iot of USP Powdered Chinese Salvia Ex- 
tract RS being used, identify the retention times of the 
peaks corresponding to different tanshinones in the 
Sample soiution chromatogram. The approximate reia- 
tive retention times of the different peaks for 
cryptotanshinone, tanshinone i, and tanshinone IU are 
0.75, 0,79, and 1.00, respectively. 

Calcuiate the percentages of cryptotanshEnone, tanshi¬ 
none I, and tanshinone ll A in the portion of Powdered 
Chinese Salwa taken: 


ru = peak area of the relevant anaiyte from the 
Sample soiution 

fi - peak area of tanshinone ll A from the Standard 
soiution A 

C 3 = concentration of USP Tanshinone IU RS in the 
Standard soiution A (mg/mL) 

V = volume of the Sample soiution (mL) 

W - weight of Powdered Chinese SaMa taken to 
prepare the Sample soiution (mg) 

F s conversion factor for analytes (1.18 for 

cryptotanshinone, 1,31 for tanshinone I, and 
1.00 for tanshinone IU) 

Add the percentages of cryptotanshinone, tanshinone 1, 
and tanshinone 11*. 

Acceptance criteria: NLT 0.1% tanshinone IIa and NLT 
0.2% of totaj tanshinones, calculated on the dried basis 
* CONTENT OF SALVIANOLIC ACID B 

Soiution A: 0.1% phosphoric acid in water (v/v) 

Mobile phase: Soiution A and acetonitrile (78:22) 
[Notę—T he Standard soiution and Sample soiution are sta¬ 
ble for 12 h at room temperaturę.] 

5ofvent: Methanol and water (8:2) 

Standard soiution: OJ mg/mL of USP SaManolic acid 
B RS in Soivent 

Sample stock soiution; About 150 mg of Powdered 
Chinese SaJvia, accurately weighed, in 40 mL of SolvenL 
Sonicate for 30 min, and filter into a 50-mL volumetnc 
fiask. Wash the residue and the filter paper with a few 
mL of Solvent f adjust to vo!ume with Sofaent, mix, and 
centrffuge a portion. 

Sample soiution: Dilute a portion of the supernatant 
from the Sample stock soiution (1:2) with Solvent t mix, 
and pass through a membranę filter having a G.45-|um 
porę size. Discard the first 2 ml of the filtrate, 
Chromatographic system 
(See Chromatograpny (SI"!), System Suitability,) 

Modę: LC 

Detector: UV 286 nm 

Coiumn: 4.6-mm x 25-cm; 5-jim packlng LI 

Coiumn temperaturę; 20 + 1° 

Fiow ratę: 1.2 mL/min 
Injection volume: 10 pL 
System suitability 
Sample: Standard soiution 
Suitability reąuirements 

Tailing factor: NMT 2.0 for the saManolic add B 
peak 

Relative standard devration: NMT 2.0%, determined 
from the salyianoJic add B peak in repeated Injections 
Analysis 

Samples: Standard soiution and Sample soiution 
Using the chromatogram of Standard soiution , identlfy 
the retention time of the peak corresponding to salvia- 
nolic acid B in the Sample soiution ♦ 

Calcuiate the percentage of salvianolic add B in the 
portion of Powdered Chinese SaMa taken: 

Result - fo/rs) x Cj X (V/W) x D x 100 

r u = peak area of saManolic acid B from the 
Sample soiution 

r$ ~ peak area of saManolic acid B from the 
Standard soiution 

Q = concentration of USP SaManolic Add B RS in 
the Standard soiution (mg/mL) 

17 = volume of Sample stock soiution (mL) 

W = weight of Powdered Chinese SaMa used to 
prepare the Sampfe soiution (mg) 

D = dilution factor to prepare the Sample soiution 
from Sample stock soiution , 2 
Acceptance criteria: NLT 3,0%, calculated on the dried 
basis 


Result ^ (fu/n) x Qx (V/W)x Fx 100 
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CONTAMINANT5 

* ELEMENTAL IIV1PURITIES—iPROCEDDRES (233) 

For deionized water: Use deionized water of at least 18 
megaohm. 

Sampie solution: Use Fowdered Chinese Salvia previ- 
ously dried for 2 h at 60°, weigh accurately 0.5 g, 
transfer to a ctosed nmcrowave vessel, and add 5-10 mL 
of concentrated nitric add. [NOTĘ—In case of a severe 
reactlon, set the vessel aside until the reaction ceases.] 
Digest under pressure foliowing the instrument manu- 
facturer's recommendations, cool to belo w 60°, remove 
the vessel, cool to room temperaturo, transfer the con- 
tent with the aid of three 10-mL portions of deionized 
water to a 250-mL volumetric fiask, complete to volume 
with deionized water, and mix. [Notę—I n case of de- 
posits, centnfuge, and use the supernatant.J 
Acceptance criteria 
Arsenie: NMT 2 pg/g 
Cadmium: NMT 0.3 pg/g 
Lead: NMT 5 pg/g 
Mercury: NMT 0,2 pg/g 

* Articles of BOTANICAL OftiG IN, General Method for Pes& 

cide Residues Analysis (561): Meets the reguirements 
® Microbial Enumeration Tests (2021): The totaj aerobic 
bacterial count does not exceed 10 s cfu/g, the total tom- 
bined molds and yeasts count does not exceed 10* cfu/ 
g, and the bile-tolerant Gram-negative bacterla does not 
exceed 10 3 cfu/g. 

* Absence of Sfecified fVHi croorgAM i s ms (2022): Meets the 

requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

* Articles of Botanical Origin, Test for Aflatoxins <561): 

Meets the reguirements 

5PEC1HC TESTS 

* Bdtanic characteristics 

Macroseopic: Yellowish-brown to reddish-brown in 
color 

Microscopic: !t shows fragments of cork celfs, sub- 
rectangular or polygonal, contatning yellowish-brown 
pigments, 1 0—1 50 pm In diameter; parenchymatous 
cells of cortex, subsquare or polygonal, contalning red- 
dish-brown pigments; stone cells, subrounded, subtri- 
angular, subreclangular or Irregular shape, some elon- 
gated, mostly 14-70 pm in diameter, up to 270 pm in 
ienath; fibers mostly in bundles, tong fusiform in shape, 
ends ob!ique-sharp or blunt-round, with oblIque or 
crlss-cross striations, 10-60 pm In diameter; and reticu- 
late and pitted vessels, up to 120 pm in diameter. 
o Articles of Botanical Origin, Aicohol-Soluble Extractives , 
Method 1 (561): NIT 15.0% 

* Articles of Botanical Origin, Water-Soluble Extractłves, 

Method 2 <561): NLT 35,0% 
o Loss on Drying (731) 

Sample: TO g of Fowdered Chinese 5alvla 
Analysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT 13% 

* Articles of Botanical Origin, Total Ash (561) 

Sample: 4.0 g of Fowdered Chinese Safvia 
Acceptance criteria: NMT 10% 

* Articles of Botanical Origin, Acid-Insoluble Ash (561): 

NMT 3.0% 

ADD1TIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-dosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę, 

* Labeling: The Jabel States the Latin bl no miał and, follow- 

ing the offrcial na me, the parts of the plant from which 
the artide was obtalned. 


O USP Reference Standards (11) 

USP Fowdered Chinese Salvia Extract RS 
USP SalvIanolic Add B RS 
USP Tanshinone li A RS 


Cholecalciferoi]— see Cholecalciferoi General 
Monographs 


Cholecalciferoi Capsules— see 

Cholecalciferoi Capsules General Monographs 


Cholecalciferoi Solution— see 

Cholecalciferoi Solution General Monographs 


Cholinę Bitartratę 



C 9 H 19 N0 7 253.25 

2-HydroxyethanamtnlunT -N^N-trimethyl-, [/?-(fl*,fl*)]-2,3- 
drhydroxybutanedioate (1:1); 

(2-Hydroxyethyl)trimethyfammonrum-L-(+}-tartrate salt (1:1) 
[87-67-2]. 

DEFINITBON 

Cholinę Bitartrate contains NLT 99,0% and NMT 100,5% of 
cholinę bitartrate (C 9 H 19 NO 7 ), calculated on the anhy- 
drous basis, 

9DENT9JFBCAT10N 
0 A, INFRARED AGSORPTION (197K) 
o B. 

Sample: 1 g 

Analysis: Dissotve the Safnple in 20 ml of water, and 
add 2 mL of potassium chloride solution (1 in 4). 
Acceptance criteria: A white precipitate of potassium 
bitartrate is formed. 

ASSAY 
* Procedurę 

Sample: 200 mg 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titratlon 
Titrant: 0.1 N perchloric add VS 
Endpornt detection: Potentiometric 
Blank: 50 mL of glacial acetic acid 
Analysis: Dtssofye the Sample in 50 mL of glacial acetic 
acid and titrate with Titrant. 

Cakulate the percentage of cholinę bitartrate 
(C 9 Hi 9 NO;) in the Sample taken: 

Result - [(17- B) x N x Fx 100]/M/ 

V = Sample titrant volume (mL) 

B - Blank titrant vo!ume (mL) 

N - titrant normallty (mEq/mL) 

F = equivalency factor, 253,2 mg/mEq 

W - weight of the Sample (mg) 

Acceptance criteria: 99,0%-lOO.5% on the anhydrous 
basts 
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IMPURETIES 

® RESIDUAL SoLVEMTS <467): Meet the reguirements, except 
that the limit for l,4-dioxane rs 10pg/g 

* Residue on Ignjtion (281): NMT 0.1% 

® Arsenjc, Method I (211) 

Analysis; Add 30 ml of water and 5 mL of hydrochloric 
add to dissalve the sample. 

Acceptance criteria: NMT 2 ppm 
O LEAD (251) 

[Notę—U se methylene chloride in ptace of chloroform to 
prepare the Dithizone Extraction Solution and Standard 
Dithizone Sofution] 

Solution A: Transfer 8.4 g of sodium hydroxide solulion 
(1 in 2) to a plastlc bottle, add 100 ml of ammonium 
hydroxide, and rrux. 

Standard solution: Transfer 1.0 mL of the Diluted Stan¬ 
dard tead Solution to a separatory funnel containing 
25.0 ml of water, 

Sample solution: Dissolve 3.00 g of Cholinę Bitartrate 
in a separatory funnel containing 25.0 mL of water. 
Analysis 

Sam pies: Standard solution and Sample solution 
Separately add 6.0 mL of Ammonium Citrote Solution 
and 3,0 mL of Potassium Cyanide Solution to the Stan¬ 
dard solution and the Sample solution. Extract each of 
the resulting Solutions three times with 5.0-mL por- 
tions of Dithizone Extraction Solution, shaking for 60 s 
and dralning off each extract into another separator, 
Shake the combined dithizone Solutions for 30 s with 
20.0 ml of nitric acid (1 in 100), and discard the 
methylene chloride layer. Add 6.0 mL of Ammonla-Cy- 
anide Solution, 2 mL of Solution A, and 10 mL of Stan- 
dard Dithizone Solution, and shake for 45 s. Allow the 
phases to separate, and measure the absorbance of 
the lower Jayer at 510 nm with a suita ble 
spe ct ro p h oto m ete r. 

Accepiance criteria: The absorbance of the Sample so¬ 
lution is NMT the absorbance of the Standard solution 
(NMT 0.3 ppm). 

Delete the fotlowing: 

•* Heaw Metals, Method II (231); NMT 10 ppm* (Offidal 1- 

* Limit of Total Amines 

Standard solution: 500 pg/mL of trimethyiaminę 
hydrochloride 

Sample solution: Transfer 10.0 g of Cholinę Bitartrate 
to a beaker containing a plastic-coated stirring bar, add 
70 mL of sodium hydrOKide TS and 1 30 mL of water, 
and stir until dissolved. 

System suitability stoek solution: 10 pg/mL of trimeth- 
ylamine hydrochloride 

System suitabllity solution: Transfer 1 0.0 mL of System 
suitahiiity stock solution containing a plastic-coated stir¬ 
ring bar, add 160 mL water and 30.0 mL sodium hy- 
droxide TS, and stir until dlssotved. 

Electrode system: Use a gas-sensing, ammonia-specific 
indicating efectrode with interna! reference connected 
to a pH meter capable of measuring potentials with a 
minimum reproducibilify of ±0.1 mV (see pfi (791)). 
Standard response linę: Mtx 30.0 mL of sodium hy- 
droxide TS and 170 mL of water. Add a plastic-coated 
stirring bar, insert the electrode into the solution, and 
record the potentlal, in mV. Continue stirring, and at 
5-min intervals, add 0,200, 0,600, 1.00, and2.00 mL of 
Standard solution, and record the pofential after each 
addition. Plot the fogarithms of the cumufattve trimeth- 
ylamine hydrochtoride concentrations (0.50, 1,50, 2.50, 


and 5.00 pg/mL) versus potentlal, in mV, and deter- 
mine the slope (5) of the Standard response linę for the 
electrode. 

System suitabllity 
Sample: System suitabllity solution 
Proceed as directed in Analysis, exeept to replace the 
Sample solution with the System suitahiiity sofution and 
In the form u Ea below to replace LI/with V, which 
equals 10 mL. 

Suitahiiity requirements: The total change is NLT 10 
mV for a 0.4-mL cumulatlve addition of the Standard 
solution ; the amount of trimethylamine hydrochtoride 
found is 8.5-11.5 pg/L. 

Analysis 

Samples: Standard solution and Sample solution 
Rinse the electrode, insert it into the Sample solution, 
stir, and record the potentlal, in mV. Add 0.1 00 mL 
of the Standard solution, and record the potentiaL 
Add another OJ 00 mL of the Standard solution, and 
record the potentlal, [Notę—I f the total change after 
the second addition of the Standard solution is less 
than 10 mV, add a third aliguot of 0.200 mL.] 
Calcufate the content, in ug/g, of total amines as tri- 
methylamine hydrochloride in the portion of sample 
taken: 

Result = (C 5 x V a )/[(F- 1 )xW] 

Cj - concentration of the Standard solution (pg/mL) 

V A - total votu me of the Standard solution added to 
the Sample solution (mL) 

W = weight of Cholinę Bitartrate taken to prepare 
the Sample solution (g) 

F - correction factor, calculated by the formula: 

F = antilog [(m\z F - 

mV f - finał reading after the addrtions of the 
Standard solution (mV) 

mVo ~ initiaf reading of the Sample solution (mV) 

5 = slope of the Standard response linę for the 

electrode 

Acceptance criteria: NMT 10 pg/g 
e CHROMATOGRAPHIC PURITY 

Buffer solution: 7.1 q/L of anhydrous dibaslc sodium 
phosphate. Adjust with phosphoric add to a pH of 2.5. 

Mobile phase: Buffer solution and acetonitrife (7:3) 

Standard solution: Transfer an amount, NMT 100 mg, 
of USP Cholinę Chloride RS to a 24-mL screw-capped 
vial, and add 400 mg of 3,5-dinitrobenzoyl chloriae and 
10 ml of acetonitrile. Cap the vial, heat to 55°, and 
continue heating for 2 h. Cool Lo room temperaturę, 
and add 5 mL ot water. Allow to stand for 5 min. 
Quantitatively transfer the solution to a 25-mL vo!umet- 
rit fiask and dilute with acetonitrile to volume. Dilute a 
volume of this solution with Mobile phase to obtain a 
concentration of 2,0 pg/mL of USP Cholinę Chloride RS. 

Sample solution: Transfer 500 mg of Cholinę Bitartrate 
to a centrifuge tubę, add 2.0 mL of water, and swirl to 
dissolve. Ada 0.5 mL of potassium chloride solution (7.5 
in 25), centrifuge, and transfer 1.0 mL of the superna- 
tant to a 24-mL screw-capped vial. Dry at 120° for 2 h. 
Add 400 mg of 3,5-dinitrobenzoyl chloride and 10 mL 
of acetonitrile. Cap the vlal, and heat at 55 D for 2 h. 
Cool to room temperaturę, add 5 mL of water, and al¬ 
low to stand for 5 min. Quantltatively transfer this solu¬ 
tion to a 50-mL volumetric fiask, ancf dilute with Mobile 
phase to volume. Pipet 2.0 mL of the solution to a 
25-mL voiumetric fiask, and dilute with Mobile phase to 
volume. 
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Chromatographic system 

(See Chromatography (621), System Suitohiiity.) 

Modę: LC 

Detector: UV 208 nm 

Column: 4,6-mm x 25-cm; packi ng 17 

Column temperaturę: 30° 

Flow ratę: 1 ml/min 
Jnjeotion size: 20 pL 
System suitability 
Sample: Standard solution 
Suitability reąuirements 
Capacity factor (k'): NLT 2 

Relative standard deviation: NMT 5%, determined 
from the cholinę derivative peak 
Analysis 

Samples: Standard solution and Sample solution 
CaJculate the percentage of each impurity in the por- 
tion of Cholinę Bitartrate taken: 

Result = (r u /r s ) x (Ci/ Cu) x (Mn/Ha) * * 100 

ry - peak response for each impurity, exctuding 
that for the cholinę derivative and 3,5- 
dinitrobenzoic acid from the Sample sofution 
r$ - peak response for the cholinę derivative from 
the Standard solution 

Q = concentration of USP Cholinę Chloride RS in 
the Standard solution (mg/rnL) 

Cu = concentration of Cholinę Bitartrate in the 
Sample solution (mg/mL) 

Mri - molecular weight of cholinę bitartrate, 253.25 
Hi = molecular weight of cholinę chloride, 139.62 
Acceptance criteria 
lndividual impurities: NMT 03% 

To tal Impurity: NMT 2.0% 

SPEOFIC TESTS 

• Optical Rotation, Spedfic Rotation (781S) 

Sample solution: 400 mg/ml \n water 
Acceptance criteria: +173° to +183° 

• pH <791}: 3.0^.0, in a solution <1 in 10) 

• WATER Determjnation, Method I (921): NMT 03% 



ADD1TIONAL REQU1REMENT5 

® Packaging and Storage: Preserve in well-closed 
containers. 

• USP Referenci Standard* (11) 

USP Cholinę Bitartrate RS 
USP Cholinę Chloride RS 


Cholinę Chloride 


CjHhCINO 139.62 

(2-Hydroxyethyl)trimethylammonium chloride; 
2-Hydroxy-N,/v,N-lrimetnylelhanamrnium chloride [67-48-1 ]. 

DEFINITION 

Cholinę Chloride contams NLT 99.0% and NMT 100.5% of 
cholinę chloride (C5H14CINO), calcuiated on the anhy- 
drous basis. 


IDENTIFICATION 

* A. INFRARED ABSORPTION (197K) 

* B. Identification Tests—General, Chloride (191): A soitb 

tion (1 in 20) meets the reguirements. 


ASSAY 

* Procedurę 

Sample: 120 mg 
Titrimetric system 
(See Titrimetry <541),) 

Modę: Direct titration 

Tl t rant: 0.1 N silver ni tratę V$ 

Endpoint detection: Potentiometric 
Blank: 35 mL of water. Add 3 drops of acetic acid. 
Analysis: Dissolve the Sample in 35 mL of water and 
add 3 drops of acetic acid, Titrate with Titrant. 

Calculate the percentage of cholinę chloride 
(C 5 H 14 CINO) in the Sample taken: 

Re suit s [(V-lf)xNxFx 1 00 ]/W 

V = Sample titrant volume (mL) 

B ~ Blank titrant volume (mL) 

N = titrant normality (mEq/mL) 

F = equivalency factor, 139.6 mg/mEq 
W - weight of the Sample (mg) 

Acceptance criteria: 99.0%-1Q0.5% on the anhydrous 
basis 

IMPURITIES 

* Residual Solvents <467): Meets the requirements, ex- 
cept that the limit for 1,4-dioxane is TO pg/g 

* RES1DUE ON Ignition <281): NMT 0.05% 

* ARSENIC, Method I (211) 

Analysis: Add 30 mL of water and 5 mL of hydrochlorie 
acid to dissolve the sample. 

Acceptance criteria: NMT 2 ppm 

* LEAO (251) 

[NOTĘ—Use methylene chloride in place of chloroform to 
prepare the Dithizone Extraction Solution and Standard 
Ditnizone 5o/ut/on,] 

Solution A: Transfer 8,4 g of sodium hydroxide solution 
(1 in 2) to a plaśtic bottle, add 100 mL of ammonium 
hydroxide, and mix. 

Standard solution: Transfer 1.0 mL of the Diluted Stan * 
dard Lead Solution to a separatory funnei containing 
25.0 mL of water. 

Sample solution: Di$solve 3.00 g of Cholinę Chloride in 
a separatory funnei containing 25.0 mL of water. 
Analysis 

Samples: Standard solution and Sample solution 
Sępa rately add 6,0 ml of Ammonium Ci tratę Solution 
and 3.0 mL of Potassium Cyanide Solution to the Stan¬ 
dard solution and the Sample solution . Extract each of 
the resulting Solutions three times with 5.0-mL por- 
tions of Ditnizone Extraction Solution , shaking for60 s 
and drainlng off each extract into another separator. 
Shake the combined dithizone Solutions for 30 s with 
20.0 mL of nitric add (1 in 100), and discard the 
meLhyiene chloride fayer. Add 6.0 mL of Am- 
monia-Cyanide Solution, 2 mL of Solution A f and 
10 mL of Standard Dithizone Solution , and shake for 
45 s. Aliow the phases to separate, and measure the 
absorbance of the lower layer at 510 nm with a suita- 
ble spectrophotometer. 

Acceptance criteria: The absorbance of the Sample so¬ 
lution is NMT the absorbance of the Sf andard solution 
(NMT 0.3 ppm). 


Delete the foliowi ng: 

•* Heavy Metals, Method II (231): NMT 10 ppm# (om**' j. 

• LiMrr of Total Amines 

Standard solution: 500 jug/mL of trimethylamine hy- 
drochloride in water 

Sample solution: Transfer 10.0 g of Cholinę Chloride to 
a beaker containing a plastic-coated stirring bar, add 
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170 ml_ of water and 30.0 mL of sodium hydroxide T5, 
and stir until disso1ved. 

System suitability stock solution: 10 ug/mL of trimeth- 
ylamine hydrochloride in water 
System suitability solution: Transfer 10.0 mL of System 
suitability stock solution to a beaker containing a plastic- 
coated stirring bar, add 1 60 mL of water and 30.0 mL 
of sodium hydroxide TS, and stir until dlssolyed. 
Electrode system; Use a gas-sensing, arnmonia-specifit 
indieating electrode with interna! reference connected 
to a pl-l meter capable of measuring potentials with a 
minimum reprodueibility of ±0.1 mV (see pH (791)). 
Standard response linę: Mix 30.0 mL of sodium hy- 
droxfde TS, and 170 mL of water. Add a plastic-coated 
stirring bar, insert the electrode into the solution, and 
recordthe potentlat, in mV. Continue stirring, and at 
5-min intervals add 0.200, 0,600, 1.00, and 2.00 mL o" 
Standard solution , and record the potential aft er each 
addition, Plot the logarithms of the cumulative trimeth- 
ylamine hydrochlorioe concentrations (0.50, 1.50, 2.50, 
and 5.00 pg/mL) versus potential, in mV, and deter- 
mine the slope (5) of the Standard response linę for the 
electrode. 

System suitability 
Sample: Sys tern s u i ta b iii ty solu tlon 
Proceed as directed in Analysis, except to replace the 
Sample solution with the System suitability solution and 
in the formula beEow to replace W with V, which 
equals 10 mL, 

Suitability requ?rements: The total change is NLT 1 0 
mV for a 0.4-mL cumu!ative addition of the Standard 
solution; the amount of trimethylamine hydrochlonde 
found is 8.5-11.5 pg/L. 

Analysis 

Sam pies: Standard solution and Sampie solution 
Rinse the electrode, insert it into the Sampie solution , 
stir, and record the potential, in mV. Add 0.100 mi of 
the Standard solution , and record the potential, Add 
another 04 00 mL of the Standard solution, and record 
the potential. [NOTĘ—!f the total change after the sec- 
ond addition of the Standard solution Es less than 10 
mV, add a third al!quot of 0.200 mL.] 

Calculate the content, in pg/g, of totaf amines as tri¬ 
methylamine hydrochlonde in the portion of sample 
taken: 

Result = (Cj x V a )/[(F- 1 )xW] 

Q = concentration of Standard solution (pg/mL) 

Vą = total volume of the Standard solution added to 
the Sampie solution (mL) 

W - weight of Cholinę Chloride taken to prepare 
the Sample solution (g) 

F = correction factor, calcu la ted by the formula: 

f = antilog [(mW- mVb)/5] 

mVf — finał reading after the ądditrons of the 
Standard solution (mV) 

= initial reading of the Sample solution (mV) 

S - slope of the Standard response linę for the 
electrode 

Acceptance criteria: NMT 10 pg/g 
o Chromatocraphic Pm itv 

Buffer solution: 7.1 g/L of anhydrous dibasic sodium 
phosphate. Adjust with phosphoric add to a pH of 2.5. 
Mobile phase: Buffer solution and acetonitrile (7:3) 
Standard solution: Transfer an amount, NMT 1 00 mg, 
of USP Cholinę Chloride RS to a 24-mL screw-capped 
vial, and add 400 mg of 3,5-dinftrobenzoyI chloride and 
10 mL of acetonitrile. Cap the vlal, heat to 55and 
continue heating for 2 h. Cool to room temperaturę, 
and add 5 mL of water. Allow to stand for 5 min, 
Quantitatively transfer the solution to a 25-mL yolumet- 
ric fiask, and dllute with acetonitrile to volume. Dilute a 


vo!ume of this solution with Mobile phase to obtain a 
concentration of 2.0 pg/mL of USP Cholinę Chloride RS. 
Sample solution: Transfer 110 mg of Cholinę Chloride 
to a 24-mL strew-capped vial. Dry at 120° for 2 h. Add 
400 mg of 3,5-dinitrobenzoyl chloride and 10 mL of ao 
etonitrMe. Cap the vial, heat to 55°, and continue heat¬ 
ing for 2 h. Cool to room temperaturę, and add 5 ml 
of water. Allow to stand for 5 min. Quantitatively trans¬ 
fer the solution to a 50-mL vofumetric fiask, and dilute 
with Mobile phase to volume. Pipet 2,0 mL of the solu¬ 
tion to a 25-mL volumetric fiask, and dilute with Mobile 
phase to volume. 

Chromatographic system 
(See Chroma tog ropny <621), System Suitability.) 

Modę: LC 

Detector: UV 208 nm 

Column: 4.6-mm x 25-cm; packtng L7 

Column temperaturę: 30° 

FIow ratę: 1.0 mL/min 
Injection size: 20 j.lL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Capacity factor (k'): NLT 2 

Reiative standard deviation: NMT 5%, determined 
from the cholinę derivative peak 
Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of each impurity in the por- 
tlon of Cholinę Chloride taken: 

Result - (ru/n) x (Q/C v ) x 100 

ru - peak response for each impurity, excluding 
that for the cholinę derivative and 3,5- 
dinitrobenzoic add from the Sample soiution 
r$ ~ peak response for the cholinę derivative from 
the Standard solution 

Q = concentration of USP Cholinę Chloride RS in 
the Standard soiution (mg/mL) 

Cu = concentration of Cholinę Chloride in the 
Sample solution (mg/mL) 

Acceptance criteria 
]ndividuai impurities: NMT 0.3% 

Total impurities: NMT 2.0% 

5PECIF8C TESTS 

* PH (791): 4.0-7.0, in a solution (1 in 10) 

• Water Determination, Method I (921): NMT 0.5% 

ADDSTIONAL REQU3REMENTS 

o Packaging and Storage: Preserve in well-dosed 
containers. 

USP Reference Standards (11) 

USP Cholinę Chloride RS 
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Chondroitin, hydrogen sulfate, sodium salt [9082-07-9). 

DEFfNITION 

Chondroitin Sulfate Sodium is the sodium salt of the 
sulfated linear glycosaminoglycan obtained from bovine, 
porcine, or avian cartilages ot healthy and domestic ani- 
mals used for food by humans, Chondroitin Sulfate So¬ 
dium consists mostiy of the sodium salt of the sulfate es¬ 
ter of N-acetylchondrosamine (2-acetamido-2-deaxy-/3-D- 
galactopyranose) and D-glucuronic acid copolymer. These 
hexoses are alternately linked p- 1,4 and /Tl ,3 in the poły- 
mer. Chondrosamine moieties in the prevaient glycosami¬ 
noglycan are monosulfated primarily on position 4 and 
less so on position 6. It contarns NLT 90.0% and NMT 
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105,0% of chondroitin sulfate sodium, calcuiated on the 
dried basis. 

[NOTĘ—Chondroitin Sulfate Sodium is extremely hygro- 
scopic once dried, Avoid exposure to the atmosphere, 
and welgh promptiy.] 

IDENTIFICATION 

* A, INFBARED ABSORPTION (197K) 

* 8. IDENTIFICATION TESTS—GENERAL (191), Sodium 

SampJe soiution: 0.5 g in 10 mL of water 
Acceptance criteria: Meets the requirements 

* C. DisacchaRJde Composition: The chromatogram of the 

enzymatically digested Somple soiution as obtained in the 
test for Limit of Non spędfic Disaccharides shows three 
main peaks corresponding to dehydrated glucuronic 
acid-[1-*3]-chondrasamine-4-suJfated (ADi-4S), dehy¬ 
drated glucuronic add-[1“>3]-chondrosamme-6-sulfated 
(ADI-6S), and nonsulfated dehydrated glucuronic acid- 
[1-»3]-ehondrosamine (ADi-GS) in the enzymatically di- 
gested Standard soiution . By peak-area response, ADI-4S 
fs the most abundant, folfowed by ADi-óS, with ADI-05 
being the least abundant of the three. The ratio of the 
peak response of the AD1-4S to the ADi-ó$ is NLT 1.0. 

* D, Specific Rotation: Meets the reąuirements for Optkal 

Rotation (781S), Specifk Rotation in Spedfic Tests 

COMPOSITION 

* CONTENT OF CHONDROITIN SULFATE SODIUM 

Standard Solutions: 1.5, 1.0, and 0,5 mg/mL of USP 
Chondroitin Sulfate Sodium RS in water 
Sampie soiution: Transfer 100 mg of dried Chondroitin 
Sulfate Sodium to a 100-mL volumetnc fiask, dissolve in 
30 ml of water, and dilute with water to votume. 
Diluent: Weigh about 297 mg of monobasic potassium 
phosphate, 492 mg of dibasic potassium phosphate, 
and 250 mg of polysorbate 80, and transfer to a 1-L 
beaker. Dissolve in 900 mL of water, and adjust with 
potassium hydroxkie or phosphoric acid to a pH of 7.0 
± 0,2. Dilute with water to 1 L, and mix thoroughly. 
Titrimetric system 
(See Titrimetry (541},) 

Modę: Photometric titration 

Titrant: 1 mg/mL of cetylpyndinium chloride in water. 
Degas before use. 

Endpornt detection: Turbidimetric with a photo- 
electric probe 
Analysis 

Samples: Standard Solutions, Sampie soiution , and 
Diluent 

Transfer 5.0 mL each of the Standard Solutions and the 
Sampie soiution to separate titration ve$sels, and add 
25 mL of Diluent to each. 5tir untiJ a steady reading is 
obtained with a phototrode either at 420, 550, or 660 
nm. Set the instrument to zero in absorbance modę. 
Utratę with Titrant using the phototrode to determine 
the endpoint turbidimetrically, From a linear regression 
eguation, calcu lated using the volumes of Titrant ton- 
sumed versus concentrations of the Standard Solutions , 
determine the concentration of chondroitin sulfate so¬ 
dium in the Sampie soiution. 

Calcu la te the percentage of chondroitin sulfate sodium 
in the portion of Chondroitin Sulfate Sodium taken: 

Result= (C/Cu) x 100 

C = concentration of chondroitin sulfate sodium in 
the aliquot of the 5 ample soiution, obtained 
from the regression eguation (mg/mL) 

Cu - concentration of Chondroitin Sulfate Sodium 
in the Sampie soiution (mg/mL) 


Acceptance criteria: 90.0%-105.0% on the dried basis 

IMPURITIES 

• Residue on Ignition (281): 20.Q%^3Q.G% 

• Chloride and Sulfate (221), Chloride: NMT 0.50%; a 

0,10-g portion shows no morę chloride than corresponds 
to 0.7 ml of 0.020 N hydrochloric acid, 

« Chloride and Sulfate (221), Sulfate 

Sampie soiution: Dissolve 200 mg in 40 mL of water, 
Ada 10 ml of a 30-mg/mL soiution of cetylpyridinium 
chloride, pass through a filter, and use a 25-mL portion 
of the filtrate. 

Acceptance criteria: NMT 0.24%; the Sampie soiution 
shows no morę sulfate than corresponds to 0.25 mL of 
0.020 N sulfuric acid. 

■ Electrophoretic Purity 

[Caution —Voitages used in electrophoresis can readily de- 
liver a lethal shock. The hazard is increased by the use of 
agueous buffer Solutions and the possibillty or working in 
damp environments. The equipment, with the possible 
exception of the power supply, should be enclosed in ei¬ 
ther a grounded metal case or a case madę of insulatmg 
materiał. The case should have an interlock that deener- 
gizes the power supply when the case is opened, after 
whkh reactivation should be prevented until activation of 
a reset switch is carried out High-voltage cables from the 
power supply to the apparatus should preferably be a 

K e in which a braidea metal shield completely encloses 
insulated central conductor, and the shield should be 
grounded. The base of the apparatus should be grounded 
metal or contain a grounded metal rim fhat is constructed 
in such a way that my leakage of eiectrolyte will produce 
a short that will deenergize the power supply before the 
eiectrolyte can flow beyond the protective endosure. If 
the power supply contains capacitors as part of a filter 
Circuit, it should also contain a bleeder resistor to ensure 
discharae of the capacitors before the protective case is 
openecf A shorting bar that is activated by opening the 
case may be considered as an added precaufton, Because 
of the potential hazard associated with electrophoresis, 
laboratory personnel should be completely familiar with 
electrophoresis eguipment before using it.j 
Barium acetate buffer: Dissofve 25.24 g of barium ace¬ 
tale in 900 ml of water, Adjust with acetic acid to a pH 
of 5.0, and dilute with water to 1000 ml, 

Staining reagent: Dissoke 1 g of toluidine blue in 
1000 mL of 0,1 M acetic acid. 

Standard soiution A: 30 mg/mL of USP Chondroitin 
Sulfate Sodium RS in water 

Standard soiution B: Dilute 1 mL of Standard soiution A 
with water to 50 ml. 

Sampie soiution: 30 mg/mL of Chondroitin Sulfate So¬ 
dium in water 

Analysis: Fili the cham bers of an electrophoresis appa¬ 
ratus suitable for separations on cellulose acetate mem¬ 
bran es 1 (a smali submarine gel chamber or one dedi- 
cated to membranę media) with Barium acetate buffer , 
Soak a cellulose acetate membranę, 5-6 cm x 
12-14 cm, in Barium acetate buffer for 10 min, or until 
evenly wetted, then biot dry between two sheets of ab- 
sorbent paper. Using an appllcator 2 suitable for electro¬ 
phoresis, apply equa! volumes (0.5 pL) of Standard sofu- 
tion A , Standard soiution B, and Sampie soiution to the 
brighter side of the membranę field in position in an 
appropriate applicator stand or on a separating bridge 
in the chamber. Ensure that both ends of the mem¬ 
branę are dipped at least 0.5-1,0 cm deep into the 
buffer cham bers, Apply a constant 60 V (6 mA at the 

1 Suitable cellulose acetate membranes for electrophoresis are avaifable from 
Malta Chemetron SRL, Mileno, Itak; Fluka Chemical Corp. P Milwaukee, Wl; 
and DiaSys Corp., Waterbury, CT (www, diasys.com). 

■ Suitable app lica tors are available froin DiaSys Corp,, Waler bury, CT (www. 
dlasys.com) and Helena Laboratories, Seaumont, TX (www.h elena.com). 
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start) for 2 h. [Notę —Perform the application of Solu¬ 
tions and vo!tage within 5 min because further drying 
of the blotted paper reduces sensitivityj 
Place the membranę in a plastic staining tray, and with 
the application side down, float. or gently immerse in 
Staintng reagent for 5 min. Then stir the solution gen¬ 
tly for 1 min, Remove the membranę, and destarn in 
5% acetic acid until the background clears, Compare 
the bands. [NOTĘ —Document the results by taking a 
picture within 15 min of completbn of destaining,] 
Acceptance criterfa: The electropherogram from the 
Sampie solution exhibits a major band that is identical in 
osition to the band from Standard solution A. The 
and from Standard solution B is cleady yislble at a mo- 
bility similar to the band from Standard solution A Any 
secondary band in the electropherogram of the Sampie 
solution is not morę intense than the band from Stan¬ 
dard solution B. NMT 2% of any Endividual impurity Is 
found. [Notę—D ocument the results by taking a picture 
within 15 min of compleijon of destaining,] 

* Limit of Protein 

Solution A; 20 mg/ml of sodium tartrate di hydra te 
Solution B: 10 mg/mL of cupric sulfate 
Solution C: 20 mq/mL of anhydrous sodium carbonate 
in OJ M sodium hydroxide 

Dilute Folin-Cioealteu reagent: Dilute Folin-Ciocalteu 
phenof TS with water (1:5). Prepare immediately before 
use. 

Alkalrne cupric tartaric reagent: Mix 1 ml each of So¬ 
lution A and Solution B, ano to the mixture slowly add 
100 ml of Solution C with stirrtng. Use within 24 h, and 
dlscard afterward. 

Standard solution: 3ó|,ig/mL of bovine serum albumin 
certified standard in water 

Sampie solution: Transfer a portlon of Chondroitin Sul¬ 
fate Sodium, equivalent to 60 mg of the dried sub- 
stance, to a IGO-mL volumetric fiask, and di$sotve in 
and dilute with water to volume. 

Instrumental conditions 
(See Ultraviolet-Visible Spectroscopy (857),) 

Analytical wavelength: 750 nm 
Blank: Water 
Analysis 

Sampies: Standard solution , Sampie solution , and Blank 
Add 2.0 mL of freshly p repa red Alkaline cupric tartaric 
reagent to test tubes containing 2,0 mL of the Stan¬ 
dard solution, 2,0 mL of the Sampie solution , or 2.0 ml 
of the Blank . After 10 min, add 1.0 mL of Dilute Folin- 
Ciocalteu reagent to each test tubę, and mix immedi¬ 
ately and vigorously. After 30 min, measure the ab¬ 
sorbance of the Standard solution and Sampie solution 
against the Blank. 

Acceptance criteria: NMT 6,0% on the dried basis; the 
absorbance of the Sampie solution is NMT the absorb- 
ance of the Standard solution. 

CONTAMiNANTS 

* MlCROBIAL EnumeratiON Tests (2021): The to tal bacteria! 
count does not exceed 1 0 3 efu/g, and the Eotal com- 
bined molds and yeasts count does not exceed 10 2 cfu/ 
3- 

* ABSENCE OF Spegefied Microqrgani5m$ (2022): It meets 
the requirements of the tests for absence of Salmonella 
species and Escherichia coli. 

Delete the foltowing: 

** Heaw Metals, Method II (231): NMT 20 ppm* faŁi. T . 

|an 201B) 

SPECIFiC TESTS 

* Limit of Nonspeofic Dissaccharides 

Solution A: Water adjusted with 0 1 N hydrochloric 
acid to a pH of 3.5 


Solution B: 1 M sodium chlorrde adjusted with 0.1 N 
hydrochloric acid to a pH of 3,5 
Mobile phase: See Taole 1. 


labie 1 


Time 

Solution A 

Solution B 

(min) 

(%> 


0.0 

ICO 

0 

4.5 

100 

0 

21.0 

61 

39 

21 J 

100 

0 


Buffer solution: 50 mM tris(hydroxymethyt)amino- 
methane and 60 mM sodium acetate, adjusted with di- 
luted hydrochloric add to a pH of 8.0 
Blank: Water 

Chondroitinase AC solution: Use appropriate chon¬ 
droitinase AC that is capable of cleavfng the N- 
acetylhexosaminlde Jinkage in chondroitin 4-sulfate and 
chondroitin 6-sulfate, yielding A 4 -unsaturated disaccha- 
rides (ADE-0S, ADb45, and ADi-óS), The working con- 
centration of the chondroitinase AC in Buffer solution 
must be sufficient for a complete digestion and meet 
the enzyme suitabifity requirement that foilows. 

[Notę—I f Chondroitinase AC from Ar~th roba eter auresens 3 
is used, 0.2 Units/mL in Buffer solution is a typical 
working concentration; if Chondroitinase AC from 
Flavobacterium hepanum 4 is used, 3 Units/mL in Buffer 
solution is a typical working concentration. The work¬ 
ing enzyme concentration may be intreased if a com¬ 
plete digestion could not be achieved. The working 
enzyme aliguots should be stored at -20° when not in 
use for a period of time to avoid a decrease in the 
enzyme activity. A working enzyme solution ts typically 
stable for 4 days when stored at 4°.] 

Enzyme suitability: Dilute the digested Standard solu¬ 
tion and digested Blank (see Analysis sectlon) (1 in 10), 
and measure the absorbance at 230 nm in 1 -cm patii 
cells. Make correction with the diluted Blank. 

Cafcuiate the absorptivity of USP Chondroitin Sulfate 
Sodium RS: 

Result - Af(C xOxd) 

A = absorbance of the diluted and digested 
Standard solution 

C = concentration of USP Chondroitin Sulfate 

Sodium RS in the Standard solution (mg/mL) 

D - dilution factor of digested Standard solution 

0/5) 

d = dilution factor for the UV measurement (1/10) 
Enzyme suitability requirement: The absorptivity of 
the digested USP Chondroitin Sulfate Sodium RS is NLT 
8 AU - mL ■ mg- 1 - cnrrT 

Standard solution: 2.4 mg/mL of dhed USP Chondroi¬ 
tin Suffate Sodium RS in water 
Sampie solution: Transfer about 250 mg of dried (105° 
for 4 h) Chondroitin Sulfate Sodium to a 100-mL volu- 
metric fiask, and dissolve in and dilute with water to 
volume. 

System suitability solution: Add 1 yolume of Standard 
solution to 1 volume of Sampie solution. 
Chromatographic system 
(See Chromatography (621), System Suitabifity.) 

3 Cli on droitinase AC from Afthrobader auresens, Chromade*, part n urn ber 
ASB-00003Ć13-10. 

- 1 Chondroitinase AC from Fłwobactenum heparium, >200 units/mg protein, 
Sigma-Aldnch, catalog number E2039. 
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Modę: LC 

Detector: UV 230 nm 

Column: 4.6-mm x 25-cm; 5-pm packing LI 4 
Flow ratę: 1 mL/min 
Injection volume: 25 pL 

[NOTĘ—The Injection volume may be decreased to im- 
prove the peak sbape of the analytes,] 

System suitabiiity 

Samples: Standard solution , 5 ample sofution, and Sys¬ 
tem suitabiiity solution (prepared as directed for Sam- 
pies in the Analysis) 

[NOTĘ—The relative retention times for the ADt-OS, ADi- 
6$, and ADT4S peaks are 0,80, 0.97, and T.0, 
respectivefy.] 

Suitabiiity requirements 

Chromatogram simrlarity: The chromatogram of the 
Standard solution is similar to that of the reference 
chromatogram provided with USP Chondroitin Sul- 
fate Sodium RS. 

Resofution: NLT TO between the ADi-4S and ADi-óS 
peaks, Standard solution 

Recovery factor: NLT 95% of the USP Chondroitin 
Sulfate Sodlum RS added to the Sample solution 
[NOTĘ—This test is intended to demonstrate the ab- 
sence of enzyme inhibition by impurities m the articles 
being tested. Performance of this test is required only 
for the arttcles being tested not meeting the Accep- 
tance criteria . The /tecovery factor can be calculated as 
follows: 

Result - {[(2 x Zr 5 v) - IrJ/Ir*} x 100 

Lfsr ~ sum of the peak areas of ADi-OS, ADi-45, and 
ADi-6S from the System suitabiiity solution 
Tr (J - sum of the peak areas of ADi-OS, ADi-4S, and 
ADhóS from the Sample solution 
Ir 1 - sum of the peak areas of ADi-OS, ADU4S, and 

AD i-6 5 From the Standard solution] 

Analysis 

Samples: Blank , Standard solution , Sample solution , and 
System suitabiiity solution 

In four separate vials, combine 4 volumes (e.g,, 800 pL) 
of Chondroitinase AC solution with 1 volume (e,g v 
200 juL) each of Standard solution , Sample solution. Sys¬ 
tem suitabiiity solution , and Blank. Mix thoroughly. In- 
cubate at 37° for 3 h. [Notę— the incubation period 
may be increased, if necessary, to complete tne diges- 
tion,] Allow the Solutions to cool before injection. 
Calculate the percentage of specific disaccharides in the 
portion of Chondroitin Sulfate Sodium taken: 

Result = (ZrJZrs) x (Q/C u ) x 100 

EA, = sum of the peak areas of ADi-OS, ADi-4S, and 
ADP6S from the Sample solution 
Ifs = sum of the peak areas of ADi-OS, ADT4S, and 
ADi-6$ from the Standard solution 
Cs - concentration of chondroitin sulfate sodium in 
the Standard solution (mg/mL) 

= concentration of Chondroitin Sulfate Sodium 
in the Sample solution (mg/mL) 

Calculate the eon tent of nonspecific disaccharides In the 
sample taken: 

Result ^ CSC - SDC 

CSC - chondroitin sulfate sodium content from the 
test for Content of Chondroitin Sulfate Sodium 

E%) 

SDC - specific disaccharides content (%) 

Acceptance criteria: NMT 10,0% 

* Clarity and Color of Solution 

Sample solution: Transfer 2.5 g of Chondroitin Sulfate 
Sodium to a 50-mL volumetnc fiask. DEssolve in and 


dilute with carbon dioxide-free water to volume, and 
examine immediately. 
tristrumental conditions 
{See Ultroviolet-Visible Spectroscopy (857).) 

Analytteal wavelength: 420 nm 
Celi: 1 cm 

Blank: Carbon dioxide-free water 
Analysis: Measure the absorbance of the Sample 
solution . 

Acceptance criteria: NMT 0.35 

* Optical Rotation <781S), Specific Rotation 

Sample solution: 30 mg/mL 
Acceptance criteria: -20. 0° to -30.0° 

* RH (791): 5.5-7.5, in a solution (1 in 100) 

* Loss on Drying (731) 

[NOTĘ —Chondroitin Sulfate Sodium is extremely hygro- 
scopic once dried, Avoid exposure to the atmospnere, 
and weigh promptly.] 

Analysis: Dry at 105° for 4 h. 

Acceptance criteria: NMT 12.0% 

ADDfTiONAL REQUIREMENTS 

• Packaging and Storage: Preserve in tight containers. 

• Labeling: Label it to State the source(s) from whtch the 
article was derived, whether bovine, porcine, avian, or a 
mixture of any of them. 

• USP Reference Standards (11) 

USP Chondroitin Sulfate Sodium RS 


Chondroitin Sulfate Sodium Tablets 

DEFINITION 

Chondroitin Sulfate Sodium Tablets contain NLT 90.0% and 
NMT 120.0% of the labeled amount of chondroitin sul¬ 
fate sodium. 

[Notę—C hondroitin Sulfate Sodium is extremely hygro- 
scopic once dried. Avoid exposure to the atmospnere, 
and weigh promptly.] 

IDENTIFICATION 
■ A. Electrophoresis 

Barium acetate buffer: Dissołve 25.24 g of barium ace- 
tate in 900 ml of water, Adjust with acetic acid to a pH 
of 5.0, and dilute with water to 1 000 ml. 

Staining reaqent: 0,1% (w/v) toluidine blue in 0.1 M 
acetic acid 

Standard solution: Use the Standard solution of middle 
concentration from the Content of Chondroitin Sulfate 
Sodium . 

Sample solution: Prepare as directed in the Content of 
Chondroitin Sulfate Sodium. 

Analysis: Fil i the cham bers of an electrophorests appa- 
ratus suitable for separations on cetlulose acetate mem- 
branes T {a smali suomarine gel chamber or one dedi- 
cated to membranę media) with Barium acetate buffer. 
Soak a cellulose acetate membranę 5-6 cm x 12-14 cm 
in Barium acetate buffer for 10 min, or until evenly wet- 
ted, then biot dry between two sheets of absorbent pa- 
per. Using an applicator 1 2 suitable for electrophoresis, 
apply equal volumes (0.5 pL) of the Sample solution and 
Standard solution to the brighter side of the membranę 
held in position in an appropriate applicator stand or 
on a separating bridge rn the chamber, Ensure that 
both ends of tne membranę are dipped at least 
0,5-1,0-cm deep into the buffer chambers, Apply a 
constant 60 vołts (6 mA at the start) for 2 h, [Notę— 
Perform the application of Solutions and voltage within 

1 Suitable cellulose acetate membran es for eteclrophoresis are available Irorri 
Fluka Chemical Corp., Milwaukee, Wl; md DiaSys Corp v Waterbury, CT 
(www, diasys.com), 

J Suitable appficators are available from DiaSys Corp., Waterbury, CT fwww. 
dtesys.com) and Heiena Laboratories, Beaumont, IX (www.holena.com), 
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5 min because further drying of the blotted paper 
reduces sensitivity,] 

Place the membranę in a pfastic staining tray, and with 
the application side down, float or gently immerse in 
Staining reagent for 5 min. Then stir the solution gen¬ 
tly for 1 min. Remove the membranę, and destain in 
5% acettc acid until the background clears. 

Acceptance criteria: The prindpal spot from the Sam - 
ple solution has the same migration as the prinapal spot 
from the Standard solution. [NOTĘ—Document the re- 
sults by taking a picture within 15 min of completion cf 
destaining.] 

STRENGTH 

® CONTENT OF CHONDROFTEN SULFATE 50DIUM 

Standard Solutions: 1.5, 1.0, and 0,5 mg/mL of USP 
Chondroitin Sulfate Sodium RS in water 
Sample solution: Transfer an equivalent to 1 00 mg of 
chondroitin sulfate soditim from NLT 20 Tabiets, finely 
powdered, to 60 mL of water, and shake to suspend 
the powder In solution. Sonicate in a 65° water bath for 
20 min. Remove from the bath, stir or shake for 5 min, 
dilute with water to 100 mL, and centrifuge or pass 
through a suitable filter. 

Diluent: Weigh about 297 mg of monobasic potassium 
phosphate, 492 mg of dibasic potassium phosphate, 
and 250 mg of polysorbate 80, and transfer into a 1~L 
beaker. DissoJve In approximately 900 mL of water, and 
adjust wlth potassium hydroxide or phosphoric acid to 
a pH of 7.0 ± 0.2. Dilute with water to 1 L, and mix 
thoroughly, 

Ti tri metr tc system 
(See Titrimetry (541).) 

Modę: Photometric titration 

Titrant: 1 mg/mL of cetylpyridinium chloride in water 
Endpoint detection: Turbidimetric with photoelectric 
pro be 

Analysis: Transfer 5.0 mL of each Standard solution and 
the Sample solution to sępa ratę titration vessels, and add 
25 mL of Diluent to each. Stir until a steady reading is 
obtained with a photoelectric probe either at 420, 550, 
or 660 nm. Set the instrument to zero in absorbance 
modę. Ti tratę with Titrant using the photoelectric probe 
to determine the endpoint turoidimetrically, from a lin¬ 
ear regression equation, calculated using the volumes of 
Titrant consumed versus concentrations of the Standard 
Solutions , determine the concentration of chondroitin 
sulfate sodium in the Sample solution. 

Cafculate the percentage of the labeled amount of 
chondroitin sulfate sodium in the portion of Tabiets 
taken: 

Result = (C/Cu) x 100 

C - determined concentration of chondroitin 
sulfate sodium in the Sample solution 
(mg/mL) 

Cu = nominał concentration of chondroitin sulfate 
sodium in the Sample solution (mg/mL) 
Acceptance criteria: 90,0%-l 20.0% of the label claim 

PERFORMANCE TESTS 

o OlSINTEGRATION AND DlSSOLUTSON OF DlETARY SUPPLEMENTS 

(2040): Me et the requirements for Dissoludon 
Medium: Water; 900 mL 
Apparatus 2: 75 rpm 
Time: 60 min 

Titrant and Diluent: Prepare as directed as in Content 
of Chondroitin Sulfate Sodium. 

Standard Solutions: 1.5, 1.0, and 0.5 mg/mL of USP 
Chondroitin Sulfate Sodium RS in water 
Sample solution: Combine equal portions of the Solu¬ 
tions withdrawn from 6 dissolution vessels and pass 
through a suitable filter; use the pooled sample as the 
test spedmem 


Analysis: Transfer 5.0 mL of each Standard solution , and 
an aliquot of the Sample solution equivalent to about 
5 mg of chondroitin sutfate sodium, to separate titration 
vessels. Add 25 mL of Diluent to each titration vesseL 
Stir until a steady reading is obtained with a photo¬ 
electric probe. Set the instrument to zero in absorbance 
modę, Titrate with Titrant using the photoelectric probe 
to determine the endpoint turbidimetrically, either at 
420, 550, or 660 nm. From a linear regression equa- 
tion, calcufated using the volumes of Titrant consumed 
versus amount, in mg, of chondroitin sulfate sodium 
from each Standard solution, determine the amount, in 
mg, of chondroitin sulfate sodium in the aliguot of 
Sample solution taken, 

Calculate the percentage of the labeled amount of 
chondroitin sulfate sodium disso!ved: 

Result = (m/a) x (V/l) x 100 

Ws ~ amount of chondroitin sulfate sodium in the 
aliguot of the Sample solution taken (mg) 
a = vo!ume of the aliquot of Sample solution taken 
V - voiume of Medium, 900 mL 
L - label claim of chondroitin sulfate sodium 
(mg/Tablet) 

Tolerances: NLT 75% of the labeled amount of chon¬ 
droitin sulfate sodium is dissolved. 

o Weight Variatiqn of Dietary Supplements (2091): Meet 
the requirements 

ADDITIONAL REQUIREMENT$ 

e Packaging and Storage: Preserve in tight, light-resistant 
containers, and storę at room temperaturę. 

* Labeling: Label it to indicate the species of the source 
from which the chondroitin used to prepare the Tabiets 
was derlved. Label it to State the source(s) of chondroitin 
sulfate sodium, whether bovine, porcine, avian, or a mix- 
ture of any of therru The label States on the front panel 
the content of chondroitin sulfate sodium on the dried 
basis, 

o U5P Reference Standards (11) 

USP Chondroitin Sulfate Sodium RS 


Choin dr® ii tam Sulfate SodBum, Shark 

Chondroitin, hydrogen suifate, sodium salt [9007-28-7]. 

DEFINITION 

Chondroitin Sulfate Sodium, Shark is the sodium salt of the 
sulfated linear giycosaminoglycan obtained from shark 
cartilages used for human foods. Chondroitin Sulfate So¬ 
dium, Shark consists mostly of the sodium salt of the suL 
fale ester of AZ-acetyJchondrosamine (2-acetamid0“2-de- 
oxy-/TD~galactopyranose) and D-glucuronic acid 
copolymer. These hexoses are alternately tinked [Tl ,4 and 
/M,3 In the polymer. Chondrosamme moieties in the 
prevalent giycosaminoglycan are monosuJfated primarily 
on position 6 and less so on position 4 with minor disulfa- 
tion on both positions 4 and 6. NLT 15% of the D- 
glucuronrc acid moieties are monosulfated on position 2, 

It contains NLT 90,0% and NMT 105.0% of chondroitin 
sulfate sodium, calculated on the dried basis. 

[Notę—C hondroitin Sulfate Sodium is extremely hygro- 
scopic once dried. Avoid exposure to the atmospnere, 
ano weigh promptly.] 

IDENTIFICATION 

« A. Infrared Absorption (197K) 

* B. Identification Tests—General (191), Sodium 

Sample solution: 0.5 g in 10 mL of water 
Acceptance criteria: Meets the requirements 

* C Specific Disaccharides: The chromatogram of the en- 
zymatically digested Sample solution as obtained in the 
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test for Disaccharide Composition shows three main peaks 
due to 6-sulfated (ADT6S), 4-sulfated (ADi-4S), and 2,6- 
disulfated (ADi-2,6diS) disaccharides, corresponding to 
those of the enzymatieally digested Standard solution, 
with ADL6S being the most abundant, followed by ADi- 
4S, with NIT 15% corresponding to ADi*2,6diS. Addi- 
tional minor peaks corresponding to nonsulfated (ADi-OS) 
and 4,6 disulfation may be detected. 

* D* Specifio Rotation: Meets the requirements in the Spe- 

cific Test5 

COMPOSITION 

* CONTENT OF CHONDROITIN SULFATE SODIUM 

Standard Solutions: 1 >5, 1,0, and 0.5 mg/mL of dried 
USP Chondroitin Sulfate Sodium, Shark RS in water 
Sample solution: Transfer 100 mg of dried Chondroitin 
Sulfate Sodium, Shark into a 100-mL volumetric fiask, 
dissolve in 30 ml of water, and dilute with water to 
volume. 

DIluent: Weigh about 297 mg of monobaslc potassium 
phosphate, 492 mg of di basie potassium phosphate, 
and 250 mg of polysorbate 80, and transfer to a 1-L 
beaker. Dissols/e in 900 mL of water, and adjust with 
potassium hydroxide or phosphoric acid to a pH of 7.0 
± 0*2. Dilute with water to 1 L, and mix thoroughly. 
Tltrimetric system 
(See Titrimetry (541).) 

Modę: Photometrrc titration 

Titrant: 1 mg/mL of cetylpyridinium chloride in water* 
Degas before use. 

Endpoint detection: Turbidtmetric with a photo- 
electric probe 

Analysis: Transfer 5.0 mL each of the Standard solution 
ano the Sample solution to sępa ratę titration vessels, and 
add 25 mL of Diluent to each. Stir untif a steady reading 
is obtained with the photoelectric probe set either at 
420, 550, or 660 nm* Set the instrument to zero in 
absorbance modę. Titrate with Titrant using the photo- 
electric probe to determine the endpoint turbidimetrb 
cally. From a linear regression equation, calculated us¬ 
ing the volumes of Titrant consumed versus 
concentrations of the Standard Solutions , determine the 
concentration of chondroitin sulfate sodium in the Sam- 
ple solution. 

Calculate the percentage of chondroitin sulfate sodium 
in the portion of Chondroitin Sulfate Sodium, Shark 
taken: 

Resutt = (C/Cu) x 100 

C = concentration of chondroitin sulfate sodium in 
the aliguot of the Somple solution , obtained 
from the regression eauation (mg/mL) 

Cu = concentration of Chondroitin Sulfate Sodium, 
Shark in the Sample solution (mg/mL) 
Acceptance criteria: 90.0%-T 05.0% on the dried basis 

C hangę to read: 

* Disaccharide composition 

Solution A: Water adjusted with 0.1 N hydrochloric 
acid to a pH of 3.5 

Solution B: 1 M sodium chlorlde adjusted with 0.1 N 
hydrochloric acid to a pH of 3.5 
Mobile phase: See Taole J. 


Tobie 1 


Time 

(mini 

Solution A 

C%> 

Solution B 

(%> 

0.0 

100 

0 

4.0 

100 

0 

45.0 

50 

50 

45.1 

100 

0 


Buffer solution: 50 mM tris(hydroxymethyi)ammo- 
methane and 60 mSVl sodium acetale, adjusted with di- 
luted hydrochloric acid to a pH of 8*0 
Standard solution: 2.4 mg/mL of dried USP Chondroi¬ 
tin Sulfate Sodium, Shark RS in water 
Sample solution: Transfer about 250 mg of dried 
Chondroitin Sulfate Sodium, Shark to a 100-mL volu- 
metric fiask, and dissolve and dilute with water to vol- 
ume. Frlter to obtaln a elear solution* 

Blank: Water 

Chondroitinase ABC solution: Dissolve 1 unit (U/mg of 
protein) of chondroitinase ABC in # 1*0 mL of Buffer so* 
lution. m Mix thoroughly. 

Chondroitinase ABC solution suitability: Dilute the in- 
cubated Standard solution 1 in 10, and measure its ab* 
sorbance against the ineubated Blank at 232 nm. The 
absorptivity is NLT 8 AU ■ mL - mg- 1 ■ crrrT 
Chromatographic system 
(See Chromatograpny (621), System Suitability,) 

Modę: LC 

Detector: UV 232 nm 

Column: 4.6-mm X 25-cm; 5-pm packing LI 4 
FIow ratę: 1 mL/min 
Injection volume: 20 pL 
System suitability 

Sample: Standard solution {prepared per Analysis 
below) 

[Notę—T he relatrve retention times for the ADi-OS, ADT 
6S, ADi~4S, and ADL2,ódiS peaks are 0.50, 0.75, 0.80, 
and 1.0, respectively.] 

Suitability requirements 

Chromatogram similarity: The thromatogram of the 
Standard solution \s simtlar to the reference chromało- 
ram provided with USP Chondroitin Sulfate Sodium, 
hark RS. 

Resolution: NLT 2*0 between the ADi-6S and ADi-4S 
peaks 

Relative standard devfation: NMT 5.0% for the ADi* 
6S, ADL45, or ADi~2,6diS peaks 
Analysis 

Samples: Standard solution , Sample solution , and Blank 
In three separate vials, combine 0.8 mL of Buffer solu¬ 
tion, 0.1 mL of Chondroitinase ABC solution, *and 
0.1 ml* (taft each of the Standard solution, Som¬ 

ple solution, and Blank . Mix thoroughly. Jncubate at 
37 d for 3 h. Allow the solution to cool to room tem¬ 
peraturo, and centrifuge prior to injection. 

Calculate the percentage of each disaccharide in the 
sample taken: 

Result = (ru/Zru) x 100 

fu = peak area of ADi-OS, AD1-6S, ADi*4S, or ADi- 
2,ódiS from the Sample solution 
Zr u - sum of the peak areas of ADi-OS, ADL6S, ADi- 
4S, and ADi-2,6diS from the Somple solution 
Acceptance criteria: The area percentage of the AQi-65 
peak is greater than Lhal of the ADL4S peak, and the 
area percentage of the ADi-2,6diS peak is the lowest of 
the three. The area percentage of the ADi-2,6diS peak 
15 NLT 15%. 

IMPURSTIES 

« Residue on Ignition (281): 20.0%“30.0% on the dried 
basis 

* Chloride and Sulfate (221), Chloride 

Standard solution: 0*7 mL of 0.020 N hydrochloric 
acid 

1 Chondroitinase ABC from Prateus mhoris is availabie from Sigma (www r 
sigma a) drich.com), Catalog Numbtr C3667. 
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Sample: 0.1 g 

Acceptance criteria: NMT 0.50% 

0 Chlorjde and Sulfate (221), Sulfate 

Standard solution: 0.25 mL of 0.020 N sulfuric add 
Sample solution; Dissolve 200 mg in 40 mL of water. 
Ada 10 mL of a solution of cetylpyridinium chloride 
having a concentration of 30 mg/rnL, and pass through 
a filter. Use a 25-mL portion of the filtra te. 

Acceptance criteria: NMT 0.24%; the Sample solution 
shows no morę sulfate than that of the Standard 
solution . 

* Ełectrophoretic Purjty 

[Cautiom —VoItages used in electrophoresis can readily 
deliver a tethal shock. The hazard is Increased by the 
use of aqueous buffer Solutions and the possibility of 
working in damp erwironments* The equipment, with 
the possibfe exception of the power supply, should be 
enclosed in efther a grounded metaf case or a case 
madę of insulating materiał. The case should have an 
interfock that deenergizes the power supply when the 
case is opened, after which reactivatron should be pre- 
vented until activation of a reset swltch is carrled out. 
Highwoltage ca b fes from the power supply to the appa- 
ratus should preferably be a type in which a braided 
metal shield completefy encloses the insulated central 
conductor, and tne shiefd should be grounded. The 
base of the apparatus should be grounded metal or 
contain a grounded metal rim which is constructed in 
such a way that any leakage of electrolyte will produce 
a short which will deenergize the power supply before 
the electrolyte can flow beyond the protective enclo- 
surę. If the power supply contains capacitors as part of 
a filter circuit, it should also contain a bleeder resistor to 
ensure distharge of the capacitors before the protectlve 
case is opened. A shorting bar that is actiyated by 
opening the case may be considered as an added pre- 
taution. Because of the potential hazard associated with 
electrophoresis, Jaboratory personnel should be com- 
pletely familiar with electrophoresis eguipment before 
ustng it.] 

Barium acetate buffer: Disso3ve 25.24 g of barium ace¬ 
tale in 900 mL of water. Adjust with acetfc add to a pH 
of 5.0, and dilute with water to 1000 mL. 

Staining reagent: Dissolve 1 g of toluidine blue in 
1000 rnL of 0.1 M acetic add. 

Standard solution A: 30 mg/mL of USP Chondroitin 
Sulfate Sodium, Shark RS in water 
Standard solution B: Dilute 1 mL of Standard solution A 
with water to 50 mL. 

Sample solution: 30 mg/mL of Chondroitin Sulfate So¬ 
dium, Shark in water 

Analysis: Filf the chambers of an electrophoresis appa¬ 
ratus suitable for separations on cellulose acetate mem- 
branes 2 (a smali submarine gel chamber or one dedl- 
cated to membranę media) with Barium acetate buffer ■ 
Soak a cellulose acetate membranę, 5-6 cm x 
12-14 cm, in Barium acetate buffer for 10 min, or until 
evenly wetted, then biot dry between two sheets of ab- 
sorbent paper. Using an applicator 3 suitable for electro¬ 
phoresis, apply equal volumes (0,5 pL) of the Sample 
solution , Standard solution A, and Standard solution B to 
the brighter side of the membranę held in position in 
an approprlate applicator stand or on a separatfng 
bridge in the chamber Ensure that botli ends of the 
membranę are dipped at least 0.5-1.0 cm deep into the 
buffer chambers. Apply a constant 60 volts (6 mA at 
the start) for 2 h. [Notę —Perform the applicadon of 
Solutions, and voltage within 5 min because further dry- 
ing of the blotted paper reduces sensitivity.] 

? Suitable cdlulose acetate rnembranes for electrophoresis are ava!lab!e from 

Malta Chemetron 5RL, Mi] ano, Italy; Huka Chemical Corp., M i Iwan k be, Wl; 

and Apacor Ltd,, Berkshire, England (www.apacor.com/produets/electropho- 

resis/ceil u lose-ace Late-memb ra nes). 

j Suitable applicators are available from Apacor Ltd*, Berkshire, England 

(w w w .a pa co r.c om/PD F/A PA092-El ectr o p h ore 5isEquipmentSupplies.pdf) and 

Helena Laboratories, Be a u mon t, TX (www.helena.comJ. 


Place the membranę in a plastic staining tray, and with 
the application side down, float or gently immerse in 
the Staining reagent for 5 min. Then stir the solution 
gently for 1 min. Remove the membrano, and destain 
in 5% acetic acid until the background dears. Com- 
pare the bands. 

[Notę—D ocument the results by taking a picture within 
15 min of the completion of aestaining,] 

Acceptance criteria: The electropherogram from the 
Sample solution exhibits a major band that is identical in 
position to the band from Standard solution A. The 
band from Standard solution B is dearly yisible at a mo- 
blfity similar to the band from Standard solution 4. Any 
secondary band in the electropherogram of the Sample 
solution Is not morę intense than the band from 5fon- 
dard solution B. NMT 2% of any lndividual impurity in 
Chondroitin Sulfate Sodium, Shark Is found. 

Change to read: 

® Limit of Protein 

Solution A: 20 mg/mL of sodium tartrate dihydrate 
Solution B: 10 mg/mL of cupric sulfate 
Solution C: 20 mg/mL of anhydrous sodium carbonate 
in 0.1 M sodium hydroxide 

Dilute Folin-Ciocalteu reagent: Dilute Folin-Ciocalteu 
phenol TS with water (1:5). Prepare immediately before 
use. 

Alkaline cupric tartaric reagent; Mix 1 mL each of 5o- 
luthn 4 and Solution B f and to the mixture slowly add 
100 mL of Solution C with stirnng. Use within 24 h, and 
discard afterward. 

Standard solution: 36 pg/mL of bovine serum albumin 
certffied standard in water 

Sample solution: Transfer a portion of Chondroitin SuL 
fate Sodium, Shark, equlva!ent to 60 mg of the dried 
substance, to a 100-mL volumetric fiask, and dtssolye in 
and dilute with water to volume. 
lnstrumental conditions 

(See * UltraviofePVisible Spectroscopy (857)# (m |.j im ^oiójO 

Analytkal wavelength: 750 nm 
Blank: Water 
Analysis 

Sam pies: Standard solution, Sample solution, and Blank 
Add 2.0 mL of freshly p repa red Alko linę cupric tartaric 
reagent to three test tub es, each containlng 2.0 ml of 
the Standard solution , 2.0 mL of the Sample soiution , or 
2.0 mL of the Blank. After 10 min, add 1.0 mL of Dilute 
Folin-Ciocalteu reagent to each test tubę, and mix im- 
mediately and vigorously. After 30 min, measure the 
absorbance of the Standard solution and Sample sofu- 
tion against the Blank , 

Acceptance criteria: NMT 6.0% on the dried basis; the 
absorbance of the Sample solution is NMT the absorb¬ 
ance of the Standard solution . 

CONTAMINANTS 

o Elemental Impurities—Phocedures (233) 

Acceptance criteria 
Arsenie: NMT 2.0 pg/g 
Cadmium: NMTI.Opg/g 
Lead: NMTI.Opg/g 
Mercury; NMT 1.0 pg/g 

■ Microbial ENUMERATIOn Tests (2021): The total bacterlal 
count does not exceed 1 0 3 cfu/g, and the totai com¬ 
bi ned molds and yeasts count does not exceed 10 2 cfu/ 

9- 

* Absence of Specifieo Microorganisms (2022): It meets 
the reguirements of the tests for absence of Salmonella 
spęd es and Escherkhia coli ♦ 
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SPECIFIC TESTS 


Change to read: 

• Clarity and Color of Solution 

Sampie solution: Transfer 2,5 g of Chondroitin Sulfate 
Sodiurn, Shark to a 50-mL volumetric fiask, Dissolve in 
and dilute with carbon dioxtde-free water to volume, 
and examine immediately, 
instrumental conditrons 
(See *U/trav/ofet’Vfs/ble Spectroscopy (857)# <err 
A nalytical wavelength: 420 nm 
Celi: 1 cm 

Blank: Carbon dioxtde-free water 
Anałysis: Measure the absorbance of the Sampie 
solution. 

Acceptance criteria: NMT 0.35 

• Optical Rotation, Spedfic Rotation ( 7 81S) 

Sampie solution: 30 mg/mL in water 
Acceptance criteria: -12,0° to -23.0° 

• PH (791) 

Sampie solution: 10 mg/mL 
Acceptance criteria: 5.5-7.S 
® Loss on Drying (731) 

Anałysis: Dry a sampie at 105° for 4 h. [NOTĘ—Chon- 
droitin Sulfate Sodium, Shark is extremely hygroscopic 
once dried. Avoid exposure to the atmosphere, and 
weigh promptiy.] 

Acceptance criteria: NMT 12,0% 

ADD1TSONAL REQUIREMENT5 

• Packaging and Storage: Preserve in tight containers. 

• Labeung: Label it to State the source(s) from which the 
article was derived. 

« USP reference standards (11) 

USP Chondroitin Sulfate Sodiurn, Shark RS 


Chromium Picolinate 



C, B H, 2 Nj0 6 Cr 418.30 

Chromium Tripicolinate [14639-25-9], 

DEFINITION 

Chromium Picolinate contains NLT 98,0% and NMT 
102.0% of chromium picolinate (CmHuN^OóCr), całcu- 
lated on the dried basis. 

IDENTIFICATION 

* A. Infrahed Absorption (197M) 

* B. 

Sampie solution: 4 mg/mL 

Anałysis: To 5 mL of tne Sampie solution add 1 mL of 
5 N sodium hydroxide and 10 drops of 30% hydrogen 
peroxide, and heat gently for 2 min, 

Acceptance criteria: A yellow color develops. 

ASSAY 

* Procedurę 

Standard stock solution: 100jLig/mL of chromium. 
Transfer 0,283 g of potassium dictiromate, prevfously 


dried at 120° for 4 h, to a 1000-mL volumetric fiask, 
and dilute with water to volume. Storę in a polyethyl- 
ene bottle. 

Standard Solutions: 1,0, 2,0 # 3.0, and 4.G pg/mL of 
chromium, Separately transfer 1,0 and 2,0 mL of the 
Standard stock solution to 100-mL volumetric flasks, and 
transfer 1.5 and 2.0 ml of the Standard stock solution to 
separate 50-mL volumetric flasks, Add 1.0 mL of nitric 
add to each fiask, and dilute the contents of each fiask 
with water to volume. 

Sampie solution: Transfer 200 mg of Chromium 
Picolinate to a 100-mL beaker, and add 25 mL of water. 
Slowly add 10 mL of nitric acid, and boli for 10 min 
with constant swirling. Cool the solution, quantitatively 
transfer to a 500-mL volumethc fiask, and dilute with 
water to volume, Filter a portion of the solution, and 
transfer 5,0 mL of the filtrafe to a 100-mL volumetric 
fiask. Add 1 mL of nitric add, and difute with water to 
volume. 

Instrumental conditrons 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: 357.9 nm 
Lamp: Chromium hollow-cathode 
Flame: Air^acetylene 
Blank: Diluted nitric add 
Anałysis 

Samples: Standard Solutions and Sampie solution 
Determine the absorbances of the Standard Solutions 
and the Sampie solution . Plot the absorbances of the 
Standard Solutions versus the chromium concentra¬ 
tion, in pg/mL, and draw the straight linę best fitting 
the four plotted points. From the graph so obtained, 
determine the chromium concentration, in pg/rnL, in 
the Sampie solution. 

Calculate the percentage of chromium picolinate 
(Ci&HiiNjOfcĆr) in the portion of Chromium Picolinate 
taken: 

Result = (Co/ Cu) x (Mr/Ar) x 100 

Co - concentration of chromium in the Sampie 
solution , obtained from the graph (jig/mL) 

C u - concentration of Chromium Picolinate in the 
Sampie solution (pg/mL) 

M r = molecular weight of chromium picolinate, 

418,31 

A r = atomie weight of chromium, 51,996 
Acceptance criteria: 98,0%-102.0% on the dried basis 

IMPURIT1E5 

* Chloride and 5ULFATE, Chloride (221) 

Sampie solution: Dissolve 30 mg of Chromium 
Picolinate in 30-40 mL of water/and heat to 70°, Cool 
overnight, and filter to remove the preeipitate. 

Anałysis: Add 1 mL each of nitric add and silver nitrate 
TS, and add sufficient water to make 50 mL. Mix, and 
allow to stand for 5 min, protected from direct 
sunlight 

Acceptance criteria: Any turbidity formed is NMT that 
produced in a similarly treated contro) solution contain- 
mg 0,25 mL of 0.002 N hydrochloric add (NMT 
0.06%), 

• Chloride and Sulfate, Sulfate (221) 

Sampie solution: Disso!ve 100 mg of Chromium 
Picolinate in 30-^40 ml of water, and heat to 90 D . Cool 
overnight, and filter to remove the precipitate. 

Anałysis: Add 1 ml of 3 N hydrochloric acid, 3 mL of 
barium chloride TS, and sufficient water to make 50 mL 
Mix, and allow to stand for 10 min. 

Acceptance criteria: Any turbidity formed is NMT that 
produced in a similarly treated contro! solution contain- 
Ing 0,2 mL of 0.02 N sulfuric acid (NMT 0,2%), 
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SPECIFIC TESTS 

e Loss on Dryjnc (731): Dry a sample at 105° for 4 h: it 
loses NMT 4.0% of its werght 

ADDETIONAL R£QUIREMENT$ 

* Packaging and Storage; Presen/e in tight contalners. 

« USP Reference Standards (11) 

USP Chromium PEcolrnate RS 


Chromium Picolinate Tablets 


DEFINSTION 

Chrom ium Picolinate Tablets contain NLT 95,0% and NMT 
125.0% of the labeled amount of chromium (Cr). 

IDENTIFICATION 

• A. The Sample solution p rep a red as directed In the test 
for Strength gives a positive test for chromium, de ter- 
mlned at 357.9 nm using the fnstrumental conditions in 
the test for Content of Cnromium. 

STRENGTH 

o Content of Chromium 

Standard stock solution A: 1000 pg/mL of chromium 
from potassium dichromate, previously dried at 120° for 

4 h, in water. Storę in a pofyethylene bottfe. 

Standard stock solution B: Transfer 1.0 mL of Standom 

stock solution A to a 100-mL voIumetric fiask, add 
5.0 mL of 6 N hydrochloric add, and dilute with water 
to volume to obtain a solution having a concentration 
of IG pg/mL of chromium. 

5 ta n d a rd so 1 uti o n s: D i ] u te 5 fon dard s tock solu tion B 
with 0.1 25 N hydrochloric add to obtain concentra- 
tions of 1.0, 2.0, 3.0, and 4.0 pg/mL of chromium. 
Sample solution: Weigh and finely powder NLT 20 
Tablets. Transfer a portion of the powder, equiva!ent to 

5 Tablets, to a porcelain crudble, beat the crudble in a 
muffle furnace maintained at about 550° for 6-12 h, 
and cooL Add 60 mL of hydrochloric add, and boil 
gently on a hot piąte or steam bath for 30 min, inter- 
mittently rinsing the inner surface of the crudble with 

6 N hydrochloric add. Cool, and transfer the contents 
of the crudble to a 100-mL voEumetric fiask. Rinse the 
crudble with smali portions of 6 N hydrochloric add, 
and add the rfnsings to the fiask. Dilute with water to 
volume, mix, and filter, discarding the first 5 ml of the 
flltrate. Dilute this solution with 0.125 N hydrochloric 
add to obtain a solution having a concentration of 
2.5 jig/mL of chromium. 

Enstrumentat conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę; Atomie absorption spectrophotometry 
Lamp: Chromium hoflow-cathode 
Flame: Air-acetylene 

Analytrca! wavefength: 357.9 nm (chromium emis- 
sion linę) 

Blank: 0,125 N hydrochloric add 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Samples , using the 
Blank , From a linear regression equation, calcu [ated 
using the absorbances of the 5 fan dard Solutions versus 
the concentration, in jug/mL, of chromium, determine 
the concentration, C, in Mg/mL, of chromium in the 
Sample solution . 

Calculate the percenlage of the labeled amount of 
chromium (Cr) in the portion of Tablets taken: 

Result = (C/Cu) x 100 


C = determlned concentration of chromium in the 
Sample solution (pg/mL) 

Cu - nominał concentration of chromium in the 
Sample solution (jig/mL) 

Acceptance criteria; 95.0°/o-125.0% 

PERFORMANCE TESTS 

« DiSI NTEGRATION AND DlSSOLUTłON OF DBETARY SUPPLEMENTS 
(2040): Meet the reguirements for Disintegration 

* Weight Variation of Dietary Supplements (2091): Meet 

the requirements 

ADD9TIONAL REQU1REMENTS 

* Packaginć and Storage: Preserve In weil-closed contain- 
ers, and storę at controlied room temperaturę. 


Add the folbwing: 


^Citrulline 



m 


CJHuNaCh 175.19 

(Ą-2-Amino-5-ureidopentanoic acid; 

L-Citruliine [372-75-8]. 

DEFINITION 

Citrulline contains NLT 98.0% and NMT 102.0% of L-citru!- 
line (CćHiiNjOa), caiculated on the dr red basis. 

IDENTIFICATION 

* A. INFRARED ABSORPTION (197K) 

• B. It meets the reguirements in Spetifk Tests for Optical 

Rota tion (781S), Procedures , Spedłic Roto tion. 

* C, The retention time of the major peak of the Sample 

solution corresponds to that of the Standard solution , as 
obtained in the Assay. 

ASSAY 

• Procedurę 

Solution A: 10 mM octanesulfonic add sodium salt In 
water. Adjust with dilute phosphohc acid (1 In 10} to a 
pH of 2.5. 

Solution B: Acetonitnle 

Mobile phase: Gradient eiution. See Tobie l. 


Table 1 


Time 

Solution A 


- - 

Solution B 

(min) 

< Q /o) 


(%) 

0 

85 

15 

4 

85 

15 

15 

70 

30 

20 

85 

15 

25 

85 

15 


System suitability solution: 0,1 mg/ml of USP L-Citrul- 
fine RS and 0.05 mg/rnL of USP W-Acetyhi-leucine RS in 
water 

Standard solution: 0.1 mg/mL of USP L-Citruliine R$ in 
water 

Sample solution: 0,1 mg/mL of Citrulline in water 
Chromatographic system 

(See Chromatography (621), System Suitability ) 


DS Monographs 















6908 Gtrulline / Dietary Supplements 


USP 40 


Modę: LC 

Detector: UV 200 nm 
Column: 4.6-mm x 15-cm; 5-pm packing LI 
Flow ratę: 1 ml/mm 
Injection vo[ume: 20 pL 
System suitability 

Samples: System suitability soludon and Standard 
solu don 

[Notę —The relative retention times for i-dtrulNne and 
W-acetyl-L-leucine are 1,0 and 2.4, respectrvely.j 

Suitability requirements 

Resolution: NLT 10.0 between L-citrulline and jy T acę- 
tyf-L-leucine peaks, System suitability sof u don 
Tailing factor: NMT 2.0, Standard solution 
Relative standard deviation: NMT 2.0%, Standard 
soludon 
Analysis 

Samples: Standard solution and Sampie soiution 
CaJculate the pertenLage of L-citrulline (GH^NiCh) in 
the poition of Citrulline taken: 

ResuIL = (OrAs) x (G/Cu) x T00 

ru = peak response from the Sampie solu don 

K = peak response from the Standard solution 

Cs = concentration of USP L-Otrulline RS in the 
Standard solution (mg/mL) 

Cu = concentration of CitruTfine in the Sampie 
solution (mg/mL) 

Acceptance criteria: 98.0%“102.0% on the dried basis 

IMPURITIES 

* RE5IDUE ON ICNITION (281): NMT 04% 

* CHLOhiPE and Sulfate (221), Chlonde 

Standard solution: 04 0 mL of 0,020 N hydrochloric 
add 

Sampie: 0.36 g of Citrulline 
Acceptance criteria: NMT 0.02% 

* Chloride and Sulfate (221), Sulfate 

Standard solution: 04 0 mL of 0.020 N sulfuric acid 
Sampie: 0.48 g of Citrulline 
Acceptance criteria: NMT 0.02% 

* Relateo Compounds 

Mobile phase. System suitability solution, Chrom ata- 
graphic system, and System suitability: Proceed as 
directed in the 4s5oy. 

Standard solution: 2.5 pg/ml of USP Citrulline RS in 
water 

Sampie solution: 0.5 mg/mL of Citrulline in water 
Analysis 

Samples: Standard soludon and Sampie solution 
Calcu Jatę the percentage of each impurity in the por- 
tion of Citrulline taken: 

Result = (jrulrs) x (C s /G) x (1/F) x 100 

r v - peak response of each impurity from the 
Sampie soludon 

r s = peak response of citrulline from the Standard 
soludon 

G - concentratfon of USP Gtrulline RS in the 
Standard soludon (mg/mL) 

Cu - concentration of Gtrulline in the Sampie 
solution (mg/mL) 

F = relative response factor (see Tobie 2) 

Acceptance criteria: See Tobie 2. [NOTĘ—Depending on 
the manufacturing process, delta-Acetylornithine impu¬ 
rity may not be ODserved in the artide being tested. 
Disregard any impurity less than 04%.] 


Table 2 


Na me 

Relative 

Retention 

Time 

Relative 

Response 

Factor 

Acceptance 
Criteria, 
NMT f%\ 

Citrulline 

m 

_ 

_ 

de t ta-Ac ei yi ornithi ne a 

14 

2,8 

0.5 

Any unspedfied 
impurity 

— 

TO 

04 

Tota! impuritles 

—. 

— 

2,0 


J (2S)-5-,AceLamidO'2‘arninopenLanok add. 


SPECIFIC TESTS 

* O PTI CAL Rotation (781S), Piocedure$ t Specific Rotodon 

Sampie solution: 80 mg/mL in 6 N hydrochloric acid 
Acceptance criteria: *24.5* to +26.5 C 

* LOSS DN DRYING (731) 

Analysis: Dry at 105^ for 3 h. 

Acceptance criteria: NMT 0.2% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-dosed 

containers. 

* USP Reference Standards (11) 

USP N-Acetyk-leudne RS 
Acetyk-leucine, 

GH ł5 N0 3 173.21 
USP L-Citrulline RS 

±mP4o 


Clover, Red — see Red Clover 


Cod Liver 058—see Cod Liver Oii General 
Monographs 


Cod Uver OSI CapsiaBes 

DEFINITION 

Cod Liver ON Capsules contain NLT 95,0% and NMT 
105.0% of the labeJed amount of Cod Ltver Oil, where 
Cod Liver Oil is the partially destearinated fixed oil ob- 
tained from fresh livers of Gadus morrhua L. and other 
spedes of Fam, Gadidae. Cod Liver Oil contains, in each 
g, NLT ISOpg (600 USP Units) and NMT 750 (2500 

USP Units) of vitarnin A and NLT 1.5 pg (60 USP Units) 
and NMT 6.25 jig (250 USP Unfts) of vftamin D, 

Cod Liver Oil may be flavored by the addition of NMT 1 % 
of a suitable flavor or a mixture of flavors. A suitable anti- 
oxidant may be added, 

IDENTIFICATION 

O A. PRESENCE OF VlTAMIN A 

Sampie solution: 25 mg/mL of oil contained in the 
Capsules in chloroform 

Analysis: To 1 mL of the Sampie solution add 1 0 ml of 
antrmony trichloride TS. 

Acceptance criteria: A bfue color results immediately. 

* B. Fatty Acid Profile 

Antioxidant solution: 0,05 mg/mL of butyiated 
hydroxytoluene in hexanes 

System suitability solution: Prepare a mixture contain- 
mg egual amounts of methyl palmitate, methyl stearate, 
methyl arachidate, and methyl behenate in Andoxidant 
solution. 

Standard stock solution: 45 mg/mL of USP Cod Liver 
ON RS in Andoxidant soludon 
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Standard soiution; Transfer 2,0 mL of the Standard 
stock soiution into a quartz tubę, and evaporate with a 
gentle stream of nitrogen, Add 1,5 mL of a 2% soiution 
of sodium hydroxide in methanol Cap tightly with a 
polytetrafluoroethylene-lined cap, mix, and heat in a 
water bath for 7 min. Cool, add 2 mL of a 120 mg/mL 
soiution of boron trichloride in methanol. Cover with 
nitrogen, cap tightly, and mix. Heat in a water bath for 
30 min. Cool to 40 c -50°. Add 1 mL of isooctane, cap, 
and mix in a vortex mixer or shake vigorousty for at 
least 30 s. Immedlately add 5 mL of saturated sodium 
chloride soiution. Cover with nitrogen, cap, and mrx in 
a vortex mixer or shake thoroughly for at least 15 s, 
Allow the upper layer to become elear, and transfer to 
a separate tubę. Snake the methanol layer once morę 
with 1 mL of isooctane, and combine tne isooctane ex* 
traets. Wash the combined extracts twice with 1 mL of 
water, and dry over anhydrous sodium sulfate. 

Sam ple soiution: Proceed as dlrected in the Standard 
soiution , except use a weighed guantity of the oi! eon* 
talned m the Capsules. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: CC 

Detector: Flame ionization 

Column: 0.25-mm x 30-m fused silica capiIJary col- 
umn coated with a 0.25-pm film of Gló 
Temperaturę 
Injector: 25CT 
Detector: 280° 

Column: See Tabłe h 


Table 1 


Inltial 

Temperaturę 

n 

Temperaturę 
Ramp 
( /min) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min) 

170 

1 

225 

20 


Carrier gas: Helium 
Split flow ratio: 1:2GG 
Injection size: 1 pi 
System suitability 

Samples: Sysfem suitability soiution and Standard 
soiution 

Suitability reguirements 

Chromatogram similarity: The chromatogram from 
the Standard soiution is simrlar to the Reference Chro* 
matogram supplied with USP Cod Liver Oil RS. Iden- 
tify the retention times of the releyant fatty add 
methyl esters by comparing the chromatogram of the 
Standard soiution with the Reference Chromatogram 
supplied with USP Cod Liver Oil RS. 

Resolution: NLT 1.3 between methyl ofeate and 
methyl oswaccinate, and that between methyl 
gadofeate and methyl gondoate is sufficient for pur- 
poses of identificaflon and area measurement, Stan¬ 
dard soiution 

Theoretical area percentages: 24,4 ± 1 for methyl 
pal mi ta te, 24.8 ± 1 for methyl stearate, 25,2 ± 1 for 
methyl arachidate, and 25.6 ± 1 for methyl behenate, 
System suitability soiution 
Analysis 

Samples: Standard soiution and Sample soiution 
Identify the retention times of the relevant fatty add 
methyl esters in the Sample soiution by comparing the 
chromatogram of the Somple soiution with tnat of the 
Standard soiution. 

Determme the number of fatty acid methyl ester peaks 
in the Sample soiution: The number of fatty acid 
methyl ester peaks exceedlng 0.05% of the tata! area 
of fatty acid methyl esters is at feast 24, and the 24 
largest peaks of the methyf esters account for móre 
than 90% of the to tal area, (These correspond to the 


following, in common elution order: 14:0, 15:0, 16:0, 
16:1 n-7, 16:4 n-1, 18:0, 18:1 n-9, 18:1 n-7, 18:2 
n-6, 18:3 n-3, 18:4 n-3, 20:1 n-11, 20:1 n-9 r 20:1 
n-7, 20:2 n-6, 20:4 n-6, 20:3 n-3, 20:4 n-3, 20:5 n~ 
3, 22:1 n-11, 22:1 n-9, 21:5 n-3, 22:5 n-3, and 22:6 
n-3.) 

Calculate the area percentage for each fatty acid methyl 
ester in the portion of Capsules taken: 

Result = (/*//*) x 100 

r A = peak area of each individual fatty acid 

r s = total area from al! peaks, except the solvent 

peak and butylated hydroxytoluene 
Acceptance criteria: The Sample soiution meets the lim* 
its aescribed in Table 2, 


Tabłe 2 


Fatty Acid 

Shortłiand 

Notation 

Lower 

U mit 
(area %) 

Upper 

Umil 

farea %) 

Saturated fatty adds 

Myristic add 

T 4:0 

2.0 

6.0 

Palmitic add 

16:0 

7.0 

14.0 

Stearic acid 

18:0 

1.0 

4.0 

Monounsaturated fatty acids 

Pal mi Lolek add 

16.i n-7 

4.5 

11.5 

ds-Vaccenic add 

18:1 n-7 

2.0 

7.0 

Olek acid 

18:1 n-9 

12.0 

21.0 

Ca dołek add 

20:1 n-11 

1.0 

5.5 

Gondole add 

20:1 n-9 

5.0 

17.0 

Erucic acid 

22:1 n-9 

0 

1.5 

Ce tolek acid 

22:1 n-11 

5,0 

12.0 

Po lyun saturated fatty acids 

Unolefc acid 

18:2 n-6 

0.5 

3.0 

u-Linolenk acid 

18:3 n-3 

0 

2.0 

Moroctic add 

18:4 n-3 

0.5 

4.5 

Eicosapentaenoic acid 

20:5 n-3 

7.0 

16.0 

Docosahexaenoic add 

_22:60-3 

6.0 

18.0 


STRENGTH 
■ VlTAMlN A 

Sample: 500 mg to I ej of oil contafned rn the Capsules 

Analysis: Proceed as dlrected under Vitamin A Assay 
<571). 

Acceptance criteria: ISOpg (600 USP Units) to 750 
(2500 USP Units) of yltamin A per g of oil contained in 
the Capsules 

* VrTAJVUN D 

Soiution A: n-Amyl alcohol and dehydrated hexane 
(3:997) 

Soiution B: Acetonitrile, water, and phospboric add 
(96:3.8:0.2) 

Butylated hydroxytoluene soiution: 10 mg/mL of bu¬ 
tylated hydroxytoluene in chromatographic hexane 

Aqueous potasslum hydroxide soiution: 800 mg/mL 
of potassium hydroxide in freshly boiled water. Mix, 
ana cool. [Notę—P repare thts soiution fresh daily.] 

Alcoholic potassium nydroxide soiution: Dissolve 3 g 
of potasslum hydroxide in 50 mL of freshly boiled 
water. Add 10 mL of alcohol, and dilute with freshly 
boiled water to 100 ml. [NOTĘ—Prepare this soiution 
fresh daity,] 

Ascorbic acid soiution: 100 mg/mL of ascorbic add in 
water. [Nott— Prepare this soiution fresh daify,] 

Internal standard soiution: 5 pg/mL of USP Ergocalcif- 
erol RS in alcohol 

Standard stock soiution: 5 pg/mL of USP Cholecalcif* 
erol RS in alcohol 


DS Monographs 
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Standard solution: Transfer 2.0 mL of the Standard 
stock solution and 2,0 mL of the Internat standard solu - 
f/on to a round-bottomed fiask. Proceed as directed in 
Sample solution 1, beginning with "Add 5 ml of*,/'. 
Sample solution 1: Transfer a guantity equivalent to 
4.0Og of oj! contained in the Capsules to a round-bot- 
tomed fiask, Add 5 mL of Ascorbic add solution f 1 00 ml 
of alcohol, and 10 mL of Agueous potasslum hydroxide 
solution, and mix. Reftux the mixture on a steam bath 
for 30 min. Add 100 mL of a 10 mg/rnL sodium chlo- 
ride solution, Cool rapidly under running water, and 
transfer the saponffied mixture to a 500-mL separator, 
rinsing the saponificatlon fiask with 75 mL of a 10 mg/ 
mL sodium cnforide solution and then with 1 50 mL of a 
mixture of ether and hexane (1:1). Shake the combined 
saponified mixture and rinsings Mgorously for 30 s, and 
allow to stand untiE both layers are cEear* Discard the 
lower Eayer* Wash the etheMiexane extracts by shaking 
vigorously with 50 mL of Alcohotic potassium hydroxide 
solution, and then washing with three 50-mL portions 
of a 10 mg/mL sodium chlonde solution* Pass the upper 
tayer throucjh 5 g of anhydrous sodium sulfate on a fast 
fllter paper into a 250-mL fiask suitabEe for a rotary 
evaporator. Wash the filter with 10 mL of a mixture of 
ether and hexane (1:1), and combine with the extract, 
Evaporate the so!vent at reduced pressure at a tempera¬ 
turę not exceeding 30°, and fiJI with nitrogen when the 
evaporation is complete, Afternatively evaporate the sol- 
vent under a gentle stream of nitrogen at a tempera¬ 
turę not exceeding 30°. Dissolve the residue in 15 mL 
of Solution A [Notę—G entle headng in an ul traso nic 
bath may be reguired. A large fraction of the white 
residue is cholesterol.] 

Sample solution 2: To 4*00 g of oil contained in the 
Capsufes add 2,0 ml of intemal standard solution, and 
proceed as directed for Sample solution 1, beginning 
with "Add 5 ml of.*/'. 

Clean-up diromatographio system 
(See Chromatography (62 ^) / System Suitability.) 

Modę: LC 

Detector: UV 265 nm 
Mobile phase: Solution A 

Column: 25-mm x 4.6-cm stainless Steel; packing L10 
Injection size: 350 \xl 
Analysis (clean-up) 

Sam pies: Standard solution, Sample solution 1, and 
Sample solution 2 

ColEect separately the eluates from 2 min before until 
2 min after the retention time of cholecalciferol in a 
glass tubę containing 1 mL of Butylated hydroxytoh 
uene solution and fitted with a hermetic cEosure, F_vap- 
orate each tubę under a stream of nitrogen at a tem¬ 
peraturę not exceeding 301 Dissolve each residue In 
1 *5 mL of acetomtrile. 

Analytical chromatographic system 
(See Chromatography { 621), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 
Mobile phase: Solution B 

Column: 15-rnm x 4.6-cm stainless Steel; 5-jim pack- 
Eng LI 

Injection size: 200 pi 
System suitability 

Sample: Standard solution (after the clean-up) 
Suitability reguirements 

Resolution: NIT 1 A bet we en cholecalciferol and 
ergocalciferol 

Relative standard deviation: NMT 2*0% for the cho¬ 
lecalciferol peak from replicate injections 
Analysis 

Samples: Standard solution, Sample solution 1, and 
Sample solution 2 (after the clean-up) 


Caiculate the content of vitamin D, in pg/g, In the por- 
tion of oil taken: 

Result - (Ro/Rd x ( C$fC v ) 

Ru = response of cholecalciferol relative to the 

corrected Internal standard in Sample solution 
2, as calculated below 

fl 5 = response of cholecalciferol relative to the 
intemal standard in the Standard solution 
C s = concentration of USP Cholecalciferol RS in the 
Standard solution (pg/mL) 

Cu - concentration of oil in Sample solution 2 (g/ 
mL) 

Ru = ~ (hi/ x Ctf/ft/i)] 

rui - peak response of cholecalciferol from Sample 
solution 2 

= peak response of the intemal standard from 
Sample solution 2 

/ki = peak response of the intemal standard from 
Sample solution 1 

rui = peak response of cholecalciferol from Sample 
solution 1 

Acceptance criteria: 1.5 )ig (60 USP Units) to 6*25 pg 
(250 USP Units) of vitamin D per g of oil contained in 
the Capsules 

* Content of Cod Liver Oil 

Analysis: Weigh NLT 10 Capsules En a tared weighing 
bottle. With a sharp blade, or by other appropriate 
means, carefulEy open the Capsules, with out loss of 
shell materiał, and transfer the combined Capsule eon- 
tents to a 100-mL beaker* Remove any adhenng sub- 
stance from the emptied Capsules by washing with sev- 
eral smali portions of isooctane. Discard the washings, 
and allow the empty Capsules to dry In a current of dry 
air until the isooctane is completely evaporated. Weigh 
the empty Capsules in the odginał tared weighing bot- 
tle, and caiculate the average net wetght per Capsule. 
Acceptance criteria: 95.0%-105.Q% of tne labeled 
amount of cod liver oil 

PERFORMANCE TEST5 

a WEIGHT VARIATIQN OF DlETARY SUPPLEMENTS (2091): Meet 
the requirements 

« DJ51NTEGRATION AND DlSSOLUTION OF DlETARY SUPPLEMENTS 

(2040): Meet the requirements for Rupture Test for Soft 
Shell Capsules 

5PECIFSC TESTS 

® Fats and Fixed Oiłs, Unsaponifiabfe Matter (401): NMT 
1.30% 

* Fats and Fixed Ojls, Add Value (401) 

Sample solution: MEx 15 mL of alcohol with 15 mL of 
ether, add 5 drops of phenolphthalein TS, and neutral- 
ize with 0.1 N sodium hydroxide* Dissolve 2.0 g of oil 
contained in the Capsules En the mlxture, and boil the 
oil solution gently under a reflux condenser for TO min. 
Analysis: Cool, and titrate the mixture with 0.1 N so- 
dtuin hydroxide VS to the productlon of a pink coEor 
that persists after shaking for 30 s. 

Acceptance criteria: NMT 1*0 mL of 0,1 N sodium hy- 
droxide is reguired. 

o Fats and Fixed Oils, lodine Value (401): 145-180 

* Fats and Fixed Oils, Saponificatlon Vafue (401): 180-192 

[Notę—I f carbon dioxide has been used as a preserva- 
tive, expose the oil contained in the Capsules in a shal- 
low dlsh in a vacuum desiccator for 24 h before weigh¬ 
ing the specimen for determination of the 
saponifEcation value*] 

ADDITtONAL REQU9REMENTS 

* Packaging and Storage: Preserve in tight containers at 
room temperaturę, Protect from light 
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• Labeung: Yitamin A potency and vitarnin D potency, 
when designated on the label, may be expressed in USP 
Units per g of oil. The potency may also be expressed In 
metric units, on the basis that 1 USP Vitamin A Unit = 
03 pg of all-fram retmoi and 40 USP Yitamin D Units = 

1 pg* Label them to emphasize the need to avoid freez- 
ing or exposure to excessive humidity or to a tempera* 
turę above 4Q C . Where the eon tent of docosahexaenoic 
acid and eicosapentaenoic acid is claimed, State the 
amount in mg per Capsufe on the label, 

• USP Reference Standards {11} 

USP Cholecaiciferol RS 
USP Cod Liver ON RS 
USP Ergocalciferol RS 
USP Yitamin A RS 


Cohosh, Black -—see Black Cohosh 


Copper Gluconate —see Copper Gluconate 
General Monographs 


Co-Q10—see Ubidecarenone in Dietary 
Supplements section 


Cranberry Liguid Preparation 

DEFINITION 

Cranberry Liguid Preparation is a bright red juice derived 
from the fruits of 1 /accinium macrocarpon Ait. or Vacdniurr 
oxvcoccos L. (Fam. Ericaceae). (t contains no added 
substances* 

IDENTIFICATION 

* A* HPLC The retention times of the quinic add, malic 

acid, and citric acid peaks of the Sample solution corre- 
spond to those of the Standard solution , as obtained in 
the test for Content of Organie Acids. 

* B. ABSENCE of Adulterants 

Standard solution: 1.0 mq/mL of tartaric add and 
0.1 mg/mL of fumaric add 
Sample solution: Use the Liguid Preparation* 

Mobile phase and Chromatographic system: Proceed 
as directed in the test for Content of Organie Acids. 
Analysis 

Sampfes: Standard solution and Sample solution 
Injection size: 20 pL 

Acceptance criteria: The retention times of the tartaric 
acid and fumaric acid peaks of the Standard solution do 
not correspond to any of the retention times for peaks 
observed from the Sample solution . 

COMPOSmON 

* Content of Dextrose and Fructose 

Mobile phase: Water 

Standard solution: 6*0 mg/mL of USP Dextrose RS and 
2.0 mg/mL of USP Fructose RS in water 
Sample solution: Transfer 1.0 g of sodium carboxy!ate 
cation-exchange resin to a 50-mL beaker, add 5 ml of 
water to make a slurry, and transfer the slurry to a poły* 
propylene automatic pipet fitted with a smali pług of 
silanized glass wooL Quantitatively transfer the slurry to 


a smali chromatographic tubę, rinsing the beaker with 
water and packing the column evenly. Keep the column 
wet untit ready for use. Using a volumetric pipet, trans¬ 
fer 1.0 mL of Liguid Preparation to the column, collect 
the eluate, and discard Et. Pipet 4.0 ml of water onto 
the top of the column, collect the eluate in a clean vial, 
and filter if necessaiy* 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 
Columns 

Guard; Packing LI 9 

Analytical: 7*8-mm x 30-cm; packing 119 
Column temperaturę: 85° 

Flow ratę: 0,6 mL/min 
Injection size: 20 jiL 
System suitability 
Sample: Standard solution 

[NOTĘ—The approximate relatwe retention times for 
dextrose ano fructose are about 0.8 and 1.0, 
respectively.] 

Suitability requirements 

Resolution: NLT 1,8 between the dextrose and fruc¬ 
tose peaks 

Relative standard deviation: NMT 2.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calcu la te the percentages of dextrose and fructose in 
the volume of Liqutd Preparation taken: 

Result = (r y /r 5 ) x (QfV) x 0,5 

ru - peak response of each appropriate analyte 
from tne Sample solution 
= peak response of each appropriate analyte 
from the Standard solution 
Cs = concentration of the appropriate USP 

Reference Standard in the Standard solution 
(mg/mL) 

Y - volume of Liguid Preparation taken for the 
Sample solution (mL) 

Acceptance criteria: NLT 2,4% dextrose and NLT 0,7% 
fructose 

* Content of Organic Acids 

Mobile phase: Transfer 27.2 g of monobasic polassium 
phosphate to a 1000-mL volumetric fiask, and dissoiye 
In 950 mL of water. Adjust with phosphoric acid to a 
pH of 2.4, and dllute with water to volume. 

Standard solution: 1.0 mg/mL each of USP Citric Add 
RS, USP Maik Add RS, and USP Quinic Acid RS 
Sample solution: Use the fil te red Ltquid Preparation. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 214 nm 
Columns 

Guard: 5-f-mn; packing LI 

[NOTE—Sefore use, condition the column with metha- 
nol, then with water, and finałJy with Mobile phase,] 
Analytical: 4*ó-mm x 25-cm analytical; packing LI 
Flow ratę: 0*6 mL/min 
Injection size: 20 pL 
System suitability 
Sample: Standard solution 

[Notę— The approximate relative retention times for 
guinic add, malic add, and dtric add are 0,4, 0.5, 
and 1.0, respectively*] 

Suitability reguirements 

Resolution: NLT 2.5 between quinic acid and malic 
acid 
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Relative standard deviation: NMT 2,0% 

Analysis 

Sam pies: Standard soiution and Sample soiution 
Measure the peak areas. Cafculate the percentages of 
quinic add, maile add, and citric acid in the volume of 
Liguld Preparation taken: 

Result = (fu/r*) x G x 0.1 

r L f - peak area of each appropriate analyte from 

the Sample soiution 

r$ - peak area of each appropriate analyte from 
the Standard soiution 

G - concentration of the appropriate USP 

Reference Standard in the Standard soiution 
(mg/ml) 

Acceptance criteria: NLT 0.9% each of qurnie acid and 
citric add; NLT 0.7% of malic acid. The ratio of quinic 
acid to maile acid is NLT 1.0, 

ADULTERANTS 

* Limit of Sorbitol and Sucrose 

Mobile phase and Sample soiution: Prepare as di- 
rected in the test for Content of Dextrose and Fructose. 
Standard soiution: 0.5 mg/mL each of USP Sorbitol RS 
and USP Sucrose RS 

Chromatographk system: Proceed as directed in the 
test for Content of Dextrose ond Fructose. 

System suitabillty 
Sample: Standard soiution 

[Notę—T he rdative retention trmes for sucrose and son 
bito! are about 0.4 and 1,0, respectively + ] 

Suitabillty reguirements 

Resoiutron: NLT 1 .8 between the sucrose and sorbi¬ 
tol peaks 

Reiative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard soiution and Sample soiution 
Injectron size: 20 jllL 

Catculate the percentages of sucrose and sorbitol in the 
votume of Ltqu3d Preparatton taken: 

Result = (ru/ts) x (CJV) x 0.5 

r u - peak response of each appropriate analyte 
from tne Sample sofution 

r$ - peak response of each appropriate analyte 
from the Standard soiution 
Cs = concentration of the appropriate USP 

Reference Standard in the Standard soiution 
(mg/mL) 

1/ = volume of Liquid Preparation taken for the 

Sample soiution (mL) 

Acceptance criteria: NMT 0.05% each of sorbitol and 
sucrose 

SPECIFIC TESTS 

o Refractive Indix (831): 1.3435-1.3445 

* PH (791): 2.5 ± 0.1 

ADDITiONAL REQUIREMENTS 

o Pac kac inc and Sto ragi: Preserve in well-closed contain- 
ers, and storę in a refrigerator. 

* Labeling: The labę! States the Latin binomial name and, 
foitowing the officiaf name, the parts of the plant source 
from which the article was derived. The labeJ also States 
that it is for manufacturing purposes only. This article is 
exempt from the requrrements of the Cenerai Notices 
with respect to the pregnancy and lactation statement 
(section 10.40.50, Labeling BotanicaFContaining Products). 


» USP Reference Standards (11) 

USP Citric Acid RS 
USP Dexfrose RS 
USP Fructose RS 
USP Maiic Add RS 
USP Quinic Acid RS 
USP Sorbitof RS 
USP Sucrose RS 


Crypthecodmium colmU OH 

DEFINITION 

Crypthecodinium cohnii Oif is obtained from the fermentation 
and extraction of algae of the speries Crypthecodinium 
cohnii and contains NLT 35.0% (w/w) of docosahexaenofc 
acid (DHA, C 22 H 32 O 2 ) (C22: 6 n-3), as the only signifioant 
polyunsaturated fatty add present. Suitable antioxidants 
In appropriate concentration may be added. 

IDENTIFICATION 


Change to tead: 

o A. Long-Chain Unsaturated Fatty Acid Profile: Pro¬ 
ceed as directed in *Fats and Fixed Oifs (401), Omega-3 
Fatty Acids Determination and Profile, Content of EPA and 
DHA. AUSP4& 

Analysis 

Sampfes: A Standard Sofution 2a f Standard Soiution 2h t 
auspąq and Test Soiution 1 

Calcu late the area percentage for each fatty acid as 
methy] ester in Test Soiution 1 : 

Result = (rufrr) x 100 

ry ~ peak response of each individual fatty acid as 
methyl ester 

rj = sum of all the peak responses, except the 

solvent and butylated hydroxytoluene peaks 
Acceptance criteria: The retention times of the peaks 
for the docosahexaenoic add methyl ester and tne eico- 
sapentaenoic acid methyl ester from Test Soiution 1 cor- 
respond to those from * Standard Soiution 2a and Stan¬ 
dard Soiution 2b t respective!y. At / 5 ^ The area percentage 
for the methyl esters of the fatty acids from fest Solu- 
tion 1 meets the requirements for each fatty acid indi- 
cated in Tahle 1. 


Table 1 


Fatty 

Acid 

Relatke 

Reten¬ 

tion 

Time 

Short- 

hand 

Notation 

Lower 

Limit 

(Area, 

Upper 

Limit 

(Area, 

Linoteic add 

0.52 

18:2 n-6 

0 

1.0 

Eicosapentaenoic 

add 

0.79 

20:5 n-3 

0 

0.1 

Docosa pentaenoic 
add 

0.94 

22:5 n-ó 

0 

OJ 

Doco5ahexaenok 

add 

1.00 

22:6 n-3 

35.0 

47.0 


COMPOSITION 
* Content of DHA 

Analysis: Proceed as directed in Fats and Fixed Oils 
(401), Omega-3 Fatty Acids Determination and Profile , 
Content of EPA and DHA. 

Acceptance criteria: NLT 35.0% (w/w) of docosahexa- 
enoic acid (DHA) 
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IMPURITIES 
■ Limit of Arsenic 

[Notę —For the preparation of all aqueous Solutions and 
for the rinsing of glass, polytef, and plastic vessels 
before use, use water that nas been passed through a 
strong-acid, strong-base, mixed-bed ion-exchange resir 
before use. Select all reagents to have as Iow a content 
of arsenic as practkable, and storę all reagent Solutions 
in contafners of borosilicate glass. Cleanse glass, polytef, 
and plastic vessels before use by soaking in wanm 8 N 
nitric acid for 30 min and by rinsing with deionized 
water,] 

Solution A: Transfer 1 g of ultrapure palladium metal to 
a Teflon beaker, Add 20 mL of water and 10 mL of ni- 
tric add, and warm on a hot piąte to dissolve. Aliow 
the solution to cool to room temperaturą transfer it 
into a 100-mL volumetric fiask, and dilute with deion¬ 
ized water to volume, 

Solution B; Transfer 1 g of ultrapure magnesium nitra te 
to a Teflon beaker. Add 40 ml of water and 1 mL of 
nitric add, and warm on a hot piąte to dissolve the 
sollds. Allow the solution to cool to room temperaturę, 
transfer it to a 100-mL vo!umetric fiask, and dilute with 
deionized water to volume. 

Solution C: Solution A, Solution B t and 2% nitric acid 
(3:2:5). A volume of 5 pL provides 0.015 mg of palla¬ 
dium and 0*01 mg of magnesium nitrate. 

Standard stock solution: Transfer 10*0 mL of Standard 
Arsenic Solution, prepared as directed fn Arsenic (211), 
to a 100-mL voiumetric fiask, Add 40 mL of water and 
5 mL of nitric add, and dilute with water to volume* 

This solution contains 0.10]tq/mL of arsenic. 

Blank: Nitric acid and water (1:19) 

Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain concentrations of 0,002, 

0,005, 0,010, 0.025, and 0,050 pg/mL of arsenie, 

S ample solution: For preparation, use a m krowave 
oven with a magnetron freguency of 2455 MHz and a 
selectable output power of 0-950 watts in 1 % inere- 
ments, equipped with advanced composite vesse!s with 
100-mL polytef finers, Use rupture membranes to vent 
vessels snouJd the pressure exceed 125 psi. The vessels 
fit into a turntable, and each vessel can be vented into 
an overfJow Container. Equip the microwave oven with 
an ex haust tubę to ventilate fumes, [Caution— Wear 
proper eye protection and protective clothing and 
gloves.j 

Transfer approximately 500 mg of Crypthecodinium 
cohnii Gil, weighed to Lhe nearest 0,1 mg, into a 
Teflon diaestion vessel liner. Prepare samples in dupll- 
cate, Add 15 mL of nitric acid, and swirl gently. Cover 
the vessels with lids, leavrng the vent fitting orf, Predi- 
est overnight under a hood. Place the rupture mem- 
rane in the vent fitting, and tighten the lid. Place all 
ve$sels on the microwave oven turntable* Connect the 
vent Lubes to the vent trap, and connect the pressure- 
sensing linę to the appropriate vessel* Initiate a two- 
stage digestion procedurę by heating the microwave 
at 15% power for 15 min, followed by 25% power for 
45 min, Remove the turntable of vessels from the 
oven, and allow the vessels to cool to room tempera- 
turę. [Notę —A cool water bath may be used to speed 
the cooling process,] Vent the vessels when they reach 
room temperaturę, Remove the lids, and slowly add 
2 mL of 30% hydrogen peroxide to each. Allow the 
reactions to subside, and seal the vessels. Return the 
vessels on the turntable to the rmtrowave oven, and 
heat for an additional 15 min at 30% power, Remove 
the vessels from the oven, and allow them to cool to 
room temperaturę. Transfer the cooled digests into 
25-mL volumetric flasks, and dilute with water to 
volume. 

Analysis: Program the graphite furnace as folfows. .Dry 
at 115°, using a 1-s ramp, a 65-s hołd, and an argon 
flow of 300 ml/min; char the sample at 1000°, using a 


1 -s ramp, a 20-s hołd, and an airflow of 300 mL/mtn; 
cool down, and purge the air from the furnace for TO s, 
using a 20° set temperaturę and an argon flow of 
300 mL/min; atomize at 2400°, using a 0-s ramp and a 
5-s hołd with the argon flow stopped; and dean out at 
2600° with a 1-s ramp and a 5-s hołd. Separately inject 
equal volumes (20 pL) of the Standard Solutions , the 
Sample solution , and the Blank , followed by an rnjection 
of 5 jjL of Solution C for each of the sampfes, into the 
graphite tubę of a suitable graphite furnace atomie ab- 
sorption spectrophotometer eguipped with a hollow- 
cathode lamp for arsenic, Determine the peak area at 
the arsenie emission linę at 193,7 nm, corrected for 
background absorption* Plot the corrected peak areas of 
the Standard Solutions versus their contenls of arsenie, 
in pg/rriL, and calculate the regression linę best fitting 
the points* Determine the concentration, C, in pg/mL, 
of arsenic in each ml of the Sample solution by Interpo- 
lation from the regression linę, 

Calculate the content of arsenic in the portion of 
Crypthecodinium cohnii Gil taken: 

Result = (C/W) x 25 

C = concentration, as obtained above 
W = weight of Crypthecodinium cohnii Oi! taken to 
prepare the Sample solution (g) 

Acceptance crlterla; NMT 0*1 pg/g 

* Limit of Lead 

[Notę —For the preparation of all agueous Solutions and 
for the rinsing of glass, polytef, and plastic vessds 
before use, use water that nas been passed through a 
strong-acid, strong-base, mixed-bed lon-exchange resin 
before use. Select all reagents to have as Iow a content 
of lead as practicable, and storę all reagent Solutions in 
conlainers of borosilicate glass. Cleanse glass, polytef, 
and plastic vessels before use by soaking in warm 8 N 
nitric acid for 30 min and by rinsing with deionized 
water.] 

Solution A: 10 g of ultrapure monobasic ammonium 
phosphate in 1 mL of nitric acid and 40 mL of water to 
dissolve lhe phosphate* Dilute with deionized water to 
100 mL 

Solution B: Transfer 1 q of ultrapure magnesium nitrate 
to a Teflon beaker. Add 40 mL of water and 1 mL of 
nitric add, and warm on a hot piąte to dissolve the 
sofids, Allow the solution to cool to room temperaturę, 
transfer it to a 100-mL volumetric fiask, and dilute with 
deionized water to volume* 

Solution C: Sofution Ą Solution B, and 2% nitric add 
(2:1:2)* A volume of 5 pL provides 0.2 mg of phosphate 
and 0*01 mg of magnesium nitrate* 

Standard stock solution: Transfer lO.DmL of lead ni¬ 
trate stock solution T5 to a 100-mL volumetric fiask. 

Add 40 mL of water and 5 mL of nitric acid, and dilute 
with water to volume* Transfer 1.0 mL of this solution 
to a second 100-mL volumetrit fiask, add 50 mL of 
water and 1 mL of nitric acid, and dilute with water to 
volume. This solution contains 0.10 pg/mL of lead 
Blank: Nitric acid and water (1:19) 

Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain concentrations of 0.002, 

0*005, 0.010, 0*025, and 0.050 pg/mL of lead. 

Sample solution: Prepare as directed for the Sample so¬ 
lution in the test for Limit of Arsenic . 

Analysis: Program the graphite furnace as follows. Dry 
at 120°, using a 1-s ramp, a 55-s hołd, and an argon 
flow of 300 ml/min; char the sampfe at 850°, using a 
1-s ramp, a 30-s hołd, and an airflow of 300 mL/min; 
cool down, and purge the air from the furnace for 10 s, 
using a 20° set temperaturę and an argon flow of 
300 ml/min; atomize at 2100°, using a 0-s ramp and a 
5-s hołd with the argon flow stopped; and dean out at 
2600° with a 1-s ramp and a 5-s hołd. Separately inject 
equal yofumes (20 pL) of the Standard Solutions , the 
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Sampie soiution, and Che Blank, followed by an injection 
of 5 iii of Soiution C for each of Che sampies, Into the 
graphite tubę of a suitable graphite furnace atomie ab- 
sorption spectrophotometer equlpped with a hoilow- 
cathode lamp for lead, Determine the peak area at the 
lead emission linę at 283,3 nm, corrected for back- 
ground absorptlon. Plot the corrected peak areas of the 
Standard Solutions versus their eon ten ts of lead, in 
jig/mL, and calculate the regression linę best fitting the 
points. Determine the eoncentration, C, in pg/mL, of 
lead in each mL of the Sample soiution by interpolation 
from the regression linę. 

Calculate the content of lead in the portion of 
Crypthecodinium cohnii Oil taken: 

Result = {d W) x 25 

C - eoncentration, as obtained above 
W = weight of Crypthecodinium cohnii Oil taken to 
prepare the Somale soiution (g) 

Acceptance criteria: NMT 04 pg/g 

• Limit of Cadmeum 

[NOTĘ—For the preparation of all agueous Solutions and 
for the rinsing of glass, polytef, and plastic vessels 
before use, use water that nas been passed through a 
strong-acid, strong-base, mixed-bed ion-exchange resin 
before use. Select alf reagents to have as Iow a content 
of cadmium as praeticable, and storę all reagent Solu¬ 
tions in containers of borosilicate glass. Cleanse glass, 
polytef, and plastic vessels before use by soaking in 
warm 8 N nitric acid for 30 min and by rinsing with 
deionized water.] 

Soiution A: 10 g of ultrapure monobasic ammonlum 
phosphate in 40 mL of water and 1 mL of nitric acid to 
dis5olve the phosphate. Di lute with deionized water to 
100 mL 

Soiution B: Transfer 1 g of ultrapure magnesium nitrate 
to a Teflon beaker. Ada 40 ml of water and 1 mL of 
nitric acid, and warm on a hot piąte to dissolve the 
solids. Al Iow the soiution to cool lo room temperaturę, 
transfer it to a 100-mL volumetric fiask, and dilute with 
deionized water to volume. 

Soiution C: Soiution Ą Soiution B, and 2% nitric acid to 
volume (2:1:2). A volume of 5 ^lL provides 0.2 mg of 
phosphate and 0.01 mg of magnesium nitrate. 

Standard stock soiution A: 0.1372 mg/mL of cadmium 
nitrate 

Standard stock soiution B: Standard stock soiution A, 
nitric acid, and water (2:1:97). This soiution contains 
0.10 ug/mL of cadmium. [Notę—B efore make-up to fi¬ 
nał voiume dissolve in a portion of water and nitric 
acid.] 

Blank: Nitric acid and water (1:19) 

Standard Solutions: Dilute Standard stock soiution B 
with the Blank to obtain concentrations of 0.002, 

0,005, 0.010, 0.025, and 0.050 pg/mL of cadmium. 

5 ample soiution: Prepare as directed for the Sample so¬ 
lu tion in the test for Limit of Arsenie . 

Analysis: Program the graphite furnace as follows. Dry 
at 120°, using a 1-s ramp, a 55-s hołd, and an argon 
flow of 300 mL/min; char the sample at 850°, using a 
1-s ramp, a 30-s hołd, and an airflow of 300 mL/min; 
cool down, and purge the air from the furnace for 10 s, 
using a 20° set temperaturę and an argon flow of 
300 mL/min; atomize at 2400°, using a 0-s ramp and a 
5-s hołd with the argon flow stopped; and clean out at 
2600° with a 1-s ramp and a 5-s hołd. Separately inject 
equal yolumes (20 pL) of the Standard Solutions the 
Sample soiution , and the Blank , followed by an injection 
of 5 uL of Soiution C for each of the sampies, into the 
graphite tubę of a suitable graphite furnace atomie ab- 
sorptlon spectrophotometer eguipped with a hollow- 
cathode lamp for cadmium. Determine the peak area at 
the cadmium emission linę at 228.8 nm, corrected for 
background absorptlon. Plot the corrected peak areas oF 


the Standard Solutions versus their eon ten ts of cadmium, 
in jig/mL, and calculate the regression linę best fitting 
the points. 

Determine the concentratlon, C, in pg/mL, of cadmium 
in each mL of the Sampie soiution by interpolation 
from the regression linę. 

Calculate the content of cadmium in the portion of 
Crypthecodinium cohnii Oil taken: 

Result = (C/W) x 25 

C - eoncentration, as obtained above 
W = weight of Crypthecodinium cohnii Oil taken to 
prepare the Sampie soiution (g) 

Acceptance criteria: NMT 0.1 pg/g 

* Limit OF Mercury: Proceed as directed in Mercury (261), 
Method lla, except use a Standard Mercury Soiution hav- 
ing the equivalent of 0.1 pg/mL of mercury. 

Sample soiution: Prepare as directed for the Sampie so¬ 
iution in the test for Limit of Arsenie, combining the two 
duplicate cooled digests into 1.0 mL of Potassium Per - 
manganate Soiution. 

Acceptance criteria: NMT 0.1 pg/g 

SPECIFIC TESTS 

* Fats and F1KED OlLS (401), Anisidine Value: NMT 20.0 

* Fats and Fixed Oils (401), Acid Value (Free Fatty Acids): 

The free fatly acids in TO g reguire NMT 1.42 mL of 0.1 
N sodium hydroxide for neutralization. 

* Fats and Fixed Oils (401), Peroxide Vafue: NMT 5,0 

* Fats and Fixed Oils (401), Totai Oxidation Vatue 

(TOrOK): NMT 26, calcu la ted as: 

Result = (2 x PV) + AV 

PV - peroxide value 
AV - anisidine value 

* Fats and Fixed Oils (401), Unsoponifiable Matten NMT 

3.5% 

* Specific Cravity (841): 0.91-0,93 

ADDITIONAL REQUKREMENT5 

* Packaging and Storace: Preserve in tight, light-resistant 
containers, and avoid exposure to excessive heat. 

* Labeling: The label States the content of docosahexae- 
noic acid in mg/g. It also States the name and concentra- 
tion of any addeo antioxidant 

* USP Reference Standards (11) 

USP Docosahexaenoic Acid Ethyl Ester R5 
USP Eicosapentaenoic Acid Ethyl Ester RS 
USP Methyl Tricosanoate RS 


Crypthecodinium cohni[ Oil Capsules 

DEFINITION 

Crypthecodinium cohnii Oil Capsules are prepared from 
Crypthecodinium cohnii Oil and contain NLT 95.0% and 
NMT 105.0% of the labeled amount of docosahexaenolc 
acid (DHA, CzzHnCh) (€22:6 n-3). 

IDENTIFICATION 

* Long-Chain Unsaturated Fatty Acid Profile: Proceed 
as directed in Content of DHA. 

Analysis 

Sampies: Standard Soiution 2 q , Standard Soiution 2h t 
and Test soiution 1 

Calculate the area percentage for each fatty acid as 
methyl ester in Test soiution 1: 

Result = (rjrr) x 100 

ru = peak response of each individual fatty acid as 
methyl ester 
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rj - sum of all the peak responses, except the 

solvent and butylated hydroxytotuene peaks 
Acceptance criterla: The retention time of the peaks of 
the docosahexaenok acid methyl ester and the eicosa- 
pentaenoic acid methyl ester from Test solution 1 corre- 
sponds to that from the docosahexaenoic acid methyl 
ester and eicosapentanoic add methyl ester peaks from 
Standard Solution 2a and Standard Solution 2b t respec- 
tively, as obtained in the test for Content of BPA and 
DHA. The area percent for the methyl esters of the fatty 
aclds from Test solution 1 in the test for Content of BPA 
and DHA meet the requirement$ for each fatty acid indi- 
cated in Table h 


Table 1 


Fatty 

Add 

Relative 

Retention 

Time 

Shorthand 
Nota don 

Lower 

Limit 

(Area, 

%) 

Upper 

Limit 

(Area, 

%) 

Linolek acid 

0,52 

18:2 n~6 

0 

1.0 

Eicosapentanoic 

acid 

0,79 

20:5 n-3 

0 

OJ 

Docosapentae- 
noic acid 

0.94 

22:5 n-6 

0 

OJ 

Docosahexae- 
nok add 

1.00 

22:6 n-3 

35.0 

47.0 


STRENGTH 

* Content of DHA 

Test solution 1 and Test solution 2: Weigh NIT 10 
Capsules in a tared weighing bottle. With a sharp blade 
or other appropriate means, carefully open the Cap¬ 
sules, without loss of the shell materiał, and transfer the 
combined Capsule contents to a 100-mL beaker, Re- 
move any adhering substance from the emptied Cap¬ 
sules by washing with severaJ smali portions of isooc- 
tane. Discard the washrngs, and allow the empty 
Capsules to dry in a current of dry air untit the isooc- 
tane is completely evaporated, Weigh the empty Cap¬ 
sules in the original tared weighing bottle, and calculate 
the average fili weight (AFW) of Crypthecodinium cohnni 
oil/Capsule. Proceea with the content of Capsules as 
directed in the Anafysis , 

Anafysis: Proceed as directed in Fais and Fixed Oils 
(401), Omega- 3 Fatty Acids Determinotion and Profile, 
Content of BPA and DMA. 

Calculate the percentage of the labeled amount of doco- 
sahexaenoic acid (DHA) in the Capsules taken: 

Result = R x AFW/t 

R = determined percentage of DHA in the portion 
of oil taken from the Capsules (%) 

AFW = average fili weight of the Capsules taken (mg) 

L = labeled amount of DMA (mg/Capsule) 
Acceptance criteria: NLT 95,0% and NMT 105.0% of 
the labeled amount of DHA 

PERFORMANCE TESTS 

* Disi NTEGftATi on and Dissolution (2040): Meet the re¬ 
pu irements for Rupture Test for Soft Shell Capsules 

* Weight Variation of Dietary Supplements (2091): Meet 

the requfrements 

IMPURITIE5 

* Limit of Arsenic 

[Notę—F or the preparation of all aqueous Solutions and 
for the rinsing of glass, polytef, and plastic ve$sels 
before use, use water that nas been passed through a 
strong-acid, strong-base, mixed-bed ion-exchange resin 
before use. Sefect all reagents to have as fow a content 
of arsenic as practicable, and storę all reagent Solutions 
in containers of borosilicate glass. Cleanse glass, pofytef, 


and plastic vessels before use by soaking in warm 8 N 
nitric acid for 30 min and by rinsing with deionized 
water.] 

Solution A: Transfer 1 g of ultrapure palladium metal 
into a Teflon beaker. Aad 20 ml of water and 10 mL of 
nitric acid, and warm on a hot piąte to dissolve. Allow 
the soiution to cool to room temperaturę, transfer it 
into a 100-mL volumetric fiask, and diiute with deion¬ 
ized water to volume> 

Solution B: Transfer 1 g of ultrapure magnesium ni tratę 
into a Teflon beaker. Add 40 ml of water and 1 mL of 
nitric acid, and warm on a hot piąte to dlssolve the 
solids, Allow the solution to cool to room temperaturę, 
transfer it into a 100-mL volumetrit fiask, and diiute 
with deionized water to volume. 

Solution C: Soiution Ą Solution 8, and 2% nitric acid 
(3:2:5). A volume of 5 pL provides 0.015 mg of palla¬ 
dium and 0.01 mg of magnesium nitrate. 

Blank: Nitric add and water (1:19) 

Standard stock solution: Transfer lO.OmL of Standard 
Arsenic Solution, prepared as directed in the test for Ar¬ 
senie (211), to a 100-mL volumetric fiask. Add 40 mL of 
water and 5 mL of nitric acid, and diiute with water to 
volume. This solution contains O.IOpg/mL of arsenic. 
Standard Solutions: Diiute the Standard stock solution 
with the Blank to obtain concentrations of 0.002, 

0.005, 0.010, 0.025, and 0.050 pg/mL of arsenic. 
Sample solution: For preparation of the Somple solu¬ 
tion, use a mkrowave oven with a magnetron fre~ 
quency of 2455 MHz and a selectable output power of 
0-950 watts in 1% inerements, equlpped with ad- 
vanced composite vessels with 100-mL polytef liners. 
Use rupture membranes to vent vessels should the pres- 
sure exceed 125 psi. The ve$sels fit into a turntable, and 
each vesseI can be vented into an overflow Container. 
Equip the mtcrowave oven with an exhaust tubę to 
ventllate fu mes. [Caution —Wear proper eye protection 
and protective dothing and gloves.] 

Transfer approximately 500 mg of Crypthecondinium 
cohnii oil rrom Capsules, weigh ed to the nearest 
0.1 mg, into a Teflon digestion vessel liner. Prepare 
samples in duplicate. Ado 15 mL of nitric acid, and 
swirl gently. Cover the ves$els with lids, leaving the 
vent fitting off. Predigest overnight under a hood. 

Place the rupture membranę in the vent fitting, and 
tighten the lid. Place all vessels on the microwave 
oven turntable. Connect the vent tubes to the vent 
trap, and connect the pressure-sensing linę to the ap- 
proprlate vessel. Inftiate a two-stage digestion proce¬ 
durę by heating the microwave at 15% power for 15 
min, foilowed by 25% power for 45 min. Remove the 
turntable of vessels from the oven, and aliow the ves- 
sels to cool to room temperaturę, [Notę— A cool water 
bath may be used to speed the coolrng process.j Vent 
the vessels when they reach room temperaturę, Re- 
move the llds, and slowly add 2 mL of 30% hydrogen 
peroxide to each, Allow the reactions to subside, and 
seal the vessels. Return the vessefs on the turntable to 
the microwave oven, and heat for an additional 15 
min at 30% power. Remove the vessels from the oven, 
and allow them to cool to room temperaturę. Transfer 
the cooled digests into 25-mL volumetric flasks, and 
diiute with water to volume. 

Analysis: Program the graphite furnace as follows, Dry 
at 115 D , using a 1-s ramp, a 65-s hołd, and an argon 
fiow of 300 mL/min; char the sample at 1000°, using a 
1-s ramp, a 20-s hołd, and an airflow of 300 mL/min; 
cool down, and purge the air from the furnace for 10 s, 
using a 20° set temperaturę and an argon flow of 
300 mL/min; atomize at 24QQ fi , using a 0-s ramp and a 
5-s hołd with the argon flow stopped; and clean out at 
2600° with a 1 -s ramp and a 5-s hołd. Separately inject 
equal volumes (20 pL) of the Standard Solutions , the 
Sample solution, and the Blank, foilowed by an injection 
of 5 liL of Soiution C for each of the samples, into the 
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graphite tubę of a suitable graphite furnace atomie ab¬ 
sorption spectrometer equipped with a hollow-cathode 
lamp for arsenie* Determine the peak area at the arsenie 
emission Jine at 193*7 nm, corrected for baekground 
absorption. Plot the corrected peak areas of the Stan¬ 
dard Solutions versus their contents of arsenie, in pg/mL, 
and calculate the regression linę best fitting the points. 
Determine the eoncentration, C, in pg/mL, of arsenie in 
each ml of the Sample solution by interpolafion from 
the regression linę* 

Calculate the content of arsenie in the portion of Cap- 
sules taken: 

Result = (C/W) x 25 

C = eoncentration as obtained above 
W = weight of Capsules content taken to prepare 
the Sampte solution (g) 

Acceptance criteria: NMT 0.1 pg/g 

• Limit of Lead 

[NOTĘ—For the preparation of all aqueous Solutions and 
for the rinsing of glass, polytef, and piastic vessels 
before use, use water that nas been passed through a 
strong-acid, strong-base, mixed-bed ion-exchange resin 
before use* Select all reagents to have as Iow a content 
of lead as practicable, and storę all reagent Solutions in 
containers of borosilicate glass. Cleanse glass, polytef, 
and piastic vessels before use by soaking in warm 8 N 
nitric acid for 30 min and by rinsing with deionized 
water] 

Solution A: 10 g of ultrapure monobasic ammonium 
phosphate in 1 mL of nitric acid and 40 mL of water to 
dissolve the phosphate* Dilute with deionized water to 
100 mL 

Solution 8: Transfer 1 g of ultrapure magnesium nitrate 
to a Teflon beaker. Add 40 mL of water and 1 mL of 
nitric add, and warm on a hot piąte to dissolve the 
solids. Al Iow the solution to cool to room temperaturę, 
transfer it to a 100-mL vołumetnc fiask, and dilute with 
deionized water to volume, 

Solution C: Solution Ą Solution B , and 2% nitric add 
(2:1:2)* A voiume of 5 pL pnwides 0.2 mg of phosphate 
and 0.01 mg of magnesium nitrate* 

Blank: Nitric acid and water (1:19) 

Standard stock solution: Transfer 10,0 ml of lead ni¬ 
trate stock solution TS to a 100-mL votumetric fiask. 

Add 40 mi of water and 5 ml of nitric acid, and dilute 
with water to vo!ume. Transfer I.OmL of this solution 
to a second 100-mL voJumetric fiask, add 50 mL of 
water and 1 mL of nitric add, and dilute with water to 
volume. This solution contains 0*10pg/mL of 3ead. 
Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain concentrations of 0.002, 

0.005, 0.010, 0.025, and 0.050 pg/ml of lead. 

Sam ple solution: Prepare as directed for Somple solu¬ 
tion in the test for Limit of Arsenie * 

Analysis: Program the graphite furnace as follows* Dry 
at 120°, using a 1-s ramp, a 55-$ hołd, and an argon 
ffow of 300 mL/min; char the sample at 850°, using a 
1 -s ramp, a 30-s hołd, and an airflow of 300 mL/min; 
cool down, and purge the air from the furnace for 10 s, 
using a 20° set temperaturę and an argon flow of 
300 mL/min; atomize at 2100°, using a 0-s ramp and a 
5-s hołd wtth the argon flow stopped; and clean out at 
2600° with a 1-s ramp and a 5-s hołd. Separately inject 
egual volumes (20 pL) of the Standard Solutions the 
Sample solution, and the Blank, followed by an mjection 
of 5 pL of the Solution C for each of the samples, into 
the graphite tubę of a suitable graphite furnace atomie 
absorption spectrometer eguipped with a hollow-cath¬ 
ode lamp for lead. Determine the peak area at the lead 
emission linę at 283.3 nm, corrected for baekground 
absorption. Plot the corrected peak areas of the Stan¬ 
dard Solutions versus their contents of lead, in pg/ml, 
and calculate the regression linę best fitting the points. 


Determine the eoncentration, C, in pg/mL, of lead in 
each ml of the Sample solution by interpolation from 
the regression linę* 

Calculate the content of lead in the portion of Capsules 
taken: 

Result = {CIW) x 25 

C = eoncentration as obtained above 
W = weight of Capsules content taken to prepare 
the Sample solution (g) 

Acceptance criteria: NMT 0.1 pg/g 

* Limit of Cadmium 

[Notę—F or the preparation of all agueous Solutions and 
for the rinsing of glass, polytef, and piastic vessels 
before use, use water that bas been passed through a 
strong-acid, strong-base, mixed-bed ion-exchange resin 
before use. Select all reagents to have as Iow a content 
of cadmium as practicable, and storę all reagent Solu¬ 
tions in containers of borosilicate glass* Cleanse glass, 
polytef, and piastic vessels before use by soaking in 
warm 8 N nitric add for 30 min and by rinsing with 
deionized water.] 

Solution A: 10 g of ultrapure monobasic ammonium 
phosphate in 40 mL of water and 1 mL of nitric acid to 
dissolve the phosphate. Dilute with deionized water to 
100 mL. 

5olution B: Transfer 1 q of ultrapure magnesium nitrate 
to a Teflon beaker* Ada 40 mL of water and 1 mL of 
nitric add, and warm on a hot piąte to dissolve the 
solids. Al Iow the solution to cool to room temperaturę, 
transfer it to a 100-mL volumetric fiask, and dilute with 
deionized water to vofume. 

Solution C: Solution A, Solution B , and 2% nitric acid to 
volume (2:1:2). A votume of 5 pL provides 0.2 mg of 
phosphate and 0.01 mg of magnesium nitrate* 

Blank: Nitric acid and water (1:19) 

Standard stock solution A: 0*1 372 mg/ml of cadmium 
nitrate 

Standard stock solution B; Standard stock solution A , 
nitric add, and water (2:1:97). This solution contains 
O.IOpg/mL of cadmium. [NoiE“Before make up to fi¬ 
nał volume dissolve m a portion of water and nitric 
acid*] 

Standard Solutions: Dilute Standard stock solution B 
with the Blank to obtain concentrations of 0.002, 

0,005, 0,010, 0,025, and 0.050 pg/ml of cadmium. 
Sample solution: Prepare as directed for Sample solu¬ 
tion In the test for Limit of Arsenie, 

Analysis: Program the graphite furnace as follows, Dry 
at 120°, using a i-s ramp, a 55-s hołd, and an argon 
flow of 300 mL/min; char the sample at 850°, using a 
1-s ramp, a 30-s hołd, and an airflow of 300 mL/min; 
cool down, and purge the air from the furnace for 10 s, 
using a 20 c set temperaturę and an argon flow of 
300 mL/min; atomize at 24O0 D , using a 0-s ramp and a 
5-s hołd with the argon flow stopped; and clean out at 
2600° with a 1-s ramp and a 5-s Jhold. Separately inject 
egual volumes (20 pL) of the Standard Solutions, the 
Sample solution, and the Blank , followed by an injection 
of 5 pL of the Solution C for each of the samples, into 
the graphite tubę of a suitable graphite furnace atomie 
absorption spectrometer equipped with a hollow-cath¬ 
ode lamp for cadmium. Determine the peak area at the 
cadmium emission linę at 228.8 nm, corrected for 
baekground absorption. Plot the corrected peak areas of 
the Standard soluttons versus their contents of cadmium, 
in pg/mL, and calculate the regression linę best fitting 
the points* Determine the eoncentration, C, in pg/mL, 
of cadmium in each mL of the Sample solution by inter- 
polatton from the regression linę. 

Calculate the content of cadmium in the Capsules 
taken: 

Result = (C/140 x 25 
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C = concentration as obtained above 
W - weight of Capsules content taken to prepare 
the Sample solution (g) 

Acceptance cnteria: NMT OJ ug/g 

* Limit of Mercury: Proceed as directed in Mercury (261)., 
Method Ha, except use a Standard Mercury Solution hav- 
ing the equivalent of OJ pg/mL of mercury. 

Sample solution: Prepare as directed for the Sample so- 
lution in the test for Limit of Arsenie, combining the two 
dupficate cooled digests into 1,0 mL of Potassium Per- 
manganate Solution. 

Acceptance criteria: NMT OJ pg/g 

SPECIF1C TESTS 

* Fats and Fixed Oils, Anisidine Value (401); NMT 20.0, 
determined on the contents of the Capsules 

* Fats and Fixed Gils, Free Fatty Acids (401); The free fatty 
acids in 10 g require for neutra lization NMT 1.42 mL of 
OJ N sodium hydroxide. 

® Fats and Fixed Oils, Peroxide Value (401): NMT 5.0, de- 
termined on the contents of the Capsules 

* Fats and Fixed OfL5, Toto! Qxidation Value (TOTOK) 

(401): NMT 26 (determined on the contents of the 
Capsules), catculated as: 

Result = (2x PV) + AV 

PV - peroxide value 
AV - anisidine value 

* Fats and Fixed Oils, Unsaponifiable Matter (401): NMT 

3.5%, determined on the contents of the Capsules 

* SPECtFK Gravity (841); 0.91 -0.93, determined on the 
contents of the Capsules 

ADDmONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight, light-resistant 
containers, and avoid exposure to excessive heat 

* Labeling: The label States the content of docosahexae* 
noic acid in mg/Capsule. It also States the name and 
concentration of any added antioxidant. 

* USP REFERENCE STANDARDS (11) 

USP Doeosahexaenoie Acid Ethyl Ester RS 
USP Eicosapentaenoic Acid Ethyl Ester RS 
USP Methyl Tricosanoate RS 


Curcuminoids 


DEFINITION 

Curcuminoids is a partia!ly purified natural complex of diaryl 
heptanoid derivatives isolated from Turmeric, Curcuma 
longa L. It contains NLT 95.0% of curcuminoids, caku- 
lated on the dried basis, as the sum of curcumin, des- 
methoxycurcumin, and bisdesmethoxycurcumm. It con¬ 
tains NLT 70,0% and NMT 80.0% of curcumin, NLT 
15.0% and NMT 25.0% of desmethoxycurcumin, and 
NLT 2,5% and NMT 6.5% of bisdesmethoxycurcumin. 

IDENTIFICATION 


Change to read: 

* A, A HPTLC FOR Arucles of Botanecal Origin (203) 
Standard solution: 1 mg/mL of USP Curcuminoids RS 
in methanol 

Sample solution: Suspend about 5 mg of Curcuminoids 
in 5 mL of methanol, and sonicate brieffy. 
Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm {HPTLC piąte)* 

1 SuilabEe epmmeidatly avdkibfe plmes are HPTLC Splica Gd 60 from EMD 
Milliporc (e.g., Part No. 1.05642.000i). 


Application volume: 2 pL each of the Standard solu¬ 
tion and the Sample solution as 8-mm bands 
Relative humidity: Condition the piąte to a relative 
humidity of 33%. 

Temperaturę: Ambient, not to exceed 30° 

DeveJoping solvent system: Toluene and glacia! ace- 
tic acid (4:1) 

Developing distance: 6 cm 

Derivatization reagent: 85 mL of ice-cold methanol 
combined with 10 mL of glacial acetic acid, 5 mL of 
sulfuric acid, and 0.5 mL of p-anisaldehyde 
Analysis 

Sam pies: Standard solution and Sample solution 
Apply the Samples as bands and dry in air. Devetop in a 
saturated chamber and dry in air. Treat with Derivo- 
tization reagent , heat at 100 : for 3 min, and examine 
under long-wave UV light (365 nm) and under white 
light 

System suitability: Under longwvave UV light (365 
nm), the dehvatized chromatogram of the Standard so¬ 
lution exhibits, in its lower half, Ł three bands in the order 
of inereasing ft: an orange band due to bisdesmethoxy- 
curcumin, an orange band due to desmethoxycurcu¬ 
min, and the red band due to curcumin. Under white 
light, the two lower bands appear orange, while the 
topmost band is reddish-pink. 

Acceptance criteria: Under long-wave UV light (365 
nm), the denvatized chromatogram of the Sample solu¬ 
tion displays two orange bands and one red band, simr- 
lar in positton and color to those observed in the Stan¬ 
dard solution. At the bottom part of the upper hall of 
the piąte, two purple bands are seen. Under white 
light, two orange bands and a darker red band are seen 
coiocident with the bands due to bisdesmethoxycurcu- 
min, desmethoxycurcumin, and curcumin in the Stan¬ 
dard solution. in the order of inereasing Rf. In the upper 
half of the piąte, the lower of the two bands appears 
purple, while the upper band is brown. No bands ap¬ 
pear in the topmost quarter of the piąte, whlch is char- 
acteristic of Curcuma zanthorrhiza Roxb, and Curcuma 
aromatica Salisb. These confounders, and occastonal 
adulterants, also lack the lower orange band corre- 
sponding to bfsdesmethoxycurcumin. Additional weak 
bands may be observed in the Sample solution under 
either illumination condition.^śłi 

Change to read: 

* B. *HPLC 

Analysrs: Proteed as directed in the test for Confmf of 
Curcuminoids. 

Acceptance criteria: The retention times of the peaks 
for curcumin, desmethoxycurcumin, and bisdesmeth- 
oxycurcumin of the Sample solution correspond to those 
of Standard solution A and Standard solution 

COMPOSITION 


Change to read: 

* Content of Curcuminoids 

Mobile phase: Tetrahydrofuran and 1 mg/mL of dtric 
acid in water (4:6) 

a a urna 

Standard solution A: 40 pg/mL of USP Curcuminoids 
RS in Mobile phase 

A Standard solution Bi A composite solution containing 
40 ug/mL of USP Curcumin RS, 10 pg/mL of USP Des- 
methoxycurcumin RS, and 2.0pg/mL of USP Bisdes- 
methoxycurcumin RS in Mobile phase Use sonication if 
necessary. Before injection, pass Lhrough a filier of 
0.45-pm porę size, and discard the initial 10 mL of the 
fil tratę. 
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Sample stock solu tron: Transfer about 20 mg of 
Curcuminoids, accurately weighed, to a 50-mL yofumeh 
rlc fiask, add 30 mL of acetone, and sonicate for 30 
min. Dilute with acetone to volume, mix, and 
centnfuge. 

Sample solutron: Transfer 5.0 mL of the Sample stock 
solution to a 50-mL yolumetric fiask. Dii u te with Mobile 
phose to yolume, and mN. Before injection, pass 
through a filter of 0.45-|im porę size, and discard the 
Enitial 10 mL of the filtra te. auwo 
Chromatographic system 
(See Giromotogrophy (621), System Suitability.) 

Modę: LC 

Detector: 420 nm 

Column: 4.6-mm x 20-cm; 5-|im packing LI 
Row ratę: I.OmL/min 
Injection voJume: 20 pL 
System sultability 

Samples: Standard solution A A and Standard solution 
Bausno 

[Notę—'T he relative retention ttmes for the curcumin, 
desmethoxycureumin, and bisdesmethoxycurcumtn 
peaks are 1.0, 1.2, and 1.4, respectively.| 

Surtability requirements 

Chromatogram similarity: The chromatogram of 
Standard solution A Is similar to the reference thro- 
matogram provided with USP Curcuminoids RS. 
Resolution: NLT 2.0 between curcumin and des- 
methoxycurcumin peaks and desmethoxycurcumin 
and bisdesmethoxycurcumin peaks, A Standard solu¬ 
tion Bausmo 

Tailing factor: NMT 1.5 for bisdesmethoxycurcumin, 
desmethoxycurcumin, and curcumin peaks, A Standard 
solution BjĘkfija 

Relative standard deviation: NMT 2.0% for the des- 
methoxycurcumin peak, in replicate injections, A 5tan- 
dard solution Ba(/ś^c 
Analysis 

Samples: A Aumo Standard solution B a ausmo and Sample 
solution 

*Calculate the percentages of curcumin, desmethoxy- 
curcumin, and błsdesmethoxycurcumin in the porfton 
of Curcuminoids taken; 

Result = (fy/fi) x Cs x {VIW) x D x 100 

0/ * peak area of the reievant analyte from the 

Sample solution 

r$ - peak area of the relevant analyte from 
Standard solution B 

Q ~ concentration of the relevant analyte in 
Standard solution B (mg/ml) 

V = yolume of the Sample stock solution (mL) 

W = weight of Curcuminoids used to prepare the 

Sample stock solution (mg) 

D - dilution factor to obtain tne Sample solution 
from the Sample stock solution, 1 0 A Mm 
Acceptance criteria: Curcuminoids contains NLT 95.0% 
of curcuminoids, calculated on the dried basis, as the 
sum of curcumin, desmethoxycurcumin, and bisdes- 
methoxycurcumin. It contains 70.0%-8G.G% of curcu¬ 
min, 15.0%-25,Q% of desmethoxycurcumin, and 
2,5%-6.5% of bisdesmethoxycurcumin. 

CONTAMINANTS 


Oetete the foifowing: 

•• Heavy Metals (231), Method III: NMT 20 ppm* (omdat * 

Jiin-201 fl) 

• Articles OF Botanicał Origin (561), Pesticide Residue 
Analysts: Meets the reguirements 


Add the following: 

A * Botanicał EKTRacts (565), Preparations, General Pharma- 
copeial Reguirements, Residua! Solvents: Meets the 
requirements A i/s Mł j 

* Articles of Botanicał Origin (561), Test for Aflatoxins: 

Meets the reguirements 

* MlCROBlAL Emumeration Tests (2021): The total aerobic 

bacterial count does not exceed ICH tfu/g, and the total 
combined molds and yeasts count does not exceed 10* 
cfu/g. 

* ABSENCE of SPECiFiED MlCROORGANlSMS (2022), Test Proce- 

dures , Test for Absence of Salmonella Species and Test for 
Absence of Escherkhia coli: Meets the requirements 

SPEC8FIC TESTS 

* Melting Rangę or Temperaturę (741), Procedures, Proce¬ 
durę for Oass /, Apparatus II: 1 72 D -1 78* 

■ Loss on Drying (731) 

Sample: 1.0 g of Curcuminoids 
Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 2.0% 

* Articles of Botanicał Origin (561), Methóds of Analysis, 

Total Ash: NMT 1.0% 

ADDITSONAL REQU1IREMENT5 

» Packaging and Storage: Preserve in welJ-dosed contaim 
ers; protect from Jight and moisture, and stora at room 
temperaturę. 

& Labeling: The label States the contant of curcuminoids 
and the content of the individual curcuminoids, on the 
dried basis; the Latln binomial; and the part of the plant 
used to prepare the artide. 

* USP Reference Standards (11) 

USP 8Esdesmethoxycurcumin RS 
USP Curcumin RS 
USP Curcuminoids RS 
USP Desmethoxycurcumin RS 


CaircMminoids Capsules 

DEFIN1TION 

Curcuminoids Capsules are prepared from Curcuminoids 
and contain NLT 90,0% and NMT 110.0% of the labeied 
amount of curcuminoids, calculated as the sum of curcu¬ 
min, desmethoxycurcumin, and bisdesmethoxycurcumin. 

IDENTIFICATION 

a A. Thin-Layer Chromatography 

Standard solution: 0.2 mg/ml of USP Curcuminoids RS 
in acetone 

Sample solution: Weigh and finefy powder the eon- 
tents of NLT 20 Capsules. Transfer a portion of the 
powder, equrva!ent to about 10 mg of curcuminoids, to 
a suitabie Container, add 5 ml of acetone, shalce for 1 
min, and sonicate for 10 min. Aliow to stand for 15 
min before use. 

Adsorbent: Chromatographic silica gel mixture with an 
average particie size of 10-15 pm (TLC plates) 
Application yolume: lOpL, as bands 
Developing solvent system: Chloroform, methanol, 
and formie add (9ó:4T) 

Analysis 

Samples: Standard solution and Sample solution 
Apply the samples as bands to a suitabie thin-layer 
chromatographic piąte (see Chromatography (621)). 
Use a saturated chamber. Develop the chromato- 
grams until the solyent front has moved up about 
three-fourths of the length of the piąte, Remove the 
piąte from the chamber, dry, and examine under UV 
light at 365 nm. 






USP 40 


Dietary Supplements / Curcuminoids 6919 


Acceptance criteria: The Sample solution chromato- 
gram shows yeliowish-brown bands due to bisdesmeth- 
oxycureumin, desmethoxycurcumin, and curcumin at Rf 
vafues of about 0.4, 0.6, and 0,7, respectively, corre- 
sponding in position and color to those obtarned from 
tne Standard solution. 

• B. The retention times of the peaks for curcumin, des- 

methoxycurcumin, and bisdesmethoxycuroumin of the 
Somple solution correspond to those of the Standard solu¬ 
tion for the appropriate USP Referenee Standard, as ob- 
tained in the test for Content of Curcuminoids. 

STRENGTH 

* Content of Curcuminoids 

Mobile phase: Tetrahydrofuran and 1 mg/mL of citric 
add in water (4:6) 

[Notę—S onication may be necessaiy to dissolve the RS 
in each Standard solution ; a II Solutions should be 
passed through a filterwith 0.45-pm porę size before 
rnjection. USP Curcumin RS, USP Desmethoxycurcumin 
RS, and USP Bisdesmethoxycurcumin RS can also be 
prepared in one standard solution containing the finał 
concentration spedfied below for each.] 

Standard solution A: 40 jig/mL of USP Curcuminoids 
RS in Mobile phase 

Standard solution R; 40jug/mL of USP Curcumin RS in 
Mobile phase 

Standard solution C: 10 jig/mL of USP Desmethoxy- 
curcumin RS in Mobile phase 

Standard solution D: 2 iig/mL of USP Bisdesmethoxy- 
curcumin RS in Mobile phase 
Sample stock solution: Weigh and finely powder the 
contents of NLT 20 Capsules. Transfer an accurately 
weighed amount of the powder, equivalent to about 
20 mg of curcuminoids, to a 50-ml volumetric fiask, 

Add about 30 mL of acetone, sonicate for 30 min, di- 
lute with acetone to volume, mix, and centrifuge. 
Sample solution: Dilute a portion of the Sample stock 
solution 1 in 10 with Mobile phase t and mix. 
Chromatographk system 
(See Chromotograpny {62^, System Suitability.) 

Modę: LC 

Detector: UV-Vis 420 nm 
Column; 4.6-mm x 20-cm; 5-pm packing LI 
Fiow ratę: 1 mL/min 
Injection size: 20 pL 
System suitability 
Sample: Standard solution A 
[NoiE—The relative retention times for the curcumin, 
de5methoxycurcumin, and bisdesmethoxycurcumin 
peaks are about 1.0, 1.2, and 1.4, respectively.] 
Suitability reguirements 

Chromatogram similarity: The chromatogram from 
Standard solution A is similar to the Referenee Chro¬ 
matogram provided with the lot of USP Curcumi¬ 
noids RS being used. 

Resolution: NlLT 2,0 between the curcumin and des- 
methoxycurcumin peaks and the desmethoxycurcu- 
min and bisdesmethoxycurcumin peaks 
Tailing factor: NMT 1.5 for the b!sdesmethoxycurcu- 
min, desmethoxycurcumin, and curcumin peaks 
Relative standard deviation: NMT 2.0% for des- 
methoxycurcumin peak, in repeated injections 
Analysis 

Sampfes: Standard solution A t Standard solution B f 
Standard solution C, Standard solution D f and Sample 
solution 

Calcuiate the quantity, in mg, of curcumin, desmeth- 
oxycurcumin, and bisdesmethoxycurcumin in each 
Capsule: 

Result - (r 0 to) *QxDxVx { WJWu ) 


tu = peak area for curcumin, desmethoxycurcumin, 
or bisdesmethoxycurcumin from tne Sample 
solution 

rs = peak area for curcumin, desmethoxycurcumin, 
or bisdesmethoxycurcumm from tne 
appropriate Standard solution 
Q - concentration of the appropriate Standard 
solution (mg/mL) 

D = dilution factor to prepare the Sample solution 
from Sample stock solution 
1/ = volume of Sample stock solution (mL) 

W F - average fili weight of Capsules (mg) 

W u ~ weight of content of Capsules taken to 

prepare the Sample stock solution (mg) 
Calcuiate tne percentage of the labeled amount of 
curcuminoids in the Capsule: 

Result = (IQ/L) x 100 

XQ = sum of the quantities of curcumin, 
desmethoxycurcumtn, and 
brsdesmethoxycurcumm in the Capsule (mg) 
i - labeled amount of curcuminoids (mg/Capsule) 
Acceptance criteria: 90.0%-110.0% of the Tabel claim 

PERFORMANCE TEST5 

* D15 IN TEC R ATI ON AND DlSSOLUTION (2040) 

Modę: Dissolution 

Medium: Water containing 1% sodium lauryl sulfate; 
900 mL 

Apparatus 2: 100 rpm 
Time: 60 min 

Sample solution: Combine 25-mL portions of the solu¬ 
tion under test from each of the six dissoiutron vessels, 
and mix. Transfer 5 ml to a 25-mL volumetric fiask, and 
dilute with Mobile phase to vo!ume. 

Analysis: Determine the amount of curcumin (C 21 H 20 O 0 ) 
dissolved by using the method used in Strengtn, making 
any necessary modiffeations, 

Tolerances: NLT 75% of the content of curcumin 
(QiH 20 O 6 ) ts dissolved. 

* Weight Variation of Dietarv Supplements (2091): Meet 

the reguirements 

CONTAMINANTS 

* Microbial Enumeration Tests (2021): The total aerobic 

bacterial count does not exceed 10^ cfu/g, and the total 
combined moids and yeasts count does not exceed 10 3 
cfu/g. 

* Absence of Specified Microorganisms (2022): Meet the 

reąuirements of the tests for the absence of Salmonella 
species and Escherichia coli 

ADDITIONAL REQUIREMENT5 

■ PAOCAGiNG and Storage: Preserve in well-dosed contain- 
ers, protect from light and moisture, and storę al room 
temperaturę. 

* Labeling: The label States the content of curcuminoids in 

mg/Capsule. 

* USP Referenci Standards (11) 

USP Bisdesmethoxycurcumin RS 
USP Curcumin RS 
USP Curcuminoids RS 
USP Desmethoxycurcumin RS 


Curcuminoids Tablets 


DEFINITION 

Curcuminoids Tablets are prepared from Curcuminoids and 
contain NLT 90.0% and NMT 110.0% of the labeled 
amount of curcuminoids, calculated as the sum of curcu¬ 
min, desmetboxycurc(jmin, and bisdesmethoxycurcumin. 
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IDENTIFICATION 

* A. Thin-Layer Chromatography 

Standard solution; 0.2 mg/mL of USP Curcuminoids RS 
in acetone 

Sample solution: Wetgh and finely powder NLT 20 
Tablets, Transfer a portion of the powder, equivalent to 
about 10 mg of curcuminoids, to a suitable Container, 
add 5 mL of acetone, shake for 1 min, and sonicate for 
10 min, Allow to stand for 15 min before use. 
Adsorbent; Chromatographic silica gel mixture with an 
average particie size of 10-75 pm (TLC plates) 
Application volume: 10 pL, as bands 
Developing solvent system: Chloroform, methanoi, 
and formie acid (96:4:1) 

Anatysis 

Sam pies: Standard solution and Sample solution 
Apply the samples as bands to a suitable thin-layer 
chromatographic piąte (see Chromatography (621 }) t 
Use a saturated cham ber. Deveiop the chroma to- 
grams until the sokent front has moved up about 
three-fourths of the length of the piąte. Remove the 
piąte from the chamber, dry, and examine under UV 
light at 365 nm. 

Acceptance criteria: The Sample solution chromato¬ 
grafii shows yellowish-brown bands due to bisdesmeth- 
oxycurcumin, desmethoxycurcumm, and curcumin at R? 
vafues of about 0.4, 0.6, and 0.7, respectkely, corre- 
sponding in position and color to those obtained from 
tne Standard solution , 

* B. The retention trmes of the peaks for curcumin, des- 

methoxycurtumm, and bisdesmethoxycurcumm of the 
Sample solution correspond to Lhose of the Standard solu - 
tlon for the appropriate USP Reference Standard, as ob- 
tained in the test for Content of Curcuminoids. 

STRENGTH 

* CONTENT OF CURCUMINOIDS 

Mobile phase: Tetrahydrofuran and 1 mg/mL of citrk 
acid in water (4:6) 

[Notę—S onication may be necessary to dissoke the RS 
in each Standard solution; alJ Solutions should be 
passed through a filter with 0,45-pm porę size before 
mjection, USP Curcumin RS, USP Desmethoxycurcurmn 
RS and USP Bisdesmethoxycurcumin RS can also be 
prepared in one standard solution tonfaining the finał 
concentration specified befow for each.] 

Standard solution A: 40 j.ig/mL of USP Curcuminoids 
RS in Mobile phase 

Standard solution B: 40 jag/mL of USP Curcumin RS in 
Mobile phase 

Standard solution C: lOpg/mL of USP Desmethoxy- 
curcumin RS in Mobile phase 

Standard solution D: 2 ug/ml of USP Bisdesmethoxy- 
curcumin RS in Mobile phase 

Sample stock solution: Weigh and finefy powder NLT 
20 Tablets. Transfer an accurately weigheo amount of 
the powder, equivalent to about 20 mg of curcumL 
noids, to a 50-mL volumetric fiask. Ada about 30 mL of 
acetone, sonicate for 30 min, dilute with acetone to 
volume, mix, and centrifuge. 

Sample solution: Dilute a portion of the Sample stock 
solution (1 in 10) with Mobile phase , and mix. 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detecfor: UV-Vi$ 420 nm 
Column: 4.6-mm x 20-cm; 5-jjm packing LI 
Ffow ratę: 1 mL/rnin 
fnjection size: 20 pL 
System suitability 
Sample: Standard solution A 
[Notę—T he reiatke retention times for the curcumin, 
desmethoxycurcumrn, and błsdesmethoxycurcumin 
peaks are about 1.0, 1.2, and 1.4, respectkely.] Ł 


Suitability reguirements 

Chromatogram slmilarity: The chromatogram from 
Standard solution A is similar to the Reference Chro¬ 
matogram provided with the lot of USP Curcumi¬ 
noids RS being used. 

Resolution: NLT 2.0 between the curcumin and des- 
methoxycureumm peaks and the desmethoxycurcu- 
min and bisdesmethoxycurcumin peaks 
Tailing factor: NMT 1.5 for the b35desmethoxycurcu- 
min, des met hoxy curcumin, and curcumin peaks 
Reiatke standard deviation: NMT 2.0% for des* 
methoxycurcumin peak, in repeated injections 
Analysis 

Samples: Standard solution A, Standard solution B, 
Standard solution C, Standard solution D, and Sample 
solution 

Calculate the ąuantity, in mg, of curcumin, desmeth- 
oxycurcumin, and bisdesmethoxycurcumin in each 
Tablet: 

Result « (r u /n) *QxDxVx {WrfWy) 

r 0 = peak area for curcumin, desrnethoxycurcumm, 
or bisdesmethoxycurcumin from tne Sample 
solution 

r$ = peak area for curcumin, desmethoxycurcumin, 
or brsdesmethoaycurcumin from tne 
appropriate Standard solution 
Cs ~ concentration of the appropriate Standard 
solution (mg/mL) 

O = dilution factor to prepare the Sample solution 
from the Sample stock solution 
V - vo!ume of Sample solution (mL) 

Wr = average weight of Tablets (mg) 

Wy = weight of Tablets powder taken to prepare the 
Sample Stock solution (mg) 

Calculate the percentage of the laBeled amount of 
curcuminoids in the Tablet: 

Resuit = (XQ/L) x 100 

IQ - sum of the ąuantities of curcumin, 
desmethoxycurcumin, and 
bisdesmethoxycurcumin in the Tablet (mg) 
i - labeled amount of curcuminoids (mq/Tablet) 
Acceptance criteria: 90.0%-11 0,0% of the Tabel claim 

PERFORMANCE TESTS 

• Disintegration and dissolution (2040) 

Modę: Dissolution 

Medium: Water containing 1% sodium lauryl sulfate; 
900 mL 

Apparatus 2: 100 rpm 
Time: 60 min 

Sample solution: Combine 25-mL portions of the solu¬ 
tion under test from each of the six dissolution vessels, 
and mrx. Transfer 5 mL to a 25-ml volumetric fiask, and 
dilute with Mobile phase to volume, 

Analysis: Determine the amount of curcumin (CztbboOć) 
dissoked by using the method used in the Content of 
Curcuminoids, ma King any necessary modifications. 
Tolerances: NLT 75% of the content of curcumin 
(C 21 HzoOć) is dissoked. 

• Weight Variation of Dietary Supplements (2091): Meet 

the requirements 

CONTAM1NANT5 

• Microbiai Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 10 4 cfu/g, and the total 
combined molds and yeasts count does not exceed 10 1 
cfu/g. 

• Absence of Specified Microorganisms (2022): Meet the 

reguirements of the tests for the absence of Sal menelia 
species and Escherichia coli 
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ADDITfONAl REQUfREMENTS 

o Packaging and Storage: Preserve in welbclosed contain- 
ers, protect frorn light and moisture, and storę at room 
temperaturę. 

* Labę ling: The labeJ States the content of curcuminoids Sn 

mg/Tablet, 

* USP Reference Standards (11) 

USP Bisdesmethoxycurcumin RS 
USP Curcumin RS 
USP Curcuminokls RS 
USP Desmethoxycurcumin RS 


Cyanoco bal amin —see Cyanocobalamin 
General Monographs 


Cysfeine Hydrochforide —see Cysteinę 
Hydrochloride General Monographs 


Cystine 



OHiiNiOA 240.30 

L-Cystine; 

3,3'-Disulfanediylbis [(2i?y2-aminopropanok add] [56-89-31 

DEFINITION 

Cystine contains NLT 98.5% and NMT 101,5% of cystine 
(C 6 H 12 N 2 O 4 S 2 ), as L-Cystine, calculated on the dried basis. 

IDENTIFICATION 

* A. INFRARED ASSORPTfON (197K) 

6 B. Optical Rotation, Spedfic Rotation (781S) 

Sample solution: 20 mg/mL, in 1 N hydrochlortc add. 
Perform the measurements immediatefy after 
preparation. 

Acceptance criteria: -215 to -225, determined at 20° 

* C. The R f vatue of the principaf spot of the Sample solu¬ 

tion in the test for Organie Impurities corresponds to that 
of the Standard solution . 

AS5AY 

* PROCEDURĘ 

Sample solution; Transfer about 0.1 g of Cystine to a 
glass-stoppered fiask, and disso!ve in a mixture of 2 mL 
of dilute sodium hydroxide (1 in 20) and 10 mL of 
water. Add 10 mL of potassium bromide solution 
(200 g/L m water), 50.0 mL of 0,1 N potassium bra- 
matę VS, and 15 mL of dilute hydrochloric add (1 7 in 
100)* Immediatefy insert the stopper into the fiask, and 
coof En an ice water bath. Al Iow to stand protected 
from light for 10 min, 

Titrirrtetric system 
(See Titrimetry (541),) 

Modę: Residua! titratron 
Titrant; 0,1 N potassium bromate VS 
Back-titrant: 0.1 N sodium thiosulfate VS 
Endpoint detection: Yisual 

Equivalency: Each ml of 0.1 N potassium bromate VS 
is equivalent to 2,403 mg of cystine (C^H^NjO^S?) on 
the dried basis. 

Analysis: Add 1.5 g of potassium iodide, and after 1 
min, titrate with 0.1 N sodium thiosulfate VS, using 


starch TS as the indicator. Perform a blank determina- 
tion, and make any necessary correction. 

Acceptance criteria: 98.5%—1 01.5% on the dried basis 

IMPURITIES 

o RESIDUE ON IGNITION (281): NMT 0.1% 

* CHLORIDE and Sulfate, Chloride (221): NMT 200 ppm. A 
0.7-g portion shows no morę chloride than corresponds 
to 0.40 mL of 0.01 N hydrochloric acid. 


Deiete the foltowing: 

Heavy Metals, Melhod I (231): NMT 10 ppm® (twc^n- 

| u n*2018) 

* Chloride and Sulfate, Sulfate (221): NMT 200 ppm* A 

1 .2-g portion shows no morę sulfate than corresponds to 
0*25 mL of 0,020 N sulfuric acid. 

• Iron (241): NMT 10 ppm 

■ Organic Impurities 

System suitahifity solution: Dissolve quantities of USP 
Cystine RS and USP Arginine Hydrochloride RS in 1 N 
hydrochloric add, and diiute with water to obtain a so~ 
lution having a known concentration of about 0,4 mg/ 
mL each. 

Standard solution: Dissolve a girantity of USP Cystine 
RS in 1 N hydrochloric add, and dilute with water to 
obtain a solution hadng a known concentration of 
about 0.02 mg/mL. 

Sample solution: Dissoive a quantity of Cystine in 1 N 
hydrochloric acid, and dilute with water to obtain a so¬ 
lution havlng a known concentration of about 10 mg/ 
mL. 

Chromatographlc system 

(See Chromatography (621), Thin-Layer Chromato¬ 
graphy.) 

Modę: TLC 

Adsorbent: A 0,25-mm fayer of chromatographlc silica 
gd mixture 

Application volume: 5 pi 

Developing solvent system: A mixture of ammonta 
and 2-propanol (3:7) 

Spray reagent: Dissoive 0.2 g of ninhydrin in 100 mL 
of a mixture of butanol and 2 N acetic acid (95:5). 
Analysis 

Samples: System suitahifity solution , Standard solution , 
and Sampk solution 

Proceed as directed in Chromatography (621), Thin-Layer 
Chromatography . After alr-drying tlie piąte, spray with 
Spray reagent , and lieat between 100 c and 105° for 
about 15 min. Examtne the piąte, The chromatoaram 
from the System suitahifity solution exhibits two clearly 
separated spots. 

Acceptance criteria: Any secondary spot from the Som- 
pie solution is not larger or morę intense than the prin- 
cipaJ spot from the Standard solution. 
lndividual impurities: NMT 0*2% 

Total impurities: NMT 2*0% 

5PECIFIC TESTS 
O LOSS ON DRYiNG (731) 

Analysis: Dry a sample at 105° for 3 h* 

Acceptance criteria: NMT 0.2% 

ADDITIONAL REQUIREMENTS 

o Packaging and StORACE: Preserve in welf-dosed contain- 
ers, and storę at a contro!led room temperaturę. 

» USP Reference Standards (11) 

USP Arginine Hydrochloride RS 
USP Cystine RS 
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Dexpanthenol —see Dexpanthenol General 
Monographs 


Dexpanthenol Preparation —see 

Dexpanthenol Preparation General Monographs 


Diosmin 



C 2 bH320„ 608.54 

5-Hydioxy-2-(3-hydroxy-4-methoxyphenyl)-7-[(25,3ft,4S / 55, 
ó/Q-3,4,54nhydrGxy-6~[[(2fl l 3R,4fl,5/?,65>3,4,5-trihydroxy- 

6-methyloxan-2-yl]oxymethyl]oxan-2-yl]oxychromen- 
4-one; 

7-[[6-0'(6-Deoxy-ot-L-mannopyranosyf}-/3-D-qlucopyra- 
nosyl]oxy]-5-hydroxy-2-(3-nydrQxy-4-methoxyphenyl}-4H- 
l-benzopyran-4-one [520-2/-4]. 

DEFJNmON 

Diosmrn contains NIT 90.0% and NMT 102.0% of diosmrn 
(C 2 sH 3 20 tsX calculated on the anhydrous basis* 

IDENTIFICATION 

• A, INFRARED ABS0RPTION (197K) 

• 6. The retention tinrre of the major peak of the Sample 

solution corresponds to that of trce Standard solution, as 
obtained in the Assoy. 

ASSAY 

• Procedurę 

Mobile phase: Methanol, acetonitrile, acetic acid, and 
water (27:2:6:65) 

Standard solution: 1.0 mg/mL of USP Diosmin RS in 
dimethyl sulfoxide 

System suitability solution: 1 mg/mL of USP Diosmin 
for System Suitability RS in dimethyl suffoxide 
Sample solution: 1*0 mg/mL of Diosmin in dimethyl 
sulfoxide 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 275 nm 

Coiumn: 4.6-mm x 10-cm; 3~|im packing LI 

Column temperaturę: 40° 

Flow ratę: 1 .2 ml/min 
Injection size: 10 pL 
System suitability 

Samples: System suitability solution and Standard solu¬ 
tion * 

[NOTĘ —Ailow the run time about 6 times the diosmin 
retention time. The relative retention times for dios- 
min, acetoisovanillone, hesperidin, isorhoifolin, linarin, 
and diosmetin are 1, 0*5, 0.6, 0.8, 1.6, and 4.5, 
respectively*] 

Suitability reguirements 

Chromatogram simifarity: The chromatogram from 
the System suitability solution is simifar to tne Refer- 
ence Chromatogram provided with the USP Diosmin 
for System SuitaoiUty RS being used* 

Resolution: NLT 2.5 between hesperidin and 
isorhoifolin, System suitability solution 
Relative standard deviation: NMT 2.0%, Standard 
solution 


Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of diosmin (CżaHazOi*), in the 
portion of Diosmin talćen: 

Result = (fu/fj) x (QfQ) x 100 

= peak response from the Sample solution 
r s = peak response from the Standard solution 

C s = concentration of USP Diosmin RS in the 

Standard solution (mg/mL) 

Cu - concentration of Diosmin rn the Sample 
solution (mg/mL) 

Acceptance criteria: 90.0%~102.0% on the anhydrous 
basis 

IMPURITIES 

* REStDUE ON ICNITION (281) 

Sampfe: 1.0 g 

Acceptance criteria: NMT 0.2% 

Delete the followiog: 

*• Heaw Metals, Method li (231) 

Sample: 2.0 g 

Acceptance criteria: NMT 20 ppm# 1.^201 a> 

* Limit of Iodine 

Determine the totai content of iodine by potentiometry, 
using an lodide-selective electrode, after oxygen fiask 
combustion (see Oxygen Fiask Combustion {471)). 

Sample solution: [Caution —Observe rigorously the pre- 
cautions set forth for Procedurę under Oxygen Fiask 
Combustion (471).] Wrap OJ 00 g of Diosmin in a piece 
of free-hafide filter paper, and place it in the platinum 
auze spedmen holder. Introduce into the fiask 
0*0 mL of a 0*2 g/L solution of hydrazine. Flush the 
fiask with oxygen for 10 min. Ignite the filter paper. Stir 
the contents of the fiask rm media tely after the end of 
the combustion to di$solve compietely the combustion 
products* Continue stirring for 1 h. 

Standard solution: 33.2 pg/mt of potassium iodide in 
water, equivalent to 25.4 pg/mL of iodine 
Potassium nitrate solution: 200 mg/mL of potassium 
nitrate in OJ M nitric acid 
Analysis 

Samples: Sample solution and Standard solution 
Transfer 30 ml of Potassium nitrate solution to a 
beaker, immerse the electrodes, and stir for 10 min. 
The potential (nUi) must remain stable, Measure the 
potential (nLh)> Add 1 mL of the Sample solution , and 
measure the potential (ni/?). 

Transfer 30 mL of Potassium nitrate solution to a 
beaker, immerse the electrodes, and stir for 10 min* 
The potential (nSJ must remain slabie. Measure the 
potential (n50> Add 80 pL of the Standard solution , 
and measure the potential (nS?). 

Acceptance criteria: NMT 0*1%: The absolute value 
\(nU 2 ) - (nLh) I is not higher than the absolute value 
|(n5j) - (nSi)|* 

* REŁATED COMPOUNDS 

Mobile phase. System suitability solution, SampJe so- 
lution, and Chromatographic system: Proceed as di- 
rected in the Assoy . 

Standard solution: 0.05 mg/mL of USP Diosmin RS in 
dimethyl sulfoxlde 
System suitability 

Sample: System suitability solution * [NOTt—Al Iow the 
run time about 6 times that of the diosmin retention 
time, The relative retention times for diosmin, 
acetoisovanlllone, hesperidin, isorhoifolin, linarin, and 
diosmetin are 1, 0,5, 0,6, 0.8, 2.6, and 4.5, 
respectively.] 
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System suitabiiity reguirements 
Chromatogram similanty: The chromatogram from 
the System su i ta bility solution is similar to the Refer- 
ence Chromatogram provided with the USP Diosmin 
for System Suitabiiity RS being used. 

Resolution: NLT 2.5 between hesperidin and 
isorhoifolin, System suitabiiity solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of eaeh impurity in the por- 
tion of Diosmin taken: [NOTĘ-—Disregara any impurity 
less than 0.1%,] 

Result - (ry/rj) x (Cs/Cu) x F x 1 00 

tu - peak response for each impurity from the 
Sample solution 

r s = peak response for diosmin from the Standard 
solution 

Cr - concentration of USP Diosmin RS in the 
Standard solution (mg/mL) 

Cu = concentration of Diosmin in the Sample 
solution (mg/mL) 

f = correction factor for each individual impurity 
(see Tobie 1) 

Acceptance criteria 
Total impurities: NMT 10% 

IndMdual impurities: See Tobie h 
Total other impurities and acetoisovanillone: NMT 
1 % 


labie t 


N^fiie 

fłetentlon 

Time 

Correction 

Factor 

(F) 

Acceptance 

Criteria, 

NMT 

Acetoisovarullone^ 

0.5 

0.3 

1 

Hesperidin 1 * 

0.6 

1 

5 

isorhoifoHn 1 

0.8 

I 

3 

Linarin' 1 

2.6 

T 

3 

Diosmetin' 

4.5 

0 5 

3 

Any other impuri- 
tv 

— 

1 

1 

TotaS impurities 

_ 

_ 

10 


M 3- Hy d roxy-4-met hoxy ph eny I) eth a none< 

b (2 S) -7-[ [ 6- O- (6-D eoxy-o>L- m an nopy ranosy I ) ■ 0-0-g lucopy ra no syl] o xy] - 5 ■ 
hy droxy - 2 ■ (3-hyd roxy-4-mel.hoxypn e n yl) * 2,3 * di hya ro-4 H -1 -benzo pyra n- A 
one, 

e 7-[[ ć- O- (6- Deoxy-c£"L-ma n nopy ran osy I )-fT D- g lucopy ra nosy I] oxy ]-5 ■ hy - 
droxy-2 -{A -hy d roxy pheny f)-4 jL 1 -be n iopy ra nA -one. 
d 7 - ([ 6- Q- (6-Deoxy~a~L-mannopyranosyI)-0-D-gluco pyranosylJ oxyj-5-hy- 
d roxy-2-(4- methoxypheny l)-4 W-1-be nzopyra n-4-Gne, 

* 5,7-Dihydroxy*2-(3-hydroxy-4-methoxyphenyl)-4jH'-l -benzopyran-4-one, 

5PEC1F1C TESTS 

* Water Determjnati o n, Method la (921) 

Sample: 0.3 g 

Acceptance criteria: NMT 6.0% 

ADDITIONAL REQUIREM1NT$ 

• Packaging and Storage; Preserve in well-closed, tight 
containers. 


* USP Reference Standards (11) 

USP Diosmin RS 

USP Diosmin for System Suitabiiity RS 


Echinacea angustifolia 

DEFINITION 

Echinacea angustifolia consrsts of the dried rhizome and 
roots of Echinacea angustifolia DC. (Fam. Asteraceae). ft is 
harvested in the fali after one or morę years of growth. It 
contains NLT 0.5% of total phenois, cakulated on the 
dried basis as the sum of echinacoside (Cs^H^Oąi), dicaf- 
feoylquinic acid (C^HmOu), and chiorogenic add 
(CińHraO^). It contains NLT 0.075% of dodecatetraenoic 
acid isobutylamides (CuHzsNO) on the dried basis. 

IDENTIFICATION 
■ A. Thin-Iayer Chroiviatographv 

Presence of echinacoside and dicaffeoy!q urnie acid 
(cynarin(e)) 

Standard solution A: 0.2 mg/mL of USP Echinacoside 
RS and 0.2 mg/mL of dicaffeoylguinic acid (cynarin) in 
methanol 

Standard solution B: 0.05 mg/mL of USP Caftark 
Acid RS, 0.1 mg/mL of USP Cnforogenic Acid RS, and 
0.05 mg/mL of USP Chicoric Acid RS in methanol 
Standard solution C: 20 mg/mL of USP Powdered 
Echinacea angustifolia Extract RS in methanol. Shake to 
disperse, somcate for 5 min, and centrifuge. Use the 
supernatant. 

Sample solution: Transfer 1 g of finely pulverized Echi¬ 
nacea angustifolia to a centrifuge tubę, add 10 mL of 
methanol, mix weli, and sonicate for 10 mm. Centri- 
fugę, and use the supernatant 
Chromatographic system 
(See Chmmatograpny (621), Thin-Layer Chromato- 
grophy.) 

Adsorbent: Chromatographic sifica gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 5 pL Standard solution C and 
Sample solution, and 2 uL Standard solution A and 
Standard solution B as 8-mm bands 
Relative humidity: Condition the piąte to a relative 
humidity of aboul 33% using a suitable device. 
Developing solvent system: A mixture of ethyl ace- 
tatę, methylethyl ketone, water, and formie add 
(5:3:1:1) 

Developing dłstance; 6 cm 
Derivatization reagent: 5 mg/mL of 2-aminoethyl 
diphenyiborinate in ethyl acetate 
Analysis 

Samples: Standard solution A , Standard solution B f 
Standard solution C, and Sample solution 
Apply the Samples as bands to a suitable thin-layer 
chromatographic piąte, and dry in arr. Develop the 
chromatograms in a saturated chamber. Remove the 
piąte from the chamber, heat at 100 a for 5 min, der- 
ivatize the piąte while stlll warm with Denv0tfzation 
reagent , dry in air, and examine under UV Irght at 
366 nm. 

System suitabiiity: Standard solution A shows two ma¬ 
jor blue bands, one in the lower third of the chromat¬ 
ogram due to echinacoside, and the other band in the 
middle section of the chromatogram due to dicaffeoyh 
quinic acid (cynarin). Standard solution B shows two 
major blue bands at about the middle of the chromat¬ 
ogram due to caftaric acid (lower R f ) and chiorogenic 
acid (htgher Ri) that are clearly separated, and a olue 
band for chicoric acid in the upper third section of the 
chromatogram. 

Acceptance criteria: The most prominent band in the 
Sampfe solution chromatogram is a biue band in the 
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lower third section of the chromatogram at an Rf cor¬ 
responding to the echinacoside band !n the chromato¬ 
gram of Standard solution A and Standard solution C 
(absent In Echinacea purpurea). The Sample solution 
chromatogram exhibits a prominent greenish blue 
band in the middle section of the chromatogram at an 
Rf corresponding to the dkaffeoyiąuink actd (cynarin) 
band in the chromatogram of Standard solution A and 
Standard solution C (absent in Echinacea pall ido and 
Echinacea purpurea). The Sample solution chromato- 
ram does not exhibit, or exnibits very fatnt bfue 
ands at an Rf corresponding to the caftaric add and 
chiconc acid bands in Standard solution B (dlfference 
from Echinacea pallida and Echinacea purpurea). The 
Sample solution chromatogram exhibits minor bands 
be twe en the positions of echinacoside and cynarin. 
One of these is due to chlorogenic add at an R f corre¬ 
sponding to that of chlorogenic acid in Standard solu¬ 
tion B . 

* B. Thin-Laver Chromatograpny 
Presence of alkylamides 

Standard solution A; 0.2 mg/ml of USP /TSitosterol 
RS in methanol 

Standard solution B: 100 mg/ml of USP Powdered 
Echinacea angustifolia Extract RS in dichloromethane. 
Shake to disperse, sonicate for 5 min, and centrifuge. 
Use the supernatant 

Sample solution: Transfer 1 g of finely pulverized Echi¬ 
nacea angustifolia to a cen tri fugę tubę, add 10 mL of 
dkhloromethane, mix well, and sonicate for 10 min. 
Centrifuge, and use the supernatant. 

Chromatograpbic system 
(See Chromatograpny {62 1), Thin-loyer Chromato- 
graphy.) 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC plates) 

Application volume: 5 liL Standard solution B and 
Sample solution, and 2 pL Standard solution A as 
8 -mm bands 

Re!ative humidity: Condttion the piąte to a relative 
humrdity of about 33% using a suitable device. 
Developtng solvent system: A mixture of toluene, 
ethyl acetate, cyclohexane, and formie acid 
(8: 2:1:03) 

Devdoping distance: 6 cm 

Derivatlzation reagent: Place 85 mL of methanof in 
a 100-mL giass bottle, and cool it down in a 
water-ice cubes-salt bath or in a freezer, To the ice- 
cold methanol, slowfy and carefully add 10 mL of 
acetic acid and 5 mL of sulfuric acid, and mśx weil. 
Aliow the msxture to cool to room temperaturę, then 
add 0.5 mL of p-anisaldehyde. 

Anaiysis 

Sa m pies: Standard solution A t Standard solution B f and 
Sample solution 

Apply the Samples as bands to a suitable thfn-layer 
chromatographic piąte, and dry in air. Develop the 
chromatograms in a saturated cham ber. Remove the 
piąte from the chamber, dry in air, derivatize with 
Derivatization reagent , heat at 100° for 3-5 min, set 
aside to cool, and examine under visible light 
System suitability: The /3-sitosterol band of the Stan¬ 
dard solution B chromatogram and the two bands be* 
Iow are clearly separated from one another. These two 
bands, in decreasing R ft include a major blue vio!et 
band and a yellow band. 

Aeceptance criteria: The most prominent band of the 
Sample solution chromatogram is a blue violet band in 
the (ower-third section of the chromatogram {much 
less prominent in Echinacea purpurea and absent in 
Echinacea pallida). Th is blue violet band is between 
two bands: a less prominent blue vtolet band at a 
higher R f corresponding to the /3-sitosterol band In the 
chromatograms of Standard solution A and Standard 
solution B, and a characteristk yellow band at a lower 


Rf (absent in Echinacea purpurea and Echinacea pallida). 
The yellow band turns reddish pink when the piąte is 
heated at 100° for morę than 10 min. The Sample 
soiution chromatogram exhiblts a minor pink-violet 
band at about the middle of the chromatogram (much 
morę prominent in Echinacea purpurea ), a minor pink* 
viofet band at about two-thirds of the chromatogram 
(much morę prominent in Echinacea pallida), and a 
broad pink-vio!et band close to the solvent front. 

■ C. The retention tlme of the major peak of the Sample 
solution corresponds to that of the echinacoside peak of 
Standard solution A and Standard solution B; and the re¬ 
tention time of the peak for 1,3-dicaffeoylquinic acid 
from the Sample solution corresponds to that of Standard 
solution Ą afl peaks as obtaineo in the test for Content of 
Tata i Phenols , 

COMPOSITION 

* Content of Total Phenols 

Solution A: Phosphoric acid (0.1 tn 100) in water 
Solution B: Acetonitrile 
Mobile phase: See Tobie h 


Table 1 


Time 

(min) 

Solution A 
<%> 

Solution & 

f%) 

0 

90 

10 

3 

90 

10 

16 

78 

22 

17 

60 

40 

20 

60 

40 

20.5 

90 

10 

25 

90 

10 


5oIvent: Alcohol and water (7:3) 

Standard solution A: Dissolve USP Powdered Echinacea 
angustifolia Extract RS in Solvent f shaking and heating in 
a water bath. Dilute with Sofvent to obtain a solution 
having a known concentration of 1 mg/mL. Pass 
through a membranę filter havinq a 0.45-um or finer 
porę size. 

Standard solution B: 40 pg/mL of USP Chlorogenic 
Add RS in Soivent 

Standard soiution C: 80pg/ml of USP Echinacoside RS 
in Soivent 

Sample solution: Transfer about 125 mg of finely pow¬ 
dered Echinacea angustifolia (capable of passing through 
a 40-mesh sieve), accurately wetghed, to a round-bot- 
tom fiask equipped with a condenser. Add 25.0 mL of 
Solvent f and heat under reflux, while shaking by me* 
chanreal means for 15 min. Centrifuge, or pass through 
a membranę filter having a 0.45iim or finer porę size. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 330 nm 

Coiumn: 4.6-mm x 25-cm; 5-jim packing LI 

Column temperaturę: 35° 

Flow ratę: 1.5 ml/min 
injection volume: 5 pL 

System suitability 

Samples: Standard solution A and Standard solution C 
Suitability requirements 

Chromatogram similarity: The chromatogram from 
Standard soiution A is stmiiar to the Reference Chro¬ 
matogram for total phenols provided with the USP 
Powdered Echinacea angustifolia Extract RS. 

Resolutron: NLT 1.0 between the 1,3-d i caffeoylg umie 
add isomer and echinacoside. Standard soiution A, 
[Notę;—E chinacoside peak may be resolved in two 
components.j 

Capacity factor (k y ): NLT 3.0 from Standard solution 
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Taifing factor: NMT 2.0 for the echinacoside peak, 
Standard solution C 

Relative standard deviatfon: NMT 2.5% for the 
echinacoside peaks In repeated injections, Standard 
solution C 

Analysis 

Samples: Standard solution A, Standard solution B f 
Standard solution C, and Sample solution 
fdentlfy the relevant analytes in the chromatogram 
from Ehe Sample solution by comparlson with the chro¬ 
matogram from Standard solution A. Measure the are as 
for the relevant peaks. 

5eparately calculate the percentage of ehlorogenic acid 
(CisHibO^, dicaffeoylguinic actds (C^H^Gia)/ and 
echinacoside (CisH^Ozo) in the portion of Echinacea 
angustlfolia taken; 

Result = (r u frs) x Q x ( VfW) x Fx 100 

fu = peak response for the relevant analyte from 
the Sample solution 

r 5 - peak response for ehlorogenic acid or both 
components of echinacoside from the 
corresponding Standard solution 
Q - concentration of ehlorogenic acid or 

echinacoside in the corresponding Standard 
solution (mg/mL) 

V - volume of the Sample solution (mL) 

W - weight of Echinacea angustifolia taken to 
prepare the Sample solution (mg) 

F = response factor and is equal to 0.729 for 

dicaffeoylquinic acids, relative to ehlorogenic 
add, 1.00 for ehlorogenic add, and 1.00 for 
echinacoside components 

Calculate the percentage of totaJ phenols in the portion 
of Echinacea angustifolia taken by addlng the individual 
percentages calculated. 

Acceptance criteria: NLT 0.5% of to tal phenols on the 
dried basis 

O CONTENT OF DODECATETRAENOIC ACID ISOBUTYLAMIDES 

Mobile phase: Acetonitrile and water (55:45) 

Standard solution A: Dissolve, with sonication, USP 
Powdered Echinacea angustifolia Extract RS in methanol, 
shaklng for 10 min, and diiute with methanof to obtain 
a solution having a concentration of 5 mg/mL. Pass 
through a membranę filter havinq a 0,45-um or finer 
porę size. 

Standard solution B: 10 pg/ml of USP 2£ / 4f-Hej<adje- 
noic Acid isobutylamide RS in methanof 
Sample solution: Transfer about 2.5 g, accurately 
weiahed, of finely powdered Echinacea angustifolia (ca- 
pable of passing through a 40-mesh sieve) to a round- 
bottom fiask. Add 80 mL of methanol, and reflux for 30 
min. Coo3 to room temperaturę, and filter into a 
lOCbmL votumetric fiask, using smali portions of metha¬ 
nol to rinse the fiask and the filter. Diiute with metha¬ 
nol to volume. Pass through a membranę filter having a 
0.45-pm or finer porę size. 

Chromatographrc system 
(See Chromatograpny (621), System Sultabifity.) 

Modę: LC 

Detector: UV 254 nm 

Coturnn: 4.6-mm x 25-cm; 5-pm packlng LI 

Column temperaturę: 30° 

Flow ratę: 1.5 mL/min 
Injection vofume: 25 pL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability requirements 

Chromatogram similarity: The chromatogram from 
Standard solution A is similar to the reference chro¬ 
matogram for alkamides provided with USP Pow- 
derecf Echinacea angustifolia Extract RS. 

Resolution: NLT 1.0 between dodecatetraenoic acid 
isobutylamide peaks, Standard solution A 


Taifing factor: NMT 2.0 for the 2Ę4f-hexadienoic 
acid isobutylamide peak, Standard solution B 
Relative standard deviation: NMT 2.5% for the 2E, 
4£-hexadienoic acid isobutylamide peak in repeated 
injections, Standard solution B 
Analysis 

Samples: Standard solution A t Standard solution B and 
Sample solution 

Identify the peaks due to 2£,4E,8Z,1 Of-dodecatetra- 
enoic add isobutylamide and 2£,4£,8Z,10Z-dodeea- 
tetraenoic acid isobutylamide in the chromatogram 
from the Sample solution by comparison with tne chro¬ 
matogram from Standard solution A. Measure the areas 
for the relevant peaks. 

Calculate the percentage of dodecatetraenoic acid iso- 
bu tyłam ides in the portion of Echinacea angustifolia 
taken: 

Result = (r 0 fr s ) xQx (V/W) x Fx 100 

ru - sum of the peak responses of the relevant 
analytes from the Sample solution 
r s - peak response for 2f,4£-hexadfenotc add 
Isobutylamide from Standard solution B 
Cs - concentration of USP 2f,4£-Hexadienoic Add 
Isobutylamide RS in Standard solution B 
(mg/mL) 

V - volume of the Sample solution (mL) 

W - weight of Echinacea angustifolia taken to 
prepare the Sample solution (mg) 

F ~ response factor for 2£,4£-hexadienoic acid 
isobutylamide, 1.353 

Acceptance criteria: NLT 0.075% of dodecatetraenoic 
add isobutylamides (CińhhsNG) on the dried basis 

CONTAMINANT5 

* Elemental Impurities—EProcedures (233) 

Acceptance criteria 
Arsenie: NMT 1.0 jug/g 
Cadmium: NMT 0.5 jig/g 
Lead: NMT5,0pg/g 
Mercury: NMT 1.0 Lig/g 

• Articles of Botanical Origin, General Method for Pesti - 

elde Residues Analysis (561): Meets the requirements 

5PECIHC TESTS 
Botanbc Characteristics 

Macroscopic: The outer surface of the rhizome is pale 
to yellowlsh brown, crowned with remains of the aerial 
stem, and sometimes showing surface annulations up to 
15 mm in diameter. The roots are also pale to yetlowish 
brown, cyiindncal or slightfy tapering, sometimes spi- 
rally twisted, longitudlnally wrinkled and deeply fur- 
rowed, up to 4-10 mm in diameter, and passing Imper- 
ceptibly into rhizome. The fracture is short when dry 
and becomes tough and pliable on exposure to air, 
Microscopic: The rhizomes and roots in transverse sec- 
tion show a thin outer bark separated from a wlde xy- 
lem by a distlnct cambtal linę. The cork is composed of 
severaf rows of thln-walfed celis contalning yellowlsh- 
brown pigment. The rhizome has a smali circular pith, 
occastonal smali groups of thick-walled, lignified flbers 
in the pericycle, and a parenchymatous cortex. The 
phloem and xylem are composed of narrow strands of 
vascular tissue separated by wide, non lignified medul- 
fary rays. Xylem vessels are lignified, 25 -75 Lim in diam¬ 
eter, usuafly with reticulate thickenrng but occasionally 
with spiral or annufar tbickening. Sdereids occur singly 
or in smali groups, varying considerably in size and 
shape from rounded to rectangufar to elongated and 
fiber-like, up to 300 pm long and 20—40 pm wide, with 
intercellular spaces forming schizogenous oleoresin 
canals that are 80-150 pm in diameter and contain a 
dense black deposit. The canals are present outside of 
the central cylinder only (uniike Echinacea pafilda , where 
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they are present both inside and outside of the central 
cylinder). Spherocrystalline masses of inutin occur 
throughout the parenchymatous tissues. lignified fi bers, 
300-800 Lim Jong, are present in scattered groups, and 
are usuaJly surrounded by phytomelanin (unlike fibers in 
Echinacea pallida, where they usually occur singly in the 
periphery of the cortex and are 100-300 jum fong, with 
phytomelanin often absent). 

* ARTICLES of Botanical 0RIGIN, Foreign Organie Matter 

<561): NMT 3.0% 

* Loss on Dkying (731) 

Anafysrs: Dry a sample at 105° for 2 h, 

Acceptance criteria: NMT 10.0% 

o Articles of Botanical Origin, Total Ash (561): NMT 
7.0% 

* Articles of Botanical Origin, Aciddnsoluble Ash (561): 

NMT 4.0% 

ADDITIONAL REQUIRE1VIENTS 

o Packaging and Storage: Storę in well-closed, light-resis- 
tant containers. 

<• Labełing: The la bel States the Latin binomial and, follow- 
ing the official name, the parts of the plant contained in 
the article. 

* USP Reference Standards (11) 

USP Caftaric Acid RS 

USP Chicoric Add RS 

USP Chlorogenic Acid RS 

USP Powdered Echinacea angustifolia Extract RS 

USP Echinacoside RS 

USP 2£,4f-HexadienQic Acid Isobutylamide RS 
USP /LSitosterol RS 


Powdered Echinacea angustifolia 

DEFINITION 

Powdered Echinacea angustifofia consists of the dried rhi- 
zorne and roots of Ecfiinacea angustifolia DC. (Fam* Aster- 
aceae), haryested In the fali after one or morę years of 
growth, and reduced to powder. It contains NLT 0.5% of 
total phenols, calculated on the drted basis as the sum of 
echinacoside (CisH^O^), dicaffeoylquinic acid (C^Hz iOu), 
and chlorogenic acid (CińHiaO^). It contains NLT 0.075% 
of dodecatetraenoic acid isobutylamides (C 16 H 25 NO) on 
the dried basis* 

IDENTIFICATION 
* A. Thin-Layer Chromatography 

Presence of echinacoside and dicaffeoylguinic acid 
{cynarin(e)) 

Standard solution A: A mixture of 0.2 mg/mL of USP 
Echinacoside RS and 0.2 mg/mL of dicaffeoylqufnie 
add (cynarin) En methanol 

Standard solution B: 0.05 mg/mL of USP Caftaric 
Acid RS, 0*1 mg/mL of USP Chlorogenic Acid RS, and 
0.05 mg/mL of USP Chicoric Acid RS in methanol 
Standard solution C: 20 mg/mL of USP Powdered 
Echinacea angustifolia Extract RS in methanol* Shake to 
disperse, sonicate for 5 min, and centrifuge. Use the 
supernatant 

Sample solution: Transfer 1 g of Powdered Echinacea 
angustifolia to a centrifuge tubę, add TO mL of metha- 
noT, mix weli, and sonicate for 10 min. Centrifuge, 
and use the supernatant. 

Chromatograpnic system 

(See Chromatography (621), Thin-Layer Chromato¬ 
graphy.) 

Adsorbent: Chromatographic s\\\ca gel mixture with 
an ayerage particie size or 5 pm (HPTLC pfates) 
Application volume: 5 jtL Standard solution C and 
Sample solution, and 2 pi Standard solution A and 
Standard solution B, as 8 -mm bands 


Relatiye humidity: Condition the piąte to a reiative 
humidity of about 33% using a suitable device* 
DeveJopmg solvent system: A mixture of ethyl ace¬ 
tate, methylethy! ketone, water, and formie acid 
{5:3:1:1) 

Developmg distance: 6 cm 

Derivatlzation reagent: 5 mg/mL of 2-aminoethyl 
diphenylborinate En ethyl acetate 
Analysis 

SampJes: Standard solution A, Standard solution B, 
Standard solution C acid Sample solution 
AppJy the Sampies as bands to a suitable thin-iayer 
cnromatographic piąte, and dry in air. Develop the 
chromatograms En a saturated cham ber. Remove the 
piąte from the ehamber, heat at 100° for 5 min, der- 
ivatize the piąte while still warm with Derivatization 
reagent , dry In air, and examine under UV light at 
3 66 nm. 

System suitability; Standard solution A shows two ma¬ 
jor blue bands, one in the lower third of the chromat- 
ogram due to echinacoside, and the other band in the 
middle section of the chromatogram due to dicaffeoyl- 
guinic acid (cynarin)* Standard solution B shows two 
major bfue bands at about the middle of the chromaU 
ogram due to caftaric add (fower Rf) and chlorogenic 
acid (higher R F ) that are clearly separated, and a blue 
band for chicoric acid in the upper third section of the 
chromatogram* 

Acceptance criteria: The most prominent band In the 
Sample solution chromatogram is a blue band in the 
lower third section of the chromatogram at an R f cor- 
respondlng to the echinacoside band in the chromato¬ 
gram of Standard solution A and Standard solution C 
(absent in Echinacea purpurea )* The Sample solution 
chromatogram exhibits a prominent greenish blue 
band in the middle section of the chromatogram at an 
Rf corresponding to the dicaffeoylguimc acid (cynarin) 
band in the chromatogram of Standard solution 4 and 
Standard solution C (absent in Echinacea pallida and 
Echinacea purpurea). The Sample solution chrom a to- 
ram does not exhibit, or exhibits very faint bfue 
ands at an Rt corresponding to the caftaric acid and 
chicoric add bands In Standard solution B (difference 
from Echinacea pallida and Echinacea purpurea). The 
Sample solution chromatogram exhibits minor bands 
between the posltions of echinacoside and cynarin. 

One of these is due to chlorogenic acid at an R F corre¬ 
sponding to that of chlorogenic acid in Standard solu¬ 
tion B. 

* B. Thin-Layer Chromatography 
Presence of alkylamides 

Standard solution A: 0.2 mg/mL of USP /3-Sitosterol 
RS in methanol 

Standard solution B: 100 mg/mL of USP Powdered 
Echinacea angustifolia Extract RS in dichloromethane. 
Shake to disperse, sonicate for 5 min, and centrifuge. 
Use the supernatant. 

Sample solution: Transfer 1 g of Powdered Echinacea 
angustifolia to a centrifuge tubę, add 10 mL of dichlo¬ 
romethane, mix well, and sonicate for 10 min. Centrh 
fugę, and use the supernatant. 

Chromaiographic system 
(See Chromatography (621), Thin-Layer Chromato¬ 
graphy.) 

Adsorbent: Chromatographic silica gel with an ayer¬ 
age particie size of 5 pm (HPTLC plates) 

Application volume: 5 jtL Standard solution B and 
Sample solution , and 2 pL Standard solution A as 
8 -mm bands 

Re!ative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable devite. 
Developing solvent system: A mtxture of toluene, 
ethyl acetate, cyclohexane, and formie add 
( 8 : 2:1:0.3) 
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Developtng distance: 6 cm 

Derwatization reagent: Place 85 mL of methanol in 
a 100-mL glass bottle, and cool it down in a 
water-ice tubes-salt bath or In a freezer. To the ice- 
cold methanol, slowly and carefully add 10 ml of 
aeetlc add and 5 mL of sulfuric add, and mix wefl. 

Al Iow the mixture to cool to room temperaturo, then 
add 0.5 mL of p-anisaldehyde. 

Analysis 

Samples: Standard solu don A, Standard solution B, and 
Sample solution 

Apply the Samples as bands to a suitable thin-layer 
chroma tographtc piąte, and dry in ain Devefop the 
chromatograms in a saturated cham ber. Remove the 
piąte from the cham ber, dry in air, derivatize with 
Deiwatization reagent , heat at 100° for 3-5 min, dry 
in air, and examine under vistble light 
System suitability: The /3-sitosterol band of the 5ton- 
dard solution B chromatogram and the two bands un- 
derneath are dearly separated from one anofher. 

These two bands, in decreasing R Ft include a major 
blue vIolet band and a yellow band. 

Acceptance criteria: The most prominent band of the 
Sample solution chromatogram es a blue violet band in 
the lower-third section of the chromatogram (much 
less prominent in Echinacea purpurea and absent In 
Echinacea pallida). This blue vio!et band is be twe en 
two bands: a less prominent blue v!oiet band at a 
higher R F corresponding fo the /J-sitosterol band in the 
chroma Log rams of Standard solution A and Standard 
solution fi, and a characterfstic yellow band at a lower 
R f (absent in Echinacea purpurea and Echinacea pallida). 
The yellow band turns reddlsh pink when the piąte is 
heated at 100° for morę than 10 min. The Sample 
solution chromatogram exhibrts a minor pinkwiolet 
band at about the mrddle of the chromatogram (much 
morę prominent in Echinacea purpurea ), a minor pink- 
violet band at about two-thirds of the chromatogram 
(much morę prominent in Echinacea pallida), and a 
broad prnk-violet band close to the solvent front, 

® C The retention tlme of the major peak of the Sample 
solution corresponds to that of the echinacoslde peak of 
Standard solution A and Standard solution B , and the re- 
tention tirne of the l,3-dicaffeoylqu]nic acid peak from 
the Sample solution corresponds to that of Standard solu¬ 
tion A, all peaks as obtarned In the test for Content of 
Total Phenols. 

COMFOSIT80N 
» Content of Total Phenols 

Solution A: Phosphorlc add (0.1 in 100) in water 
Solution B: Acetonitrile 
Mobile phase: See Table 1. 


Table 1 


limę 

fmin> 

Solution A 

(%) 

Solution B 

(%) 

0 

90 

10 

3 

90 

10 

16 

78 

22 

17 

60 

40 

20 

60 

40 

20,5 

90 

10 

25 

90 

10 


5o!vent: Alcohol and water (7:3) 

Standard solution A: DIssolve USP Powdered Echinacea 
angustifolia Extract RS in Solvent, shaking and heating in 
a water bath, Dilute with So!vent to obtain a solution 
having a known concentration of 1 mg/mL. Pass 
through a membranę fil ter having a 0.45-pm or finer 
porę size. 


Standard solution B: 40 pg/mL of USP Chlorogenic 
Add RS in Solvent 

Standard solution C: 80pg/mL of USP Echinacoslde RS 
in Solvent 

Sample solution: Transfer about 125 mg of Powdered 
Echinacea angustifolia (capable of passing through a 
40-mesh sieve), accurateEy weighed, to a round-bottom 
fiask eguipped with a condenser. Add 25.0 mL of Sot 
vent f and heat under reflux while shaking by mechani- 
cal means for 15 min, Centrifuge, or pass through a 
membranę filter having a 0.45-um or finer porę size. 
Chromatographic system 
(See Chroma tog ropny (621), System Suita hi lity.) 

Modę: LC 

Defector: UV 330 nm 

Column: 4.6-mm x 25-cm; 5-pm packing LI 
Cofumn temperaturę: 35° 

Flow ratę: 1.5 mL/min 
Injectron volume: 5 pL 
System suitability 

Samples: Standard solution A and Standard solution C 
Suitability requirements 

Chromatogram similarity: The chromatogram from 
Standard solution A is similar to the Reference Chro¬ 
matogram for total phenols provided with the USP 
Powdered Echinacea angustifolia Extract RS. 
Resolutron: NLT 1.0 between the 1,3~dicaffeoylquinic 
acid isomer and echinacoslde peaks, Standard solution 
A , [NOTĘ—Echinacoslde peak may be resolved in two 
components.] 

Capacity factor (k'): NLT 3.0, Standard solution C 
Tatllng factor: NMT 2.0 for the echinacoslde peak, 
Standard solution C 

Relative standard deviation: NMT 2*5% for the 
echinacoslde peaks in repeated injections, Standard 
solution C 
Analysis 

Samples: Standard solution Ą Standard solution B, 
Standard solution C and Sample solution 
Edentify the re!evant analytes in the chromatogram from 
the Sample solution by comparlson with the chromato¬ 
gram from Standard solution A Measure the areas for 
the relevant peaks. 

Separately cafculate the percentage of chlorogenic acid 
(CifcHtaOg), dicaffeoylguinic acids (C 25 H 24 O 12 ), and 
echinacoslde (CjsM^Om) in the portion of Powdered 
Echinacea angustifolia taken: 

Result - ( rjrs) x Cjx {VIW) x F x 100 

r v = peak response for the relevant analyte from 
the Sample solution 

r$ = peak response for chlorogenic acid or both 
components of echinacoslde from the 
corresponding Standard solution 
Cs = concentration of chlorogenic acid or 

echinacoslde in the corresponding Standard 
solution (mg/mL) 

V - vofurne of the Sample solution (mL) 

W - weight of Powdered Echinacea angustifolia 

used to prepare the Sample solution (mg) 
f = response factor: 0.729 for dicaffeoylguinic 
acids, refative to chlorogenic add, 1,00 for 
chlorogenic acid, and 1.00 for echinacoside 
components 

Calcuiate the percentage of total phenols in the portion 
of Powdered Echinacea angustifolia taken by addrng 
the individual percentages calculated, 

Acceptance criteria: NLT 0.5% of total phenols on the 
dried basis 

o Content of Dodecatetraenoic Acid Isobutylamides 

Standard solution A: Drssolve, with sonication, USP 
Powdered Echinacea angustifolia Extract RS in methanol, 
shaking for 10 min, and dilute with methanol to obtain 
a solution having a concentration of 5 mg/mL, Pass 
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through a membranę fliter having a 0.45-pm or fEner 
porę size, 

Standard solution B: 10j.ig/mL of USP 2E,4£-Hexadie- 
nok: Add Isobutylamide RS in methanol 
Sam ple solution; Transfer about 2.5 g of Powdered 
Echinacea angustifolia (capable of passEng through a 
4Q-nnesh sieve), accurately weighed, into a round-bot- 
fom fiask. Add 80 mL of methanol, and reflux for 30 
min. Cool to room temperaturę, and filier into a 
IGO-mL volumetric fiask, using smali portions of metha- 
nol to rinse the fiask and the tilter. Dilute with metha¬ 
nol to volume. Pass through a membrano filier having a 
0,45-pm or finer porę size. 

Mobile phase: Acetonitrile and water (55:45) 
Chromatographic system 
{See Chromatograpny (621), System Suita bili ty.) 

Modę: LC 

Detector: UV 254 nm 

Column: 4.6-mm x 25’Cm; 5-pm patking U 

Column temperaturo: 30° 

Flow ratę: 1,5 mL/min 
Injection volume: 25 pL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability reąuirements 

Chromatogram similarity: The chromafogram from 
Standard solution A is similar to the Reference Chro¬ 
matogram for alkamides provided with USP Pow¬ 
dered Echinacea angustifolia Extract RS* 

Resolutron: NLT 1.0 between dodecatetraenoic acid 
isobutylamide peaks, Standard soluthn A 
Tarling factor: NMT 2.0 for the 2£,4£-hexadienoic 
acEd isobutylamide peak, Standard solution B 
Relative standard deviation: NMT 2.5% for the 2E / 
4£-hexadienoic acid isobutylamide peak En repeated 
injections, Standard solution B 
Analysis 

Samples: Standard solution Ą Standard solution B, and 
Sam ple solution 

Identrty the peaks due to 2£,4£,8Z,10£-dodecatetraenG)c 
acid isobutylamide and 2£,4E,8Z,1QZ-dodecatetraenoic 
acid isobutylamide in the chromatogram from the 
Sample solution by comparison with the chromatogram 
from Standard solution A. Measure the areas for the 
relevant peaks. 

Calculate the percentage of dodecatetraenoic add iso- 
butyfamides m the portion of Powdered Echinacea 
angustifolia taken: 

Result - (fu/rs) x G x (VIW) x Fx 100 

r u = sum of the peak responses of the relevant 
analytes from the Sampfe sofution 
r$ = peak response of 2£,4£-hexadienoic acid 
isobutylamide from Standard solution B 
G = concentration of USP 2£,4£-Hexadienoic Acid 
Isobutylamide RS in Standard solution B 
(mg/ml) 

V - voiume of the Sample solution (ml) 

W = weight of Powdered Echinacea angustifolia 
used to prepare the Sample soluthn (mg) 

E = response factor for 2£,4£-nexadienoic acid 
isobutylamide, 1.353 

Acceptance criteria: NLT 0,075% of dodecatetraenoic 
acid isobutylamides (C^HisNO) on the dried basis 

CONTAMINANTS 

* ELEMENTAŁ IMPURITIES—PRGCEDURES (233) 

Acceptance criteria 
Arsenie: NMT 1.0 pg/g 
Cadmium: NMT 0.5 pg/g 
Lead: NMT 5,0pg/g 
Mercury: NMT 1,0 pg/g 

* Articles of Botanical Origin, General Method for Pesti - 

cide Residues Analysis (561): Meets the reguErements 


SPEOFIC TESTS 

o Botanic CHARACTERISTIC5; Powdered Echinacea angus¬ 
tifolia is a brown powder with a sltght aromatic odor and 
a sweet taste that quickly becomes bitter, leaving a tin- 

^ 56050000 on the tongue. Under a microscope, the 
ving characteristics are observed: thin-walled poly- 
gona! cork cells with red-brown contents; lignlfied reticu- 
late vessels; abundant stone cells of various shapes; frag- 
ments of oleoresin canals with reddish-brown contents; 
and abundant thin-walled parenchyma with spheroerys- 
tafline masses of inulin* 

* Loss ON Drving (731) 

Analysis: Dry a sampfe at 105 d for 2 h. 

Acceptance criteria: NMT 10.0% 
o Articles of Botanical Origin, Total Ash (561): NMT 
7.0% 

* Articles of Botanical Origin, Acid-insoluble Ash (561): 
NMT 4.0% 

ADD1T80NAL REQUfREMENT$ 

* Packaging and Storage: Preserve in welhclosed, light- 
reslstant containers. 

* Labeling: The label States the Latin binomial and, follow- 
Ing the offidal name, the part of the plant from which 
the article was derived. 

• USP REFERENCE STANDARDS (11) 

USP Caftaric Acid RS 

USP Chicoric Acid RS 

USP Chlorogenic Acid RS 

USP Powdered Echinacea angustifolia Extract RS 

USP Echinacoside RS 

USP 2£,4£-Hexadienoic Acid Isobutylamide RS 
USP /3-Sitosterol RS 


Powdered Echinacea arnimiifol:® Extract 

DEHNITION 

Powdered Echinacea angustifolia Extract Es prepared from 
Echinacea angustifolia roots by extraction with 
hydroalcohofic mixtures or other suitable soivents. The ra- 
tio of the starting erude plant materiał to Powdered Ex- 
tract Es 2:1-8:1. Et contains NLT 4.0% and NMT 5.0% of 
total phenofs, calculated on the dried basis as the sum of 
chlorogenic acid (CisHiaO^), dicaffeoylguinic acids 
(C^Hz-fOu), and echinacoside (CssH^Oio). ft contains NLT 
0.1% of dodecatetraenoic acid isobutylamides (GńhksNO) 
on the dried basis. 

IDENTIFICATION 

o A. THIN-LAYER CHAORffl atography 

Presence of echinacoside and dicaffeoylquinic acid 

(cynarin(e)) 

Standard solution A: A mixture of 0.2 mg/mL of USP 
Echinacoside RS and 0.2 mg/mL of dicaffeoylgufnic 
acid (cynarin) En methanol 

Standard solution B: 0.05 mg/mL of USP Caftaric 
Add RS, 0.1 mg/mL of USP Chlorogenic Acid RS, and 
0.05 mg/mL of USP Chicoric Add RS in methanol 

Standard solution C: 20 mg/mL of USP Powdered 
Echinacea angustifolia Extract RS in methanol* Shake to 
disperse, sonicate for 5 min, and centrifuge, Use the 
supernatant. 

Sample solution: 20 mg/mL of Powdered Echinacea 
angustifolia Extract in methanol. Shake to disperse, 
sonicate for 5 min, and centrifuge. Use the 
supernatant. 

Chromatographic system 

(See Chromatograpny (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: Chromatographic siiica gel mixture with 
an average particie size or 5 pm (HPTLC plates) 
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Application voiume: 5 jat Standard soiution C and 
Sample soiution, and 2 pi Standard soiution A and 
Standard soiution B as 8-mm bands 
Relative humidity: Condition the piąte to a relatfve 
humidity of about 33% using a suitable device. 
Developmg solvent system: A mixture of ethyl ace¬ 
tale, methylethyl ketone, water, and formie acid 
(5:31:1) 

Developing distance: ó cm 
Derivatization reagent: 5 mg/mL of 2-aminoethyl 
diphenylborinate in ethyl acetate 
Analysls 

Sam pies: Standard soiution A, Standard soiution B, 
Standard soiution C, and Sample soiution 
Apply the samples as bands to a suitable thin-layer 
chromatographic piąte, and dry in air. Develop the 
chromatograms in a saturated chamber. Remove the 
piąte frorn the chamber, heal at 100° for 5 min, der- 
ivatize the piąte while still warm with Derivatization 
reagent, dry in alr, and examine under LJV light at 
366 nm. 

System suitability: Standard soiution A shows two ma¬ 
jor blue bands, one in the lower third of the chromat- 
ogram due to echinacoside, and the other band in the 
middle section of the chromatogram due to dicaffeoyl- 
qurnie add (cynarin). Standard soiution B shows two 
major blue bands at about the middle of the chromat¬ 
ogram due to caftaric acid (lower R F ) and chlorogenic 
acid (higher R F ) Lhat are clearjy separated, and a blue 
band for chicoric acid in the upper third of the 
chromatogram. 

Acceptance criteria: The most prominent band in the 
Sample soiution chromatogram is a blue band in the 
lower third of the chromatogram at an R F correspond- 
ing to the echinacoside band in the chromatograms of 
Standard soiution A and Standard soiution C (absent in 
Echinacea purpurea), The Sample soiution chromato¬ 
gram exhibits a prominent greenish btue band in the 
middte section of the chromatogram at an R F corre- 
sponding Lo the dicaffeoylquinic add (cynarin) band tn 
tne chromatograms of Standard soiution A and Stan¬ 
dard soiution C (absent in Echinacea po i i ido and Echina¬ 
cea purpurea ). The Sample soiution chromatogram does 
not exhjbit, or exhibits very faint blue bands at an R F 
corresponding to the caftaric acid and chicoric acid 
bands in Standard soiution B (difference from Echinacea 
pallida and Echinacea purpurea). The Sample soiution 
chromatogram exhibits minor bands between the po- 
sitions of echinacoside and cynarin, One of these is 
due to chlorogenic acid at an R f corresponding to that 
of chlorogenic acid in Standard soiution B. 

® B. Thim-Layer Chromatography 
Presence of alkyfamides 

Standard soiution A: 0.2 mg/mL of USP /3-Sitosterol 
RS in methanol 

Standard soiution B: 100 mg/mL of USP Powdered 
Echinacea angustifolia Extract RS in dichtoromethane. 
Shake to disperse, sonicate for 5 min, and centrifuge. 
Use the supematant. 

Sample soiution: 100 mg/mL of Powdered Echinacea 
angustifolia Extract in dicnioromethane, Shake to dis* 
perse, sonicate for 5 min, and centrifuge. Use the 
supernatant. 

Chromatographic system 

(See Chromatography (62^) / Thin-Layer Chromało- 
grapby.) 

Adsorbent: Chromatographic stlica ge! with an aver- 
age particie size of 5 pm (HPTLC pfates) 

Application volume: 5 jiL Standard soiution B and 
Sample soiution, and 2 jiL Standard soiution A as 
8-mm bands 

Relative humidity: Condition the piąte to a retative 
humidity of about 33% using a suitable device.^ 


Developing solvent system: A mixture of toluene, 
ethyi acetate, cydohexane, and formie acid 
(8:2:1:03) 

Developing distance: 6 cm 

Derivatization reagent: Place 85 mL of methanol in 
a 1 00-mL glass bottle, and cool it down in a 
water-lce cubes-saft bath or in a freezer* To the ice- 
cofd methanol, slowly and carefully add 10 mL of 
acetic add and 5 mL of sulfuric acid, and mix welL 
Al Iow the mixture to cool to room temperaturę, then 
add 0.5 mL of p-anisaldehyde* 

Analysis 

Samples: Standard soiution A , Standard soiution B, and 
Sample soiution 

Apply the samples as bands to a suitable thin-layer 
chromatographic piąte, and dry in alr Deve!op the 
chromatograms in a saturated chamber. Remove the 
piąte from the chamber, dry in air, derivatize with 
Derivatization reagent , heat at 100* for 3-5 min, dry 
in air, and examine under visible light. 

System suitability: The /?-sitosterol band of the Stan¬ 
dard soiution B chromatogram and the fwo bands un- 
derneath are clearfy separated from one another. 

These two bands, in decreasing R Fi indu de a major 
blue violet band and a yellow band. 

Acceptance criteria: The most prominent band of the 
Sample soiution chromatogram is a bJue violet band in 
the (ower-third section of the chromatogram (much 
less prominent in Echinacea purpurea and absent in 
Echinacea palfida). This blue vioiet band is between 
two bands: a less prominent blue violet band at a 
higher R > corresponding to the /J-sitosterol band in the 
chromatograms of Standard soiution A and Standard 
soiution B , and a charactenstio yellow band at a lower 
R f (absent in Echinacea purpurea and Echinacea pallida). 
The yellow band turns reddish pink when the piąte is 
heated at 100* for morę than 10 min. The Sample 
soiution chromatogram exhibits a minor pinkwiolet 
band at about the middle of the chromatogram (much 
morę prominent in Echinacea purpurea), a minor pink- 
violet band at about two-thirds of the chromatogram 
(much morę prominent in Echinacea pallida ), and a 
broad pink-violet band dose to the sofvent front. 

o C. The retention time of the major peak of the Sample 
soiution corresponds to that of the echinacoside peak of 
Standard soiution A and Standard soiution B; and the re¬ 
tention time of the peak for 1,3-dicaffeoylquinic acid 
from the Sampie soiution corresponds to that of Standard 
soiution A, aU peaks as obtalned In the fest for Content of 
Jota I Ph en ols. 

composition 

* Content of Total Fhenols 

Soiution A: Phosphoric acid (0.1 in 100) in water 
Soiution B: Acetonitrile 
Mobile phase: See labie ?. 
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Solvent: Alcohoi and water (73) 

Standard soiution A: Dissolve USP Powdered Echinacea 
angustifolia Extract RS in Soivent, shaking and heating in 
a water bath. Difute with Solvent to obtain a soiution 
having a known concentration of 1 mg/mL. Pass 
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through a membranę filter having a 0.45-jim or finer 
porę size. 

Standard solution B: 40 pg/mL of USP Chlorogenic 
Acid RS in Solvent 

Standard solution C: 80 jig/mL of USP Echinacoside RS 
in Solvent 

5 ample solution: Transfer about 60 mg of Powdered 
Extract, accurately weighed, to an appropriate round- 
bottom fiask eguipped with a condenser Add 25.0 ml 
of SoIvent f and heat under reflu* while shaking by me- 
ehanical means for 15 min. Centrifuge, or pass through 
a membrano filter having a 0*45-pm or finer porę size. 
Chroma tog raphlc system 
(See Chromotography (621), System Suitability/) 

Modę: LC 

Detector: UV 330 nm 

Column: 4.6-mm x 25-cm; S-pm packing LI 

Column temperaturo: 35° 

Flow ratę: 1.5 mL/min 
Injection volume: 5 pL 
System suitability 

Samples: Standard solution A and Standard solution C 
Suitability reąuirements 

Chromatogram sim Ranty: The chromatogram from 
Standard solution A is similar to the Reference Chro¬ 
matogram for total phenols provided with the USP 
Powdered Echinacea angustifolia Extract RS. 
Resoiution: NLT 1.0 between the 1,3-dicaffeoylquinic 
acid isomer and echinacoside peaks. Standard solution 
A. [Notę —Echinacoside peak may be resofved in two 
components.] 

Capacity factor (k 1 ): NLT 3.0, Standard solution C 
Tailing factor: NMT 2.0 for the echinacoside peak. 
Standard solution C 

Relative standard deviation: NMT 2.5% for the 
echinacoside peaks, Standard solution C 
Anaiysls 

Samples: Standard solution Ą Standard solution B, 
Standard solution C and Sample solution 
Identify the relevant analytes in the chromatogram from 
the Sample solution by comparison with the chromato¬ 
gram from Standard solution A. Measure the areas for 
the relevant peaks. 

Separately calculate the percentage of chlorogenic add 
(Ci^HiaOp), dicaffeoylguinic acids (C^h^O^), and 
echinacoside (CasH^O^o) in the portion of Powdered 
Extract taken; 

Result = (ry/n) * ( Q/Cu ) x Fx 100 

fu - peak response for the relevant analyte from 
the Sample solution 

r$ = peak response for chlorogenic acid or both 
components of echinacoside from the 
conesponding Standard solution 
Ci = concentration of chlorogenic add or 

echinacoside in the corresponding Standard 
solution (mg/mL) 

Cy - concentration of Powdered Echinacea 

angustifolia Extract in the Sample solution 
(mg/mL) 

F = 0.729 for dieaffeoyIquimc acids, 1.00 for 

chlorogenic acid, and 1.00 for echinacoside 
components 

Calculate the percentage of total phenols in the portion 
of Powdered Extract taken by adding the individual 
percentages. 

Acceptance criteria: NLT 4.0% and NMT 5,0% of total 
phenols on the dned basis 

* CONTENT OF DODECATETRAENOIC ACID ISO BUTYL AIWDE5 

Standard solution A: Dissolve USP Powdered Echinacea 
angustifolia Extract RS in methanol, shaking for 1 min, 
and dilute with methanol to volume to obtain a solu- 
tion having a known concentration of 1 mg/mL Pass 


through a membranę filter having a 0.45-pm or finer 
porę size. 

Standard solution B: 10 fig/mL of USP 2F,4£-Hexadie- 
noic Acid Isobutylamide RS in methanol 
Sample solution: Transfer about 500 mg of Powdered 
Extraet, accurately weiglied, to a 100-rnL vofumetric 
fiask. Add 80 ml of methanol, and sonicate for 30 min, 
Dilute with methanol to volume, and pass through a 
membranę filter havmg a 0.45-pm or finer porę size. 
Mobile phase: Acetonitrile and water (55:45) 
Chromatographic system 
(See Chromotography (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 

Column: 4.6-mm x 25-cm; 5-pm packing LI 

Coiumn temperaturę: 30° 

Flow ratę: 1.5 mL/min 
Injection volume: 25 pL 
System suitability 

Samples: Standard solution A and Standard solution B 
Suitability requirements 

Chromatogram similarity: The chromatogram from 
Standard solution A is simifar to the Reference Chro¬ 
matogram for alkamtdes provided with USP Pow¬ 
dered Echinacea angustifolia Extract RS. 

Resoiution: NLT 1.5 between dodecatetraenoic acid 
isobutylamide peaks, Standard solution A 
Tailing factor: NMT 2.0 for the 2£,4£-hexadienoic 
acid isobutylamide peak, Standard solution B 
Relative standard deviation: NMT 2.5% for the 2 E f 
4E-hexadienoic acid isobutylamide peak in repeated 
injections, Standard solution B 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sample solution 

Jdentify the peaks due to 2£,4£,8Z,10£-dodecatetraenoic 
acid isobutylamide and 2£,4F,8Z,1 OZ-dodecatetraenoic 
acid isobutylamide in the chromatogram from the 
Sample solution by comparison with the chromatogram 
from Standard solution A. Measure the areas for the 
relevant peaks. 

Calculate the percentage of dodecatetraenoic acid iso- 
butylamides m the portion of Powdered Extract taken: 

Result - (ru/r$) x (G/Cu) x F x 100 

r u - sum of the peak responses of the reievant 
analytes from the Sample solution 
r* - peak response for 2£,4£-hexadienoic acid 
isobutylamide From Standard solution B 
Cs = concentration of USP 2£,4£-Hexadrenoic Add 
isobutylamide RS in Standard solution B 
(mg/mL) 

Cu = concentration of Powdered Echinacea 

angustifolia Extract in the Sample solution 
(mg/mL) 

f = response factor for 2£,4£-hexadienoic acid 
isobutylamide, 1,353 

Acceptance criteria: NLT 0.1% of dodecatetraenoic 
add isobutylamides (GfiFLsNO) on the dried basis 

CONTAMINANTS 

* Elemental Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 1.0 pg/g 
Cadmrum: NMT 0,5 pg/g 
Lead: NMT 5.0pg/g 
Merony: NMT 1,0 pg/g 

* Microbial Enumeration Tests (2021): The totaJ bacterial 

count does not exceed 10 4 cfu/g and the total combined 
molds and yeasts count does not exceed 10 3 cfu/g. 

* Absence of Specified Microorganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli. 
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* Other Recuijrements: It meets the requirements for Bo- 

tanicol Extracts (565), Residua! Solvents and Pestidde 
Residues. 

SPECIFIC TE5TS 

* Loss oh Drying (731) 

Sample: 1 g 

Anałysis: Dry the Sample at 105° for 2 h. 

Accep tance criteria: NMT 5.0% 

ADDITIONAL REQUIRE!VIENT5 

* Packaginc AND Storage: Preserve in tight, light-resistant 

containers, in a coo! place. 

* Labeling: The tabel States the Latin binomial and, follow- 

ing the offidal name, the part of the plant fram which 
the artide was prepared. If standardized by the eon tent 
of alkamides, label it to indicate Lhe targeted eon tent of 
dodecatraenoic acid isobutylamides. The label bears a 
statement rndicating that Echinacea angustifolia may 
cause rare allergic reactions, rashes, or aggravate aslhma. 
It meets the reguirements for Botanical Extracts (565), 
Labeling. 

* USP Referenci Standard* (11) 

USP Caftaric Acid RS 

USP Chicoric Acid RS 

USP Chlorogenic Acid RS 

USP Powdered Echinacea angustifolia Extract RS 

USP Echinacoside RS 

USP 2f,4F-Hexadienoic Acid Isobutyfamide RS 
USP /^Sitosterol RS 


Echinacea pallida 

DEFINITION 

Echinacea pallida consists of the dried rhizome and roots of 
Echinacea pallida (Nutt.) Nu U. (Fam- Asteraceae). It is har- 
ve$ted in the fali after three or morę years of growth. It 
contains NLT 0.5% of total phenols, calculated on the 
dried basis as the sum of caftaric add (CisHuO®), chicoric 
acid {C^HiaOu), chlorogenic acid (CieHmO*), and 
echinacoside (CjjH-^Cbo). 

IDENTIFICATION 

* A. Thin-Layer Chrom atography 

Presence of echinacoside and absence of dicaffeoyl- 
quinic add (cynartn(e)) 

Standard solution A: A mixture of 0.2 mg/mL of USP 
Echinacoside RS and 0-2 mg/ml of dicaffeoylguinic 
acid (cynarin) in methanol 

Standard solution B: 0.05 mg/ml of USP Caftaric 
Acid RS, 0.1 mg/mL of USP Chlorogenic Acid RS, and 
0.05 mg/mL of USP Chicoric Acid RS in methanol 
Standard solution C: 20 mg/ml of USP Powdered 
Echinacea pallida Extract RS in methanol. Shake to dis- 
perse, sonicate for 5 min, and centrifuge. Use the 
supernatant. 

Sample solution: Transfer 1 g of finely pulverized Echi¬ 
nacea pallida to a centrifuge tubę, add lOmLof meth¬ 
anol, mix well, and sonicate for 10 min. Centrifuge, 
and use the supernatant 
Chromatographic system 
(See Chramatograpny (621), Thin-Layer Chromało- 
graphy .) 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 pm (HPTIC plates) 
Application vo)time: 5 j.iL Standard solution C and 
Sample solution , and 2 pL Standard solution A and 
Standard solution B as 8-mm bands 
Relath/e humidity: Conditron Lhe piąte to a relative 
humidity of about 33% using a suitabJe device. 


Developing solvent system: A mixture of ethyl ace¬ 
tale, methylethyl ketone, water, and formie acid 
(5:3:1 :1) 

Developrng distance: 6 cm 
Derivatrzation reagent: 5 mg/mL of 2-amrnoethyl 
diphenylbohnate in ethyl acetate 

Anałysis 

Samples: Standard solution A, Standard solution B, 
Standard solution C, and Sample solution 
Apply the Samples as bands to a suitable thin-layer 
chromatographic piąte, and dry in air. Develop the 
chromatograms in a saturated chamber. Remove the 
piąte from the chamber, heat at 100° for 5 min, der- 
ivatize the piąte while still warm with Derivatization 
reagent, dry in air, and examine under UV llght at 
366 nm. 

System suitabillty: Standard solution A shows two ma¬ 
jor blue bands, one in the lower third section of the 
chromatogram due to echinacoside, and the other 
band in the middie section of the chromatogram due 
to dicaffeoyląuinic acid (cynarin). Standard solution B 
shows two major blue bands at about the middie of 
the chromatogram due to caftaric add (lower R f ) and 
chlorogenic add (higher Rf) that are clearly separated, 
and a blue band for chicoric acid in the upper third 
section of the chromatogram. 

Acceptance criteria: The most prominent band in the 
Sample solution chromatogram is a blue band in the 
lower third section of the chromatogram at an Rf cor- 
responding to the echinacoside band in the chromato¬ 
grams of Standard solution A and Standard solution C 
(absent in Echinacea purpurea). The Sample solution 
chromatogram does not exhibit a blue band at an R F 
corresponaing to the dicaffeoylguinic acid (cynarin) 
band m the chromatogram or Standard solution A 
(present in Echinacea angustifolia). The Sample solution 
chromatogram may exhibit bands of iesser intensity at 
the ^ of caftaric add and chicoric acid bands in chro¬ 
matograms of Standard solution B and Standard solu¬ 
tion C (absent in Echinacea angustifolia and much morę 
prominent in Echinacea purpurea). The Sample solution 
chromatogram exhibits minor bands between the po- 
sitions of echinacoside and caftaric add. One of these 
is due to chlorogenic acid at an Rf corresponding to 
that of chlorogenic acid in Standard solution B. 
o B. Tmw-Layer Chromatography 
Presence of alkylamides 

Standard solution A: 0.2 mg/ml of USP /?-Sitosterol 
RS in methanol 

Standard solution B: 100 mg/mL of USP Powdered 
Echinacea paflida Extract RS in dichloromethane. Shake 
to disperse, sonicate for 5 min, and centrifuge. Use the 
supernatant. 

Sample solution: Transfer 1 g of finely pulverized fcfrf- 
naceo pallida to a centrifuge tubę, add 10 mL of di¬ 
chloromethane, mix well, and sonicate for 10 min. 
Centrifuge, and use the supernatant. 

Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromało- 
graphy.) 

Adsorbent: Chromatographic silica gel with an aver~ 
age particie size of 5 pm (HPTLC plates) 

Application volume: 5 pi Standard solution 6 and 
Sample solution , and 2 pL Standard solution A as 
8 -mm bands 

Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device, 
Developing solvent system: A mixture of toluene, 
ethyl acetate, cyelohexane, and formie acid 
( 8 : 2 : 1 : 0 . 3 ) 

Developing distance: 6 cm 

Derivatization reagent: Place 85 ml of methanol in 
a 100-mL glass bottEe, and cool it down in a 
water-ice cubes-sait bath or in a freezer. To the ice- 
cold methanol, slowly and carefully add 10 mL of 
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acetic acid and 5 ml of sulfuric acid, and mix well, 
Allow the m ixturę to cool to room temperaturę, then 
add 0.5 mL of p-anisaldehyde. 

Analysis 

Samples: Standard solution A, Standard solution B , and 
Somple solution 

Appfy the Samples as bands to a suitabfe thin-layer 
cnromatographic piąte, and dry In air. Develop the 
chromatograms in a saturated chamber. Remove the 
piąte from the chamber, dry in air, derivatize with 
Dehvatizotion reagent , heat at 100° for 3-5 min, set 
astde to cool, and examine under visible light 
System suitability: The Standard solution A chromato¬ 
grafii exhibits a violet band corresponding to /Tsitos- 
terol. The Standard solution B shows the most promi¬ 
nent band as a violet band in the upper third section 
of the chromatografii. The Standom solution B chro¬ 
matografii exhibits a less prominent violet band in the 
lower third section of the chromatogram and a broad 
pink violet band close to the solvent front, 

Acceptance criteria: The most prominent band of the 
Sampfe solution chromatogram is a vioiet band fn the 
upper third section of the chromatogram, correspond¬ 
ing in to a similar band observed in Standard soiu - 
tion B {much less prominent in Echinacea angustifolia 
and absent in Echinacea purpureo ). The Somple solution 
chromatogram exhibits a less prominent violet band in 
the lower third section of the chromatogram corre¬ 
sponding in Rr to a similar band observed in Standard 
solution B (much less prominent in Echinacea purpureo 
and absent in Echinacea angustifolia). The Sample solu¬ 
tion chromatogram exhibits a minor violet band at an 
R f corresponding to the /Tsitosterol band in the chro¬ 
matograms of Standard solution A and Standard solu¬ 
tion B and a broad pink vjolet band dose to the sol- 
vent front, 

* C. The ret en tion time of the major peak in the Somple 

solution corresponds to that of the echinacoside peak in 
Standard solution A and Standard solution B , as obtained 
in the test for Content of Total Phenols. The peak area of 
any peak detected in the Sample solution chromatogram 
at the focus of 1,3-dicaffeoyiquimc add (Standard solution 
Q is NMT 1% of the peak area for the echinacoside 
peak, 

COMPOSITfON 

* Content of Total Phenols 

Solution A: Phosphoric add (0,1 in 100) in water 
Solution B: Acetonitrile 
Mobile phase: See Tobie 1. 


Table ! 


Time 
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0 

90 

10 

3 

90 

10 

16 

78 

22 
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40 
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60 

40 
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10 
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90 
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Solvent; Alcohol and water (7:3) 

Standard solution A: Dissolve USP Powdered Echinacea 
pallida Extract RS in Solvent by shaking and heating in a 
water bath, Dilute with Solvent to obtain a solution hav- 
ing a known concentration of 1 mg/mL. Pass through a 
membranę fflter having a 0,45-pm or fi ner porę size. 
Standard solution B: 40pg/mL of USP Chiorogenic 
Acid RS in Sofaent 


Standard solution C: 80 pg/mL of USP Echinacoside RS 
in So(vent 

Standard solution D: 40 pg/ml of dicaffeoylquinic acid 
(cynarin) in Solvent 

Sample solution: Transfer 125 mg of finely powdered 
Echinacea pallida (capable of passing througn a 
40-mesh sieve) to a round-bottom fiask equipped with 
a condenser. Add 25.0 mL of Soivent f and heat under 
reffux while shaking by mechartical means for 15 min, 
Centrifuge, or pass through a membranę fil ter having a 
0,45-pm or fi ner porę size, 

Chromatographic system 
(See Chromatography <621X System Suitability.) 

Modę: LC 

Detector: UV 330 nm 

Colurrm: 4.6-mm x 25-cm; 5-pm packing LI 

Column temperaturę: 35° 

FSow ratę: 1.5 mL/min 
Injection volume: 5 pL 
System suitability 

Samples: Standard solution A and Standard solution C 

Suitability requirements 

Chromatogram similarity: The chromatogram of 
Standard solution A is similar to the Reference Chro¬ 
matogram for total phenols provided with USP Pow- 
derecf Echinacea paflida Extract RS. 

Capacity factor (k): NLT 3,0 for the echinacoside 
peak, Standard solution C [Notę —Echinacoside peak 
may be reso!ved in two components.] 

Tailing factor: NMT 2,0 for the echinacoside peak, 
Standard solution C 

Relat?ve standard deviation: NMT 2.5% for the 
echinacoside peaks in repeated injectiorts, Standard 
sofution C 

Analysis 

Samples: Standard solution A, Standard solution B t 
Standard sofution C, Standard solution D, and Sample 
solution 

Identtfy the relevanl analytes tn the chromatogram 
from the Sample solution by comparison with the 
chromatogram from Standard solution A . Measure the 
areas for the relevant peaks. 

Separately caleulate the percentage of caftaric add 
(CisHiaOfl)i chicoric acid (C^HibGiz), chiorogenic add 
{CićHrąOcj), and echinacoside (ChHą&Om) in the portion 
of Echinacea pallida taken: 

Result ^ (fu/rs) x C s x (V/W) x F x 100 

ru = peak response for the refevant arialyte from 
the Sample sofution 

fj = peak response for chiorogenic add or both 
components of echinacoside from the 
corresponding Standard solution 
Q = concentration of chiorogenic acid or 

echinacoside in the corresponding Standard 
solution (mg/mL) 

V - volume of the Sample solution (mL) 

W ^ weight of powdered Echinacea pallida used to 
prepare the Sample solution (mg) 
f = response factor: cnicorio acid, 0.695; caftaric 
acid, 0,881; chiorogenic acid, 1,000; relative 
to chiorogenic acid; and echinacoside 
components, 1.000 

Caleulate the percentage of total phenols in the portion 
of Echinacea pallida taken by adaing the individual 
percentages calculated, 

Aoceptance criteria: NLT 0,5% of total phenols on the 
dried basis 
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CONTAMiNANTS 

* Elemental iMPimimS—PROCEDURES <233) 

Acceptance criteria 
Arsenie: NMT 1.0 pg/g 
Cadmtum; NMT 0.5 |ig/g 
Lead: NMT 5.0 pg/g 
Mercu ry: NMTl.Opg/g 

* Articles of Bdtanicai Origin, General Method for Pesti- 

tide Residues Analysis (561); Meets the requirements 

SPECIFIC TEST5 

* BOTANIC CHARACTERISTICS 

Macroscopic: The outer surface of the rhizome is pale 
to yellowish-brown, crowned with the remains of the 
aerial stem, and sometimes shows surface annulations 
up to 15 mm in dlameter. The roots are pale to yellow- 
isn-brown, cylindrical or slightly tapering, sometimes 
spirally twisted, longitudinally wrinkled and deeply fur- 
rowed, up to 4-10 mm in diameter, and pass impercep- 
tibly into rhizome. The short fracturą when dry, be- 
comes tough and pliable on exposure to ain 

Microscopic: The rhizomes and roots in transverse sec- 
tion show a thin outer bark separated from a wide xy- 
lem by a distinct cambial linę. The cork is composed of 
several rows of thin-watled cells containing yellowish- 
brown pigment, The rhizome has a smali oircular pith, 
occasional smali gmups of thick-walfed, lignified fibers 
in the pericytle, and a parenchymatous corlex. The 
phloem and xylem are composed of narrow strands of 
yascular tissue separated by wlde, nonlignified medub 
lary rays. Xylem vessels are lignified, 25-75 p.m in diam¬ 
eter, usually with reticulate thickening but occasionally 
with spiral or annuiar thickening. Sclereids occur singfy 
or tn smali groups, varying considerably in size and 
shape from rounded to rectanguiar to elongated and 
fiber-iike, are up to 300 pm iong and 20^0 jun wide, 
with intercelfular spaces forming schizogenous oleoresin 
canals that are 80-150 pm in diameter and contain a 
dense blaek deposit present both instde and outside of 
the central cylinder (unlike Echinacea angustifolia, where 
the canals are present only outside of the central cylin¬ 
der). Spherocrystalline masses of inulin occur through- 
out the parenchymatous tissues. Lignified fibers, present 
in the periphery of the cortex, are 100-300 urn Iong 
and occur singfy with phytomelanin often absent {un¬ 
like Echinacea angustifolia, where the fibers occur seat- 
tered in groups, are 300-800 firn Iong, and are usually 
surrounded by phytomelanin). 

* Articles of Botanical Origin, Volatile OH Determination 

<561): 1.0-2.0 m L/100 g 

* Articles of Botanicai Origin, Foreign Organie Motter 

<561): NMT 3.0% 

* Articles of Botanical Origin, Total Ash <561): NMT 

7.0% 

* Articles of Botanical Origin, Add-tnsofubfe Ash (561): 

NMT 4.0% 

* LOSS ON DRV!NG (731) 

Analysis: Dry a sam ple at 105° for 2 h. 

Acceptance enteria: NMT 10.0% 

ADDETEONAL REQUIREMENT5 

* Packaging and Storage: Preserve in well-dosed, light- 

resistant containers. 

* Labelinc: The label States the Latin binomial and, follow- 

rng the official name, the parts of the plant contained in 

the article. 


O USP REFERENCE Standards (11) 

USP Caftaric Actd RS 

USP Chicortc Acid RS 

USP Chlorogenic Acid RS 

USP Powdered Echinacea pallida Extract RS 

USP Echinacoside RS 

USP J9-Sitosterol RS 


Powdered Echinacea pallida 

DEFENłTION 

Powdered Echinacea pallida consists of the dried rhizome 
and roots of Echinacea pallida (Nutt.) Nutt (Fam. Asterą- 
ceae) harvested in the rall after three or morę years of 
growth, reduced to powder, It contains NLT 0,5% of total 
phenols, calculated on the dried basis as the sum of 
caftaric acid (CuHizOs), chlcoric add (C^HibOi^), 
chlorogenic acid (CieHisO?), and echinacoside (C^H^O^o). 

IDENTIFICATION 

■ A. Thin-Layer Chromatography 

Presenoe of echinacoside and absence of dicaffeoyl- 
cfuink acid (cynarin(e)) 

Standard solution A: A mixture of 0,2 mg/mL of USP 
Echinacoside RS and 0.2 mg/mL of dicaffeoylquinic 
acid (cynarin) in methanol 

Standard solution B: 0.05 mg/mL of USP Caftaric 
Acid RS, 0.1 mg/mL of USP Chlorogenic Acid RS, and 
0,05 mg/mL of USP Chicoric Acid RS in methanol 
Standard solution C: 20 mg/mL of USP Powdered 
Echinacea pallida Extract RS tn methanol. Shake to dis- 
perse, sonicate for 5 min, and centrifuge. Use the 
supernatant. 

Sample solution: Transfer 1 g of Powdered Echinacea 
pallida to a centrifuge tubę, add 10 mL of methanol, 
mix well, and sonicate for 10 min. Centrifuge, and use 
the supernatant 
Chromatographic system 
(See Chromatography (621), Thin-Layer Chromato¬ 
graphy.) 

Adsorbent: Chromatographic silka gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 5 jtiL Standard solution C and 
Sample solution , and 2 pL Standard solution A and 
Standard solution B as 8-mm bands 
Relative humrdlty: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developing solvent system: A mixture of ethyl ace¬ 
tale, methylethyl ketone, water, and formie acid 
(5:3:1:11 

Developing distance: 6 cm 
Derivatization reagent: 5 mg/mL of 2-aminoethyl 
diphenylborinate in ethyl acetate 
Analysis 

Sam pies: Standard solution Ą Standard solution B, 
Standard solution C and Sample solution 
Apply the Samples as bands to a suitable thin-layer 
chromatographic piąte, and dry in air. Develop the 
chromatograms in a saturated cham ber. Remove the 
piąte from the chamber, heat at 100° for 5 min, der- 
ivatize the ptate whiie stiil warm with Derivatization 
reagent, dry In air, and examine under UV Eight at 
366 nm. 

System suitability: Standard solution A shows two ma¬ 
jor blue bands, one in the lower third of the chromat- 
ogram, due to echinacoside, and the other band in 
the middle section of the chromafogram due to dicaf- 
feoylquinic acid (cynarin). Standard solution B shows 
two major blue bands at about the middle of the 
chromafogram due to caftaric acid (lower /? f ) and 
chlorogenic acid (higher ft,) that are eleariy separated, 
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and a blue band for chicoric acid in the upper third of 
the chromatocjram, 

Acceptance criteria: The most prominent band in the 
Sampfe solution chromatogram is a blue band in the 
lower third section of the chromatogram at an R F cor- 
responding to the echinacoside band in the ebromato- 
grams of Standard solution A and Standard solution C 
(absent in Echinacea purpurea )> The Sampfe solution 
chromatogram does not exhibit a blue band at an R r 
corresponding to the dicaffeoylguinit acid (cynarin) 
band in the chromatogram ot Standard solution A 
(present in Echinacea anaustifolia). The Sampfe sofution 
chromatogram maj; exhibit bands of Jesser intensity at 
the Rf of caftaric acid and chicoric acid bands in chro- 
matograms of Standard sofution B and Standard solu- 
tion C (absent in Echinacea ongustifolia and much morę 
prominent in Echinacea purpurea). The Sample sofution 
chromatogram exhibits minor bands between the po- 
sitions of echinacoslde and caftaric acid. One of these 
is due to chlorogenic acid at an Rf corresponding to 
that of chlorogenic acid in Standard sofution B. 

B. Thin-Iayer Chromatography 
Presence of alkylamldes 

Standard sofution A: 0,2 mg/mL of USP /J-Sitosterol 
RS in methanol 

Standard solution B: 100 mg/mL of USP Powdered 
Echinacea paffida Extract RS in dichloromethane. Shake 
to disperse, sonicate for 5 min, and centrifuge. Use the 
supernatant. 

Sample solution: Transfer 1 g of Powdered Echinacea 
paffida to a centrifuge tubę, add 10 ml of dichloro¬ 
methane, mlx well, and sonicate for 10 min, Centri¬ 
fuge, and use the supernatant, 

Chromatographic system 
(See Chromatography (621), Thin-Layer Chromało- 
graphy.) 

Adsorbent: Chromatographic silka gel with an aver- 
age particie size of 5 prn (HPTLC plates) 

Application volume: 5 pi Standard solution B and 
Sampfe sofution, and 2 pL Standard solution A as 
8-mm bands 

Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developmg solvent system: A mixture of toluene, 
ethyl acetate, cydohexane, and formie acid 
(8: 2: 1:0.3) 

Developing distance: 6 cm 

Derivatization reagent: Place 85 ml of methanol in 
a 100-ml glass bottle, and cool it down in a 
water-ice cubes-salt bath or in a freezer. To the ice- 
cold methanol, siowly and carefully add 10 mL of 
acetic acid and 5 mL of sulfuric acid, and mix well, 
Allow the mixture to cool to room temperaturę, then 
add 0.5 mL of p-anisatdehyde. 

Analysis 

Samples: Standard sofution A , Standard sofution B, and 
Sample sofution 

Apply the Samples as bands to a suitable thin4ayer 
chromatographic piąte, and dry in aii\ Develop the 
chromatograms in a saturated chamber, Remove the 
piąte from the chamber, dry in air, derivatize with 
Derwatization reagent, heat at 1QQ L1 for 3-5 min, set 
aside to cool, and examine under visible light. 

System suitability: The Standard solution A chromato¬ 
gram exhibits a violet band corresponding to /Tsitos- 
terol. Standard solution B shows the most prominent 
band as a violet band in the upper third section of the 
chromatogram. The Standard solution B chromatogram 
exhibits a less prominent yiolet band in the lower third 
section of the chromatogram, and a broad pink violet 
band close to the solvent front. 

Acceptance criteria: The most prominent band of the 
Sample sofution chromatogram is a violet band in ihe 
upper third section of the chromatogram, correspond¬ 
ing in R f to a similar band obseryed with Standard so¬ 


lution B (much less prominent in Echinacea ongustifolia 
and absent in Echinacea purpurea ). The Sample solution 
chromatogram exhibits a less prominent violet band in 
the lower third section of the chromatogram corre¬ 
sponding in R f to a similar band observed in Standard 
solution B (much less prominent in Echinacea purpurea 
and absent in Echinacea ongustifolia). The Sample soiu - 
don chromatogram exhibits a minor vioiet band at an 
R f corresponding to the /?-sito sterol band in the chro- 
matograms of Standard solution A and Standard sofu¬ 
tion B, and a broad pink violet band close to the sof- 
vent front 

* C The retention time of the major peak in the Sample 

sofution corresponds to that of tne echinacoslde peak in 
Standard solution A and Standard solution B , as obtamed 
in the test for Content of Total Phenols. Peak area of any 
peak detected in Ehe Sampfe solution chromatogram at 
the lotus of 1,3-dicaffeoy(quinic acid (Standard sofution 
t) is NMT 1% of the peak area for the echinacoside 
peak. 

COMPOSJTION 

* Content of Totai Phenols 

Solution A: Phosphoric acid (0.1 in 100) in water 
Solution 8: Acetonitrile 
Mobile phase: See Tahfe L 
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Soivent: Alcohol and water (7:3) 

Standard solution A: DissoJve USP Powdered Echinacea 
paffida Extract RS in Sołvent by shaking and heattng in a 
water bath. Dilute with Solvent to obtain a solution hav- 
ing a known concentration of about 1 mg/mL, Pass 
through a membranę fifter having a 0.45-pm or finer 
porę size. 

Standard solution B: 40 pg/mL of USP Chlorogenic 
Add RS in Sofvent 

Standard solution C: 80 pg/mL of USP Echinacoside RS 
in Solvent 

Standard solution O: 40 pg/mL of dicaffeoylguinic acid 
(cynarin) in Solvent 

Sample solution: Transfer 125 mg of Powdered Echina¬ 
cea pollida (capable of passing through a 40-mesh 
sieve) to a round-bottom fiask eguipped with a con- 
denser. Add 25.0 mL of Sofyent , and heat under reflux 
while shaking by mechanical means for 15 min. Centri¬ 
fuge, or pass through a membranę filter having a 0.45- 
p m or finer porę size, 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 330 nm 

Column: 4,6-mm x 25-cm; 5-pm packing LI 

Column temperaturę: 35° 

Flow ratę: 1,5 mL/min 
Injection volume: 5 pi 
System suitability 

Samples: Standard solution A and Standard solution C 
Suitability reguirements 

Chromatogram similarity: The chromatogram of 
Standard solution A is similar to the Reference Chro¬ 
matogram for total phenols provided with USP Pow- 
derecf Echinacea pollida Extract RS. 
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Capadty factor (k'): NLT 3.0 for the echinacoside 
peak, Standard solution C. [Notę —Echinacoside peak 
may be resolved in Iwo eomponents.] 

Tailing factor* * NMT 2,0 for the echinacoside peak, 
Standard solution C 

Relative standard deviation: NMT 2.5% for the 
echinacoside peaks in repeated injections, Standard 
solution C 

Analysis 

Samples: Standard solution Ą Standard solution B, 
Standard solution C, Standard solution D, and Sampie 
solution 

Identify the relevant anaJytes in the chromatogram 
from the Sampie solution by comparrson with the 
chromatogram from Standard solution A. Measure the 
areas for the relevant peaks, 

Separately calcu late the percentage of caftaric acid 
(CnHizOg), chicoric acid (CżzHtb&u), chlorogenic acid 
(CióHiaOtj), and echinacoside (C^H^O^o) in the portion 
of Powdered Echinacea pallida taken: 

Result - (ru/r s ) x C s x {VfW) x E x 100 

ru ~ peak response for the relevant analyte from 
the Sampie solution 

r 5 = peak response for chlorogenic acid or both 
echinacoside eomponents from the 
corresponding Standard solution 
Q - concentration of chlorogenic acid or 

echinacoside in the corresponding Standard 
solution (mg/mL) 

\/ = finał volume of the Sampie solution (ml) 

W ~ weight of Powdered Echinacea pallida taken to 
prepare the Sampie solution (mg) 

F = response factor: chicoric acid, 0.695; caftaric 
acid, 0,881; chlorogenic acid, 1,000; relative 
to chlorogenic acid; and echinacoside 
components, 1,000 

Caiculate the percentage of total phenoJs in the portion 
of Echinacea paIIIda taTen by adding the indMduaf 
percentages calcuiated. 

Acceptance criteria: NLT 0.5% of total phenols on the 
dried basis 

CONTAMINANT5 

* Elemental Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT1.0j.ig/g 
Cadmium: NMT 0.5 pg/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 1.0 ug/g 

o Artkles of Botankal Origin, General Method for Pestl- 
tide Residues Analysis (561): Meets the requirements 

SPECIFfC TE5TS 

* Botanic Characteristics: Powdered Echinacea pallida is a 

brown powder with a faint aromatic odor and a slightly 
acrid, persistent taste, ft turns yelfow when mounted in 
sodium hydroxide solution, Under a microscope, the fol- 
lowing characteristics are observed: groups of secretory 
canals with brown eon ten ts, surrounded by parenchyma- 
tous celEs confaining ctuster crystals of caldum oxalate; 
and parenchymatous cells with smali starch granules; 
thick-walled lignified frbers and fragments of reticulate 
and pitted vessels. 

* AftTICLES OF Botankal ORION, Volatile Oil Determination 
(5 61): 1.0-2.0 mL/1 00 g 

* Artkles of Botanical Origin, Total Ash (561): NMT 

7.0% 

o Art?cles of Botankal Origin, Add-lnsotuble Ash (561): 
NMT 4.0% 


* Loss on Drying (731) 

Analysis: Dry a sampie at 105° for 2 h. 

Acceptance criteria: NMT 10.0% 

ADDITIONAL REQUlftEMENTS 

9 Packaginc and Sto race: Preserve in tight, iight-resistant 
containers. 

® Labeling: The label States the latin binomial and, follow- 
ing the offidal name, the part of the plant from which 
the article was derived. 

* USP Reference Standards (11) 

USP Caftaric Acid RS 

USP Chicoric Acid RS 

USP Chlorogenic Acid RS 

USP Powdered Echinacea pallida Extraot RS 

USP Echinacoside RS 

USP /TSitosteroI RS 


Powdered Echmacea pat lida Extract 


DEFINITION 

Powdered Echinacea pallida Extract is p repa red from Echina¬ 
cea pallida roots by extractron with hydroalcoholic mix- 
tures or other suitable solvents. The ratio of the starling 
crude plant materiał to Powdered Extract is between 2:1 
and 8:1. It contains NLT 4.0% and NMT 5.0% of total 
phenols, calcuiated as the sum of caftaric add (C 13 H 12 O 9 ), 
chicoric acid (CzzHi&O^), chlorogenic add (CińHfeOa), and 
echinacoside (CsshhgCho), on the dried basis. 

IDENTIFICATION 

* A. THIN-LAYER Chromatography 

Presence of echinacoside and absence of dicaffeoyl- 
quinic add (cynarin(e)) 

Standard solution A: A mixture of 0,2 mg/mL of USP 
Echinacoside RS and 0.2 mg/mL of dicaffeoylquintc 
add (cynarin) in methanol 

Standard solution B: 0.05 mq/mL of USP Caftaric 
Add RS, 0.1 mg/mL of USP Chlorogenic Acid RS, and 
0.05 mg/mL of USP Chicoric Acid RS in methanol 
Standard solution C: 20 mg/mL of USP Powdered 
Echinacea pallida Extract RS in methanol. Shake to dis- 
perse, sonteate for 5 min, and centrifuge. Use the 
supernatant. 

Sampie solution: 20 mg/mL of Powdered Extract in 
methanol. Shake to disperse, sonicate for 5 min, and 
centrifuge. Use the supernatant. 

Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromato - 
graphy.) 

Adsorbent: Chromatographic silica gef mixture with 
an average particie size ot 5 jum (HPTLC plates) 
Application volume: 5 pL Standard solution C and 
Sampie solution , and 2pL Standard solution A and 
Standard solution B as 8-mm bands 
Relative humidrty: Condition the piąte to a relatrve 
humidity of about 33% using a suitable device, 
Developmg solvent system: A mixture of ethyl ace- 
tate, methylethyl ketone, water, and formie acid 
(5:3:1:1) 

Developing distance: ó cm 
Derivatization reagent: 5 mg/mL of 2-aminoethyl 
diphenylborinate in ethyl acetate 
Analysis 

Sam pies: Standard solution A, Standard solution B f 
Standard solution C, and Sampie solution 
Apply the Samples as bands to a suitabie thin-layer 
chromatographic piąte, and dry in air. Develop the 
chromatograms in a saturated cham ber. Remove the 
piąte from the chamber, heat at 100° for 5 min, 
derivatize the piąte while stUJ warm with Dehvatizo- 
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tion reagent , dry tn air, and examine under UV light 
at 366 nm. 

System suitability: Standard solution A shows two ma¬ 
jor blue bands, one in the lower third section of the 
chromatogram due to echinacoside, and the other 
band In the middle section of the chromatogram due 
to dicaffeoylquinic acid (cynarin)* Standard solution B 
shows two major blue bands at about the middle of 
the chromatogram due to caftarle acid (lower R f ) and 
chlorogenic acid (higher Rf) that are clearly separated, 
and a blue band for chteoric acid in the upper third 
section of the chromatogram. 

Acceptance arteria: The most prominent band in the 
Sample solution chromatogram is a blue band in the 
lower third section of the chromatogram at an Rf cor- 
responding to the echinacoside band in the chromato¬ 
grams of Standard solution A and Standard solution C 
(absent in Echinacea purpurea). The Sample solution 
chromatogram does not exhibit a blue band at an Rf 
corresponding to the dicaffeoyiguinic acid (cynarin) 
band in the chromatogram of Standard solution A 
(present in Echinacea angustifolia). The Sample solution 
chromatogram may exhfbit bands of lesser Intensity at 
the Rf of caftaric acid and chicoric acid bands In the 
chromatograms of Standard solution B and Standard 
solution C (absent in Echinacea angustifolia and much 
morę prominent in Echinacea purpurea ). The Sample 
solution chromatogram exhibits minor bands between 
the positions of echinacoside and caftaric acid. One of 
these is due to chlorogenic acid at an Re correspond¬ 
ing to that of chlorogenic acid in Standard solution R 
* B. Thin-Layer Chromatograpby 
Presence of alkylamides 

Standard solution A: 0.2 mg/mL of USP /3-S!tostera! 

RS in methanol 

Standard solution B: 100 mg/mL of USP Powdered 
Echinacea pallida Extract RS in dichloromethane. Shake 
to disperse, sonicate for 5 min, and centrifuge. Use the 
supematant. 

Sample solution: 100 mg/mL of Powdered Extraot In 
dichloromethane* Shake to disperse, sonicate for 5 
min, and centrifuge, Use the supematant. 
Chromatographic system 

(See Chromatograpby <621), Thin-Layer Chromało- 
graphy.) 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC plates) 

Application volume: 5 pL Standard solution B and 
Sample solution, and 2 pL Standard solution A as 
8-mm bands 

Relative humidlty: Condition the piąte to a relative 
humidity of about 33% using a suitable device* 
Developmg solvent system: A mixture of toluene, 
ethyl acetate, cyclohexane, and formie acid 
(S: 2:1: 0.3) 

Developing distance: 6 cm 

Derivatization reagent: Place 85 mL of methanol in 
a 100-mL glass bottle, and cool it down in a 
water-ice cubes-salt bath or in a freezer. To the ice- 
cofd methanol, slowly and carefully add TO mL of 
acetic acid and 5 ml of sulfunc acid, and mix welL 
Allow the mlxture to cool to room temperaturo, then 
add 0.5 mL of p-anisaldehyde* 

Analysis 

Samples: Standard solution Ą Standard solution fi, and 
Sample solution 

Appfy the Samples as bands to a suitable thin-layer 
chromatographic piąte, and dry in air* Develop the 
chromatograms in a saturated chamber, Remove the 
piąte from the chamber, dry in air, derwatize with 
Derivatization reagent, heat at 100 d for 3-5 min, set 
aside to cool, and examine under vtsible light. 


System suitability: The Standard solution A chromato¬ 
gram exhibits a violet band corresponding to /Tsitos- 
terol. Standard solution B shows the most prominent 
band as a violet band in the upper third section of the 
chromatogram. The Standard solution B chromatogram 
exhibtts a less prominent violel band in the lower third 
section of the chromatogram, and a broad pink violet 
band close to the solvent front. 

Acceptance criteria; The most prominent band of the 
Sample solution chromatogram is a violet band in the 
upper third section of the chromatogram, correspond¬ 
ing in Rf to a similar band observed in Standard solu - 
tion B (much less prominent in Echinacea angustifolia 
and absent in Echinacea purpurea ). The Sample solution 
chromatogram exhibits a less prominent vioiet band in 
the lower third section of the chromatogram corre¬ 
sponding in to a similar band observed in Standard 
solution B (much less prominent in Echinacea purpurea 
and absent in Echinacea angustifolia). The Sample solu¬ 
tion chromatogram exhłbits a minor violet band at an 
Re corresponding to the fksitosterol band In the chro¬ 
matograms of Standard solution A and Standard solu¬ 
tion B, and a broad pink violet band dose to the sol- 
vent front 

* C The retention time of the major peak in the Sample 

solution corresponds to that of the echinacoside peak in 
Standard solution A and Standard solution B, as obtarned 
in the test for Content of Total Phenols . The peak area of 
any peak detected in the Sample solution chromatogram 
at the loeus of 1,3-dicaffeoylquinic add {Standard solution 
Q is NMT 1% of the peak area for the echinacoside 
peak. 

COMPOSfTBON 

• Content of Total Phenols 

Solution A: Phosphoric acid (0.1 in 100) 

Solution B: Aceton i tnie 
Mobile phase: See Table 1. 


Tobie 1 


Time 

(mini 

Solution A 

Solution B 

(%) 

0 

90 

10 

3 

90 

10 

16 

78 

22 

17 

60 

40 

20 

60 

40 

20.5 

90 

10 

25 

90 

10 


5olvent; Alcohof and water (7:3) 

Standard solution A: Dissolve USP Powdered Echinacea 
pallida Extract RS in SoIvent by shaking and heating in a 
water bath. Dilute with Solvent to obtain a solution hav* 
ing a known concentration of 1 mg/mL. Pass through a 
membranę filter having a 0.45-jum or finer porę size. 

Standard solution B: 40 pg/mL of USP Chlorogenic 
Acid RS in Solvent 

Standard solution C: 80 pg/mL of USP Echinacoside RS 
in Solvent 

Standard solution D: 40 pg/mL of dicaffeoylquinic add 
(cynarin) in Solvent 

Sample solution: Transfer about 60 mg of Powdered 
Extract, accurately weighed, to an appropriate round- 
bottom fiask equipped with a eon den ser, Add 25,0 mL 
of So/venf, and heat under refiux while shaking by me- 
chanical means for 15 min. Centrifuge, or pass through 
a membranę filter having a 0.45-pm or finer porę size. 
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Chromatographic system 
(See Chromatograpny (621), System Suitahility.) 

Modę; LC 

Detector: UV 330 nm 

Cofumn: 4,6-mrn x 25-cm; 5-pm packing LI 

Column temperaturę: 35° 

F(ow ratę: 1.5 mL/rmn 
tnjection volume: 5 pL 
System suitability 

Sam pies: Standard solution A and Standard solution C 
[Notę—E chinacoside peak may be resolved tn two 
components.] 

Suitability requirements 

Chromatogram similarity: The ehromatogram of 
Standard solution A is similar to the Reference Chro¬ 
matogram for total phenols provided with USP Pow- 
dered Echinacea na i lida Extract RS, 

Capacity factor (k'): NIT 3,0 for the echinacoside 
peak. Standard solution C 

Tailing factor: NMT 2.0 for the echinacoside peak, 
Standard solution C 

Relative standard deviation: NMT 2.5% for the 
echinacoside peaks in repeated injections, Standard 
solution C 
Anaiysis 

Sam pies: Sample solution, Standard solution A t Stan¬ 
dard solution B t Standard solution C, and Standard solu¬ 
tion D 

Identify the relevant analytes in the chromatogram from 
the Sample solution by comparlson with the chromato¬ 
gram from Standard solution A . Measure the areas for 
the reievant peaks. 

Separatdy caiculate the percentage of caftaric acid 
(CnHuOO, chicoric acid (Ca^HiaOia), chlorogenic acid 
(CisHiaOg), and echinacoside (CbsH^óOzo) in the portion 
of Powdered Extract taken: 

Result = (njri) x (Cj/Cy). x Fx 100 

ry - peak response for the rdevant analyte from 
the Sample solution 

r s ~ peak response for chlorogenic acid or both 
echinacoside components from the 
corresponding Standard solution 
C 5 - concentration of chlorogenic acid or 

echinacoside in the corresponding Standard 
solution (mg/mL) 

Cy = concentration of Powdered Extraet in the 
Sample solution (mg/mL) 

F = response factor: chicoric acid, 0,695; caftaric 
acid, 0.881; chlorogenic acid, 1.000; relative 
to chlorogenic acid; and echinacoside 
components, 1.000 

Caiculate the percentage of total phenols in the portion 
of Powdered Extraet taken by adding the indivrdual 
percentages calcuiated. 

Acceptance criteria: NLT 4.0% and NMT 5.0% of total 
phenols on the dried basis 

CONTAMINANT5 

« Elemental Impuhities—Pezocedures (233) 

Acceptance criteria 
Arsenie: NMT 1.0 ug/g 
Cadmium: NMT 0.5 pg/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 1.0 pg/g 

e MlCROBLAL Emumeration Tests (2021): The total bacterial 
count does not exceed 10' 1 cfu/q, and the tota! com- 
bined molds and yeasts count does not exceed 10 3 tfu/ 

g- 

® Absence of Specified R/Iicroorganisms (2022): Meets the 
requirements of the tests for absence of Salmonella spe- 
des and Escherichia coli 


o Other Requirements: It meets the reąuirements for So- 
tanical Extracts (565), Residua! Solvents and Pesticide 
Residues. 

5PECBF1C TESTS 
O LOSS ON DRYINC (731) 

Sample: 1 g 

Anaiysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 5.0% 

ADD1TIONAL REQUIREMEMT$ 

o Packaging and Storage; Preserve in tight, light-resistant 
containers, and storę in a cool place. 

* Labeling: The label States the Latin binomral and, follow- 

ing the offidal name, the parts of the plant from which 
the article was prepared. The label bears a statement in- 
dicating that Echinacea paliida may cause rare allergic re- 
actions, rashes, or aggravate asthrna, It meets the re- 
quirements for Botanical Extracts (565), La beling. 

• USP Reference Standards (11) 

USP Caftaric Acid RS 

USP Chicoric Acid RS 

USP Chlorogenic Acid RS 

USP Powdered Echinacea paliida Extract RS 

USP Echinacoside R5 

USP /TSitosteroJ RS 


Echinacea jjurgiurea Aerial Parts 

DEFINITION 

Echinacea purpurea Aerial Parts consists of the aerial parts of 
Echinacea purpurea (L.) Moench (Fam. Asteraceae). It is 
harvested during the flowering stage. It contains NLT 
1.0% of the sum of caftaric acid (Ci 3 H lz O ? ) and chicoric 
acid (C 22 H 1 &O 12 ), and NLT 0.01% of dodecatetraenoic acid 
isobutylamides (C^H^NO), calculated on the dried basis, 

IDENTIFICATION 
® A, Thin-Layer Chromatograpny 

Presence of chicoric acid and absence of echinacoside 
Standard solution A: 0.2 mg/mL of USP Echinacoside 
RS in methanol 

Standard solution B; 0.2 mg/mL of USP Caftaric Acid 
RS, 0.1 mg of USP Chlorogenic Acid RS, and 0.2 mg/mL 
of USP Chicoric Acid RS in methanol 
Standard solution C: 20 mg/mL of USP Powdered Echi¬ 
nacea purpurea Extract RS in methanol. Shake to dis- 
perse, sonicate for 5 min, and centrifuge. Use the 
supernatant. 

Sample solution: Transfer 1 g of fineiy puMerized Echi¬ 
nacea purpurea Aerial Parts to a centrifuge tubę, add 
10 mL of methanol, mix we!l, and sonicate for 10 min. 
Centrifuge, and use the supernatant. 

Chromatographic system 
(See Chromatograpny (621), System Suitability*) 
Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 5 pL Standard solution C and 
Sample solution, and 2 pL Standard solution A and Stan¬ 
dard solution B as 8-mm bands 
Relative humidity: Conditlon the plate to a refative 
humidity of about 33% using a suttabJe devlce. 
Developing soIvent system: A mixture of ethyi ace- 
tate, methylethy! ketone, water, and formie acid 
(5:3:1:1> 

Developing distance: 6 cm 
Derivatization reagent: 5 mg/mL of 2-aminoethyl 
diphenylbonnate in ethyl acetate 
Anaiysis J 

Samples: Standard solution A, Standard solution B, 
Standard solution C, and Sample solution 
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Apply the Samples as bands to a suitable thin-layer 
chromatographic piąte, and dry in air. Develop the 
chromatograms in a satutated chamber. Remove the 
piąte from the chamber, heat at 100 c for 5 min, der- 
jvatize the piąte while still warm with Derivatization re¬ 
agent:, dry En air, and examine under UV light at 366 
nm. 

System suitability; Standard solution A shows one major 
blue band in the lower third sectfon of the chromato¬ 
gram due to echinacoside. Standard solution B shows 
two major blue bands at about the middle of the chro- 
matogram due to tafta no atid (lower R f ) that are clearly 
separated, and a blue band for chicoric add in the up- 
per third section of the chromatogram. 

Acceptance criteria: The most prominent band in the 
Sample solution ohromatogram is a blue band En the 
upper third section of the chromatogram at an R f corre¬ 
sponding to the chicoric acid band in the chromato¬ 
gram of Sfor?dard solution B and Standard solution C 
The second most prominent band in the Sampfe solu¬ 
tion chromatogram is a blue band at about the middle 
of the chromatogram due to caflaric acid, correspond- 
ing to a band En the chromatogram of Standard solution 
C. The Sampte solution chromatogram does not exhibit 
a band at the R f of echinacoside in Standard solution A 
(difference from Echinacea pa Wda and Echinacea angus- 
tifolia). The Sam ple solution chromatogram exhibits mi¬ 
nor blue bands corresponding to stmilar bands in the 
chromatogram of Standard solution C One of these 
bands is due to chlorogenic acid at an Rf corresponding 
to chlorogenic acid in Standard solution B . The Sampfe 
solution chromatogram exhibits a red band due to chlo- 
rophyll dose to the solvent front. 

e B* The retention time of the major peak in the Sample 
solution corresponds to that of the chicoric acid peak in 
Standard solution A t and the second most prominent 
peak corresponds to that of the caftarie acid peak in 
Standard solution B, The Sampfe solution chromatogram 
shows no peak or a very minor peak at the retention 
time corresponding to the echinacoside peak in the Stan¬ 
dard solution C chromatogram, all peaks as obtained in 
the test for Content of Chicoric Ada and Caftarie Acid. 

* C. The retention times for the reievant peaks of the Sam- 
ple solution, mainty due to dodecatetraenoic isobutyl am- 
ides, correspond to those of Standard solution A, as ob¬ 
tained in the test for Content of Dodecatetraenoic 
(sobutylamides. 

COMPOSITION 

« Content of Chicoric Acid and Caftaric Acid 

Solution A: Phosphonc acid (0.1 En 100) in water 
Solution B: Aceton! tri Je 
Mobile phase: See Tahle L 

Tabłe 1 


1 


Solvent: Alcohol and water (7:3) 

Standard solution A: 30 pg/mL of USP Chicoric Add 
RS in Solvent 

Standard solution B: 20 pg/mL of USP Caftaric Add RS 
in Solvent 

Standard solution C: 20 pg/mL of USP Echinacoside RS 
in Solvent 

Sample solution: Transfer about 125 mg, accurately 
weighed, of finely powdered Echinacea purpurea Aerial 


Time 

(min] 

Solution A 
(%> 

Solution B 

(%) 

0 

90 

10 

13 

78 

22 

14 

60 

40 

17.5 

60 

40 

18 

90 

10 

30 

90 

10 


Parts (capable of passing through a 40-mesh sieve) to a 
round-bottom fiask equipped with a condenser. Add 
25.0 mL of Solvent , and heat under ref1ux while shaklng 
by mechanical means for 15 min. Centrifuge, or pass 
tnrough a membranę filter of 0.45-pm or ffner porę 
size. 

Chromatographic system 

(See Chromatography (621), System Suitability,) 

Modę: LC 

Detector: UV 330 nm 

Column: 4.6-mm x 25-cm; 5-p.m packing LI 

Column temperaturę: 35° 

Flow ratę: l.SmL/min 
Injectron size: 5 pL 
System suitability 
Samples: Standard solution A 
Suitability requirements 
Relath/e standard deviation: NMT 2.0% for the 
chicoric add peak in Standard solution A 
Analysis 

Samples: Standard solution A, Standard solution B f 
Standard solution C, and Sample solution 
SeparateJy calculate the percentages of caftaric acid 
(C 13 H 12 O 9 ) and chicoric acid (Cs^HieChz) in the portlon 
of Echinacea purpurea Aerial Parts taken: 

Result = (r u /r s ) x tj x ( VjW) x 1 00 

r u = peak area of the relevant analyte from the 
Sample solution 

r 5 = peak area of the relevant analyte from the 
corresponding Standard solution 
Cs = concentration of the relevant analyte in the 
corresponding Standard solution (mg/mL) 

V - finał volume of the Sampfe solution (mL) 

W = weight of Echinacea purpurea Aerial Parts taken 
to prepare the Sampfe sofuthn (mg) 

Calcuiate the percentage of the sum of chicono acid 
and caftaric acid in the portion of Echinacea purpurea 
Aerial Parts taken by adding the individua! percentages 
calcu lat ed. 

Acceptance criteria: NLT 1.0% on the dhed basis 
o content of Dodecatetraenoic Acid Isobutylaniides 
Mobile phase: Acetonitrile and water (55:45) 

Standard solution A: 5 mg/mL of USP Powdered Echi¬ 
nacea purpurea Extract RS in methanol, Dissolve using 
sonication and shaking for 10 min. After dilution, pass 
through a membranę filter of 0.45-pm or fi ner porę 
size. 

Standard solution B: 1 0 pg/mL of USP 2E,4E-Hexadie- 
noic Acid Isobutylamide RS in methanol 
Sample solution: Transfer about 2.5 g of finely pow¬ 
dered Echinacea purpurea Aerial Parts (capable of pass¬ 
ing through a 40-mesh sieve), accurately weighed, Into 
a round-bottom fiask. Add 80 ml of methanol, and re- 
flux for 30 min. Cool to room temperaturę, and filter 
Into a lOG-mL volumetric fiask, using smali portions of 
methanol to rinse the fiask and the Filter. Diiute with 
methanol to volume, Pass through a membranę filter of 
0.45-pm or finer porę size. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 

Column: 4.6-mm x 25-cm; 5-pm packing LI 

Column temperaturę: 30° 

Flow ratę: 1.5 mL/min 
Injection size: 25 pL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability requirements 

Chromatogram similarity: The chromatogram from 
Standard solution A is simllar to the Reference Chro¬ 
matogram for alkamides provided with USP Pow- 
derecf Echinacea purpurea Extract RS. 
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Resolution: NLT 7,0 between dodecatetraenoic acid 
isobutylamide peaks, Standard sofution A 
Tailing factor: NMT 2,0 for 2f,4E-hexadienoic acid 
isobutylamide, Standard solution B 
Relatlve standard deviation: NMT 2.5% for the 2E f 
4E-hexadienoic acid isobutylamide peak in repeated 
injectlons, Standard solution B 
Analysis 

Sampfes: Standard solution Ą Standard solution B f and 
Sample solution 

Identify the peaks of the two isomers of dodecatetra¬ 
enoic acid isobutylamides in the chromatogram from 
the Sample solution by comparison with the chromato¬ 
gram from Standard solution A . Measure the areas for 
the relevant peaks. 

Caftulate the percentage of dodecatetraenoic acid iso- 
butyfamides in the portion of Echinacea purpurea Aerial 
Parts taken: 

Result « (r u fr s ) xQx(V/W)x Fx 100 

r u - sum of the peak areas of the relevant analytes 
from the Sample solution 
= peak area of 2£,4£-hexadienoie acid 
isobutylamide from Standard sofution B 
Q - concentration of USP 2E,4f-Hexadienoic Acid 
Isobutylamide RS in Standard solution B 
(mg/mL) 

V = finał volume of the Sample solution (mL) 

W - weight of Echinacea purpurea Aerial Parts taken 
to prepare the Sample solution (mg) 

E - response factor to convert 2E,4E-hexadienoic 
acid isobutylamide into dodecatetraenoic 
acid isobutylamides, 1.353 

Acceptance criteria: NLT 0.01% of dodecatetraenoic 
acid isobutylamides on the dried basis 

CONTAMINANTS 

■ Elemental Impurities—Procedures <233) 

Acceptance criteria 
Arsenie: NMT 1.0 pg/g 
Cadmium: NMT 0.5 jxg/g 
Lead: NMT5.0pg/g 
Mercury: NMT 1.0 jag/g 

* Articles of Botanical Origin, General Method for Pesti - 
cides Residues Analysis <561): Meet the requfrements 
fi Microbial Enumeration Tests <2021): The total aerobic 
microbial count does not exceed 10 5 cfu/g, the total 
combined molds and yeasts count does not exceed 10* 
cfu/g, and the enterobacterial count does not exceed 10^ 
cfu/g. 

® Absence of Specified Microorganism* (2022): It meets 
the requirements of the tests for absence of Salmonello 
species and Escherichia coli, 

5PEC1FIC TESTS 
® BOTANIC CHARACTERISTICS 

Macroscopic: The herb is an erect, coarse, rough-hairy 
perennial, usually up to 90 cm tali, rarely up to 180 cm. 
The leaves are altem a te and simple; the lowermost 
leaves are slender, long, and petioled, ovate to broadly 
Eanceolate, mostEy penta-nerved, acute or acuminated 
at the apex, abruptfy narrowed or rarely cordate at the 
base, usually sharply dentate, and 7-20 cm iong and 
2.5-7.5 cm wide; the petioles are mostly winged at the 
summit. The upper leaves are narrower, often almost 
entirely sessile, lanceolate or ovate lanceolate, and usu¬ 
ally with 3 vetns. 

The flower heads are radiate, up to 15 cm across, soli- 
tary or few, and long-peduncled, with 12-20 rays, 
purple, crimson, or rarely pale; the bristle disks are of- 


ten orange, 3.5-7.5 cm long; the involucre is de- 
pressed-hemisphenc; the bracts are lanceolate, spread- 
ing or appressed, imbricated in 2^ł series, and hairy 
on the outer surface with dliate margins; the recepta- 
de is comćal, the scales of the receptacle stiff, spines- 
cent, and conspicuously longer than the disc flowers; 
the chaff is cannate ano cuspidate; the achenes are 
3^4 mm in length, tetrasidea, obypyramidal, and 
thick; the pappus has a short, dentate crown. 
Microscopk 

Leaf: The leaf has a thickness of 200-350 pm, with an 
epidermis 9-1 3 pm thick, laraely without chloroplasts; 
the stomata are 28-35 pm, aoundant on the ventral 
surface and fewer on the dorsai surface; the mesophylf 
is clearly divided into palisadę parenchyma and 
sponge parenchyma. The palisadę parenchyma is one 
layer thick, with elongated cells 50-65 pm jn length, 
oriented at right angles to the leaf surface, contarning 
numerous chloroplasts. The sponge parenchyma is 
150-250 pm thick, with cells of Irregular shape, and 
has multiple celi layers, few chloroplasts, and large in- 
tercelluEar spaces. The phloem bundles of the fateral 
veins within the sponge parenchyma are bound by a 
one-layer sheath of smali parenenymous celis, with 
vascular eiements of the midrib surrounded by large- 
celled parenchyma. The uniseriate trichomes are few in 
the ventral surface, numerous on the dorsai surface, 
typically tricelled, occasionally tetra- or pentacelled, 
250-500 pm in lengtb, each arising from an epidermaE 
celi; the epiderma! celi walls appear with moderate 
thickening; the vessds are various, scalariform, with va- 
rlable reticulated width. 

Petiole: The parenchyma appear without chloroplasts, 
in several layers adjacent to a layer of collenchyma; 

5-7 phloem bundles of smali- to medium-sized vessels 
are weakly lignified and embedded in the parenchyma 
in the form of an arc; the wing ribs of the upper sur¬ 
face of the slrghtly hollowed petiole are marginal. 
Inflorescence: The epiderma! cells of the ray florets 
are square, 50 pm, with a transparent, beaaed celi 
wali; various eiements of the Asteraceous exhibit infJo- 
rescence; numerous multicellular jointed trichomes of 
the involucra! bracts are 500-800 pm In length; tan- 
ential sections of the paleae with numerous fiber 
undles are 10-15 pm in diameter and 100-150 pm 
in length; celi walls are thin. The epidermis of ray flo¬ 
rets Is reddish to violet; the epidermal cells from the 
end of the corolla form rounaed paprllae; a stigma of 
papillary cells is presenf; Asteraceous pollen grains are 
20-30 pm and spherical with a warty exine. 

Calcium oxalate is negative; crystals of inulin and 
starch granules are rare. 

• Articles of Botanical Origin, Foreign Organie Matter 
<561): NMT 3.0% 
o Loss on Drying (731) 

Sample: 1 g of the powdered plant materiał 
Analysis: Dry the Sample. 

Acceptance criteria: NMT 12% 

■ Articles of Botanical Origin, Toto! Ash (561): NMT 
10.0%, determined on 3 g 

o Articles of Botanical Origin, Adddnsoluble Ash (561): 
NMT 2.5% 

ADDITIONAL RECfcUlREMENTS 

o Packaging and Storage: Storę in tight, light-resistant 
containers at controlled room temperaturę. 

» LabelinG; The la bel States the Latin binomial and, follow- 
ing the officia! name, the parts of the plant contained in 
the artide. 
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* USP Reference Standaros (11) 

USP Chlorogenic Add RS 
USP Caftaric Acid RS 
USP Chicoric Add RS 
USP Echinacoside RS 

USP 2£,4£-Hexadienoic Add Isobutyfamide RS 
USP Powdered Echinacea purpurea Extract RS 


Echhmceq pm^uss^ Uoot 

DEFINIHON 

Echinacea purpurea Root consists of the dried rhizome and 
roots of Echinacea purpurea (L.) Moench (Fam. Astera- 
ceae). It es harvested in the fafl after three or morę years 
of growth. It contains NLT 0.5% of total phenols, caicu- 
lated on the dried basis as the sum of caftaric acid 
(C 13 Hi?C> 9 ), chicoric acid (CzzHisO^), and chlorogenic acid 
(C^EhsOg). it contains NLT 0.025% of alkamides calcu* 
iated as d odecatetraenoic add bob utyłam ides (CtfiHzsNO). 

IDENTIFICATION 
O A. Thin-Layer Chromatography 

Presence of chicoric acid and absence of echinacoside 
Standard solution A: 0.2 mg/mL of USP Echinacoside 
RS in methanol 

Standard solution B: 0.2 mg/mL of USP Caftaric Acid 
RS, 0U mg/mL of USP Chlorogenic Acid RS, and 
0.2 mg/mL of USP Chicoric Acid RS in methanol 
Standard soiution C: 20 mg/mL of USP Powdered 
Echinacea purpurea Extract RS in methanol. Shake to 
disperse, sonicate for 5 min, and centrifuge. Use the 
supernatant. 

Sample soiution: Transfer 1 g of finely pulverized Echi - 
nacea purpurea Root to a centrifuge tubę, add 10 mL 
of methanol, mix well, and sonicate for 10 min, Cen¬ 
trifuge, and use the supernatant. 

Chromatographic system 
(See Chromatography (621), Thin-Loyer Chromato- 
graphy.) 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 5 pL Standard solutton C and 
Sample soiution , and 2 pi Standard solution A and 
Standard solution B as 8-mm bands 
Relative humidity: Condition the piąte to a re!ative 
humidity of about 33% using a suitable device. 
Deveioping solvent system: A mixture of ethyi ace- 
tatę, methylethyl ketone, water, and formie add 
(5:3:1:1) 

Developing distance: 6 cm 

Derivatization reagent: 5 mg/mL of 2-ammoethyl 
diphenyiborinate in ethyi acetate 
Analysis 

Sam pies: Standard solution A , Standard solution B, 
Standard soiution C, and Sample solution 
Apply the Samples as bands to a suitable thin-layer 
chromatographic piąte, and dry in air. Develop the 
chromatograms In a saturated chamber. Remove the 
piąte from the chamber, beat at 100" for 5 min, der- 
ivatize the piąte while stifl warrn with Derivatizaiion 
reagent, dry in air, and examine under UV ITght at 
366 nm. 

System suitability: Standard solution A shows one ma¬ 
jor blue band in the fower thtrd of the chromatogram 
due to echinacoside. Standard solution B shows two 
major blue bands at about the middJe of the chromat¬ 
ogram due to caftaric acid (iower R f ) and chlorogenic 
acid (higher R f ) that are clearly separated, and a blue 
band for chicoric acid in the upper thtrd section of the 
chromatogram. 

Acceptance criteria: The most prominent band in the 
Sample solution chromatogram is a blue band in the 


upper third section of the chromatogram at an R F car- 
responding to the chicoric acid band in the chromato¬ 
grams of Standard solution B and Standard solution C 
(less prominent in Echinacea pailida and absent or al- 
most absent in Echinacea angustifolid). The second 
most prominent band in the Sample solution chromat¬ 
ogram is a blue band at about the middle of the chro¬ 
matogram due to caftaric acid, corresponding to a 
band in the chromatogram of Standard solution C (ab¬ 
sent in Echinacea angustifolia and a minor band in Echi¬ 
nacea pailida). The Sample soiution chromatogram does 
not exhibif a band at the R F of echinacoside in Stan¬ 
dard solution A (difference from Echinacea pailida and 
Echinacea angusti folia). The Sample solution chromato¬ 
gram may exhibit minor blue bands corresponding to 
similar bands in the chromatogram of Standard solu¬ 
tion C. One of these is due to chlorogenic acid at an Rf 
corresponding to chlorogenic acid in the Standard so¬ 
lution S. 

• B. Thin-Layer Chromatography 
Presence of alkylamides 

Standard solution A: 0.2 mg/mL of USP /?-Sitosterol 
RS in methanol 

Standard solution B: 100 mg/mL of USP Powdered 
Echinacea purpurea Extract RS in dichloromethane. 
Shake to disperse, sonicate for 5 min, and centrifuge. 
Use the supernatant. 

Sample solution: Transfer 1 g of finely pulverized Echi¬ 
nacea purpurea Root to a centrifuge tubę, add 10 ml 
of dichloromethane, mix well, and sonicate for 10 
min. Centrifuge, and use the supernatant. 
Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: Chromatographic silica ge! with an aver- 
age particie size of 5 pm (HPTLC plates) 

Application voiume: 5 [iL Standard solution B and 
Sample solution, and 2 piL Standard solution A as 
8-mm bands 

Reiath/e humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developing solvent system: A mixture of toluene, 
ethyi acetate, cydohexane, and formie acid 
(8: 2: 1:0.3) 

Developing distance: 6 cm 

Derival(zation reagent: Place 85 mL of methanol in 
a 100-mL gfass bottle, and cool it down in a 
water-ice cubes-saft bath or in a freezer. To the ice- 
cold methanol, slowly and carefuliy add 10 mL of 
acetic acid and 5 mL of sulfuric acid, and mix well. 
Ailow the mixture to cool to room temperaturę, then 
add 0.5 mL of p-anisaldehyde. 

Analysis 

Samples: Standard solution A t Standard solution 8, and 
Sample solution 

Apply the Samples as bands to a suitable Lhin-fayer 
chromatographic piąte, and dry in air. Develop the 
chromatograms in a saturated chamber, Remove the 
piąte from the chamber, dry in air, derivatize with 
Derivatization reagent , heat at 100° for 3-5 min, set 
aside to cool, and examine under visible light. 

System suitability: The chromatogram of Standard so¬ 
lution B exhibits the most prominent band as a pinkish 
violet band at about the middle of the chromatogram, 
and just below this pinkish band, a violet band at a 
Iower similar in position and color to the /Esitosterol 
band in the chromatograms of Standard solution A. 
These two bands are clearly separated from each 
other, The chromatogram of Standard solution B also 
shows a broad pink violet band close to the solvent 
front. 

Acceptance criteria: The most prominent band of the 
Sample solution chromatogram is a pinkish viofet band 
at aoout the middle of the chromatogram similar in 
position and color to a band in the Standard solution B 
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chromatocjram (much less prominent in Echinacea 
angustifolia and Echinacea pa i Ud a) f a vioJet band corre- 
sponding to /3-sitosteroi band in the chromatograms of 
Standard solution A and Standard solution B, ano a 
broad pink violet band dose to the soh/ent front simi- 
lar in position and color to the band in the chromato- 
gram of Standard solution B> The Sample solution chro¬ 
ma tog ram does not exhibit a yeflow oand below the 
/J-sitosterol band (difference from Echinacea angus - 
tifofia) or a prominent violet band at about two thlrds 
of the chromatogram (difference from Echinacea 
pallida). 

* C The retention time of the major peak in the Sample 

solution corresponds to that of the chicoric add peak in 
Standard solution A, and the second most prominent 
peak corresponds to that of the caftaric acid peak in 
Standard solution B> The Sample solution chromatogram 
shows no or a very minor peak at the retention time 
corresponding to the echinacoside peak in the Standard 
solution D chromatogram, a!J peaks as obtained in the 
test for Content of Total Phenois. 

COMPOSmON 

* COKTENT OF TOTAL PHENOIS 

Solution A: Phosphoric acid (Od in 100) in water 
Solution B: Acetonitrile 
Mobile phase: See Tobie 7. 


Table 1 


Time 

Solution A 

Solution B 

(min) 


(W 

0 

_ 

90 

10 

13 

78 

22 

14 

60 

40 

17.5 

60 

40 

18 

90 

10 

30 

90 

10 


20 ug/mL of U5P Caftaric Acid RS 
20jig/mL of USP Chlorogenic 
20pg/mL of USP Echinacoside RS 


Solvent: Alcohol and water (7:3) 

Standard solution A: 30 pg/mL of USP Chicoric Acid 
RS in Solvent 
Standard solution B: 
in Sofvent 

Standard solution C: 

Acid RS in Solvent 
Standard solution D: 
in Solvent 

Sample solution: Transfer 125 mg of finely powdered 
Echinacea purpurea Root (capable of passmg through a 
40-mesh sieve) to a round-bottom fiask equipped with 
a condenser. Add 25.0 mL of Solvent t and heat under 
reflux while shaking by mechamcal meansfor 15 min. 
Centrifuge, or pass through a membranę filter of 0.45- 
fam or finer porę size, 

Chromatographic system 
(See Chromatograpny (621), System Suitability,) 

Modę: LC 

Detector: UV 330 nm 

Column: 4.6-mm x 25-cm; 5-^jm packing LI 

Coiumn temperaturę: 35° 

Flow ratę: 1,5 mL/min 
fnjection volume: 5 pL 
System suitability 
Sa m pies: Standard solution A 
Suitability requirements 
Relath/e standard devration: NMT 2% for the 
chicoric acid peak in repeated injections, Standard so¬ 
lution A 
Analysis 

Samples: Standard solution A t Standard solution B t 
Standard solution C f Standard solution D, and Sample 
solution 


Separatejy calculate the percentage of caftaric acid 
(CuHuOs), chicoric acid (C^HiaOii), and chlorogenic 
acid (Ci 6 H^Og) in the portion of Echinacea purpurea 
Root taken: 

Result ^ (rjr 5 ) xQx(V/W) x 100 

Tu = peak area of the relevanf analyte from the 
Sample solution 

Cs - peak area of the relevant analyte from the 
corresponding Standard solution 
Cs = concentration of the relevant analyte in the 
corresponding Standard solution (mg/ml) 

V = volume of the Sample solution (mL) 

W - weight of Echinacea purpurea taken to prepare 
the Sample solution (mg) 

Calculate the percentage of total phenois in the portion 
of Echinacea purpurea Root taken by adding the 
mdivtdua! percentages calculated. 

Acceptance criterra; NLT 0.5% of total phenois on the 
dried basis 

» Content of Alkamides 

Mobile phase: Acetonitrile and water (55:45) 

Standard solution A: 5 mg/mL of USP Powdered Echi¬ 
nacea purpurea Extract RS in methanol. Dissoive using 
sonication and shaking for 10 min. After dilution, pass 
throuqh a membranę filter havinq a 0.45-um or finer 
porę size. 

Standard solution B: 10 pg/ml. of USP 2E,4£-Hexadie- 
noic Acid tsobutyiamide RS in methanol 
Sample sofution: Transfer about 2,5 g of finely pow¬ 
dered Echinacea purpurea Root (capable of passing 
through a 40-mesh sieve) into a round-bottom fiask, 
Add 80 mL of methanok and reflux for 30 min. Cool to 
room temperaturo, and filter into a 100-mL volumetric 
fiask usmq smal! portions of methanol to rinse the fiask 
and the futer Diiute with methanol to volume. Pass 
through a membranę filter having a 0,45 -pro or finer 
porę size. 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 

Column: 4.6-mm x 25-cm; 5-pm packing U 

Column temperaturę: 30° 

Flow ratę: 1.5 mL/min 
Injection volume: 25 pL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability requirements 

Chromatogram similarity: The chromatogram from 
Standard solution A is st mi Jar to the Reference Chro¬ 
matogram for alkamides provided with USP Pow- 
derecT Echinacea purpurea Extract RS. 

Resolution: NLT 1.0 between dodecatetraenoic acid 
isobutylamide peaks, Standard solution A 
Taillng factor: NMT 2.0 for the 2E,4£-hexadienoic 
add isobutylamide peak, Standard solution B 
Relative standard devlation: NMT 2,5% for the 2£, 
4£-hexadienoic acid isobutylamide peak in repeated 
injections, Standard solution B 
Analysis 

Samples: Standard solution A, Standard solution B f and 
Sample solution 

Identify the peaks of the 10 major alkamides in the 
chromatogram from the Sample solution by compari- 
son with the chromatogram from Standard solution A. 
Measure the areas for the relevant peaks. 

Calculate the percentage of alkamides in the portion of 
Echinacea purpurea Root taken: 

Result - (rufrE) x Q x ( V!W) x F x 100 

r u - sum of the peak areas of the relevant analytes 
from the Sample solution 
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rj - peak area of 2E # 4f-hexadienoic acid 

isobutylamide from Standard solution 8 
Cj = concentration of USP 2£,4£-Hexadienoic Acid 
Isobutylamide RS tn Standard solution B 
(mg/mL) 

V = finał volume of the Sample solution (mL) 

W = welght of Echinacea purpurea root taken to 
prepare the Sample solution (mg) 

F ~ response factor to convert 2E,4E-nexadienoic 
acid isobutylamide into dodecatetraenoic 
acid isobutylamide, 1.353 

Acceptance oriteria: NLT 0.025% on the dried basis 

CONTAMINANTS 

* Elemental Impurities—Frocedures (233) 

Acceptance criteria 
Arsenie: NMT 1.0 pg/g 
Cadmrum: NMT 0.5 pg/g 
Lead: NMT5.Qpg/g 
Mercury: NMT 1.0 pg/g 

* Articles of Botanical Órigin, Pestldde Residues (561): 

Meets the reguirements 

5PECIFIC TEST5 

* Botanic Characteristics 

Macroscopk: The roots are oylindrical and irregularly 
branchea. The outer surface is dark brown and iongitu- 
dinalfy striated; fractures are short and tough. Trans- 
verse sections show a thin periderm and yellowish xy- 
lem with distinct rays, In ofder roots, the pith is spongy 
with a brown ish center surrounded by yelfow. 
Microscoptc: Rhizomes and roots in transverse section 
show a thin outer bark separated from a wide xylem by 
a brown vascufar cambium, The cork is composed of 
several rows of Lhin-walled cells containing brown pig¬ 
ment. Schizogenous resin canals are present in the cor- 
tex. The rhizome contains bast fibers and stone cells. 
The xylem, with distinct rays, contains tracheary ele- 
ments composed of reticulated vessels and tracheids 
(about 80 x 30 pm) with bordered pits and sianted end 
walls. Vessels and tracheids are surrounded by thick- 
walted parenchyma and fibers; fibers are elongated with 
narrow lumens and funnel-shaped ends (20-40 pm 
wide), Polygonal sdereids (about 50 pm in diameter) 
are also present. Xylem fibers have minimal or no 
phytomelanin deposits (unlike Echinacea angustrfolia and 
Echinacea paiiida). A melanogenlc layer is present be- 
tween adjacent xylem parenchyma celi walls, The rhi- 
zome, with pith, is composed of pitted parenchyma 
cells containing inulin crystals. Starch is minimal to ab- 
sent, and caldum oxalate crystals are absent. 

* Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 3.0% 

* LOSS ON DRYING (731) 

Analysis: Dry a sample at 105° for 2 h. 

Acceptance criteria: NMT 10.0% 

* Articles of Botanical Origin, Toto/ Ash (561): NMT 

7,0% 

* Articles of Botanical Origin, Add-lnsoluble Ash (561): 

NMT 4,0% 

ADDITIONAL REQUIIREMENTS 

* Packaginc and Storage: Storę in well-closed, light-resis- 
tant containers. 

* Labeling: The label States the Latin binomial and, follow- 
ing the official name, the parts of the plant contatned in 
the article. 


* USP Reference Standards {11} 

USP Caftaric Acid RS 

USP Chicoric Acid RS 

USP Chlorogenk Add RS 

USP Powdered Echinacea purpurea Extract RS 

USP Echinacoside RS 

USP 2£,4£-Hexadienok Add Isobutylamide RS 
USP jS-Sitosterol RS 


Powdered Echinacea purpurea 

DEFINITION 

Powdered Echinacea purpurea consists of the dried rhizome 
and roots of Echinacea purpurea (L.) Moench (Fam, Astera- 
ceae), harvested in the fali after three or morę years of 
growth, and reduced to powder. It contains NLT 0.5% of 
tota! phenols, calculated on the dried basis as the sum of 
caftaric acid (CuHizO*), chicoric add (C^HiaOi*), and 
chlorogenk: acid (C^HieG^)* It contains NLT 0.025% of 
alkamides calculated as dodecatetraenoic acid isobutyl- 
amides (CieHzsNO). 

IDENTIFICATION 
• A. Thin-Layer Chromatography 

Presence of chicoric acid and absence of echinacoside 
Standard solution A: 0.2 mg/mL of USP Echinacoside 
RS in methanol 

Standard solution B: 0.2 mg/mL of USP Caftaric Acid 
RS, 0.1 mg/mL of USP Chlorogenic Acid RS, and 
0.2 mg/mL of USP Chicoric Acid RS in methanol 
Standard solution C: 20 mg/mL of USP Powdered 
Echinacea purpurea £xtract RS in methanol, Shake to 
dtsperse, sonicate for 5 min, and centrifuge, Use the 
supernatant. 

Sample solution: Transfer 1 g of Powdered Echinacea 
purpurea to a centrifuge tubę, add 10 mL of methanol, 
mix well, and sonicate for 10 min. Centrifuge, and use 
the supernatant. 

Chromatographic system 
(See Chromatography (621), Thimioyer Chromało- 
graphy.) 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size or 5 jam (HPTLC plates) 
Application volume: S pL Standard solution C and 
Sample solution, and 2 pL Standard solution A and 
Standard solution B as 8-mm bands 
Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developing solvent system: A mixture of ethyl ace¬ 
tale, methylethyl ketone, water, and formie acid 
(5:3:1:1) 

Developing distance: 6 cm 
Derivatization reagent: 5 mg/mL of 2-aminoethyi 
diphenylborinate in ethyl acetate 
Analysis 

Sam pies: Standard solution A, Standard solution B , 
Standard solution C, and Sample solution 
Apply the Samples as bands to a suitable thin-layer 
chromatographic piąte, and dry In air Develop the 
chromatograms in a saturated chamber, Remove the 
piąte from the chamber, heat at 100° for 5 min, der- 
ivatize the piąte while still warm with Derivatization 
reagent, dry in air, and examine under UV light at 
366 nm. 

System suitability: Standard solution A shows one ma¬ 
jor blue band in the lower third section of the chro- 
matogram due to echinacoside. Standard solution B 
shows two major biue bands at about the middle of 
the chromatogram due to caftaric add (lower R?) and 
chlorogenk acid (higher R f ) that are dearly separated, 
and a blue band for chicoric acid in the upper third 
section of the chroma tog ram. 
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Acceptance criteria: The most prominent band in the 
Sample solution chromatogram es a blue band in the 
upper third section of the chromatogram at an Rr cor¬ 
responding to the chicoric add band in the chromato¬ 
grams of Standard solution B and Standard solution C 
[less prominent in Echinacea pollida and absent or al- 
most absent in Echinacea ongustifolia). The second 
most prominent band in the Sample solution chromat¬ 
ogram is a blue band at about the middle of the chro¬ 
matogram due to caftaric acid, corresponding to a 
band in the chromatogram of Standard solution C {ab¬ 
sent in Echinacea ongustifolia and a minor band in Echi¬ 
nacea pollida }, The Sample solution chromatogram does 
not exnibit a band at the R F of echinacoside fn Stan¬ 
dard solution A (difference from Echinacea pollida and 
Echinacea ongustifolia). The Sample solution chromato¬ 
gram may exhibit minor blue bands corresponding to 
simiiar bands in the chromatogram of Standard sófu- 
tion t One of these is due to chlorogenic acid at an 
corresponding to chlorogenic acid in the Standard so¬ 
lution fi. 

• B. Thin-Layer Chromatocraphy 

Presence of alkylamides 

Standard solution A: 0.2 mg/mL of USP /3-Sitosterol 
RS in methanol 

Standard solution B: 100 mg/mL of USP Powdered 
Echinacea purpurea Extract RS in dkhloromethane. 
Shake to dtsperse, sonicate for 5 min, and centrifuge. 
Use the supernatant. 

Sample solution: Transfer 1 g of Powdered Echinacea 
purpurea to a centrifuge tubę, add 10 mL of dichloro¬ 
methane, mix weil, and sonicate for 10 min. Centri¬ 
fuge, and use the supernatant. 

Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: Chromatographic srlica get with an aver- 
age particie size of 5 pm (HPTIC plates) 

Application volume: 5 jiL Standard solution B and 
Sample solution, and 2 pL Standard solution A as 
8-mm bands 

Relative humidlty: Condition the piąte to a refative 
humidity of about 33% using a suitable device. 
Developing solvent system: A mixture of toluene, 
ethyl acetate, cydohexane, and formie acid 
(8: 2: 1:03) 

Developing distance: 6 cm 

Derivatization reagent: Place 85 ml of methanol in 
a 100-mL glass bottle and cool it down in a waternce 
cubes-salt oath or in a freezer. To the ice-cold metha¬ 
nol, slowly and carefully add 10 ml of acetic acid and 
5 mL of sulfuric acid, and mix welL Allow the mixture 
to cool to room temperaturę, then add 0.5 mL of p- 
anisaldehyde. 

Anafysis 

Sam pies: Standard solution A, Standard solution B f and 
Sample solution 

Apply the Samples as bands to a suitable thin-layer 
chromatographic piąte, and dry in air. Condition the 
piąte to a relative humidity of about 33% using a 
suitable deviee< Develop tne chromatograms in a sat- 
urated chamber. Remove the piąte from the cham- 
ber, dry in air, derivatize with Deńvotizatlon reagent , 
heat at 100° for 3-5 min, set aside to cool, and ex- 
aminę under visibie light. 

System suitatoiJity: The chromatogram of Standard so¬ 
lution B exhibits the most prominent band as a pinkish 
violet band at about the middle of the chromatogram, 
and just below this pinkish band, a yiolet band at a 
Jower R f simiiar in position and color to the /Tsitosterof 
band in the chromatograms of Standard solution A. 
These two bands are cfearly separated from each 
other. The chromatogram of Standard solution B also 
shows a broad pinie violet band close to the solveht 
front. 


Acceptance criteria: The most prominent band of the 
Sample solution chromatogram is a pinkish violet band 
at about the middle of the chromatogram simiiar in 
position and cotor to a band in the Standard solution B 
chromatogram {much less prominent in Echinacea 
angustifoiia and Echinacea pollida), a violet band corre* 
sponding to /Tsitosterol band in the chromatograms of 
Standard solution A and Standard solution fi, and a 
broad pink viofet band close to the solvent front simi- 
lar in position and color to the band in the chromato¬ 
gram of Standard solution B. The Sample solution chro¬ 
matogram does not exhibit a yellow band below the 
/Tsitosterol band (difference from Echinacea angus- 
tifolia) or a prominent yiolet band at about two thirds 
of the chromatogram {difference from Echinacea 
pollida ). 

* C The retention time of the major peak in the Sample 

solution corresponds to that of the chicork acid peak tn 
Standard solution A t and the second most prominent 
peak corresponds to that of the caftaric add peak in 
Standard solution fi. The Sample solution chromatogram 
shows no or a very minor peak at the retention time 
corresponding to the echinacoside peak in the Standard 
solution D chromatogram. Ali peaks as obtained in the 
test for Content of Total Phenols . 

COMPOSITION 

• CONTENT OF TOTAL PHENOLS 

Solution A: Phosphoric add (0.1 in 100) in waler 
Solution B: Acetonitrile 
Mobile phase: See Table L 


Table 1 


Time 

Solution A 

Solution B 

(mini 

(%) 


0 

90 

10 

T3 

78 

22 

1 A 

60 

^0 

17.S 

60 

40 

18 

90 

10 

30 

90 

10 


20 pg/mL of USP Caftaric Acid RS 
20 pg/mL of USP Chlorogenic 
20 pg/mL of USP Echinacoside RS 
of Powdered 


Soh/ent: Alcohol and water (7:3) 

Standard solution A: 30 pg/mL of USP Chicoric Acid 
RS in Solvent 
Standard solution B: 
in Sotvent 

Standard solution C: 

Add RS in Solvent 
Standard solution D: 
in Soivent 

Sample solution: Transfer about 125 mg ot l J ov\ 
Echinacea purpurea (capable of passing tnrough a 
40-mesh sieve), accurately weighed, to a round-bottom 
fiask equipped with a condenser. Add 25.0 ml of Sol- 
vent f and heat under reflux whlle shaking by mechani- 
cal means for 15 min. Centrifuge, or pass through a 
membranę filter of 0.45-pm or finer porę size. 
Chromatographic system 
(See Chromatograpny {621), System Suitabiiity.) 

Modę: LC 

Detector: UV 330 nm 
Coiumn: 4,6-mm x 25-cm; 5-pm packing LI 
Column temperaturę: 35 D 
Flow ratę: 1.5 m L/min 
Injection vo!ume: 5 pL 
System suitabrfity 

Samples: Standard solution A and Standard solution B 
Suitability requirements 

Relatlve standard devlation: NMT 2% for chicoric 
acid peak in repeated mjections, Standard solution A 
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Anaiysis 

Samples: Standard sotution A f Standard sofution B t 
Standard solution C, Standard sotution D, and Sample 
solution 

Separatejy calcu tatę the percentage of caftaric add 
(C 13 H 12 O 9 ), chicoric add (GłjHiiO u ) t and chlorogenic 
add (CićHigO?) in the portion of Powdered Echinacea 
purpurea taken: 

Result = (fy/rs) x Ci x (V/W) x 100 

= peak area for the relevant analyte from the 
Sample solution 

n = peak area of the relevant analyte from the 
corresponding Standard solution 
Cs - concentration of the relevant analyte in the 
corresponding Standard solution (mg/mL) 

V - vofume of the Sample solution (mL) 

W - wefght of Powdered Echinacea purpurea used 

to prepare the Sample solution (mg) 

Calculate the percentage of total phenoh in the portion 
of Powdered Echinacea purpurea taken by adding the 
individual percentages calculated* 

Acceptance criteria: NLT 0.5% of totaf phenols on the 
dried basis 

* CONTENT OF ALKAMIDES 

Mobile phase: Acetonitrile and water (55:45) 

Standard sofution A: 5 mg/mL of USP Powdered Echi* 
nocea purpurea Extract RS m methanol. Dissolve using 
sonication and shaking for 10 min. After dilution, pass 
through a membranę filter having a 0.45-pm or finer 
porę size. 

Standard solution B: 10 jug/mL of USP 2£,4£-Hexadte~ 
noic Acfd Isobutyfamide RS in methanol 
Sample solution: Transfer about 2.5 g of Powdered 
Echinacea purpurea (capable of passing through a 
40-mesh sieve) into a round-bottom fiask. Add 80 mL 
of methanol, and reflux for 30 min, Cool to room tem¬ 
peraturę, and filter into a 100-ml volumetric fiask ustng 
smali portlons of methanol to rinse the fiask and the 
fil ter. Di lute with methanol to volume. Pass through a 
membranę filter having a 0*45-Jim or finer porę srze. 
Chromatographic system 
(See Chromatograpny (62*1), System SuitabiHty.) 

Modę: LC 

Detector: UV 254 nm 
Ooiumn: 4.6-mm x 25-cm; 5-pm packlng LI 
Column temperaturę: 30 q 
Flow ratę: 1,5 ml/mtn 
injection volume: 25 JiL 
System suitability 

Sam pies: Standard solution A and Standard solution B 

Suitability reguirements 

Chromatogram similarity: The chromatogram from 
Standard solution A is similar to the Reference Chro¬ 
matogram for alkamides provided with USP Pow- 
derecf Echinacea purpurea Extract RS. 

Resolution: NLT 1.0 between dodecatetraenoic add 
isobutylamide peaks, Standard solution A 
Tailing factor: NMT 2.0 for 2E,4£-hexadienok add 
isobutylamide peak, Standard solution B 
Relative standard deviation: NMT 2.5% for the 2£, 
4£-hexadienoic add isobutylamide peak in repeated 
injections, Standard solution B 
Anafysis 

Samptes: Standard 50 /uf/on Ą Standard sofution B, and 
Sample solution 

Identify the peaks of the 10 major alkamides rn the 
chromatogram from the Sample solution by compari- 
son with the chromatogram from Standom solution A. 
Calculate the percentage of alkamides in the portion of 
Powdered Echinacea purpurea taken: 

Result - (ru/r s ) x Cj x (V/W) x £ x 1 00 


r u - sum of the peak areas of the relevant analytes 
from the Sample sofution 
fs = peak area of 2£,4£-hexadienoic acid 

isobutylamide from Standard solution B 
Cs = concentration of USP 2£,4£-HexadienOfC Acid 
Isobutylamide RS in Standard solution B 
(mg/mL) 

V - volume of the Sample solution (mL) 

W = weight of Powdered Echinacea purpurea used 
to prepare the Sample sofution (mg) 
f - response factor for 2£,4£-hexadienoit add 
isobutylamide, 1.353 

Acceptance criteria: NLT 0.025% on the dried basis 

CONTAMINANTS 

* ELEMENTAL IIWPU R JTIE5—PROCEDURES (233) 

Acceptance criteria 
Arsenie: NMT 1.0 jug/g 
Cadmium: NMT 0.5 j.sg/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 1.0 pg/g 

* Articles of Botanical Origin, General Procedurę for Pesti- 

cide Residues Anafysis (561): Meets the reąuirements 

SPECIFIC TESTS 

* Botanic Characteristics: Under a mkroscope, the fol- 

lowing characteristics are ob$erved: vessels (80 x 30 pm) 
with slanted end walls and spiral or pitted secondary 
walls; rectangular cork cells (150 x 60 um) with brown 
indusfons; rectangular parenchymatous cells (120x 30 
um), some pitted; elongated fi ber cells havlng a narrow 
lumen with funnel-shaped end (20^0 jam wide); polygo- 
nal sclereids; a meianogenic layer of variable thickness, 
interspersed between tne celi walls of the parenchyma; 
and lignified sclereids, vessels, and fi bers* Śtarch is pres- 
ent; calcium oxalale and inulin crystals are absent. 

* Loss ON Drying (731) 

Analysis: Dry a sample at 105° for 2 h. 

Acceptance criteria: NMT 10.0% 

* Articles of Botanical Origin, Totaf Ash (56 T): NMT 

7.0% 

* Articles of Botanical Oricin, Add-lnsoluble Ash <561): 

NMT 4.0% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in weil-closed, light- 

resistant contamers. 

* Labeling: The tabel States the Latin binomlaf and, follow- 

ing the offidai na me, the part of the plant from which 
the article was derived, 

* USP Reference Standard* (11) 

USP Caftaric Acid RS 

USP Chicoric Acid RS 

USP Chlorogenic Acid RS 

USP Powdered Echinacea purpurea £xtract RS 

USP Echinacoside RS 

USP 2£,4£-Hexadienoic Acid Isobutylamide RS 
USP /TSitosterol RS 


Powdered Echinacea purpurea Extract 

DEFINITfON 

Powdered Echinacea purpurea Extract is p rep a red from dried 
Echinacea purpurea Root, Echinacea purpurea Aerial Parts, 
or a mixture of them, by ex trach on with hydroafcoholic 
mixtures or other suitable solvents. The ratio of the start- 
Ing crude plant materiał to Powdered Extract Is between 
2:1 and 8:1. It contains NLT 4,0% of total phenols, calcu- 
lated as the sum of caftaric acid (CuH^Cb), chicoric acid 
(CjttHmOia), and chlorogenic add (C| fi H lfl 0 9 ), on the drfed 
basis, It contains NLT 0.025% of dodecatetraenoic acid 
isobutylamides (CioHasNO), calculated on the dried basis. 
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IDENTIFICATION 
* A. THIN-LAYER Chromatography 

Presence of chicoric add and absence of echinacoside 
Standard solution A: 0.2 mg/mL of USP Echinacoside 
RS in methanol 

Standard solution B: 0.2 mg/mL of USP Caftaric Acid 
RS, 0.1 mg/ml of USP Chlorogenic Acid RS, and 
0.2 mg/mL of USP Chicoric Acid RS in methanol 
Standard solution 0: 20 mg/mL of USP Powdered 
Echinacea purpurea Extract RS in methanol. Shalce to 
disperse, son i ca te for 5 min, and centrifuge. Use the 
supernatant. 

Sample solution: 20 mg/mL of Powdered Echinacea 
purpurea Extract in methanol. Shake to disperse, soni- 
cate for 5 min, and centrifuge. Use the supernatant. 
Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromało* 
graphy.) 

Adsorbent: Chromatographic silica ge! mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 5 piL Standard solution C and 
Sampfe solution , and 2 pL Standard solution A and 
Standard solution B as 8-mm bands 
Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developlng solvent system: A mixture of ethyl ace¬ 
tale, methylethyl ketone, water, and formie acid 
(5:3:1:1) 

Developing drstance: 6 cm 
Derivatl2aSon reagent: 5 mg/mL of 2-aminoethyl 
diphenylborinate in ethyl acetale 
Analysis 

Sam pies: Standard solution A, Standard solution fi, 
Standard solution C, and Sample solution 
Apply the Samples as bands to a suitable thin-layer 
chromatographic piąte, and dry in air. Develop the 
chromatograms in a saturated cham ber. Remove the 
piąte from the chamber, heat at 100 D for 5 min, der- 
ivatize the piąte whiie stifl warm with Deńvatization 
reagent, dry in air, and examine under UV light at 
366 nm. 

System suitability: Standard solution A shows one ma¬ 
jor blue band in the lower third section of the chro- 
matogram due to echinacoside. Standard solution B 
shows two blue bands at about the middle of the 
chromatogram due to caftaric acid (lower and 
chlorogenic acid (hlgher Rf) that are clearly separated, 
and a blue band for chicoric acid in the upper third 
section of the chroma tog ram. 

Aceeptance criteria: The most prominent band in the 
Sample solution chromatogram is a blue band in the 
upper third section of the chromatogram at an R f cor¬ 
responding to the chicoric acid band in the chromato¬ 
grams of Standard solution B and Standard solution C 
(less prominent in Echinacea pallida and absent or al- 
most absent in Echinacea angusti folia). The second 
most prominent band in the Sample solution chromat¬ 
ogram is a blue band at about the middle of the chro¬ 
matogram due to caftaric acid, corresponding to a 
band in the chromatograms of Standard solution B and 
Standard solution C (absent in Echinacea angusti folia 
and a minor band in Echinacea pal Uda). The Sample 
solution chromatogram does not exhibit a band at the 
R f of echinacoside in Standard solution A (difference 
from Echinacea pallida and Echinacea angusti folia). The 
Sampie solution chromatogram may exhibit minor blue 
bands corresponding to similar bands in the chromat¬ 
ogram of Standard solution C. One of these is due to 
chlorogenic acid at an Rf corresponding to chlorogenic 
acid in Standard solution B. 

• B Thin-Layer Chromatography 
Presence of alkylamrdes 

Standard solution A: 0.2 mg/mL of USP /J-Sitostęrol 
RS in methanol 


Standard solution B: 100 mg/mL of USP Powdered 
Echinacea purpurea Extract RS in dichloromethane. 
Shake to disperse, sonicate for 5 min, and centrifuge, 
Use the supernatant. 

Sample solution: 100 mg/m L of Powdered Echinacea 
purpurea Extract in dichloromethane. Shake to dis¬ 
perse, sonicate for 5 min, and centrifuge. Use the 
supernatant. 

Chromatographic system 

(See Chromatograpny (621), Thin-Layer Chromato¬ 
graphy.) 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC plates} 

Application vo!ume: 5 pL Standard solution B and 
Sample solution , and 2 pL Standard solution A, as 
8-mm bands 

Re!ative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developing solvent system: A mixture of toluene, 
ethyl acetale, cydohexane, and formie acid 
(8:2:1:0.3) 

Developing di stance; 6 cm 

Derivatization reagent: Place 85 mL of methanol in 
a 100-mL glass bottle, and cool it down in a 
water-ice cubes-salt bath or in a freezer. To the ice- 
cold methanol, sfowly and carefully add 10 ml of 
acetic acid and 5 mL of sulfuric acid, and mix welL 
Aflow the mixture to cool to room temperaturę, then 
add 0.5 mL of p-anisaldehyde. 

Analysis 

Samples: Standard solution A, Standard solution fi, and 
Sample solution 

Apply the Samples as bands to a suitable thin-layer 
chromatographic piąte, and dry in air. Develop the 
chromatograms in a saturated chamber, Remove the 
piąte from the chamber, dry in air, derivatize with 
DenvatUotion reagent , heat at 100° for 3-5 min, set 
astde to cool, and examrne under visible light. 

System suitability: The chromatogram of Standard so - 
fution B exhibits the most prominent band as a pinkish 
violet band at about the middle of the chromatogram, 
and just below this pinkish band, a viofet band at a 
lower Rf similar in position and color to the /ł-sitosterol 
band in the chromatograms of Standard solution A. 
These two bands are clearly separated from each 
ot hen The chromatogram of Standard solution B also 
shows a broad pink violet band close to the solvent 
front. The /3-srtosterol band of the Standard solution B 
chromatogram and the pinkish violet band underneath 
are clearly separated from one another. 

Aceeptance criteria: The most prominent band of the 
Sampie solution chromatogram is a pinkish violet band 
at about the middle of the chromatogram similar in 
position and color to a band in the Standard solution B 
chromatogram (much less prominent in Echinacea 
angusti folia and Echinacea pallida), a violet band corre¬ 
sponding to /3-sitosterol band in the chromatograms of 
Standard solution A and Standard solution fi, and a 
broad pink violet band close to the so!vent front simi- 
lar in position and color to the band in the chromato¬ 
gram of Standard solution B. The Sample solution chro¬ 
matogram does not exhibit a yellow band below the 
/J-sitosterol band (difference from Echinacea angus- 
tifolia) or a prominent violet band at about two-thtrds 
of the chromatogram (difference from Echinacea 
pallida). 

* C The retention time of the major peak in the Sampie 
solution corresponds to that of tne chicoric acid peak in 
Standard solution Ą and the second most prominent 
peak corresponds to that of the caftaric acid peak in 
Standard solution B . The Sampfe solution chromatogram 
shows no or a very minor peak at the retention time 
corresponding to the echinacoside peak in the Standard 
solution 0 chromatogram, afl peaks as obtained in the 
test for Content of Total Phenols. 
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COMPOSIYION 
• CONTENT OF TOTAL PHEN0L5 

Solvent: Alcohol and water (7:3) 

Standard solutlon A: 30 pg/mL of USP Chicoric Acid 
RS in Solvent 
Standard soiution B: 
in So!vent 

Standard soiution C: 

Add RS in Solvent 
Standard solutlon D: 

in Solvent 

Sample soiution: Transfer 60 mg of Powdered Echina¬ 
cea purpurea Extract to a round-oottom fiask eguipped 
with a condenser. Add 25 ml of Solvent , and heaf 
under reflux whiie shakin 


20 ug/mL of USP Caftaric Acid RS 
20 pg/mL of USP Chlorogenk 
20 pg/mL of USP Echinacoside RS 


ing by mechanical means for 15 
s through a membranę fiiter of 


min, Centrifuge, or pass 
Q.45-pm or fi ner porę size, 

Soiution A: Phosphonc acid (OJ in 100) in water 
Solutlon B: Acetonitrile 
Mobile phase: See Tobie ?. 


Tabfle 1 


Time 

Soiution A 

Soiution B 

(min) 

(m 

(%) 

0 

90 

10 

13 

78 

22 

14 

60 

40 

17 

60 

40 

17.5 

90 

10 

22 

90 

10 


Chromatographic system 

(See Chromatogropny (621), System Suitabiiity.) 

Modę: LC 

Detector: UV 330 nm 

Coiumn: 4.6-mm x 25-tm; 5-prn packing LI 

Column temperatura: 35° 

FIow ratę: 1.5 mL/min 
Injection volume: 5 j_iL 
System suitabiiity 

Samples: Standard soiution A and Standard soiution 8 

Suitabiiity requirements 

Relative standard deviation: NMT 2% for chicoric 
acid peak in repeated injections, Standard soiution A 
Anałysis 

Samples: Standard soiution A, Standard soiution B, 
Standard soiution C, Standard soiution D, and Sample 
soiution 

Separafely ealculate the percentage of caftaric add 
(Ci 3 H 12 G 9 ), chicoric acid (Ci^HiaGu), and chiorogenic 
acid (C 16 H tb Oc) in the portion of Powdered Echinacea 
purpurea Extract taken: 

ResuEt - (rulrś) x (Cj/Cy) x 1 00 

fu - peak response for the relevant analyte from 
the Sompie soiution 

r$ = peak response of the re1evant analyte from the 
corresponding Standard soiution 
Q - concentration of the relevant analyte in the 
corresponding Standard soiution (mg/mL) 

Q - concentration of Powdered Echinacea purpurea 
Extract in the Sample soiution (mg/mL) 
Calculate the percentage of total phenols in the portion 
of Powdered Echinacea purpurea Extract taken by 
adding the individuai percentages calculated. 
Acceptance criteria: NLT 4.0% on the dried basis 
• CONTENT OF DODECATETRAENOIC ACID flSOBUTYLAMIPES 
Standard soiution A: 5 mg/mL of USP Powdered Echi¬ 
nacea purpurea Extract RS in methanol. Dissolve using 
sonication and shaking for 10 min. Affer dilution, pass 
through a membranę filter having a 0,45-pm or finer 
porę size. 


Standard soiution B: 10 pg/mL of USP 2£,4ZHexadie- 
noic Acid Isobutylamide RS in methanol 
Sample soiution: Transfer about 500 mg of Powdered 
Echinacea purpurea £xtract, accuratety weighed, into a 
100-mL yolumetric fiask. Add 80 ml of methanol, and 
sonicate for 30 min. Cod to room temperaturę, and 
dilute with methanol to voiume. Pass tnrough a mem¬ 
branę filter of 0,45-pm or finer porę stze. 

Mobile phase: Aceton Etnie and water (55:45) 
Chromatographic system 
(See Chramatograpny (621), System Suitabiiity.) 

Modę; LC 

Detector: UV 254 nm 

Column: 4 . 6 -mm x 25-cm; 5-pm packing LI 

Column temperaturo: 30° 

Flow ratę: 1 .5 mL/min 
Injection volume: 25 |il 
System suitabiiity 

Samples: Standard soiution A and Standard soiution B 

Suitabiiity requirements 

Chromatogram simrlarity: The chromatogram from 
Standard soiution A is simtlar to the Reference Chro¬ 
matogram for alkamides provrded with USP Pow¬ 
dered Echinacea purpurea Extract RS. 

Resolution: NLT 1.0 between dodecatetraenoic acid 
isobutylamide peaks, Standard soiution A 
Tailing factor: NMT 2.0 for the 2f r 4f-hexadienoic 
acid isobutylamide peak, Standard soiution B 
Relative standard deviation: NMT 2.5% for the 2 E, 
4 E-hexadienotc acid isobutylamide peak in repeated 
injections, Standard soiution B 
Anałysis 

Samples: Standard soiution Ą Standard soiution and 
Sample soiution 

Identify the peaks due to 2£,4£,8Z,10£-dodecatetraenoic 
acid isobutylamide and 2£,4£,8Z,10Z-dodecatetraenoic 
add isobutylamide in the chromatogram from the 
Sample soiution by comparison with the chromatogram 
from Standard soiution A, Measure the areas for the 
relevant peaks. 

Calculate the percentage of dodecatetraenoic acid iso- 
butylamides in the portion of Powdered Echinacea 
purpurea Extract taken: 

Result - (ru/rj) x ( Cs / Cu) x F x 100 

r u - sum of the peak responses of the relevant 
analytes from the Sample soiution 
n - peak response from Standard soiution B 
C 5 - concentration of USP 2£,4£-Hexadienoic Acid 
Isobutyfamide RS in Standard soiution 8 
(mg/mL) 

Cu = concentration of Powdered Echinacea purpurea 
Extract in the Sample soiution (mg/mL) 

F = response factor to convert 2 £, 4 £-hexadienoic 
acid isobutylamide into dodecatetraenoic 
acid isobutylamides, 1.353 

Acceptance criteria: NLT 0.025% on the dried basis 

CONTAMSNANTS 

* ELEMENTAL IMPURITIES—PROCEDURES (233) 

Acceptance criteria 
Arsenie: NMT 1.0 |ig/g 
Cadmium: NMT 0.5 jug/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 1.0 pg/g 

5 Articles of Botanical Origin, General Method for Pesti- 
cide Residues Anałysis (561); Meets the requirements 

* Microbial Enumeratoon Tests (2021); The total bacterial 

count does not exceed 10^ cfu/g. The total combi ned 
molds and yeasts count does not exceed IG 3 cfu/g. 
a Absence of Specified Microorganisms (2022): It meets 
the requirements of the tests for absence of Salmonella 
species and Escherichia coli . 
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* Botanical Extracts, Residual Solvents (565): Meets the 
requirements 

5PECIFIC TEST5 

* Loss ON Dhying (731) 

Sample: 1 g 

Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 5.0% 

ADDITSONAL REQUIREMENT5 

* Packacing and Storach: Preserve in tight, llght-resistant 
containers, in a cod place. 

* Labeling: The label States the Latin binomial and, follow- 
ing the offidal name, the parts of the plant from whicb 
the article was prepared. If derived from root and aerial 
parts, indicate the corresponding percentages. Label it to 
mdicate the content of total phenols and dodecatefra- 
enoic isobutylamides. The label bears a statement indicaT 
ing that Echinacea purpurea may cause rare allergic reao- 
tions, rashes, or aggravate asthma. It meets the 
reouirements for Botanice! Extracts (565), Labeling. 

* USP reference Standards (11) 

USP Caftaric Add RS 

USP Chicoric Add RS 

USP Chlorogenic Add RS 

USP Powdered Echinacea purpurea Extract RS 

USP Echinacoside RS 

USP 2£,4£-Hexadienoic Add Isobutylamide RS 
USP /TSrtostero! RS 


Eleuthero 


DEFINITION 

Eleuthero is the dried rhizome with roots of Eleutherococcus 
sentkosus (Rupr. & Maxim.) Maxim. (Fam. Araliaceae) 
[Acanthopanax sen ticosus (Rupr. & Maxim.) Harms], It 
contains NLT 0,08% of the sum of eleutheroside B and 
eleutheroside E, calculated on the dried basis. 

IDENTIFICATION 

* A, HPTLC FOR Articles of Botanical Origin (203) 
Standard solution A: 1 mg/mL of USP Eleutheroside E 
RS in methanol 

Standard solution B: 1 mg/mL of USP Efeutheroside B 
RS in methanol 

Standard solution C: 0.1 g of USP Powdered Eleuthero 
Extract RS in 5 mL of agueous ethanol 50%. Sonicate 
for 10 min, centrifuge, and use the supernatant 
Sample solution: Transfer about 1 g of finely powdered 
Eleuthero to a centrifuge tubę, add 5 mL of aqueous 
ethanol 50%, and mix welL Sonicate for 10 min. Cen* 
trifuge or filter the solution, and use the supernatant or 
the fil tratę. 

Adsorbent: Chroma tog rap hic slffca gel with an average 
particie size of 5 pm (HPTLC plates) 

Application volume: 10 pL, as bands 
Developmg solvent system: Chloroform, methanol, 
and water (35:15:2) 

Derivatization reagent: To 18 mL of ite-cold methanoJ 
slowly and carefully add 2 mL of sulfuric add, and m!x 
welL Allow the mixture to adjust to room temperaturę. 
Analysis 

Samples: Standard solution A t Standard solution B f 
Standard solution C, and Sample solution 
Before the development of the chromatogram, saturate 
the cham ber for 20 min with Developing solvent sys¬ 
tem . (f the ambient relative humidity exceeds 50%, 


condition the piąte to about 30% rdative humidity, 
using a suitable device. Deve!op the piąte over a path 
of 6 cm, dry, and spray with Denyadzdtion reagent. 
Heat the piąte at 100° for 5 min, and examine under 
white fight and under UV Ifght (365 nm). 

Acceptance criteria: Under white light, the Sample so¬ 
lution exhibits two brown bands due to eleutheroside E 
and eleutheroside B at & values of about 0.34 and 
0,45, corresponding in color and R f to the bands exhrb- 
Eted by Standard solution A and Standard solution B, re- 
spective!y. The Sample solution also exhibits two addi- 
tionai brown bands near the application zonę, 
corresponding in color and R f values to the bands ex- 
hibited by Standard solution C Other bands may be ob* * 
served in the Sample solution and Standard solution C 
chromatograms. Under UV light, the Sample solution 
shows a brown band due to eleutheroside E corre¬ 
sponding in color and Rf to the band exhibited by Stan - 
dard solution A. 

* B. HPLC: The chromatogram of the Sample solution ol> 

tained in the test for Content of Eleutherosides B and E 
shows a peak at the retention time corresponding to that 
of eleutheroside 8 in the chromatogram of Standard solu¬ 
tion B and a peak at the retention time corresponding to 
that of eleutheroside E in the chromatogram of Standard 
solution A. 

COMPOSITION 

* Content of Eleutherosides B and E 

Solvent: Methanol and water (1:1) 

Solution A: Acetonitrile and water (5:95) 

Solution B: Acetonitrile and water (60:40) 

Mobile phase: See Table 7. 


Table 1 


Time 

tminl 

Solution A 

Solution B 

0 

97 

3 

5 

97 

3 

30 

60 

40 

V 

5 

95 

45 

S 

95 

45.1 

97 

3 

60 

97 

3 


Standard solution A: 0,1 mg/mL of USP Eleutheroside 
E RS in methanol. Transfer 2.0 mL to a 5-ml volumetr3c 
fiask, and dilute with Solvent to voiume. 

Standard solution B: 0.1 mg/mL of USP Eleutheroside 
B RS in methanol. Transfer 2.0 mL to a 5-mL yolumetric 
fiask, and dilute with Solvent to volume. 

Standard solution O 5.0 mg/mL of USP Powdered 
Eleuthero Extract RS in SolvenL Sonicate for 30 min, 
cool to room temperaturę, decant, and pass through a 
nylon filter of 0.45-pm or finer porę size, 

Sampfe solution: Transfer about 5.0 g of finely ground 
Eleuthero, accurately weighed, to a round-bottom fiask 
equipped with a condenser. Add 50 ml of Solvent f and 
heat under reflux for 30 min, Filter the supernatant 
through cotton wool inlo a 100-mL volumetric fiask. 
Transfer the cotton wool to the round-bottom fiask, and 
repeat the extraction twice, using 22 mL of 5olvent for 
each extraction. Filter through cotton wool into the yol¬ 
umetric fiask, wash the residue and the cotton wool 
with Solvent t cool to room temperaturę, dilute with Sol- 
vent to volume, and mtx. Before injection, pass through 
a nylon filter of 0.45~pm or finer porę size, discarding 
the first few mL of the fil tratę. 
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Chromatographic system 

(See Chromatograpny System Suitability.) 

Modę: LC 

Oetector: UV 220 nm 
Column: 4.0-mm x 25-cm; 5-jj.m packing U 
Flow ratę: 1 mL/min 
Injection vofume: 10|iL 
System suitability 

Samples: Standard solution B and Standard solution C 

Suitability reąuirements 

Chromatogram similarity: The ehromatogram from 
Standard solution C is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Eleuthero Extract RS being used. 

Re!ative standard deviation: NMT 2.0% determined 
from the eleutheroside B peak in repeated injectrons. 
Standard solution B 
Analysls 

Sampies: Standard solution Ą Standard solution B, 
Standard solution C, and Sample solution 
Identify the eleutheroside B and eleutheroside E peaks 
in the Sample solution by comparison with the chro- 
matograms of Standard solution B and Standard solu¬ 
tion A, respectfvely. 

Separately calculate the percentages of eleutheroside B 
and eleutheroside E in the portron of Eleuthero taken: 

Resułt ^ {rj^) x C s x (VfW) x 100 

r y = peak area of the relevant analyte in the 
Sample solution 

n = peak area of eleutheroside E or eleutheroside B 
in Standard solution A or Standard solution 8, 
respectivety 

Cs = concentration of eleutheroside E or 

eleutheroside B in Standard solution A or 
Standard solution B f respeotively (mg/mL) 

V - volume of the Sample solution (mL) 

W - weight of Eleuthero taken to prepare the 
Sample solution (mg) 

Acceptance criteria: Add the percentages of eleuthero- 
srde B and eleutheroside E: NLT 0.08% on the dried 
basis. 

CONTAMIN ANT5 

■ Articles of Botanical Origin, Limits of Elemental Impuri - 
fres (561): Meets the reąuirements 

• Articles of Botanical Origin, Pestidde Residue Analysis 
(561): Meets the reąuirements 

• Microbial Enumeration Tests (2021): The totai aerobic 
bacterial count does not exceed 10 S cfu/g, the totai com- 
bined molds and yeasts count does not exeeed 10 3 cf uf 
g, and the bile-tolerant Cram-negative bacteria do not 
exceed 1Q 3 cfu/g, 

• Absence of Specified Micro organ i sms (2022): Meets the 

reąuirements of the tests for absence of Salmonella spe* * 
cies and Escherichia coli 

SPECIFłC TESTS 
» Botanical Characteristics 

Macroscopic: The rhizome is knotty and of irregular cy* 
llndrical shape with a diameter of 15-40 mm. The 
heartwood area is light brown, and the connecting 
spfint wood is pale yeliow, The bark is approximately 
2 mm thick and is firmly affixed to the xylem. The sur¬ 
fa ce is gray-brown or bl a ck* brown, coarse, and longitu- 
dinally valfecuiate and pika te. A broken rhizome is 
coarse and fibrous, particularly inside the xylem. The 
f rac tu red surface of the bark shows short, thin fi bers. 
Mumerous roots spring from the underside of the rhi¬ 
zome. These roots are 35-150 mm long, cyllndiica! and 
knotty, with a diameter of 3-15 mm, The surface of the 
roots is gray-brown to black-brown, smoother than the 
rhizome, and has longitudinal stripes. A 0.5-mm thin 
bark is tightly affixed to the pale yellow xylem. A bro¬ 


ken root is sparsely fibrous and appears yellowish-gray 
where the thin epidermis is flakea off. 

Microscopk: The roots have five to seven rows of 
brown cork cells, Secretory canals with brown contents 
appear in groups of four or five and are not morę than 
20 pm in diameter, Phloem fi bers with thick ligntfsed 
walls occur singly or in smali groups; there are cluster 
crystals of caldum oxa!ate in fne phloem parenchyma. 
Parenchymatous cells surround the secretory cells, and 
medullary ray ceiis contain smali starch granules. The 
xylem shows reticulateiy thickened and pitted vessels, 
The rhizome is similar to the roots except for larger 
secretory canals, up to 25 jirrt in diameter, and the 
presence of a pith with parenchymatous cells contain- 
ing starch granules. 

* Loss ON Drying (731): Pry a sample at 105° to constant 

weight; rt loses NMT 14.0% of its weight. 

* Articles of Botanical Origin, Totai Asn (561): NMT 

8 . 0 % 

* Articles of Botanical Origin, Water-Soluble Extractives / 

Method 2 (561): NLT 4.0% 

* Articles of Botanical Origin, Foreign Organie Matter 

(561): NMT 3.0% 

ADDITiONAL REĄUIREMENTS 

* Packaging and Storage: Preserve in well-dosed, light* 

resistant containers. 

* Labeling: The label States the Latrn binomial and, follow- 

ing the official name, the parts of the plant contained in 
the artide. 

* USP Reference Standard; (11) 

USP Eleutheroside B RS 

/3“D-Glucopyrano5tde, 4-(3-hydroxy-1 -propenyl)-2,ó- 
dimethoxyphenyl. 

C 17 H 24 O 9 372.37 

USP Eleutheroside E RS 

/To-Giucopyranoside, (tetra hydro-1 H,3H-furo(3,4- 
c)furan-1,4-diyl)bis(2,6-dimethoxy-4,1-phenylene)bis-. 
C^H^Ots 742.70 
USP Powdered Eleuthero Extract RS 


Powdered Eleuthero 


DEFINITION 

Powdered Eleuthero is Eleuthero reduced to a powder or 
very fine powder. It contains NLT 0.08% of Lhe sum of 
eleutheroside B and eleutheroside E, calculated on the 
dried basis. 

IDENTIFICATION 

* A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203) 

Standard solution A: 1 mg/mL of USP Eleutheroside E 
RS in methanol 

Standard solution B: 1 mg/ml of USP Eleutheroside B 
RS in methanol 

Standard solution C: 0.1 g of USP Powdered Eleuthero 
Extract RS in 5 mL of aąueous ethanol 50%. Sonicate 
for 10 min, centrifuge, and use the supernatant. 

Sample solution: Transfer about 1 g of Powdered 
Eleuthero to a centrifuge tubę, add 5 ml of aąueous 
ethanol 50%, and mix well. Sonicate for 10 min, Cen¬ 
trifuge or filter the solution, and use the supernatant or 
the nitrate. 

Adsorbent: Chromatographic silica gel with an average 
particie size of 5 jim {HPTLC plates) 

Application volume: 10 pi, as bands 

Devefoping solvent system: Chloroform, methanol, 
and water (35:15:2) 

Derivatization reagent; To 18 ml of ice-cofd methanol 
slowly and carefuily add 2 mL of sulfurie add, and mix 
well. Allow the mixture to adjust to room temperaturę. 
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Analysis 

Sam pies: Standard solution A , Standard solution B t 
Standard solution C, and Sample solution 
Before the deveiopment of the chromatogram, saturate 
the chamber for 20 min with Developtng sohrent sys¬ 
tem. If the ambient relatwe humidity exceeds 50%, 
condition the piąte to about 30% refative humidity, 
using a suitable device. Develop the piąte over a path 
of 6 om, dry, and spray with Derlvatization reagent. 
Heat the piąte at 100° for 5 min, and examine under 
white light and under UV light (365 nm). 

Acceptance criteria: Under white light, the Sample so¬ 
lution exhibits two brown bands due to eleutheroside E 
and eleutheroside B at R f values of about 0.34 and 
0.45, corresponding in color and Rf to the bands exhib- 
ited by Standard solution Aa nd Standard solution B, re- 
$pectivefy. The Sample solution also exhibits two addi- 
tional brown bands near the application zonę, 
corresponding in color and R f va!ues to the bands ex- 
hibited by Standard solution C. Other bands may be ob- 
served 3n the Sample solution and Standard solution C 
chromatograms. under UV light, the Sample solution 
shows a brown band due to eleutheroside E corre¬ 
sponding in color and to the band exhibited by Ston- 
aard solution A. 

« B HFLC: The chrom a tog ram of the Sample solution ob- 
tained in the test for Content of Eleutherosides B and E 
shows a peak at the retention time corresponding to that 
of eleutheroside B in the chromatogram of Standard solu- 
tion B and a peak at the retention time corresponding to 
that of eleutheroside E in the chroma tog ram of Standard 
solution A 

COMPOSITION 

* Content of Eleutherosides B and E 
Solvent: Methanol and water (1:1) 

Solution A: Acetonitrile and water (5:95) 

Solution B: Acetonitrile and water (60:40) 

Mobile phase: See Tahle I. 


Table 1 


Time 

(min) 

Solution A 

iw 

Solution B 

0 

97 

3 

5 

97 

3 

30 

60 

40 

31 

3 

95 

45 

5 

95 

45.1 

97 

3 

60 

97 

3 


Standard solution A: OJ mg/mL of USP Eleutheroside 
E RS in methanol. Transfer 2.0 mL to a 5-mL volumetric 
fiask, and diiute with Solvent to volume. 

Standard solution B: OJ mg/mL of USP Eleutheroside 
B RS In methanol Transfer 2.0 mL to a 5-mL volumetric 
fiask, and diiute with Solvent to volume. 

Standard solution C: 5.0 mg/mL of USP Powdered 
Eleuthero Extract RS in So/mrt. Sonicate for 30 min, 
cool to room temperaturę, decant, and pass through a 
nylon fil ter of 0.45-itm or fi ner porę size. 

Sample solution: Transfer 5.0 g of Powdered Eleuthero, 
accurately weighed, to a round-bottom fiask equipped 
with a condenser, Add 50 mL of Solvent t and heat 
under reflux for 30 min. Filter the supernatant through 
cotton wool into a 10O-rnl volumetnc fiask. Transfer the 
cotton wool to the round-bottom fiask, and repeat the 
extraction twice, using 22 mL of Solvent for each extrac- 
tion, Fifter through cotton wool into the volumetnc 
fiask, wash the residue and the cotton wool with 5o/- 
venl, coo] to room temperaturę, diiute with Solvent to 
vofume, and mix. Before injection, pass through a nylon 


fifter of 0.45-jim or finer porę size, discarding the first 
few mL of the filtra te, 

Chromatographic system 
(See Chromatography (621 >, System Suitability.) 

Modę: LC 

Detector: UV 220 nm 
Column: 4.0-mm x 25-cm; 5-pm packing LI 
FIow ratę: 1 mL/min 
injection volume: 10 pL 
System suitability 

Samples: Standard solution B and Standard solution C 
Suitability reguirements 

Chromatogram similarity: The chromatogram from 
Standard solution C is simiiar to the referenee chro¬ 
matogram provided with the lot of USP Powdered 
Eleuthero Extract RS being used. 

Relative standard deviation: NMT 2.0%, determined 
from the eleutheroside B peak in repeated injections. 
Standard solution B 
Analysis 

Samples: Standard solution A Standard solution 8, 
Standard solution C, and Sample solution 
Identify the eleutheroside B and eleutheroside E peaks 
in the Sample solution by comparison with the chro¬ 
matograms of Standard solution B and Standard solu¬ 
tion A respectively. 

Separately calculate the percentages of eleutheroside B 
and eleutheroside E in the portion of Powdered 
Eleuthero taken: 

Result = (fu/rs) x C s x (V/W) x 100 

r u - peak area of the relevant analyte from the 
Sample solution 

rs = peak area of eleutheroside E or eleutheroside B 
from Standard solution A or Standard solution 
B t respectively 

Q = concentration of eleutheroside E or 

eleutheroside B In Standard solution A or 
Standard solution B t respectłvely (mg/mL) 

V - volume of the Sample solution (mL) 

W = weight of Powdered Eleuthero taken to 

prepare the Sample solution (mg) 

Acceptance criteria: Add the percentages of eleuthero¬ 
side B and eleutheroside E: NLT 0.08% on the dried 
basis. 

CONTAMINANTS 

* Articles of Botanical Origin, Umits of Elemental Impuri- 

tie s (561): Meets the reguirements 
■ Articles of Botanical Origin, Pestkide Residue Analysis 
(561): Meets the requirements 

* Mkrobjal Enumeration Tests (2021): The total aerobic 

bacterial count does not exceed 10 s cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferant Gram-negative bacteria do not 
exceed ^0 i cfu/g, 

* Absence of Specified Microorganjsms (2022); Meets the 
requirements of the tests for absence of Salmonella spe- 
ci es and Escherichia coli 

SPECIFiC TESTS 

* Botanical Characteristics: The powder is brown with a 
faint aromatic odor and a siightly acrid, persistenl taste. 
Groups of secretory canals with brown contents are sur- 
rounded by parenchymatous cells containing duster crys- 
tals of calcfum oxalate. The parenchymatous cells show 
smali stareh granules, thick-walled Itgnified fibers, and 
fragments of reticulate and pitted vessels. It turns bright 
yelfow when mounted in sodium hydroxide solution. 

* Loss on Drying (731): Dry a sample at 105° to constant 
weight; it ioses NMT 14.0% of its weight. 

* Articles of Botanical Origin, Total Asn (561): NMT 

8 . 0 % 
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ADDITIONAL REQU(REEVfENT5 

• Packaging and Storage: Preserve in well-closed, light- 

resistant containers, 

• Labelinc: The label States the Latin bmomial and, foJlow- 

ing the offidal name, the part of the plant from which 

the artide was derlved, 

• USP Reference Standards {11} 

USP Eleutheroside B RS 

/j-D-Clucopyranoside, 4-(3-hydroxy-l-propenyl)-2,6- 
dimethoxyphenyl. 

C ł7 H 24 O g 372.37 
USP Eleutheroside E RS 

/J-D-Glucopyranoside, (tetrahydro-1 H,3H-furo(3,4~ 
c)furan-1,4-dlyl)bf5(2,6«dimethoxy-4,1-phenyłene)bis-. 
C 34 H 46 O 1 a 742.70 

USP Powdered Eleuthero Extract RS 


Powdered Eleuthero Extract 


DEFINmON 

Powdered Eleuthero Extract is p repa red from Eleuthero us- 
ing hydroalcoholic mixtures. The ratio of the starting 
crude plant materiał to Powdered Extract is between 13:1 
and 25:1. It contains NLT 0*8% of eleutherosides B and E, 
calculated on the anhydrous basis. It may contain added 
substances. 

IDENTIFICATION 

* A.Thin-Layer Chromatographic Identification Test 

{ 201 ) 

Standard solution A: 1 mg/mL of USP Eleutheroside E 
RS in methanol 

Standard solution B: 1 mg/mL of USP Eleutheroside B 
RS in methanol 

Standard solution C: 0.1 g of USP Powdered Eleuthero 
Extraet RS in 5 mL of aqueous ethanol 50%. Sonicate 
for 10 min, cerrtrifuge, and use the supematant. 

Sample solution: 0.1 g of Powdered Extract in 5 ml of 
aqueous ethanol 50%. Sonicate for 10 min, centrifuge, 
and use the supematant. 

Adsorbent: Chromatographic silica gel with an average 
particie size of 5 pm (HPTLC plates) 

Application volume: 10 jiL, a$ bands 
Developmg solvent system: Chloroform, methanol, 
and water (35:15:2) 

Spray reagent: Place 18 mL of methanol in a glass 
fiask, anacool in a water-ice-salt bath or in a freezer 
To the ice-coid methanol, slowly and carefully add 2 mL 
of sulfuric acid, and mix well. Allow the mixture to ad- 
just to room temperatura, 

Analysis 

Sam pies: Standard solution A, Standard solution B t 
Standard solution C, and Sample solution 
Before the development of the chromatogram, satu- 
ratę the chamber for 20 min with Developing solvent 
system . Record the temperaturę and humidity in the 
laboratory. If the re!ative humidity exceeds 50%, con- 
ditlon the piąte to about 30% refative humidity, us- 
ing a suitable device. Develop the piąte over a path 
of 6 cm, dry, and spray the piąte with Spray reagent 
Heat the piąte at 100° for 5 min, and examlne under 
visible light and UV light at 365 nm. 

Acceptance criterra: Under visible light, the Sample so- 
lution exhibits two brown bands due to eleutheroside E 
and eleutheroside B at R r values of about 0.34 and 
0.45, corresponding in color and Rf to the bands exhii> 
ited by Standard solution A and Standard solution B t re- 
spectively. The Sample solution also exhibits two addi- 
tional brown bands near the application zonę, 
corresponding in color and R f values to the bands ex- 
hibited by Standard solution C. Other bands may be ob- 


served in the Sample solution and Standard solution C 
chromatograms. Under UV light, the Sample solution 
shows a brown band due to eleutheroside E corre¬ 
sponding in color and R f to the band exhihited by Stan- 
aord solution A ♦ 

• B, HPLC; The chromatogram of the Sample solution ob- 

tained in the test for Content of Eleutherosides B and E 
shows a peak at a retention time corresponding to that 
of eleutheroside B in the chromatogram of Standard solu¬ 
tion B and a peak at a retention time corresponding to 
that of eleutheroside E tn the chromatogram of Standard 
solution A. 

COMPOSmON 

* Content of Eleutherosides B and E 

Sofvent: Methanol and water (1:1) 

Solution A: Acetonitrile and water (5:95) 

Solution B: Acetonitrile and water (60:40) 

Mobile phase: $ee Tobie 1. 


Table 1 


Time 

(mini 

Solution A 

mi 

Solution B 

(%ł 

0 

97 

3 

5 

97 

3 

30 

60 

40 

31 

5 

95 

45 

5 

95 

45.1 

97 

3 

60 

97 

3 


Standard solution A: 0.1 mg/mL of USP Eleutheroside 
E RS in methanol. Transfer 2*0 mL to a 5-mL volumetric 
fiask, and dilute with Solvent to volume. 

Standard solution B: 0.1 mg/mL of USP Eleutheroside 
B RS in methanol. Transfer 2.0 mL to a 5-mL volumetric 
fiask, and dilute with Solyent to volume* 

Standard solution C: 5*0 mg/mL of USP Powdered 
Eleuthero Extract RS in Solvent * Sonicate for 30 min, 
cool to room temperaturę, and decant. Before injection, 
pass through a nylon filter of 0,45-jim or finer porę 
size, discarding tne first few mL of the fil tratę* 

Sample solution: Transfer 500 mg of Powdered Extract 
to a 100-mL volumetric fiask, add 80 mL of So(vent f and 
sonicate for 30 min. Cool to room temperaturę, dilute 
wlfh So/mit to volume, and mix. Before injection, pass 
through a nylon filter of 0,45-pm or finer porę size, 
discarding tne first few mL of the filtrate* 
Chromatographic system 
(See Chromatography {621}, System Suitability.) 

Modę: LC 

Detector: UV 220 nm 
Column: 4.0-mm x 25-cm; 5-pm packing LI 
Flow ratę: 1 mL/rnin 
injection size: IO jiL 
System suitability 

Sam pies: Standard solution B and Standard solution C 

Suitability reguirements 

Chromatogram similarity: The chromatogram from 
Standard solution C is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Eleuthero Extract RS being used. 

Relatsve standard deviation: NMT 2.0% determined 
from the eleutheroside B peak in repeated injections, 
Standard solution B 
Analysis 

Samples: Standard solution A t Standard solution B, 
Standard solution C, and Sample solution 
fdentify the eleutheroside B and eleutheroside E peaks 
in the Sample solution by companson with the chro¬ 
matogram s of Standard solution B and Standard solu¬ 
tion Ą respectively, and measure the peak responses. 
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Separately calculate the percentages of eleutheroside B 
and eleutheroside E in the portton of Powdered Ex- 
tract taken: 

Resuft - (fy/r^) x (Q/Q,) x 100 

r u - peak response of the relevant analyte from the 
Sampfe solution 

r* * - peak response of eleutheroside E or 

eleutheroside B from Standard solution A or 
Standard solution B, respectively 

C s - concentration of eleutheroside E or 

eleutheroside B in Standard solution A or 
Standard solution B, respectively (mg/mL) 

Cu - concentration of Powdered Extract tn the 
Sample solution (mg/mL) 

Acceptance criteria: NLT 0.8% on the anhydrous basis 

CONTAM1NANTS 


Delete the foltowing: 

•• Heavy Metals, Method II (231): NMT 20 ppm. ,om M i i. 

|an-2Ql0) 

* Microbial Enumeration Tests (2021): The total aeroblc 
microbtal count does not exceed ICH cfu/g. The total 
combined yeasts and molds count does not exceed ID 3 
cfu/g* 

* Absence of Specified Microorganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
des and Escherkhia coli 

5PEC1F1C TESTS 

* Water Determination, Method la (921): NMT 5.0% 

* Articles of Botanical Origin, Toto/ Ash (561): NMT 

10 . 0 % 

* Alcohol Determination, Method 11 ( 611 ): NMT 0*5% 

* Other Reouirements: It meets the reguirements for te/d- 
uai Solvents and Pesticide Residues ćn Botanical Eztracts 
(565). 

ADDITIONAL REQUIREMENTS 

* Packagjnc and Sto ragę: Preserve in tight, light-resistant 
containers. 

* Labeling: The label States the Laltn binomial and, follow- 
ing the offidal name, the part of the plant from which 
the article was prepared. The label also indicates the com 
tent of eleutherosides, the extracting solvent used for 
preparation, and the ratio of the starting cmde plant ma¬ 
teriał to Powdered Extract, it meets the reguirements for 
Labeling in Botanical Extracts (565). 

* USP Reference Standard* (11) 

USP Eleutheroside B RS 

/3-D-Glucopyranoside, 4~{3-hydroxy-l - pro peny l)-2,ó- 
dimethoxyphenyL 
C 17 H 24 O 9 3 72,37 

USP Eleutheroside E RS 

/3-D-Glucopyranoside, (tetrahydro-1 W,3H-furo(3,4- 
c}furan-l,4-diyf)bis(2,6-dimethoxy-4,l-phenyiene)bis-. 
742.70 

USP Powdered Eleuthero Extract RS 


Elm — see Elm General Monographs 


Ergocalciferol — see Ergocalciferol General 
Monographs 


Ergocalciferol Capsules — see Ergocalciferol 
Capsules General Monographs 


Ergocalciferol Orał Solution — see 

Ergocalciferol Orał Solution General 
Monographs 


Ergocalciferol Tablets — see Ergocalciferol 
TaUlets General Monographs 


Eyenirae; Primrose Oil 

[90028-66-3], 

DEFINITION 

Evening Primrose Oil is derived from seeds of Oenothera 
biennis L The oil is extracted by cold press, where seeds 
are squeezed at very high pressure. It can be extracted 
using hexane a$ a solvent It is then refined, A suitabfe 
ant?oxidant may be added. 

IDENTIFICATION 

* A. It meets the reguirements in Specific Tests for Fats and 

Fixed Oils (401), Fatty Acid Composition. 

* B, Identification of Fixed Oils by Thin-Layer Chroma- 
Tography (202): The R F values of the principal spots of 
the Somple solution correspond to those of the Standard 
solution. 

IMPURITIES 


Defete the foliowing; 

m * Meavy METALS, Method // (231): NMT lOpg/g* mKlAn * 

]aiv201B} 

SPECIFIC TESTS 

» Fats AND Fixed oils, Acid Value (401): NMT 1,0 

* Fats and Fixed Oils, Peroxide Va!ue (401): NMT 5.0 

* Fats and Fixed OILS, Saponification Vafue (401): 185-195 

* Fats and Fixed Oils, Unsaponifiabie Matter (401): NMT 
2 * 0 % 

* Fats and Fixed Oils, Fatty Acid Composition (401): Eve- 
ning Primrose Oil exhibits the composition profile of fatty 
adds in Tobie h 


Table 1 


Fatty Acid 

Shorthand 

Notation 

Percentage 

Palmitic acid 

16:0 

4,0-10,0 

Steanc acid 

18:0 

T,0-4,0 

Oleić acid 

18:1 

5.0-120 

Gamma-linoienic acid 

15:3 

7,0-14,0 

Linoleic acid 

18:2 

65.0-85.0 
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* Refraciwe Index <831): 1.477-1,479 a t 20° 

ADDITIONAL REQUIREMENTS 

* Packaging and Stokage: Preserve in tight containers, 

preferabJy under an atmosphere of an inert gas, pro- 
tected from llght 

* Labeling: Where Evening Primrose Oil is intended for use 

in the manufacture of dosage forms, it is so labeled, 

* USP Reference Standards (11) 

USP Evening Primrose Oil RS 


Ęyening Primrose Oil Capsules 

DEFINITION 

Evening Primrose OH Capsules are prepared with Evening 
Primrose Oil and contain NIT 95.0% of the labeied 
amounts of each, y-linolenic (C18:B n-6), linoleic (Cl 8:2 
n-ó), and oleić (Cl 8:1 n-9) acids. 

IDENTIFICATION 

* A. Fatty Acid Profile 

System suita bili ty solution and Ohromatographic sys¬ 
tem: Proceed as directed in Strength. 

Sam ple solution: Proceed as directed for the Sample 
solution in Strength , beginning with "Transfer 80 mg" 
but without the addition of the interno! standard. 

Analysis: identify the spedfied fatty acid methyl ester 
peaks by comparing them to the reference chromato* 
gram provided with the lot of USP Evening Primrose Oil 
RS being used, Determine the percentage of each con- 
stituent relative to the total integrated area. 

Acceptance criteria: The Sample solution conforms to 
the fatty acids composition profile in Tobie 1 . 


Table 1 


Fattv Acid 

Shorthand 

Notation 

Percentage 

( o /°i 

Palmitic acid 

16:0 

4,0-10.0 

Stearic add 

18:0 

1.0-4.0 

Oleić acid 

1S:T n-9 

5.0-12.0 

Linoleic acid 

18:2 n-6 

65.0-85,0 

TLinoienic acid 

18:3 n-6 

7.0—1 ^1.0 


STRENGTH 

* CONTEMT OF y-LlNOlENłt, LiNOUtC, AND OLEIĆ AODS 

[Notę— y-Linolenic acid is guantitated against USP 
Methyl Linolenate RS.] 

0.5 N methanoiic sodium hydroxide solution: Dis- 
solve 2 g of sodium hydroxide in 100 ml of methanoL 
Interna! standard: Methyl pentadecanoic acid 
Sample solution: Weigh NIT 10 Capsules. With a sharp 
blade, carefully slice open the Capsules, avoid!ng loss of 
shell materiał. Combine the Capsule eontents in a suita- 
ble Container and mix welL Remove any adherinęj sub- 
stance from the emptied Capsules by washing with sev* 
eral portions of dietnyl ether, and discard the washings. 
Allow the empty Capsule shells to air-dry over a period 
of NMT 30 min, taking precautions to avoid uptake or 
loss of moisture. Weigh the empty Capsule shells and 
calculate the average fili weight/Capsule (A). Transfer 
80 mg of the eombined Capsule eontents directly Into a 
tared 30-ml screw-top glass centrifuge tubę and weigh 
accurately. Re-tare and accurately weigh about 40 mg 
of the Intemal standard into the same tubę. Add 2 mL 
of 0.5 N methanoiic sodium hydroxide solution, tightly 
cap, and transfer to a heating błock or another appro- 
priate heating device, Reflux the solution unttl fat glob- 
ufes disappear (usuaily 5-10 min). Add 2 mL of 0.14 g/ 
ml boron trifluoride in methanol, cap, and reflux for 2 


min, Add 4 mL of chromatographic n-heptane, cap, and 
ref!ux for 1 min, Cooi, add aoout 8 mL of saturated 
sodium chloride solution, shake, and centrifuge to sepa- 
rate the layers. Dii u te an aliquot of the upper (heptane) 
iayer with chromatographic n-heptane (1:8) and mix 
wefL 

System suitabillty solution: Using about 80 mg of USP 
Evening Primrose Oil RS, proceed as directed for the 
Sample solution , beginning with "Transfer 80 mg" but 
without the addition of the Intemal standard. 

Standard solution: Accurately weigh about 20 mg of 
USP Methyl Gleate RS, 70 mg of USP Methyl LinoTeate 
RS, and 20 mg of USP Methyl Linolenate RS directly 
into a tared 30-mL screw-top glass centrifuge tubę, Pro¬ 
ceed as directed for the Sample solution , beginning with 
"Re-tare", 

Chromatographic system 

(See Chromatograpny <621), System Suitabilky.) 

Modę: CC 

Detector: Flame ionization 

Column: 0.53-mm x 30-m fused silica capillary; coated 
with a 1.0-pm film of Cl 6 
Temperatures 
Injection port: 220* * 

Detector: 260° 

Column: See Table 2, 


Table 2 


Initiai 

Temperaturę 

n 

Temperatura 

Ramp 

ftymin) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
fmin) 

70 

0 

70 

2 

70 

5 

240 

5 


Carrier gas: Helium 
Linear velodty: 50 cm/s 
Split modę: Splitless 
Injection vo!ume; 1 pL 
System suitability 

Samples: System suitability solution and Standard 
solution 

Suitability reguirements 

Chromatogram similarity: The System suitability solu¬ 
tion chromatogram is similar to the reference chro¬ 
matogram provided with the lot of USP Eyening 
Primrose Oil RS being used. 

Resolution: NLT 1,5 between methyl stearate and 
methyl oleate, System suitability solution 
Relative standard deviation: NMT 2% for the peak 
area ratios of spedfied analytes to the interna! stan¬ 
dard, Standard solution 
Analysis 

Samples: Sample solution and Standard solution 
[NOTĘ—The relative retention times for y-methyl Ifnole- 
nate and o.-methyl linolenate are about 0.98 and 1.0, 
re$pectively,] 

Identify the retention times of the relevant fatty acid 
methyl esters by comparing the peaks in the chromat¬ 
ogram of the System suitability solution with those in 
the reference chromatogram. identify the loeus for the 
intemal standard peak by comparison of the chromat- 
ograms of the Standard solution and the System suita- 
bHity solution. 

Calcu la te the content, in mg/g, of y-linolenic, linoleic, 
and oleić acids in the portion of Capsule content 
taken: 

Result =* (RufRs) x (AJAO x {mJW) x 

Ru - peak area ratio of the relevant methyl ester 
peak to the interna! standard peak from the 
Sample solution 
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R$ = peak area ratio of the relevant methyl ester 
peak to the interna I standard peak from the 
Standard sotution 

Au = weight of the InternaI standard in the Sample 
sotution (mg) 

As = weight of the Interna! standard in the Standara 
sotution (mg) 

ms - weight of USP Methyl Ester RS in the Standard 
sotution (mg) 

W - sample weight used to prepare the Sample 
solution (g) 

M r j = molecular weight of the relevant fatty acid (g/ 
mol) 

M f 2 - molecular weight of the relevant fatty acid 
methyl ester (g/mol) 

Cal cu la te the perce ntage of the labeled amounts of 
each {-ydinolenic, Itnoleic, and oleić) acid in the portion 
of Capsules taken: 

Result = A x Ar x 100/1 

A - content of the relevant fatty acid in the 

portion of Capsule content taken (mg/g) 

A f = average fili weight (g/Capsule) 

£ = labeled content of the relevant fatty acid (mg/ 

Capsule) 

Acceptance criteria 

y-Linolenic, linolek, and oieic acids: NLT 95.0% of 
the labeled amount of each 

PERFORMANCE TE5T5 

* Dl sinteg kation and Dissoumow (2040): Meet the re- 
quirements in Rupture Test for Soft Shell Capsules 

* Weight Variation (2091): Meet the requirements 

SPECIFIC TE5TS 

* Fats and Fixed Oils # Peroxide Value ( 401); NMT 10.0 

CONTAMINANTS 

* Microbial Enumeratton Tests (2021): The total aerobic 

microbial count does not exceed 1 x 10 a tfu/g, and the 
combined molds and yeasts count does not exteed 
3 x 10 2 cfu/g. 

* Absence of Specifeed Microorganisms (2022): Meet the 

regulrements of the tests for the absence of Salmonella 
species and Escherichia coli 

ADDHTiONAL REQUIREMENT5 

■ Packaging and Storage: Preserve in tightly-closed, light 
reslstant containers, 

o Labeling: The label States the article that the Capsules 
were pre pa red with and the content of y-lrnolenlc, lino- 
letc, and oleić acids m mg/Capsufe. 

* USP Reference Standards (11) 

USP Eveninq Primrose Oil RS 
USP Methyl Unoleate RS 
USP Methyl Linolenate RS 
USP Methyl Oleate RS 


Fenugreek Seed 

DEFIN1TION 

Fenugreek Seed consists of the dried ripe seeds of Trigonella 
foenum-graecum L, (Fam. Fabaceae). It contains NLT 0.2% 
of 4-hydroxyisoleucine, calculated on the dried basis. 

IDENTIFICATION 

* A. HPTŁC FOR Articles of Rotanical Origin (203)— 
Amino Acid Profile 

Standard solution A: 0.5 mg/mL of USP 4-Hydroxy- 
isoleucine RS in an ethanol and water (7:3) mlxture 
Standard solution B: 50 mg/mL of USP Trigonella 
Foenum-graecum Seed Dry Extract RS in an ethanol 
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and water (7:3) mixture. Sonicate for 10 min, centri- 
fugę, and use the supematant. 

Sample solution: Suspend about 1 g of Fenugreek 
Seed, finely powdered, in 5 mL of an ethanol and water 
(7:3) mixture, and mcubate at SQ Q for 15 min. Centri- 
fugę, and use the supematant 

[Notę— Standard solution B and the Sample solution may 
also be used for Identification test B and for Specific 
Tests, Presence of Trigoneltine .] 

Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC piąte) 1 
Application volume: 2 pL each or Standard solution A 
and Standard solution S, and 4 pL of the Sample solu¬ 
tion, as 8-mm bands 

Relatlve humidity: Condition the piąte to a relative 
humidity of 33% using a suitable device. 

Temperaturę: Ambient, not to exceed 30° 

Developing sofvent system: A mixture of n-butanol, 
acetlc acicf, and water (7:2:1) 

Derivatization reagent: A solution of 0.3% ninhydrin 
in a mixture of isopropanol and glacial acetic acid 
(19:1) 

System suitability 

Samples: Standard solution A and Standard solution B 
Suitability requirements: Under wbite light, the der- 
ivatized chromatogram of Standard solution B displays, 
in its lower half, five or six brown bands; the darkest 
band corresponcling to the 4-hydroxyisoleucine band 
in the chromatogram of Standard solution A Under 
long-wave UV (365 nm), the derivatized chromato¬ 
gram of Standard solution B exhibits, in its lower half, 
four or five brown bands; the darkest band corre* * 
sponding to the 4-hydroxylsoleucine band in the chro¬ 
matogram of Standard solution A. In the upper half of 
the diiomatograrn, three diffuse yellow to orange-yel- 
low bands are seen, the middle one being the most 
intense, 

Analysis 

Samples: Stondord solution A , Standard solution B, and 
Sample solution 

Apply the samples as bands, and dry in air. Condition 
at relative humidity at about 33%. Deve!op in a satu- 
rated chamber, until the solvent front has migraled 
over a path of 6 cm. Air-dry, treat with Derivatization 
reagent, heat for 3 min at 105°, and immediately ex- 
amine under white light and under long-wave UV light 
{365 nm). 

Acceptance criteria: Under white light, the derivatrzed 
chromatogram of the Sample solution appears mono- 
chromatic, with the bands differing in intensity, but not 
the coior, which rs unrformly reddish-brown, In the 
lower third of the piąte, two or three thin bands are 
seen, proximate to the origin, followed by a very tn~ 
tense band due to 4-hydroxyisoleuctne, coincident with 
the corresponding bands in Standard solution A and 
Standard solution 8 , and comparable in intensity to the 
band in the Standard solution B chromatogram. Two 
lightly colo red bands, one just above the 4~hydroxy~ 
Isoleucine band, another further upwards, are seen. The 
upper half of the piąte ts devoid of discemible features. 
Under long-wave UV (365 nm), the derivatlzed chro¬ 
matogram of the Sample solution exhibits, In its lower 
half, two or three light reddish-brown bands followed 
by the darker-brown intense band due to 4-hydroxy- 
isoleucine, coincident with the corresponding bands m 
Standard solution A and 5f an dard solution B. Above it, 
two lighter-brown and somewhat diffuse bands appear. 
In the upper third of the piąte, three yellowtsh-orange 
bands are seen, corresponding in position and coior to 
those observed in Standard solution B. 

1 Suitable comrnerdally avalteble piatem are HPTLC SilEca Cel 60 Usj frorn EMO 

Millipore (e.g,, Part No. 1,05642,0001). 
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* B, HPTLC FOR ARTICLE5 OF BOTANICAL ORIGIN (203)—STER* 
OIDAL SAPONINS PROFILE 

Standard solution: 50 mg/mL of USP Trigonelia 
Foenum-graecum Seed Powdered Extract RS in an etha- 
nol and water (7:3) mixure. Sonicate for 10 min, centri- 
fugę, and use the supernatant, 

Sample solution: Suspend about 1 g of Fenugreek 
Seed, finely powdered, In 5 mL of an ethanol and water 
(7:3) mixture, and incubate at 50° for 15 min, Centri- 
fuge, and use the supernatant. 

[Notę—T he Standard solution and Sample solution may 
also be used for Identification test A and for Specifk 
Tests , Presence of TrigonellineĄ 

Chromatographre system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC piąte) 

Application votume: 2 jil, as 8-mm bands 
Relatlve humidity: Condition the piąte to a relative 
hu midi ty of 33% using a suitabfe deviee. 

Temperaturę: Ambient, not to exceed 30° 

Developing solvent system: A mixture of dlchloro- 
methane, methanol, and water (18:8:1) 

Derivatization reagent: A mixture of methanol, gia- 
cial acetic acid, sulfurfc acid, and p-anisaldehyde 
(170:20:10:1), Prepare on an ice bath, and mix welł. 
System sulłability 
Sample: Standard solution 

Sultability requirements: Under wbite light, the der- 
ivatized chromatogram of the Standard solution exhib- 
its, in its lower haff, three or four lighfly-shaded bands. 
Under long-wave UV (365 nm), the derivatized chro¬ 
matogram of the Standard solution exhibits, in its 
lower third, two diffuse bands of blue fiuorescence, 
and another blue fluorescent band in the middle of 
the piąte. 

Analysis 

Samples: Standard solution and Sample solution 
Apply Lhe Samples as bands, and dry in air. Condition 
at relative humidity at about 33%. Develop in a satu- 
rated chamber, until the solvent front Has nmgrated 
approximately 6 cm. Air-dry, treat with Derivatization 
reagent, beat for 3 min at 105°, and immediately ex- 
amine under white light and under lonq-wave UV light 
(365 nm). 

Acceptance criteria: Under white light, the chromato¬ 
gram of the Sample solution , in its lower third, shows 
two medium-intensity bands tmmedialely next to the 
appiication linę, Furrner upwards, two closely spaced, 
less intense bands are followed by a morę prominent 
band, and another pair of closely spaced lighter bands, 
which may merge. In the middle third of the chromato¬ 
gram, a medium-intensity band is followed by a faint 
diffuse band, In the upper third of the chromatogram, 
two well-defined bands of medium intensity are ob- 
served. Under UV light (365 nm), the lower half of the 
chromatogram features three or four deep-blue fluores¬ 
cent bands of varylng intensity interspersed with 
greyish-brown zones, 

COMPOSmON 

* CONTENT OF 4-HYDRQXYtSOLEUCINE 

Solution A: 0,1% Phosphoric acid in water 
Solution B: Acetonitrile 
Mobile phase: See Tobie 1. 


Table 1 


Time 

fmin^ 

Sołution A 
(%) 

Solution B 

0 

80.0 

20.0 

20 

40.0 

60.0 

21 

80.0 

20.0 

25 

80.0 

20.0 ‘ 


Diluent: Methanol and water (1:1) 

Reagent: A mixture of acetonitrile, water, and triethyl- 
amme (10:3:2) 

Standard solution: Transfer about 4.0 mg of USP 
4-Hydroxyisoleudne RS, accurately weighed, into a 
50-mL volumetrlc fiask, and dissolve in 5 mL of the Dilu¬ 
ent. Add 10 mL of Reagent and 0.5 mL of phenyl rsothi- 
ocyanate, and shake for 5 min. Add 30 mL of methanol, 
adjust with water to volume, and mix well. 

Sample stock solution: Transfer about 2.0 g of Fenu¬ 
greek Seed, finely powdered and accurately weighed, 
into a centrifuge tubę. Add 8 ml of Diluent, place on a 
water bath at 65° for 5 min, sonicate for 5 min, and 
centrifuge, Retain the supernatant, and repeat extrac- 
tion with 8 mL of Diluent two morę times, Combine all 
three extracts in the 25-mL volumetric fiask, dilute with 
Diluent to vofume, and mix well. 

Sample solution: Transfer 5,0 mL of Sample stock solu¬ 
tion into a 50-mL volumetric fiask, add 10 mL of Rea¬ 
gent and 0.5 mL of phenyl isothiocyanate, and shake for 
5 mirt. Add 30 mL of methanol, dilute with water to 
voiume, and mix well. Pass through a nylon filter hav- 
ing a 0,45-pm or finer porę size, aiscarding the Inltial 
few ml of the filtrate. 

Chromatographic system 
{See Chromatography (62 1), System Sultability.) 

Modę: HPLC 
Detector: UV 254 nm 
Column: 4.6-mm x 15-cm; 5-pm packing LI 
Column temperaturę: Ambient 
Flow ratę: 1.5 mL/min 
Injection volume: 20 pL 
System suitabllity 
Sample: Standard solution 
Sultability requirements 

Talling factor: NMT 2,0 for the 4-bydroxyisoleudne 
peak, Standard solution 

ReJative standard deviation: NMT 2.0% deterrmned 
for the 4-hydroxyisoleucine peak in repticate injec¬ 
tion s, Standard solution 
Analysis 

Samples; Standard solution and Sample solution 
Using the chromatogram of the Standard solution, iden- 
tify the retention time of the peak corresponding to 
4-nydroxyisokudne in the Sample solution 
chromatogram. 

Calcufate the percentage of 4-hydroxyl$oleucine in the 
portion of Fenugreek Seed taken: 

Result = (tufn) xCj x(V/W)xDx 100 

r u - peak are a of 4-hyd roxyi soleu one from the 
Sample solution 

rs - peak area of 4-hydroxyisoieucine from the 
Standard solution 

Q - concentration of USP 4 Hydroxyisoleucine RS 
in the Standard solution (mg/mL) 

V = volume of the Sample stock solution (mL) 

W = weight of Fenugreek Seed taken to prepare 

the Sample stock solution (mg) 

D - dilutton factor to prepare the Sample solution 
from the Sample stock solution , 10 
Acceptance criteria: NLT 0.2% on the dried basis 

CONTAMINANTS 

* Elemental Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 2.0jig/g 
Cadmlum: NMT I.Opg/g 
Lead: NMT 10.0 pg/g 
Mercury: NMT I.Gpg/g 

« Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the reguirements 

* MICROBIAL Enumeration Tests (2021): The total aerobic 
bacteriaf count does not exceed 10 S cfu/g, the total com- 
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bined molds and yeasts count does not exceed 10 3 cfu/ 
i, and the bile-toferant Gram-negative baeterial count 
oes not exceed 10 3 cfu/g, 

* Absence of Specified Microorganisms (2022): Meets the 

requirement5 of the tests for absence of Salmonella spe- 
cies and Escherichia cali 

SPECiFIC TE5T5 

* HPTLC FOR Articles OF BOTANICAL ORIGJN (203)—PRES’ 
ENCE OF TRIGONELLINE 

Standard solution A: 1.5 mg/mL of USP Trigoneliine RS 
in an ethanol and water (7:3) mixture 
Standard solution B: 50 mg/mL of USP Trigonelia 
Foenum-graecum Seed Dry Extract RS in an ethanol 
and water (7:3) mixture. Sonicate for 10 min, centrt- 
fugę, and use the supernatant. 

Sample solution: Suspend about 1 g of Fenugreek 
Seed, finely powdered, in 5 mL of an ethanol and water 
(7:3) mixture, and incubate at 50° for 15 min, Centri- 
fuge, and use the supernatant. 

[Notę —Standard solution 8 and the Sample solution may 
also be used for Identification test A and for Identification 
test B,J 

Chromatographic system 

Adsorbent: Chromatographic siiica gel with an aver- 
age particie si ze of 5 pm (HPTLC piąte) 

Application vofume: 5 pL, as 8-min bands 
Relative humidity: Condition the piąte to a relative 
humidity of 33% using a suitabfe aevice. 

Temperaturę: Ambient, not to exceed 30° 

Developing solvent system: A mixture of isopropyl a!- 
cohol, methanol, and water (4:1:4) 

System suitability 

Samples: Standard solution A and Standard solution B 
Suitability requrrements: Under short-wave UV light 
(254 nm), the chrom a tog ram of Standard solution B 
displays, in its fower half, a quenchinq band coinddert 
with that of the trigoneiline band in the chromato- 
gram of Standard solution A 
Analysis 

Samples: Standard solution Ą Standard solution B, and 
Sample solution 

Appiy the Samples as bands, and dry in air. Condition 
at reiative humidity at about 33%, Devefop in a satu- 
rated chamber, until the solvent front has migrated 
over a path of 6 cm. Air-dry, and examine under shorb 
wave UV light (254 nm). 

Acceptance criteria: Under short-wave UV light, the 
chromatogram of the Sample solution displays a 
guenchmg band corresponding to the trigoneliine band 
in the chromatograms of Standard solution A and Ston- 
dard solution B. 

* BOTANICAL CHARACTERiSTICS 

Macroscopic: The seeds are oblong, 3-5 mm long, 

2-3 mm widą 1,5-2,0 mm thick, with rounded corners, 
smooth, duli yellowish-brown to reddish-brown. They 
are flattened and have a very characteristic rhomboiaal 
outline. Nearly in the center of one of the long, narrow 
sides is a smali depression in which both hilum and 
micropyle are situated, the former being distinctly vist- 
ble as a whitish point, This depression is continued in 
the form of a furrow running diagonally across part of 
each of the adjoining sides, dividing the seed into two 
unequal lobes. A cut madę transversely to pass through 
both lobes reveałs two accumbent cotyledons in the 
lamer fobe, and the radicle in the smaller lobe. Both are 
yelTowish In coior, and surrounded by a darker, horny, 
translucent endosperm, which also separates the radicle 
from the cotyledons. 

Mkroscopic: Transver$e section shows an epidermis of 
palisadę cells, one layer, with thick cutide and thick 
lamellated walls, ano a relatively large lumen at the 
lower part. Longltudtnal prt<anals fine and dose. 
Subepfdermal layer of baskeMike cells, with bar-tlke 
thickenrng on the radia! walls, followed by a paren- 


chymatous layer. Endosperm consists of a layer of thick- 
walled celis eontaining aleurone grains, several layers of 
polyhedral cells with stratified mucilaginous eon ten ts 
and thickened walls. Cotyledons of parenchymatous 
cells eontaining fixed oil globules and aleurone grains 
up to 15 M m En diameter. The parenchyma of the testa 
composed of several layers of tnin-walied cells which 
appear similar in sectional view but in surface view the 
layers show struć tura! differences: some are composed 
of elongated rectangular cells with slightly thickened 
and beaded walls; other layers include thin-walled poły™ 
gonal cells which may be very irreguiar in size or may 
endose irreguiar Inlercellular spać es, 

• Articles of Botanical Grtgin, Foreign Organie Matter 
(561): NMT 2,0% 

• LOSS ON DRYING (731) 

Sample: 1 g 

Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 12,0% 

• Articles of Botanical Origin, Totol Ash (561): NMT 

5.0% 

9 Articles of Botanical Origin, Aicohol-Soluble Extractives f 
Method 1 (561): NLT 5.0% 

• Articles of Botanical Origin, Woter-Soluble Extmctives , 

Method 1 (561): NLT 9.0% 

ADD1TJONAL REQUIREIVIENTS 

■ PaCkagjng and Storace: Preserve in well-closed contain- 
er$, protected from light and moisture, and storę at 
room temperaturę. 

• Labeling: The labę! States the Latin binomial and, follow- 

ing the official name, the part of the plant from which 
the artide was denved. 

• USP Reference Standards (11) 

USP 4-Hydroxyisoieucine RS 

USP Trigonelia Foenum-graecum Seed Dry Extract RS 
USP Trigoneliine RS 


Fenugreek Seed Powder 

DEFINITION 

Fenugreek Seed Powder consists of the dried ripe seeds of 
Trigonelia foenum-graecum L, (Fam. Fabaceae), reduced to 
powder or very fine powder. II contains NLT 0.2% of 
4-hydroxyisoleudne, calculated on the dried basis. 

IDENTIFICATION 

* A. HPTLC for Articles of Botanical Origin (203) 
Standard solution A: 0.5 mg/mL of USP 4*HydrQxy~ 
isoleucine RS in an ethanol and water (7:3) mixture 
Standard solution B: 50 mg/mL of USP Trigonelia 
Foenum-graecum Seed Dry Extract RS in an ethanol 
and water (7:3) mixture Sonicate for 10 min, centri- 
fuge, and use the supernatant. 

Sample solution: Suspend about 1 g of Powder in 5 mL 
of an ethanol and water (7:3) mixture, and Incubate at 
50° for 15 min. Centrifuge, and use the supernatant. 
[Notę —Standard solution B and the Sample solution may 
also be used for Identification test S and for Specific 
Tests , Presence of Trigoneliine.] 

Chromatographic system 

Adsorbent: Chromatographic siiica gel with an aver- 
age particie size of 5 pm (HPTLC piąte) 1 * 
Application voiume: 2 pL each ot Standard solution A 
and Standard solution B , and 4 pL of the Sample soiu- 
tion, as 8-mm bands 

Relative humidity: Condition the piąte to a relative 
humidity of 33% using a suita ble device, 

1 Suttable commerdally av»ifable pEates are HPTLC Siiica Gel 60 F,^ from EMD 

Milliport? Part No, T05642.000TJ. 
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Temperaturę: Ambient, not to exceed 3G C 
Developing solvent system: A mrxture of n-butanol, 
acetic add, and water (7:2:1) 

Derivatization reagent: A solution of 03% nlnhydrin 
in a mixture of Isopropanol and gladal acetic acta 
(19:1) 

System suita bility 

Samples: Standard sofution A and Standard sofution B 
Suitability reąuirements: Under white light, the der- 
ivattzed chromatogram of Standard sofution B displays, 
in its lower half, five or six brown bands; the darkest 
band corresponding to the 4-hydroxyfso!eucine band 
in the chromatogram of Standard sofution A . Under 
long-wave UV (365 nm), the dehvatized chromato- 
qram of Standard solu don B exhibits, in its lower half, 
four or five brown bands; the darkest band corre¬ 
sponding to the 4-hydroxyisoleudne band in the chro¬ 
matogram of Standard sofution A . In the upper half of 
the chromatogram, three diffuse yellow to orange-yel- 
low bands are seen, the middle one being the most 
intense. 

Analysis 

Samples: Standard sofution Ą Standard solution B t and 
Sample sofution 

Apply the Samples as bands, and dry in air. Conditton 
at relative humidity at about 33%, Develop in a satu- 
rated chamber, until the solvent front has migrated 
over a path of 6 cm. Air-dry, treat with Derwatization 
reagent , heat for 3 mtn at 105°, and immediately ex- 
aminę under white light and under long-wave UV light 
(365 nm), 

Acceptance criteria: Under white light, the derivatized 
chromatogram of the Sampfe solution appears mono- 
chromatic, with the bands dtffertng in intensify, but not 
the color, which h uniformly reddish-brown, In the 
lower third of the piąte, two or three thin bands are 
seen, proximate to the origin, foflowed by a very in- 
tense band due to 4-hydroxyisoleucme, coinddent with 
the corresponding bands in Standard sofution A and 
Standard sofution B, and com pa rabie in i n ten sity to the 
band in the Standard solution B chromatogram, Two 
lightly cofored bands, one just above the 4-hydroxy- 
isoleucine band, another further upwards, are seen. The 
upper half of the piąte is devoid of discemible features. 
Under long-wave UV (365 nm), the derivatized chro¬ 
matogram of the Sampfe solution exhibits, in its lower 
half, two or three light reddish-brown bands followed 
by the darker-brown intense band due to 4-hydroxy- 
isoleucine, coinddent with the corresponding bands in 
Standard sofution A and Standard solution B. Above it, 
two lighter brown and somewhat diffuse bands appear. 
In the upper third of the piąte, three yellowish-orange 
bands are seen, corresponding in position and coior to 
those observed in Standard sofution B. 

* B. HPTLC FOR Articles of Botanical Origin (203) 
Standard solution: 50 mg/mL of USP Trigoneila 
Foenum-graecum Seed Dry Extract RS in an ethanoi 
and water (7:3) mixture. Sonicate for 10 min, centri- 
fugę, and use the supernatanL 

Sampfe solution: Suspend about 1 g of Powder in 5 ml 
of an ethanoi and water (7:3) mixture, and incubate at 
50“ for 15 min. Centrifuge, and use the supernatanl. 
[NOTĘ—The Standard sofution and Sampfe sofution may 
also be used for Identification test A and for Speafk 
Tests, Presence of TrigoneflineĄ 
Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC piąte) 

Application volume: 2 pi each of the Standard sofu¬ 
tion and the Sampfe solution, as 8-mm bands 
Relative humidity: Candjtfon the piąte to a relative 
humidity of 33% using a suitable aevice. 

Temperaturo: Ambient, not to exceed 30° 

Developing solvent system: A mixture of dichloro- 
methane, methanoi, and water (18:8:1) 


Derivatization reagent: A mixture of methanoi, gla- 
cial acetic acid, sulfuric acid, and p-anisaldehyde 
(170:20:10:1). Prepare on an ice bath, and mix wefL 
System suitability 
Sampfe: Standard solution 

Suitability reguirements: Under white light, the der- 
ivatized chromatogram of the Standard solution exhib- 
its, in its lower half, three or four lightly shaded bands. 
Under long-wave UV (365 nm), the derivatized chro¬ 
matogram of the Standard solution exhibits, in its 
lower third, two diffuse bands of blue fluorescence, 
and another blue fluorescent band in the middle of 
the piąte. 

Analysis 

Samples: Standard sofution and Sampfe sofution 
Apply the Samples as bands, and dry in air. Condition 
at relative humidity at about 33%. Develop in a satu- 
rated chamber, until the solvent front has migrated 
over a path of ó cm. Air-dry, treat with Derivatizotion 
reagent, heat for 3 min at 105“, and immediately ex- 
aminę under white light and under the long-wave UV 
light (365 nm). 

Acceptance criteria: Under white light, the chromato¬ 
gram of the Sampfe sofution , in its lower third, shows 
two medium-intensiiy bands immediately next to the 
application linę. Further upwards, two dosely spaced, 
less intense, bands are followed by a morę prominent 
band, and another pair of closely spaced lighter bands, 
which may merge. In the middle third of the chromato¬ 
gram, a medium-intensity band is followed by a faint 
diffuse band. In the upper third of the chromatogram, 
two well-defined bands of medium intensity are ob- 
served. Under UV light (365 nm), the lower half of the 
chromatogram features three or four deep-blue fluores¬ 
cent bands of varying intensity interspersed with 
greyish-brown zones. 

COMPOSITION 

* CONTENT OF 4-HVDR0XVI50LEUClNE 

Solution A: 0.1% Phosphoric acid in water 
Solution B: Aeetonitrile 
Mobile phase: See Tabfe ?. 


Tabte 1 


Time 

Solution A 

Solution B 

(mini 


i%l 

0 

80.0 

20.0 

20 

-:() 0 

60.0 

21 

80.0 

20.0 

25 

80.0 

20.0 


Diiuent: Methanoi and water (1:1) 

Reagent: A mixture of aeetonitrile, water, and triethyl- 
amine (T 0:3:2) 

Standard soiubon: Transfer about 4.0 mg of USP 
4-Hydroxyisoleucine RS, accurately weighed, into a 
50-mL volumetric fiask, and dissolve in 5 mL of the Dilu- 
ent. Add 10 mL of Reagent and 0.5 mL of phenyi isothi- 
ocyanate, and shake for 5 min. Add 30 mL of methanoi, 
adjust with water to volume, and mix well. 

Sample sfock solution: Transfer about 2.0 g of accu¬ 
rately weighed Powder into a centrifuge tubę. Add 
8 mL of Dńuent, place on a water bath at 65“ for 5 min, 
sonicate for 5 min, and centrifuge. Retain the superna- 
tant, and repeat ext rac tron with 8 mL of Diiuent two 
morę times. Combine all three extracts in the 25-mL 
volumetric fiask, dilute with Diiuent to volume, and mix 
well. 

Sample solution: Transfer 5.0 mL of Sampfe stock sofu¬ 
tion into a 50-mL volumetrie fiask, add 10 mL of Rea¬ 
gent and 0.5 ml of phenyi isothiocyanate, and shake for 
5 min. Add 30 mL of methanoi, dilute with water to 
volume, and mix well. Pass through a nylon filier hav- 
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ing a G.45-pm or finer porę size, discarding the iniital 
few mL of the filtrate. 

Chromatographic system 
(See Chromotograpny (621), System Sultabifity.) 

Modę: HPLC 
Detector: UV 254 nm 
Column: 4.6-mm x 15-cm; 5-pm packtng LI 
Colomn temperaturę: Ambient 
Flow ratę: 1,5 mL/min 
Injection yolume: 20 j?L 
System suitabilrty 
Sample: Standard solution 
Suitability reguirements 

Tailtng factor: NMT 2.0 for the 4-hydroxyisoleudne 
peak, Standard solution 

Re1ative standard deviatron: NMT 2.0% determinec 
for the 4-hydroxyisoleudne peak in replieate injec- 
tions, Standard solution 
Analysis 

Sam pies: Standard solution and Sample solution 
Using the chro mato gram of the Standard solution , tdem 
ttfy the retention time of the peak corresponding to 
4-nydroxylsoleucine in the Sample solution 
chromatogram, 

takulate the percentage of 4-hydroxyisoleudne in the 
portion of Powder taken: 

Result = (r 0 frs) x Q x (V/W) x D x 100 

r y = peak area of 4-hydroxyisoleucine from the 
Sample solution 

r s - peak area of 4-hydroxylsoleudne from the 
Standard solution 

Cs - concentration of USP 4-Hydroxyisoieudne RS 
in the Standard solution (mg/mL) 

V = volume of the Sample stock solution (mL) 

W = weight of Powder taken to prepare the Sample 

stock solution (mg) 

D s= dilution factor to prepare the Sample solution 
from the Sample stock solution, 10 
Acceptance criteria: NLT 0.2% on the dried basis 

CONTAMtNANTS 

* Elemental Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 2.0 pg/g 
Cadmium: NMT 1,Gpg/g 
lead: NMT 10.0 jig/g 
Mercury: NMT 1.0 pg/g 

* A r Tl cle s of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the requirements 

* Microbial Enumeratton Tests (2021): The total aerobic 
bacterial count does not exceed 10 S cfu/g, the total tom- 
bined molds and yeasts count does not exceed 10 3 du/ 
g, and the bile-toferant Cram-negative bacteria do not 
exceed 10 3 cfu/g. 

* Absence of Specified Michoorganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

SPECIHC TESTS 

* Presence of Trigonelune 

Standard solution A: 1.5 nig/mL of USP Trigonelline RS 
in an ethanol and water (7:3) mixture 
Standard solution B; 50 mg/mL of USP Trigonella 
Foenum-graecum Seed Dry Extract RS in an ethanol 
and water (7:3) mixture. Sonicate for 10 min, centri- 
fugę, and use the supematant. 

Sampie solution: Suspend about 1 g of Powder in 5 mL 
of an ethanol and water (7:3) mixture # and rneubate at 
50° for 15 min, Centrifuge, and use the supematant. 
[Notę — Standard solution 8 and the Sampie solution may 
aiso be used for Identification test A and for Identification 
test BĄ 


Chromatographic system 
(See HPTLC for Articles of Botanical Ońgin (203),) 
Adsorbent: Chromatographic silica gel with an aven 
age particie size of 5 pm (HPTLC piąte) 

Application volume: 5 pL, as 8-mm bands 
Relatrve humidity: Condition the piąte to a relative 
humidity of 33% using a suitable aevice. 

Temperaturę: Ambient, not to exceed 30° 

Oevetoping solvent system: A mixture of isopropyl ah 
cohoi, methanol, and water (4:1:4) 

System suitability 

Samples: Standard solution A and Standard solution B 
Suitability requirements: Under $hort-wave UV light 
(254 nm), the chromatogram of Standard solution B 
dispfays, in its lower half, a ouenching band coincident 
with that of the trigonelline band in the chromato¬ 
gram of Standard solution A. 

Analysis 

Samples: Standard solution A f Standard solution B, and 
Sample solution 

Apply the Samples as bands, and dry in atr. Condition 
at relative humidity at about 33%. Develop in a satu- 
rated chamber, until the solvent front has migrated 
over a path of 6 cm. Air-dry, and examine under short- 
wave UV light (254 nm), 

Acceptance criteria: Under short-wave UV light, the 
chromatogram of the Sample solution display s a 
guenehmg band corresponding to the trigonelline band 
in the chromatograms of Standard solution A and 5fon- 
dard solution B. 

* Botanical Characteristics 

Macroscopic: Yeflow-brown powder 
Microscopk: Fragments of the test in sectional view 
with thick cuticle covering lageniform epidermai celis, 
with an underiying hypodermis of large celis, narrower 
at the upper end and constrieted in the middie, with 
bar-like thickenings of the radial walls; yeflowish-brown 
fragments of the epidermis in surface view, composed 
of smali, polygonal celis with thickened and pitted 
walls, frequent!y associated with the hypodermał celis, 
circular in outiine with thickened and ciosely beaded 
walls; fragments of the hypodermis viewed from below, 
composed of polygonal celis whose bar-like thickenings 
extend to the upper and lower walls; parenchyma of 
the testa with elongated, rectanguiar celis with slightfy 
thickened and beaded walls; fragments of endosperm 
with irregularly thickened, sometimes elongated celis, 
contatning mucilage 

* Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 2.0% 

* Loss on Drying (731) 

Sampie: 1 g 

Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Total As/? (561): NMT 

5.0% 

* Articles of Botanical Origin, Aicohol-Soluble Extractives / 

Method 1 (561): NLT 5,0% 

* Articles of Botanical Origin, Water-Soluble Extractives, 

Method 1 (561): NLT 9.0% 

ADDJTDONAL REQUIREMENT$ 

* Packageng ano Storage: Pre$erve in wdl-closed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

* Labeling: The tabel States the Latin binomial and, follow- 
ing the official name, the part of the plant from whieh 
the article was derived. 
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* USP Reference Standards (11) 

USP 4-Hydroxyiso[eucine RS 

USP Trigonella Foenurn-graecum Seed Dry Extract RS 
USP Trigonelfine R5 


Fenugreek Seed Powdered Extract 


DEFINIHON 

Fenugreek Seed Powdered Extract is prepared from the 
dried ripe seeds of Trigonella foenurn-graecum L (Fam. 
Fabaceae) by extraction with hydroalcoholic mmtures* It 
contains NLT 90.0% and NMT 110*0% of the labeled 
amount of 4-hydroxyi$afeudne, calcufated on the dried 
basis. 



IDENTIFICATION 

* A. HPTLC FOR Articles of Botanicał Origin (203)— 
Amino Acid Profile 

Standard solution A: 0.5 mg/mL of USP 4-Hydroxy- 
isoleudne RS in an ethanol and water (7:3) mixture 
Standard solution B: 50 mg/mL of USP Trigonella 
Foenurn-graecum Seed Dry Extract RS in an ethanol 
and water (7:3) mixture. Sonicate for 10 min, centri- 
fuge, and use the supernatant 

Sample solution: 50 mg/mL of Powdered Extract in an 
ethanol and water (7:3) mixture. Sonicate for 10 min, 
centrifuge, and use the supernatant. 

[Notę— Standard solution B and the Sample solution may 
ais o be used for Identification test B and for Specific 
Tests, Presence of Trigonelfine.] 

Chromatographk system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC piąte) 1 
Application volume: 2 pL, as 8-mrn bands 
Relative humidity: Condition the piąte to a relative 
humidity of 33% using a suitabie device. 

Temperaturę: Ambient, not to exceed 30° 

Developing solvent system: A mixture of n-butanol, 
acetic acid, and water (7:2:1) 

Dem/atization reagent: A solution of 0.3% ninhydrin 
in a mixture of isopropanol and glacial acetic acid 
09:1) 

System suitability 

Samples: Standard solution A and Standard solution B 
Suitability reguirements: Under white light, the der- 
ivatized chromatogram of Standard solution B dtsplays, 
in its lower half, five or six brown bands; the darkest 
band corresponding to the 4-hydroxyisofeudne band 
in the chromatogram of Standard solution A. Under 
long-wave UV (365 nm), the derivatized chromato¬ 
gram of Standard solution B exhibits, In its lower haIf, 
four or flve brown bands; the darkest band corre¬ 
sponding to the 4-hydroxyisoleucine band in the chro¬ 
ma tog ram of Standard solution A . In the upper half of 
the chromatogram, three diffuse yeliow to orange-yel- 
Iow bands are seen, the middle one being the most 
intense. 

Analysis 

Samples: Standard solution A, Standard solution B t and 
Sample solution 

Apply the Samples as bands, and dry in air. Condition 
at relative humidity at about 33%. Develop in a satu- 
rated cham ber until the so!vent front has migrated 
over a path of 6 cm. Air-dry, treat with Derivatization 
reagent , lieat for 3 min at 1 05°, and immediately ex- 
amrne under white light and under the long-wave UV 
light (365 nm). 

Acceptance crtteria: Under white light, and under 
long-wave UV light (365 nm), the chromatogram of the 


Sample solution dśsptays the bands gene rally simiiar in 
pat tern and color to those observea with Standard solu¬ 
tion 8, in particular, the prominent band corresponding 
to the 44iydroxyiso!eudne band in the chromatograms 
of Standard solution A and Standard solution B. However, 
depending on the procedures and excipients used in 
preparation of Powdered £xtract, the number, position, 
and coloration of the bands in the Sample solution may 
dlffer from those observed in the Standard solution B 
chromatogram. 

* B. HPTLC for Articles of Botanical Origin (203)-— Ster 
OIDAL SAPONINS PROFILE 

Standard solution: 50 mg/mL of USP Trigonelia 
Foenurn-graecum Seed Dry Extract RS in an ethanoE 
and water (7:3) mixture. Sonicate for 10 min, centri¬ 
fuge, and use the supernatant 

Sample solution: 50 mg/mL of Powdered Extract in an 
ethanol and water (7:3) mixture. Sonicate for 10 min, 
centrifuge, and use the supernatant. 

[Notę —The Standard solution and Sample solution may 
aiso be used for Identification test A and for Specific 
Tests , Presence of TrigonellineĄ 
Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC piąte) 

Application volume: 2 pL, as 8-mm bands 
Refative humidity: Condition the piąte to a re!ative 
humidity of 33% using a suitabie device. 

Temperaturę: Ambient, not to exceed 30° 

Developing solvent system: A mixture of dichloro- 
methane, methanol, and water (18:8:1) 

Derivatization reagent: A mixture of methanol, gla¬ 
cial acetic acid, suTfurio acid, and o-anisaldehyde 
(170:20:10:1). Prepare on an ice bath, and mix well. 
System suitability 
Sample: Standard solution 

Suitability requirements: Under white light, the der- 
ivatized chromatogram of the Standard solution exhib- 
its, in its lower half, three or four lightly shaded bands. 
Under !ong-wave UV (365 nm), the derivatized chro¬ 
matogram of the Standard solution exhibits, in its 
Eower third, two diffuse bands of blue fluorescence, 
and another blue fluorescent band in the middte of 
the piąte. 

Analysis 

Samples: Standard solution and Sample solution 
Apply the Samples as bands, and dry in air. Condition 
at relative humidity at about 33%. Develop in a satu- 
rated chamber, until the solvent front has migrated 
over a path of 6 cm. Air-dry, treat with Dematization 
reagent, heat for 3 min at 105°, and immediately ex- 
aminę under white light and under the long-wave UV 
light (365 nm). 

Acceptance criteria: Under white light, and under 
long-wave UV light (365 nm), the chromatogram of the 
Sample solution dispiays the bands simiiar in paltem and 
color to those observed with the Standard solution * 
However, depending on the procedures and excipients 
used in preparation of Powdered Extract, the number, 
position, and coloration of the bands in the Sample so¬ 
lution may differ from those observed in the Standard 
solution chromatogram. 

CO M POSITION 

* CONTENT OF 4-HYDROXYISOLEUGNE 

Solution A: 0.1% Phosphoric acid in water 
Solution B: Acetonitrife 
Mobile phase: See Tobie h 


Tafale 1 


Time 

(min) 

Solution A 

(W 

Solution B 
(°/o) 

0 

80.0 

20.0 

20 

40.0 

60.0 


1 Suitabie com merda lly available plates are HPTLC Silica Gel 60 Fm from HMD 
Milllpore (e.g., Part No. 1.05642.0001). 
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Tabfe T (Continued) 


Time 

(min) 

Solution A 

Solution B 

_ 

21 

80.0 

20.0 

25 

80,0 

20.0 


Diluent: Methanol and water (1:1) 

Reagent: A mixture ot acetonltrile, water, and triethyl- 
amine (T0:3:2) 

Standard solution: Transfer about 4,0 mg of USP 
4-Hydroxyisoieudne RS, a cc u ratę ty weighed, into a 
50-mL volumetric fiask, and dissolve in 5 mL of the Dilu - 
ent Add 10 mL of Reagent and 0.5 ml of phenyl isothi- 
ocyanate, and shake for 5 min. Add 30 mL of methanol, 
adjust with water to volume, and mix welL 
Sample solution: Transfer the amount of accurately 
weighed Powdered Extract calculated to eon tai n about 
4 mg of 4“hydroxyisoleucine mto a 50-mL volumetdc 
fiask, and disso1ve in 5 mL of Diluent Add 10 mL of 
Reagent and 0.5 mL of phenyl isothiocyanate, and shake 
for 5 min, Add 30 mL of methanol, adjust with water to 
volume, and mix welL 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: HPLC 
Detector: UV 254 nm 
Cotumn: 4.6-mm x 15-cm; 5-pm packing LI 
Column temperaturę: Ambient 
Flow ratę: 1.5 mL/min 
injection volume: 20 jiL 
System sultability 
Sam ple: Standard solution 
Suitability reguirements 

Tatling factor: NMT 2.0 for the 4-hydroxyisoleudne 
peak, Standard solution 

Relative standard deviation: NMT 2.0% determrned 
for the 4-hydroxyisoleucine peak in repficate injec- 
tions, Standard solution 
Analysis 

Samples: Standard solution and Sample solution 
Using the chromatogram of the Standard solution, iden- 
tify the retention time of the peak corresponding to 
4-nydroxyisdeucine in the Sample solution 
chromatogram, 

Calculate tne percentage of 4‘hydroxyisoleucine in the 
portion of Powdered Extract taken: 

Result - (fu/rs) x Q x (VIW) x 100 

= peak area of 4-hydroxyisoleucine from the 
Sample solution 

fi - peak area of 4-hydroxyiso!eucine from the 
Standard solution 

C$ = concentration of USP 4-Hydroxyisoleudne RS 
in the Standard solution (mg/mL) 

V = volume of the Sample solution (mL) 

W = weight of Powdered Extraet taken to prepare 
the Sample solution (mg) 

Acceptance criteria: 90.G%-11CL0% of the labeled 
amount of 4-hydroxytsoleudne, on the dried basts 

CONTAMINANTS 

9 ELEMENTAL IMPURITIES—PftOCEDURES (233) 

Acceptance criteria 
Arsenie: NMT 2.0 jug/g 
Cadmium: NMT l.Opg/g 
Lead: NMTlO.Opg/g 
Mercury: NMTI.Gpg/g 

* Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the reguirements 

• Microbial Enumeration Tests (2021): The total aerobic 

bacterial count does not exceed 10 4 du/g, and the tota! 


combined molds and yeasts count does not exceed 10 3 
du/g. 

* Absence of Specified Microdrcanisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
cies and Escherkhia coli 

5PECIFIC TESTS 

* HPTLC FOR ARTICLES OF BOTANICAL OfUGIN (203)—PRE5- 

ENCE OF TRIGONELUNE 

Standard solution A: 1*5 mg/mL of USP Trigoneiline RS 
in an ethanol and water (7:3"j mixture 
Standard solution B: 50 mg/mL of USP Trigonella 
Foenum-graecum Seed Dry Extract RS in an ethanol 
and water (7:3) mixture, Sonicate for TO min, centri- 
fuge, and use the supernatant. 

Sample solution: 50 mg/mL of Powdered Extract in 
methanol Sonicate for 10 min, centrifuge, and use the 
supernatant, 

[NOTĘ— Standard solution B and the Sample solution may 
also be used for Identification test A and for Identification 
test B.] 

Chromatographic system 

Adsorbent: Chromatographic sitka gel with an aver- 
age particie size of 5 pm (HPTLC piąte) 

Application volume: 5 pL, as 8-mm bands 
Re!ative humidity: Condition the piąte to a relative 
humidity of 33% using a suita ble device. 

Temperaturę: Ambient, not to exceed 30° 

Developing solvent system: A mixture of isopropyl al- 
cohol, methanol, and water (4:1:4) 

System suitability 

Samples: Standard solution A and Standard solution B 
Suitability requirements: Under short-wave UV light 
(254 nm), the chromatogram of Standard solution B 
displays, in its lower hałf, a auenching band coincident 
with that of the trigoneiline band in the chromało- 
gram of Standard solution A, 

Analysis 

Samples: Standard solution A t Standard solution B t and 
Sample solution 

Apply the Samples as bands, and dry in air. Condition 
at relative humidity at about 33%. Develop in a satu- 
rated ehamber, until the so!vent front has migrated 
over a path of 6 cm. Air-dry, and examine under short- 
wave UV light (254 nm). 

Acceptance criteria: Under short-wave UV light, the 
chromatogram of the Sample solution displays a 
guenching band corresponding to the trigoneiline band 
in the chromatograms of Standard solution A and Stan- 
dard solution 8. 

* Water Determination, Method la (921): NMT 9.0% 

* Residue on Ignition (281): NMT 5.0% 

t RESIDUAL Sglvents (467): Meets the requirements 

ADDITIONAL REQUIREMENT5 

® Pac k a gin g and Storage: Preserve in well-dosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

* Laseling: The label States the Latin binomial and, foliow- 
ing the official name, the part of the plant from which 
the extract was derived. ft also meets the reguirements 
for Labeling in Botanical Extracts (565), 

* USP Reference Standards (11) 

USP 4-Hydroxyisoleucine RS 

USP Trigonella Foenum-graecum Seed Dry Extract RS 
USP Trigoneiline RS 
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Ferrous Fumarate— see Ferrous Fumarate 
General Monographs 


Ferrous Fumarate Tablets— see Ferrous 
Fumarate Tablets General Monographs 


Ferrous Gluconate— see Ferrous Gluconate 
General Monographs 


Ferrous Gluconate Capsules —see Ferrous 
Gluconate Capsules General Monographs 


Ferrous Gluconate Orał Solution— see 

Ferrous Gluconate Orał Solution General 
Monographs 


Ferrous Gluconate Tablets— see Ferrous 
Gluconate Tablets General Monographs 


Ferrous Sulfate— see Ferrous Sulfate 
General Monographs 


Ferrous Sulfate Orał Solution— see 

Ferrous Sulfate Orał Solution General 
Monographs 


Ferrous Sulfate Syrup— see Ferrous Sulfate 
Syrup General Monographs 


Ferrous Sulfate Tablets— see Ferrous 
Sulfate Tablets General Monographs 


Ferrous Sulfate, Dried— see Dried Ferrous 
Sulfate General Monographs 


Feverfew 


DEFIN1TION 

Feverfew consists of the dried leaves of Tanacetum 
parthenium (L) Sch. BIp. (Fam. Asteraceae), cotlected 
when the p]ant \s in flower. 

BDENTEFGCATION 

e A. The retention time of the parthenolide peak of the 
Sampie solution corresponds to that of the Standard solu 
tion , as obtained in the test for Content of Parthenolide. 


* e, Thin-Layer Chromatographic Identification Test 

Standard solution; 1,0 mg/mL of USP Parthenolide RS 
in methanol 

Sampie solution: Transfer 1.0 g of finely powdered Fe- 
verfew to a suitable fiask. Add 20 ml of methanol, beat 
the fiask over a water bath at 6G C for 15 min, cool, and 
filter. Evaporate the fil tratę under reduced pressure to 
dryness, and dissolve the residue \n 2.0 ml of 
methanol. 

Adsorbent: 0.5-mm layer of chromatographic siiica gel, 
typicafly 20 cm long (TLC plates) 

Application voiume: 20 pi 

Developing so!vent system: Toluene and acetone 
(85:15) 

Spray reagent; 0.5% Solution of vaniflin in a mixture 
of sulfuric acid and alcohol (4:1) 

Analysis 

Sam pies: Standard solution and Sampie solution 
Develop the chromatograms until the solvent front has 
moved three-fourths of the length of the pfate. Re- 
move the piąte from the chromatographtc chamber, 
mark the solvent front, and allow it Lo air-dry. Spray 
the piąte with Spray reagent. After 5 min, examinę the 
piąte under whtte light. 

Acceptance criterfa: A blue spot in the middle portion 
of the chrom a to gram of the Sampie solution that corre¬ 
sponds in color and R f value to the principal spot ob¬ 
tained in the chroma tog ram of the Standard solution 
indicates the presence of parthenolide. The lower one- 
third of the cnromatogram of the Sampie solution may 
exhibit two pink spots, and the upper one-third may 
exhibit one pink spot. 

* C. Thin-Layer Chromatographic Identification Test 

Standard solution: 0.25 mg/mL of USP Rutin RS in 
methanol 

Sampie solution: To 1 g of finely powdered Feverfew, 
ada 10 mL of methanol, and heat on a water bath at 
60° for 15 min. Cod, and filter. 

Adsorbent; 0.25-mm layer of chromatographic siiica 
gef, typically 20 cm long (TLC plates) 

Application volume: 20 pL 

Developing solvent system: Ethyl atetate, anhydrous 
formie acid, gladal acetic acid, and water 
(10: 1.1: 1.1: 2.7) 

Spray reagent A: 1% Solution of 2-aminoethyl 
diphenylborinate in methanol 

Spray reagent B: 5% (w/v) Solution of polyetbylene 
glycof 4000 in alcohol 
Analysis 

Sam pies: Standard solution and Sampie solution 
DeveEop the chromatogram until the sofvent front has 
moved three-fourths of the length of the piąte. Re- 
move the piąte from the chromatographic cham ber, 
and allow it to air-dry. Spray the piąte with Spray rea¬ 
gent A followed by Spray reagent B f and examine the 
piąte under UV light at 366 nm. 

Acceptance criterra: Relative to the Rf value of the prin¬ 
cipal spot of the Standard solution f the chromatogram 
of the Sampie solution exhlbits no blue spot at Ry 1.1 
(distinction from Roman chamomile) but exhibfts a 
green spot at R f 2.3 (dfstinction from Matricaria), and 
colored spots at the values indicated are as follows: 
1.5 (yellowish orange), 1.65 (yellowish green), 2.0 
(greenish blue), and 2.25 (whitish blue). 

COMPOSITION 

* CONTENT OF PARTHENOLIDE 

Mobile phase: Acetonitrile and water (9:11) 

Standard solution: 0.04 mg/mL of USP Parthenolide RS 
in methanol 

Sampie stock solution: Reduce 100 g of Feverfew to a 
fine powder. Transfer about 1.0 g of the finely pow¬ 
dered Feverfew, accurately weighed, to a suitable fiask. 
Add 100 mL of methanol, and neat on a water bath at 
60° for 10 min. Remove the fiask from the water bath. 
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cool, and filter. Rinse the fiask with three 5-mL portions 
of methanol, and filter, adding the rinsings to tne fil- 
trate. Transfer the residue left within the nl ter to the 
same fiask. Add 50 mL of methanol, and continue the 
rinse proceduro as described above. Evaporate the com- 
bined filtrates under reduced pressure to dryness, and 
dIssolve the residue in 20.0 mL of methanoL 
Sam ple solution: Transfer 10 mL of the Sample stock 
solution to a 25-mL volumetnc fiask, and dii u te with 
methanol to volume, 

Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detecton UV 210 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 2 ml/min 
Injection volume: 10 jiL 
System suitability 
Sample: S tandard solu tio n 
Suitability requirements 

Tarling factor: NMT 2.0 for the parthenolide peak 
Relative standard deviation: NMT 2.0% for the 
parthenolide peak in repeated injections 
Analysis 

Samples: Standard solution and Sample solution 
Calcu la te the percentage of parthenolide in the portion 
of Feverfew taken to prepare the Sample solution: 


o Articles of Eotanical Origin, Foreign Organie Matter 
(561): NMT 10.0%, induding the staik 
o Articles of Eotanical Origin, Water-Sofuble Extractives, 
Method 2 (561): NLT 15.0% 

» Loss on Drying (731) 

Sample: 1.0 g of frnely powdered Feverfew 
Analysis: Dry the Sample at 105° for 1 h. 

Acceptance enteria; NMT 10.0% 

« Articles of Eotanical Origin, Toto/ Ash (561): NMT 
12 . 0 % 

■ Articles of Botanical Origin, Acid-lnsoluble Ash (561): 

NMT 3.0% 

ADDITIONAŁ REQUIREMENT5 

* Pacraging and Storage: Preserve in well-closed contain- 

ers, and storę in a dry place, protected from light 
® Labeling: The fabel States the Latin binomial and, fdlow- 
Ing the offidal name, the part of the plant contained in 
the article. 

* USP Reference Standards (11) 

USP Parthenolide RS 
USP Rutin RS 


Powdered Feverfew 


Result = (z-y/rj) (V/W) x D x 100 

ru = peak area of the parthenolide peak in the 
Sample solution 

^ - peak area of the parthenolide peak in the 

Standard solution 

Cs - concentration of USP Parthenolide RS in the 
Standard solution (mg/ml.) 

V - finał volume of the Sample stock solution (mL) 

W = weight of Feverfew used to prepare the 
Sample stock solution (mg) 

D = dilutlon factor to prepare the Sample solution 
from the Sample stock solution 
Acceptance enteria: NLT 0.2% on the dried basis 

CONTAIVHNANTS 

o Articles of Botanical Origin, Umits of Elemental fmpurb 
des (561): Meets the requirements 

* Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the requirements 

* Mecrobial Enumeration Tests (2021): The total bacterial 

count does not exceed 10 i( cfu/q, and the total conv 
bined mofds and yeasts count does not exceed 10 2 cfu/ 
9 * 

o Absence of Specified Microorganismis (2022) It meets 
the requirements of the tests for the absence of Salmo¬ 
nella spec i es and Escherichia coli. 

SFECIF1C TESTS 

* Botanical Characteristics 

Macroscopic: Yellowish green, petiotate, usually 2-5 cm 
in length but sometlmes up to 10 cm, ovate, deepJy 
divided into 5 or occasionally 7 segments, each with a 
coarsefy crenate margin and obtuse apex; both surfaces 
downy and the mid-rib prominent on the lower surface 
Microscopk: Upper and lower epidermal celFs with 
wavy afiticlinical walls, striated cuticle and ano mocy tic 
stomata, morę freguent on the lower epidermis; 
trichomes, morę abundant on the lower epidermis, of 
two types; covering trichomes uniseriate with up to ó 
smali isodiametric basa! ceils and elongated, tapering 
apical ceils, often at right angles to the axis of the basal 
ceils; glandular trichomes slightly sunken, composed of 
a short, biseriate, 2- or 4-celIed staik and a biseriate 
head of 4 ceils, around which the cuticle forms a blad- 
der-like covering 


DEFINITBON 

Powdered Feverfew is Feverfew pulverized to a fine or very 
fine powder, 

IDENTIFICATION 

• A, The retention tlme of the parthenolide peak of the 
Sample solution corresponds to that of the Standard solu¬ 
tion , as obtained in the test for Content of Parthenolide. 

® B. Thin-Layer Chromatography 

Standard solution: 1,0mg/mL of USP Parthenolide RS 
in methanol 

Sample solution: Transfer 1.0 g of Powdered Feverfew 
to a suitable fiask. Add 20 mL of methanol, heat the 
fiask over a water balh at 60° for 15 min, cool, and 
filter. Evaporate the filtra te under reduced pressure to 
dryness, and dissolve the residue in 2.0 mL of 
methanol 

Adsorbent: 0.5-mm layer of chromatographic sillca gel, 
typically 20 cm long (TLC plates) 

Application voiume: 20 pL 
Developtng solvent system: Toluene and acetone 
(85:15) 

Derlvatization reagent: 0,5% Solution of vanillin in a 
mixture of suffuric add and alcohol (4:1) 

Analysis 

Samples: Standard solution and Sample solution 
Develop the chromatograms until the solvent front has 
moved three-fourths of the length of the piąte, Re- 
move the piąte from the chromatographic chamber, 
mark the solvent front, and allow it to air-dry. Spray 
the piąte with Derivatization reagent. After 5 min, ex- 
aminę the piąte under white light, 

Acceptance enteria: A blue spot in fhe mrddle portion 
of the chroma tog ram of the Sample solution that corre¬ 
sponds in color and R F value to the prindpal spot ob¬ 
tained in the chromatogram of the Standard solution 
indicates the presence of parthenolide. The lower one- 
third of the chromatogram of the Sample solution may 
exhibit two pink spots, and the upper one-third may 
exhibit one pink spot. 

- C. Thin-Layer Chroiviatography 

Standard solution: 0.25 mg/mL of USP Rutin RS in 
methanol 

Sample solution: To 1 g of Powdered Feverfew, add 
10 ml of methanol, and heat on a water bath at 60° 
for 15 min. Cool, and filter 
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Adsorbent: 0.25-mm layer of chromatographic siiica 
gel, typically 20 cm tang (TLC plates) 

Application volume: 20 jaL 

Developing solvent system: Ethyi acetate, anhydrous 
formie add, glacial acetic add, and water 
(10:1.1:1.1:2.7) 

Derivatizafion reagent A: 1% Soiution of 2-aminoethyf 
diphenylborinate in methanol 

Derivatization reagent B: 5% (w/v) Soiution of poły- 
ethylene glycol 4000 in alcohol 
Analysis 

Samples: Standard soiution and Sample soiution 
Develop the chromatogram untii the solvent front has 
moved threeTourths of the Jength of the piąte. Re- 
move the piąte from the chromatographic cham ber, 
and afiow it to alr-dry. Treat the piąte with Derivatiza- 
tion reagent A followed by Derivatization reagent B, and 
examine the piąte under UV light at 366 nm. 
Acceptance errtena; Refative to the Rf value of the prim 
cipaJ spot of the Standard soiution , the chromatogram 
of the Sample soiution exhibits no blue spot at Rf 1.1 
(distinction from Roman chamomile) but exhibits a 
green spot at R f 2.3 (distinction from Matricaria), and 
colored spots at the Rf values indicated are as foilows: 
1* *5 (yellowish orange), 1.65 (yellowish green), 2.0 
(greenrsh blue), and 2,25 (whitish blue), 

COMPOSITION 
■ CONTENT OF PARTHENOLIDE 

Mobile phase: Acetonitrile and water (9:11) 

Standard soiution: 0.04 mg/mL of USP Parthenofide RS 
in methanol 

Sample stock soiution: Transfer about 1.0 g of the 
Powdered Feverfew, accurately weighed, to a suitable 
fiask, Add 1 00 ml of methanol, and heat on a water 
bath at 60° for 10 min. Remove the fiask from the 
water bath, coof, and filier. Rinse the fiask with three 
5-mL portions of methanol, and fil ter, adding the rins- 
ings to the filtrate. Transfer the residue left within the 
fflter to the same fiask. Add 50 mL of methanol, and 
continue the rinse procedurę as described above, Evap- 
orate the combined filtrates under reduced pressure to 
dryness, and dissofve the residue in 20.0 ml of 
methanol. 

Sample soiution: Transfer 10 mL of the Sample stock 
soiution to a 25-mL volumetric fiask, and dilute with 
methanol to volume. 

Chromatographic system 
(See Chromatography (621), System Suitability .) 

Modę: LC 

Detector: UV 210 nm 
Column: 4,6“mm x 25-cm; packing LI 
Flow ratę: 2 ml/min 
Injeciion votume: 10 pi 
System suitability 
Sample: Standard soiution 
Suitability reguirements 

Tai ling facto r: NMT 2.0 for the parthenolide peak 
Relative standard deviation: NMT 2.0% for the 
parthenolide peak in repeated injeotions 
Analysis 

Samples: Standard soiution and Sample soiution 
Calculate the percentage of parthenolide in the porttan 
of Powdered Feverfew taken to prepare the Sample 
soiution: 

Result = (ru/rs) x Q x (V/W) x D x 100 

ru = area of the parthenolide peak in the Sample 
soiution 

rs - area of the parthenolide peak In the Standard 
soiution 

G = concentratipn of USP Parthenolide RS in the 
Standard soiution (mg/mL) 

V - finał volume of the Sample stock soiution (mL) 


W - weight of Powdered Feverfew used to prepare 
the Sample stock soiution (mg) 

D - dilution factor to prepare the Sample soiution 
from the Sample stock soiution 
Acceptance criteria: NLT 0.2% on the dried basts 

CONTAM1NANT5 

* Articles of Botanical Oregin, Limits of Elemental Impuri- 

ties (561): Meets the requirements 
o Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the reguirements 
•> Mjcrobeal Enumeration Tests (2021): The total aerobic 
bactenal count does not exceed 1 0^ tfu/g, and the total 
combined molds and yeasts count does not exceed 1 0 2 
cfu/g, 

* Absence of Specified Microorganisms (2022): It meets 
the reguirements of the tests for the absence of Salmo¬ 
nella species and Escherichia coli. 

SPECIHC TESTS 

* Articles of Botanecal Origin, Water-Soluble Extroctives, 

Method 2 (561): NLT 15.0% 

* Loss on Drying (731) 

Sample: 1.0 g of Powdered Feverfew 
Analysis: Dry the Sample at 105° for 1 h. 

Acceptance criteria: NMT 10.0% 
o Articles of Botanical Origin, Total Ash (561): NMT 
12 . 0 % 

a Articles of Botanical Origin, Acid-lnsofuble Ash (561): 
NMT 3.0% 

ADDITiONAL REQUIREMENT$ 

* Packaging and Storage: Preserve in well-dosed contaln- 
ers, protected from light and moisture, 

o Iabeling: The Jabel States the Latln binomial and, follow- 
inq the official name, the part of the pfant source from 
wnich the article was derived, 

O USP REFERENCE STANDARDS (11) 

USP Parthenolide RS 
USP Rutin RS 


Fish Oil ContaSning Omega-3 Acids 

DEFINITION 

Fish Oil Containlng Omega-3 Acids is the purified, winter- 
ized, and deodorized fatty oil obtained from fish of the 
families Engraulidae, Carangidae, Clupeidae, Osmeridae, 
Scombroidae, and Ammodytidae. The omega-3 acids are 
defined as the foJlowing: afphadinolenic add (Cl 8:3 n-3), 
moroctic acid (Cl 8:4 n-3), elcosatefraenoic acid (C20:4 
n-3), eicosapentaenoic acid (EPA) (C2Q:5 n-3), heneicosa- 
pentaenoic acid (C21:5 n-3), docosapentaenoic acid 
(C22:5 n-3), and docosahexaenoic acid (DHA) (C22:6 n- 
3). It contains NLT 28.0% (w/w) of total omeg a-3 acids, 
expressed as free acids, consisting of NLT 1 3.0% of EPA 
and NLT 9.0% of DHA. Suitable antioxidants in appropri- 
ate concentrations may be added, 

9PENT1 FIC ATBOM 

• A. The retention trmes of the docosahexaenoic add 
methyl ester and eicosapentanoic acid methyi ester peaks 
from Test soiution 1 in Content of EPA and DHA corre- 
spond to those of the docosahexaenoic acid methyl ester 
and eicosapentanoic acid methyl ester peaks from Stan¬ 
dard soiution 2a and Standard soiution 2b f respective!y, in 
Fats and Fixed OHs (401), Content of EPA and DMA. The 
sum of the area for EPA and DHA methyl esters is NLT 
22% of the total detected area for the methyl esters, and 
no other peak has an area higher than 20% of the total 
detected area for the methyl esters. In addition to the 
EPA and DHA peaks. Test soiution I exhibits at least 15 
morę peaks with retention times simiiar to those of the 
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Fish oil standard solution, as obtained in the test for ton* 
tent of EPA and DHA . 

COMPOSmON 

• CONTENT OF EPA AND DHA 

(See Fats and Fixed Oils (401), Omego-3 Fatty Acids Dete r- 
minatfon and Profile *) 

Standard solution la. Standard solution Ib, Standard 
solution 2a, Standard solution 2b, Test sofution 1, 
Test solution 2, System suitability solution 1, System 
suitabilrty solution 2, Chromatographic system, Sys¬ 
tem suitability, and Analysis; Proceed as directed in 
Fats and Fixed Oits (401), Content of EPA and DHA for 
triglycerides* 

Fish oil standard solution: Transfer 300 mg of USP Fish 
Oil RS into a 10-mL volumetric fiask, and dissolve in 
and dilute with Antioxidont Sofution to volume, Proceed 
as directed for Test Solution I (for triglycerides) tn Fats 
and Fixed Oils (401), Content of EPA and DHA , starling 
with "Transfer 2.0 mL". 

Identify the relevant fatty acid methyl esters in the Fish 
oil standard solution by comparing their retention times 
with those in the reference chromatogram supplied 
with the USP Fish Oil RS. 

Acceptance criterta: NLT 13*0% (w/w) of EPA and NLT 
9.0% (w/w) of DHA 

• Content of Total Omega-3 Acids 

(See Fats and Fixed Oils (401), Omega-3 Fatty Acids Deter - 
mination and Profile.) 

Analysis: Proceed as directed in Fats and Fixed Oils 
(401), Content of Total Omega-3 Acids (for triglycerides)> 
Acceptance criterta: NLT 28.0% (w/w) of total omega- 
3 acids, expressed as free acids 

CONTAMINANTS 

• Limit of Arsenic 

[Notę —‘For the preparation of a II agueous Solutions and 
for the rinsing of glass, polytef, and plastic ves$efs 
before use, use water that nas been passed first through 
a strong-acid, strong-base, mixed-bea ion-exchange 
resin. Select alt reagents to have as Iow a content of 
arsenic as practicable, and storę all reagent Solutions in 
containers of borosilicate glass* Cleanse glass, polytef, 
and plastic yessels before use by soaking in warm 8 Ń 
nitric acid for 30 min and by rinsing with deionized 
water.] 

1% Palladium stock solution: Transfer 1 g of ultrapure 
palladium metal into a Teflon beaker, Add 20 ml of 
water and 10 mL of nitric acid, and warm on a hot 
piąte to dissolye. Altów the solution to cooi to room 
temperaturę, transfer into a 100-mL volumetric fiask, 
and dilute with deionized water to volume* 

1% Magnesium nitrate stock solution: Transfer 1 g of 
ultrapure magnesium nitrate into a Teflon beaker* Add 
40 mL of water and 1 mL of nitric acid, and warm on a 
hot piąte to dissolve the solids* Allow the solution to 
cool to room temperaturę, transfer into a 100-mL volu- 
metric fiask, and dilute with deionized water to volume 
Modlfier working solution: 1 % Palladium stock solution , 
1% Magnesium nitrate stock solution , and 2% nitric acid 
(3:2:5). A volume of 5 pL provides 0.015 mg of palla¬ 
dium and 0.01 mg of magnesium nitrate. 

Blank: Nitric acid and water {5 in 1 00) 

Standard stock solution: Transfer 10.0 mL of Standard 
Arsenic Sofution, prepared as directed in Arsenic (211), 
to a 100-mL volumetric fiask. Add 40 mL of water and 
5 mL of nitric acid, and dilute with water to volume. 

This solution contains 0*10 pg/mL of arsenic. 

Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain eoncentrations of 0*002, 

0*005, 0*010, 0*025, and 0*050 pg/mL of arsenic* 
Sample solution: For preparation of the Sample solu - 
tion , use a microwave oven with a mag net ran fre- 
guency of 2455 MHz and a selectable output power of 
0-950 watts in 1% increments, eguipped with ad- 


vanced composite vessels with 100-mL polytef liners. 
Use rupture membranes to vent vessets should the pres- 
sure exceed 125 psi, The yessels fit into a turntable, and 
each yessel can be yented into an oyerflow Container. 
Equip the microwave oven with an exhaust tubę to 
yentilate fumes* [Caution —Wear proper eye protection 
and protectiye clothing and gloves*j Transfer approxi- 
mately 500 mg of Fish Oil Containing Omega-3 Acids, 
weighed to the nearest 0*1 mg, into a Teflon digestion 
yessel li ner. Prepare samples In duplicate. Add 15 mL of 
nitric add, and swirl gently, Cover the vessels with lids, 
leaving the yent fitting off, Predigest overnight under a 
hood. Place the rupture membranę in the vent fitting, 
and tighten the lid* Place all vessels on the microwave 
oven turntable, Connect the vent tubes to the vent 
trap, and connect the pressure-sensing linę to the ap- 
propriate vessel. Initiate a two-stage digestion proce¬ 
durę by heating the microwave at 15% power for 15 
min, foliowed By 25% power for 45 min. Remove the 
turntable of vessels from the oven, and allow the yessels 
to cool to room temperaturę. [Notę —A cool water bath 
may be used to speed the cooling pmcess.] Vent the 
yessels when they reach room temperaturę. Remove the 
lids, and slowly add 2 mL of 30% hydrogen peroxide to 
each* Ałlow the reactions to subside, a na seal the ves* 
sels. Return the yessels on the turntable to the roicro- 
wave oven, and heat for an additional 15 min at 30% 
power. Remove the yessels from the oven, and allow 
them to cool to room temperaturę* Transfer the cooled 
digests into 25-mL yolumetric flasks, and dilute with 
water to volume. 

Analysis: Program the graphite fumace as follows. Dry 
at 115° using a 1-s ramp, a 65-s hołd, and an argon 
fłow of 300 mL/min* Char the sample at 1000° using a 
1-s ramp, a 20-s hołd, and an airflow of 300 mL/min. 
Cool down, and purge the air from the furnace for 10 s 
using a 20° set temperaturę and an argon flow of 
300 mL/min, Atomize at 2400" using a 0-s ramp and a 
5-s hołd with the argon flow slopped* Gean out at 
2600° using a 1-s ramp and a 5-s hołd. Separately in- 
ject equal yolumes (20 pL) of the Standard Solutions, the 
Sample solution , and the Blank, foliowed by a 5-pL injec- 
tion of the Modifter working solution for each of the 
samples, Into the graphite tubę of a suitable graphite 
furnace atomie absorption spectrometer equipped with 
a hollow-cathode lamp for arsenic* Determine the peak 
area at the arsenic emlssion tine at 193,7 nm, corrected 
for background absorption. Plot the corrected peak ar¬ 
ea s of the 5f an dard Solutions yersus their eon ten ts of 
arsenie, in pg/mL, and catculate the regression linę best 
fitting the points* Determine the concentration, C, in 
pg/mL, of arsenic in each mL of the Sample solution by 
interpolation from the regression linę. 

Calculate the content of arsenic in the portion of Fish 
Oil Containing Omega-3 Acids taken: 

Result = (dW) x 25 

C - concentration of arsenie in each mL of the 
Sample solution (pg/mL) 

W - weight of Fish Oil Containing Omega-3 Acids 
taken to prepare the Sample solution (g) 

Acceptance criteria: NMT 0.1 pg/g 

LIMIT OF lEAD 

[Notę—F or the preparation of all aqueous Solutions and 
for the rinsing of glass, polytef, and plastic yessels 
before use, use water that nas been passed through a 
strong-add, strong-basą mixed-bed ion-exchange resin 
before use* Select all reagents to have as Iow a content 
of lead as practicable, and storę all reagent Solutions in 
containers of borosilicate glass* Cleanse glass, polytef, 
and plastic yessels before use by soaking in warm 8 N 
nitric acid for 30 min and by rinsing wtth deionized 
water*] 


DS Monographs 
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10% Monobasic ammonium phosphate solution: 

10 g of ultrapure monobasic ammonium phosphate m 
1 mL of nitric acid and 40 mL of water to dissoNe the 
phosphate. Dilute with deionized water to 100 mL 
1% Magnesium nitrate solution: Transfer 1 g of uh 
trapure magnesium nitrate to a Teflon beaker. Add 
40 mL of water and 1 mL of nitric add, and warm on a 
hot piąte to dissolve the solids. Allow the solution to 
cool to room temperaturę, transfer to a 100-mL volu- 
metric fiask, and dilute with deionized water to volume. 
Modifier working solution: 10% Monobasic ammonium 
phosphate solution , / % Magnesium nitrate solution, and 
2% nitric acid (2:1 :2), A voiume of 5 uL provides 
0.2 mg of phosphate plus 0.01 mg of magnesium 
nitrate. 

Blank: Nitric add and water (5 in 100) 

Standard stoek solution: Transfer 10.0 mL of lead ni¬ 
trate stock solution T5 to a IGO-mL volumetric fiask. 

Add 40 mL of water and 5 mL of nitric add, and dilute 
with water to volume. Transfer 1.0 ml of this solution 
to a second 100-mL volumetric fiask. Add 50 mL of 
water and 1 mL of nitric acid, and dilute with water to 
vo!ume. This solution contains G. 10 pg/mL of lead. 
Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain concentrations of 0,002, 

0.005, 0,010, 0.025, and 0,050 pg/mL of lead. 

Sample solution: Prepare as directed in Umit of Arsenie, 
Analysis: Program the graphite furnace as follows. Dry 
at 120° using a 1 -s ramp, a 55-s hołd, and an argon 
flow of 300 mL/min. Char the sample at 850° using a 
1 -s ramp, a 30-s hołd, and an airfIow of 300 mL/min. 
Cool down, and purge the air from the furnace for 10 s 
using a 20° set temperaturę and an argon flow of 
300 mL/min. Atomize at 2100° using a 0-s ramp and a 
5-s hołd with the argon flow stopped. Clean out at 
2600° using a 1-s ramp and a 5-s hołd. Separatefy in- 
ject equal voJume$ (20 juL) of the Standard Solutions , the 
Sample solution , and the Blank , followed by a 5-pL injec- 
tion of the Modifier working solution for each of the 
samples, into the graphite tubę of a suitabie graphite 
furnace atomie absorption spectrometer equipped with 
a hollow-cathode lamp for lead. Determine trie peak 
area at the lead emission linę at 283.3 nm, corrected 
for background absorption. Plot the corrected peak ar- 
eas of the Standard Solutions versus their contents of 
lead, in pg/mL, and calculate the regression linę best 
fitting the points. Determine the concentration, C, in 
pg/mL, of lead in each mL of the Sample solution by 
interpolation from the regression linę, 

Calculate the content of lead in the portion of Fish Oil 
Containing Omega-3 Acids taken: 

Resuit = (C/W) x 25 

C = concentration of lead in each mL of the 
Sample solution (pg/mL) 

W - weiaht of Fish Oil Containing Omega-3 Acids 
taken to prepare the Sample solution (g) 
Acceptance criteria: NMT 0.1 pg/g 

Limit of Cadmium 

[Notę—F or the preparation of all aqueous Solutions and 
for the rinsing of glass, polytef, and plastic vessefs 
before use, use water thal nas been passed through a 
strong-acid, strong-base, mixed-bed ion-exchange resin 
before use. Select afl reagents to have as Iow a content 
of cadmium as practicabTe, and storę all reagent Solu¬ 
tions in containers of borosilicate glass. Cleanse glass, 
polytef, and plastic vessels before use by soaking in 
warm 8 N nitric acid for 30 min and by rinsing with 
deionized water.] 

10% Monobasic ammonium phosphate solution: 

10 g of ultrapure monobasic ammonium phosphate in 
40 ml of water and 1 mL of nitric acid to dissaive the 
phosphate. Dilute with deionized water to 100 mL; 


1% Magnesium nitrate solution: Transfer 1 g of ul¬ 
trapure magnesium nitrate to a Teflon beaker. Add 
40 ml of water and I mL of nitric acid, and warm on a 
hot piąte to dissolve the soiids. Allow the solution to 
cool to room temperaturę, transfer to a 100-mL volu- 
metric fiask, and dilute with deionized water to volume. 
Modifier working solution: 10% Monobasic ammonium 
phosphate solution , 1% Magnesium nitrate solution , and 
2% nitric acid (2:1 ;2). A volume of 5 pL provides 
0.2 mg of phosphate and 0.01 mg of magnesium 
nitrate. 

Blank: Nitric acid and water (5 in 100) 

Standard stock solution A: 0.1372 mg/mL of cadmium 
nitrate in water 

Standard stock solution B: Standard stock solution A, 
nitric acid, and water (2:1:97), This solution contains 
O.IOpg/ml of cadmium. [NOTĘ—Before diluting to finał 
volume, dissolve in a portion of water and nitric add.] 
Standard Solutions: Dilute Standard stock solution B 
with the Blank to obtain concentrations of 0.002, 

0.005, 0.010, 0.025, and 0,050 pg/mL of cadmium. 
Sample solution: Prepare as directed in Limit of Arsenie, 
Analysis: Program the graphite furnace as follows. Dry 
at 120° using a 1-s ramp, a 55-s hołd, and an argon 
flow of 300 mL/min, Char the sample at 850° using a 
1-s ramp, a 30-s hołd, and an airflow of 300 mL/min, 
Cool down, and purge the air from the furnace for 1 0 s 
using a 20° set temperaturę and an argon flow of 
300 mL/min. Atomize at 2400° using a 0-s ramp and a 
5-s hołd with the argon flow stopped. Gean out at 
2600° using a 1-s ramp and a 5-s hołd, Separately in- 
ject equal volumes (20 pL) of the Standard Solutions , the 
Sample solution , and the Blank , followed by a 5-pL injec- 
tion of the Modifier working solution for each of the 
samples, into the graphite tubę of a suitabie graphite 
furnace atomie absorption spectrometer eguipped with 
a hollow-cathode lamp for cadmium. Determine the 
peak area at the cadmium emission linę at 228.8 nm, 
corrected for background absorption. Plot the corrected 
peak areas of the Standard Solutions versus their con¬ 
tents of cadmium, in pg/mL, and calculate the regres¬ 
sion linę best fitting the points. Determine the concen¬ 
tration, C, tn pg/mL, of cadmium in each mL of the 
Sample solution by Interpolation from the regression 
linę. 

Calculate the content of cadmium in the Fish Oil Con¬ 
taining Omega-3 Acids taken: 

Resuit = (C/W) x 25 

C = concentration of cadmium in each mL of the 
Sample solution (pcj/mL) 

W - weight of Fish Oil Containing Omega-3 Acids 
taken to prepare the Sample solution (g) 
Acceptance criteria: NMT 0,1 pg/g 

• Limit of Mercury: Proceed as directed in Mercury (261), 
Method lla f except use a Standard Mercury Solution hav- 
Ing the equivalent of 0,1 pg/mL of mercury. 

Sample solution: Prepare as directed for the Sample jo- 
luiion in Limit of Arsenie, combining the two duplicate 
cooled digests into 1,0 mL of Potassium Permanganate 
Solution. 

Acceptance criteria: NMT 0.1 pg/g 

* Limit of Dioxins, furans, and Polychlorinated 
biphenyls 

Analysis: Determine the content of polychlorinated 
dibenzo-para-dioxms (PCDDs) and polychlorinated 
dibenzofurans (PCDFs) by Method No. 1613, Revision 
B, of the Environmental Protection Agency. Determine 
the content of polychlorinated biphenyls (PCBs) by 
Method No. 1668, Revision A of the Envtronmental Pro¬ 
tection Agency. 

Acceptance criteria: The sum of PCDDs and PCDFs is 
NMT 2.0 pg/g of World Health Organization (WHO) 
toxic equivalents, The sum of PCDDs, PCDFs, and cli- 
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oxin-like PC8s (polychlorinaLed bipbenyfs, nonortho 
IUPAC congeners PCB-77, PCB-81, PCB-I26, and PCB- 
169, and mono-ortho IUPAC congeners PCB-105, PCB- 
114, PCB418, PCB-123, PCB-156, PCB-157, PCB-167, 
and PCB-1S9) is NMT 10.0 pg/g of WHO toxic 
equivalents, 

SPECIFIC TEST5 

* Fats AND Fixed Oils, Acid Value (401): NMT 3 

o Fats and Fixed Oils, Anisldine Value( 401): NMT 20.0 

e Fats and Fixed Oils, Peroxide Vaiue (401): NMT 5.0 

* Fats and Fixed Oils, Toto! Oxidation Volue (TOTOK) (401) 

Analysis: Calcu la te TOTOK as follows; 

Result = (2 x PV) + AV 

PV - peroxide value 

AV ~ anisldine value 

Acceptance criteria: NMT 26 

* Fats and Fixed Oils, Unsaponifiabie Motter{ 401): NMT 

1.5% 

* Stearin 

Sample; 10 ml 

Analysis: Cool the Sample at 0 Q for 3 h* 

Acceptance criteria: The Somple remains elear. 

® Absorbance 

Sample solution: 0,24 mg/mL in isooctane 
Acceptance criteria: The absorbance ts NMT 0.70, de- 
termined at 233 nm. 

ADDBTIONAL REQUIREMENTS 

o Packaging and Storage; Preserve in tight, light-resistant 
containers, and storę at controlled room temperaturę, it 
may be bottled or otherwise packaged in containers from 
which a Ir has been expelled by tbe production of a vac- 
uum or by an inert gas. 

® LaseuNG: The Jabel States the average content of DHA 
and EPA in mg/g. It also States the na me and concentra- 
tion of any added antioxidant* 

o USP Reference Standards (11) 

USP Docosahexaenoic Acid Ethyl Ester RS 
Ali ds-4,7,10,13,1ó,19-doeosanexaenoic ethyl ester. 
C Z4 H 3fi 0 3 356.55 

USP Eicosapentaenoic Acid Ethyl Ester RS 
Ali ris-5,8,Vl,14,17-e[cosapentaenoic ethyl ester. 
CnHuOi 330.51 
USP Fish Oil RS 
USP Methyl Tricosanoate RS 
Tricosanoic acid methyl ester, 

Cj^Oz 368.64 


Fish Oil Corttaircing Omega-3 Acids 
CapsaaBes 

DEFINITION 

Fish OH Containing Omega-3 Acids Capsules contain NLT 
95,0% and NMT 105,0% of the labeled amount of Fish 
OH Containing Omega-3 Acids where Fish Oil Containing 
Omega-3 Acids is the purified, winterized, and deodorized 
fatty oil obtained from fish of the families Engraulidae, 
Carangidae, Clupeidae, Osmeridae, Scombroidae, and 
Ammodytidae. The omega-3 acids are defined as the fol- 
iowing: alphadlnoienlc acid (Cl 8:3 n-3), moroctic acid 
(Cl 8:4 n-3), eicosatetraenoic acid (C20:4 n-3), eicosa- 
pentaenoic acid (EPA) (C20:5 n-3), heneicosapentaenoic 
acid (C21:5 n-3), docosapentaenoic acid (C22:5 n-3), 
and docosahexaenoic acid (DHA) (C22:6 n-3), It contains 
NLT 28.0% (w/w) of total omega-3 acids, expressed as 
free acids, consisting of NLT 1 3,0% of EPA and NLT 9.0% 
of DHA. Suitable antioxidants in appropriate coneentra- 
tions may be added. 


IDENTIFICATION 

* A, The oil contained in the Capsules meet Lhe reguire- 

ments for the following test. Tne retention Limes of the 
docosahexaenoic acid methyf ester and eicosapentanoic 
acid methyl ester peaks from Test solution 1 in Content of 
EPA and DHA correspond to those of the docosahexae- 
noic acid methyl ester and eicosapentanoic acid methyl 
ester peaks from Standard solution 2a and Standard solu¬ 
tion 2b , re$pecttvejy, in Fats and Fixed Oils (401), Content 
of EPA and DHA . The sum of the areas for EPA and DHA 
methyl esters is NLT 22% of the total detected area for 
the methyl esters, and no other peak in the chromato- 
gram has an area higher than 20% of the total detected 
area for the methyl esters. In addition to the EPA and 
DHA peaks, Test solution 1 exhibits at feast 15 morę 
peaks with retention times similar to those of the fish oil 
standard solution f as obtained in the test for Content of 
EPA and DHA. 

STRENGTH 

* Content of Fish Oil 

Analysis: Weigh NLT 10 Capsules in a tared weighing 
bottle; carefufly open the Capsules, without loss of shell 
materiał; and transfer the combined Capsule contents 
to a 100-mL beaker, Remove any adhenng substance 
from the emptied Capsules by washing with several 
smali portions of 2,2,4-trimetnylpentane. Discard the 
washings, and allow the empty Capsules to dry in a 
current of dry air until the 2,2,4-trimethylpentane is 
completely evaporated, Weigh the empty Capsules in 
the original tared weighing bottle, and calculate the av- 
erage net weight per Capsule. 

Acceptance criteria: 95.0%-105.O% of the labeled 
amount 

* Content of EPA and DHA 

(See Fats and Fixed Oils (401), Omega-3 Fatty Acids Deter¬ 
nit na tion and Profile .) 

System suitability solution 1, System suitability solu¬ 
tion 2, Standard solution la, Standard solution Ib, 
Standard solution 2a, Standard solution 2b, Test so¬ 
lution 1, Test solution 2, Chromatographic system. 
System suitability, and Analysis: Proceed as directed 
in Fats and Fixed Oils (401), Content of EPA and DHA t for 
triglycerides. 

Fish oil standard solution: Transfer 300 mg of USP Fish 
Oil RS Into a 10-mL volumetric fiask, and dissolve in 
and di lute with Antioxidant Solution to volume. Proceed 
as directed for Test Solution 7 (for tdglycerides) in Fats 
and Fixed Oils (401), Content of EPA and DHA t starting 
with 'Transfer 2.0 mL J '. 

Identify the re!evant fatty acid methyl esters in the Fish 
oil standard solution by comparing their retention Limes 
with those in the reference chromatogram supplted 
with the USP Fish Oil RS. 

CaEeulate the percentage of EPA and DHA in the portion 
of fish oil containing omega-3 acids taken from the 
Capsules. 

Acceptance criteria: NLT 13.0% (w/w) of EPA and NLT 
9,0% (w/w) of DHA 

* Content of Total Omega-3 Acids 

(See Fats and Fixed Oils (401), Omega-3 Fatty Acids Deter- 
mination and Profile.) 

Analysis: Proceed as directed in Fats and Fixed Oils 
(401), Content of Total Omega-3 Acids (for trigfycerides). 
Acceptance criteria: NLT 28.0% (w/w) of total omega- 
3 acids, expressed as free acids 

PERFORMANCE TEST5 

* DISINTEGRATION AND DlSSOLUTlON OF DIETARY SUPPLEMENTS 

(2040): Meet the reguirements for Rupture Test for Soft 
Shell Capsules 

» Weight Variation of Dietary Supplements (2091): Meet 
the reguirements 
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CONTAMINANT5 
* LiMIT OF AR5ENIC 

[Notę—F or the preparation of aII aqueous Solutions and 
for the rinsing of glass, polytef, and plastic vessel$ 
before use, use water that nas first been passed through 
a strong-acid, strong-base, mixed-bed ion-exehange 
resin, Select a II reagents to have as Iow a content of 
arsenie as praeticable, and storę all reagent Solutions in 
containers of borostlioate glass. Cleanse glass, polytef, 
and plastic vessels before use by soaking them in warm 
8 N nltric add for 30 min and by rinsing them with 
deionized water,] 

1% Palladium stock solution: Transfer 1 g of ultrapure 
palladium metal into a Teflon beaker. Ada 20 mL of 
water and 10 mL of nitric acid, and warm on a hot 
piąte to dissolve. Ailow the solution to cool to room 
temperaturę, transfer into a 100-mL volumetric fiask, 
and di lute with deion ized water to volume. 

1% Magnesuj jt) nitrate stock solution: Transfer 1 g of 
ultrapure magnesium nitrate to a Teflon beaker. Ada 
40 mL of water and 1 mL of nitric add, and warm on a 
hot piąte to dissolve the solids. Allow the solution to 
cool to room temperaturę, transfer to a 100-mL volu- 
metrre fiask, and dilute with deionized water to volume, 
Modifier working solution: 1% Palladium stock solution , 
7 % Mognesium nitrate stock solution , and 2% nitric acid 
(3:2:5). A volume of 5 pL provides 0,015 mg of palla¬ 
dium and 0.01 mg of magnesium nitrate. 

Blank: Nitric acid and water (5 in 100) 

Standard stock solution: Transfer 10,0 mL of Standard 
Arsenie Solution , prepared as directed in the test for Ar¬ 
senie (211), to a 100-mL volumetric fiask, Add 40 mL of 
water and 5 mL of nitric acid, and dii u te with water to 
volume. This solution contains Q.lGpg/mL of arsenie. 
Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain concentrations of 0,002, 

0.005, 0,010, 0.025, and 0,050 pg/ml of arsenie, 
Sample solution: For the preparation of the Sample so- 
lution f use a microwave oven with a magnelron fre- 
quency of 2455 MHz and a selectable output power of 
0^950 W in 1% inerements, equipped witn advanced 
composite vessels with 100-mL polytef liners, Use rap¬ 
tu re membranes to vent vessels should the pressure ex- 
ceed 125 psi. The vessels fit into a turntable, and each 
vessef can be vented into an overflow Container. Equip 
the mierowave oven with an exhaust tubę to ventilate 
fumes. [CAUTION —Wear proper eye protection and pro- 
tective clothrng and gloves,] Transfer approximately 
500 mg from content of Capsules, weigned to the near- 
est 0.1 mg, into a Teflon digestion vessel liner. Prepare 
samples in du pika te. Add 15 mL of nitric acid, and swiri 
gently. Cover the vessels with lids, leaving the vent fit- 
ting off, Predigest ovemight under a hood. Piace the 
rupture membranę in the vent fitting, and tighten the 
lid. PEace all vessels on the m itrowa ve oven turntable. 
Connect the vent tubes to Lhe vent trap, and connect 
the pressure-sensing linę to the appropriate vessel. Jniti- 
ate a two-stage digestion procedurę by heating the mi- 
crowave at 15% power for 15 min, foflowed by 25% 
power for 45 min. Remove the turntable of vessels from 
the oven, and ailow the vessels to cool to room tem¬ 
peraturę, [Notę—A cool water bath may be used to 
speed the cooling process.] Vent the ve$sels when they 
reach room temperaturę. Remove the lids, and slowly 
add 2 mL of 30% bydrogen peroxide to each. Allow the 
reactions to subside, and seal the vessels. Return the 
vessels on the turntable to the microwave oven, and 
heat for an additional 15 min at 30% power. Remove 
the vessels from the oven, and allow them to cool to 
room temperatura. Transfer the cooled digests into 
25-mL volumetric flasks, and dilute with water to 
volume. 

Analysis: Program the graphite furnace as follows. Dry 
at 115° using a 1-s ramp, a 65-s hołd, and an argon 
flow of 300 mL/min. Char the sampEe at 1000° using a 


1-s ramp, a 20-s hołd, and an alrflow of 300 mL/min. 
Cool down, and purge the air from the furnace for 10 s 
by using a 20 Q set temperaturę and an argon flow of 
300 mL/min, Atomize at 2400° using a 0-s ramp and a 
5-s hołd with the argon flow stopped. Clean out at 
2600° using a 1-s ramp and a S-s hofd, Separately in- 
ject equal volumes (20 j.lL) of the Blank , the Standard 
Solutions, and the Sample solution t foilowed by a 5-jiL 
injection of the Modifier working solution for each of the 
samples, into the graphite tubę of a suitable graphite 
furnace atomie absorption spectrometer equipped with 
a hoUow-cathode lamp for arsenie, Determine the peak 
area at the arsenie emission linę at 193.7 nm, corrected 
for background absorption, Piot the corrected peak ar- 
eas of the Standard Solutions versus their contents of 
arsenie, in pg/mL, and calculate the regression linę best 
fitting the points. Determine the concentration, C, in 
pg/mL, of arsenie in each mL of the Sample solution by 
interpolation from the regression linę, 

Calculate the content of arsenie in the portlon of Cap¬ 
sules taken: 


Result = (C/140 x 25 

C = concentration of arsenie in each mL of the 
Sample solution (pg/mL) 

W - weight of fish oil containing omega-3 acids 
taken to prepare the Sample solution (g) 
Acceptance criteria: NMT 0.1 pg/g 

« Limit of Lead 

[Notę— For the preparation of all agueous Solutions and 
for the rinsing of glass, polytef, and plastic vesseis 
before use, use water that nas first been passed through 
a strong-acid, strong-base, mixed-bed ion-exchange 
resin. Select all reagents to have as Iow a content of 
lead as praeticable, and storę all reagent Solutions in 
containers of borosilicate glass. Cleanse glass, polytef, 
and plastic vessels before use by soaking them In warm 
8 N nitric acid for 30 min and by rinsing them with 
deionized water.] 

10% Monobasic ammonium phosphate solution; 

10 g of ultrapure monobasic ammonium phosphate in 
1 mL of nitric acid and 40 mL of water to dissolve the 
phosphate. Dilute with deionized water to 100 mL. 

1% Magnesium nitrate solution: Transfer 1 g of ul¬ 
trapure magnesium nitrate to a Teflon beaker. Add 
40 mL of water and 1 mL of nitric add, and warm on a 
hot piąte to dissolve the solids. Allow the solution to 
cool to room temperaturę, transfer to a 100-mL volu- 
metric fiask, and dilute with deionized water to volume. 
Modifier working solution: 10% Monobasic ammonium 
phosphate solution, 1 % Magnesium nitrate solution, and 
2% nitric acid (2:1:2). A volume of 5 pi provides 
0.2 mg of phosphate plus 0,01 mg of magnesium 
nitrate. 

Blank: Nitric acid and water (5 in 100) 

Standard stock solution: Transfer 10.0 mL of lead ni- 
trate stock solution T5 to a 100-mL volumetric fiask. 

Add 40 mL of water and 5 mL of nitric acid, and dilute 
with water to vofume. Transfer 1.0 mL of this solution 
to a second 100-mL volumetric fiask. Add 50 ml of 
water and 1 mL of nitric add, and dilute with water to 
volume. This solution contains OJOjig/mL of lead. 
Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain concentrations of 0,002, 

0.005, 0,010, 0.025, and 0.050 pg/mL of lead. 

Sample solution: Prepare as directed in Limit of Arsenie 
Analysis: Program the graphite furnace as follows. Dry 
at 120* using a 1-s ramp, a 55-s hołd, and an argon 
flow of 300 mL/min, Char the sample at 85Q d using a 
1-s ramp, a 30-s hołd, and an airflow of 300 mL/min. 
Cool down, and purge the air from the furnace for 10 s 
by using a 20° set temperaturę and an argon llow of 
300 mL/min, Atomize at 2100* using a 0-s ramp and a 
5-s hołd with the argon flow stopped. Clean out at 
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2600° using a 1-s ramp and a 5-s hofd. Separateiy in- 
ject equal voiumes (20 pL) of the Blank, the Standard 
Solutions , and the Sample soiution , followed by a 5-j.iL 
injection of the Modifier working soiution for each of the 
samples, into the graphite tubę of a suitable graphite 
furnace atomie absorption spectrom eter equipped with 
a hollow-cathode lamp for lead, Determine the peak 
area at the lead emission linę at 283.3 nm, corrected 
for background absorption. Plot the corrected peak ar- 
eas of the Standard Solutions versus their contents of 
lead, in jig/mL, and calculate the regression linę best 
fltting the points. Determine the concentration, C, in 
pg/mL, of lead in each ml of the Sampie soiution by 
interpolation from the regression linę. 

Calculate the content of lead in the portion of Capsules 
taken: 

Result = (C/W) x 25 

C - concentration of lead in each mL of the 
Sampie soiution (pg/mL) 

W - weiaht of fish oil containing omega-3 acids 
taken to prepare the Sampie soiution (g) 
Acceptance criteria: NMT 0,1 pg/g 

* Limit for Cadmium 

[Notę—F or the preparation of aEI agueous Solutions and 
for the rinsing of glass, potytef, and plastic vessels 
before use, use water that nas first been passed through 
a strong-acid, strong-base, mixed-bed ion-exchange 
resin, Select all reagents to have as Iow a content of 
cadmium as practicable, and storę ail reagent Solutions 
in containers of borosilicate glass. Cleanse glass, polytef, 
and plastic vessels before use by soaking them in warm 
8 N nitric acid for 30 min and by rinsing them with 
cleionized water.] 

10% Monobasic ammonium phosphate soiution: 

10 g of ultrapure monobasic ammonium phosphate in 
40 mL of water and 1 mL of nitric acid to dissolve the 
phosphate, Dilute with deionized water to 100 mL. 

1% Magnesium nitrate soiution: Transfer 1 g of ul¬ 
trapure magnesium nitrate to a Teflon beaker, Add 
40 mL of water and 1 mL of nitric acid, and warm on a 
hot piąte to dissolve the solids. Al Iow the soiution to 
cooi to room temperaturę, transfer to a IGO-mL volu- 
metrie fiask, and dilute with deionized water to vofume. 
Modifier working soiution: 10% Monobasic ammonium 
phosphate soiution i, 1% Magnesium nitrate soiution , and 
2% nitric add to volume (2:1:2). A volume of 5 pL pro- 
vtdes 0.2 mg of phosphate and 0.01 mg of magnesium 
nitrate. 

Blank: Nitric acid and water (5 in 100) 

Standard stock soiution A: 0.1 372 mg/mL of cadmium 
nitrate In water 

Standard stock soiution B: Standard stock soiution A, 
nitric acid, and water (2:1:97). This soiution contains 
0.10 pg/mL of cadmium. [Notę —Before diluting to finał 
yolume, dissolve in a portion of water and nitric acid.] 
Standard Solutions: Dilute Standard stock soiution B 
with the Blank to obtain concentrations of 0.002, 

0,005, 0.010, 0.025, and 0,050 pg/mL of cadmium. 
Sampie soiution: Prepare as directed in Limit of Arsenie . 
Analysis: Program the graphite furnace as follows. Dry 
at 120° using a 1-s ramp, a 55-s hołd, and an argon 
flow of 300 mL/min. Char the sampie at 850° using a 
1-s ramp, a 30-s hołd, and an airfJow of 300 mL/min. 
Cool down and purge the air from the furnace for 10 s 
by using a 20° set temperaturę and an argon flow of 
300 mL/min, Atomize at 2400° using a 0-s ramp and a 
5-s hołd with the argon flow stopped. Clean out at 
2600° using a 1-s ramp and a S-s hołd. Separateiy in- 
ject equal vo!umes (20 pL) of the Blank , the Standard 
Solutions , and the Sampie soiution , foflowed by a 5 -j.lL 
injection of the Modifier working soiution for each of the 
samples, into the graphite tubę of a suitable graphite 
furnace atomie absorption spectrometer eguipped with 


a hollow-cathode lamp for cadmium. Determine the 
peak area at the cadmium emission linę at 228.8 nm, 
corrected for background absorption. Plot the corrected 
peak areas of the Standard Solutions versus their con¬ 
tents of cadmium, in pg/mL, and calculate the regres- 
sion Itne best fitting the points. Determine the concen¬ 
tration, C, in pg/mL, of cadmium in each mL of the 
Sampie soiution by interpolation from the regression 
linę. 

Calculate the content of cadmium in the portion of 
Capsules taken: 

Result - (C/W) X 25 

C = concentration of cadmium in each mL of the 
Sampie soiution (pg/mL) 

W = welght of fish oil containing omega-3 acids 
taken to prepare the Sampie soiution (g) 
Acceptance criteria: NMT 0.1 pg/g 

« Limit of Mercury 

Sampie soiution: Prepare as directed in Limit of Arsenie, 
combining the two duplicate cooled digests into 1.0 mL 
of Potassium Permanganate Soiution in Mercury (261), 
Method lia and i Ib, Reagents . 

Analysis: Proceed as directed for Mercury (261), Method 
Ha, except use a Standard Mercury Soiution having the 
equiva!ent of 0.1 pg/mL of mercury. 

Acceptance criteria: NMT 0.1 pg/g 

* Limit of Dioxins, Furans, and Polychlorinated 
Biphenyls 

Analysis: Determine the content of polychlorinated 
dibenzo-para-dioxins (PCDDs) and polychlorinated 
dibenzofurans {PCDFs) by Method No. 1613, Revision 
B, of the Environmental Protection Agency. Determine 
the content of polychlorinated biphenyls (PCBs) by 
Method No. 1668, Revision A, of the Environmental 
Protection Agency. 

Acceptance criteria: The sum of PCDDs and PCDFs is 
NMT 2.0 pg/g of Wortd Health Organization (WHO) 
toxic equlvalents. The sum of PCDDs, PCDFs, and di- 
oxin-like PCBs (polychlorinated biphenyls, nonortho 
1UPAC congeners PCB-77, PCB-81, PCB-126, and PCB- 
169, and mono-ortho IUPAC congeners PCB-105, PCB- 
114, PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, 
and PCB-189) is NMT 1 0,0 pg/g of WHO toxic 
equivalents. 

SPECIFIC TESTS 

* Fats and Fixed GlLS, Add Value (401): NMT 3 

* Fats and Fixed Oils, Anisidine Value (401): NMT 20,0 
Fats and Fixed Oils, Peroxide Vafue (401): NMT 5.0 

* Fats and FiXED Oil$, Toto! Oxidation Vafue (TOTOK) 

(401): NMT 26, calcu la ted: 

Result - (2 x PV) + AV 

PV - peroxrde value 
AV - anisidine value 

® Fats and Fixed Oils, Unsaponifiabie Matter{4 01): NMT 
1.5% 

® Stearin: 10 mL remains elear after cooling at 0° for 3 h. 

® ABSORRANCE 

Sampie soiution: 0,24 mg/mL in isooctane 
Acceptance criteria: The absorbance is NMT 0.70, de- 
termined at 233 nm. 

ADDiTIONAL REQUIREftflENTS 

o PACKACINC and STORAGEi Preserve in tight containers, 
and storę at room temperaturę, protected from tight, 

* Labeling: The labeJ States the amount of docosahexae- 
noic add (DHA) and eicosapentaenoic add (EPA) in mg 
per Capsuie. 

■ USP Reference Standards (11) 

USP Docosahexaenoic Add Ethyl Ester RS 
All ris-4,7,10,1 3,16,19-docosahexaenoic ethyl ester, 
C 14 H 3fi 0 3 356.55 
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USP Eicosapentaenoic Acid Ethyl Ester RS 
Ali ds-5,8,11,14,1 7-eicosapentaenoic ethyl ester. 
CzMhOj 330.51 
USP Fish Oil RS 
USP Methyl Tricosanoate RS 
Tricosanoic acid methyf ester. 

Cz4H, 0 O 2 368.64 


Fish Oil Containing Omega-3 Acids 
Deiayed-Release Capsules 


DEHNmON 

Fish Oil Containing Omega-3 Acids Deiayed-Release Cap- 
suies are enteric-coatea Capsules that contain NLT 95,0% 
and NMT 105.0% of the labeled amount of Fish Oil Con¬ 
taining Omega-3 Acids where Fish Oil Containing Gmega- 
3 Acids is the purified, winterized, and deodorized fatty 
oil obtained from fish of the families Engraulidae, 
Carangidae, Clupetdae, Osmeridae, Scombroidae, and 
Ammodytidae. The omega-3 acids are defined as the fol- 
(owing: alpha-linolenic acid (Cl 8:3 n-3), moroctic acid 
(Cl 8:4 n-3), eicosatetraenoic acid (C20:4 n-3), eicosa¬ 
pentaenoic acid (EPA) (C20:5 n-3), heneicosapentaenok 
acid (C21:5 n-3), docosapentaenoic acid (C22:5 n-3), 
and docosahexaenolc acid (DHA) (€22:6 n-3), It contains 
NLT 28,0% (w/w) of total omega-3 acids, expressed as 
free acids, consisting of NLT 13.0% of EPA and NLT 9.0% 
of DHA. Suitable antioxidants in appropriate concentra- 
tions may be added. 


IDENTIFICATION 

* A, The oil contained in the Capsules meets the reąuire- 
ments for the foliowi ng test. The retention times of the 
docosahexaenoic acid methyl ester and ekosapentanoic 
acid methyl ester peaks of Test solution 1 in Content of 
EPA and DHA correspond to those of the docosahexae- 
noic acid methyl ester and eicosapentanoic acid methyl 
ester peaks of standard solution 2a and Standard soludon 
2b t respeclively, in Fats and Fixed Oits (401), Omega-3 
Fatty Acids Determination and Profile , Content of EPA and 
DHA , The sum of the area for EPA and DHA methyl esters 
is NLT 22% of the total detected area for the methyl 
esters, and no other peak has an area higher than 20% 
of the total detected area for the methyl esters. In addi- 
tlon to the ERA and DHA peaks, Test solution 1 exhibśt$ at 
least 15 morę peaks with retention times sEmitar to those 
of the Fish oil standard solution, as obtained in Content of 
EPA and DHA , 



STEENGTH 

• Content of Fish Oil 

Analysis: Weigh NLT 10 Capsules in a tared weighing 
bottle, carefulfy open the Capsules, without foss of snęli 
materiał, and transfer the combined Capsule contents 
to a 1 GO-mL beaker. Remove any adhering substance 
from the emptied Capsules by washing with several 
smali portions of 2,2,4-tnmetnylpentane. Giscard the 
washings, and allow the empty Capsules to dry in a 
current of dry air until the 2,2,4 - tri methyl pen ta ne is 
completely evaporated. Weigh the empty Capsules in 
the onginal tared weighing bottle, ano calculate the av- 
erage net weight per Capsule. 

Acceptance crfterla: 95.0%-] 05.0% of the labeled 
amount 

• Content of EPA and DHA 

(See Fats and Fixed Oils <401), Omega-3 Fatty Acids Deter¬ 
mination and Profile .) 

System suitability solution 1, System suitability solu¬ 
tion 2, Standard solution Ta, Standard solution Ib, 
Standard solution 2a, Standard solution 2b, Tesjt so¬ 
lution 1, Test solution 2, Chromatographic system, 


System suitability, and Analysis: Proceed as directed 
in Fats and Fixed Oils (401), Content of EPA and DHA for 
tnglycerides. 

Fish oil standard solution: Transfer 300 mg of USP Fish 
Oil RS to a 10-mL volumetnc fiask, and dissolve in and 
dilute with Antioxidant Solution to volume. Proceed as 
directed for Test Solution 1 (for tnglycerides) in Fats and 
Fixed Oils <401), Content of EPA and DHA, starting with 
"Transfer 2.0 mL", 

Identify the relevant fatty acid methyl esters in the Fish 
oil standard solution by comparing their retention times 
with those in the reference chromatogram supplied 
with the USP Fish Oil RS. 

Calculate the percentage of EPA and DHA in the portion 
of fish oil containing omega-3 acids taken from the 
Capsules. 

Acceptance criteria: NLT 1 3,0% (w/w) of EPA and NLT 
9.0% (w/w) of DHA 

* Content oe Total Omega~3 Acids 

(See Fats and Fixed Oils (401), Omega-3 Fatty Acids Deter¬ 
mination and Profile.) 

Analysis: Proceed as directed in Fats and Fixed Oils 
<401), Content of Total OmegQ-3-Adds (for tnglycerides), 
Acceptance criteria: NLT 28.0% (w/w) of total omega- 
3 acids, expressed as free acids 

PERFORMANCE TESTS 

* DisiNTECRATiON and DiSSOLUTiON (2040): Meet the re- 
quirements for Disintegration , Deiayed-Release (Enterk- 
Coated) Soft Shell Capsules 

* Weight Variation of Dietary Supplements (2091): Meet 

the requirements 

CONTAMINANTS 

* Fats and Fixed Oils, Tracę Metals (401): NMT 0.1 ppm 
each of Pb, Cd, As, and Hg 

* Limit of Dioxins, Furans, and Polychlorinated 

Biphenyls 

Analysis: Determine the content of polychlorinated 
dibenzo-para-dioxins (PCDDs) and polychlorinated 
dibenzofurans (PCDFs) by Method 1613, Revision B, of 
the Environmental Protection Agency. Determine the 
content of polychiorinated biphenyls (PCBs) by Method 
1668, Revision A, of the Environmentai Protection 
Agency. 

Acceptance criteria: The sum of PCDDs and PCDFs is 
NMT 2.0 pg/g of World Health Organization (WHC0 
toxic equivalent$. The sum of PCDDs, PCDFs, and di- 
oxin-like PCBs (polychlorinated biphenyls, non-ortho 
IUPAC congeners PCB-77, PCB-81, PCB-126, and PCB- 
169, and mono-ortho IUPAC congeners PCB-105, PCB- 
114, PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, 
and PCB-189) is NMT 10.0 pg/g of WHO toxk 
equivaients, 

SPECIFIC TESTS 

■ Fats and FiXED Oils, Add Value (401): NMT 3 

* Fats and Fixed Oils, Anisidine Value (401): NMT 20.0 

* Fats and Fixed Oils, Peroxide Value (401): NMT 5.0 

* Fats and Fixed Oils, Total Oxidation Value (TOTOK) 

(401): NMT 26, calculated: 

Result ^ (2 x PV) + AV 

PV - peroxide value 
4V - anisidine value 

* Fats and Fixed Oils, Unsaponiflabłe Matter (401): NMT 

1.5% 

« Stearin: 10 ml remains elear after cooling at 0° for 3 h. 

* Absorbance 

Sample solution: 0.24 mg/mL in isooctane 
Acceptance criteria: NMT 0,70, determined at 233 nm 

ADDITIONAL REQUIREMENTS 

o Packaging AND Storage: Pre$erve in tight containers, 
and storę at room temperaturę, protected from light. 
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* Labeling; The label States the amount of docosahexae- 
noic add (DHA) and eicosapentaenoic add (EPA) in mg 
per Capsuie. 

» USP Reference Standards (11) 

USP Docosabexaenoic Add Ethyl Ester RS 
Ali ris-4,7,10,1 3,16,19-docosahexaenoic ethyl ester. 
356,55 

USP Eicosapentaenolc Add Ethyl Ester RS 
Ali 05-5,8,11,14,17-eicosapentaenolc ethyl ester. 
C^H^O* 330,51 
USP Fish Oil RS 
USP Methyl Trtcosanoate RS 


Flax Seed Oil 


[8001 -26-1 ]> 

DEFINITHON 

Flax Seed Oil is denved from flaxseed or linseed (Linum 
usitatissimum L.). The oil is extracted from the hard, tiny 
seeds by cofd pressing and Łhen refined. No solvents or 
external heat are employed in the extract!on process. it 
contains no added substances. 

IBENTiF&CATBON 

* A. It meets the reguirements In Spedfic Tests for Fats and 

Fixed Oils {401), Fot ty Add Composition. 

* IB. Identification of Fixed Oils by Thin-Layer Chroma- 
tography <202): The values of the principal spots of 
the Sample solution correspond to tliose of tne Standard 
solution, 

SPECIFIC TE5T5 

* Fats AND Fixed Oils, Add Value (401): NMT 2.0 

s Fats and Fixed Oils, Peroxide Value <401): NMT 2.0 
© Fats and Fixed Oils, lodine Vaiue <401): 1 50-165 
® Fats and Fixed Oils, Saponification Value (401): 180-190 
® Fats and Fixed Oils, Unsaponlfiable Matter{4 01): NMT 
1.1 

* Fats and Fixed Oils, Fatty Add Composition (401): Flax 

Seed Ol! exhibits the composition profile of fatty acids in 
Tobie 1. 


Table 1 


Fatty 

Shorthand 

Percentage 

Acid 

Notation 


Palrmtic add 

16:0 

2.0-7.5 

Stearic acid 

18:0 

1.0-6.0 

Oleić add 

18:1 

12.0-24.0 

Linoieic add 

18:2 

11.0-23.0 

Alpha-linolentc acid 

18:3 

50.0-65.0 


* REFRACTIVE IND£X (831): 1460-1490 at 20° 

ADDITIONAL REQU1REMENT$ 

® Packaging and Storage: Preserve in well-closed, tlght, 
light-resrstant containers. 

* Labeling; Where Flax Seed Oil is intended for use in the 

manufacture of dosage forms, it Ss so tabeled. 

a USP Reference Standards (11) 

USP Flax Seed Oil RS 


F8ax Seed OSB Capsules 

DEFINITBON 

Flax Seed Oil Capsules are prepared with Flax Oil deriyed 
from cold-pressed flax seeds and contain NLT 95.0% of 


the labeled amounts of oi-linolenic (Cl 8:3 n-3), linoieic 
(Cl 8:2 n-6), and oleić (Cl 8:1 n-9) acids. 

9 D EN TU FI C ATI O N 

« A. 

Sampie: A portion of oil, about 2 mL, from NLT 10 

Capsules 

Analysis: Transfer the Sample to a suitabfe test tubę. 
Add 2 ml of giacial acetic acid, and warm the test tubę 
to about 50°, whtle swirllng, for 5 min. Coof, and add 1 
drop of sulfuric acid. 

Acceptance criteria: A greenish color develops. 

® B. Fatty Acid Profile 

System suitabifity solution and Chromatographic sys¬ 
tem: Proceed as directed in Strength. 

Sample solution: Proceed as directed for the Sample 
solution in Strength t beginning with 'Transfer 80 mg" 
without the addtbon of the Interna! standard . 

Analysis: Identify the spedfied fatty add methyl ester 
peaks by comparing fhem to the reference chromato- 
ram providecl with the lot of USP Fiax Seed Oil RS 
eing used. Determine the percentage of each constitu- 
ent relatlve to the total infegrated area. 

Acceptance criteria: The Sample solution conforms to 
the fatty acids composition profile in Table 1. 


Table 1 


Fatty 

Shorthand 

Percentage 

Acid 

Notation 

f°/o! 

Palmitic add 

16:0 

2.0-7.5 

Stearic add 

. -iii 8:0 

fS) .0-6.0 

Oleić acid 

18:1 n-9 

12.0-24.0 

Linoieic acid 

18:2 n-6 

11,0-23.0 

CŁ-Linolenic add 

18:3 n-3 

50,0-65.0 


STRENGTH 

® CONTENT OF Ot-LlNOLENIC, Ll NO LEK, AND OŁEIC ACIDS 
0.5 N methanolk sodium hydroxide solution: DIs- 
sofve 2 g of sodium hydroxide in 100 mL of mefhanol. 
Intemal standard: Methyl nonadecanoate 
Sample solution: Weigh NLT 10 Capsules. With a sharp 
blade, carefully slice open the Capsules, avoiding loss of 
sheil materiał. Combine the Capsule contents in a suita- 
ble Container, and mix well. Remove any adhering sub- 
stance from the emptied Capsules by washing with sew 
eral portions of diethyf ether, and discard the washings. 
Allow the empty Capsule shells to air-dry over a period 
of NMT 30 min, taking precautions to avoid uptake or 
loss of moisture. Weign the empty Capsule shells, and 
caiculate the average fili weight/Capsule (Af). Transfer 
80 mg of the accurately weighed combmed Capsule 
contents directly into a ta red 30-mL screw-top glass 
centrtfuge tubę. Re-tare, and accurately weigh about 
50 mg of internal standard, Add 2 mL of 0.5 N metha- 
nolic sodium hydroxide solution , tightly cap, and transfer 
to a heating błock, or another appropriate heating de- 
vice. Reflux the solution until fal glooules disappear 
(usually 5-10 min). Add 2 mL of 0.14 g/mL boron 
trifluoride in methanol, cap, and reflux for 2 min. Add 
4 mL of chromatographic n-heptane, cap, and reflux for 
1 min, Cool, add about 8 mL of saturated sodium chlo- 
ride solution, shalce, and centrifuge to separate fayers. 
Dilute an aliguot of the upper (heptane) layer 1:8 with 
chromatographic n-heptane, and mix well. 

System suitability solution: Using about 80 mg of USP 
F!ax Seed Oil RS, proceed as directed for the Sample 
solution , beginning with "Transfer 80 mg" without the 
addltion of the Internal standard . 

Standard solution: Directly into a tared 30-mL screw- 
top glass centrifuge tubę accurately weigh about 50 mg 
of USP Methyl Llnolenate RS, 20 mg of USP Methyl U- 
noleate RS, and 20 mg of USP Methyl Oleate RS. Pro- 
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ceed as directed for Ehe Sample solution , beginning with 
"Re-tarę". 

Chromatographic system 

(See Chromotography {62 1), System Suitabiiity.) 

Modę: CC 

Detector: Flame ionizalton 

Column: 0.53-mm x 30-m fused silica capi!lary; coated 
with a 1,0-um film of G16 
Temperatures 
Injection port: 220° 

Detector: 260° 

Column: See Table Z 


Tabfe 2 


Jnitial 

Temperaturę 

n 

Temperaturę 

Ramp 

P/mln) 

Finał 

Temperatura 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

70 

0 

70 

2 

70 

5 

24 0 

5 



Carrrer gas: Helium 
Linear velocity: 50 cm/s 
Split modę: Splitless 
Injection voIume: 1 pL 
System suitabiiity 

Sampies: System suitabiiity solution and Standard 
solution 

Suitabiiity requirements 

Chromatogram simiiarity: The System suitabiiity solu¬ 
tion chromatogram is similar to the reference chro¬ 
matogram provided with the iot of USP Flax Seed Oil 
RS being used. 

Resoiution: NLT 1.5 between methyl oleate and 
methyl stearate, System suitabiiity solution 
Relative standard deviation: NMT 2% for the peak 
area ratios of analytes to intemal standard. Standard 
solution 
Anafysis 

Sam pies: Sample solution and Standard solution 
Identify the retention times of the relevant fatty add 
methyl esters by comparing the peaks in the chromat¬ 
ogram of the System suitabiiity solution with those in 
the reference chromatogram. Identify the iocus for the 
interna! standard peak by comparison of the chromat- 
ograms of the Standard solution and System suitabiiity 
solution. 

Calculate the content, in mg/g, of a-linolenit, linoleic, 
and oleić acids in the portion of the Capsule contents 
taken: 

Result - (Ru/Rs) x (A v /A$) x (m*/W) x (Hi/Hj) 

Ru ~ peak area ratio of the relevant methyl ester to 
the interna! standard in the Sample solution 
R% - peak area ratio of the relevant methyl ester to 
the internal standard in the Standard solution 
A 0 - weight of the Internat standard in the Sample 
solution (mg) 

As = weight of the InternaI standard in the Standard 
solution (mg) 

m 5 - weight of the relevant USP Methyl Ester RS in 
the Standard solution (mg) 

W = weight of sample used to prepare the Sample 
solution (g) 

M,i - molecular weight of the relevant fatty add (g/ 
mol) 

M rI - molecular weight of the relevant fatty acid 
methyl ester (g/mol) 

Calculate the percentage of the labeled amounts of 
each indmdual ct-linolenic, linoleic, and oleić acid in 
the portion of Capsules taken: 

Result - A x Af x (100/ i) 


A = content of the relevant fatty acid in the 

portion of Capsule contents taken (mg/g) 

Af - average fili weight (g) 

L = labeled content of tne relevant fatty add (mg/ 

Capsule) 

Acceptance criteria: 95.0% of the labeled amounts of 
oe-linolenic, linoleic, and oleić acids 

PERFORMANCE TESTS 

* DisiNTEGRATfON ANO Dissolution (2040): Meet the re- 

guirements for Rupture Test for Soft Shell Capsules 

* Weight Variation of Dietary Supplements (2091): Meet 

the reguirements 

SPECIFIC TESTS 

* Fats and Fixed Oils, Peroxide Vaiue (401): NMT 10.0 

CONTAMINANT5 

* Microbial Enumeration Tests (2021): The total aerobic 

microbial count does not exceed 1 x10 3 cfu/g, and the 
combined molds and yeasts count does not exceed 
3 x 10 2 cfu/g. 

« Absence of Specified Microorganisms (2022): Meet the 
requirements of the tests for absence of Escherichia coli 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tightly-dosed, Nght- 

resistant containers. 

* Labeung: The label States the article from which the 

Capsules were prepared and the content of ot-linolenic, 
linoleic, and oleić acids in mg/Capsule. 

* USP Reference Standards (11) 

USP Fiax Seed Oil RS 
USP Methyl Linoleate RS 
USP Methyl Unolenate RS 
USP Methyl Oleate RS 


Folie Acid—see Folie Acid General 
Monographs 


Folie Acid Tablets —see Folie Acid Tablets 
General Monographs 


Forskohlii 


DEHNITION 

Forskohlii consists of the dried roots of Plectranthus barbatus 
Andrews, also known as Cofeus barbatus (Andrews) Benth. 
and C oleus forskohlii Briq, {Fam. Lamiaceae)* It contains 
NLT 0.4% of forskolin, calculated on the dried basis. 

IDENTIFICATION 

* A. Thin-Layer Chromatographic Identification Test 

( 201 ) 

Standard solution A: 50 pg/mL of USP Forskolin RS in 
acetonitrile* Sonicate for about 10 min. 

Standard solution B: 5 mg/mL of USP Powdered For¬ 
skohlii Extract RS in acetorwiie. Sonicate for about 15 
min, centrifuge, and use the supematant. 

Sample stock solution: Use the Sample solution , pre¬ 
pared as directed rn the test for Content of Forskolin . 

Sample solution: Dilute 10 mL of the Sample stock solu¬ 
tion with acetonitrile to 25 ml. 

Adsorbent: Chromatographic silica gel with an average 
particie size of 10-15 (jm (TLC plates) 
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Application volume: IOjllL, as 4-mm bands 
Deveioping solvent system: Toluene and ethy! acetate 
(85:15) 

Spray reagent: 5% vanillm in glacial acetic add and 
1 0% sulfuric add m water (1:1) 

Anafysis 

Sam pies: Standard soludon A, Standard solu don 8, and 
Sample solution 

Apply the Samples as bands. Use a saturated chamber. 
Devdop the chromatograms unti! the solvent front has 
moved up about 90% of the pJate. Remove the piąte 
from the chamber, dry, spray with the Spray reagent , 
heat for 5-10 min at 105°, and examine under white 
light 

Acceptance criteria: The chromatogram of the Sample 
soludon exhibits a violet zonę due to forskolin at an R r 
va3ue of approximately 03, correspondlng in color and 
Rf to that in the chroma tog ram of Standard solution A ; a 
minor violet zonę, a pink zonę, and a brick-red zonę at 
Rrvafues of approximately 0.1, 0.62, and 0.69, due to 
isoforskolin, 1,9-dideoxyforskolin, and crocetindh 
aldehyde, respectlve!y. Zones detected in the Sample so¬ 
lution chromatogram correspond in position and color 
to those in Standard soludon B, Other minor zones may 
be observed in the Sample soludon and Standard solu¬ 
don B chromatograms. 

* B. The chromatogram of the Sample soludon from the 

test for Content of Forskoiin shows a main peak at a retem 
tion time correspondlng to that of forskoiin in the chro¬ 
matogram of Standard soiudon 4. Identffy other diterpene 
peaks in the Sample soludon chromatogram by compari- 
son with the chromatogram of Standard soludon B and 
the reference chromatogram provided with the lot of 
USP Powdered Forskohlii Extract RS. The Sample solution 
chromatogram shows an additional peak correspondlng 
to isoforskolin. 

COMPOSITGON 

* Content of Forskolin 

Solution A: Acetonitrile, filtered and degassed 
Solution B: Water, filtered and degassed 
Standard solution A: Sonicate a guantity of USP For- 
skoJin RS in acetonitrile to obtain a solution having a 
known concentration of about 1.0 mg/mL. 

Standard solution B: 5 mg/mL of USP Powdered For- 
skohlii Extract RS in acetonitrile. Sonicate for about 15 
min, centrifuge, and use the supernatant Before injec- 
tion, pass through a membranę filter of 0.45-jim or 
fi ner porę size. 

Sample solution: Transfer about 3.0 g of Forskohlii, 
finely powdered and accurately weighed, to a 100-mL 
round-bottom fiask fittecl with a reflux condenser, Add 
50 mL of acetonitrile, reflux for 20 min, cool to room 
temperatura, and decant the supernatant. Repeat until 
the extract Es colorless. Combine the extracts, filter, 
concentrate under vacuum, and adjust the volume with 
acetonitrile to 100 ml. Before injection, pass through a 
membranę fiiter of 0.45-pm or finer porę size, discard- 
ing the first 5 mL of the frltrate. 

System suitability solution: Standard solution A and 
0.01% toluene in acetonitrile (1:1) 

Mobile phase: See Tobie L 


Table 1 


Time 

(min) 

Solution A 
(W 

Solution B 

(%) 

0 

45 

55 

25 

45 

55 

28 

95 

5 

35 

95 

5 

36 

45 

55 

45 

45 

55 ' 


Chromatographic system 

(See Chroma tog ropny (621), System Suitability.) 

Modę: LC 

Detector: UV 220 nm 

Column: 4.6-mm x 25-cm; 5-pm, 1 00 A 

Column temperaturę: 30° 

Flow ratę: 1.8 mL/min 
Injection voiume: 20 pL 
System suitability 

Samples: Standard soludon A, Standard soludon B, and 
System suitability solution 

[Notę—T he approximate reiative retention times for 
isoforskolin and forskolin are 0.51 and 1.00, 
respectlvelyj 

Suitability requirements: The chromatogram of Stan¬ 
dard solution B is similar to the reference chromato¬ 
gram provided with the lot of USP Powdered Forskohlii 
Extract RS being used. 

Re solution: NLT 1.5 between the forskolin and tolu¬ 
ene peaks, System suitability solution 
Relative standard deviation: NMT 2% determined 
from the forskoiin peak for replicate injections, Stan¬ 
dard soludon A 
Analysis 

Samples: Standard solution 4, Standard soludon B t and 
Sample soludon 

Using the chromatogram of Standard solution A, Stan¬ 
dard soiudon B , and the reference chromatogram pra¬ 
wd ed with the lot of USP Powdered Forskohlii Extract 
RS being used, Edentify the retention times of the 
peaks corresponding to isoforskolin and forskolin. 
Calculate the percentage of forskolin in the portion of 
Forskohlii taken: 

Result = (rufa) x (Cs/Cu) x 100 

ru - peak area of forskolin from the Sample solution 

r$ = peak area of forskolin from Standard solution A 

Cs = concentration of USP Forskolin RS in Standard 
solution A (mg/mL) 

Cu - concentration of Forskohlii in the Sample 
soludon (mg/mL) 

Acceptance criteria: NLT 0.4% on the dried basis 

IMPURITIE5 

» Articles of Botanical Origin, Add-lnsoluble Ash (561): 
NMT 2% 

o Articles of Botanical Orion, Limits of Elemental Impuri- 
des (561): Meets the reąuirements 
o Articles of Botanical Origin, Foreign Organie Motter 
(561): NMT 2.0% 

■ Articles of Botanical Origin, Pesddde Residue Anaiysis 
(561): Meets the requirements 

SPECIFIC TE5T5 
^ Botanical Characteristics 

Macroscopic: Fresh root, pale pinkish yellow, cylindrical 
to subcylindrical, with tapering ends, 5-12 in length, 

1-2 cm in diameter; surface rough, shows fateral root- 
lets or scars of rootiets and transversely running lenti- 
cels. Pharmacopeial article is dark brown; surface rough, 
Erregularly cylindrical, longitudinalfy wrinkled, showing 
irregular grooves and prominent ridges; fracture short; 
cut surface yeUowish-white; characteristic and pleasant 
aromatte odor, and slightty bitter to pungent taste. 
Mrcroscoprc 

Transverse section of roots: Irregular circular in out- 
Jine; showing narrow cork, 10-15 rows of tangentially 
elongated radEally arranged cork cells; cortex com- 
posed of 10-15 rows of thin-wafled parenchyma cells 
showing sclereids and crystals of caldum oxalate; vas- 
cuJar cambium in the form of a continuous ring; xylem 
showing narrow rays of vessels, few iigntfied fi bers are 
present En oider roots, 3-8 cetl-wide meduilary rays, 
and parenchyma showing few sclereids, oleoresin 
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canals and simple starch grains; pith composed of pa* * 
renchyma cells in young rooU and replaced by com- 
pactfy arranged vessels, fibers, and tracheids in maturę 
roots 

* Loss ON Drying (731) 

Sample: 1.0 g of ftnely powdered Forskohlii 
Analysis: Dry the Sample at 105° for 3 h. 

Acceptance criteria: NMT 1 2.0% 

* Articles of Botanical Origin, Totai Ash (561) 

Sample: 1,0 g of finely powdered Forskohlii 
Acceptance criteria: NMT 6% 

* Articles of Botanical Origin, Alcohol-Soiubte Extractives f 

Method 2 (561): NLT 25.0% 

■ Microbiał Enumeratjon Tests (2021): The total aerobic 

bacterial count does not exceed 1Q s cfu/g, the total tom* 
bined molds and yeasts count does not exceed 10 1 cfu/ 

, and the bile-tolerant Cram-negative bacterial count 
oes not exceed 10 3 cfu/g. 

* MtCROBIOLOGJCAL PR0CEDURES FOR ABSENCE OF SPECIFIED Mt 
croorganisms (2022): Meets the requirements of the 
tests for absence of Salmonella spectes and Escherichia coli 

■ Articles of Botanical Origin, Test for Aflatoxins (561): 

Meets the requirements 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in welJ-dosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę, 

* Labeling: The labę! States the Latin binomial and, follow- 

ing the offitial name, the parts of the plant contained in 
the article. 

* USP Reference Standard* (11) 

USP Forskolin RS 

USP Powdered Forskohlii Extract RS 


Powdered Forskohlii 


DEFINITION 

Powdered Forskohiii is Forskohlii reduced to a powder or 
very fine powder, It contains NLT 0,4% of forskolin, calcu- 
lated on the dried basts. 


value of approximately 0.3, corresponding in color and 
to that in the chromatogram of Standard solution A; a 
minor violet zonę, a pink zonę, and a brick-red zonę at 
values of approximately 0.1, 0.62, and 0.69, due to 
isoforskolin, l,9-dideoxyforsko!in, and crocetindi- 
aldehyde, respective!y. Zones detected in the Sample so¬ 
lution correspond in position and color to those in Stan¬ 
dard solution B , Other minor zones may be observed in 
the Sample solution and Standard solution B L 
• B. The Sample solution from the test for Confent of For* 
skolin shows a main peak at a retention time correspond¬ 
ing to that of forskolin in the chromatogram of Standard 
solution A , Jdentify other diterpene peaks in the Sample 
solution by comparison with Standard solution B and the 
reference chromatogram provided with the lot of USP 
Powdered Forskohlii Extract RS beinq used, The Sample 
solution chromatogram shows an additional peak corre¬ 
sponding to isoforskolin. 

COMPOSITION 
» CONTENT OF FORSKOLIN 

Solution A: Acetonitrife, filtered and degassed 
Solution B: Water, filtered and degassed 
Standard solution A: Sonicate a guantity of USP For¬ 
skolin RS in acetonitrile to obtain a solution having a 
known concentration of about l.Omg/mL. 

Standard solution B: 5 rng/mL of USP Powdered For¬ 
skohlii Extract RS in acetonitrile. Sonicate for about 15 
min, centrifuge, and use the supernatant. Before injec* 
tion, pass through a membranę filter having a 0.45-jim 
or fi ner porę size. 

Sample solution: Transfer about 3.0 g of accurately 
weighed Powdered Forskohlii to a 100-mL round-bot* 
tom fiask fitted with a reflux condenser. Add 50 mL of 
acetonitrile, reflux for 20 min, cool to room tempera¬ 
tura, and decant the supernatant, Repeat until the ex- 
tract is coloriess. Combine the extracts, filter, concen- 
trate under vacuum, and adjust the volume with 
acetonitrile to 100 mL. Before injection, pass through a 
membrana filter having a 0.45-pm or finer porę size, 
discarding the first 5 mL of the fil tratę. 

System suitabiiity solution: Standard solution A and 
0.01% toluene in acetonitrile (1:1) 

Mobile phase: See Tahle ?. 


IDENTIFICATION 

* A. Thin-Layer Chromatographic Identification Test 
( 201 ) 

Standard solution A: 50 pg/mL of USP Forskolin RS in 
acetonitrile. Sonicate for about 10 min. 

Standard solution B: 5 mg/mL of USP Powdered For* 
skoblu Extract RS in acetonitrile, Sonicate for about 15 
min, centrifuge, and use the supernatant 
Sample stock solution: Use the Sample solution , pre- 
pared as directed in the test for Confenf of Forskolin . 
Sample solution: DrJute 10 mL of the Sample stock solu¬ 
tion with acetonitrile to 25 mL. 

Adsorbent: Chromatographic sllica gel with an average 
particie size of 10-15 j.im (TLC plates) 

Application volume: 10pL, as 4-mm bands 
Developing solvent system: Toluene and ethyl acetale 

Spray reagent: 5% vanil!in in głaciaf acetic add and 
10% sulfuric add in water (1:1) 

Analysis 

Samples: Standard solution A t Standard sof u tion fi, and 
Sample solution 

Appiy the Samples as bands, Use a saturated cham ber. 
Develop the chromatograms until the solvent front has 
moved up about 90% of the piąte. Remove the piąte 
from the chamber, dry, spray with the Spray reagent t 
heat for 5-10 min at 105°, and examine under white 
light 

Acceptance criteria: The chromatogram of the Sompie 
solution exhibits a violet zonę due to forskolin at an R f 


Tobie 1 


Time 

(mini 

Solution A 

Solution B 

(<K>) 

0 

45 

55 

25 

45 

55 

2B 

95 

5 

35 

95 

5 

36 

45 

55 

45 

45 

55 


Chromatographic system 

(See C hromatograpny (621), System Suitabiiity.) 

Modę: LC 

Detector: UV 220 nm 

Column: 4,6-mm x 25-cm; 5-pm, 100 A 

Column temperaturę: 30° 

Flow ratę: 1.8 mL/min 
Injection vo!ume: 20 pL 
System suitabiiity 

Samples: Standard solution Ą Standard solution B, and 
System suitabiiity solution 

[NOTĘ—The relative retention times for isoforskolin and 
forskolin are 0,51 and 1.00, respeetively.] 

Suitabiiity requirements: The chromatogram of Stan¬ 
dard solution B is similar to the reference c h ram a to- 
ram provided with the lot of USP Powdered Forskohlii 
xtract RS being used. 
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Relative standard deviation: NMT 2% determined 
from the forskolin peak In repeated injections, Stan¬ 
dard solution A 

Resolution: NLT 1.5 between the forskolin and tolu- 
ene peaks, System suit a bi lity solution 
Analysis 

Sam pies: Standard solution A, Standard solution & f and 
Sample solution 

Using the chramatogram of Standard solution A, Stan¬ 
dard solution B , and the reference chromatoaram pro- 
vided with the lot of USP Powdered Forskohlii Extract 
RS being used, identify the retention times of the 
peaks corresponding to isoforskolin and forskofin. 
CalculaLe the percentage of forskolfn in the portion of 
Powdered Forskohlii taken: 

Result - (rufr$) x (Q/Q) x 100 

ry - peak area of fors ko] in from the Sam ple solution 

r$ = peak area of forskolin from Standard solution A 

Q = coneentration of USP Forskolin RS in Standard 

solution A (mg/mL) 

Cu - coneentration of Powdered Forskohlii in the 
Sample solution (mg/mL) 

Acceptance criteria: NLT 0.4% on the dried basis 

IMPURITIES 

* Articles of Botanical Oricin, Acid-insoiuble Ash (561): 

NMT 2% 

* Articles of Botanical Orion, iimits of Elemental ImpurF 

des (561): Meets the reguirements 

* Articles of Botanical Origin, Pesticide Residue Analysis 

(561): Meets the reguirements 

SPECIFIC TE5T5 

* Botanical Charactersstics: Yellowish brown powder; 

characteristic and pleasant aromatic odor; and slightly 
bitter to pungent taste. Under a microscope, it shows the 
presence of parenchyma cells with oleoresin canals, 
starch grains and pnsms of calcium oxalate; oil globules; 
simpie starch grains, cork cells; sdereids; stone cells; pit- 
ted vessels; and thin-walled fibers. 

* Loss on Drying (731) 

Sample: TO g of Powdered Forskohlii 
Analysis: Dry fhe Sample at 105° for 3 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Orion, Total Ash (561) 

Sample: 1,0 g of Powdered Forskohlii 
Acceptance criteria: NMT 6% 

* Articles of Botanical Origin, Afcohoi-Soluble Extractives, 

Method 2 (561): NLT 25.0% 

« Microbial Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 10 5 cfu/g; the total com- 
btned molds and yeasts count does not exceed 1G J cfu/ 
g; and the bile-tolerant Gram-negative bacterial count 
does not exceed 1 0 3 cfu/g. 

* Microbiological Frocedures for Absence of Specified Ml- 

croorganisms (2022): Meets the requirements of the 
tests for absence of Salmonella spędes and Escherlchia coli 
e Articles of Botanical Orion, Test for Aflatoxins (561): 
Meets the requirements 

ADDmONAL REQUSREMENT5 

* Packaonc and Storage: Preserve in well-closed contain- 

ers, protected from light and moisture, and storę at 
room temperaturę. 

o Labeling: The label States the Latin binomial and, fol Iow- 
ing the offfdal name, the parts of the piant contained in 
the article. 


* USP Reference Standards (11) 

USP Forskolin RS 

USP Powdered Forskohlii Extratt RS 


Powdered Forskohlii Extract 


DERNITION 

Powdered Forskohlii Extract is prepared from Forskohlii using 
suitable solvents such as methanol, ethyl acetate, hexane 
or a mixture of these solvents. The rado of plant materiał 
to extract is between 65:1 and 35:1. It contains NLT 
90.0% and NMT 110.0% of the labeled amount of for 
skofin, calculated on the dried basis. it contains suitable 
added substances as carriers. 

IDENTIFICATION 

A, Thin-Iayer Chromatographic Identification Test 

( 201 ) 

5tandard solution A: 50 Mg/mL of USP Forskolin RS in 
acetonitrile. Sonicate for about 10 min. 

Standard solution B: 5 mg/mL of USP Powdered For¬ 
skohlii Extract RS in acetonitrlie, Sonicate for about 15 
min, centrifuge, and use the supernatanL 
Sample solution: 5 mg/mL of Powdered Forskohlii Ex- 
tract In acetonitrile. Sonicate for about 15 min, centri¬ 
fuge, and use the supernatanL 

Adsorbent: Chromatographic sifica gel with an average 
particie size of 10-15 pm (TLC pfates) 

Application volume: IOjliL, as 4-mm bands 
Developing solvent system: A mixture of toluene and 
ethyl acetate (85:15) 

Spray reagent: A mixture of 5% vanillin in gladal ace- 
tic acid and 10% sulfuric add in water (1:1) 

Analysis 

Samples: Standard solution Ą Standard solution 8, and 
Sample solution 

Appty the samples as bands to a suitable thin-layer 
chromatographic piąte (see Chromatography (621)). 
Use saturated cham ber. Develop the chromatograms 
until the solvent front has moved up about 90% of 
the piąte. Remove the piąte from the chamber, dry, 
spray with the Spray reagent, heat for 5-10 min at 
105T and examine under visible light. 

Acceptance criteria: The Sample solution exhibits a vio- 
let zonę due to forskolin at an R F value of approximatefy 
0.3, corresponding in color and to that from Stan¬ 
dard solution A; and a minor violet zonę, a ptnk zonę, 
and a brrck red zonę at Rf values of approximately 0.1, 
0.62, and 0.69, due to isoforskolin, 1,9“dideoxyfor- 
skolin, and crocetindialdehyde, respectively. Zones de- 
tected from the Sample solution correspond in position 
and color to zones from Standard solution B. Other mi¬ 
nor zones may be observed from the Sample solution 
and Standard solution 8. 

e B. The Sample solution from the test for Content of For¬ 
skolin shows a main peak at a retention time correspond¬ 
ing to that of forskolin from Standard solution A, Identify 
other diterpene peaks in the Sample solution by compari- 
son with Standard solution B and the reference chrom a to- 
gram provided with the lot of USP Powdered Forskohlii 
Extract RS being used. The Sample solution shows an ad- 
dftiona! peak corresponding to isoforskolin. 

COMPOSITION 
o Content of Forskolin 

Solution A: Use filtered and degassed acetonitrile. 
Solution B: Use filtered and degassed water. 

Standard solution A: Sonicate a quantity of USP For- 
skofin RS in acetonitrile to obtam a solution havlng a 
known coneentration of about 1.0 mg/mL 
Standard solution B: 5 mg/mL of USP Powdered For¬ 
skohlii Extract RS in acetonltrife. Sonicate for about 15 
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min, centrlfuge, and use the supernatant. Before injec- 
tion, pass through a membranę filter having a 0.45-jjm 
or fEner porę size. 

Sampfe solution: Transfer an amount of Powdered For- 
skomli Extract equivalent to about 25 mg of forskolin to 
a 25-mL volumetnc fiask, and add 15 mL of acetomtrlle. 
Sonicate and heat in a water bath for about TO min, 
cool, diiute with acetonEtrite to voIume, and mix, Before 
śnjection, filter through a membranę filter having a 
0.45 -urn or fi ner porę size, discarding the first 5 mL of 
the filtra te. 

System suitability sofution; A mixture of Standard solu- 
tion A and 0,01% toluene in acetonEtrile (1:1) 

Mobile phase: See the gradient table beiow. 


Time 

Solution A 

Solution B 

(min) 


(°/o) 

0 

45 

55 

25 

45 

55 

28 

95 

5 

35 

95 

5 

36 

45 

55 

45 

45 

55 


Chromatographic system 

(See Chromatography (62 1), System Suitability.) 

Modę: LC 

Detector: UV 220 nm 
Column: 4.6-mm x 25<m; 5-pm, 100 A 
Column temperaturę: 30 + 2 d 
Flow ratę: 1.8 mL/min 
injectron size: 20 pL 
System suitability 

Samples: Standard solu don A t Standard solutton B, and 
System suitability solutton 

[NOTĘ—The relative retention times for Isoforskolin and 
forskolin are 0,51 and 1.00, respectlvely,] 

Suitability requirements: The chromatogram from 
Standard sofution B is slmilar to the reference chromat¬ 
ogram provided with the lot of USP Powdered For- 
skohlii Extract RS being used. 

Relative standard deviation: NMT 2% determined 
from the forskolin peak m repeated injections, Stan¬ 
dard sofution A 

Resolution: NLT 1.5 between the forskolin and tolu¬ 
ene peaks, System suitability solutton 
Analysis 

Samples: Standard solutton A t Standard solution B, and 
Sample solution 

Using the chromatogram of Standard solution A, Stan¬ 
dard solution B , and the reference chromatogram pro- 
vided with the lot of USP Powdered Forskohlii Extract 
RS being used, identify the retention times of the 
peaks corresponding to isoforskolin and forskolin, 
Calculate the percentage of forskolin in the portion of 
Powdered Forskohlii Extract taken: 

Result - (ru/rs) x (Cs/Cu) x 100 

ru - peak response of forskolin from the Sample 
solution 

Ts = peak response of forskolin from Standard 
solution A 

C s = concentration of USP Forskolin RS in Standard 
solution A (mg/mL) 

Cu - concentratton of Powdered Forskohlri Extract 
in the Sample solution (mg/mL) 

Acceptance criteria: NLT 90.0% and NMT 11 0.0% of 
the labeled amount of forskolin on the dried basfs 


IMPURITIE5 
Inorganic Impurities 

Delcie the folio wing : 

•* Heavy Metals, Method III (231): NMT 20 ppm* (omci=i u 

Jjn-201 B> 

Organie Impuirities 

a Procedurę: Articles of Botanical Origin, General 
Method for Pestidde Residues Analysis (561): Meets the 
requirements 

SPEOFIC TESTS 

* Loss ON Dhying (731): Dry I.Og of Powdered Forskohlii 

Extract at 105° for 3 h: Et loses NMT 5.0% of its weight 

* MICROBIAL Enumeration Tests (2021): The total aerobic 

microblal count does not exceed 10 4 cfu/g. The total 
combined yeasts and moids count does not exceed 10* 
cfu/g, 

* MlCROBtOLOGSCAL PROCEDURES FOR ABSENCE OF SPEC! FiED Ml 

croorganisms (2022): It meets the regutrements of the 
tests for absence of Salmonella spedes and Escherichia 
coli , 

* Articles of Botanical Origin, Test for Aflatoxins (561): 

Meets the requirements 

ADDITIONAL J?EQUiREMENTS 

* Packaging and Storage: Preserve in well-closed canta! n- 

ers, protected from light and moisture, and storę at eon- 
trolled room temperaturę. 

* Labeling: The label States the Latin binomial and, follow- 

ing the offidal name, the part of the plant from whlcb 
the artide was derived. It meets other labeling reguire- 
ments under Botanical Extracts (565). 

* Other Requirements: It meets the regutrements of the 

test for Residual Solvents under Botanical Extracts (565). 
o USP Reference Standards (11) 

USP Forskolin RS 

USP Powdered Forskohlii Extract RS 


Ganoderma LucBdum Fruitlrag Body 

DEFINITION 

Ganoderma Luddum Fruiting Body consists of the dried 
frulting body of Ganoderma lucigum (W. Curt.:Fr.) P. Karst. 
(Fam. Ganoderma taceae), It eon tai ns NLT 0.3% of 
triterpenoic aclds, calculated on the dried basis as a sum 
of ganodertc adds A, B, C 2f D, F, G, and H and ganoder- 
enfc acids B, C, and D. 

IDENTIFICATION 

« A. Thin-Layer Chromatography 

Standard solution A: 1,0 mg/mL of USP Ganoderic 
Acid A RS in atcohol 

Standard solution B; 0.3 mg/mL of USP Ergosterol RS 
in alcohol 

Standard solution C: 50 mg/mL of USP Ganoderma 
Luddum Fruiting Body Powdered Extract RS in alcohol, 
Sonicate for about 10 min, centrlfuge, and use the 
supernatant. 

Sample solution: Sonicate about 1 g of Ganoderma 
Luddum Fruiting Body, finely powdered, in 50 mL of 
alcohol for 15 min. Centrifuge, withdraw the superna¬ 
tant, and evaporate to dryness under reduced pressure 
at 50T Dissolve the residue in 2,0 mL of alcohol, centri¬ 
fuge, and use the supernatant. 
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Chromatographic system 
(See Chmmatography (621), Thin-ioyer Chromato - 
graphy.) 

Modę: HPTLC 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5-f.im (HPTLC piąte). 1 Predevelop 
the piąte In methanol, and dry at 105° for 30 min. 
Application volume: 2 pL each of Standard soiution A 
and Standard solution B, and 4 jiL each of Standard 
solution t and the Sampfe solution as 8-mm bands 
Column temperaturę: Ambient, not to exceed 30° 
Developrng so!vent system: Tofuene, ethyl formate, 
and formie add (5: 5: 0,2) 

Developintj disfance: 6 cm 
Derivatization reagent: A solution of 10% sulfuric 
acid in alcohol. [Notę—P repare fresh. Slowly and grad- 
ually add sulfuric add to ice-cold alcohol, and mix 
welf,] 

System suitability 

Samples: Standard solution A, Standard solution B, and 
Standard solution C 

Suitabilfty requirement$ 

Chromatographic pattern: Under long-wave UV 
light (365 nm), the chromatogram of Standard solu¬ 
tion C displays, in the bottom third of the piąte, the 
following bands in the order of inereasing Rn a yel- 
lowish or orange band (sometimes, two orange 
bands are seen); a bluish-green band corresponding 
to the light-blue ganoderic acid A band in Standard 
soiution A; an intense yeflow band corresponding to 
ganoderic acid B, ganoderic acid G, ganoderic add 
H, and ganoderenic acid B; and a bluish-green band 
coincident with ganoderic acid D and ganoderenic 
acid D. In the middle third of the chromatogram, a 
variable number of blue-qreen bands appear. At the 
top of the middle third of the Standard solution C 
chromatogram, a somewhat diffuse band coincident 
with the ergosterol band in Standard solution B is 
seen. In the upper third of the chromatogram, three 
or four diffuse bands of varyinq colors appear. Under 
wbite light. Standard solution C exhibits, tn its lower 
third, two brownish-red bands, the upper of them 
coincident with the ganoderic acid A band in Stan¬ 
dard solution Ą foliowed by a morę intense brown 
band; and a lighter brown band corresponding to ga¬ 
noderic acid D and ganoderenic acid D. fn the mid¬ 
dle third of the chromatogram, five or six Irght-brown 
bands are seen; one of those, deepest in color and 
relative!y diffuse, corresponds to tne ergosterol band 
in Standard solution B. two or three Ilght-brown 
bands are seen under wbite light in the upper third 
of the chromatogram of Standard soiution C [NOTt— 
The Standard Solutions are stable for 72 h at room 
temperaturę,] 

Analysis 

Samples: Standard soiution A t Standard solution fi, 

5 fon dard soiution C, and Sample soiution 
Apply the samples as bands and dry in air. Devełop in a 
safurated chamber, remove the piąte, air-dry, treat 
with Dermtization reagent , and neat at I05M10* for 
5 min. Immediately examine under white light and 
under the long-wave UV light (365 nm). 

Acceptance cnteria: Under long-wave UV light (365 
nm) and under white light, the chromatogram of the 
Sample soiution exhibits bands corresponding in color 
and to similar bands in the chromatogram of Sfan- 
dard soiution C, at the Rt values listed for System suitabil- 
ity . Under white light, the chromatogram of the Sample 
solution exhibrts an additional violet band above the er- 
osterol band. [Notę-—T he Sample soiution is stable for 
2 h at room temperaturę,] 

1 A suitable commertially a^ailabte piąte \i the HPTLC Silica Gd 60 Fj^ from 
EMD Milllpore (e.g., Part No. 1 05642 0001 ). 


* B, HPLC 

Analysis: Proceed as directed in the test for Content of 
Triterpenoic Adds. 

Acceptance cnteria: The chromatogram of the Sample 
soiution exhibits peaks at the retentlon times corre¬ 
sponding to those of ganoderenic add C, ganoderic 
add C 2/ ganoderic acid G, ganoderenic acid B, ga¬ 
noderic acid B, ganoderfc add A, ganoderic acid H, ga¬ 
noderenic acid D, ganoderic acid D, and ganoderic add 
F in the chromatogram of Standard soiution B. 

* C HPLC 

Analysis: Proceed as directed in the test for Content of 
Water-Soiubfe Pofysaccharides, 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks at the retentlon times corre¬ 
sponding to the peaks due to mannose, glucuronic 
acid, dextrcse, galactose, and L-fucose in the chromato¬ 
gram of the Standard soiution, 

COMPOSITION 

* CONTENT OF TRUERPENOIC ACIDS 

Solution A: 0.075% Phosphoric add in water 

Solution B: Acetonitrile 

Mobile phase: See Tobie 1. 


Table 1 


Time 

(mini 

Sofution A 

t%l 

Soiution B 
£%> 

0 

80.0 

20.0 

3 

73,5 

26.5 

34 

n.s 

26.5 

52 

61.5 

38.5 

53 

80.0 

20.0 

SS 

80.0 

20.0 


[Notę—M ai n ta i n the Mobiie phase at 73.5% of Sofution 
A for the period sufficient for complete elution of ga¬ 
noderic add A.] 

Standard solution A: 0.1 mg/mL of USP Ganoderic 
Acid A RS in methanoL Sonicate to dissolve if necessary. 
Standard solution B: Sonicate 40 mg of USP Ga¬ 
noderma Lucidum Fruiting Body Powdered Extract RS in 
5 ml of alcohol, and centrifuge. Pass through a nylon 
fliter of 0.2-pm porę size, and discard the inltlal 1 mL of 
the filtrate. 

Sample solution: Transfer 2.0 g of Ganoderma Luddum 
Fruiting Body, finely powdered and accurately weighed, 
to a 200-mL round-bottom fiask, add 75 mL of alcohol, 
attach a condenser, reflux for 45 min, cool, and filter. 
Rinse the fiask with two 10-mL portions of alcohol and 
filter, combinrng the rinsates and the filtra te, Evaporate 
to dryness under reduced pressure, and dissolve the res- 
idue in about 20 mL of alcohol. Transfer the solution to 
a 25-mL voJumetric fiask, dilute with alcohol to vofume, 
and mix well. Pass through a nylon filter of 0.2-pm 
porę size, and discard the initial 1 mL of the fiitrate. 
[Notę —To facilitate the chromatographic column fon- 
gevity, the following solid phase extraction procedurę 
may be employed. Condition Lhe solid phase extraction 
cofumn containing about 200 mg of LI packing with 
5 mL of methanol followed by 3 mL of water; do not 
allow the column to dry. Transfer 2,0 mL of Ganoderma 
Lucidum Fruiting Body solutton in alcohol into a 20-mL 
voiumetric fiask, dilute with water to voJume, and mix 
welL Apply the en tire volume on to the column, and 
elute at the ratę of approxlmalely 1 drop/s, employing 
vacuum. Rinse the column with 3 mL of water, and dis¬ 
card the rinsate. El u te with 2.0 mL of methanol and col- 
lect the eluate into the 2,0-mL yolumetrk fiask. Adjust 
with methanol to volume, and mix well.] 

[Notę—T his method may result in coelution of ga¬ 
noderenic acid A and ganoderic acid KJ 
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Chromatographk system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 257 nm 

Column: 2.1-mm x 15-cm; 1.8-jim packing LI 
CoJumn temperaturę: 25° 

Flow ratę: 0.4 mL/min 
Injection voIume: 5 |iL 
System suitability 

Sam pies: Standard solution A and Standard solution B 

Suitability requirements 

Chromatographk similarity: The chromatogram of 
Standard sotution B is simllar to the reference chro¬ 
matogram provided with the lot of USP Ganoderma 
Lucidum Fruiting Body Powdered Extract RS being 
used. 

Resolution: NLT 1.0 between ganoderic acid A and 
ganoderic add H peaks, Standard solution B 
Tailing factor; NMT 2,0 for the ganoderic add A 
peak, Standard solution A 

Relative standard devfation: NMT 2.0% determined 
from the ganoderic add A peak in replicate Injections, 
Standard solution A 
Analysis 

Sam pies: Standard solution Ą Standard solution B, and 
Sample solution 

[Notę— Standard solution Ą Standard solution B f and the 
Sample solution are stable for 24 h at room 
temperaturę,] 

Using the chromatograms of Standard solution A, Stan¬ 
dard solution B, and the reference chromatogram pro- 
vided wlth the lot of USP Ganoderma Lucidum Fruit¬ 
ing Body Powdered Extract RS being used, identify aII 
spedfied ganoderic and ganoderenic acids in the 
ple solution chromatogram. The approximate relative 
retention times, with respect to ganoderic add A, are 
provided in Table 2. 


Table 2 


Analyte 

Relative 

Retention 

Time 

ftelative 

Response 

Factor 

Ganoderenic add C 

036 

0.51 

Ganoderic add G 

0.42 

1.05 

Ganoderic acid G 

036 

148 

Ganoderenic acid B 

0.60 

0.45 

Ganoderic acid B 

0.66 

140 

Ganoderic acid A 

1.00 

1.00 

Ganoderic acid H 

1.05 

1.54 

Ganoderenic acid D 

1.25 

0,51 

Ganoderic actd D 

133 

1.08 

Ganoderic acid F 

1.54 

1.45 


Separately calculate the percentages of each triterpe- 
nok add In the portion of Ganoderma Lucidum Fruit¬ 
ing Body taken: 

Resull ^ ( r 0 /rd x G x(V/W)xFx 100 

r u = peak area of the reievant analyte from the 
Sample solution 

r s = peak area of ganoderic acid A In Standard 
solution A 

G = concentration of USP Ganoderic Add A RS In 
Standard solution A (mg/mL) 

V =volumeofthe Sample solution (mL) 

W = weight of Ganoderma Lucidum Fruiting Body 
taken to p rep are the Sample solution (mg) 

F = relative response factor, with respect to 
ganoderic acid A (see Table 2) 

Calculate the sum of the percentages of ali spedfied 
triterpenoic acids. 


Accep tance criteria 

Sum of triterpenoic acids: NLT 0.3% on the dried 
basis 

CONTAMINANTS 

O Elemental iMPURmES—P rocedures (233) 

Acceptance criteria 
Arsenie: NMT 2,0 pg/g 
Cadmium: NMT 1,0 pg/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 1.0 pg/g 

* Articles of Botanical Oregin, Pestidde Residue Analysis 
(561): Meets the requirements 

* Microbial Enunieration Tests (2021): The total aerobk 

bacteriat count does not exceed 10 5 cfu/g, and the bile- 
toferant Gram-negat3ve bacteria count does not exceed 
103 cfu/g. 

e Absence of Specified Microorganesms (2022): Meets the 
requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

SPECIFBC TESTS 

* CONTENT OF WATER-SOLUBLE POLYSACCHARIDES 

Solution A: 0.05 M phosphate buffer, pH 6.0 
Solution B: Acetonitrile 
Mobile phase: See Table 3. 


Table 5 


Time 

(mini 

Solution A 

(°/«> 

Solution B 
(%1 

0 

843 

16.0 

30 

823 

17.5 

55 

81.0 

19.0 

60 

81.0 

19.0 

61 

84.0 

16.0 


Reagent: 0.1 M solution of 1 -phenyhS-rnethyb 
5-pyrazolone in methanol 

Internal standard solution: 0.5 mg/mL of D-lyxose in 
water 

Standard stock solution: Composite solution contain- 
ing 0.20 mg/mL each of USP Mannose RS, USP D- 
Glucuronic Add RS, and USP Galactose RS; 2.0 mg/mL 
of USP Dextrose RS; and 0.10 mg/mL of USP L-Fucose 
RS in water 

Standard solution: Comblne 04 25 mL of Standard 
stock solution with 0.1 25 mL of Internal standard solu- 
Ilon, 0.300 mL of 0.15 M sodium hydroxide solution, 
and 0.50 mL of Reagent In a capped reaction vial. Seal 
the vial, beat at 70° for 30 min, and cooi to room 
temperaturę. Add to the via) 0300 ml of 045 M hy- 
drochlork acid and 0.65 ml of water, mix we!!, and 
pass through a nylon filter of 0.45-pm or finer porę 
size. 

[Notę —The amounts of individual anaiytes (As) in the 
04 25-mL alIquot of the Standard solution submitted to 
derivatizatEon are approximately 0.25 mg for dextrose 
and 0.025 mg for mannose, gafactose, and D- 
glucuronic acid.] 

Sample solution: Transfer 2.0 g of Ganoderma Lucidum 
Fruiting Body, finely powdered and accurately weighed, 
into a 200-mL round-bottom fiask, add 60 mL of water, 
and a [Iow to stand for 1 h. Attach a condenser, heat 
under ref]ux for 4 h, and filter immediateJy. Transfer the 
residue and the filter to the same 200-mL round-bot- 
tom fiask. Add 60 mL of water, heat under reflux for 3 
h, and filter immediately. Rinse the fiask with three 
5-mL portions of water, and filter. Combine the filtrates 
and tne rinsates in a 250-mL beaker, and evaporate on 
the water bath to dryness. Disso!ve the residue in 5 mL 
of water, add 75 mL of akohol, mix well, allow to stand 
at 4° for 12 h, and centrifuge at 4000 rpm for 30 min. 
Discard the supematant, and dry the predpitate on a 
water bath. Dissolve the residue in hot water and quan- 
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titatively transfer into a 10-mL yolumetrk fiask. Cooi to 
room temperaturę, dilute with water to vo!ume, and 
mix welL Centnfuge at 4000 rpm for 10 min. Accu- 
rately transfer 0.250 mL of the supernatant into a reac- 
tion viaf, and add about 0.25 mL of 4 M trifluoroacetk 
add. Seal the vial, heat at 110° for 4 h, cooi to room 
temperaturę, add 0,5 mL of methanol, and evaporate to 
dryness at 6Q C under vacuum. Repeat the additton of 
0.5 mL of methanol and subseguent evaporafion three 
times, Add to the residue 0.125 ml of water, 0.125 mL 
of the interno! standard solution, 0.300 mL of 0.15 M 
sodium hydroxide solu tion, and 0.50 mL of the Reagent 
Seal the via(, heat at 70° for 30 min, and cooi to room 
temperaturę. Add to the vial 0.300 mL of 0.15 M hy- 
drochloric add and 0.65 mL of water, mix well, and 
pass through a nylon filter of G.45-jim or fi ner porę 
size. 

Chromatographk system 

{See Chromatograpny (621), System Su i ta bility.) 

Modę: LC 

Detector: UV 250 nm 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
Column temperaturę: 35 c 
Flow ratę: 1.0 mL/min 
Injection voiume: 10 pi 
System suitabiltty 
Sample: Standard solution 
Suitabilky reguirements 

Resolution: NLT 1.5 between the D-lyxose peak and 
the dosest subseguent peak, and NLT 1.5 between 
the glut uronić acid peak and the dosest preceding 
peak 

Taifrng factor: NMT 2.0 for the dextrose peak 
Relative standard deviation: NMT 2,0% determined 
for the dextrose peak in replkate injections 
Analysis 

Sam pies: Standard solution and Sample solution 
[Notę —Standard solution and Sample solution are stable 
for 24 h at room temperaturę.] 

Using the chromatograms of the Standard solution and 
the reference chromatogram provided with the lot of 
USP Ganoderma Lucidum Fmitrncj Body Powdered Ex- 
tract RS being used, identify the individual derśvatized 
monosacchandes at about the following relative reten- 
tion times, with respect to dextrose: 0.48 for man- 
nose, 0.58 for lyxose, 0.82 for D-glucuronic acid, 1.09 
for galactose, and 1.35 for tTucose. 

Separately calculate the percentages of derivatized mo- 
nosaccharides In the portion of Ganoderma Luddum 
Fruiting Body taken: 

Resuit = (Ru/Rd x As x ( F/W) x 100 

Ru - peak response ratio of the relevant anafyte to 
the internal standard from the Sample 
solution 

R% - peak response ratio of the relevant analyte to 
the internal standard from the Standard 
solution 

Ai - amount of the relevant analyte in the allquot 
of the Standard solution subjected to 
derivatization (mg) 

F = dilution factor to account for the sample 
alrguot submitted to derivatization 
(0.250 mL) relative to the volume of the 
Sample solution (10.0 mL), 40 
W - weight of Ganoderma Lucidum Fruiting Body 
taken to prepare the Sample solution (mg) 
Calculate the sum of the percentages of mannose, D- 
glucuronic acid, dextrose, gafactose, and ufucose. 
Acceptance criteria 

Sum of monosacchandes: NLT 0.7% on the dried 

basis 


* BOTANICAL CHARACTERI5TIC5 

Macroscopic: Basidiocarp (fruiting body) morphology is 
highly yariable. Shape of pileus (cap) ranges from renh 
form to subcircular, convex or concave, 15 cm or morę 
broad, single to multipie layers thkk (up to 3 cm); mar- 
gin generafly thick and blunt, sometimes acute, Pileus 
surface radially rugose (wrinkled) and concentrically suf- 
cate; shiny, yellowish-red to reddish-btack. Stipe (stem) 
attachment predominantly lateral; stipe lengtn varies 
from very short to 10-12 cm long, 1-3 cm thick, ćylin- 
drical, reddish to almost black, laccate (lacąuered). Hy- 
menophore (porę surface) yellowish-white to tawny. 
Pores smali, circular to irregular, 4-7 per mm, 6-200 
jim tn diameter, distance between axes of pores about 
260 jim. 

Microscopk: Hyphal system tnmitic with hyaline, thin- 
walled, damped, septate generative hyphae, 1-4 pm in 
diameter, septa restricted to damps, scantily branched, 
abundant at the growth margin of pileus and dissepi- 
ments (partitions). Skeletal hyphae are arboriform, 
aseptate, dampiess, very long, 3-6 pm in diameter, 
scantily branched, branehes with limited growth at dis- 
tal end, with thick walls; they compose most of the 
context (flesh) and dissepiments, originating immedi- 
ately behind the growth margin from generative 
hyphae. Binding hyphae of the "Bovista" type are 
aseptate, dampiess, profusely branched, generałly thin- 
ner and lighter than the skefetal, 1-3 pm in diameter. 
Basidiospores ovoid, double-walled, truncated at apex, 
Epispore thin, ovoid, hyaline, 9.0-11.5 x 6.0-8.0 pm; 
endospore thick, ovoid, 6.S-8.5 x 5.0-6.5 pm, bearing 
relatively few fong and thkk echinules that support the 
epispore, sometimes fused into a short crest. 

* Articles of BOTANICAL Origin, Foreign Organie Matter 

(561): NMT 2.0% 

* LOSS ON Drying (731) 

Sample: 1,0 g of powdered Ganoderma Lucidum Fruit¬ 
ing Body 

Analysis: Dry at 105° for 4 h. 

Acceptance criteria: NMT 17.0% 

* Articles of Botanical Origin, Total Ash (561) 

Sample: 1.0 g of powdered Ganoderma Lucidum Fruih 
ing Body 

Acceptance criteria: NMT 4.0% 
o Articles of Botanical Origin, AlcohobSoluble Extractives f 
Met bod 1 (561) 

Sample: 2-A g of powdered Ganoderma Lucidum Fruih 
ing Body 

Acceptance criteria: NLT 2.0% 

* Articles of Botanical Origin, Woter-Soiuble Extractives , 

Method 1 (561) 

Sample: 2-4 g of powdered Ganoderma Lucidum Fruit¬ 
ing Body 

Acceptance criteria: NLT 3.0% 

ADDiTIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-closed contain- 

ers, protected from Irght and moisture, and storę at 
room temperaturę, 

o Labeling: The label States the Lalin binomia! and, foltow- 
ing the official name, the part of the fungus from whtch 
the artide was derived. 

* OSP Reference Standards (11) 

USP Dextrose RS 
USP Ergosterol RS 
USP t-Fucose RS 
USP Galactose RS 
USP Ganoderic Acid A RS 

USP Ganoderma Lucidum Fruiting Body Powdered Ex- 
tract RS 
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USP D-Glucuronic Acid RS 
USP Mannose RS 


Ganoderma Liocidum Fruiting Body 
Powder 


DEFINITION 

Ganoderma Lucidum Fruiting Body Powder is dried Ga¬ 
noderma Lucidum Fruiting Body reduced to a powder or 
a very fine powder. !t contains NLT 0.3% of triterpenoic 
acids, calculated on the dried basis as a sum of ganoderk 
acids A, B, C 2f D, F, G, and H and ganoderenic acids B, C, 
and D. 

1DENTEF1C ATBON 

O A, Thin-Layer Chromatggraphy 

Standard solution A: 1.0 mg/mL of USP Ganoderic 
Acid A RS in aicohol 

Standard solution B: 0.3 mg/mL of USP Ergosterol RS 
in aicohol 

Standard solution C: 50 mg/mL of USP Ganoderma 
Lucidum Fruiting Body Powdered Extract R5 in aicohol. 
Sonkate for about 10 min, centrifuge, and use the 
supernatant 

Sample solution: Sonicate about 1 g of Powder in 
50 mL of aicohol for 15 min, centrifuge, withdraw the 
supernatant, and evaporate to dryness under reduced 
ressure at 50°. Disspfoe the resrdue in 2.0 ml of alco- 
ol, centrifuge, and use the supernatant. 

Chromatographic system 

(See Chromatograpny (621), Thtn-Layer Chromato¬ 
graphy.) 

Modę: HPTLC 

Adsorbent: Chromatographic silica gel with an aver- 
age particie stze of 5 j.im (HPTLC piąte). 1 Predevelop 
the piąte in methanol and dry at 105° for 30 min. 
Application volume: 2 pL each of Standard solution A 
and Standard solution B, and 4 pL each of Standard 
solution C and Sample solution as 8-mm bands 
Column temperaturę: Ambient, not to exceed 3Q a 
Deyeloping so!vent system: Toluene, ethyl formate, 
and formie acid (5: 5: 0.2) 

Developing distance: 6 cm 

Derivatization reagent: A solution of 10% sulfuric 
acid in alcohoL [Notę —Prepare fresku Slowly and grad- 
ually add suffuric acid to ice-cold aicohol, and mix 
welL] 

System suitability 

Samples: Standard solution A t Standard solution B, and 
Standard solution C 

Suitability requirements 

Chromatographic pattern: Under long-wave UV 
(365 nm), the chromatogram of Standard solution C 
displays, in the bottom tnird of the piąte, the folfow- 
ing bands in the order of inereasing Rn. a yellowish or 
orange band (sometimes, two orange bands are 
seen); a bluish-green band corresponding to the 
light-blue ganoderic add A band in Standard solution 
A; an intense yellow band corresponding to ga¬ 
noderic add B, ganoderic acid G, ganoderic acid H, 
and ganoderenic add B; and a bluish-green band co- 
Incident with ganoderic acid D and ganoderenic acid 
D. tn the middle third of the chromatogram, a varia- 
ble number of blue-green bands appear. At the top 
of the middle third of the Standard solution C chro¬ 
matogram, a somewhat diffuse band coincident with 
the ergosterol band in Standard solution B is seen. In 
the upper third of the chromatogram, three or four 
diffuse bands of varying colors appear. Under white 

1 A suitable commerdally avallab!e piąte is the HPTLC Silica Gel 60 from 

EMD MNtipore (e.g., Part No. 1.05642.0001). 


light, Standard solution C exhibits, in its lower third, 
two brownish-red bands, the upper of them coinci¬ 
dent with the ganoderic acid A band in Standard so¬ 
lution A t folfowed by a morę intense brown band; 
and a lighter brown band corresponding to ga¬ 
noderic acid D and ganoderenic acid D. In the mid¬ 
dle third of the chromatogram, five or ssx light-brown 
bands are seen; one of those, deepest in cofor and 
relatlyely diffuse, corresponds to the ergosterol band 
in Standard solution B. two or three Ngnt-brown 
bands are seen under white light in the upper third 
of the chromatogram of Standard solution C [NOTĘ— 
The Standard Solutions are stable for 72 h at room 
temperaturę.] 

Analysis 

Samples: Standard solution A r Standard solution B , 
Standard solution C, and Sample solution 
Apply the samples as bands and dry in air. Develop in a 
saturated chamber, remove the piąte, air-dry, treat 
with Derivatization reagent , and neat for 5 min at 
105 c '-110°. Immediately examine under white light 
and under the long-wave UV light (365 nm). 
Acceptance criteria: Under thelong-wave UV light 
(365 nm) and under white light, the chromatogram of 
the Sample solution exhibits tne bands corresponding in 
color and Rt to similar bands in the chromatogram of 
Standard solution C. Under white light, the chromato- 
ram of the Sample solution exhibits an additional violet 
and above Ehe ergosterol band. [Notę—T he Sample so¬ 
lution Is stable for 72 h at room temperaturę.] 

» B, HPLC 

Analysis: Proceed as directed in the test for Content of 
Triterpenoic Acids. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks at the retention times corre¬ 
sponding to those of ganoderenic add C, ganoderic 
acid Cz, ganoderic acid G, ganoderenic acid B, ga¬ 
noderic acid B, ganoderic add A, ganoderic acid H, ga- 
noderenic acid D, ganoderic acid D, and ganoderic acid 
F in the chromatogram of Standard solution B. 
o C HPLC 

Analysis: Proceed as directed in the test for Content of 
Water-Soluble Poiysaccharides. 

Acceptance criteria: The chromatogram of the Sample 
solution exhlbits peaks at the retention times corre¬ 
sponding to the peaks due to mannose, glucuronic 
acid, dextrose, galactose, and L-fucose in Ehe chromato¬ 
gram of the Standard solution. 

COMPOSITION 

o CONTEMT OF TRITERPENOIC ACIDS 

Solution A: 0.075% Phosphoric add in water 

Solution B: Acetonitrile 

Mobile phase: See labie L 


Table 1 


Time 

Solution A 

Solution B 

(mini 

£%> 

Wo) 

0 

80.0 

20,0 

3 

73.5 

26.5 

34 

73.5 

26.5 

52 

61.5 

38.5 

53 

80.0 

20.0 

58 

80.0 

20.0 


[Notę—M ai n ta in the Mobile phase at 73.5% of Solution 
A for the period suffident for the complete elution of 
ganoderic acid A.] 

Standard solution A: 0.1 mg/mL of USP Ganoderic 
Add A RS In methanol. Sonicate to dlssolye If necessary. 
Standard solution B: Sonicate 40 mg of USP Ga¬ 
noderma Lucidum Fruiting Body Powdered Extract RS in 
5 ml of aicohol and centrifuge. Pass through a nylon 
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filter of 0.2-pm porę size, and discard the initial 1 mL cf 
the fiftrate. 

Sampfe solution: Transfer 2.0 g of Powder, accurately 
weighed, to a 200-mL round-bottom fiask, and add 
75 mL of alcohol. Attach a condenser, reflux for 45 
min, cool, and filter, Rinse the fiask with two 10-mL 
portions of alcohol, and filter, combining the rinsates 
and the fil tratę. Evaporate to dryness under reduced 
pressure, and dissolve the residue in about 20 mL of 
alcohoL Transfer the solution to a 25-mL volumetric 
fiask, dilute with alcohol to vofume, and mix we!L Pass 
through a nylon filter of G J-jim porę size, and discard 
the initial 1 mL of the filtrate. [Ngte— To facilitate the 
chromatographic column longevity, the following solid 
phase extraction procedurę may be employed. Condi- 
tion the solid phase extraction column containing about 
200 mg of LI pat king with 5 mL of methanol folFowed 
by 3 mL of water; do not allow the column to dry. 
Transfer 2,0 mL of Powder solution in alcohol to a 
20-mL volumetric fiask, dilute with water to volume, 
and mix well. Appiy the en tire volume onto the col¬ 
umn, and elute at the ratę of approximateiy 1 drop/s, 
employing a vacuum. Rinse the column with 3 mL of 
water, and discard the rinsate. Ełute with 2.0 mL of 
methanol and collect the eluate into the 2.0-ml volu- 
metric fiask. Adjust with methanol to volume, and mix 
well.] 

[NOTĘ—This method may resuft m coelution of ga- 
noderenic acid A and ganoderic add K,] 
Chromatographic system 
(See Chromatograpny (621 ), System Suitability,) 

Modę; LC 

Detector: UV 257 nm 

Column; 2,1-mm x 15-cm; 1,8-pm packing LI 
Column temperaturę: 25° 

Flow ratę: 0.4 mL/min 
Injection volume: 5 pL 
System suitability 

Samples: Standard solution A and Standard solution B 
Suitability requirements 

Chromatographic similarfty: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Ganoderma 
Lucidum Fruiting Body Powdered Extract RS belng 
used. 

Resolution: NLT 1.0 between ganoderic add A and 
ganoderic add H peaks, Standard solution B 
Tailing factor: NMT 2.0 for the ganoderic add A 
peak, Standard solution A 

Relative standard deviation: NMT 2,0% detemnined 
from the ganoderic add A peak in replicate injections, 
Standard solution A 
Analysrs 

Samples: Standard solution A, Standard solution B, and 
Sample solution 

[Notę— Standard solution A, Standard solution B, and the 
Sampfe solution are stable for 24 h at room 
temperaturę.] 

Using the chromatograms of Standard solution A, Stan¬ 
dard solution B t and the reference chromatogram pro* 
vided with the lot of USP Ganoderma Lucidum Fruit¬ 
ing Body Powdered Extract RS being used, idenfcify nil 
spedfied ganoderic and ganoderenic acids in the Sam¬ 
ple solution chromatogram. The approximate relative 
retention times, with respect to ganoderic acid A, are 
provided in Table 2. 


Table 2 (Continued) 


Analyte 

Relotive 

Retention 

Time 

Relatfve 

Response 

Factor 

Ganoderic acid G 

0,56 

1.13 

Ganoderenie acid B 

0,60 

0,45 

Ganoderic acid B 

0,66 

1.10 

Ganoderic acid A 

1.00 

1,00 

Ganoderic acid H 

t,05 

1.54 

Ganoderenic acid D 

1.25 

0,51 

Ganoderic acid D 

Ul 

1.08 

Ganoderic acid F 

1.54 

1.45 


Separately calculate the percentages of each tnterpe- 
noic acid in the portion of Powder taken: 

Result = (ru/r s ) x Qx {V/W) x F x 100 


r u - peak area of the relevant analyte from the 
Sample solution 

r s = peak area of ganoderic acid A in Standard 
solution A 

Q = coneentration of USP Ganoderic Acid A RS tn 
Standard solution A (mg/mL) 

V - vofume of the Sample solution (mL) 

W - weight of Powder taken to prepare the Sample 

solution (mg) 

f - relative response factor, with respect to 
ganoderic acid A (see Table 2) 

Calculate the sum of the percentages of aII spedfied 
triterpenoic acids, 

Acceptance cnteria 

Sum of triterpenoic adds: NLT 0,3% on the dried 
basis 

CONTAMINANTS 

• ELEMENTAL IMPURITIES—PROCEDIJRES (233) 

Acceptance criteria 
Arsenie: NMT 2.0 pg/g 
Cadmium: NMT 1,0 pg/g 
Lead: NMT 5,0 pg/g 
Mercury: NMT 1.0 pg/g 

• Articles of Botanical Origin, Pesticide Residue Analysis 

(561): Meets the reguirements 

• Microbial Enumeration Tests (2021): The total aeroblc 

bacterial count does not exceed 10 5 cfu/g, and the bile- 
tolerant Gram-negative bacteria count does not exceed 
10* cfu/g. 

• Absence of Specified Microorganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
des and Escheńchia coli 

SPECIFIC TESTS 

• CONTENT OF WATER SOLUBLE POL Y5 ACC H AR] DES 

Solution A: 0.05 M phosphate buffer, pH 6,0 
Solution B: Acetonitrile 
Mobile phase: See Table 3. 


Table 3 


Time 

(mini 

Solution A 

(%) 

Solution B 

(%) 

0 

84.0 

16,0 

30 

82.5 

17.5 

55 

81*0 

19.0 

60 

81,0 

19.0 

61 

84.0 

16.0 



Relathre 

Relative 


Retention 

Response 

Analvte 

Time 

Factor 

Ganoderenic acid C 

0.36 

0.51 - 

Ganoderic add O 

0.42 

1.05 


Reagent: 0,1 M solution of 1-phenyl-3-methyI- 
5-pyrazolone in methanol 

Interna] standard solution: 0.5 mg/mL of D-lyxose in 
water 
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Standard stock solution: Composite solution contain- 
ing 0.20 mg/ml each of USP Mannose RS, USP D- 
Glucuronic Acid RS, and USP Galactose RS; 2.0 mg/mL 
of USP Dextrose RS; and 0.10 mg/mL of USP L-Fucose 
RS in water 

Standard solution: Combine OJ 25 mL of Standard 
stock sotution with 0,125 mL of Internat standard solu - 
tion t 0.300 mL of 0.15 M sodium hydroxlde solution, 
and 0.50 ml of Reagent in a capped reactron vlal. Seal 
the vial, heat at 70° for 30 min, and cool to room 
temperaturę. Add to the via! 0.300 mL of 0.15 M hy- 
drochloric acid and 0,65 ml of water, mix well, and 
pass through a nylon filter of 0.45-pm or finer porę 
size. 

[Notę—T he amounts of individual analytes (Aj) in the 
0,125 mL aliquot of the Standard sotution submitted to 
denvatization are approximately 0.25 mg for dextrose 
and 0.025 mg for mannose, galactose, and d- 
glucuronic acid,] 

Sample solution: Transfer 2.0 g of Powder, accuratefy 
weighed, to a 200-mL round-bottom fiask, add 60 mL 
of water, and allow to stand for 1 h. Attach a con- 
denser, heat under reflux for 4 h, and filter immedl- 
ately. Transfer the residue and the filter to the same 
200-mL round-bottom fiask. Add 60 mL of water, heat 
under reflux for 3 h, and filter immediately. Rinse the 
fiask with three 5-mL portions of water, and filter. Com¬ 
bine the filtrates and the rinsates in a 250-mL beaker, 
and evaporate on the water bath to dryness. Dissolve 
the residue in 5 mL of water, add 75 mL of alcohol, mix 
well, aliow to stand at 4* for 12 h, and centrifuge at 
4000 rpm for 30 min. Discard the supernatant, and dry 
the precipitate on a water bath. Dissoive the residue in 
hot water and quantitatively transfer to a 10-mL volu- 
metric fiask. Cool to room temperaturę, dilute with 
water to volume, and mix well, Centrifuge at 4000 rpm 
for 10 min. Accurately transfer 0.250 mL of the super* 
natant to a reaction vial, and add about 0.25 mL of 4 M 
trifluoroacetic acid. Seal the vial, and heat at 110° for 4 
h. Cool to room temperaturę, add 0.5 mL of methanol, 
and evaporate to dryness at 60° under vacuum. Repeat 
the addition of 0.5 mL of methanol and subsequent 
evaporation three times. Add to the residue 0.125 ml 
of water, 0.125 mL of the Internat standard sotution f 
0.300 mL of 0.15 M sodium hydroxtde solution, and 
0.50 mL of Reagent Seal the vial, heat af 70° for 30 
min, and cool to room temperaturę. Add to the vial 
0.300 mL of 0.15 M hydrochloric acid and 0.65 mL of 
water, mlx well, and pass through a nylon filter of 0,45- 
]jm or finer porę size. 

Chromatographic system 
(See Chromatography (621 >, System Suita bili ty.) 

Modę: LC 

Detector: UV 250 nm 

Column: 4,6-mm x 25-cm; 5-pm pac king LI 
Column temperaturę: 35° 

Flow ratę: 1,0 mL/min 
Injection volume: lOpL 
System suitability 
Sample: Standard solution 
Suitability reąuirements 

Re solution: NLT 1.5 between the D-lyxose peak and 
the dosest subsequent peak, and NLT 1.5 between 
the glucuronic acid peak and the closest preceding 
peak 

Tailing factor: NMT 2.0 for the dextrose peak 
Relative standard devfation; NMT 2.0% determined 
for the dextrose peak in replicate injections 
Analysis 

Samples: Standard solution and Sample solution 
[NOTĘ- The Standard solution and Sample solution are 
stable for 24 h at room temperaturę.] 

Using Ihe chromatograms of the Standard solution and 
the reference chromatogram provided with the lot of 
USP Ganoderma Lucidum Fruiting Body Powdered Ex- 


tract RS being used, identify the individual derivatrzed 
monosacchandes at about the following relative retem 
tion times, with respect to dextrose: 0.48 for man¬ 
no se, 0.58 for lyxose, 0.82 for D-glucuronic acid, 1.09 
for galactose, and 1.35 for L-fucose. 

Separately catculate the percentages of derivatized mo* 
nosaccharides in the portion of Powder taken: 

Result = (Ro/Rs) x A s x (F/W) x 100 

Ru = peak response rafio of the relevant analyte to 
the interna! standard from the Sample 
solution 

R$ = peak response ratio of the relevant analyte to 
the internal standard from the Standard 
solution 

A% =* amount of the relevant analyte in the aliguot 
of the Standard solution subjected to 
derivatization (mg) 

F - dllution factor to account for the sample 
aliauot submitted to derivatizatian 
(0,250 mL) relative to the volume of the 
Sample solution (10.0 mL), 40 
W = weiglit of Powder taken to prepare the Sample 
sotution (mg) 

Caiculate the sum ofthe percentages of mannose, D- 
glucuronic acid, dextrose, galactose, and t-fucose, 
Acceptance criteria 

Sum of monosacchandes: NLT 0.7% on the dried 
basis 

* Botanical Charactebistics: When milled, the fruiting 
body typically grinds into a fibrous mass or fractures into 
tiny strips rather than a fine powder. Hyphal system trim- 
itic with hyaline, thin-walled, clamped, septate generative 
hyphae, 1-4 f.im rn diameter, septa restricted to clamps, 
scantily branched, abundant at the growth margin of pi- 
leus and dissepiments (partitions). Skeletal hyphae are ar- 
boriform, aseptate, clampless, very lortg, 3-6 pm in dr¬ 
amę ter, scantily branched, branches with limited growth 
at distal end, with thick walls; they compose most of the 
context (flesh) and dissepiments, originating immediately 
behind the growth margin from generative hyphae, 
Binding hyphae of the y7 Bovista" type are aseptate, clam¬ 
pless, prorusely branched, generaily thinner and lighter 
than tne skeletal, 1-3 pm in diameter, Bastdiospores 
ovoid, double-walled, truncated at apex. Epispore thin, 
ovoid, hyaline, 9,0-11.5 x 6.0-8.0 pm; endospore thick, 
ovoid, 6. 5-8,5 x 5. 0-6. 5 pm, bearing relatively few fong 
and thick echinules Lhat support the epispore, sometimes 
fused into a short crest. 

* Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 2,0% 

• Loss ON Drying (731) 

Sample: 1.0 g of Powder 
Analysis: Dry at 105° for 4 h, 

Acceptance criteria: NMT 17.0% 

• Articles of Botanical Origin, Total Ash (561) 

Sample: 1,0 g of Powder 
Acceptance enteria: NMT 4.0% 

* Articles of Botanical Origin, Alcohol-Soluble Extractlves, 

Method 1 (561) 

Sample: 2-4 a of Powder 
Acceptance criteria: NLT 2.0% 

• Articles of Botanical Origin, Water-Soluble Extractives t 

Method 1 (561) 

Sample: 2-4 g of Powder 
Acceptance criteria: NLT 3.0% 

ADDITIONA1 REQUIREMENTS 

* Packaging and Storage: Preserve in well-closed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

• Labeling: The label States the Latin binomial and, follow¬ 
ing the official name, the part of the fungus from which 
the article was derived. 
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• USP Reference Standards (11) 

USP Dextrose RS 
USP Ergosterol RS 
USP t-Fucose RS 
USP Galactose RS 
USP Ganodenc Acid A RS 

USP Ganoderma Lucidum Fruiting Body Powdered Ex- 
tract RS 

USP o-GIucuronic Acid RS 
USP Mannose RS 


Garcinia cambogio 

DEFINITION 

Garcinia cambogio consists of the dried perka rp of the fruits 
of Garcinia gummi-gutta (L.) N. Robson, also known as 
Garcinia cambogio (Gaertn*) Desr. (Fam* Gusiaceae). It 
contains NLT 12% of the sum of (-)-hydroxycitric acid 
and (-)-hydroxycitric acid lactone, on the dried basis. 

IDENTIFICATION 

* A. Garcinia cambogio meets the requirements under Spe- 

cific Tests, Botanical Characteristics. 

* B HPLC: The Sample sofution chromatogram exhibits a 

peak for hydroxydtric add at a retention time torre- 
sponding to that of Standard sofution A, as obtained in 
the test Tor Content of (-)-Hydroxydtric Add and (-)- 
Hydroxydtric Add Lactone * The Sample safudon also exhib- 
its a peak for hydroxycitric acid lactone. The hydroxyci- 
thc acid and the hyoroxycjtric acid lactone peaks are the 
main peaks in the Sample sofution chromatogram. 

COMPOSITION 

* Content of {-)-Hydroxycitric Acid and (->-Hydroxyci 

trk Acid Lactone 

Solution A: 30% Phosphoric acid in water 
Mobile phase: Dissolve 1.36 g of anhydrous potassium 
dihydrogen phosphate in 900 mL of water, adjust with 
Solution A to a pH of 2.5, dilute to 1000 mL with water, 
mix. Fil ter, and degas. 

5olvent: A mixlure of Solution A and water (1:9) 
Standard solution A: A solution of USP Calcium (-)- 
Mydroxycitrate RS equivalent to about 2.5 mg/mL of 
H“hydroxycitrlc acid in Soivent, Before Injection, pass 
through a membranę filter of 0,45*pm or finer porę 
size, discardrng the first few mL of the filtrate. 

Standard solution B: 5 mg/mL of USP Powdered 
Garcinia Hydroxycitrate Extract RS in Soivent. Before tn- 
jection, pass through a membranę filter of 0*45-pm or 
finer porę size. 

Sample solution: Transfer about 5 g of Gardnie combo- 
gia , finely powdered and accurately weighed, to a 
250-ml round-bottom fiask fitted with a reflux con- 
denser. Add 50 ml of Solvent t reflux while stirring for 
30 min, set aside to settle, and decant the supernatant* 
Repeat the extraction using four 50-mL portions of 
water, combine all extracts, cool, filter into a 250-mL 
yolumetric fiask, and dilute with water to volume. 

Before injection, pass through a membranę filter of 
0.45-j.im or finer porę size, discarding the first few mL 
of the filtrate. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 215 nm 

Column: 4.6-mm x 25-cm; packing LI 

Column temperaturę: 25° 

Flow ratę: 1*0 mL/min 
Injection volume: 20 juL 
System suitability 

Samples: Standard solution A, Standard solution 8, and 
Sample solution 


[Notę —The refative retention times for the hydroxycitric 
acid lactone and hydroxycitric acid peaks are about 
0* *9 and 1,0, respective!y.] 

Suitability reguirements 

Chromatogram similarity: The chromatogram of 
Standard solution B is simiiar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Garcinia Hydroxycitrate Extract RS being used. 
Resolution: NLT 1*0 between hydroxycitric acid lac¬ 
tone and hydroxycitric acid, Sample solution 
Tailing factor: NMT 2.0 for the nydroxydtrlc add 
peak. Standard sofution A 

Refative standard deviation: NMT 2*0%, determined 
from the hydroxycitric add peak in repeated injec¬ 
tion s, Standard solution A 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sample sofution 

[Notę— Standard solution A, Standard solution 8, and 
Sample solution are stable for 6 h*] 

Calcutate the percentages of (-)-hydroxydtric acid and 
(-)-hydroxycitric acid lactone in the portion of Garcinia 
cambogio taken: 

Result = (rw/r 5 ) x C s x {VIW) x f x 100 

r u - peak area of the relevant analyte from the 
Sample solution 

r$ - peak area of hydroxydtric acid from Standard 
sofution A 

Cs = concentration of (-)-hydroxycitric acid in 
Standard solution A (mg/mL) 

V = finał volume of the Sample solution (mL) 

W - weight of Gorcinia cambogia used to prepare 
the Somple solution (mg) 

F = conversion factor: 2.17 for (-)-hydroxyeitric 
add lactone, and 1*00 for (-)-nydroxycitric 
acid 

Acceptance crlteria: The sum of percentages of (-)- 
hydroxycitric acid and (-)-hydroxydtric add lactone: 

NLT 12% on the dried basis 

IMPURITIE5 

» Articles of Botanical Origin, Add-lnsoluble Ash (561); 
NMT 2*0% 

• Articles of Botanical Origin, Umits of Elemental Impuri - 

ties (561): Meets the reguirements 

• Articles of Botanical Origin, Foreign Organie Motter 
(561): NMT 2.0% 

• Articles of Botanical Origin, Pestidde Residue Analysis 
(561): Meets the requirements 

5PECIFIC TESTS 

• Botanical Characteristics 

Macroscopic: Fresh fruits are spherical to oval in shape, 
4“8 cm in height, 3-6 cm in width, yellowish to pale 
pinkish when ripe, resemble a miniaturę pumpkin, with 
7-13 deep longitudinal groove$, extending up to a cir- 
cular elevated Base of stigma with blackish tip, situated 
in the depressed end of the fruit, containing 6^8 seeds 
surrounded by a succulent arii. Compendiafarticle con¬ 
sists of dried pieces of pericarp, longitudinal, of vanable 
size and shape, stronqly curved inward; leathery; exter- 
nally rough, irregularfy wrinkled, longitudinally grooved; 
interna Iły smootn, longitudinally faintly striated and 
ridged. uark brown to blackish-brown odor characteris- 
tic; taste sour, astringent, and slightiy bitter* 

Microscopic: Transverse section of the pericarp shows a 
layer of epicarp, composed of rectangular to tangen- 
tially elongatea cells covered with thin cuticle; wide 
mesocarp, composed of 100-150 rows of parenchyma 
cells of variable size and shape, the outer rows com¬ 
posed of relatively larger cells with wide intercelfular 
spać es; vascular bundTes appear throughout the meso¬ 
carp, morę toward the inner zonę; dark brown gummy 
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exudates, simple and compound starch granules and 
prisms of cafcium oxalate are present in the parem 
chyma cetls throughout the mesocarp. 

* Limit of Citric Acid 

Solvent and Chromatographic system: Prepare as di- 
rected in the test for Content of (-)-Hydroxycitric Acid 
and (-)-Hydroxycitnc Add Lactone. 

Standard solution: 0.5 mg/mL of USP Citric Acid RS In 
Soivent Before injection, pass through a membranę fli¬ 
ter of 0.45-pm or finer porę size, discarding the first 
few mL of the filtra te. 

Analysis 

Sample: Standard sotution 

Calculate the percentage of citric acid in the portion of 
Cardnia cambogio taken: 

Result = (r^/rj) x Q x (VfW) x 100 

fu - peak area of citric acid from the Sampie 
solution in the test for Content of (-)- 
Hydroxydtric Add and (-)-Hydroxycitric Add 
Lactone (mg/mL) 

r* - peak area of citric acid from the Standard 
solution 

Q = concentration of USP Citric Acid RS in the 
Standard solution (mg/mL) 

V - finał volume of the Sample solution (mL) 

W = weight of Cardnia cambogio used to prepare 
the Sampie solution in the test for Content of 
(-)-Hydroxydtrk Acid and (-)-Hydroxydtrk 
Add Lactone (mg) 

Acceptance criteria: NMT 2% of citric add on the 
dried basis 

■ Loss om Drying (731) 

Sample: 2,0 g of Cardnia cambogio , fjnely powdered 
Analysis: Dry the Sample at 105° for 3 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Totai Ash (561): Deter- 

mined on 1.0 g of finely powdered Cardnia cambogio : 
NMT 3*0%; NMT 8*0% if sodium chloride was added as 
a preservative during coilection of the fruits 

* Microbial Enumeration Tests (2021): The totai aerobk 
bacterial count does not exceed 10 5 cfu/g, the total com- 
bined molds and yeasts count does not exceed IG 3 cfu/ 
g, and the bile-toferant Gram-negative bacteria do not 
exceed 10 3 cfu/g. 

■ Absence of Specified Microorganisms (2022): Meets the 

requfrements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

ADDITfONAL REQUIREMENT5 

» Packaging and Storace: Preserve in well-closed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

* Labeung: The label States the Latin binomial and, follow- 
ing the offidal name, the part of the plant contained in 
the article* 

* USP Reference Standard; (11) 

USP Caldum (“)-Hydroxycitrate RS 
USP Citric Add RS 

USP Powdered Cardnia Hydroxycitratę Extract RS 


Powdered Cardnia cambogio 

DEFINITION 

Powdered Cardnia cambogio is Cardnia cambogio reduced 
to a powder or very fine powder, It contains NLT 12% of 
the sum of {-)-hydroxycitric acid and (“)-hydroxycitric 
acid lactone, on the dried basis. 


IDENTIFICATION 

* A. Powdered Cardnia cambogio meets the reguirements 

under Spedfic Tests , Botanical Characteristics. 

9 B. HPLC: The Sample solution chromatogram exhibits a 
peak for hydroxycitric add at a retention time corre- 
sponding to that of Standard solution Ą as obtained in 
the test for Content of (-)-Hydroxycitric Acid and (-)• 
Hydroxycitrk Add Lactone * Tne Sampie solution afso exhib' 
its a peak for hydroxycitric acid lactone. The hydroxyci- 
tric acid and the hydroxycitric acid lactone peaks are the 
main peaks in the Sample solution chromatogram* 

COMPOSITION 

* Content of (-)-Hydroxycitric Acid and {~>-hydroxyci- 

tric Acid Lactone 

Solution A: 30% Phosphoric acid in water 
Mobile phase: Di$solve 1,36 g of anhydrous potassium 
dihydrogen phosphate in 900 mL of water, adjust with 
Solution A to a pH of 2.5, dii u te with water to 1000 mL, 
mix, filter, and degas* 

Solvent: Solution A and water (1:9) 

Standard sotution A: A solution of USP Caldum (-*)- 
Hydroxycitrate RS eouNalent to about 2.5 mg/mL of 
(-)-hydroxycitric acid in SolvenL Before injection, pass 
through a membranę filter of 0.45-jim or finer porę 
size* 

Standard solution B: 5 mg/mL of USP Powdered 
Garcinia Hydroxycitrate Extract RS in SoivenL Before in- 
jection, pass through a membranę filter of 0,45-pm or 
finer porę slze, discarding the first few mL of filtra te. 
Sampie solution: Transfer about 5 g of Powdered 
Cardnia cambogio , accurately weighed, to a 250-mL 
round-bottom fiask fifted with a reflux condenser Add 
50 mL of Solyent, reflux while stlrring for 30 min, set 
aside to settlą and decant the supematant. Repeat the 
extraction using four 50-mi portlons of water, combEne 
all extracts, Coot, filter into a 250-mL volumetric fiask, 
and dilute with water to volume. Before injection, pass 
through a membranę filter of 0*45-pm or finer porę 
srze, discarding the first few mL of flltrate, 
Chromatograpnic system 
(5ee Chromatograpny (621) f System Suitabillty.) 

Modę: LC 

Detector: UV 21 5 nm 

Column: 4.6-mm x 25-cm; packing LI 

Coluinn temperaturę: 25° 

Flow ratę: 1 *0 mL/min 
Injection voiume: 20 pL 
System suitabifity 

Samples: Standard solution A, Standard solution 0, and 
Sample solution 

[Notę—T he reiative retention times for the hydroxycitric 
acid lactone and hydroxycitric acid peaks are about 
0*9 and 1,0, re$pectively*] 

Suitabillty reguirements 

Chromatogram simifarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Garcinia Hydroxycitrate Extract RS being used. 
Resolution: NLT 1.0 between the hydroxydtric acid 
lactone and hydroxydtric acid peaks, Sampie solution 
Tailing factor: NMT 2.0 for the hydroxyc]trrc acid 
peak, Standard solution A 

Relative standard deviation: NMT 2*0%, determined 
from the hydroxydtrie acid peak for replkate injec- 
tions, Standard solution A 
Analysis 

Samples: Standard solution A t Standard sotution 8, and 
Sample solution 

[Notę —Standard solution A, Standard solution S, and the 
Sampie solution are stable for 6 h*] 
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Calculate the percentages of (-)-hydroxycitrk add and 
{—)-hyd roxycitnc add lactone in the portion of Pow- 
dered Garcinia cambogia taken: 

Result = (ry/rj) x C s x {VfW) x f x 100 

ru - peak area of Ehe reievant analyte from the 
Sample solution 

r s ~ peak area of hydroxycitric acid from Standard 
solution A 

Q - concentratton of (-)-hydroxyciEric acid in 
Standard solution A (mg/m L) 

V = finał volurnę of the Sample solution (mL) 

W = weight of Powdered Garcinia combogia used 
to prepare the Sample solution (mg) 
f - conversion factor; 2A 7 for (-)-hydroxycitric 
acid lactone, and 1.00 for (-)-nydroxycitric 
acid 

Acceptance criteria: The sum of percentages of (-)- 
hydroxydtric add and (-)-hydroxydtric acid lactone: 
NLT 12% on the dried basis 

IMPURITIES 

* Articles of Botanical Origin, Add-lnsoluble Ash (561): 

NMT 2.0% 

* Articles of Botanical Origin, Limits of Eiemental Impuri - 

ties (561): Meets the reąuirements 

* Articles of Botanicai Origin, Pestidde Residue Analysis 
(561): Meets the requirements 

SPEC1FIC TESTS 

* Botanical Characterjstjcs: Dark brown powder; odor 
characteristic; taste sour, astringent and slightly bitter. 
Under a microscope, it shows parenchyma ceils contain- 
ing dark reddish-brown gummy exudates, parenchyma 
ceils containing simple and compound starch granyles, 
prisms of calcium oxalate, and fragments of spiral and 
annular vessels. 

* Limit of Citric Acid 

Solvent: Prepare as directed in the test for Content of 
(-)-Hydroxyatrk Acid and (-)'Hydroxyatric Add Lactone, 
Standard solution: 0.5 mg/mL of USP Citric Acid RS in 
Solvent. Before injection, pass through a membranę fil- 
ter of 0.45-pm or finer porę size, discarding the first 
few mL of filtrate, 

Analys Is 

Sample: Standard solution 

Calculate the percentage of citric acid in the portion of 
Powdered Garcinia combogia taken: 

Result = (r v fr$) x C$ x (V/W) x 100 

ru = peak area of citric acid from the Sample 
solution in the test for Content of (-)- 
Hydroxycitric Add and (-)-Hydroxycitnc Add 
Lactone 

r$ - peak area of citric acid from the Standard 
solution 

Cs - concentration of USP Citric Add RS in the 
Standard solution (mg/mL) 

V - finał volume of the Sample solution (mL) 

W ^ weight of Powdered Garcinia cambogia used 
to prepare the Sample solution in the test for 
Content of (-)-Hydroxydtric Acid and (-)- 
Hydroxydtric Acid Lactone (mg) 

Acceptance criteria: NMT 2% of citric acid on the 
dried basis 

* Loss ON Drying (731) 

Sample: 2.0 g of Powdered Garcinia cambogia 
Anafysis: Dry the Sample at 105° for 3 h. 

Acceptance criteria: NMT 12.0% 

* Articlis of Botanical Origin, Totaf Ash (561): Deter- 

mined on 1.0 g of Powdered Garcinia cambogia: NMT 


3.0%; NMT 8.0% if sodium chloride was added as a pre- 
servative during colleclton of the fruits 

* Microbial Enumeration Tests (2021): The total aerobic 

bacterial count does not exceed IG 5 cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 1 ciul 
g, and the bile-toferant Granvnegative bacteria do not 
exceed 10 1 cfu/g. 

* Absence of Specified Microorcanisms (2022): Meets the 

requirements of the tests for absence of Salmonella spe- 
des and £ scherichia coli 

ADDITIONAL Et£QUIREMENT5 

* Packaging and Storace: Preserve in well-dosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

■ Labeling: The label States the Lalin binomial and, follow- 
mg the official name, the part of the plant contained in 
the artide. 

* USP Reference Standahds (11) 

USP Calcium (-)-Hydroxyd tratę RS 
USP Citric Add RS 

USP Powdered Garcinia Hydroxy ci tratę Extract RS 


Powdered Garcinia Hydroxycitrate 
Extract 


DEFINITION 

Powdered Garcinia Hydroxycitratę Extract is prepared from 
Garcinia cambogia or Gorenia indica by extraction with 
water, alcohol, or mixtures of these solvents, followed by 
stabilization of the (-)-hydroxycitric acid content in the 
form of a calcium, potassium, magnesium, and/or sodium 
salt. The ratio of plant materiał to extract is about 5:1 to 
10:1. It contains NLT 40% of (-)-hydroxycitric acid, cafcu- 
lated on the dried basis. IL may contain suitable added 
su b stan ces. 

IDENTIFICATION 

* A. HPLC Identification Test: The Sample solution chro¬ 
ma togram exhibits a peak for hydroxydtric acid at a re- 
tentlon time corresponding to tnat of Standard solution A, 
as obtained in the test for Content of (~)diydroxydtric Acid 
and Limit of (-)-Hydroxycitńc Add Lactone. 

COIWPOSITION 

* Content of (-)-Hydroxycitric Acid and Limit of 
(-}-Hydroxycitr!c Acid Lactone 

Solution A: 30% phosphoric acid in water 
Mobile phase: Dissolve 1.36 g of anhydrous potassium 
dihydrogen phosphate in 900 mL of water, adjust with 
Solution A to a pH of 2.5, complete to 1000 mL with 
water, mix, filter, and degas. 

5oivent: A mixture of Solution A and water (1:9) 
Standard solution A: A solution of USP Calcium 
(")-Hydroxydtratę RS equivalent to about 2.5 mg/mL of 
(-)-hydroxycitric acid in Solvent. Before injection, pass 
through a membranę filter of 0.45-pm or finer porę 
srze. 

Standard solution B: 5 mg/mL of USP Powdered 
Garcinia Hydroxydtrate Extract RS In Solvent. Before in- 
jection, pass through a membranę filter of 0.45-pm or 
finer porę size. 

Sample solution: 5 mg/mL of Powdered Garcinia 
Hydroxycitratę Extract In SolvenL Before iniection, pass 
through a membranę filter of 0.45-pm or finer porę 
size. 
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Chromatographic system 

(See Chromatograpny {621), System Suitability,) 

Modę: LC 

Detector: UV 215 nm 
Column: 4,6-mm x 25<m; packing LI 
Column temperaturę: 25 ± 1 5 
Flow ratę: 1,0 fnL/min 
injecEion size: 20 pL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability reguirements 

Chromatogram similarity: The chromatogram from 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Garcinia Hydroxydtrate Extract RS being used. 

Ta i ling factor: NMT 2.0 for the hydroxydtrit acid 
peak, Standard solution A 

Relative standard deviation: NMT 2.0%, determined 
from the hydroxydtric acid peak, Standard solution A 
Analysis 

Samples: Standard solution Ą Standard solution B t and 
Sample solution. [Notę— Standard solution A, Standard 
solution B, and the Sample solution are stable for 6 hJ 
Caiculate the percentage of (-)-hydroxycitric acid and 
the limit of (-Vhydroxydtric acia lactone, if present, in 
the portion of Powdered Garcinia Hydroxycitrate Ex- 
tract taken: 

Result - (ru/r s ) x (C s /Cu) x F x 100 

ru - peak area for the rdevant analyte from the 
Sample solution 

r* * = peak area of hydroxydtric acid from Standard 
sotution A 

Cs = concentration of {-)-hydroxycitric acid in 
Standard solution A (mg/mL) 

Cu = concentration of Powdered Garcinia 

Hydroxyci tratę Extract in the Sample solution 
(mg/mL) 

F = conver$ton factor for each analyte: 2.17 for 
{_)_hydroxycithc acid lactone, and 1.00 for 
(-)-hydroxy citric acid 

Acceptance crrteria: NLT 40% of (-)-hydroxydtric acid 
and NMT 8% of (-)-hydroxycitric acid lactone on the 
dried basis 

IMPURITIES 
Inorganic Impuritłes 

* Articles of Botanical Origin, Add-lnsofuble Ash (561): 

NMT 3.0% 


Defete the following: 

** Heavy Metals, Method lii (231): NMT 20 ppm# i 

|gn-2013) 

Organie Bmpurities 

* procedurę: Articles of Botanical oricin, Pesticide Resi- 
dues (561): Meets the reguirements 

SPECIFIC TESTS 
» Limit of Citric Acio 

5olvent: Prepare as directed in the test for Content of 
(-)-Hydroxyatric Acid and Limit of (-)-Hydroxydtric Acid 
Lactone. 

Standard solution: 0.5 mg/mL of USP Citric acid RS in 
Solvent . Before injection, pass through a membranę fil- 
ter of 0,45-pm or finer porę size. 

Analysis 

Sample: Standard solution 

Caiculate the percentage of citric acid in the portion of 
Powdered Garcinia Hydroxycitrate Extract taken: 

Result = (fu/rs) x (Cs/Cu) X 100 


ry - peak area of citric acid, using the peak area of 
citric acid from the Sample solution in the 
test for Content of (-)-Hydwxycitnc Acid and 
Limit of (-)-Hydroxydtric Acid Lactone 
r$ = peak area of citric acid from the Standard 
solution 

Cs = concentration of USP Citric Acid RS in the 
Standard solution (mg/mL) 

Cu = concentration of Powdered Garcinia 

Hydroxydtrate Extract in the Sample solution 
in the test for Content of (-)-Hydroxycitric Acid 
and Limit of (-)-Hydroxydtric Acid Lactone 
(mg/mL) 

Acceptance crłteria: NMT 5% of citric acid on the 
dried basis 

* Identification Tests—General (191): Test for the pres- 
ente of cafcium, magnesium, potassium, and/or sodium. 

* Loss on Dryinc (731): Dry 2.0 g of Powdered Extract at 

105° for 3 h: Powdered Extract containing calcium 
hydroxycitrate loses NMT 5.0% of its weight; Powdered 
Extract containing other salts loses NMT 9 0% of its 
weight. 

* MlCROBIAL Enumeration TESTS (2021): The total aerobic 
bacteriaJ count does not exceed 10 4 cfu/g, and the total 
combined molds and yeasts count does not exceed 10 3 
cfu/g. 

* MlCROBiOLOGtCAL PROCEDURES FOR ABSENCE OF SPECIFIED Mi 

croorganisms (2022): Meets the requirements of the 
tests for absence of Salmonella spedes and Escherichia 
colii 

* Other Rechjirements: It meets the reguirements of the 
test for Residua! Solvents under Botanical Extracts (565). 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in well-closed contain- 
ers, protected from light and moisfure, and storę at con- 
trolled room temperatura. 

e Labeling: The label States the Latin binomial and, follow¬ 
ing the official name, fhe part of the plant from which 
the artide was prepared. It meets other Labeling reguire¬ 
ments under Botanical Extracts (565). 

* USP Reference Standards (11) 

USP Calcium (-)-Hydroxycitrate RS 
USP Otric Add RS 

USP Powdered Garcinia Hydroxycitrate Extract RS 


Garcinia indica 


DEFINITION 

Garcinia indica consists of the dried perrearp of the fruits of 
Garcinia indica (Thouars) Choisy (Fam. Clusiaceae). It con- 
tains NLT 12% of the sum of (-)“hydroxydtric acid and 
(-)-hydroxycitric add lactone, on the dried basis, 

IDENTIFICATION 

* A. Garcinia indica meets the reguirements under Spedfic 
Tests , Botanical Chorocteristics. 

« B. HPTLC for Articles of Botanical Origin (203) 
Standard solution: 0.5 mg/mL of gardnol in alcohol 
Sample solution: Transfer about 2.0 g of Go/r/n/o in¬ 
dica , finely powdered, to a Soxhlet apparatus, add 
100 mL of alcohol, and extract for 6 h. Ftlter and con- 
centrate under vacuum to about 10 mL. [Notę —U$e a 
thimble of suitable size such that the volume of alcohol 
used in the Soxhlet extraction is at least Ewice the vol- 
ume of the thimble.] 

Adsorbent: Chromatographic silita gel with an average 
particie size of 5 fim (HPTLC plates) 

Application volume: 5 juL, as 8-mm bands 
Developing solvent system: Toluene, ethyl acetale, 
and formie add (4:1: 0.5) 
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Developing distance: 6 cm 

Derivatrzation reagent: A mixture of 1% vani!Hn in al- 
cohol and 10% sulfuric acid in alcohol (1:1) 

Analysis 

Sampies: Standard solution and Sample solution 
Apply the Sampies as bands. Develop in a saturated 
cnamber. Remove the piąte from the chamber, dry, 
treat with Derivatization reagent, heat for 5-10 min at 
105°, and examine under white light. 

Acceptance criteria: The Sampfe solution chromato- 
gram exhibits a mam greenish-gray band due to garci- 
nol at an Rf value of approximately 0.6, whrch corre- 
sponds in position and color to the main band in the 
chromatogram of the Standard solution . The Sample so* 
iution exhibits the foliowi ng addftional bands: two pur- 
ple bands, two greenish-gray bands, two biue bands 
and a purple band at R f values of approximately 0,31, 
0.34, 0.37, 0,47, 0.54, 0,83, and 0,93, respective[y. 
Other bands may be observed in the Sample solution. 

9 C HPLC: The Sample solution chromatogram exhibits a 
peak for hydroxydtric add at a retention time corre- 
sponding to that of Standard solution A, as obtained in 
the test for Content of (-)-Hydroxydtric Acid and (-)- 
Hydroxycitric Acid Lactone, The Sample solution also exhib- 
its a peak for hydroxycitric acid lactone. The hydroxyci- 
tric acid and the hydroxydtric acid lactone peaks are the 
main peaks in the Sample solution chromatogram. 

COMPOSIT10N 

* Content of (-)-HYDROxvcrrmt Acid and (-)-Hydroxycl 
Tflic Acid Lactone 

Solution A: 30% Phosphoric add in water 
Mobile phase: Dissolve 1.36 g of anhydrous potassium 
dihydrogen phosphate in 900 ml of water, adjust with 
Solution A to a pH of 2.5, dilute with water to 1000 mL, 
mix, filter, and degas. 

5olvent: A mixture of Solution A and water (1:9) 
Standard solution A: A solution of USP Calcium {-}- 
Hydroxycitratę RS equivalent to about 4 mg/mL of (-)- 
hydroxycitnc acid in Solvent, Before injection, pass 
tnrougn a membranę filter of 0,45-fim or finer porę 
size, discarding the first few mL of the filtrate. 

Standard solution B: 8 mg/mL of USP Powdered 
Garcinia Hydroxycitratę Extract RS in Solvent. Before in¬ 
jection, pass through a membranę filter of 0.45-pm or 
finer porę size. 

Sampfe solution: Transfer about 5 g of Garcinia indica, 
finely powdered and accurately weighed, to a 250-mL 
round-bottom fiask fitted with a reflux condenser. Add 
50 ml of Solvent , reflux while stirring for 30 min, set 
aside to settle, and decant the supernatant Repeat the 
extraction using four 50-mL portions of water, combi ne 
all extracts, cool, filter into a 250-mL vo!u mętne fiask, 
and dilute with water to volume. Before injection, pass 
through a membranę filter of 0,45-pm or finer porę 
size, discarding the first few mL of the filtrate, 
Chromatograpnic system 
(See Chromatograpny (621), System Suitabiiity.) 

Modę: LC 

Deteetor: UV 215 nm 

Column: 4,6-mm x 25-cm; packi ng LI 

Column temperaturę: 25° 

Flow ratę: 1.0 mL/min 
Injection vo!ume: 20 pl_ 

System suitabiiity 

Sampies: Standard solution A t Standard solution B, and 
Sample solution 

[Notę—T he relative retention times for the bydroxydtrie 
acid lactone and hydroxycł£rlc acid peaks are about 
0.9 and 1.0, respectrvely.] 

Suitabiiity regmrements 

Chromatogram simiiarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
ma tog ram provtded with the Jot of USP Powdered 
Garcinia Hydroxyci tratę Extract RS being used. 


Resolution: NLT 1.0 between the hydroxycitric add 
lactone and hydroxydtric acid peaks, Sample solution 
Talling factor: NMT 2,0 for the hydroxycitric acid 
peak, Standard solution A 

Reiatrve standard deviation: NMT 2.0%, determined 
from the hydroxycitric acid peak for replicate injec- 
tions, Standard solution A 
Analysis 

Sampies; Standard solution A f Standard solution B f and 
Sample solution* [NOTĘ —Standard solution A f Standard 
solution B, and the Sample solution are stable for 6 h.] 
Calcu late the percentages of {-)-hydroxydtric add and 
(-)-hydroxycitric acid lactone in the portion of Garcinia 
indica taken: 

Result = (ru/ti) x Q x (Vf W) x F x 100 

ru = peak area of the relevant analyte from the 

Sample solution 

n - peak area of hydroxydtrit add from Standard 
solution A 

Q - concentration of (-)-hydroxydtric acid in 
Standard solution A (mg/mL) 

V = finał volume of the Sample solution (mL) 

W = weight of Garcinia indica used to prepare the 
Sample solution (mg) 

F ~ conversion factor: 2.1 7 for (-)-hydroxydtnc 
acid lactone, and 1,00 for (-)-nydroxycitric 
add 

Acceptance criteria: The sum of percentages of (-)- 
hydroxydtric acid and (-)4iydroxycitric acid lactone is 
NLT 12% on the dried basis. 

IMPURITIES 

• Articles of Botanical Oricin, Acid-lnsaluble Ash (561): 

NMT 0.5% 

• Articles of Botanical Oricin, Limits of Elementat Impuri* 

des (561): Meets the requirements 

■ Articles of Botanical Oricin, Foreign Organie Matter 

(561): NMT 2.0% 

■ Articles of Botanical Oricin, Restldde Residue Analysis 
(561); Meets the requtrements 

SPECIFIC TESTS 

• Botanical Characteristics 

Macroscopic: Fresh fruits are globular in shape, 3-4 cm 
in diameter, purpfish to pinfcish orange when ripe, with 
persistant calyx fobes at the base and fJattened radiat- 
mg sessiJe stigma at the apex; containing 5-8 seecJs sur- 
rounded by a succulant arii. Compendial article consists 
of dried pieces of perka rp, bluish black, of various size 
and shapes, flattened, flexible; remains of pedicels, 
calyx, and stigma may be present; odor cnaracterbtic; 
taste sour. 

Mkroscopic: Transverse section of the pericarp shows a 
layer of epicarp, composed of isodiametric cells, with 
thin eutiele and stomata; hypodemnis consisting of sev- 
eral rows of compactly arranged, tangentially elon- 
gated, thick-wailed cells, containing dark brown con- 
tents, showing narrow irregular elongated cavities; 
outer mesocarp consisting of loosely arranged, tangen¬ 
tially elongated, parenthyma cells, few are fuli of starch 
grains, traversed by narrow bands of collapsed cells and 
oleoresin ducts; inner mesocarp consisting of collapsed 
and compactly arranged cefls, showing rows of fibrovas- 
cuiar bundies; endocarp is not distinct, consisting of 
thin^walled collapsed cells, with dark brown content. 

• Limit of Citric Acid 

So!vent and Chromatocjraphic system: Prepare as di- 
rected in the test for Content of (-)-Hydroxyotrię Add 
and (-)-Hydroxydtric Add Lactone. 

Standard solution; 0.5 mg/mL of USP Citric Acid RS in 
Solvent . Before injection, pass through a membranę fil¬ 
ier of 0.45-f.im or finer porę size, discarding the first 
few mL of the filtrate. 
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Analysis 

Sample: Standard solution 

Calculate the percentage of citric add in the portion of 
Gerania indica taken: 

Result = (fu/rs) xC 5 x (V/W) x 100 

fu = peak area of citric acid from the Sampte 
solution in the test for Gontent of (-)- 
Hydroxydtric Acid and (-)-Hydroxydtric Acid 
Lactone 

r s = peak area of citric acid from the Standard 
solution 

Q - concentration of USP Citric Acid RS in the 
Standard solution (mg/ml) 

V - finał volume of the Sample solution (ml) 

W = weight of Garcinia indica used to prepare the 
Sample solution in the test for Content of (-)- 
Hydroxycitric Acid and Limit of (-)-Hydroxydtric 
Acid Lactone (mg) 

Acceptance criteria: NMT 2% of citric acid on the 
dried basis 

e Loss on Drying (731) 

Sample; 2.0 gof Powdered Goran ia indica 
Analysis: Dry the Sample at 105° for 3 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Jota! Ash (561): Deter- 

mined on 1.0 g of fi n ety powdered Garcinia indica: NMT 
3,0%; NMT 8.0% if sodium chtonde was added as a pre- 
servative during collection of the fruits 
® Microbial Enumeration Tests (2021): The to tai aeroblc 
bacteria! count does not exceed IG 5 tfu/g, the totaE com- 
bined molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferant Granvnegative baefceria do not 
exceed 10 3 cfu/g. 

* Absence of Specified Mjcroorganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
des and Escherkhia coli 

ADDITIONAL REQU1REMENTS 

■ Packaging and Storage: Preserve in wefi-dosed contaln- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

» ILabeling: The labę! States the latin binomiat and, fdlow- 
ing the official name, the part of the plant contalned in 
the arttcle. 

O USP REFERENCE standards (11) 

USP Calctum (-)-Hydroxycitrate RS 
USP Citric Acid RS 

USP Powdered Garcinia Hydroxydtrate Extract RS 


Powdered Garcinia indica 


DEFINITION 

Powdered Garcinia indica Es Garcinia indica reduced to a fine 
or very fine powder. It contains NLT 12% of the sum of 
(-)-hydroxycitric acid and (-)-hydroxydtric acid lactone, 
on tne dried basis. 

IDENTIFICATION 

• A. Powdered Garcinia indica meets the reguirements 

under Spedfic Tests , Botanical Characteristics. 

• B. HPTLC FOR ARTfCLES OF BOTANICAL ORIGIN (203) 

Standard solution: 0.5 mg/mL of garcinol in alcohol 

Sample solution: Transfer about 2.0 g of Powdered 
Garcinia indica to a SoxhEet apparatus, add 1 00 ml of 
alcohol, and extract for 6 h. Fil ter and concentrate 
under vacuum to about 10 mL [Notę—U se a thimbie 
of a suitable size such that the voiume of alcohol used 
in the Soxhlet extraction is at feast twice the volume of 
the thimbie*] 


Adsorbent: Chromatographic silica gel with an average 
particie size of 5 pmn (HPTLC plates) 

Application volume: 5 pi, 35 8-mm bands 
DeveIoping solvent system: Toiuene, ethyl acetale, 
and formie acid (4: 1: 0.5) 

Deveioping distance: 6 cm 

Derivatization reagent: A mixture of 1% vanillin in al¬ 
cohol and 1 0% sulfuric acid in alcohol (1:1) 

Analysis 

Sam pies: Standard solution and Sample solution 
Appiy the Samples as bands. Develop in a saturated 
cham ber, Remove the piąte from tne cham ber, dry, 
treat with Derivatization reagent , heat for 5^10 min at 
105°, and examine under white light. 

Acceptance criteria: The Sample solution chromato- 
gram exhibits a main greenish-gray band due to garci¬ 
nol at an Rf value of approximately 0.6, which corre- 
sponds in posltlon and color to the main band in the 
chromatogram of the Standard solution. The Sample so¬ 
lution exhibits the following additionaE bands: two pur- 
ple bands, two greenish-gray bands, two blue bands, 
and a purpte band at values of approximately 0.31, 
034, 037, 0.47, 0* *54, 0.83, and 0.93, respectively ; 
Other bands may be observed for the Sample solution. 

e C. HPLC: The Sample solution chromatogram exhibits a 
peak for hydroxycltric acid at a retention time corre- 
sponding to that in the chromatogram of Standard solu* 
tion 4, as obtained in the test for Content of (-)-Hydrox- 
ycitric Acid and (-)-Hydroxydtric Add Lactone. The Sample 
solution also exhibits a peak for hydroxycitric add lac¬ 
tone. The hydroxycitric add and the hydroxycitric acid 
lactone peaks are the main peaks in the Sample solution 
chromatogram. 

COMPOSITION 

• Content of <^)-Hydroxycitric Acid and h-Hydroxyci- 
tric Acid Lactone 

Solution A: 30% Phosphoric add in water 
Mobile phase: Dissotve 1.36 g of anhydrous potassium 
dihydrogen phosphate In 900 mL of water, adjust with 
Solution A to a pH of 2.5, di lute with water to 1 000 mL, 
mix, filter, and degas. 

Solvent: A mixture of Solution A and water (1:9) 
Standard solution A: A sofution of USP Calcium (-)- 
Hydroxydtrate RS equivalent to about 4 mg/mL of (-)- 
hydroxycitric acid in SolyenL Before injection, pass 
through a membranę filter of 0.45-jam or fi ner porę 
size, discardlng the first few ml of the filtra te. 

Standard solution B: 8 mg/ml of USP Powdered 
Garcinia Hydroxycitrate Extract RS in SofvenL Before in¬ 
jection, pass through a membranę filter of 0.45-jum or 
finer porę size. 

Sample solution: Transfer about 5 g of Powdered 
Garcinia indica , accurately weighed, to a 250-ml round- 
bottom fiask fitted with a reflux condenser. Add 50 ml 
of Solvent t reflux while stirring for 30 min, set aside to 
settle, and decant the supernatant Repeat the extrac- 
tion using four 50-mL portrons of water, combine alt 
extracts, cool, filter into a 250-mL volumetric fiask, and 
dilute with water to volume. Before injection, pass 
through a membranę filter of 0.45-pm or finer porę 
size, aiscarding the first few ml of the filtrate* 
Chromatographic system 
(See Chromatography (621), System Suita bili ty.) 

Modę: IC 

Detector: UV 215 nm 

Column: 4.6-mm x 25-cm; packing U 

Column temperaturę: 25° 

Ffow ratę: 1.0 mL/min 
Injection voJume: 20 jtL 
System suitability 

Samples: Standard solution 4, Standard saiution B t and 
Sample solution 






USP40 


Dietory Supplements / Ga Hic 6987 


[NOTĘ—The relative retentkm times for the hydroxydfric 
acid lactone and hydroxycitric acid peaks are about 
0.9 and 1.0, respectively.] 

Suitability requirements 

Chromatogram similarity: The chromatogram of 
Standard solution B is similar to the referenee chro¬ 
matogram provided with the lot of USP Powdered 
Garcinia Hydroxydtrate Extract RS being used. 
Resolution: NLT 1.0 between the hydroxydtric acid 
lactone and hydroxycitnc acid peaks, Sample solution 
Tailing factor; NMT 2.0 for the hydroxycitnc acid 
peak, Standard solution A 

Relative standard deviation: NMT 2.0%, determined 
from the hydroxycitric acid peak for replkate injec- 
tions, Standard solution A 
Anaiysis 

Samples: Standard solution A , Standard solution B t ano 
Sample solution. [Notę — Standard solution Ą Standard 
solution B , and the Sample solution are stable for 6 h .1 
CalcuJate the percentages of (“)-hydroxy citric acid and 
(-}-hydroxydtric acid lactone in the portion of Pow¬ 
dered Garcinia indica taken: 

Result = (ry/rs) x Q x (V/W) x F x 100 

r u = peak area of the re!evant analyte from the 
Sample solution 

r* * - peak area of hydroxy citric acid from Standard 
solution A 

Cs - concentration of (-)-hydroxycitric add in 
Standard solution A (mg/mL) 

V = finał volume of the Sample solution (ml) 

W = weight of Powdered Garcinia indica used to 
prepare the Sample solution (mg) 

F - conversion factor: 2,1 7 for (-)-hydroxydtrie 
acid lactone, and 1,00 for (-)'nydroxycitric 
acid 

Acceptance criteria: The sum of percentages of (-)- 
hydroxycitrk acid and (-)-hydroxydtric acid lactone is 
NLT 12% on the dried basis. 

IMPURITtES 

* Articles of Botanical Origin, Adddnsotubie Ash (561): 

NMT 0.5% 

* Articles of Botanical Origin, Limits of Eiementaf fmpuri- 

tles (561): Meets the requirements 
Articles of Botanical Origin, Pestidde Residue Anaiysis 
(561): Meets the reguirements 

SPECIFIC TESTS 

* Botanical Characteristics 

Macroscopic: Dark brown powder; odor charactenstic; 
taste sour. 

Microscopic: !t shows cells containing dark brown eon- 
tent; celis containing yellow content, parenchyma cells 
containing simpie ana compound starch granules; frag- 
ments of epicarp cells containing stomata; and frag- 
ments of spiral and annular vessels. 

* Limit of Citric Acid 

Solvent and Chromatographk system: Prepare as di- 
rected In the test for Content of (-)-Hydroxycitric Acid 
and (-)-Hydroxydlric Add Lactone. 

Standard solution: 0,5 mg/mL of USP Citric Acid RS in 
5olvent . Before injection, pass through a membranę fil- 
ter of 0,45-pm or finer porę size, discarding the first 
few mL of the fil tratę. 

Anaiysis 

5 a m p I e: 5 tandard s olution 

Calcu la te the percentage of citric acid in the portion of 
Powdered Garcinia indica taken: 

Result = (fu/n) x G x ( V/W ) x 100 


r v = peak area of citric acid from the Sompte 
solution in the test for Content of (-)- 
Hydroxydtric Add and (-)-Hydroxydtric Acid 
Lactone 

rs = peak area of citric acid from the Standard 
solution 

Cs = concentration of USP Citric Acid RS in the 
Standard solution (mg/mL) 

V - finał vo(ume of the Sample solution (mL) 

W - weight of Powdered Garcinia indica used to 
prepare the Sample solution in the test for 
Content of (-)-Hydroxydtric Add and (-)- 
HydroxYCitric Add Lactone (mg) 

Acceptance criteria: NMT 2% of citric acid on the 
dried basis 

* Loss on Drying (731) 

Sample: 2,0 g of Powdered Garcinia indica 
Anaiysis: Dry the Sample at 105° for 3 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Total Ash (561): Deter- 

mined on 1.0 g of Powdered Garcinia indica: NMT 3,0%; 
and NMT 8,0% if sodium chloride was added as a pre- 
servative d u ring coliection of the fruits 

* Microbial Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 1Q S cfu/g, the total com¬ 
bi ned molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferant Gram-negative bacteria do not 
exceed 10 3 cfu/g. 

* Absence of Specified Mecroorganjsms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
cies and Escherichio coli 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in welhclosed contain- 
ers, protected from light and moi stu re, and storę at 
room temperaturę, 

* Labeung: The label States the Latin binomial and, fołlow- 
ing the official name, the part of the plant contained in 
the article. 

9 USP Beference Standards (11) 

USP Cakium (-)-Hydroxycitrate RS 
USP Citric Acid RS 

USP Powdered Garcinia Hydroxycitrate Extract RS 


Garlic 


DEFINITION 

Garlic consists of the fresh or dried compound bulbs of Al- 
Hum sativum L. (Fam. Liliaceae). It contains NLT 0.5% of 
ailiin and NLT 0.2% of Y“gktamyl-(5)-allyl‘L-cysterne, cal* 
culated on the dried basis, 

IDENTIFICATION 

• A. Thin-Layer Chromatography 

Standard solution A: 0.5 mg/mL of USP i-Melhionine 
RS in a mtxture of methanoi and water (1:1) 

Standard solution B: 0.5 mg/mL of USP Ailiin RS in a 
mixture of methanoi and water (1:1) 

Sample solution: Cut a freeze-dried garlk bulb into 
smali pieces, transfer 1 g of the cut pieces to an extrao- 
tor, and extract with two 20-ml portions of a mixture 
of methanoi and water (1:1), combining the extracts. 
Concentrate to a smali volume (about 5 mL), using a 
rotary eva pora tor. 

Chromatographic system 

Adsorbent: 0.25-mm layer of chromatographic sjlica 
gel, typicalfy 20<m long (TLC plates) 

Application volume: 20 pL, applied separately as 
10-mm bands 

Developinq solvent system: Butyl alcohol, n-propyl 
alcohol, gfacial acetic acid, and water (3:1:1:1) 


DS Monographs 
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Derwatization reagent: 0,2% Solution of ninhydrin in 
a mixture of butyl alcoho! and 2 N acetic acid (19:1) 
Anaiysis 

Samples: Standard solution A, Standard solution B, and 

Sample solution 

Develop the chromatograms until the solvent front has 
movea up about three-fourths of the piąte, in a satu- 
rated chamber. Remove the piątą and allow the sol- 
vent to evaporate. Spray witn the Derivatization rea¬ 
gent, heat at 100°-105“ for 10 min, and immedlately 
exanmne the piąte under white Ifght. 

Acceptance criteria: The chromatogram of the Sample 
solution shows the following zones: a violet zonę having 
an R f value of about 0,89; a pink zonę having an R f 
value of about 0,5 and corresponding in color and 
value to that obtained from the chromatogram of Stan¬ 
dard solution A; a pinkish zonę having an Rf value of 
about 0.43; a strona orange zonę having an Rf vałue of 
about 0,38; a pinkisn violet zonę havtng an Rf value of 
about 03 and corresponding in color and R F value to 
that of the chromatogram or Standard solution B; and 
additionai pinkish orange zones situated very dose to 
each other just below tne zonę corresponding to alliin 
in the chromatogram of Standard solution B. 

* B. 

Sample: About lOg of garlrc bulbs that have been cut 
into smali pieces 

Anaiysis: Transfer to a suitabfe fiask. Add 10 mL of 1 N 
sodium hydroxide and 10 ml of water, heat the fiask in 
boiling water for 10 min, cool, and filter Add a few 
drops of freshly prepared sodium nitroferricyanide TS tc 
2 mL of the fiftrate. 

Acceptance criteria: The appearance of a red or or- 
ange-red color indicates the presence of sulfur-contain- 
Ing compounds in the Sample . 

® C, The retention dme of the major peak in the Sample 
solution corresponds to that of one of the alliin diastere* 
omer peaks in the Standard solution, as obtained in the 
test for C on tent of Alliin. 

• D. Thin-Laver Chromatography 

Extraction column: 1<m x 5-cm solid-phase extraction 
column containing styrene-divinylbenzene copolymer 
packipg with a 75- to ISO-gm diameter and a 400- to 
600-A porę size, Condition column before use by wash- 
ing with 50 mL of methanoi and with 50 mL of a mix- 
turę of methanoi and water (3:7)* [Notę—D o not allow 
the column to dry.] 

Standard solution: 0,2 mg/mL each of USP B- 
Chforogenin RS and USP Agigenin RS in methanoi 
Sample solution: Transfer about 10 g of freshly peeled 
ganić doves to a 37-mL homogenizing cup, and ho- 
mogenize with 25 mL of methanoi at the Kighest speed 
for 1 min. Centrifuge the mrxture, and decant the su- 
pematant to a fiask. Add 70 mL of water. Transfer to 
the Extraction column , allow to drain, and discard the 
eluate, Wash the column wiLh 50 mL of a mixture of 
methanoi and water (3:7), aliow the solvent mixture to 
drain, and discard the eluate. Finally, elute the crude 
saponin fractłon off the column with 20 mL of metha¬ 
noi, collect the eluate, and evaporate to dryness. Dis* 
solve the residue in 4 mL of a mixture of 8% sulfuric 
add and alcohol (1:1), transfer the solution to a screw- 
capped test tubę, and heat on a boiling water bath for 
5 h. Cool the test tubę, add 20 mL of water, and trans¬ 
fer the solution to a freshly conditioned Extractlon col¬ 
umn , altów to drain, and discard the eluate. Wash the 
column with 30 ml of a mixture of methanoi and water 
(7:3), and discard the eluate. Finally, elute the column 
with 50 mL of methanoi. Collect the eluate, evaporate i: 
to dryness, and dissolve the residue in 0,5 mL or 
methanoi. 

Chromatographic system 

Adsorbent: 0,25-mm fayer of chromatographic sillca 
gel, typicaily 20-cm long (TLC pfates) 


Application volume: 20 pL, as 7-mm bands 
Developing solvent system: Methylene chloride and 
methanoi (15:2) 

Derrvatization reagent; Dissolve 0,5 mL of 4-methox- 
ybenzaldehyde and 0,5 mL of sulfuric add in suffident 
aicohol to make 10 mL 
Anaiysis 

Samples: Standard solution and Sample solution 
Develop the chromatograms until the solvent front has 
moved up about three-fourths of the piąte, in a satu- 
rated chamber. Remove the piąte, and allow the soL 
vent to evaporate. Spray the piąte with Derivatization 
reagent, heat the piąte at 100^105° for 5 min, and 
examine the piąte under white light 
Acceptance criteria: The chromatogram of the Sample 
solution exhibits, among several ydlowish and grayish 
green spots, a grayish green spot at an R f value of 
about 0,4, corresponding to tne grayish green spot due 
to /Tchlorogenin of the Standard solution. The chroma t- 
ogram of the Sample solution does not exhibit a spot at 
an R f value of about 0.2, corresponding to agigenin of 
the Standard solution. 

GOMPOSITION 
* CONTtMT OF AiUtN 

Allinase inhibitor solution: Dissolve 109 mg of car- 
boxymethoxylamine hemihydrochloride in 100,OmL of 
water. 

Solution A: Monobasie sodium phosphate 0.045 M in 
water, adjusted with 0.2 M sodium hydroxide to a pH 
of 7.1 

Buffer: Monobasie sodium phosphate 0.05 M in water, 
adjusted with 0.2 M sodium hydroxide to a pH of 9.5 
Derivatization reagent: Dissofve 140 mg of o-phthaldi- 
aldehyde in 5 mL of methanoi, add 100 pL of t- 
butylthiol, and dilute with Buffer to 50 mL. [NOTĘ—Thrs 
reagent may occasionally become opaque during prep- 
aration. Storę at room temperaturę, and use witnin 1 
week.] 

Mobile phase: Acetonitrile, l,4-dioxane, tetrahydro- 
fu ran, and Solution A {25: 2.9: 2,2: 69.9) 

Standard solution: 0.05 mg/mL of USP Alliin RS in a 
mixture of methanoi and water (1:1) 

Sample stock solution: Transfer about 10.0g of freshly 
eeled garlrc cloves, accurately weighed, to a 110-mL 
omogenizing cup. Add 70,0 mL of Allinase inhibitor so- 
lution, and blend at the highest speed for 30 s. Centri¬ 
fuge, and decant the supernatant into a 100-mL volu- 
metrio fiask. Mix the remaining solids in the cup with 
20 mL of Allinase inhibitor solution , centrifuge, and add 
the supernatant to the volumetnc fiask. Dilute the con- 
tents of the fiask with Allinase inhibitor solution to 
volume. 

Sample solution: Dilute a portion of the Sample stock 
solution 1 in 10 with a mixture of methanoi and water 
( 1 : 1 ). 

Chromatographic system 
(See Chromatography (ó21). System Suito bil i ty.) 

Modę: LC 

Detector: UV 337 nm 
Column: 4-mm x 10-cm; packing LI 
FIow ratę: 1 mL/min 
Injection volume: 10 juL 
System suitability 
Sample: 5f an dard solution 

[Notę—A lliin exhibits two major peaks representing its 
diastereomers.] 

Suitability reguirements 

Relative standard deviation: NMT 2.0% for each of 
the major peaks, in repeated injectlons 
Anaiysis 

Samples: Standard solution and Sample solution 
Ustng a syringe, transfer 0.1 mL of the Standard solution 
or Sample solution to separate septum-capped vials, 
and add 0.5 mL of the DerivQtization reogent to each 
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vial. Allow a reaction time of NLT 2 min before injec- 
tion into the chromatograph. Record the chromało- 
grams, and measure the areas of the ailiin diastere- 
omer peaks. 

Calcu la te the percentage of ailiin in the portion of Gar¬ 
lic taken: 

Result = (rufrd x G x (V/W) x O x 100 

f~u - peak area of ailiin from the Sampie solution 
r$ - peak areas of aliiin dtastereomers from the 
Standard solution 

Q = concentration of USP Ailiin RS in the Standard 
solution (mg/mL) 

V “ vofume of the Sampie stock solution (ml) 

W - weight of Garlic used to prepare the Sampie 
stock solution (mg) 

D = dilutlon factor to prepare the Sampie solution 
from the Sampie stock solution , 10 
Acceptance criteria: NLT 0.5% on the dried basis 
• Contint of y-Glutamylt5)-allyl-l-cy5teine 

Solution A: Dissolve 6,80 g of monobasic potassium 
phosphate En 900 mL of water, and adjust with phos- 
phoric acid to a pH of 2.6, Dilute with water to 
1000.0 ml, and mix. 

M obiJe phase: Methanol and Solution A (3:17) 
Standard solution: 0.08 mg/mL of USP y-Glutamyl-(S)- 
aflyl-L-cysteine RS in a mixture of methanol and water 
( 1 : 1 ) 

Sampie solution: Transfer about 10 g of freshly peeied 
garlic c!oves, accurately weighed, to a 110-mL homog- 
enizing cup. Add 80 mL of a mixture of methanol and 
water (1:1), and homogenize at the highest speed for 1 
min. Centrlfuge the mixture, and decant the supema- 
tant into a 250-mL volumetnc fiask. Mix the remainrng 
solids with two 70-mL pordons of a mixture of metha¬ 
nol and water (1:1), centrifuge, and transfer the 
supematants to the vo!umetric fiask. Dilute the contents 
of the fiask with a mixfure of methanol and water (1:1) 
to yofume. 

Chromatographk system 

(See Chromatograpny (62 1), System Suita bility.) 

Modę: LC 

Detector: UV 205 nm 
Column: 4.6-mm x 15-cm; packing LI 
Flow ratę: 0.8 mL/min 
Injection vo!ume: lOpL 
System suitability 
Sampie: Standard solution 
Suitability requirements 

Relative standard deviation: NMT 2,0% for the y- 
glutamyj“(S)-a[lyl-L-cysteine peak in repeated 
injections 
Analysis 

Samples: Standard solution and Sampie solution 
Calculate the percentage of y-g łuta myl-(5)-a llyl-L-cys¬ 
teinę In the portion ot Garlic taken: 

Result = (rtf/rj) x Q x (VIW) x 100 

r u = peak response of y-glutamyl-(5)-ally[-L-cysteine 
from the Sampie solution 
= peak response of y-q!utamy3-(5)-alIyl-ucysteine 
from the Standom solution 
Cs - concentration of USP y-G[utamyl-(5)-al1yl-L- 

cysteine RS in the Standard solution (mg/mL) 

V - vofume of the Sampie solution (ml) 

W = weight of Garlic used to prepare the Sampie 
solution (mg) 

Acceptance criteria: NLT 0.2% on the dried basis 

CONTAMBMAMTS 

o Articles OF Botanicai Orjgin, Umits of Elemental impuri - 
ties (561): Meets the reguirements 


o Articles of Botanical Origin, Pesdcide Residue Analysis 
(561): Meets the reguirements 

SPECIFIC TEST5 

® Botanical Characteristics 

Macroscopic: Subglobular compound bulbs, 3-5 cm in 
width, consisting of B-20 cloves, the whole surrounded 
by 2-5 layers ofwhite scalę leaves attached to a fiat- 
tened, circular base; cloves ovoid and 3- to 4-sided, 
sum mit acute, narrowed into a threadlike portion of fi- 
ber base, truncate, each clove covered with a white 
stale leaf and a pinkish white epidermis, easily sepa- 
rated from the solid portion, consisting of two flaky 
scalę ieaves and two yeilowish green conduplicate foli- 
age leaves 

Microscopic: The protective leaf contains an epidermis 
endosing a mesophyll free from chlorophyll, Tne outer 
epidermis consists or lignified scleretd cells of thick, pit- 
ted walls, elongated, covered with thin cuticle, long fi- 
bers up to 500 pm in length and 30 pm in width. 

The cortical cells are thEck-wafled, nonlignified, tendlng 
to collapse on matunty, isodrametric, and contain pur- 
ple pigments. The vastular bundles consist of lignified 
spiral and annular vesseJs. The storage feaves show an 
outer epidermis of thin, delicate cells of variable shape, 
arranged in somewhat irregular rows, 60 Lim in length 
and 30 pm in width. Stomata are present on the outer 
epidermis only at the extreme tip near the base of the 
foliage leaves. 

The mesophyll consists of swoi len storage parenehyma 
cells filled with flne g ran ula r reserve materiał; scattered 
En the cortex are 20 laticiferous tubes, 500-1000 urn 
in length. Two senes of vastular bundles consisting of 
narrow lignified spiral and annular yessels are arranged 
in the mesophylL 

* Articles of Botanical Oregin, Water Content (561): 

NMT 65,0% for fresh bulbs, and NMT 7,0% for dried 
bulbs 

* Articles of Botanical Origin, Jotal Ash (561): NMT 

5.0% 

® Articles of Botanical Origin, Aciddnsoluble Ash (561): 
NMT 1.0% 

AOOmONAL REQUIREMENTS 

■ Packaging and Storage: Storę in welf-dosed containers 
in a cool, dry place, protected from light. 

« Labeling; The label States the Latln binomial and, fol Iow- 
ing the official name, the part of the plant contained in 
the artlcle. 

9 ysiP Reference Standards (11) 

USP Aglgenin RS 

USP Ailiin RS 

USP /TChlorogenln RS 

USP y-Glutamyl-(5)-allyl-L-cysteine RS 

USP L-Methionlne RS 


Powciered Carlic 


DEFINITION 

Powdered Garlic is produced from Garlic that has been cut, 
freeze-dried or dried at a temperaturę not exceeding 65°, 
and powdered, It contains NLT 0.3% of ailiin and NLT 
0.1 % of y-glutamyl-(5)-aIlyi-L-cysteine, calculated on the 
dried basis, 

BDENTII FI C ATI0 N 

• A. Thin-Layer Chromatograpny 

Standard soiution A: 0,5 mg/mL of USP L-Methionine 
RS En a mixture of methanol and water (1:1) 

Standard solution B: 0.5 mg/mL of USP Ailiin RS in a 
mbcture of methanol and water (1:1) 


D5 Monographs 
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Sample solution: Transfer 1 g of the Powdered GarJic 
to an extractor, and extract with two 20-mL portions of 
a mixture of methanol and water (1:1), combining the 
extracts, Concentrate to a smali volume (about 5 mL), 
ustng a rotary evaporator. 

Chromatographic system 

Adsorbent: 0,25-mm layer of chromatographic sillca 
gel, typically 20 cm long (TLC pEates) 

Application volume: 20 pL, applied separately as 
10-mm bands 

Developing soh/ent system: ButyJ alcohol, n -propyl 
alcohol, glacial acetic acid, and water (3:1:1:1) 
Derivat(zation reagent: 0.2 in 100 solution of 
ninhydrin in a mixture of butyl alcohol and 2 N acetic 
acid (19:1) 

Analysis 

Sam pies: Standard solution A, Standard solution B f and 
Sample solution 

Develop the chromatograms until the solvent front has 
moved up about three-fourths of the piąte, rn a satu- 
rated chamber. Remove the piąte, and allow the sol- 
vent to evaporate. Spray with Derivatization reagent , 
heat at 100°-105° for 10 min, and immediatefy ex- 
amine the pEate under white light. 

Acceptance criteria: The chromatogram of the Sample 
solution sbows the foliowing zones: a viofet zonę having 
an R f va3ue of about 0.89; a pink zonę having an Rf 
value of about 0.5 and corresponding rn color and 
vaiue to Lhat obtained from the chromatogram of Stan¬ 
dard solution A; a pinklsh zonę having an R r value of 
about 0,43; a strono orange zonę having an Rf value of 
about 0.38; a pinklsli violet zonę havrng an R f value of 
about 0.3 and corresponding in color and R F vaiue to 
that of the chromatogram ol Standard solution B; and 
additional pinkish orange zones situated very close to 
each other just below tne zonę corresponding to alliin 
in the chromatogram of Standard solution 8. 

Sample: About 10 g of Powdered Garlic 
Analysis: Transfer to a suitable fiask, Add 10 ml of 1 IM 
sod Eu m hydroxide and 10 ml of water, heat the fiask in 
boiEing water for 10 min, cool, and filter. Add a few 
drops of freshly prepared sodium nitroferricyanide TS to 
2 mL of the filtra te. 

Acceptance criteria: The appearance of a red or or- 
ange-red color indicates the presence of sulfur-contain- 
ing compounds In the Sample . 

9 C. The retention time of the major peak in the Sample 
solution corresponds to that of one of the alliin diastere- 
omer peaks in the Standard solution, as obtained in the 
test for Content of Alliin. 

• D. Thin-Layer Chromatography 

Extraction column; 1-cm x 5-cm solrd-phase extraction 
column containing styrene-divrny!benzene copolymer 
packipg with a 75- to 150-pm dtameter and a 400- to 
600-A porę size, Condition column before use by wash- 
ing with 50 mL of methanol and with 50 ml of a mix- 
ture of methanol and water (3:7), [Notę —Do not allow 
the column to dry,] 

Standard solution; 0,2 mg/ml each of USP /?- 
Chlorogenin RS and USP Agfgenin RS in methanol 
Sample solution: Transfer about 10 g of Powdered Gar¬ 
Jic to a 37-mL homogenizing cup, and homogenize 
with 25 ml of methanol at the highest speed for 1 min, 
Centrifuge the mixture, and decant the supernatant to 
a fiask. Add 70 mL of water. Transfer to the Extraction 
column , allow to drain, and discard the eluate. Wash 
the column with 50 mL of a mixture of methanol and 
water (3:7), allow the solvent mixture to drain, and dls- 
card the eluate. Finally, elute the erude saponin fraction 
off the column with 20 mL of methanol, collect the elu¬ 
ate, and evaporate to dryness, Dissolve the residue in 
4 mL of a mixture of 8% sulfuric acid and alcoboJ (1:1), 
transfer the solution to a screw-capped test tubę, and 
heat on a boiling water bath for 5 n, Cool the test 


tubę, add 20 ml of water, and transfer the solution to a 
freshly conditioned Extraction column, atlow to drain, 
and discard the eluate. Wash the column with 30 mL of 
a mixture of methanol and water (7:3), and discard the 
eluate. Finally, elute the column with 50 mL of metha- 
nol. Collect the eluate, evaporate it to dryness, and dis- 
solve the residue in 0,5 mL of methanol. 
Chromatographic system 

Adsorbent: 0,25-mm layer of chromatographic silica 
gel, typically 20 cm long (TLC plates) 

Application volume: 20 uL, as 7-mm bands 
Developing solvent system: Methylene chforide and 
methanol (15:2) 

Derivatization reagent: Dissolve 0.5 mL of 4-methox- 
ybenzaldehyde and 0.5 mL of sulfuric acid in sufficient 
alcohof to make 1 0 mL. 

Analysis 

Sam pies; Standard solution and Sample solution 
Develop the chromatograms until the solvent front has 
moved up about three-fourths of the piąte, in a satu- 
rated chamber. Remove the piąte, and allow the sol- 
vent to evaporate, Spray the piąte with Denvatization 
reagent, heat the piąte at 100 D -105° for 5 min, and 
examine the piąte under white light. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits, among severa! yelfowish and grayish 
green spots, a grayish green spot at an Rf va!ue of 
about 0.4, corresponding to tne grayish green spot due 
to /Tchlorogenin of the Standard solution. The cnromat- 
ogram of the Sampie solution does not exhlbit a spot at 
an Rf value of about 0.2, corresponding to agigenin of 
the Standard solution. 

COMPOSITION 
* Content of Alliin 

Alliinase inhibitor solution: Dissolve 109 mg of car- 
boxymethoxylamine hemihydrochloride in 100,0 mL of 
water. 

Solution A: 0.045 M monobasic sodium phosphate in 
water. Adjust with 0.2 M sodium hydroxide to a pH of 
7.1, 

Buffer: 0.05 M monobasic sodium phosphate in water. 
Adjust with 0.2 M sodium hydroxlde to a ph of 9.5. 
Derivatization reagent: Dissolve 140 mg of Chphthaldi- 
aldehyde in 5 mL of methanol, add 100 jjL of t- 
butylthiol, and dilute with Buffer to 50 mL, [Notę —This 
reagent may occasionally become opaque during prep- 
aration, Storę at room temperaturę, and use witnin 1 
week.j 

Mobile phase: Acetonitrile, 1,4-dloxaną tetrahydro- 
furan, and Solution A (25: 2,9: 2,2: 69.9) 

Standard solution: 0.05 mg/mL of USP Alliin RS in a 
mixture of methanol and water (1:1) 

Sample stock solution: Transfer about 1.0 g of Pow¬ 
dered Garlic, accurately weighed, to a fiask. Add 
30,0 mL of Alliinase inhibitor solution, and shake vigor- 
ously until the powder is fully dispersed. Centrifuge to 
obtain a elear solution. 

Sample solution: Transfer 5,0 mL of the Sample stock 
solution to a 10-ml vofumetric fiask, and dilute with 
Alliinase inhibitor solution to vofume. 

Chromatographic system 
(See Chromatograpny (62 1), System Su Robili ty.) 

Modę: LC 

Detector: UV 337 nm 
Column: 4-mm x 10-cm; packing LI 
Flow ratę: 1 mL/min 
injection volume: lOpL 
System suitability 
Sample: Standard solution 
Suitability reguirements 

[Notę —Alliin exhibits two major peaks representlng its 
diastereomers,] 

Relative standard deviation: NMT 2,0% for each of 
the major peaks, in repeated injections 
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Analysis 

Sa m pies: Standard soiution and Sample soiution 
Using a syrlnge, transfer 0.1 mL of the Standard soiution 
or tne Sample soiution to sępa ratę septumopped vi- 
ais, add 0,5 ml. of the Denvatization reagent to each 
vial, and mix. Allow a reaction time of NLT 2 min 
before Injectton into the chrom atograph, Record the 
cbromatograms, and measure the areas of the alliin 
diastereomer peaks. 

Calculate the percentage of alliin in the portion of Pow- 
dered Garlic taken: 

Result = (ro/rs) x Q x ( V!W) x D x 100 

ra = peak area of alliin from the Sample soiution 
n - sum of the peak areas of alliin aiastereomers 
from the Standard soiution 

C s - concentration of USP Alliin RS in the Standard 
soiution (mg/ml) 

V - vofume of the Sample stock soiution (ml) 

W - weight of Powdered Garlic used to prepare 
the Sample stock soiution (mg) 

D = dilution factor to prepare the Sample soiution 
from the Sample stock soiution, 2 
Aceeptance criteria: NLT 0,3% on the drled basis 
« CONTENT OF y- G LUTAM V L- (5) - A LL V L-L-C V STEIN E 

Soiution A: Dlssolve 6.80 g of monobaslc potassium 
phosphate in 900 ml of water, and adjust with phos- 
phonc add to a pH of 2,6, Dilute with water to 
1 000.0 mL, and mix. 

Mobile phase: Methanol and Soiution A (3:1 7) 

Standard soiution: 0,08 mg/mL of USP y-Glutamyl-(5)- 
allyl-L-eysteine RS in a mixture of methanol and water 
( 1 : 1 ) 

Sample soiution: Transfer about 1,0 g of Powdered 
Garlic, accuratdy weighed, to a 5G-mL volumetric fiask. 
Add 30 mL of methanol and water (1:1), and shake vig- 
orously until the powder is fully dlspersed. Dilute the 
eon ten ts of the fiask with a mixture of methanol and 
water (1:1) to volume. Centrifuge to obtain a elear 
soiution. 

Chromatographlc system 

(See Chromatograpny (621), System Suita bili ty.) 

Modę: LC 

Detector: UV 205 nm 
Coiumn: 4,6-mm x 15-cm; packing LI 
Flow ratę: 0,8 m L/m En 
Injection volume: 10 pL 
System suitabrfity 
Sample: Standard soiution 
Suitability reąuirements 

Relatiye standard deviation: NMT 2.0% for the y- 
glutamyh(5)-allyl-L-eysteine peak in repeated 
injections 

Analysis 

Sam pies: Standard soiution and Sample soiution 
Calculate the percentage of Y-glutamyl-(5)-ailybL-cys- 
teine tn the portion of Powdered Garlic taken: 

Result = (r u /rs) x C s x (V/W) x 100 

ru = peak response for Y-g!utamy3-(5)-a[|yl-L-cysteine 
from the Sample soiution 

Cs - peak response for Y-g!utamyl-(5)-allyhL-cy5teine 
from tne Standard soiution 
Q - concentration of USP y-Giutamyl-(5)-a]lyl-L- 

cysteine RS in the Standard soiution (mg/mL) 

V = vofume of the Sample soiution (mL) 

W - weight of Powdered Garlic used to prepare 
the Sample soiution (mg) 

Aceeptance criteria: NLT 0,1% on the dried basis 

CONTAR/BINANT5 

* Articles of Botanical Origin, Limits of Elemental Impuri- 
des (561): Meets the reguirements 


* Artjcb.es of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the reguirements 

SPECIRC TESTS 

» Botanical Characteristics: Under a microscope, Pow¬ 
dered Garlic shows numerous fragments of parenchyma 
with farge cells containing crystals of calcium oxalate and 
smali trianguiar or guadranguiar intercellular spaces at 
the corners; spiral vessels accompanied by subguadratic 
cells; elongated epidermal cells with thick, pltted walls. 

* Absence of Starch: A water slurry of Powdered Garlic 
shows no bfue color when iodine TS is added, 

« Hoss on Drying (731) 

Sample: 1.0 g of Powdered Garlic 
Analysis: Dry the Sample at 105° for 2 h. 

Aceeptance criteria: NMT 7.0% 

* Articles of Botanical Origin, Total Ash (561): NMT 
5.0% 

* Articles of Botanical Origin, Acid-Insoluble Ash (561): 

NMT 1.0% 

ADDITIONAL REQUSR£MENTS 

* PACKACING and STORAGE: Storę in well-closed containers 

in a cooi, dry place, protected from fight 

* Labeling: The labef States the Latin binomial and, follow- 
mg the official name, the part of the plant from which 
the article was derived* 

» USP Reference Standard* (11) 

USP Agigenin RS 

USP Alliin RS 

USP /3-Chlorogenin RS 

USP Y-G[utamyb(5)-al]yl-L-cysteine RS 

USP L-Methionine RS 


Powdered Garlic Extract 


DEFINITION 

Powdered Garlic Extract is prepared from fresh Garlic bulbs 
by extractlon with alcohol, The ratio of the starting crude 
plant materia! to Powdered Extract is 9.5:1-13,5:1. It con- 
talns NLT 4.0% of alliin (OHuNO^S). It may contain 
added Powdered Garlic or other suitable substances. 

IDENTIFICATION 

^ A, Thin-Layer Chromatographic Identification Test 

Standard soiution A: 0.5 mg/mL of USP L-Methionine 
RS in a mixture of methanol and water (1:1) 

Standard soiution B: 0.5 mg/mL of USP Alliin RS in a 
mixture of methanol and water (1:1) 

Sample soiution: Transfer a quantity of Powdered Ex- 
tract, equivalent to about 5 mg of alliin, to a suitable 
Container. Add 40 mL of a mixture of methanol and 
water (1:1), and shake until the powder is fully dis- 
persed. Centrifuge, and decant the supernatant into a 
round-bottomea fiask. Concentrate to a smali vo!ume 
(about 5 mL) using a rotary evaporator. 

Adsorbent: 0.25-mm layer of chromatographlc sitica 
gei, typicafly 20 cm long (TLC plates). 

Application volume: 20 jiL, applied separately as 
10-mm bands 

Developing sofvent system: Butyl alcohol, n -propyl al¬ 
cohol, gladal acetic acid, and water (3:1:1:1) 

Spray reagent: 0.2% soiution of nlnhydrin In a mixture 
of butyl alcohol and 2 N acetic add (19:1) 

Analysis 

Sam pies: Standard Solutions and Sample soiution 
Develop the chromatograms until the soivent front has 
movea up about three-fourths of the piąte, in a satu- 
rated chamber. Remove the piąte, and allow the sol- 
vent to evaporate. Spray with the Spray reagent , heat 
at 100^-105° for 10 min, and immediately examlne 
the pfate. 
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Acceptance criteria: The chromatogram of the Somple 
solution shows the followjng orange and pinkish violet 
zones: a violet zonę having an R f value of about 0.89; a 
pink zonę havfng an R? vaTue of about 0,5 and corre- 
sponding in color and vafue to that of the chromało- 
gram of Standard solution A; a pinkish zonę baving an 
Rf value of about 0.43; a strona orange zonę having an 
R f value of about 0.38; a pinkisn vio!et zonę having an 
Rf value of about 0.3 and corresponding m coEor and R f 
value to that of the chromatogram of Standard solution 
8; and additional pinkish orange zones situated very 
close to each other just below the zonę attributed to 
alliin in the chromatogram of Standard solution B. 

* B. The retention tlme or the a [Irin peak of the Sample 
solution corresponds to that of the Standard solution, as 
obtarned in the test for Content of Alliin, 

COMPOS8TION 
o Content of Alliin 

Allinase inhibitor solution: 1.09 mg/ml of carboxy- 
methoxylamine hemihydrochloride 
Solution A: Monobasic sodium phosphate 0.045 M in 
water adjusted with 0.2 M sodium hydroxide to a pH of 

7.1 

Buffer: Monobasic sodium phosphate 0.05 M in water 
adjusted with 0.2 M sodium hyoroxide to a pH of 9,5 
Derivatization reagent: Drs$ofve 140 mg of o-phthaldi- 
aldehyde in 5 ml of methanol. Add 100 pL of f-butyh 
thiol, dilute with Buffer to 50 ml, and mix, [Notę—T his 
reagent may occasionalfy become opaque during prep- 
aration. Storę at room temperaturę, and use witnin 1 
week.] 

Mobile phase: Acetonitrile, 1,4-dioxane, tetrahydro- 
furan, and Solution A (25: 2.9: 2,2: 69.9) 

Standard solution: 0.05 mg/mL of USP Alfiin RS in a 
mixture of methanol and water (1:1) 

Sample solution: Transfer about 0.10 g of Powdered 
Extract, accurately weighed, to a 50-mL volumetric 
fiask, Add 30 ml of Al i masę inhibitor solution , and shake 
until the Powdered Extract is fully dispersed. Dilute with 
Allinase inhibitor solution to voJume. Centrifuge, transfer 
5 mL of the elear supematant to a 1 0-mL voTumetric 
fiask, and dilute with Allinase inhibitor solution to vob 
ume, 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: l_C 

Detector: UV 337 nm 
Column: 4-mm x 10-em; packmg LI 
FIow ratę: 1 mL/min 
Injection size: 1 0 jiL 
System suitability 
Sample: Standard solution 
Suitability requirements 

[NoTE“Alliin exhibits two major peaks representing its 
diastereomersj 

Relative standard deviation: NMT 2,0% for each of 
the major peaks 
Analysis 

Sampies: Standard solution and Sample solution 
Using a vo!umetric syringe, transfer 0.1 mL of the Sam¬ 
ple solution or the Standard solution to separate sep- 
tum-capped vsals, and add 0.5 mL of the Derivatization 
reagent to each vial. Al Iow a reaction time of NLT 2 
min before injection into the chromatograph. Record 
the chromałograms, and measure the areas of the al¬ 
liin diastereomer peaks. 

Calculate the percentage of alliin in the portion of Pow¬ 
dered Extract taken: 

Resuit = (r u /r s ) xC 5 x (l f/W) x 100 

żu - peak area of alliin from the Sample sofution 
r$ = peak areas of alliin diastereomers from the^ 
Standard so/ut/of7 


Cs - concentration of USP Alliin RS in the Standard 
solution (mg/mL) 

V =s volume of the Sample solution (mL) 

W - weight of Powdered Carlic Extract used to 
prepare the Sample solution (mg) 
Acceptance criteria: NLT 4.0% on the dried basis 

CONTAMINANTS 


Detete the foilowing : 

Heaw Metals, Method I (231): NMT 10 ppm, (mim i- 

|arv 2016 ) 

a Microbial Enumeration Tests (2021): The total aerobic 
bacterlal count does not exceed 10 4 cfu/g, and the total 
combined molds and yeasts count does not exteed 10* 
cfu/g, 

Absence of Specified Microorganisihs (2022): Meets the 
reguirements of the tests for absence of Salmonella spe- 
cies and Escheriehla coli 

SPEOFKC TESTS 
O Alliinase Activity 

Allinase inhibitor solution, Solution A, Buffer, Deriva- 
tlzatfon reagent, Mobile phase, Standard solution, 
Chromatographic system, and Analysis: Proceed as 
directed in the test for Content of Alliin. 

Sample solution: Incubate 200 mg of Powdered Extract 
with 20 ml of water at room temperaturę for 5 min, 
Immediately after ineubatfon, add 80.0 mL of Allinase 
inhibitor solution, mix, and centrifuge, 

Acceptance criteria: The area of the alliin peak of the 
Sample solution is NMT 1% of the area of the alliin peak 
of the Standard solution, 

e Alcohol Determination, Method II (611): NMT 0.5% 
e Articles of Botanical Origin, Water Content (561): 

NMT 5.0% 

* Other Requirements: Meets the reauirements under Bo¬ 

ta ni cal ExtractS (565), Packaging a na Storage and Pesticide 
Residues 

ADDITIONAL REQUIREMENTS 

• Packaging and Storage: Preserve in tight containers, in 

a cool place, protected from light. 
e Labeling: The label States the Latin binomial and, folfow- 
ing the offtcial namą the part of the plant from which 
the artEcle was prepared. The label also indicates the con¬ 
tent of alliin, the extracting so!vent or solvent mixture 
used for preparation, and the ratio of the starting crude 
plant materiał to Powdered ExtracL it meets the reguire- 
ments under Botanicai Extracts (565), Labeling. 

9 USP Reference Standards (11) 

USP Alliin RS 
USP L-Methionine RS 


Carlic Fluldextract 


DEFINITION 

Carlic Fluidextract is prepared as follows, Soak 1 000 g of 
Carlic, whole or sficed, in a volume of a mixture of water 
and alcohol (between 80:20 and 50:50) sufficient to cover 
the doves. Storę in a sultable Container for a length of 
fi me sufficient to extract the constituents, avoiding any 
contamination, and then filter. Concentrate the filtrate, if 
necessary, at the lowest possible temperaturę, and add 
sufficient water or alcohol to make the product measure 
1000 mL. [NOTĘ—Complete extractlon may reguire 30 
days.] 
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G DENTIFSC ATIGN 

® A. THINlAYER CHROMATOGRAPHIC IDENTIFICATION TEST 

Exfraction column: Use a solid-phase extraction coi- 
umn that contains benzenesulfonyipropyl bonded to sil- 
ica gel in the hydrogen form having a sorbent mass-to- 
column vo3ume rafio of 1 g per 6 ml, or equivaient. 
Condition the column before use by washing wlth 
10 ml of methanol and 10 mL of water. [Notę—D o not 
allow fhe coiumn to dryj 

Standard solution: 0.5 mg/mL of USP 5-AEIyl-L-cysteine 
RS in a mixture of methanol and water (1:1) 

Sample solution; Mix 1 nnl of Fluidextract and 5 mL of 
water, and transfer to the Extraction column. Allow to 
drain, and discard the eluate* Wash the column with 
10 mL of water and 10 mL of methanol, discarding the 
eluates. Elute the amino add fractlon wlth 3 mL of am- 
rrtonium hydroxide solution in methanol (7 in 100), 
and collect the eluate. 

Adsorbent: 0,25-mm layer of chromatographic silica 
gei, typicaliy 20 cm long (TLC plates) 

Application volurrie: 5 pL 

Developmg solvent system: Ethyl acetate, methanol, 
acetone, glacial acetic add, and water (10:4:3:1:3) 
Spray reagent: lodoplatinate TS 
Analysis 

Sampfes: Standard solution and Sample solution 
Develop the chromatograms until the solvent front has 
moved up about three-fourths of the piąte, in a satu- 
rated chamber, Remove the piąte, and allow the sol- 
vent to evaporate. Spray with the Spray reagent , and 
examfne the piąte. 

Acceptance cnteria: The chromatografu of the Sample 
solution exhibits, among several yeifow spots on the 
purple piąte, a yellow spot at an Rf value of about 0.4 
corresponding to that of the yelJow spot obtained in 
the chromatogram of the Standard solution (presence of 
5-allyl-L-cysteine). 

COMPOSITION 

e CONTENT OF 5-AlLYL-L-CYSTEINĘ 

Mobile phase: Transfer 15.8g of sodium citrate dihy- 
drate to 250 mL of water, ana carefully add 10.5 mL of 
hydrochloric add* Using a pH meter, adjust with 6 N 
sodium hydroxtde to a pH of 4*0. Di lute with water to 
1000 mL, and mix* 

Derivatlzing reagent; Dissolve 0.8 g of o-phthalal- 
dehyde in 2 mL of 2-mercaptoethanol. Add to a solu¬ 
tion containing 24.70 g of boric acid and 22.35 g of 
potassium hydroxide in 1000 mL of water, and mix. 
Reactivating solution: 0,2 N sodium hydroxIde. Pre- 
pare by dissoh/ing 0.8 g of sodium hydroxfde in 1 00 mL 
of water. 

Standard solution: 0,01 mg/mL of USP S-Allyl-L-cys- 
teine RS in water 

Sample solution: Transfer about 2*0 g of Fluidextract, 
accurately weighed, to a lOG-mL volumetric fiask, dilute 
with trtehloroacetic acid solution (5 in 100} to volume, 
and mix. Centrifuge for 5 min, and fil ter the 
supernalant. 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Fiuorometric detector; excitation wave- 
iength of 340 nm and emission waveiength of 455 nm 
Column: 4,6-mm x 12-cm; packing LI 7 
Column temperaturo: 40 a 
Injection size: 10 pL 

[Notę —The Mobile phase and the Reactivating solution 
are pumped separately, each at the ratę of 0,4 mL/ 
min, by pumps connected to the opposing arms of a 
tee. The outiet of the tee is connected to the injector 
and the chromatographic column. The outfet of the 
coiumn is attachea to a tee, the opposing arm of 
which is attached to a tubę from which the Derivati- 
zmg reagent is constantly pumped through the system 


at a ratę of 0.6 mL/min* The outlet of the tee Is con¬ 
nected to a 0,5-mm x 2,0-m postcolumn polytef reac- 
tion coil maintained at 40 D , The outlet of the reaction 
coil is connected to the detector. The system is pro- 
gra mmed to deliver the Mobile phase for 10 min, the 
Reactivating solution for the next 6 min, and the Mobile 
phase for tne 24 min remaining before the next 
injection.] 

System suitability 
Sample: 5 fon dard solution 
Suitability requirements 
Capacity factor (Id): 2*5-4.5 

Taillng factor: NMT 2,0 for the 5-allyl-L-cysteine peak 
Relative standard deviation: NMT 2.0% for the 5- 
allyf-L-cysterne peak in repeated injections 
Analysis 

Sam pies: Standard solution and Sample solution 
Calcufate the percen tage of 5-allyfT-cysteine (C^HnSN) 

In the portion of Fluidextract taken: 

Resuit = (ru/rs) x G x (V/W) x 100 

ru - peak height of 5-allyk-cysteine from the 
Sample solution 

r$ ~ peak height of 5-allyl-L-cysteine from the 
Standard solution 

Cs = concentration of the USP 5-Allyl-L-cysteinę RS 
in the Standard solution (mg/ml) 

V ~ volume of the Sample solution (mL) 

W ~ weight of Fluidextract used to prepare the 

Sample solution (mg) 

Acceptance criteria: NLT 0*05% on the dried basis 

CONTAMINANT5 


Detete the fotfowing: 

Heavy Metals, Method II (231): NMT 10 ppm# feflidal i- 

ran*201fl) 

o Micro bial Enumeration Tests (2021): The to tal aerobic 
bacteria! count does not exceed 10^ cfu/mL, and the to- 
tal combined molds and yeasts count does not exceed 
10 2 cfu/mL. 

* Absence of Specified Microorcanisiws (2022): Meets the 

reguirements of the tests for absence of Salmonello spe- 
cies and Escherichia coli 

SPECIFIC TESTS 

* Residue on Evaporation: Proceed as directed under Bo- 

tanlcal Extracts (565): NLT 20% of the Fluldextract por¬ 
tion taken remains as resEdue. 

* Articles of Botanical Origin, Total Ash (561): NMT 

3*0% 

* Articles of Botanical Origin, Acid-fnsoluble Ash (561) 

NMT 0.2% 

PH (791): 4.5-6.5 

* Other Requirements: Meets the requirements under Bo¬ 

tanical Extrocts (565), General Pharmacopeial Regulre- 
mentSf sections for Packaging and Storage f Labeling, Peslh 
ode Residues , and AkohoI Content for Fluidextract5 

ADDITIONAL REQUIREIVIENTS 

* USP Reference Standards (11) 

USP 5-AllyJ-L-cysteine RS 


Garlic Delayed-ReBease Tablets 

DEFINITIOM 

Garlic Delayed-ReEease Tablets are prepared from Powdered 
Garlic or Powdered Garlic Extract and eon ta En NLT 90.0% 
and NMT 140,0% of the tabeled amount of ailiin 
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(CćHnNOaS) and NLT 90.0% and NMT 140.0% of the 
labeled amount of potential allictn (GH 10 OS 2 ), 

IDENTIFICATION 

* A. Thin-Iayer Chromatographic Identification Test 

Standard solution A: 0.5 mg/mL of USP L-Methionine 
RS 

Standard solution B: 0,5 mg/mL of USP Alfiin RS, in a 
mixture of methanol and water (1:1) 

Sampfe solution: Transfer an amount of pulverized Tab- 
iets, equivalent to 30 mg of aNiin, to a 100-mL yolumeh 
ric fiask. Add 70 mL of a mixture of methanol and 
water (1:1), shake, and centrifuge. Concentrate to a 
smali volume (about 5 mL) using a rotary eyaporator. 
Chroma tog raphfc system 
(See Chromotography (621\ Thin-Layer Chromato¬ 
graphy.) 

Application yolume: 20 pL, applied separatety as 
10-mm bands 

Deyeloping solvent system: Buty] alcohol, mpropyl 
alcohol, glatial acetic acid, and water (3:1:1:1) 

Spray reagent: 2 mg/mL of nmhydrin, in a mixture of 
buty] alcohol and 2 N acetic add (19:1) 

Analysis 

Samples: Standard Solutions and Sample solution 
Proceed as directed in the chapter. Spray with the 
Spray reagent , heat at 100°-105° for 10 min, and im- 
medfately examine the piąte, 

Acceptance criteria: The chromatogram of the Sampie 
solution shows the foUowing orange and pinkish violet 
zones: a yiolet zonę havinq an R F value ot 0.S9; a pink 
zonę having an R f value of 0.5 and correspondtng in 
color and R f value to that of the chromatogram of Storn 
dard solution A; a pinkish zonę having an R F value of 
0.43; a strong orange zonę having an R f va!ue of 0.38; 
a pinkish vk>!et zonę haying an R f value of 0.3 and cor- 
responding in color and R f value to that of the chro¬ 
matogram of Standard solution 8; and additional pinkish 
orange zones situated very close to each other, just be- 
low the zonę attributed to alliin in the chromatogram 
of Standard solution B. 

« B, HPLC Identification Test 

Analysis: Proceed as directed in the test for Content of 
Alliin. 

Acceptance criteria: The Sample solution exibits a peak 
for alliin correspondtng to one of the diasteroisomer 
pairs of peaks in the standard solution . 



5TRENGTH 
* Content of Alliin 

Alliinase inhibitor solution: Dissolve 109 mg of car- 
boxymethoxyiamine hemihydrochtoride in 100.0 mL of 
water. 

Solution A: Disso!ve 1,24 g of monobasic sodium phos- 
phate in 100 mL of water, adjust with 0.2 M sodium 
nydroxide to a pH of 7.1, and d ilu te with water to 
200.0 mL. 

Buffer: Dissolve 1.38 g of monobasic sodium phosphate 
in 100 mL of water, adjust with 0.2 M sodium hydrox- 
ide to a pH of 9.5, and dilute with water to 200.0 mL. 

Derivatization reagent: Dissoive 140 mg of o-phthafdi- 
aJdehyde in 5 mL of methanol, add 100 pL of t- 
butylthiol, and dilute with Buffer to 50 ml. [Notę —This 
reagent may occasionally become opaque dunng prep- 
aration. Storę at room temperaturę, and use witnin 1 
week.j 

Mobile phase: Aeetonitriie, 1,4-dioxane, tetrahydro- 
furan, and Solution A (25: 2.9: 2.2: 69.9) 

Standard solution: 0.05 mg/mL of USP Alliin RS in a 
mixture of methanol and water (1:1), Use a syringe to 
transfer 0.1 mL of this solution to a septum-capped viai, 
and add 0,5 mL of the Derivatization reagent . Alfo w a 
reaction time of NLT 2 min before injection into the 
chromatograph. 


Sample solution: Puiyerize a counted number of Tab- 
Iets, equivalent to 50 mg of alliin, with a mortar and 
pestle. Transfer a guantity of powder equivalent to 
5 mg of alliin to a 100-mL voiumetric fiask. Add 70 mL 
of Alliinase inhibitor solution, and shake for 1 min. Dilute 
with Alliinase inhibitor solution to vo!ume. Use a votu- 
metric syringe to transfer 0,1 ml of this solution to a 
septum-capped viai, and add 0.5 mL of the Denvatiza- 
tion reagent AIJow a reaction time of NLT 2 min before 
injection into the chromatograph. 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 337 nm 

Column: 4-mm x 10-cm; pacfdng LI 

Flow ratę: 1 mL/min 

[Ngte—A lliin exhibits two major peaks, representtng its 
diastereomers.] 

Injection size; 10 pL 
System suitability 
Sample: Standard solution 
Suitabiflty requirements 

Relative standard deviation: NMT 2.0% for each of 
the major peaks 
Analysis 

Samples: Standard solution and Sample solution 
[Notę—R ecord the chromatograms, and measure the 
areas of the responses of the alliin diastereomer peaks.] 
Calculate the percentage of alliin in the portion of Tab- 
lets taken: 


Resuit - (ru/rs) x (C s /Cy) x 100 

= peak area for alliin from the Sample solution 
fi - sum of the peak area for alliin diastereomers 
from the standard solution 

Cs = concentration of USP Alliin RS in the Standard 
solution (jjg/mL) 

Cu = nominał concentration of alliin in the Sampie 
sofutfon (pg/mL) 

Acceptance criteria: 90%-140,0% 

* Content of Potential Allicin 

Alliinase inhibitor solution: Dissolve 1 09 mg of car- 
boxymethoxylamine hemihydrochloride in 100.0 mL of 
water, 

Crude alliinase solution: Homogenize 5 g of raw garlic 
cloves with 25 mL of water, Filter, and extract three 
times with 50 mL of tert-butyl methyl ether, DIscard the 
organie phase, and remove the residual so!ventfrom 
the agueous phase by rotary eyaporation in vaeuum for 
5 min. Filter, and storę frozen in smali viate. [Notę —This 
solution is stable for ó months when stored as directed, 
Thaw at room temperaturę just before use.] 

Mobile phase: Methanol and water (3:2) 

Standard stock solution: 50 pq/mL of USP Aliiin RS 
Standard solution: Transfer 1.0 mL of the Standard 
stock solution to a 5-mL yolumetric fiask containing 
100 pL of Crude alliinase solution, and allow to stand for 
5 min at room temperaturę, Dilute with water to vol- 
ume, and pass through a fiiter having a 0,45-pm or 
finer porę size, 

Sampie solution: Transfer an equivaient to 5 mg of po- 
tenUal allicin, from fineiy powdered Tablets (NLT 20), to 
a 200-mL yolumetric fiask, and add 25 mL of water. 
Incubate at room temperaturę for exactly 30 min. Stop 
the enzymatic reaction by diluting with Alliinase inhibh 
tor solution to volume. Centrifuge a portion of this solu¬ 
tion, transfer 1.0 mL of the supernatant to a 5-mL volu- 
metric fiask, and dilute with water to yolume. 

Blank solution: 100 fiL of Crude alliinase solution difuted 
wtth water to 1 mL 
Chromatographic system 
(See Chromatography (621), System Suitability.) 
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Modę: LC 

Detector: UV 240 nm 
Cofumn: 4.6-mm x 25<m; packing LI 
Flow ratę: 1 mL/min 
Injection $ize: 100 |uL 
System suitability 

Samples: Standard soiution, Sample solution , and Blank 
solution 

[NOTĘ—The allidn peak is identffied by comparing the 
chromatograms of the Blank solution and the Standard 
solution. j 

Suitability requirements 

Resolutron: NLT 2.0 between Ehe allidn peak and the 
precedfng peak at a reiative retention tfme of 0.80 
(aJlyf methyl thiosulfinates), Sample solution 

Relative standard deviatron: NMT 2.0% 

Analysis 

Samples: Standard solution , Sample solution, and Blank 
solution 

Calculate the percentage of potential allidn in the por- 
tion of Tabfets taken: 

Resuft = (rjr s ) x (C 5 /Cu) x (MalMĄ x 100 

fu = peak area of allidn, eorrected by the response 
of the Blank solution, from the Sample 
solution 

r s - peak area of allidn, eorrected by Ehe response 
of the Blank solution t from the Standard 
solution 

Q - concentration of USP Aflim RS in the Standard 
solution (pg/mL) 

Cu ~ nominał concentration of potential allidn In 
the Sample solution (ug/mL) 

Mn = molecular weight of allidn, 162-26 

M F 2 - twice the molecular weight of alliin, 354.42 

Acceptance criteria: 90.0%-140.0% 

PERFORMANCE TESTS 

* Allion Release: Proceed as directed in Dissolution <711) 
for Method A in Apparatus 1 and Apparatus 2, Delayed- 
Release Dosage Forms . Place a nu m ber of Tabiets, equiva- 
lent to 5 mg of potential allidn, in each vessel. 

Apparatus 2: 100 rpm 
Time: 60 min for the Buffer stage 
Crude affiinase solution, Mobfie phase, Blank solution. 
and Chromatographic system: Proceed as directed in 
the test for Content of Potential Allidn. 

Standard stock solution: 50 pg/mL of USP Alliin RS 
Standard solution: Transfer 1,0 mL of the Standard 
stock solution to a 5-mL voJumetric fiask containing 
100 pL of Crude allHnase solution, and allow to stand for 
5 min at room temperaturę. Dilute with water to vol- 
ume, and pass through a membranę fllter having a 
0.45-pm or finer porę size. 

Sample solution: Transfer 1.0 ml of the solution under 
test to a test tubę containing 50 pL of 0.21 M carboxy- 
methoxylamine hemihydrocnlorlde solution. 

[Notę—T he solution must be transferred Immediately 
unon remova[ from the dissolution vessel to inhibit the 
alliinase enzyme,] 

Injection size: 1G0j.iL 
Analysis 

[NOTĘ—Do not perform the allidn determination in the 
Add stage .J 

Samples: Standard solution and Sample soiution 
Calculate the percentage of potential allidn released in 
the Buffer stage : 

Resuft - (r u f rs) x (Qx D x V/t) x (M r i/M r2 ) x 100 

ru = peak area of allicin from the Sample solution 

r$ - peak area of allicin from the Standard solution 

Cs ~ concentration of USP Alliin RS in the Standard 
solution (jig/mL) 


D - dilution factor for the Sample solution , 1.050 
(1 mL of the Sample soiution + 50 pL of 0-21 
M carboxymethoxy!amine hemihydrochlonde 
solution) 

V - volume of finał medium, 1000 mL 
L - labeled amount of potential allicin (pg/Tablet) 
M r i = molecular weight of allidn, 162.26 
Mri - twice the molecular weight of alliin, 354.42 
Tolerances: It meets the reouirements of Acceptance To¬ 
bie 4 in Dissolution (711). [NOTĘ— Q is the percentage of 
the labeled amount of potential allidn released only in 
the Buffer stage.} 

■ Weight Variation of Dietary Supplements (2091): Meet 
the reguirements 

SPECGFIC TJESTS 
o Alliinase Actwity 

Alliinase inhibitor soiution, Solution A, Buffer, Deriva- 
tization reagent, Mobile phase, Standard solution, 
and Chromatographic system: Proceed as directed in 
the test for Content of Alliin. 

Sample solution: Transfer an equivalent to 5 mg of ai- 
liin, from finely powdered Tabfets (NLT 20), to a 

1 OG-mL volumetric fiask, and add 25 mL of water Incu- 
bate at room temperaturę for exactły 5 min. Stop the 
enzymatic reaction by drluting with Alliinase inhibitor so¬ 
iution to volume. Centrifuge a portion of this solution, 
and use a volumetric syringe to transfer 0.1 mL of the 
supernatant to a septum-capped viaL Add 0.5 mL of the 
Derivatization reagent , and a i Iow a reaction time of NLT 

2 min before injection into the chromatograph. 

Analysis 

Samples: Standard solution and Sample solution 
Proceed as directed in the test for Content of Alliin. 
Acceptance criteria: The area of the alliin peak from 
the Sample solution is NMT 1% of the area of the alliin 
peak from the Standard soiution. 

ADDSTIONAL REQUIREMENT5 
* Packaging and Storage: Preserve in tight containers. 
e Labeling: The label States the Latin binomial and, follow- 
ing the officiaf name, the artide from which the Tabiets 
were prepared. Label it to indicate the amount of total 
alliin, in pg/Tablet, and the amount of potential allicin, in 
jig/Tablet. 

® USP Reference Standards (11) 

USP Alflin RS 
USP L-Methionine RS 


Gamger 

DEFINITION 

Ginger is the dried rhizome of Z Ing i ber offlcinale Roscoe 
(Fam. Zingrberaceae), scraped, partially scraped, or un- 
scraped. It is known In commerce as unbleached ginger. 

IDENTIFICATION 

O A. 

Analvsis: Pukerize 5 g of Ginger To 1 g of the puker- 
izea Ginger add 5 mL of dilute acetic acid, prepared by 
diluttng 1 part of glacial acetic add with 1 part of 
water, and shake for 15 min. Fllter, and add a few 
drops of a m mon rum oxalate TS to the fil tratę. 

Acceptance criteria: NMT a sllght turbidity is 
produced, 

• B- 

Sample: 50 mg of the resldue obtained En the test for 
Articles of Botanica! Orlgin , Alcohol-Soluble Extractives f 
Method 2 

Analysis: Dissoke the Sample in 25 mL of water, and 
extract this solution with two 15-mL portfons of ether. 
Combine the ether extracts, and evaporate in a porce- 
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Jain dish. To the residue add 5 mL of sulfuric add solu- 
tion (7.5 in 10.0) and 5 mg of vanil[jn. Allow to stand 
for 15 min, and add an equal volume of water. 
Acceptance criteria: The sol u don turns azure biue. 

« C HPTLC FOR Artjcles of Botanical Origin (203) 
Standard solution A: 0.2 mg/ml of USP Ginger Con- 
stituent Mixture RS in methanol 
Standard solution B: 100 mg/mL of USP Powdered 
Ginger RS In methanol. Sonicate for 10 min, and centri- 
fuge or filter, Use supernatant or filtrate, 

Sample solution: Pulverize 5 g of Ginger, Prepare a 
100-mg/mL dispersion of Ginger In methanol Sonicate 
for 10 min, and centnfuge or filter. Use supernatant or 
filtra te. 

Adsorbent: Chromatographic silica gel with an average 
particie size of 5 pm (HPTLC piąte) 1 
Application volume: 6 jiL of Standard solution A and 
2 pL each of Standard solution B and Sample solution as 
B-mm bands 

Temperaturę: Ambient, not to exceed 30° 

Developing solvent system: Toluene and ethyl acetate 
(3:1) 

Derivatization reagent: To 1 70 mL of ice-cold metha- 
nol add 20 mL of glacia! acetic add, 10 mL of sulfuric 
add, and 1 mL of anisaldehyde, Mix well. 

System suitability 

Samples: Standard solution A and Standard solution B 
Apply the Samples and dry rn air. Condition aL relative 
numidity of about 33%, Deve(op in a saturated cham- 
ber until the solvent front has migrated over a path of 
6 cm. Dry tn a current of cold air, and immerse into 
Derivatization reagent for 1 s. Heat for 3 min at 100°, 
and examine under white light and under long-wave 
UV (365 nm), 

Suitability requirements 

Chromatographic pattern: Under white light, the 
derivatized chrom a to gram of Standard solution Ad is- 
plays two prominent oands: the fower due to 
ó-gingerol, the upper due to ó-shogaol. Under white 
light, the derivatized chroma tog ram of Standard solu - 
tion B shows a succession of darkwiolet bands be- 
tween the origin and the intense dark-brown band 
correspondlng to that of the ó-gingerol In Standard 
solution A . Im media tely proxtmate to the ó-gingerol 
band in the Standard solution B chromatogram, less 
intense bands due to 8-gingerol and 1 G-gingeroI are 
observed. A vanabfe nu mber of low-intensity dark- 
gray bands appear between 10-gingerol and the sec- 
ond prominent band correspondlng to ó-shogaol in 
Standard solution A fn the clistaf part of the chroma t- 
ogram, a dark-purple somewhat diffuse band is ob- 
served. Under long-wave UV (365 nm), the chromat- 
ograms of the Standard Solutions exhibit patiems 
similar to those observed under white light. The 
bands due to glngerols and shogaols are bright or- 
ange; the bands between the origin and the 
6-gingerol band are dark-red to brown, somewhat 
less prominent than when observed in white light, 

The bands between 10-gingeroJ and 6-shogaorare 
variably colored; frequently, a IrghUgray band ap- 
pears natfway between them, with a light-purple dif¬ 
fuse band between it and the orange band due to 
6-shogaoL The dista! diffuse band assumes a purple- 
pink hue. 

Analysrs 

Samples: Standard solution A t Standard solution B, and 
Sample solution 

Treat and examine the Samples as deseribed under Sys¬ 
tem suitability. 

Acceptance criteria: Under white light and under long- 
wave UV (365 nm), the chromatogram of the Sample 
solution exhibits the band pattern similar to that ob- 


served with Standard soiution B, The band in the dis tał 
part of the chromatogram, however, has no diagnostic 
significance. Its color may rangę from purple-pink to 
muddy yellow, or the band may be altogether absent. 
Potential adulterants lack the band pattern characteristlc 
of the glngeroGshogaol succession. Kaempferla galanga 
L. rhizome shows no diagnostic bands under UV, but 
under white fight a purple band is seen at about two- 
thirds from the application linę. Lesser galangal (Alpinia 
offidn arum Hance) rhizome p re se n ts a y e 11 o w band at 
an just below the ó-gingerol band, followed by a 
continuous broad blue smudge, and a distinct tandem 
of light-orange and yellow bands close to the middle of 
the piąte, 

COMPOSITION 

« CONTENT OF GlNGEROLS AND GlNGERDIONES 

Soiution A: Acetonitrile, dilute phosphoric acid (1 in 
1000), and methanol (55:44:1) 

Solution B: Acetonitrile 

Mobile phase: Use Solution A for NIT 7 times the re- 
tention time of capsaidn. 

Colutnn washing: After each chromatographic run, 
wash the column, usśng Tobie I . 


Table 1 


Time 

(min^ 

Solution A 

f%> 

Solution B 

0 

100 

0 

2 

0 

100 

12 

0 

100 

14 

100 

0 

29 

100 

0 


Standard soiution: 0,1 mg/mL of USP Capsaidn RS in 
methanol 

System suitability solution: Reconstitute the contenL of 
one vlal of USP Ginger Constituent Mixture RS in 1 mL 
of the Standard solution. 

Sample solution: Use the fil tratę retained from the test 
for Artides of Botanical Origin , AfcohobSoluble Extractives, 
Method 2, 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 282 nm 
Column: 4,6-mm x 25-cm; packlng LI 
Flow ratę: 1 mL/min 
Injection volume: 25 pL 
System suitability 

Samples: Standard solution and System suitability 
solution 

[NOTĘ—The refative retentlon times for 6-gingerol, cap- 
saicin, and ó-shogaol are about 0,8, 1,0, and 1.9, re- 
spectively, System suitability solution.] 

Suitability reguirements 

Resolution: NLT 3,0 between the 6-glngerol and cap¬ 
saidn peaks; NLT 10.0 between the capsalcin and 
ó-shogaol peaks, System suitability solution 
Tailing factor: NMT 2.0 for the ó-gingerol, capsaidn, 
and 6-shogaol peaks, System suitability soiution 
Relative standard deviation: NMT 2.5%, Standard 
solution 
Analysis 

Samples: Standard solution, System suitability solution, 
ano Sample solution 

Calculate the sum of the peak responses due to ginger- 
ols and gingerdiones occurring at about the followlng 
retentlon times, relative to 1,0 for capsaidn: 0.8 for 
ć-gingerol, 1.5 for 8-gingero! A, 2.2 for 8-gfngerol B, 
2.5 for 6-gingerdiol, 2,6 for ó-gingerdione, 3,4 for 
10-gingerol, and 5.2 for S-gingerdione, 


J Sui tabfe commerciaNy av^ i labie plates are HPTLC Silica Gel 60 f 15A from 
EMD Mliii porę (e.g„ Part No, 1.05642.0001). 
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Calculate the percentage of gingerols and gingerdiones 
in Lhe portion of Ginger taken: 

Resuit = (rr/ti) x (Q/H/) x 10 

r T - sum of the peak responses for gingerols and 
gtngerdiones from the Sam ple sofution 
n - peak response of capsaidn from the Standard 
sofution 

Cs = eoncentration of USP Capsaldn RS in the 
5 tandard soiution (mg/rnL) 

W - weight of Ginger used in the test for Artides of 
Botanical Origin, Alcohol-Soluhfe Extractives ł 
Method 2 (g) 

Acceptance criteria: NLT 0.8% 

CONTAMANANTS 

• Artkles of Botanical Origin, Limits of Elementu! impuri- 

ties (561): Meets the reguirements 
a Artkles of Botanical Origin, Pestidde Residue Analysis 
(561): Meets the reguirements 

• Mkrobial Enumeration Tests (2021): The total bacterial 

count does not exceed 10 5 tfu/g, the total combined 
molds and yeasts count does not exceed 10 3 cfu/g, and 
the bile-tolerant Cram-negative bacteria count does not 
exceed 10 3 cfu/g* 

• Absence of Specified Microorganisms (2022): It meets 

the reguirements of the tests for absence of Salmonella 
species and Escherichia coli. 

SPECIFBC TESTS 
e Botanical Characteristics 

Macroscopic: Ginger occurs m horizontal, laterally flat- 
tened, sympodially branching pieces. Whole rhizomes 
are 5-15 cm long, 1.5-6 cm wide, and up to 2 cm 
thick, sometimes spllt longitudinally, pale yellowish buff 
or light brown externally, longitudmally stnated, some- 
what fibrous; branches are flattish, obovate, short, 
a bont 2 cm long, each ending with a depressed stem 
scar; fracture is short with projecting fibers, or some¬ 
times resinous; internaily it is yellowish brown, showing 
a yellow endodermis separating the narrow cortex from 
the wide stele, and numerous yellowish points, secre- 
tion cells and numerous bigger grayish points, and vas- 
cular bundles are scattered on the whole surface. The 
unscraped rhizome shows in additlon an outer layer of 
dark-brown cork. MorphologicaJ characteristics of differ- 
ent varieties and forms of Ginger from different geo- 
graphical areas are listed in Tobie 1 of Suppiementaf In¬ 
formation for Artides of Botanical Origin (2030). 
Microsoopk: The scraped rhizome in transverse section 
shows a cortex composed of multiple layers of paren- 
chyma cells rich in simple, large, flattened, ovold or 
sack-shaped starch granules, 5-15 pm wide and 30-60 
pm long bavincj an eccentric hilum, some showing faint 
transverse striations. The cortex also shows numerous 
oieoresin cells with a yellow or yellowish-brown eon tent 
and scattered collateral vascular bundles; a single iayer 
of endodermal cells free from starch; a wide central 
stele composed of parenchyma cells rich in starch and 
oieoresin cells simiiar to those of the cortex, and con- 
tainlng scattered collateral vascular bundles, some en- 
closea In a sheath of septate nonlignifled fibers with 
wide lumen, fn addition to the above, the unscraped 
rhizome shows an outer zonę of dark-brown cork cells. 

« Limit of Shogaols 

Analysis: From the chromatograms obtained in the test 
for Content of Glngerois and Gingerdiones , calcu late the 
sum of the peak responses due to shogaols, occurring 
at the following retentlon times, relative to 1.0 for cap- 
saicin: 1.9 for 6-shogaol, 4.2 for 8-shogaol, and 5.8 for 
10-shogaol. 


Calculate the percentage of shogaols In the portion of 
Ginger taken: 

Resuit - (r T frs) x (Q/W) x 1 0 

r r = sum of the peak responses of shogaols from 
the Sampie sofution 

Cs - peak response of capsaidn from the Standard 
sofution 

Cs - concentration of USP Capsaidn RS In the 

Standard soiution, pre pa red as directed in the 
test for Content of Gingerols and Gingerdiones 
(mg/ml) 

W = weignt of Ginger used in the test for Artides of 
Botanicai Origin , Afcohol-Solubie Extrqctives f 
Method 2 (g) 

Acceptance criteria: NMT 0.18% 

* Artkles of Botanical Origin, Alcohol-Solubfe Extractives , 

Method 2 (561) 

Analysis: Collect the flltrate in a 1 00-mL volumetric 
fiask, and dllute with alcohol to vofume. Evaporate 
50 ml of the flltrate at a temperaturę not exceeding 
90 n . [NOTĘ—Save the residue for use in Identification 
test B and the remainrng volume of the flltrate for the 
tests for Limit of Shogaols and Content of Gingerols and 
Gingerdiones.] 

Acceptance criteria: NLT 4.5% residue 

* Artkles of Botanical Origin, Starch Content , Method 1 
(561): NLT 42%, Method 1A of the General Procedurę 
being used 

o Artkles of Botanical Origin, Foreign Organie Matter 
(561): NMT 1.0% 

0 Artkles of Botanical origin, Total Ash (561): NMT 
8 . 0 % 

« Artkles of Botanical Origin, Aaddnsoluhie Ash (561): 
NMT 2.0% 

* Artkles of Botanical Origin, Volatile Oil Determination 
(561): NLT 1.8mL/100g 

* Artkles of Botanical Origin, Water-Solubie Ash (561): 
NLT 1.9% 

* Artkles of Botanical Origin, Water-Solubfe Extractives / 

Method 2 (561): NLT 10.0% 

« Water Determination, Method la (921): NMT 10% 

ADDITIONAL REQUIREMENTS 

0 Packaging and Storage: Preserve in welf-closed contain- 
ers, protected from light and moisture, and storę in a 
cooJ area. 

b Iabeung: The label States the Latin binomiai and, foltow- 
ing the official na me, the part of the plant contained In 
the article. This article is exempted from the reguire¬ 
ments of La bel Ing (7), Labels and La beling for Products and 
Other Categories , Botanicals , with respect to the preg- 
nancy and lactation statement. 

■ USP Reference Standaros (11) 

USP Capsaidn RS 

USP Ginger Constituent Mixture RS 
USP Powdered Ginger RS 


Powdered Ginger 

DEFINITFON 

Powdered Ginger is Ginger reduced to a fine or a very fine 
powder. 

IDENTi FflCATION 

0 A* 

Analysis: To 1 g of the Powdered Ginger add 5 mL of 
dilute acetic acid, prepared by dilutino 1 part of glacial 
acetlc acid with 1 part of water, and snake for 15 min. 
Frlter, and add a few drops of ammonium oxa]ate T5 to 
the filtrate. 
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Acceptance criteria: NMT a slight turbidśty is 
produced. 

• B. 

Sample: 50 mg of the residue obtained in the test for 
Articles of Botanica / Origin , AlcohoTSoluble Extractives l 
Method 2 

Analysis: Dissolve the Sample in 25 mL of water, and 
extract this solution with two 15-mL portions of ether. 
Combme the ether extracts, and evaporate in a porce- 
lain dish, To the residue add 5 mL of sulfuric acid solu¬ 
tion (7,5 in 10,0} and 5 mg of vanillin. Allow to stand 
for 15 min, and add an egual volume of water. 

Acceptance criteria: The solution turns azure blue. 

■ C HPTLC for Articles of Botanical Origin (203> 

Standard solution A: 0,2 mg/mL of USP Ginger Con- 
stituent Mixture RS in methanol 

Standard solution B: 100 mg/mL of USP Powdered 
Ginger RS in methanol, Sonicate for 10 min, and centrh 
fugę or fil ter. Use supernatant or fil tratę. 

Sample solution: 100 mg/mL of Powdered Ginger in 
methanol. Sonicate for 10 min, and centrifuge or filter. 
Use supernatant or fiftrate. 

Modę: HPTLC 

Adsorbent: Chromatographic silica gel with an average 
particie size of 5 jjm (HPTLC piąte) 1 

Application volurńe: 6 pi of Standard solution A and 
2 jil each of Standard solution B and Sample solution as 
8-mm bands 

Temperaturę: Ambient, not to exceed 30° 

Developmg solvent system: Toluene and ethyl acetate 

(3:1) 

Der waliza tion reagent: To 170 mL of ice-cold metha¬ 
nol add 20 mL of glacia! acetic acid, 10 mL of sulfuric 
add, and 1 mL of anisaldehyde. Mix well. 

System suitability 

Samples: Standard solution A and Standard solution B 
Apply the Samples and dry in air. Condition at relative 
humidity of about 33%, Develop in a saturated cham- 
ber until the sokent front has migrated over a path of 
6 cm, Dry in a current of cpld air, and immerse into 
Denvotization reagent for 1 s. Heat for 3 min at 100°, 
and examine under white light and under long-wave 
UV (365 nm). 

Suitability requirements 

Chromatographic pattern: Under white light, the 
derivatized chromatogram of Standard solution A dis- 
plays two prominent "bands: the lower due to 
ó-gingerol, the upper due to 6-shogaol. Under white 
light, the derivatized chroma togram of Standard sofu - 
tion B shows a succession of da rk-violet bands be- 
tween the origin and the intense dark-brown band 
corresponding to that of the 6-gingerol in Standard 
solution A, immediately proximate to the 6-gingerol 
band in the Standard solution B chromatogram, less 
intense bands due to 8-gingeroi and IG-gingerol are 
observed. A variable number of low-intensity dark* 
gray bands appear between IG-gingerol and the sec- 
ond prominent band corresponding to 6-shogaol In 
Standard solution A , In the distal part of the chroma t- 
ogram, a dark-purple somewhat diffuse band is ob- 
served, Under long-wave UV (365 nm), the chromat- 
ograms of the Standard Solutions exhibit patterns 
similar to those obsen/ed under white light. The 
bands due to gingerols and shocjaoh are bright or* 
ange; the bands between the origin and the 
6-gingerol band are dark-red to brown, somewhat 
less prominent than when observed in white light. 

The bands between 1G-gingerol and 6-shogaor are 
yariably colored; frequenlly, a light-gray band ap- 
pears naffway between them with a lignt-purple dif¬ 
fuse band between it and the orange band due to 


6-shogaof. The distal diffuse band assumes a purple* 
pink hue. 

Analysis 

Samples: Standard solution A t Standard solution B t and 
Sample soiution 

Treat and examine the Samples as destribed under Sys¬ 
tem suitability, 

Acceptance criteria: Under white light and under long- 
wave UV (365 nm), the chromatogram of the Sample 
solution exhibits the band pattern similar to that ob- 
served with Standard solution B. The band in the distal 
part of the chromatogram, however, has no diagnostic 
significance. Its color may rangę from purple-pink to 
muddy yellow, or the band may be altogether absent, 
Potentlal adulterants lack the band pattern characteristic 
of the gingerol-shogaol succession. Katsumada'$ galan- 
gal ( Alpinla hainanensis K. Schum.) seed displays a 
green band cfose to the origin and a reddish-orange 
band below it due to 6-gingerol. Sharpleaf galangal (Al- 

K oxyphyfla Mig.) fruit shows a prominent greenish 
in the middle of the chromatogram. Kaempferia 
galangal L. rhizome shows no diagnostic bands under 
UV, but under white light, a purpTe band is seen at 
about two-thirds from the application linę. Lesser galan¬ 
gal ( Afpinia officinarum Hance) rhizome presents a yel¬ 
low band at an Rt just below the 6-gingerol band, fol- 
lowed by a continuous broad blue smudge and a 
distinct tandem of light-orange and yellow bands dose 
to the middfe of the piąte. 

COMPOSITION 

* CONTENT OF CiNGEROLS AND GlNGERDIONES 

Solution A: Acetonitrlle, dllute phosphoric add (1 in 
1000), and methanol (55:44:1) 

Soiution B: Acetonitrile 

Mobile phase: Use Solution A for NLT 7 times the re- 
tention Limę of capsaicin. 

Column washing: After each chromatographic run, 
wash the coiumn, using Tobie J. 


Tabie 1 


Time 

fmln> 

Solution A 

(%) 

Solution B 
(%> 

0 

100 

0 

2 

0 

100 

12 

0 

100 

14 

100 

0 

29 

100 

0 


Standard soiution: 0.1 mg/mL of USP Capsaicin RS in 
methanol 

System suitability solution: ReconstJtute the content of 
one v\a\ of USP Ginger Constituent Mixture RS in 1 mL 
of the Standard solution . 

Sample solution: Use the filtra te retained from the test 
for Articles of Botanical Origin , Alcohoi-Soiuble Extractives t 
Method 2, 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 282 nm 
Column: 4.6-mm x 25<m; packing LI 
Flow ratę: 1 m L/min 
Injection vo!ume: 25 \xL 
System suitability 

Samples: Standard solution and System suitability 
solution 

[NOTĘ—The relative retention times for 6-gingerol, cap¬ 
saicin, and 6-shogaol are about 0.8, 1.0, and 1,9, re- 
spective!y. System suitability soiution.] 


1 SuitabJe commercially awarlable plates are HPTLC Slliea Cel 60 from 
EMD Millipore (e.g., Parł No. 1,05642,0001), 
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Suitability requirements 

Resolution: NLT 3,0 between the 6-gmgerol and cap- 
saitin peaks; NLT 10.0 between the capsatdn and 
ó-shogaol peaks, System suitability solution 
Taifing factors: NMT 2.0 for the 6-gingerol, ca psa i- 
cin, and 6-shogaol peaks, System suitability solution 
Re!atrve standard deviation: NMT 2.5%, Standard 
solution 
Anaiysis 

Samples: Standard solution, System suitability solution , 
Sampfe solution 

Calculate the sum of the peak responses due to ginger* 
ols and gingerdtones, occurring at about the foFlowfng 
retention times, reJative to 1.0 for capsaicin: 0.8 for 
6-gingerol, C5 for 8-gingerol A, 2.2 for 8-gingerol B, 
2.5 for 6-gingerdiol, 2,6 for 6-gEngerdione, 3,4 for 
10-gingerol, and 5.2 for 8-gEngerdione. 

Catculate the percentage of gingerols and glngerdiones 
in the the portion of Powdered Ginger taken: 

Resuit = (r T /rs) x (Q/W) x 10 

r T = sum of the peak responses of gingerols and 
glngerdiones from the Sampfe solution 
H - peak response of capsaidn from the Standard 
solution 

Cs = concentration of USP Capsatdn RS in the 
Standard solution (mg/ml) 

W - weight of Powdered Ginger used En the test 
for Articles of Botanical Origin, Alcohol-Soluble 
Extractives f Method 2 (g) 

Acceptance criteria: NLT 0.8% 

CONTAMINANT5 

• Articles of Botanical Origin, iimits of Elemental Impuri- 

ties (561): Meets the reguirements 

* Articles of Botanical Origin, Pestidde Residue Anaiysis 

(561): Meets the requfrements 

• Microbial Enumeration Tests (2021): The totaf bacterial 

count does not exceed TO 5 cfu/g; the tota] combined 
molds and yeasts count does not exceed 10 3 cfu/g; the 
bile-tolerant Gram-negative bacteria count does not ex- 
ceed TCP cfu/g. 

» Absence of Specjfied MiCROORGANisiyis (2022): 3t meets 
the reguirements of the tests for absence of Salmonella 
species and Escherichia coli '. 

5PECIF1C TESTS 

* Botanical Characteristics; Under a microscope, Pow¬ 

dered GEnger reveais mainly starcli granules and parem 
chyma celfs containing them; simple, large, flattened, 
ovoEd or sack-sbaped starch granules, 5-1 5 pm wide and 
30-60 pm long having an eccentrEc hElum, some show- 
ing faint transverse striatEons; parenchyma cells contain¬ 
ing yetlow-brown to dark-brown resinous substances; 
groups of large, thin-walEed nonlignified septate fi bers 
with wide lumen; portEons of septate fibers with attached 
vessels; large vessels wtth annular, spiral, or reticulate 
thlckemng and often accompanied by parenchyma celJs 
containing brown content; oleoresin in fragments or 
droplets, staining with iodine TS and potassium iodide 
TS; and, rarely, fragments of brown cork tissue, usually 
seen En surface view. Sclerenchymatous cells, trichomes, 
and calcium oxalate are absent. 

9 LlMBT OF SHOGAOLS 

Anaiysis: From the chromatograms obtaEned in the test 
for Content of Gingerols and Gingerdiones, calcu 3 a te the 
sum of the peak responses due to shogaols, occurring 
at the foliowing retention times, relative to 1.0 for cap¬ 
saidn: 1.9 for 6-shogaol, 4.2 for 8-shogaoJ, and 5.8 for 
10-shogaoJ. 

Calcufate the percentage of shogaols En the portion of 
Powdered Ginger taken: 

Result=(rrfrj)x{Cj/kV)x 10 


W 


- sum of the peak responses of shogaols from 
the Sampfe solution 

- peak response of capsaicin from the Standard 
solution 

= concentration of USP Capsaicin RS In the 

Standard solution , prepared as dfrected in the 
test for Content of Gingerols and Glngerdiones 
(mg/mL) 

“ weight of Powdered Ginger used in the test 
for Articles of Botanical Origin, Alcohol-Soluble 
Extractives, Method 2 (g) 

Acceptance criteria: NMT 0.18% 

Articles of Botanical Origin, Add-lnsolubfe Ash (561): 
NMT 2.0% 

Articles of Botanical Origin, Alcohol-Soluble Extractives, 
Method 2 (561) 

Anaiysis: Collect the fil tratę in a 100-mL volumetric 
fiask, and dilute with alcohol to voiume, Evaporate 
50 rnL of the filtrate at a temperaturę not exceeding 
90°. 

Acceptance criteria: NLT 4.5% residue. [NOTĘ—5ave 
the residue for use In Identification test B and the re¬ 
ma Ening volume of the filtrate for the tests for Limit of 
Shogaols and Content of Gingerols and Glngerdiones.] 
Articles of Botanical Origin, Starch Content , Method 1 
(561): NLT 42%, Method 1A of the Genem/ Procedurę 
being used 

Articles of Botanical Origin, Tota! Ash (561): NMT 
8 . 0 % 

Articles of Botanical Origin, Volatile Oii Determination 
(561): NLT 1.8 mL/lOOg 

Articles of Botanical Origin, Water-Soiubie Ash (561): 

NLT 1.9% 

Articles of Botanical Origin, Water-Sduble Extractives / 
Method 2 (561): NLT 10.0% 

Water Determination, Method la (921): NMT 10% 


ADD9TIONAL REQUIREMENT5 

• Packaging and Storage: Preserve in well-closed contaln- 
ers, protected from light and moisture, and storę In a 
cool area. 

® Labeling: The labę! States the LatEn binomial and, follow- 
ing the offidal name, the part of the plant from which 
the artide was derived. Th Es article is exempted from the 
requirements of Labeling (7), Labels and Labeling for Prod¬ 
ucts and Other Categories, Botanicals, with respect to the 
pregnancy and lactation statemenL 
o USP Reference Standards (11) 

USP Capsaicin RS 

USP Ginger Constltuent MExture RS 
USP Powdered Ginger RS 


Ginger Ti netu re 


DEFINITION 

Ginger Tincture is prepared as follows. 


CInqer 

200 a 

A mixture af AEcohol and Water (7:3), 
a sufficient qikintitv to make 

1000 mL 


Prepare the Tincture as dErected in Botanical Extracts (565), 
Preparations, TlncWres , Maceration Process. Et contains NLT 
0.10% of gingerols, 

IDENTIFICATION 

o A. HPTLC for Articles of Botanical Origin (203) 
Standard solution A: 0.2 mg/mL of USP Ginger Con- 
stituent MExture RS in methanol 
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Standard solution B: 100 mg/mL of USP Powdered 
Ginger RS in methanol. Sonicate for 10 min and centri- 
fuge or filter. Use supernatant or filtrate. 

Sample solution: Tincture 

Adsorbent: Chromatographic silica gel with an average 
particie size of 5 pm (HPTLC piąte) 1 
Application volume: 6 pL of Standard solution A and 
2 pL each of Standard solution B and Sample solution as 
8-mm bands 

Temperaturę: Ambient, not to exceed 30° 

Developing solvent system: Toluene and ethyl acetate 
(3:1) 

Derivatization reagent: To 170 mL of ice-cold metha¬ 
nol add 20 mL of glacial acetic acid, 10 mL of sulfuric 
acid, and 1 mL of anisaldehyde. Mix well. 

System suitability 

Samples: Standard solution A and Standard solution B 
Apply the Samples and dry in air. Condition at a relative 
humidity of about 33%. Develop in a saturated cham- 
ber until the solvent front has migrated over a path of 
6 cm. Dry in a current of cold air, and immerse into 
Derivatization reagent for 1 s. Heat for 3 min at 100°, 
and examine under white light and under long-wave 
UV (365 nm). 

Suitability requirements 

Chromatographic pattern: Under white light, the 
derivatized chromatogram of Standard solution A dis- 
plays two prominent bands: the lower due to 
6-aingerol, the upper due to 6-shogaol. Under white 
light, the derivatized chromatogram of Standard solu - 
tion B shows a succession of dark-violet bands be- 
tween the origin and the intense dark-brown band 
corresponding to that of the 6-gingerol in Standard 
solution A. Immediately proximate to the 6-gingerol 
band in the Standard solution B chromatogram, less 
intense bands due to 8-gingerol and 10-gingerol are 
observed. A variable number of low-intensity dark* 
gray bands appear between 10-gingerol and the sec- 
ona prominent band corresponding to 6-shoaaol in 
Standard solution A. In the distal part of the cnromat- 
ogram, a dark-purple somewhat diffuse band i* ob- 
served. Under long-wave UV (365 nm), the hror. it- 
ograms of the Standard Solutions exh/bit patterns 
similar to those observed under white light. The 
bands due to gingerols and shonaoL are brtyht or- 
ange; the banas between the onrjiri and tne 
6-gingerol band are dark-red to brt .vn, somewhat 
less prominent than when obs rvcH fh white light. 

The bands between 10-gingerol and 6-shogaol are 
variably colored; freguenfi^a IfoW-gray band ap- 
pears halfway between tńer , vwth 3 liaht-purple dif¬ 
fuse band between it artó th< orange bana due to 
6-shogaol. The distal diffu e band assumes a purple- 
pink hue. 

Analysis 

Samples: 'ia^iaró '*htion A, Standard solution B, and 
Sample soil f , orh 

Treat and *xatt me the Samples as described in System 
suitability. 

Acceptar?c* crteria: Under white light and under long- 
wave UV (.ii nm), the chromatogram of the Sample 
solution exh'bits the band pattern similar to that ob- 
served with Standard solution B. The band in the distal 
part of the chromatogram, however, has no diagnostic 
significance. Its color may rangę from purple-pink to 
muddy yellow, or the band may be altogether absent. 
Potential adulterants lack the band pattern characteristic 
of the gingeroL-shogaol succession. Kaempferia galanga 
L. rhizome shows no diagnostic bands under UV, but 
under white light a purple band is seen at about two- 
thirds from the application linę. Lesser galangal ( Alpinia 

' Suitable commercially available plates are HPTLC Silica Gel 60 F*v* from 

EMD Millipore (e.g., Part No. 1.05642.0001). 


officinarum Hance) rhizome presents a vellow band at 
an R f just below the 6-gingerol band, followed by a 
continuous broad blue smudge, and a distinct tandem 
of light-orange and yellow bands close to the middle of 
the piąte. 

STRENGTH 

• CONTENT OF GlNGEROLS 

Solution A: Acetonitrile, dilute phosphoric acid (1 in 
1000), and methanol (55:44:1) 

Solution B: Acetonitrile 

Mobile phase: Use Solution A for NLT 7 times the re- 
tention time of capsaicin. 

Column washing: After each chromatoar jphie run, 
wash the column, using Table 1. 


Table 1 


Time 

(min) 

Solllticfl A 
°o) 

Solution B 

(%) 

0 

lor 

0 

2 

Q_ 

100 

12 

,J o 

100 

14 

100 

0 

_29___ 

100 

0 


Standard solu on: 0.1 mg/mL of USP Capsaicin RS in 
methanol 

System suttabi Ity solution: Reconstitute the content of 
one vić;' of USP Ginger Constituent Mixture RS in 1 mL 
of Stnnc^rd solution. 
lampie i *ution: Tincture 
Cl ro. natorraphic system 
(Si* C rómotograpny (62 1), System Suitability.) 

Modę LC 

Detector: UV 282 nm 
column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 25 pL 
System suitability 

Samples: Standard solution and System suitability 
solution 

[NOTĘ—The relative retention times for 6-gingerol, cap¬ 
saicin, and 6-shogaol are about 0.8, 1.0, and 1.9, re- 
spectively. System suitability solution.] 

Suitability requirements 

Resolution: NLT 3.0 between the 6-gingerol and cap¬ 
saicin peaks; NLT 10.0 between the capsaicin and 
6-shogaol peaks. System suitability solution 
Tailing factors: NMT 2.0 for the 6-gingerol, capsai¬ 
cin, and 6-shogaol peaks, System suitability solution 
Relative standard deviation: NMT 2.5%, Standard 
solution 
Analysis 

Samples: Standard solution , System suitability solution , 
ana Sample solution 

Calculate the percentage of gingerols in the portion of 
Tincture taken: 

Result = (rr/rs) x Cs x 0.1 

r T = sum of the peak responses of gingerols from 
the Sample solution 

r 5 = peak response of capsaicin from the Standard 
solution 

Cs = concentration of USP Capsaicin RS in the 
Standard solution (mq/mL) 

Acceptance criteria: NLT 0.10% 

OTHER COMPONENTS 

• Alcohol Determination, Method I (611>: 90.0%-l 10.0% 
of the labeled amount of alcohol (C 2 H 5 OH) 
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CONTAMSNANTS 


Delete the following: 

•• Heaw METALS, Method III (231): NMT lOpg/g. fornciJ , 

Jan 20TS) 

e Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the requirements 

* Microbial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 10" cfu/g, and the total 
combined molds and yeasts count does not exceed lO* 
cfu/g. 

SPEOFIC TESTS 

* Limit of 6-Shogaol 

Analysis: Using the chromatograms from the test for 
Content of Gingerols, catculate the percentage of 6-sho- 
gaol m the portion of Ti netu re taken: 

Result = (ru/r s ) x Q x 0.1 

fu = peak response of 6-shogaol from the Sample 
solution 

r$ = peak response of capsaicin from the Standard 
solution 

Q ~ concentration of USP Capsaicin RS in the 
Standard solution (mg/mL) 

Acceptance criteria: NMT 0.034% 

o Limit of Nonvołatjle Residue 

Sample: 10~mL portion 

Analysis: Evaporate the Sample in a tared pfatinum or 
porcelain dish, and dry at 105* for 6 h. 

Acceptance criteria: The weight of the residue is 
80-120 mg* 

i Articles of Botanical Origin, Total Ash (561): NMT 

0*5% 

* Specific Cravitv (341): 0.90-0.95 

a OTHER Requireivients: Meets the reguirements in Botani- 
cal Extracts (565), Preparations, Tinctures, Packaging and 
Storage 

APDITIONAL REQU1REMENTS 

* Labeling: Label it to indicate that it is for manufacturing 
purposes only, En addition to the Information specified in 
Botanical Extracts (565), Preparatlons, Tinctures, Labeling * 
This article is exempted from the requirements of Label¬ 
ing (7), Labeis and Labeling for Products and Other Catego- 
ries, Batanicals, with respect to the pregnancy and Iacta- 
tion statement, 

® USP Reference standards (11) 

USP Capsaicin RS 

USP Ginger Constituent Mixture RS 
USP Powdered Ginger RS 


CBreger Capsajles 

DEFfNmON 

Ginger Capsules are prepared from Powdered Ginger and 
contain NLT 90.0% and NMT 110.0% of the labeled 
amount of gingerols, gingerdiones, and shogaois, and 
NLT 90.0% of the labeled amount of vo!atE3e oN. 

IDENTIFICATION 

a A, 

Analysis: Pulverize an amount of the contents of Cap- 
sules equivafent to 5 g of ginger. To an amount equiva- 
lent to 1 q of ginger add 5 ml of difute acetic acid, 
prepared oy dilutmg 1 part of glacial acetic acid with 
1 part of water, and shake for 15 min. Filter, and add a 
few drops of ammonium oxaiate TS to the filtrate.* 
Acceptance criteria: NMT a slight turbidity is 
produced. 


Sample (see Articles of Botanical Origin (561), 4/co/7o/-5q/- 
ubie Extractives f Method 2): Cofiect the fUtratę in a 
1 00-mL volumetric fiask, and dilute with alcohol to vol- 
ume. Evaporate 50 mL of the filtrate at a temperaturę 
not exceeding 90 rj . Use 50 mg of the residue for the 
test. 

Analysis: Dissolve the Sample in 25 ml of water, and 
extract with two 15-mL portEons of ether. Combine the 
ether extracts, and evaporate in a porcelain dish. To the 
residue add 5 ml of sulfurEc acEd solution (7*5 in 10.0) 
and 5 mg of yanillin, AIJow to stand for 15 min, and 
add an equal vofume of water* 

Acceptance criteria: The solution turns azure blue. 

* C. Thin-Layer Chromatografhic Identification Test 

Standard solution A: Proceed as directed for the Sam¬ 
ple solution , except to use 0.2 g of USP Powdered Gin¬ 
ger RS* 

Standard solution B: Use the System suitability solution, 
prepared as directed En the test for Content of Gingerols, 
Gingerdiones, and Shogaois, 

Sample solution: Pulverize an amount of the contents 
of Capsules equivalent to 5 g of ginger. Transfer an 
amount equivalent to 0.2 g of ginger to a test tubę, 
add 5 mL of methanoi, shake for 30 min, and centri- 
fuge. Apply the supernatant to the piąte. 

Adsorbent: 0.50-mm layer of chromatographic sElica 
gel mixture 

Application voiume: 20 pL for Standard solution A and 
the Sample solution; 40 uL for Standard solution B 
Developing solvent system: Ether and hexanes (7:3) 
Spray reagent: 10% sutfuric acid in alcohol 
Analysis 

Samples: Standard solution A t Standard solution B , and 
Sample solution 

Proceed as directed En the chapter. Examine the piąte 
under UV Nght at 254 nm. Spray the piąte with Spray 
reagent, heat at 1OO°-105 O for 10 min, and examine 
under daylight. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibEts a spot due to gmgeroJs that occurs at 
an Rf vafue of 0,2, and a spot of snogaols may occur at 
an Rf vaiue of 0.4, corresponding to those shown in the 
chromatogram of Standard solution B . [Notę —The chro- 
matograms of Standard solution A and the Sample solu - 
tion may exhrbit other spots in the upper region and at 
the origin of the piąte*] 

STRENGTH 

• Content of Cingerols, Gingerdiones, and Shogaols 

Solution A: AcetonEtrile, dilute phosphoric acid (1 in 
1000), and methanoi (55:44:1) 

Solution B: AcetonEtrile 

Mobile phase: Use Solution A for NLT seven times the 
retention time of capsaicin, 

Coiumn washing: After each chromatographic run, 
wash the cofumn, using Tobie T 


Table 1 


Time 

( min ) 

Solution A 

(%> 

Solution B 

0 

100 

0 

2 

0 

100 

12 

0 

100 

14 

100 

0 

29 

100 

0 


Standard solution: 0.1 mg/mL of USP Capsaicin RS in 
methanoi 

System suitability solution: Reconstitute Lhe content of 
1 vial of USP Ginger Constituent Mixture RS in 1 mL of 
the Standard solution * 
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Sample solution: Mix and fineJy powder the contents 
of NLT 20 Capsules, and transfer an amount equivalent 
to 2.0 g of powdered ginger to a gfass-stoppered coni- 
cal fiask. Aod 50 ml of alcohol, insert a stopper into the 
fiask, and macerate for 24 h, shaking freouently during 
the first 8 h, and then allowing to stand Tor 16 h. Filter, 
and use the filtrate. 


Chromatographic system 
(See Chromotography (621), 


System Suitability ,) 

Modę: LC ' ' 

Detector: UV 282 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
Injection size: 25 jjL 
System suitability 

Sampies: Standard solution and System suitability 
solution 

[NOTĘ—The relatiye retention times for ó-gingerol, cap- 
saicin, and 6-shogaol are about 0.8, 1.0, and 1.9, re- 
spectively, System suitability solution .] 

Suitability requirements 

Resolution: NLT 8.0 between the ó-gingerol and cap- 
saicin peaks and NLT 10.0 between the capsaicin and 
ó-shogaol peaks, System suitability solution 
Tailrng factors: NMT 2,0 for the ó-gingerol, capsaL 
cin, and 6-shogaol peaks, System suitability solution 
Relative standard deviation: NMT 2.5% for the cap- 
saicin peak for replicate injections, Standard solution 
Analysis 

Sampies: Standard solution , Sample solution, and Sys¬ 
tem suitability solution 

Calculate the sum of the peak responses due to ginger- 
ofs and gingerdiones occurring at about the folfowing 
retention times relative to 1.0 for capsaicin: 0.8 for 
ó-gingerol, 1.5 for 8-gingerof A, 22. for 8-gingeroi B, 
2.5 for ó-gingerdiol, 2.6 for 6-ginqerdione, 3.4 for 
10-gingerol f and 5.2 for 8-gingerdione. 

Calculate the sum of the peak responses due to sho- 
cjaols, occurring at about the folfowing retention 
times, relative to 7.0 for capsaicin; 1.9 for ó-shogaol, 
4.2 for 8-shogaol, and 5.8 for 10-shogaoL 
Calculate the percentage of the labeled amount of 
gingerols, gingerdiones, and shogaols in the pardon of 
Capsules taken: 


Result = (r T /n) x Q x {VIW u) x {A w dl) x 100 


rr 


- sum of the peak responses for gingerols, 
gingerdiones, and shogaols from the Sample 
solution 

rs - peak response of capsaicin from the Standard 
solution 

Ci = concentration of USP Capsaicin RS in the 
Standard solution (mg/mL) 

V - finał volume of the Sample solution (mL) 

Wu = weight of the portion of Capsules taken (rug) 
Avc - average weight of the Capsule content (mg) 

L - labeled amount of gingerols, gingerdiones, 
and shogaols (mg/Capsule) 

Acceptance criteria: 90.0%”110.0% of the labeled 
amount of gingerols, gingerdiones, and shogaols 
Calculate the amount (Ca), in mg, of ó-gingerol in each 
Capsule taken: 

G e = (te/rj) x ( CdW ) x A 

r u = peak response of ó-gingerol from the Sample 
solution 

r s = peak response of capsaicin from the Standard 
sofution 

Cj = concentration of USP Capsaicin RS in the 
Standard solution (mg/mL) 

W = weight of powdered ginger used in the 
prepa radon of the Sample solution (g) 

V ^ finał Yolurne of the Sample solution (mL) 


A - average Capsule fili weight (g) 

* Articles of BOTANtCAL ORIGIN, Vofatile Oli Determination 

(561) 

Sample: Pinely powder a quantity of Capsules, equiva- 
lent to lOOg of powdered ginger. 

Acceptance criteria: NLT 1 A mL/100 g (NLT 90.0% of 
the labeled amount of voiatile oii) 

PERFORMANCE TESTS 

* DISINTEGRATION AND DlSSOLUTION (2040): Meet the re- 

guirements for Dissolution 

Medium: 0.1 N hydrochloric acid; 500 mL 

Apparatus 2: 75 rpm 

Time: 60 min 

[NOTĘ— In each dissolution vessel, place a nu m ber of 
Capsules equlvalent to 20 mg of the labefed amounts 
of gingerols, gingerdiones, and shogaols.] 

Solution A, Solution B, Mobile phase, Column wash- 
ing, System suitability solution, Chromatographic 
system, and System suitability: Proceed as directed in 
tne test for Content of Gingerols t Gingerdiones, and 
Shogaols . 

Standard stock solution: Use the Standard solution pre- 
pared in the test for Content of Gingerols, Gingerdiones, 
and Shogaols . 

Standard solution: 0,025 mg/mL of USP Capsaicin RS 
from Standard stock solution in Medium 
Sample solution: Transfer an aliquot of solution from 
each dissolution vial to a suitable vial. Aflow to stand for 
5 min so that the powder settles into the suspension, or 
centrtfuge to obtain a elear supernatant. Pass through a 
membranę filier of 0.45-pm or finer porę size. 

Analysis 

Sampies: Standard solution and Sample solution 
[Notę— Allow the Sample sofution to elute for NLT three 
times the retention dme of capsaicin,] 

Calculate the quantity, G, in mg, of ó-gingerol dis- 
solved from each Capsufe taken: 

C - (rv/rś) x (C/N) x v 

ru = peak response of ó-gingerol from the Sample 
solution 

rs = peak response of capsaicin from the Standard 
solution 

C = concentration of USP Capsaicin RS In the 
Standard sofution (mg/mL) 

N - number of Capsules in each vessel 

V - volume of Medium; 500 mL 

Calculate the percentage of the relative amount of 
6-gingerof dissolved: 


Result = (C/Go) x 100 


Co 


= content of 6-gingerol in each Capsule, as 
determined in the test for Content of 
Gingerols, Gingerdiones, and Shogaols (mg) 
Tolerances: NLT 60% of the content of ó-gingerol 
(C 17 H J6 04) is dissolved, 

* Weight Varjation of Dietary Supplements (2091): Meet 

the requirements 

ADDITIONAL REQU1REMENTS 

* Packaging and Storage: Preserve in well-closed contain- 
ers, and storę at controlled room temperaturę. 

* Laruung: The label States the Latin binomral and, foliow- 
ing the offidal name, the part of the plant from which 
the artide was prepared, the label also indicates the con¬ 
tent of gingerols, gingerdiones, and shogaols, in mg per 
Capsule, and the content of volatile oii, in fil per Cap¬ 
sule. This artide is exempted from the requirements of 
the General Notices with respect to the pregnancy and 
iactatfon statement (section 10,40.50, Labeftng Botanicab 
Contalning Products ). 



USP 40 


Dietary Supplements / Ginkgo 7003 


e USP REFERENCE STANDARDS (11) 

USP Capsaicin RS 

USP Ginger Constituent Mixture RS 
USP Powdered Ginger RS 


€Sgikqo 

DEFINITION 

Ginkgo consists of the dried leaf of Ginkgo biloho L (Fam. 
Ginkgoaceae). It contains NLT 0.5% of flavonoids, calcu- 
lated as flavonof glycosides, and NLT OJ % of terpene lac¬ 
tones, calculated as the sum of bilobalide (C^HiaGa), 
ginkgolide A (CzoH^Os), ginkgolide S (CzoH^Oio), and 
ginkgolide C (C 2 oHz 4 Gn), botFi on the dried basis. 

IDENTIFICATION 

* A_ HPTLC FOR ARTICLE5 OF BOTANICAL 0RIGIN (203) 

Test for flavonoids 

Standard solution: A solution of 0.6 mg/mL of USP 
Rutin RS, 0,2 mg/mL of USP Chlorogenic Add RS, and 
0.2 mg/mL of USP Quercetin RS in methanol 
Sample solution: Transfer 1,0 g of finely powdered 
Giniego to a 50-mL round-bottom fiask fitted with a 
reflux condenser. Add 10 mL of methanol, reflux on a 
water bath for 10 min, allow to cooJ to room tempera¬ 
turę, and filter. [Notę —Reserve some of the Sample so¬ 
lution for use in the Test for terpene lactones.] 
Adsorbent: Chromatographic sili ca gel with an aver- 
age particie size of 5 jam (HPTLC pJates) 

Application volume: 5 pL 

Deueloping so!vent system: Ethyl acetale, water, an- 
hydrous formie add, and gfacial acetic add 
(100:26:11:11) 

Denvatizatron reagent A: 5 mg/mL of 2-ammoethyl 
diphenylborinate in methanol 

Der[vatization reagent B: 50 mg/mL of pofyethylene 
glycol 400 in alconol 
Analysis 

Sam pies: Standard solution and Sampie solution 
Before devdopment of the chromatograms, saturate 
the cham ber for 20 min with Deveioping solvent sys¬ 
tem . if the relative humidity in the laboratory exceeds 
50%, condition the piąte to about 35% relative hu¬ 
midity using a suitable device. Apply the samples sep- 
aratefy as bands, and allow to dry. Devefop the piąte 
over a path of 6 cm, remove from the chromato¬ 
graphic chamber, and dry in a drculating air oven at 
105° for 5 min. Immediateiy treat the hot piąte with 
Derlvatization reagent A, then with Derivatization rea¬ 
gent 0, dry, and examine under long-wave UV iiqht 
(365 nm). 

Acceptance criteria: The Standard solution shows in its 
lower part with inereasing R F values a yellowish-brown 
fluorescent zonę due to rutrn (fr 0.28), a light blue 
fluorescent zonę due to chlorogenic add (R F 0,36), 
and a yellow fluorescent zonę due to guercetin (R F 
0.92). The Sample solution shows a yellowish-brown 
fluorescent zonę, a light blue fluorescent zonę, and a 
yeflowish-brown fluorescent zonę at R F similar to those 
of rutin, chlorogenic add, and quercetin, respectiveiy, 
in the Standard solution . Additional yellowish to yellow- 
ish-green zones due to flavonoids detected In the 5om- 
ple solution chromatogram include one zonę below the 
rutin zonę, two zones between the rutin and 
chlorogenic acid zones, and two zones above the 
chlorogenic acid zonę, Other zones may be seen in 
the Sample solution chromatogram. 

Test for terpene lactones 

Standard solution: Dissolve an amount of USP Ginkgo 
Terpene Lactones RS in methanol to obtain a solution 


containing in each mL about 1,0, 0.9, O.ó, 0.7, and 
0,2 mg of bilobalide, ginkgolide A, ginkgolide B, 
ginkgolide C, and ginkgolide J, respectively, 

Sample solution: Use the Sample solution prepared in 
the Test for flavonoids . 

Adsorbent: Chromatographic sifica gel with an aven 
age particie size of 5 j_im (HPTLC plates) 

Application volume: 5 pL 

Developing solvent system: Toluene, ethyl acetate, 
acetone, and methanol (20: 10: 10: 1.2) 

Denvatization reagent: Acetic anhydride 
Analysis 

SampJes: Standard solution and Sample solution 
Immerse the piąte for 2 s En an 8 g/200-ml solution of 
sodium acetate in methanol, Allow the excess liguld 
to drip from the piąte, dry In a forced-air oven at 70° 
for 30 min, and cool in a desiccator, Apply the sam- 
pies separately as bands to the impregnated piąte, 
and allow to alr-dry. Before devefopment of the chro- 
matograms, saturate the chamber for 20 min with 
Developing solvent system . tf the relative humidity in 
the laboratory exceeds 50%, condition the piąte to 
about 35% relative humidity, using a suitable device. 
Devetop the piąte over a path of 6 cm, remove from 
the chromatographic chamber, and dry in cold air, 
Treat the piąte with Derivatization reagent , heat at 
180 D for TO min, cool, and examine under short-wave 
UV light (254 nm), 

Acceptance criteria: The Standard solution chromato¬ 
gram shows five distinct guenching zones correspond- 
ing to the different ginkgo terpene lactones: 
ginkgolide C ginkgolide j, ginkgolide B, ginkgolide A, 
and bilobalide at Rf va!ues of about OJ 3, OJ 8, 0.32, 
0.38, and 0.45, respectively. The Sampie solution chro¬ 
matogram shows a strong guenching zonę at the ap- 
plEcation position, a broad quenchinq zonę near the 
solvent front, and five distinct guenening zones corre- 
sponding to different ginkgo terpene lactones at 
similar to those detected in the Standard solution chro¬ 
ma to gram. 

[NoTE“/? f values may differ from one piąte to another 
due to the impregnation step.] 

CefWOSSTION 

* CONTENT OF FlAVONOL GLYCOSIDES 

Extraction solvent: Alcohol, hydrochloric acid, and 
water (25:4:10) 

Mobile phase: Methanol, water, and phosphoric add 
( 100 : 100 : 1 ) 

Standard sof u tron A: 0.02 mg/mL of USP Quercetin RS 
in methanol 

Standard solution B: 0,02 mg/mL of USP Kaempferol 
RS in methanol 

Standard solution C: 0.005 mg/mL of USP Isorhamne- 
tin RS in methanol 

Sampie solution: Transfer about 1.0 g of Ginkgo, finely 
powdered, to a 250-mL fiask fitted with a reflux con¬ 
denser. Add 78 mL of Extraction solvent , and ref!ux on a 
water bath for 135 min. [NOTĘ —The solution will turn 
deep red. The color of the solution is not a definitive 
indication of reaction completeness.] Allow to cool to 
room temperaturo. Decant into a 100-mL volumetric 
fiask. Add 20 ml of methanol to the 250-mL fiask, and 
sonicate for 30 min. Filter, transfer the filtra te into the 
100-mL volumetric fiask, wash the restdue on the filter 
with a smali amount of methanol, transfer the rinsate 
into the same 100-mL volumetric fiask, dilute with 
methanol to volume, and mix. 
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Chromatographk system 

(See Chmmatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 370 nm 
Column: 4.ó-mm x 25-cm; packing LI 
Flow ratę: 1.5 mL/min 
injection volume: 20 jtL 
System suitability 

Samples: Standard solution A, Standard solution B, and 
Standard solution C 

[Notę—T he rela twe retention times for quercetin, 
kaempferoi, and isorhamnetin are about 1,0, 1.8, and 
2.0, respectively, Standard solution A , Standard solution 
B, and Standard solution C] 

Suitability reguirements 

Relative standard deviation: NMT 2.0% determined 
from the guercetin peak in repeated injettions, Stan¬ 
dard solution A 
Analysis 

Samples: Standard solution A, Standard solution B, 
Standard solution t, and Sample solution 
Cakulate the percentage of each flavonol glycoside in 
the portion of Ginkgo taken: 

Result = (r u /rp x (Cj/ W) x F x 10 

ry ~ peak area of the relevant analyte from the 
Sample solution 

r 5 = peak area of the reJevant analyte from 

Standard solution A f Standard solution B , or 
Standard solution 0 

Cs - concentration of the relevant analyte in 

Standard solution A i, Standard solution B, or 
Standard solution C (mg/mL) 

W - weight of Ginkgo taken to prepare the Sample 
solution (g) 

F = factor to convert each fIavonol aglycone into 
its respective flavono3 glycoside: 2.504 for 
guercetln, 2.437 for isorhamnetin, and 2.588 
for kaempferoi 

Calcu late the to tal percentage of f!avonol glycosides by 
adding the individua3 percentages calcufated. 
Acceptance criteria: NLT 0.5% of flayonoids, as flavo- 
nol glycosides, on the dried basis 
® CONTENT OF TERPENE LACTONES 

Solvent: Methanol and water (9:1) 

Buffer solution: Dissolve 1 49 g of dibasic sodium 
phosphate and 8.25 g of monobasic potassium phos¬ 
phate in 1000 ml of water, and adjust to a pH of 5 A 
Drluent: Methanol and water (1:1) 

Solution A: Water 
Solution B: Methanol 
Mobile phase: See Tobie h 


Table 1 


Time 

tmin) 

Solution A 

(%) 

Solution B 

(%) 

0 

75 

25 

23 

52 

48 

28 

52 

48 

30 

25 

75 
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75 
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Standard Solutions: Using the labeled content of the 
individual terpene lactones, prepare five Solutions of the 
USP Ginkgo Terpene Lactones RS in Diluent within the 
rangę of 5-500 pg/mL for each of the relevant terpene 
lactones, Use sonitation to dissolve the anaiytes if nec- 
essary. Pass through a fliter of 0.45-pm or finer porę 
size. 


Sample solution: Transfer about 2.5 g of Ginkgo, accu- 
rately weighed, to a 30-mL glass centrifuge tubę with a 
screw cap and a PTFE gasket Add 10 ml of Solvent f 
sea] the tubę, and mix weJI on a vortex mixer. Heat on 
a water bath at 90° for 30 min. Mix the hot suspension 
on a vortex mixer, and repeat the heating at 90° for 30 
min. Cool, centrifuge, transfer the supematant into a 
round-bottom fiask, and keep the residue in the glass 
tubę. Repeat the extraction two morę times, each time 
usrng 10 mL of Solvent. Comblne the extracts, and 
evaporate to dryness under vacuum on a water bath 
maintained at 50°. Add 10 mL of Buffer solution to the 
residue, and sonicate for 5 min. QuantitaUvely transfer 
the solution to a glass chromatographie tubę filled with 
chromatographie siliceous earth capable of holding 
20 mL of agueous phase. 1 Rinse the beaker with two 
5-mL portions of Buffer solution f and transfer the rinsates 
to the column. [NOTĘ—Do not exceed 20 ml of total 
agueous phase or the holding capadty of the chromat- 
ographic tubę.] 

ARow the Buffer solution to be absorbed into the col¬ 
umn. After 15 min, elute the column with 100 mL of 
ethy] a c eta te, collect the eluate, and evaporate to dry¬ 
ness under vacuum on a water bath maintained at 
50 a > Dissolve the residue in 10.0 mL of DiluenL 
Chromatographie system 
(See Chmmatograpny (621}, System Suitability.) 

Modę: LC 

Detector: Evaporative lighbscattering detector. 

[Notę—T he parameters of the detector are adjusted to 
achieve the best signahto-noise rado, according to 
ma n ufacturer recommendation s.] 

Column: 4,ó-mm x 25-cm; packing LI 
Column temperaturę: 25° 

Flow ratę: 1 mL/min 
Injection volume: 15 jiL 
System suitability 
Samples: Standard Solutions 
Suitability requirements 

Chromatogram similarity: The chromatograms of 
the Standard Solutions are simllar to the rererence 
chromatogram provided with the lot of USP Ginkgo 
Terpene Lactones RS being used. 

Rdative standard deviation: NMT 2.0% determined 
from the bilobalide peak In replicate Injections 
Correlation coeffkient: NLT 0.995 for the regression 
linę as determined in Analysis 
Analysis 

Samples: Standard Solutions and Sampie sofution 
Record the chromatograms, and identify the peaks of 
the relevant anaiytes in the chromatograms of the 
Standard Solutions by comparison with the reference 
chromatogram of the USP Ginkgo Terpene Lactones RS 
lot being used. Plot the logarithms of the re!evant 
peak areas against the logarithms of respective eon- 
centrations, in mg/mL, of each analyte rrom the Stan¬ 
dard Solutions, and establish the regression lines by 
least-squares regression. 

From the graphs, determine the concentrations, C, in 
mg/mL, of each relevant analyte in the Sampie 
solution . 

SeparateJy calcutate the percentages of bilobalide 
(C 15 HisOs), ginkgolide A (C 2 0 H^O 9 ), glnkgollde B 
(C^oHmOio)/ and ginkgolide C (C^LL.At) in the por¬ 
tion of Ginkgo taken: 

Result = (C/W) x 1000 

C = concentration of the relevant analyte in the 
Sampie solution (mg/mL) 

W - weight of Ginkgo taken to prepare the Sample 
sofution (mg) 


1 SuEtable commertially available materiał is Extrelut® NT 20 from E Merck 
Science. 
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Cafculate the total percentage of terpene lactones m 
the portion of Ginkgo taken by adding the 
percentages calcuiated for eacn analyte. 

Acceptance criteria: NLT 0.1% of terpene lactones, cal* 
culated as the sum of brlobalide, ginkgolide Ą 
ginkgolide B, and ginkgolide G, on the dried basis 

CONTAMINANTS 

• ARTICLES of Botanicał Origin, Pesticide Residue Analysis 
(561): Meets the reguirements 

» Articles of Botanicał Origin, Umits of Efemento! Impuri- 
ties (561): Meets the requirements 

* Microrjal Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 10 5 cfu/g, the total com- 
bined molds and yeasts count does not exceed 10* cfu/ 
g, and the bile-toferant Granvnegative bacteria do not 
exceed 10 3 cfu/g. 

• Absence of $P£CiFtED Micro ORGANiSMś (2022): Meets the 

regutrements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

5PEC1FIC TESTS 

* Botanicał Characteristics 

Maeroscopic: Dried whole, folded, or fragmented 
ieaves, with or without attached petiole, vary from 
khaki green to greenish brown in color; often morę 
brown at the apical edge, and darker on the adaxla! 
surface. Laminae are broadly obcuneate (fan-shaped), 
2-12 cm in width and 2-9.5 cm fn length from petiole 
to apical margin; mostly 1.5-2 times wider than long. 
The base margins are entire, concave; apical margin sin- 
uate, usually truncate or centrally deft, and rarely multi- 
ply cleft. The surface rs glabrous, with wrinkled appear- 
ance due to prominent dichotomous venation 
appearing paraflel and extending from the lamina base 
to the apical margin. Petioles, similar in color to leaf, 
are channeled on the adaxfal surface, and 2-8 cm in 
length. 

Microscopic 

Transverse section of lamina: A thin but marked cuti- 
cle occurs over a single layer of epidermaj cells on 
both surfaces. Stomata are present on the lower sur- 
face only, with guard cells sunken with respect to ad- 
jacent epidermat cells. Palisadę elements, elongated, at 
right angles to the surface and often irregular in ap- 
pearance, occur just below the upper epidermis. Vas- 
cular bundies occur at intervals along the width of the 
blade, with adjacent cluster crystals of calcium oxa3ate. 
Cells of the mesophyll are smaller than the palisadę 
cells, elongated, parallel to the leaf surface, and sepa- 
rated by large intercellular spaces. 

Powdered lamina and petiole: Under the miero- 
scope, transverse fragments of the leaf display a 
smooth cuticle, present on both leaf surfaces and 
staining pinkish orange with sudan 111 TS. In surface 
view, cells of the upper epidermis are elongated and 
wavy-walled, with abundant yellow droplets 2-12 jim 
in diameter vislble in maturę and old leaves but not in 
young leaves. Cells of the lower epidermis are similar 
tn shape but have straighter walis and are interrupted 
by anisocytrc stomata, Numerous lignified elements 
derived from the lamina and petiole are present, in- 
cluding xylem vessels with annular thickening, 
tracheids, and vessefs with bordered pits. The extent 
of lignification, particularly tn the petiole, increases 
with age of leaf. Calcium oxalate crystals are numer¬ 
ous, scattered or associated with vessels, ranging in 
size from 5 to 50 Jim in young leaves and 15 to 100 
pm in maturę leaves. Under crossed pofarizers, numer¬ 
ous smaller prism- or tear-shaped shiny features of in- 
determinate naturę may be present. Very occasional, 
highiy elongated, uniseriate, covering tri ch om es with 
no obyious cross walls and smooth or warty surfaces 
may be seen. Maturę leaves may show the preserice of 
very rare, polygonal to circular starch granules approx- 


imately 20 pm in diameter, with a central hilum and 
exhibiting a marked Maltese cross under crossed 
polarizers. 

* Articles of Botanicał Origin, Foreign Organie Matter 

(561): NMT 3.0% of stems and NMT 2,0% of other 
foreign organie matter 

* LOSS ON DR YING (731) 

Sample: 1,0 g of finely powdered Ginkgo 
Analysis: Dry the Sample at 105° for 2 n. 

Acceptance criteria: NMT 11.0% 

* Articles of Botanicał Origin, Total Ash (561) 

Sample: 1.0 g of finely powdered Ginkgo 
Acceptance criteria: NMT 11.0% 

ADDITIOMAL REQUIREMENT5 

* Packaging and Storage: Preserve in welbdosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

* Labeling: The labet States the Latin binomial and, foflow- 
ing the offfcial name, the part of the plant contained in 
the arttcle. 

* USP Reference Standards (11) 

USP Chlorogenie Acid RS 

USP Ginkgo Terpene Lactones RS 

USP Isorhamnetin RS 

USP KaempferoJ RS 

USP Quercetin RS 

USP Rutin RS 


Powdered Ginkgo Extract 

DEFINmON 

Powdered Ginkgo Extract is prepared from dried and com- 
minuted leaves of Ginkgo extracted with an 
acetone-water mixture or other suitable solvents. The ra- 
tio of the crude plant materiał to Powdered Extract is be- 
tween 35:1 and 67:1. It contains NLT 22.0% and NMT 
27,0% of flavonoids, calcuiated as ftavonol glycostdes, 
with a mean molecular mass of 756.7, on the dried basis, 
11 contains NLT 5,4% and NMT 12.0% of terpene lac¬ 
tones, consistlng of between 2.6% and 5.8% of bilobalide 
(GysHiaO») and between 2,8% and 6.2% of the sum of 
ginkgolide A (Czoh^O?), ginkgolide B (CzoH^Oio), and 
ginkgolide C (CzoHz.yOn), on the dried basis. 

IDENTIFICATION 

* A, Th)n-Laver Chromatographic Identification Test 

( 201 ) 

Test for flavanoids 

Standard solution: A solution of 0.6 mg/mL of USP 
Rutin RS and 0.2 mg/mL each of USP Cnlorogenic Acid 
RS and USP Quercetin RS in methanol 
Sample solution: 5 mg/mt of Powdered Extract tn a 
mlxture of methanol and water (4:1) 

Adsorbent: Chromatographlc sllica gel mixture with 
an average particie size of 5 tmn (HPTLC plates) 
Application volume: 5 uL 

Developing solvent system: Ethyl acetate, water, an- 
hydrous formie acid, and gladal acetic acid 
(100:26:11:11) 

Spray reagent 1: 5 mg/mL of 2-aminoethy] 
dlpnenylborinate in methanol 
Spray reagent 2: 50 mg/mL of polyethylene glycol 
400 in alcohol 
Analysis 

Samples: Standard solution and Sample solution 
Before development of the chromatograms, satu ratę 
the chamber for 20 min with Developing solvent sys¬ 
tem. Record temperaturę and humioity in the labora- 
tory. If the relative humidity exceeds 50%, condltton 
the piąte to about 35% relative humidity ustng a suib 
able device, Apply the samples separatefy as bands to 
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a suitable thin-layer chromatographic piąte (see Chro- 
matography <621}), and altów the bands to dry. De- 
velop the piąte over a path of 6 cm, remove tne piąte 
from the chromatographic chamber, and dry in a cir- 
eulating air oven at 105° for 5 min, Immediately 
spray the hol piąte with Sproy reagent 7, then with 
Spray reagent 2, Dry, and examine under long-wave* 
length UV light. 

Acceptance criteria: The Standard solution shows in i:s 
lower part with increasing Rt values a yellowish-brown 
fluorescent zonę due to rutin (R f 0.28), a light blue 
fluorescent zonę due to chlorogenic acid (R? 0.36), 
and a yellow fluorescent zonę aue to quercetin (R F 
0,92), The Sample solution shows a yellowish-brown 
fluorescent zonę, a light blue fluorescent zonę, and a 
yellowish-brown fluorescent zonę at R f similar to those 
of rutin, chlorogenic acid, and ąuercetln, respectively, 
in the Standarasolution. Additional yellowish to yeliow- 
ish-green zones due to flavonoids detected in the 5om- 
ple solution chromatogram include one zonę below the 
rutin zonę, two zones between the rutin and 
chlorogenic acid zones, and two zones above the 
chlorogenic acid zonę. Other zones may be seen In 
the Somple solution chromatogram, 

* B. HPLC: In the test for Content of Flavonol Glycosides , 
the retention tlmes of the peaks for quercetin, 
isorhamnetin, and kaempferol of the Sample solution cor- 
respond to those of the Standard solution. In the chro¬ 
matogram of the Sample solution , the ratio of the 
kaempferol peak to the quercetin peak is NLT 0,7, and 
the peak for isorhamnetin is NLT 0.1 tlmes the size of the 
guercetin peak. 

COMPOSITION 

■ Content of Flavonol Glycosides 

Extraction solvent: Alcohol, hydrochloric acid, and 
water (25:4:10) 

Mobile phase: Methanol, water, and phosphoric acid 
( 100 : 100 : 1 ) 

Standard solution A: 0.125 mg/mL of USP Quercetin 
RS in methanol 

Standard solution B: 0.125 mg/mL of USP Kaempferol 
RS in methanol 

Standard solution C: 0,03 mg/mL of USP Isorhamnetin 
RS in methanol 

Sample solution: Transfer about 0.3 g of Powdered Ex- 
traet, accurately weighed, to a 250-mL fiask fitted with 
a reflux condenser. Add 78 ml of Extraction solvent f and 
reflux in a hot water bath for 1 35 min. [Notę —The so¬ 
lution will tum deep red. The color of the solution is 
not a definitive indication of reaction completeness,] Al- 
low to cool to room temperaturę. Transfer to a 100-mL 
volumetric fiask, dtlute with water to volume, and mix. 
Chromatographic system 
(See Chroma tog ropny <621), System Suito bili ty.) 

Modę: LC 

Detector: UV 370 nm 
Column: 4.6-mm x 25-cm; packlng LI 
Flow ratę: 1.5 ml/min 
Injection volume: 20 pL 
System suitability 

Sam pies: Standard solution A, Standard solution B f and 
Standard solution C 

[Notę—T he relative retention times for guercetin, 
kaempferol, and isorhamnetin are about 1.0, 1.8, and 
2.0, respectively; Standard solution A, Standard solution 
0, and Standara solution C] 

Suitability reguirements 

Relatlve standard deviation: NMT 2.0% determinec 
from the guercetin peak in repeated injections. Stan¬ 
dard solution A 
Analysis 

Samples: Standard solution A, Standard solution 0, 
Standard solution C, and Sample solution 


Calcu la te the percentage of each flavonol glycoside in 
the portion of Powdered Extract taken: 

Resuit - (rufn) x (CrfW) xfx 10 

ru - peak area of the relevant analyte from the 
Sample solution 

f* = peak area of the relevant analyte from 

Standard sofution A, Standard solution B, or 
Standard solution C 

C s = concentration of the relevanf analyte in 

Standard solution A, Standard solution B, or 
Standard solution C (mg/mL) 

IV = weight of Powdered Extract taken to prepare 
the Somple solution (q) 

F = mean molecular mass factor to convert each 
analyte into flavonol glycoside with a mean 
molecular mass of 756,7: 2.504 for 
quercetin, 2.437 for isorhamnetin, and 2.588 
for kaempferol 

Calculate the total percentage of flavonol glycosides by 
adding the indlvraua! percentages calculated. 
Acceptance criteria: 22.0%-27.O% of flavonoids, calcu* 
lated as flavonol glycosides with a mean molecular mass 
of 756.7, on the dried basis 
• CONTENT OF TERPENE LACTONES 

Solvent: Methanol and water (9:1) 

Buffer solution: Dissolve 1.19 g of dibasic sodium 
phosphate and 8.25 g of monobasic potassium phos- 
phate in 1000 mL of water, and adjust to a pH of 5.8. 
Diluent: Methanol and water (1:1) 

Solution A: Water 
Solution B: Methanol 
Mobile phase: See Tobie 7. 


Table 1 
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Standard Solutions: Usjng the labeled content of the 
individual terpene lactones, prepare five Solutions of the 
USP Cinkgo terpene Lactones RS in Diluent wlthin the 
rangę of 5-500 jug/mL for each of the relevant terpene 
lactones. Use sonication to dissolve the analytes rf nec- 
essary, Pass through a fil ter of 0.45-pm or finer porę 
size. 

Sample solution: Transfer about 120 mg of Powdered 
Extract, accurately weighed, to a 25-mL beaker. Add 
10 mL of Buffer solution to the residue, and sonrcate for 
5 min. Quantitatively transfer the solution to a giass 
chromatographic lube filled with chromatograpnic sili- 
ceous earth capable of holding 20 mL of aqueous 
phase J Rinse tne beaker with two 5-mL portions of 
Buffer solution , and transfer the washings to the column. 
Do not exceed 20 ml of the total agueous phase or the 
holding capadty of the chromatographic tubę, Alfow 
the Buner solution to be absorbed into the column. After 
15 min, elute the column with 100 mL of ethy! acetate, 
coilect the ethyl acetate solution, and evaporate to dry- 
ness under vacuum in a water bath maintained at 50°, 
Dissolve the residue in 20,0 mL of Diluent. 

Chromatographic system 
(See Chromatograpny (62]\ System Suitability.) 

1 SuiUble commercially avalłable materiał h ExLrelut- NT 20 from E. Merck 
Science, 
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Modę: LC 

Detector: Evaporative light-scattering. [NOTE—The pa- 
rameters of the detector are adjusted to achieve the 
best signal-to-noise ratlo, according to manufacturer 
recommendations,] 

Column: 4,6-mm x 25-tm; packing LI 
Column temperaturo: 25 ± 1 ° 

Flow ratę: 1 mL/min 
Injection volume: 15 pL 
System sultablllty 
Samples: Standard Solutions 
Suitability requirements 

Chromatografu similarity: The chromatograms from 
the Standard Solutions are srrnilar to the reference 
chromatogram provided with the lot of USP Ginkgo 
Terpene Lactones RS being used. 

Relative standard deviation: NMT 2,0% determrned 
from the bilobalide peak in repeated tnjections 
Correlation coefficient: NLT 0.995 for the regression 
linę as determlned in Anaiysis 
Analysis 

Samples: Standard Solutions and Sample soluiion 
Record the chromatograms, and identify the peaks of 
the relevant analytes in the chromatograms of the 
Standard Solutions , by comparing them with the refer* 
ence chromatogram of the USP Ginkgo Terpene Lac¬ 
tones RS lot berng used. Measure the are as of the 
analyte peaks. Plot the logarithms of the re!evant peak 
responses ver$us the logarithms of concentrations, in 
mg/mL, of each analyte of the Standard Solutions , and 
determine the regression linę by using a !east-squares 
analysis* 

From the graphs, determine the concentration, C f in 
mg/mL, of tne relevant analyte in the Sample solution. 
Separatejy calculate the percentages of bilobalide 
(ChHisOb), ginkgolide A (C^H^Ck), ginkgolide B 
(CioHmOioX and ginkgolide C (C20H24O1O in the por- 
tion of Powdered Extract taken: 

Result ^ (Cl W) x 2000 

C = concentration of the relevant analyte in the 
Sample solution (mg/rnl) 

W = werght of Powdered Extract taken to prepare 
the Sample solution (mg) 

Calculate the total percentage ot terpene lactones in 
the portion of Powdered Extract taken by adding the 
percentages calculated for each analyte. 

Acceptance criteria 
Total terpene lactones: 5,4%-12.0% 

Bilobalide: 2.6%-5.8% 

Sum of ginkgolide A, ginkgolide B, and ginkgolide 

C: 2,8%-6,2% 

CONTAM1NANTS 

* Articles of Botanical Origin, Pestidde Residues { 561): 

Meets the requirements 

Dełete the fofłowing: 

# * Heavy Metals, Method II (231): NMT 20 pg/g* (omaai 1- 

]dn 201 Si 

* Microbial Enumeratjon Tests (2021): The total aerobic 
bacterial count does not exceed lO 4 cfu/g, and the tota! 
combined molds and yeasts count does not exceed 10* 
cfu/g, 

* Absence of Specireo Microorganisms (2022): Meets the 

requirements of the tests for the absence of Salmonella 
species and Escherichia coli 


5PECIFIC TEST5 
• Limit of Rutin and Quercetin 

Solution A: 0,1% of formie acid in water 
Solution 8: Acetonitrile 
Mobile phase: See Tobie Z 


Table 2 


Time 

(min') 

Solution A 

(%) 

Solution B 

(°/ o ) 

0 

90 

10 

40 

64 

36 

45 

0 

100 

50 

0 

100 

SI 

90 

10 

60 

90 

10 


Standard solution: Prepare a composite solution of 
0,4 mg/ml USP Rutin RS and 0,05 mg/ml USP Querce- 
tin RS in methanol. Sonicate to dissolve, if necessary, 
and mix well. 

Sample solution: Transfer 100 mg of Powdered Extract 
into a 10-mL volumetric fiask, Add about 7 mL of meth- 
anol # and sonicate to di$$olve. Dilute with methanol to 
volurne, and mix well. Pass through a fllter of 0,45-pm 
or flner porę size. 

Chromatographic system 
(See Chromatograpny (621), System Suita bil i ty.) 

Modę: LC 

Detector: UV 254 nm 

Column: 4,6-mm x 25-cm; 5-pm base-deactivated 
packing 11 

Column temp er atu r e: 30 c 
Flow ratę: 1,0 mL/min 
injection voIume; 10 ul 
System suitability 
Sample: Standard solution 

[HOU —The relative retention limes are 1.0 and 1.8 for 
rutin and quercetin, respectivety,] 

Suitability reguirements 

Column effidency: NLT 15,000 theoretical plates for 
the rutin peak and NLT 20,000 for the ouercetin peak 
Tailing factor: 0.8-2,0 for the rutin peak 
Re!ative standard deviation: NMT 2,0% for the rutin 
peak in repeated injections 
[Notę —If deterioration of peak shapes h observed, 
wash the column using a mrxture of acetonitrile and 
water (9:1) at 1,0 mL/min for 30 min,] 

Analysis 

Samples: Standard solution and Sample solution 
Use the chromatogram of the Standard solution to iden¬ 
tify the rutin and quercetin peaks. 

Calculate the percentages of rutin and ąuercetin In the 
portion of Powdered Extract taken: 

Result = (ru/ts) x (Cs/Ci j) x 100 

r y - peak area of the relevant analyte from the 
Sample solution 

rj = peak area of the reievant analyte from the 
Standard solution 

C5 = concentration of USP Rutin RS or USP 
Quercedn RS in the Standard solution 
(mg/mL) 

Cu = concentration of Powdered Extract in the 
Sample solution (mg/mL) 

Acceptance criteria: NMT 4% of rutin and NMT 0.5% 
of quercetin 

* Limit of Gjnkgouc Acids 

Solution A: 0,01% phosphoric acid in water 
Solution B: 0,01% phosphoric acid in acetonitrile 
Mobile phase: See Tobie 3. 
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Tabłe 3 


Time 

(min) 

Solution A 

<°/^ 

Solution B 
(%) 

0 

25 

75 

6 

10 

90 

7 

10 

90 

8 

25 

75 

10 

25 

75 


Standard solution: Dissolve USP Ginkgolic Acids RS in 
methanol, and di] u te, if necessary, with water lo obtair 
a concentration of 0.25 jjg/mL of ginkgolic adds, calcu- 
lated as the sum of the congeners ginkgolic acid C] 3:0, 
ginkgolic add Cl 5:1, and ginkgolic acid Cl 7:1. 

Sample solution: Transfer 0.5 g of Powdered Extract to 
a 10-mL volumetric fiask. Add 8 mL of methanol to dis- 
solve, and dilute with water to volume. 
Chromatographic system 
(See Chromatography (621), System Suita bil i ty.) 

Modę: LC 

Detector: UV 210 nm 

Column: 4.6-mm x 5-cm; base-deactivated packing 17 
CoJumn temperaturę: 35° 

Flow ratę: 1 mL/min 
Injection volume: 100j.il 
System suitability 
Sample: Standard solution 
Suitability requirements 

Chromatogram similarity: The chromatogram is sim- 
ilar to the reference chromatogram provided with the 
lot of USP Ginkgolic Adds RS being used. 

Tailing factor: NMT 2.0 for the ginkgolic add 
Cl 5:1 peak 

Relative standard devration: NMT 5.0% for the 
ginkgolic add Cl 5:1 peak in repeated injeetions 
Analysis 

Samples: Standard solution and Sample solution 
[NOTĘ —Identrfy the peaks of the relevant analytes by 
comparison with the reference chromatogram of the 
USP Ginkgolic Adds RS lot being used. If deterloration 
of peak shapes is observed, wasn the column using a 
mixture of methanol and water (9:1) for 30 min.] 
Caiculate the concentratEon, in pg/g, of each ginkgolic 
acid in the portion of Powdered Extract taken: 

Result = (fy/fj) x (Cj /W) x P x 10 

ru = peak area of the relevant analyte from the 
Sample solution 

= peak area of the reievant analyte from the 
Standard solution 

Q - concentration of USP Ginkgolic Adds RS in the 
Standard solution (mg/mL) 

W = weight of Powdered Extract taken to prepare 
the Sample solution (mg) 

P = content of the relevant ginkgolic add in USP 
Ginkgolic Adds RS (pg/g) 

Caiculate the total amount of ginkgolic acids by adding 
the indivldual contents. 

Acceptance criteria: NMT 5 pg/g 

* Lass on Drying (731) 

Sample: 1.0 g of Powdered Extract 
Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 5.0% 

« Other Requirements: Meets the reguirements for Resid- 
ual Solvents in Botanical Extracts (565) 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight, light-resistant 
containers, protect from moisture, and storę at controlled 
room temperaturę. 

» Labeling: The label States the Latin binomiai and, follow- 
ing the offidal na me, the part of the plant from which 
the article was prepared. The label also Indicates the con¬ 


tent of flavonol giycosldes and of terpene lactones, the 
extracting solvent used for preparation, and the ratio of 
the start]ng crude plant materiał to the Powdered 
Extract. 

* USP Reference Standards (11) 

USP Chlorogenic Acid RS 

USP Ginkgo Terpene Lactones RS 

USP Ginkgolic Acids RS 

USP Isorhamnetin RS 

USP Kaempferol RS 

USP Quereetin RS 

USP Rutin RS 


Qnką|o CapsŁflłes 

DEFiNITION 

Ginkgo Capsules are prepared with Powdered Ginkgo EK¬ 
tract and contain, in the labeled amount of Powdered EK¬ 
tract, NLT 22.0% and NMT 27,0% of flavonol glycosides 
and NLT 5.4% and NMT 12.0% of terpene lactones, cal- 
cuiated as the sum of bilobalide (C^HiaOa), ginkgolide A 
(CzoH^iOy), ginkgolide B (CzoHz.jOio), and ginkgolide C 
(CzoHz^Oti). 

IDENTIFICATION 

* A. HPLC: In the test for Content of FlavonoI Glycosides , 

the retention times of the peaks for quercetin, 
isorhamnetin, and kaempferol of the Sample solution cor- 
respond to those of the Standard solution. In the chro¬ 
matogram of the Sample solution f the ratio of the 
kaempferol peak to the guercetin peak is NLT 0,7, and 
the peak for isorhamnetin is NLT OJ times the size of the 
quercetin peak. 

o B. HPLC: The retention times of the peaks for bilobalide, 
ginkgolide A, ginkgolide B, and ginkgolide C of the Sam¬ 
ple solution correspond to those of the Standard Solutions , 
as obtained in the test for Content of Terpene Lactones, 

STRENCTH 

* Content of Ravonol Glycosides 

Mobile phase: Methanol, water, and phosphoric acid 
(100:100:1) 

Standard solution A: 0,2 mg/mL of USP Quercetin RS 
in methanol 

Standard solution B: 0.2 mg/mL of USP Kaempferol RS 
in methanol 

Standard solution C: 0.05 mg/mL of USP Isorhamnetin 
RS in methanol 

Sample solution: Weigh and finely powder the con¬ 
tents of NLT 20 Capsules. Transfer an accurately 
weighed guantity of the powder, eguwaient to about 
50 mg of navonof glycosides, to a 50-mL voEumetric 
fiask. Add 20 mL of methanol, and sonicate for 3 min. 
Add 20 mL of 1.5 N hydrochloric acid, and sonicate 
again for 10 min. Allow to cool to room temperatura, 
and dilute with methanol to volume. Centrifuge, and 
transfer a portion of the elear supernatant to a rubber- 
capped, low-actinic glass viaL Heat in a steam bath for 
25 min, and coo] to room temperaturę In an ice bath. 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 370 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1.5mL/nnin 
Injection volume: 20 pL 
System suitability 

Samples: Standard solution Ą Standard solution B , and 
Standard solution C 

[Notę—T he relative retention times for quercetin, 
kaempferol, and isorhamnetin are about 1,0, 1,8, and 
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2.0, respectively; Standard solution A t Standard sofution 
B, and Standard sofution C] 

Suitability requfrements 

Relative standard deviation: NMT 2.0% determined 
from the quercetin peak in repeated injections, Stan¬ 
dard sofution A 
Analysis 

Samples: Standard sofution Ą Standard sofution B, 
Standard sofution C, and Sample sofution 
Calculate the ąuantity, in mg, of each flavonol glyco- 
srde in the portion of Capsules taken: 

Result - (rufr$) xCjxfx 50 

r u = peak area of the relevant anaiyte from the 
Sample sofution 

r s = peak area of the rdevant anaiyte from 

Standard sofution Ą Standard sofution B, or 
Standard sofution C 

Cs - concentration of the relevant anaiyte in 

Standard sofution A t Standard sofution B f or 
Standard sofution C (mg/mL) 

F - mean molecular mass factor to convert each 
anaiyte into flavonol glycoside with a mean 
molecular mass of 756.7: 2.504 for 
guercetin, 2,437 for isorhamnettn, and 2.588 
for kaempferol 

Calculate the total quantity, in mg, of flavonoi 
glycosides in the portion of Capsules taken by adding 
the indtvidual quantities calculated. Calculate the total 
guantity, in mg, of flavonoI glycosides per Capsule 
and the percentaae of flavonol glycosides in tne 
labeled amount of Powdered Cinkgo Extract. 
Acceptance criteria: 22.0%-27.0% of flavonol 
glycosides 

« CONTEMT OF TERPENE LACTONES 

5olvent; Methanol and water (9:1) 

Buffer sofution: Dissolve 1.19 g of dibasic sodfum 
phosphate and 8.25 g of monobastc potassium phos- 
phate in 1000 mL of water, and adjust to a pH of 5.8. 
Diluent: Methanol and water (1:1) 

Sofution A: Water 
Sofution B: Methanol 
Mobile phase: See table U 


Table 1 


Ume 

(min) 

Solution A 

(%> 

Solution B 

0 

75 

25 

23 

52 

48 

28 

52 

48 

30 

25 

75 

35 

10 

90 

40 

75 

25 

50 

75 

25 


Standard Solutions: Using the labeled content of the 
individual terpene lactones, prepare five Solutions of the 
USP Cinkgo Terpene Lactones RS in Diluent with In the 
rangę of 5-500 pg/mL for each of the relevant terpene 
lactones. Use sonication to dissolve the analytes if nec- 
essary. Pass through a filter of 0.45-pm or finer porę 
srze. 

Sample solution: Weigh and finely powder the con- 
tents of NLT 20 Capsules. Transfer an accurately 
weighed ouantity of the powder, equivalent to aboul 
120 mg of Powdered Cinkgo Extraet, to a 30-mL glass 
centrifuge tubę with a screw cap and PTFE gasket. Add 
10,0 mL of 5ofvent t seal the tubę, and mix well on a 
vortex mixer. Heat in a water bath at 90° for 30 min. 
Mtx the hot suspension on a vortex mtxer, and repeat 
the heating at 90" for 30 min. CooJ, centrifuge, transfer 
the supernatant to a fiask, and return the residue to the 


glass tubę, Repeat the extraction two morę times, each 
time using 10.0 mL of 5o/vent. Combine the extracts, 
allow them to cool to room temperaturę, and evapo- 
rate to dryness under vacuum in a water bath main- 
tained at 50 p t Add 10 mL of Buffer solution to the resi¬ 
due, and sonkate for 5 min, Quantitatively transfer the 
solution to a glass chromatographic tubę filled with 
chromatograpnlc siliceous earth capable of holding 
20 mL of aqueous phase . 1 Rinse the beaker with two 
5-mL portions of Buffer sofution , and transfer the wash- 
ings to the column. [NoTl—Do not exceed 20 mL of 
total aqueous phase or the holding capacity of the 
chromatographic lube.] Allow the Bufrer solution to be 
absorbed into the column. After 15 min, elute the col¬ 
umn with 100 mL of ethyl acetate, collect the ethyl ace- 
tate solution, and evaporate to dryness under vacuum 
in a water bath maintained at 50°. Dissolve the residue 
in 20.0 mL of Diluent 
Chrom atographrc system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Evaporative light-scaUering, [Notę—T he pa- 
rameters of the detector are adjusted to achieve the 
best signaktomoise ratio, according to manufacturer 
recommendations.] 

Column: 4.6-mm x 25-cm; packing LI 
Column temperaturę: 25 ± 1° 

Flow ratę: 1 mL/min 
Injection volume: 15 pL 
System suitability 
Samples: Standard Solutions 
Suitability reguirements 

Chromatogram similarity: The chromatograms from 
the Standard Solutions are similar to the referente 
chromatogram provided with the fot of USP Cinkgo 
Terpene Lactones RS being used. 

Relative standard deviatlon: NMT 2,0% determined 
from the bilobalide peak in repeated injections 
Correlation coefficient: NLT 0.995 for the regression 
linę as determined in Analysis 
Analysis 

Samples: Standard Solutions and Sample sofution 
Record the chromatograms, and identify the peaks of 
the relevant analytes in the chromatogram of the Stan¬ 
dard Solutions by companson with the reference chro¬ 
matogram of the USP Cinkgo Terpene Lactones RS lot 
being used. Measure the areas of the anaiyte peaks. 

Plot the logarithms of the relevant peak responses ver- 
sus the logarithms of concentrations, in mg/mL, of 
each anaiyte obtained from the Standard Solutions, and 
determine the regression linę using a least-squares 
analysis. 

From the graphs, determine the concentration, C, in 
mg/mL, of tne relevant anaiyte tn the Sample solution. 
Separately calculate the quantilies, tn mg, of bllobafide 
(C 15 Hi S Og), ginkgolide A (C 20 H 24 O 9 ), ginkgolide B 
(CioH2^0 łD ), and ginkgolide C (CjoH^On) in the por¬ 
tion of Capsules taken: 

Result * C x 20 

C - concentration of the relevant anaiyte in the 
Sample sofution (mg/mL) 

Calculate the total ąuantity of terpene lactones in the 
portion of Capsules taken by adding the quantities 
calculated for each anaiyte. Calculate the total 
ouantity, in mg, of terpene lactones per Capsule and 
the percentage of terpene lactones in the labeled 
amount of Powdered Cinkgo Extract. 

Acceptance criteria: 5.4%-12.0% of terpene lactones, 
calculated as the sum of bilobalide, ginkgolide A, 
ginkgolide B, and ginkgolide C 

1 Suitabfe commerrialFy availabte materiał i$ Exlrelut® NT 20 from E Merck 

Science. 
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PERFORMANCE TESTS 

* OisiNiECRATiOK and Dissołution (2040): Meet the re- 
quirements for Dissołution 

Medium: 0,1 N hydrochlork add; 500 mL 
Apparatus 2: 75 rpm 
Time: 45 min 

Standard Solutions: Proceed as directed in the test for 
Content of Terpene Lactones, 

Sample solutron: Combine 25-mL portions of the solu- 
tion under test from each of the six dissołution vessels 
in a separation funnd. Extract with four 50-mL portions 
of ethyl acetate. Combine the extracts and evaporate In 
vacuum to dryness. Dissolve the residue with sonication 
in 5.0 mL of a mixture of water and methanol (1:1). 
Analysis: Proceed as directed in the test for Content of 
Terpene Lactones to determine the concentration, C, in 
mg/mL, of ginkgoiide B in the Sample solution. 

Calculate the percentage of ginkgoiide B disso!ved: 

Result = 5 000 C/3 C 

C - concentration of ginkgoiide B in the Sample 
solution (mg/mL) 

G - content of ginkgoiide B as determined in the 
test for Content of Terpene Lactones (mg/ 
Capsule) 

Tolerances: NLT 75% of the content of ginkgoiide B is 
dissolved. 

a WEIGHT VARIATION OF DlETARY SUPPLEMENTS (2091); 

Meet the reguirements 

CONTAMINANTS 

* Microbial ENUMERAT1DN Tests (2021): The total aerobic 

microbial count does not exceed 10* * cfu/g, and the tota; 
combined molds and yeasts count does not exceed 10 3 
cfu/g. 

* Absence of Sfecified Microorganisms (2022): Meet the 
requErement$ of the tests for absence of Salmonella spe- 
cies and Escheńchia coli 

ADDITfONAi REQUIREMENT5 

* Packaging and Storace: Preserve in tight, light-resistant 
containers, and storę at room temperaturę. 

* Labeling: The label States the Latin binomial and, follow- 
ing the official name, the articie used to prepare the 
Capsules, Label the Capsules to indicate the amount, in 
mg, of Powdered Ginkgo Extract per Capsule, 

* USP Reference Standarps (11) 

USP Ginkgo Terpene Lactones RS 
USP isorhamnetm RS 
USP Kaempferol RS 
USP Quercetin RS 


Cinkgo Tablets 

DEFINITION 

Ginkgo Tablets are prepared from Powdered Ginkgo Extract 
and contain, in the labeied amount of Powdered Extract, 
NLT 22.0% and NMT 27.0% of f!avono! glycosides and 
NLT 5.4% and NMT 12.0% of terpene lactones, consist- 
ing of btlobaSEde (CisHibOa), ginkgoiide A (C 20 H 24 O 9 ), 
ginkgoiide B {C 20 H 24 O 10 }, anta ginkgoiide C (Czah^On)* 

IDENTIFICATION 

* A, HPLC: In the test for Content of Flavonol Glycosides , 
the retention times of the peaks for guercetin, 
isorhamnetin, and kaempferol of the Sample solution cor- 
respond to those of the Standard solution , In the chro* 
ma to gram of the Sample solution, the ratio of the 
kaempferol peak to the quercetin peak is NLT 0.7, and 
the peak for isorhamnetin is NLT 0,1 times the size of the 
quercetin peak. 


» B. HPLC: The retention times of the peaks for bilobalide, 
ginkgoiide A, ginkgoiide B, and ginkgoiide C of the 5om- 
ple solution correspond to those of the Standard Solutions, 
as obtained tn the test for Content of Terpene Lactones. 

STRINGTH 

■ CONTENT OF FLAVONOL GLYCOSIDES 

Mobile phase: Methanol, water, and phosphoric acid 

( 100 : 100 : 1 ) 

Standard solutron A: 0.2 mg/mL of USP Quercetin RS 
in methanol 

Standard solution B: 0,2 mg/mL of USP Kaempferol RS 
in methanol 

Standard solution C: 0.05 mg/mL of USP Isorhamnetin 
RS in methanol 

Sample solution: Weigh and finely powder NLT 20 
Tablets. Transfer an accurately weigned quantity of the 
powder, equivaient to about 50 mg of f3avonol glyco¬ 
sides, to a 50-mL volumetric fiask. Add 20 mL of metha¬ 
nol, and sonicate for 3 min, Add 20 mL of 1,5 N hydro- 
chloric acid, and sonicate again for 10 min. Ailow to 
cool to room temperaturę, and dilute with methanol to 
vofume, Centrifuge, and transfer a portion of the elear 
supernatant to a rubber-capped, low-actinic glass viaL 
Heat in a steam bath for 25 min, and cool to room 
temperaturę in an ice bath. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 370 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1.5 mL/min 
Injection volume: 20 (iL 
System suitahility 

Samples: Standard solution A, Standard solution B, and 
Standard solution C 

[Notę—T he relative retention times for quercetin, 
kaempferol, and isorhamnetin are about 1 , 0 , 1 . 8 , and 
2.0, respectivefy; Standard solution A, Standard solution 
B f and Standard solution G] 

Suitability reguirements 

Refative standard deviation: NMT 2.0% determined 
from the guercetin peak in repeated injections, Stan¬ 
dard solution A 
Analysis 

Samples: Standard solution A , Standard solution B , 
Standard solution C, and Sample solution 
Calculate the quantity, in mg, of each flavonol glyto- 
side in the portion of Tablets taken: 

Result = (Wrs) x C 5 x Fx 50 

ru = peak area of the relevant analyte from the 
Sample solution 

rs == peak area of the relevant analyte from 

Standard solution A, Standard solution B f or 
Standard solution C 

Cs = concentration of the refevant analyte in 

Standard solution A, Standard solution B, or 
Standard solution 0 (mg/mL) 

F - mean molecular mass factor to convert each 
analyte into fiavonol glycosrde with a mean 
molecular mass of 756,7: 2.504 for 
quercetin f 2.437 for isorhamnetin, and 2.588 
for kaempferol 

Calculate the total quantity, in mg, of flavonol 
glycosides in the portion of Tablets taken by adding 
the individual quantities calcuiated, Calculate the total 
auantity, In mg, of flavonol glycosides per Tablet and 
the percentage of flavonol glycosides in the labeied 
amount of Powdered Ginkgo Extract. 

Acceptance criteria: 22.0%-27,0% of flavonol 
glycosides 
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* CONTENT OF TERPENE LACTONES 

Solvent: Methanol and water (9:1) 

Buffer solution: Dissolve 1,19 g of dibasic sodium 
phosphate and 8.25 g of monooaslc potassium phos- 
phate in 1000 mL of water, and adjust to a pH of 5.8. 
Diluent: Methanol and water (1:1) 

Solution A: Water 
Solution B: Methanol 
Mobile phase: See Tobie h 


Takie 1 


Time 

(min) 

Solution A 
{%> 

Solution B 

(%) 

0 

75 

25 

23 

52 

48 

28 

52 

48 

30 

25 

75 

35 

10 

90 

40 

75 

25 

50 

75 

25 


Standard Solutions: Ustng the labeled content of the 
individual terpene lactones, prepare five Solutions of the 
USP Ginkgo Terpene Lactones RS in Diluent within the 
rangę of 5-500 pg/mL for each of the re!evant terpene 
lactones. Use sonication to dissoive the anafytes if nec- 
essary. Pass through a fllter of 0.45-pm or flner porę 
size. 

Sample solution: Weigh and finely powder NLT 20 
Tablets. Transfer an accurately weighed quantity of the 
powder, equivalent to about 120 mg of Powdered 
Ginkgo Extract, to a 3CMnL glass centrifuge tubę with a 
cap and PTFE gasket. Add 10.0 mL of 5o!vent f seal the 
tubę, and mrx weJI on a vortex mixer, Heat in a water 
bath at 90° for 30 min. Mix the hot suspenston on a 
vortex mixer, and repeat the heating at 90 c for 30 min. 
Cool, centrifuge, transfer the supernatant to a fiask, and 
return the residue to the glass tubę. Repeat the extrac- 
tion two morę times, each tirne using 10.0 mL of Sab 
vent Combine the extracts, allow them to cool to room 
temperaturę, and evaporate to dryness under vacuum 
in a water bath maintained at 50 . Add 10 mL of Buffer 
solution to the residue, and sonicate for 5 min, Quan- 
titatively transfer the solution to a glass chromato- 
graphlc tubę filled with chromatographic sillceous earth 
capable of holding 20 mL of aqueous phase. 1 Rinse the 
beaker with two 5-mL portions of Buffer solution , and 
transfer the washings to the column. [Notę—D o not 
exceed 20 mL of total aqueous phase or the holding 
capacity of the chromatographic tubę.] Allow the Buffer 
solution to be absorbed into the column. After 15 min, 
elute the column with 100 mL of ethyl acetate, collect 
the ethyl acetate solution, and evaporate to diyness 
under vacuum in a water bath maintained at 50°. Dis- 
solve the residue in 20.0 mL of Diluent . 
Chromatographic system 
(See Chromatograpny (621), System Suitability .) 

Modę: LC 

Detector: Evaporative light-scattering. [NOTĘ—The pa- 
rameters of the detector are adjusted to achieve the 
best signal-to-noise ratio, according to manufacturer 
recom menda tions.] 

Column: 4.6-mm x 25-cm; packing LI 
Column temperaturę: 25 ± 1 0 
Flow ratę: 1 mL/min 
Injection volume: 15 
System suitability 
Samples: Standard Solutions 
Suitability requirements 

Chromatogram simrlarity: The chromatograms from 
the Standard Solutions are similar to the reference 

1 Suitable cammercialfy avaJ!ab!e materia! fs Extrelut® NT 20 from E Merck 

Science. 


chromatogram provided with the lot of USP Ginkgo 
Terpene Lactones RS being used. 

Relath/e standard devfation: NMT 2.0% determined 
from Lhe bilobalide peak in repeated injections 
Correfation coefficient: NLT 0.995 for the regres- 
sion linę as determined in Analysis 
Analysis 

Samples: Standard Solutions and Sample solution 
Record the chromatograms, and identify the peaks of 
the reievanl analytes in the chromatogram of the Stan¬ 
dard Solutions by comparison with the reference chro¬ 
matogram of the USP Ginkgo Terpene Lactones RS lot 
being used. Measure the areas of the analyte peaks. 
Plot the Iogarithms of the relevant peak responses ver- 
sus the Iogarithms of concentrations, in mg/mL, of 
each analyte of the Standard Solutions , andeletermine 
the regression linę using a least-squares analysis, 

From the graphs, determine the concentration, C, in 
mg/mL, of tne relevant analyte in the Sample solution . 
Separately calculate the guantities, in mg, of bilobalide 
(CisHjbOb), ginkgolide A (C 20 H 24 O 9 ), ginkgolide B 
(CąoHwOio), and ginkgolide C {C 20 H 24 OH) in the por- 
tion of Tablets taken: 

Result = C x 20 

C - concentration of the refevant analyte in the 
Sample solution (mg/mL) 

Calculate the total guantity of terpene lactones in the 
portion of Tablets taken by adding the guantities 
calcufated for each analyte. Calculate the total 
guantity, in mg, of terpene lactones per Tablet and the 
percentage of terpene lactones in the fabeled amount 
of Powdered Ginkgo Extract 
Acceptance criteria: 5.4%-12,0% of terpene lactones, 
consisting of bilobalide, ginkgolide A, ginkgolide B, and 
ginkgolide C 

PERFORMANCE TESTS 

* DisiNTECRATiON and DlSSOLUTION (2040): Meet the re¬ 

pu irements for Dissolution 

Medium: 0,1 N hydrochloric add; 500 mL 

Apparatus 2: 75 rpm 

Time: 45 min 

Standard Solutions: Proceed as directed in the test for 
Content of Terpene Lactones . 

Sample solution: Combine 25-mL portions of the solu- 
tion under test from each of the six dissolution ve$se!s 
in a separation funnel. Extract with four 50-mL portions 
of ethyl acetate, Combine the extracts, and evaporate 
in vacuum to dryness, Dissolve the residue with sontca- 
tion in 5,0 mL or a mixture of water and methanol 
( 1 : 1 ). 

Analysis: Proceed as directed in the test for Content of 
Terpene Lactones to determine the concentration, C, in 
mg/mL, of ginkgolide B in the Sample solution . 

Calculate the percentage of ginkgolide B dissolved: 

Result = 5000C/3G 

C - concentration of ginkgolide B in the Sample 
solution (mg/mL) 

C = content of ginkgolide B as determined In the 
test for Content of Terpene Lactones 
(mg/Tablet) 

Tolerances: NLT 75% of the content of ginkgolide B is 
dissolved. 

* WeCHT VAtUATION OF DfETARY SUPPLEMENTS (2091): 

Meet the rcquirement$ 

CONTAMINANTS 

* Microbial Enumeration Tests (2021): The total aerobic 

microbial count does not exceed 10 ^ cfu/g, and the total 
combrned molds and yeasts count does not exceed KP 
cfu/g. 
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* ABSENtE QF SPECIFIED EUIlCROORGANisMS (2022): Me et the 

requirements of the tests for absence of Salmonella spe- 
cies and Escftęrichia coli 

ADDBTEONAL REQUIREMENTS 

e Packacinc AND Storage: Preserve in tight, light-resistant 
containers, and storę at room temperaturę. 

» Labeling: The label States the Latin binomial and, follow- 
ing the officia! na me, the articte used to prepare the Tab¬ 
letu Label the Tablets to indicate the content, in mg, of 
Powdered Grnkgo Extract per Tablet. 

* USP REFERENCE STANDARDS (11) 

USP Ginkgo Terpene Lactones RS 
USP Isorhamnetin RS 
USP Kaempferol RS 
USP Quercetin RS 


Ginseng, American— see American Cinseng 


Ginseng, Asian— see Asian Cinseng 


Ginseng, Sibenan— see Eleuthero 


Ginseng, Tienchi— see Tienchi Ginseng Root 
and Rhizome 


Glucosamine and Chondroitin Sulfate 
Sodiwm Tablets 


DEFINITION 

Glucosamine and Chondroitin Sulfate Sodium Tablets are 
prepared from either Glucosamine Hydrothloride, Gluco¬ 
samine Sulfate Sodium Chloride, Glucosamine Sulfate Po- 
tassium Chloride, or a mtxture of any of them, with 
Chondroitin Sulfate Sodium. Tablets eon tai n NIT 90.0% 
and NMT 120.0% of the labeled amounts of chondroitin 
sulfate sodium and glucosamine (CaHoNOs), 

[Notę —Chondroitin Sulfate Sodium is extremely hygro- 
scopic once dried, Avoid exposure to atmosphere, and 
weigb promptlyj 

IDENTIFICATION 

* A. The retention time of the major peaks of the Sample 
solution correspond to those of the Standard solu don, as 
obtained in the test for Content of Glucosamine. 

° B. Electrophoresis 

Barium acetate buffer: Dissolve 25.24 g of barium ace¬ 
tale in 900 mL of water. Adjust with acetic acid to a pH 
of 5.0, and dilute with water to 1000 ml. 

Staining reagent: 0,1% (w/v) toluidine blue in 0.1 M 
acetic acid 

Standard solution: Use the Standard solution of middle 
concentratlon from the test for Content of Chondroitin 
Sulfate Sodium. 

Sample solution: Prepare as directed in the test for 
Content of Chondroitin Sulfate Sodium . 

Analysis: Fili the chambers of an electrophoresls appa- 
ratus suitable for separations on cellulose acetate mem¬ 
bran es 1 (a smali submarine gel chamber or one dedi- 

1 Suitable cellulose acetate membran es for electrophoresis are avai labie from 

Huka Chemical Corp, r Milwaukee, Wl; and DiaSys Corp., Waterbury, CT 

(www. d Easys .tom). 


cated to membranę media) with Barium acetate buffer. 
Soak a cellulose acetate membranę 5-6 cm x 12-14 cm 
in Barium acetate buffer for 10 min, or until evenly wet- 
ted, then biot dry between two sheets of adsorbent pa- 
per. Using an applicafor 2 suitable for etectrophoresis, 
apply equal volumes (0.5 pL) of the Sample solution and 
Standard solution to the brighter slde of the membranę 
held in position in an appropriate appiicator stand or 
on a separating bridge in the chamber. Ensure that 
bath ends of the membranę are dipped at least 
0,5-1.0 cm deep into the buffer chambers. Apply a 
constant 60 V (6 mA at the start) for 2 h. [Notę—P er- 
form the application of Solutions and voltage within 5 
min because further drying of the blotted paper 
red u ces sensitivity,j 

Place the membranę in a plastic staining tray, and with 
the application side down, float or gently tmmerse in 
Staining reagent for 5 min. Then stir the solution gen¬ 
tly for 1 min. Remove the membranę, and destain in 
5% acetic acid until the background clears. 
Acceptance criteria: The principal spot of the Sample 
solution has the same migration as the principal spot of 
the Standard solution. 

[NOTĘ—Document the results by taking a picture within 
15 min of completion of destaining.] 

STRENGTH 

* Content of Glucosamine 

Diluent: Transfer 29 pL of acetic acid and 5 mL of ace- 
tomtrile to a 100-rnL yoiumetric fiask containing 50 mL 
of water. Dilute with water to volume, 

Borate buffer: 0.2 M (763 g/L of sodium borate in 
water) adjusted with hydrochloric acid TS to a pH of 
9.5 

Acetate buffer: 6.80 g/L of sodium acetate trihydrate in 
water adjusted with dilute acetic acid to a pH of 5.9 
Derivatizing reagent: In a 14-mL polypropylene cul- 
ture tubę, dissotye 50 mg of c-phthalaldehyde in 
1.25 mL of anhydrous methanol. Add 50 pL of 3-mer- 
captopropionic add and 11.2 mL of Borate buffer , and 
mlx gently, Allow to stand in the dark for 30 min 
before use. [Notę —Reagent strength is maintained by 
adding lOpL of 3-mercaptopropionic acid every 2 days. 
Sto ragę should be in the dark at room temperaturę, 
and can be used for NMT 2 weeks.J 
Mobile phase: Methano! and Acetate buffer (1 ;9) 
Standard solution: 1.0 mg/mL of USP Glucosamine Hy- 
drochloride RS in water. Allow to stand at room tem¬ 
peraturę for 1 h. 

Sample solution: Transfer an equlvalent to 25 mg of 
glucosamine, from finely powdered Tablets (NLT 20), to 
a 25-ml yolumetric fiask. Dilute with Oiiuent to votume. 
Mix on a vortex mixer to suspend the powder in solu- 
tion. Sonicafe in a 65° water bath for 20 min, Remove 
from the bath, stir for 5 min with the aid of a magnetic 
stirrer, and centrifuge. 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 340 nm 
Column: 3.0-mm x 5-cm; packing LI 
Flow ratę: 1 mL/min 
injectron size: 10 pL 
System suitability 

Sampies: Five individua[ aliguots of the Standard solu¬ 
tion derivatized as directed in the Analysis. Each deriva- 
tized aliquot is injected only once. 

[Notę —The relative retention times for the /1-anomer 
and the o.-anomer are 1.0 and 1.8, respectrvely, The 
retention tirne for the /J-anomer is NLT 4 min.] 
Suitability requirements 

Relatiye standard deviatron: NMT 2,0% from five 
replicate injectlons 


- Suitable applicators are avarlable from DiaSys Corp,, Waterbury, CT (www, 
dtasys.com) and Helena Laboratories, Beaumont, TX (www,hel ena.com). 
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Analysls 

Samples: Standard sofution and Sample solution 
Transfer 100 jiL of the Derivatizing reagent and 100 uL 
of the Standard solution or Sample solution to a viaf 
containing 400 of Borate barter. Allow the deriva- 
tization to proceed for 1 mm* Inject the denvatfzed 
Solutions immediately after the derjvatization reactron. 
Calculate the percentage of the labeled amount of glu- 
cosamine (C*H,jN 0 5 ) rn the portion of Tabfets taken; 

Result = CWn) x (Cs Ku) x (MrrfM r2 ) x 100 

fu - peak response of the /3-anomer from the 
derivatized Sample solution 
rs - peak response of the 5-anomer from the 
derivattzed Standard solution 
Q = concentration of USP Glucosamine 

Hydrochloride RS in the Standard solution 
(mg/mL) 

Cu - nominał concentration of glucosamine in the 
Sample solution (mg/mL) 

Hi = molecular weight of glucosamine, 179.17 
Mri - molecular weight of glucosamine 
hydrochloride, 215.63 
Acceptance criteria: 90*0%-120.0% 

* CONTENT OF CHONDROITIN SULFATE SODIUM 

Diluent: Weigh about 297 mg of monobasic potassium 
phosphate, 492 mg of dibasic potassium phosphate, 
and 250 mg of pofysorbate 80, and transfer into a 1-L 
beaker. Dtssolve in approximately 900 mL of water, and 
adjust with potassium hydroxide or phosphorrc acid to 
a pH of 7*0 ± 0.2. Dilute with water to TL, and mix 
thoroughly* 

Standard Solutions: 1.5, 1.0, and 0.5 mg/mL of USP 
Chondroitin Suffate Sodium RS in water 
Sample solution: Transfer an equivalent to 100 mg of 
chondroitin sulfate sodium, from finety powdered Tab- 
lets (NLT 20), to 60 mL of water. Shake to suspend the 
powder in solution* Sonicate m a 65° water bath for 20 
min. Remove from the bath, and stir or shake for 5 
min. Dilute with water to 100 mL, and centrifuge or 
pass through a suitable filier* 

Titrimetric system 
(See Titrimetry (541).) 

Modę: Photometric titration 

Titrant: 1 mg/mL of cetyipyridinium chloride in water. 
Degas before use, 

Endpoint detection: Turbidimetric with a photo¬ 
electric probe 

Analysis 

Samples: Standard Solutions and Sample solution 
Transfer 5.0 mL of each Standard sofution and the Som- 
ple solution to sępa ratę titration vessels* Add 25 mL of 
Diluent to each. Stir untfl a steady reading is obtained 
with a photoelectric probe either at 420, 550, or 660 
nm. Set the instrument to zero in absorbance modę. 
Utratę with Titrant using the photoelectric probe to 
determine the endpoint turbidimetrically. From a lin- 
ear regression equation calculated using the voiumes 
of 77tronf consumed versus concentrations of the 
Standard Solutions , determine the concentration of 
chondroitin sulfate sodium in the Sample solution. 
Calculate the percentage of the labded amount of 
chondroitin suffate sodium in the portion of Tablets 
taken: 

Result = (C/Cu) x 100 

C = determined concentration of chondroitin 
sulfate sodium in the Sample solution 
(mg/mL) 

C u - nominał concentration of chondroitin sulfate 
sodium in the Sample solution (mg/mL) 


Acceptance criteria: 90.G%-120*0% 

PERFORMANCE TESTS 

* DiSINTEGRATtON ANO DtSSOLUTION OF DlETARY SiJPPLEMENTS 

(2040): Meet the requirements for Dissolution 
Medium: Water; 900 mL 
Apparatus 2: 75 rpm 
Time: 60 min 

Determine the percentage of the labeled amount of glu¬ 
cosamine (CńHuNOs) dissolved by using the following 
method* 

Standard solution: Prepare as directed in the test for 
Content of Glucosamine. Dilute with a suitable quantity 
of water, rf necessary. 

Sample solution: Use the solution under test. 

Borate buffer, Acetate buffer, Derivatizing reagent, 
Mobile phase, and Chromatographk system: Pro¬ 
ceed as directed in the test for Content of Glucosamine * 
Analysis: Proceed as directed in the test for Content of 
Glucosamine * 

Calculate the percentage of the labeled amount of glu¬ 
cosamine (CcHuNOi) dissolved: 

Result = (ru/rj) x ( C s x VfL) x (H 7 /H 2 ) x 100 

ru = peak area from the derivatized Sample sofution 

r$ = peak area from the derivatized Standard 

solution 

Ci = concentration of USP Glucosamine 

Hydrochloride RS in the Standard sofution 
(mg/mL) 

V = volume of Medium , 900 ml 

i = label claim of glucosamine (mg/Tablet) 

M rt ~ molecular weight of glucosamine, 179.17 
Ma = molecular weight of glucosamine 
hydrochloride, 215*63 

Tolerances: NLT 75% of the labeled amount of gluco¬ 
samine (CćHtiNOi) is dissolved. 

Determine the percentage of the labeled amount of 
chondroitin sulfate sodium disso!ved by using the fol- 
lowing method* 

Standard Solutions, Titrant, and Diluent: Proceed as 
directed in the test for Content of Chondroitin Sulfate 
Sodium. 

Sample solution: Use the solution under test 
Analysis: Proceed as directed in the test for Content of 
Chondroitin Suffate Sodium. 

Calculate the percentage of the labeled amount of 
chondroitin sulfate sodium dissolved: 

Result = (Cx VIL) x 100 

C = determined concentration of chondroitin 
sulfate sodium in the Sample solution 
(mg/mL) 

V - voiume of Medium , 900 mL 

L = label claim of chondroitin sulfate sodium 
(mg/Tablet) 

Tolerances: NLT 75% of the labeled amount of chon¬ 
droitin sulfate sodium is dissolved. 

* Weight Variation of Dietary Supplemehts (2091): Meet 

the requirements 

ADD1TIONAL REQUIREMENTS 

* PACKACING and Storage: Preserve in tight, light-resistant 
containers. 

* Labeiing: The label indicates the types of glucosamine 
salts contained in the article and tne spedes source from 
which the chondroitin was derived. Label it to State the 
source(s) of chondroitin suifate sodium, whether bovine, 
porcine, avian, or a nmxture of any of them. The label 
States on the front panel the content of chondroitin sui¬ 
fate sodium on the dried basis. 
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O USP REFERENCE 5TANDARD5 (11) 

USP Chondroitin Sulfate Sodium RS 
USP Glucosamine Hydrochloride RS 


Glucosamine Hydrochloride 



C 6 H 13 NO s ■ HCI 215,63 

D-Glucose, 2-amino-2-deoxy-, hydrochloride: 
2-AminQ-2-deoxy-/3-D-glucopyranose hydrochionde 
[66-84-2]. 

DEFINITION 

Gtucosamine Hydrochloride contains NLT 98.0% and NMT 
102.0% of glucosamine hydrochloride (C 6 H 13 N0 5 - HO), 
calculated on the dried basis, 

IDENTIFICATION 

* A. INFRARED ABSORPTION (197K) 

o B, Identification Tests—General, Chloride <191): Meets 
the reguirements 

• C The retention time of the glucosamine peak of the 

Sample solution corresponds to that of the Standard solu¬ 
tion , as obtalned in the Asscry, 

ASSAY 
« Procedurę 

Buffer: En a 1-L volumetnc fiask, dissoive 3.5 g of diba- 
slc potassium phosphate En water. Add 0.25 ml of am¬ 
en on ium hydroxide, dilute with water to volume, and 
mix, Adjust with phosphoric add to a pH of 7.5, 

Mobile phase: Acetonitrile and Buffer (75:25) 

Diluent: Acetonitrile and water (50:50) 

Standard solution: 3,8 mg/mL of USP Glucosamine Hy¬ 
drochioride RS in Diluent 

Sample solution: 3,8 mg/mL of Glucosamine Hydro¬ 
chloride in Diluent . [Notę—S hake by mechanical means 
to aid dissolution.] 

Chromatographic system 
(See Chromatography (621), System Suita bil i ty.) 

Modę: LC 

Detector: UV 195 nm 

Column: 4,ó-mm x 15-cm; 5-pm packing L8 
Column temperaturę: 35° 

Flow ratę: 1.5 mL/min 
fnjection size: 10 pL 
System suita bility 
Sample: Standard solution 

[NOTĘ;—The peak for the glucosamine moiety elutes at 
about 10 min. The chromatogram shows a large addL 
tional peak near the void volume, due to the chloride 
ion.] 

Suitability requirements 

TaTIing factor: NMT 2.0 for the glucosamine peak 
Efficiency: NLT 1500 theoretical plates 
Reiative standard deviatlon: NMT 2.0% 

Anaiysis 

Samples: Standard solution and Sample solution 
Calcufate the percentage of glucosamine hydrochloride 
(CóHtjNOs ■ HCI) in the portion of Glucosamine Hydro¬ 
chloride taken: 

Result = (r^/fs) x (Q/G) x 100 

r u - peak response from the Sample solution - 

rs = peak response from the Standard solution 


C s - concentration of USP Glucosamine 

Hydrochloride RS in the Standard solution 
(mg/mL) 

Cu - concentration of Glucosamine Hydrochloride 
in the Sample solution (mg/mL) 

Acceptance criteria: 98.0%-lO2.Q% on the drted basis 

IMPUBITIES 

* RE5IDUE ON IGNITION (281); NMT 0.1% 

* Chloride and Sulfate, Sulfate (221): A 0.10-g portion 

shows no morę sulfate than corresponds to 0.25 mL of 
0,020 N sulfunc acid (NMT 0.24%), 

» Arsenic, Method U (211): NMT 3 ppm 


Detete the following: 

V Heaw Metals, Method II (231): NMT 10 ppm# {omn n 

SPECIFIC TESTS 

« OPTICAL ROTATION, Specific Rotatlon (781S): +70.0° to 
+73.0° 

Sample solution: 25 mg/mL. Measure the specific rota- 
tion 3 h after preparation. 

» PH (791) 

Sample solution: 20 mg/mL 
Acceptance criteria: 3.0-5.0 

• Loss ON Drying (731): Dry a sample at 105° for 2 h: it 

loses NMT 1,0% of its weight. 

ADDITIGNAL REQUUREMENT5 

• Packaging and Storage: Preserve in tight, light-resistant 

containers, 

• USP Reference Standards (11) 

USP Glucosamine Hydrochloride RS 


Glucosamine Tablets 


DEFINITION 

Glucosamine Tablets are prepared from Glucosamine Hydro- 
chloride, Glucosamine Sulfate Sodium Chloride, Clucosa- 
minę Sulfate Potassium Chloride, or a mixture of any of 
them. Tablets contaln NLT 90.0% and NMT 110.0% of 
the Jabeled amount of glucosamine (CeHnNOs). 

IDENTIFICATION 

o A. The retention time of the major peak of the Sample 
solution corresponds to that of the Standard solution , as 
obtained in the test for Content of Glucosamine. 

* B. Identification Tests—General, Chloride ( 191): Meets 
the requlrements 

* C. Identification Tests—General, Su/fate{191): Meets 

the requirements. [Notę— Only for Tablets labeled as con- 
taining glucosamine sodium sulfate or glucosamine po¬ 
tassium sulfate] 

STRENGTH 

o Content of Glucosamine 

Buffer: In a 1~L volumetric fiask dissolve 3.5 g of dibasic 
potassium phosphate in water. Add 0.25 mL of ammo- 
nium hydroxide / dilute with water to vo3ume, and mix, 
Adjust with phosphoric acid to a pH of 7.5. 

Mobile phase: Acetonitrile and Buffer (75: 25) 

Diluent: Acetonitrile and water (50:50) 

Standard solution: 3.75 mg/mL of USP GEucosamine 
Hydrochloride RS in Diluent 
Sample solution: Weigh and ffnely powder NLT 20 
Tablets, Transfer an accurately weigned portion of the 
finely powdered materiał, equivalent to about 312 mg 
of glucosamine, to a 100-mL yolumetric fiask. Add 
60 mL of Diluent, and sonicate for 10 min, Shake by 
mechanical means for 15 min, Dilute with Diluent to 
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yolume, and mix. Pass a portion of this solution 
through a membranę filter of 0.45-pm or fi ner porę 
size. 

Chromatographic system 

(See Chromotography (621), System Suitability.) 

Modę: LC 

Detector: UV 195 nm 

Column: 4.6-mm x 15-cm; 5-pm packing 18 
Cofumn temperaturę: 35 c 
Flow ratę: 1.5 mL/mln 
Injection size: 10 pL 

[Notę—T he peak for glucosamine moiety eiutes at 
about 10 min, The cnromatogram shows a iarge addi- 
tiona! peak near the void volume, due to the cnionde 
ionj 

System suitability 
Sample: Standard solution 
Suitability reguirements 

Tailing factor: NMT 2.0 for the glucosamine peak 
Column efficiency: NLT 1500 theoretical plates 
Relative standarcf deviatron: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of glu¬ 
cosamine (CćHrjNOs) in the portion of Tabfets taken: 

Result = (rtjrs) x (Q/Cy) x (Mn/Ma) x 100 

ru - peak response of glucosamine from the 
Sample solution 

r% - peak response of glucosamine from the 
Standard solution 

Cs " concentration of USP Glucosamine 

Hydrochloride RS jn the Standard solution 
(mg/mL) 

Cu = nominał concentration of glucosamine in the 
Sample solution (mg/mL) 

Mri - molecular weight of glucosamine, 179.17 
Mri - molecular weight of glucosamine 
hydrochloride, 215,63 
Acceptance criteria: 90.0%^110.0% 

PERFORMANCE TESTS 

• DlSINTEGRATJON AND DlSSOLimON 0F DIETARY SUPPLEMENTS 

(2040): Meet the reauirements for Dissolution 
Medium: Water; 900 ml 
Apparatus 2: 75 rpm 
Time: 60 min 

Standard solution: DI$solve a suitable amount of USP 
Glucosamine Hydrochloride RS in water to obtain a 
concentration similar to that expeoted in the Sample 
solution. 

Sample solution: Filtered portion of the solution under 
test 

Buffer; MIx 1,0 mL of phosphoric acid with 2 L of 
water, and adjust with potassium hydroxide to a pH of 
3.0. 

Mobile phase: Acetonitrife and Buffer (2:3) 
Chromatographic system 
(See Chromotography (621), System Suitability.) 


Modę: LC 

Detector: UV 195 nm 
Column: 4.6-mm x 25-cm; packing L7 
Flow ratę: 0.6 ml/min 
Injection size: ™ pl- 
Sy stem suitability 
Sample: Standard solution 
Suitability reguirements 

Talling ractor: NMT 2.0 for the glucosamine peak 
Relatrve standard deviation: NMT 2.0% 

Analysis 

Sampies: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of glu¬ 
cosamine (C e H T iN0 5 ) disso!ved: 

Result = (Wr r ) x (C s x V/L) x x 100 

r u - peak area from the Sample solution 

rs = peak area from the Standard solution 

Cs - concentration of USP Glucosamine 

Hydrochloride RS in the Standard solution 
(mg/mL) 

V = volume of Medium, 900 mL 
L - labeled amount of glucosamine (mg/Tablet) 

Mti - molecular weight ot glucosamine, 179,17 
M f 2 - molecular weight of glucosamine 
hydrochloride, 215.63 

Tolerances: NLT 75% of the labeled amount of gluco¬ 
samine (CńHnNOs) is dissoived. 

■ Weight Variation of Dietary Supplements (2091): Meet 
the reguirements 

ADDITION AL REQUIREEVłENTS 

* Packagjng and Storage: Preserve in tight, iight-resistant 
containers, 

« Labeling: The label indkates the type of glucosamine 
salt contalned In the articfe. 

« USP Reference Standard5 (11) 

USP Glucosamine Hydrochloride RS 


Glucosamine Sulfate Potassium 
Chioride 


(C 6 HhNO s ) 2 SO. • 2KCI 605.52 

Bis(o-gJucose, 2-amino-2-deoxy-) y sulfate potassium chioride 
complex; 

Bis(2-amino-2-deoxy-/?-D-qlucopyranose) sulfate potassium 
ch loride complex (-,-) [1296149-08-0]. 

DEFINITION 

Glucosamine Sulfate Potassium Chioride confains NLT 
98,0% and NMT 102,0% of glucosamine sulfate potas¬ 
sium chioride [(CgHhNO^SO* * * 2KCI], calculated on the 
dried basis. 

IDENTIFICATION 

* A, INFRARED ABSORPTION (197K) 

Sample: Transfer 50 mg of Glucosamine Sulfate Potas¬ 
sium Chioride to a centrifuge tubę, and dissalve in 2 mL 
of water. Add 0,5 mL of barium chioride TS, and centri¬ 
fuge, Collect the supernatant, and evaporate to dry- 
ness, Dry the residue at 105° for 2 h. 

Acceptance criteria: The IR spectrum of the Sample 
matches that of a similar preparation of USP Glucosa¬ 
mine Hydrochloride RS, except that the addition of bar¬ 
ium chforide TS is omitted. 

* B. Identification Tests—General, Chioride (191) and Po- 

tassium (197): Meets the reguirements 

* C, The retention time of the glucosamine peak of the 

Sampfe solution corresponds to that of the Standard solu¬ 
tion , as obtained in the Assay . 


DS Monographs 






onograpns 


7016 Glueosamine / Dietary Supptements 


USP 40 


• D. Sulfate: In the test for Content of Sulfate, after the 
addition of barium chloride TS a wbite precipitate is 
formed. 

AS5AY 
« Procedurę 

Buffer: In a 1-L volumetric fiask, dissolve 3.5 g of dtba- 
sic potassium phosphate in water, add 0.25 mL of an> 
monium hydroxide, difute with water to volume, and 
mix. Adjust with phosphorie acid to a pH of 7*5. 

Mobile phase: Acetonitrile and Buffer (75:25) 

Diluent: Acetonitrife and water (50:50) 

Standard solution; 3.8 mg/mL of USP Glueosamine Hy- 
drochloride RS in Diluent. Shake for 5 min by mechani- 
cal means to completely di$$olve, 

Sample solution: Transfer 263 mg of Glueosamine Sol¬ 
istę Potassium Chlonde to a 50-mL volumetric fiask. 
Dissolve in 30 mL of Diluent, and shake by mechanical 
means* Dii u te with Diluent to volume* 

Chromatographic system 
(5ee Chromotography (621), System Suitabifity.) 

Modę: LC 

Detector: UV 195 nm 

Column: 4.6-mm x 15-cm; 5-pm packing L8 
Column temperaturę: 35° 

Flow ratę: 1 *5 mL/min 
Injection size: lOpL 
System suitability 
Sample: Standard solution 

[Notę—T he peak for the glueosamine moiety elutes at 
about 10 min, The chromatogram shows additional 
peaks near the void volume, due to the counter ions.| 

Suitability reguirements 

Tailing factor: NMT 2,0 for Ehe glueosamine peak 
Efficiency: NLT 1500 theoreticai plates 
Relative standard deviation: NMT 2:0%. 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of glueosamine sulfate potas¬ 
sium chloride [(CoHuNO^SO* - 2KCI] in the portion of 
Glueosamine Sulfate Potassium Chlonde taken: 

Result = (r u frs) x (C s /Q) * x 100 

fu - peak response from the Sample solution 

r$ = peak response from the Standard solution 

C? - coneentration of USP Glueosamine 

Hydrochloride RS in the Standard solution 
(mg/mL) 

Cu ~ coneentration of Glueosamine Sulfate 

Potassium Chloride in the Sample solution 
(mg/mL) 

M„ - molecular weight of glueosamine sulfate 
potassium chloride, 605,52 
Mri = twice the molecular weight of glueosamine 
hydrochloride, 431.26 

Acceptance criteria: 98*0%-! 02.0% on the dried basis 

I OTHER COMPONENTS 
o Content of Sulfate 

Sample: 1 g of Glueosamine Suffate Potassium Chloride 
Analysis: Transfer the Sample to a 250-mL beaker, and 
dissolve in 100 mL of water, Add 4 mL of 6 N hydro- 
chloric acid. Heat the solution to boiling, and add, with 
constant stirring, suffident boiling barium chloride TS 
to completely precipitate the sulfate. Add an additional 
2 mL of barium chloride TS, and digest on a steam bath 
for 1 h. Pass the mixture through ashless fifter paper. 
Transfer the residue quantitatively to a new filter, and 
wash the residue with hot water until no precipitate is 
obtained when 1 mL of silver nitra te TS is added to 
5 mL of washing* Transfer the paper containing the resi¬ 
due to a ta red trudble. Char the paper, with out burn- 
ing, and ignite the crucible and its contents to constant 


weight. Calculate the content of sulfate by multiplying 
the weight obtained by 0*4116. 

Acceptance criteria: 15.5%-16.5% 

IMPURITIES 

• RESIDUE ON Icnition (281): 26.5%—31,0% 

• Sodium: A solution (1 in 10), tested on a platinum wire, 
does not impart a pronounced yellow color to a 
nonluminous flame. 

■ Arsenic, Method II (211): NMT 3 pg/g 

Delete the following: 

Heaw Metals, Method II (231): NMT 10 ppm* 

faiv2018} 

SPECIFIC TEST5 

■ Optical Rotation, Specific Rotation (7815) 

Sample solution: 35 mg/mL. Measure the specific rota¬ 
tion 3 h after preparation. 

Acceptance criteria: +47.0° to +53.0° 

• FH (791) 

Sample solution: 20 mg/mL 
Acceptance criteria: 3.0-5.0 

* Loss on DRYfNG (731): Dry a sample at 105° for 2 h: tf 

loses NMT 1.0% of its weight, 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight, light-resistant 
containers. 

* USP Reference Standard* (11) 

USP Glueosamine Hydrochloride RS 


Glueosamine Sulfate Sodium Chloride 

(C 4 HhNOs) 2 SO < - 2NaCI 573.31 

Bis(D-glucose, 2-amino-2~deoxy-), sulfate sodium chloride 
COmplex; 

Bis(2-ainino-2-deoxy-/J-0-qlucopyrano5e) sulfate sodium 
chloride complex (-,-) [1296149-1 3-7], 

DERNmON 

Glueosamine Sulfate Sodium Chloride contains NLT 98.0% 
and NMT 102.0% of glueosamine sulfate sodium chloride 
KCfiHi 4 NO s ) 2 SCb - 2NaCI], calcu la ted on the dried basis, 

IDENTIFICATION 

* A. Infrared Absorptjon (197K) 

Sample: Transfer 50 mg of Glueosamine Sulfate Sodium 
Chloride to a centrifuge tubę, and dissolve in 2 mL of 
water Add 0.5 mL of barium chloride TS, and centri¬ 
fuge. Colleet the supernatant, and evaporate to dry- 
ness. Dry the residue at 105° for 2 h. 

Acceptance criteria: The IR spectrum of the Sample 
matches that of a simifar preparation of USP Glueosa¬ 
mine Hydrochloride RS, except that the addition of bar¬ 
ium chloride TS Is omitted. 

* B. Identification Tests—General, Chloride (191) and So¬ 

dium (1^1): Meets the reguirements 

9 C The retentEon time of the glueosamine peak of the 
Sample solution corresponds to that of the Standard solu¬ 
tion r as obtained in the Assay, 

* D. Sulfate: In the test for Content of Sulfate, after the 
addition of barium chloride TS a white precipitate is 
formed. 

AS5AY 

* Procedurę 

Buffer: In a T-L volumetric fiask, dissolve 3.5 g of diba- 
sic potassium phosphate in water, add 0.25 mL of am- 
monium hydroxide, di lute with water to volume, and 
mix. Adjust wilh phosphorie add to a pH of 7*5. 
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Mobile phase: Aceton i tri le and Buffer (75:25) 

Diluent: Aeetonitrile and water (50:50) 

Standard solution: 3.8 mg/mL of USP Glucosamine Hy- 
drochloride RS in Diluent. Shake for 5 min by mechanik 
cal means to compfetely dissolve, 

Sampie solution: Transfer 250 mg of Glucosamine Sul¬ 
fate Sodium Chloride to a 50-mL volumetric fiask. Dis- 
solve in 30 ml of Diluent, and shake by mechanical 
means. Dii u te with Diluent to volume. 
thromatographk system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 195 nm 

Column: 4,6-mm x 15-cm; 5-pm packfng L8 
Cofumn temperaturę: 35° 

Flow ratę: 1.5 mL/min 
Injeotion size: 10 pL 
System suitability 
Sampie: Standard solution 

[Notę —The peak for the glucosamine motety elutes at 
about 10 min. The chromatogram shows additionaf 
peaks near the void volume, oue to the counter ions.] 
Suitability requirements 

Tailing factor: NMT 2.0 for the glucosamine peak 
Effkiency: NLT 1500 theoretical plates 
Relative standard deviation: NMT 2.0%. 

Analysis 

Samples: Standard solution and Sampie solution 
Calculate the percentage of glucosamine sulfate sodium 
chloride [(CsH^NO^SO^ * *2NaCI] in the portion of 
Glucosamine Sulfate Sodium Chloride taken: 

Result = {fu!r%) x (C s /Cu) x x 100 

r u = peak response from the Sampie solution 

r$ = peak response from the Standard solution 

Cs - concentration of USP Glucosamine 

Hydrochlortde RS in the Standard solution 
(mg/mL) 

C v - concentration of Glucosamine Sulfate Sodium 
Chloride in the Sampie solution (mg/mL) 

~ molecular weight of glucosannme sulfate 
sodium chloride, 573.31 

Mr 2 = twice the molecular weight of glucosamine 
hydrochloride, 431.26 

Acceptance criteria: 98,0%-102.G% on the dried basrs 

OT HER COMPONENTS 

* Content of Sulfate 

Sampie: 1 g of Glucosamine Sulfate Sodium Chloride 
Analysis: Transfer the Sampie to a 250-mL beaker, and 
dissofve in 100 mL of water. Add 4 mL of 6 N hydro- 
chlork add. Heat the solution to boiling, and add, with 
constant stirring, sufficient boiling barium chloride TS 
to completely precipitate the sulfate. Add an additional 
2 mL ot barium chloride TS, and digest on a steam bath 
for 1 h. Pass the mixture through ashiess filter paper. 
Transfer the residue quantkatively to a new filter, and 
wash the residue with hot water until no precipitate is 
obtained when 1 mL of silver nitrate TS is added to 
5 ml of washing. Transfer the paper containing the resi¬ 
due Lo a tared crucible. Char the paper, without bum- 
Ing, and jgnite the crucible and its contents to constant 
weight, Calculate the content of sulfate by multiplying 
the weight obtained by 0.4116. 

Acceptance criteria: 1ć.3%-1 7.3% 

IMPURITIES 

* Residue on Ignition (28T): 22.5%-26.0% 

* Arsenic, Method U (211): NMT 3 pg/g 

* POTASSIUM 

Analysis: Acidify 5 mL of a solution (I in 20) with 6 N 
acetk acid, and add 5 drops of sodium cobaftinitrite TS. 


Acceptance criteria: No precipitate is formed. 

Delete the following: 

*• Heaw Metals, Method II (231): NMT 10 ppm* 

jflrv201BJ 

SPECIFIC TESTS 

• Optical Rotation, Specific Rotation (781S) 

Sampie solution: 35 mg/mL. Measure the specific rota¬ 
tion 3 h after preparation. 

Acceptance criteria: +50.0° to +55.0° 

• PH (791) 

Sampie solution: 20 mg/mL 
Acceptance criteria: 3.0-5.0 

• Loss on Drying (73T); Dry a sampie at 105° for 2 h: it 
loses NMT 1.0% of its weight, 

ADDITIONAL REQUIREMENTS 

• PACKAG1NG AND Storage: Preserve in tlght, light-resistant 
containers. 

• USP Reference Standards (11) 

USP Glucosamine Hydrochlortde RS 


Glucosamine and 
Methylsulfonylmethane Tablets 

DEFINITION 

Glucosamine and Methylsulfonylmethane Tablets are pre- 
pared from either Glucosamine Hydrochlortde, Glucosa¬ 
mine Sulfate Sodium Chloride, Glucosamine Sulfate Potas- 
sium Chloride, or a rmxture of any of them, with 
Methylsulfonylmethane. Tablets contain NLT 90.0% and 
NMT 120.0% of the labeled amount of glucosamine 
(CćHuNOs) and NLT 90.0% and NMT 110.0% of the ta- 
beled amount of methylsulfonylmethane (CzHet^S), 

IDENTIFICATION 

* A. Presence of Glucosamine: The retentron times of the 
major peaks of the Sampie solution correspond to those 
of the Standard solution, as obtained in the Content of 
Glucosamine. 

* B. Presence of Methylsulfonylmethane: The retention 

time of the major peak of the Sampie solution corre¬ 
spond s to that of the Standard solution , as obtained in 
the Content of Methylsulfonylmethane . 

STRENGTH 

* Content of Glucosamine 

Diluent: Transfer 29 |jlL of acetk acid and 5 mL of ace¬ 
tonitrile to a 100-mL volumetric fiask containing 50 mL 
of water, and di lute with water to volume. 

Borate buffer: 0.2 M (76.3 g/L of sodium borate in 
water) adjusted with hydrocnloric acid TS to a pH of 
9.5. [Notę —Buffer must be stored at room tempera¬ 
turę. It must be warmed to dissoNe if crystallization 
occurs,] 

Acetate buffer: 6.80 g/L of sodium acetale trihydrate in 
water adjusted with dli ule acetk acid to a pH of 5.9 
Derivatmng reagent: In a 14-mL polypropylene cul- 
ture tubę dissolve 50 mg of o-phthalafdehyde in 
1.25 mL of anhydrous methanol. Add 50 uL of 3-mer- 
captopropionie acid and 11.2 mL of Borate buffer r and 
mix gently. Ailow to stand in the dark for 30 min 
before use. [Notę —Reagent strength is maintained by 
adding 10 pL of 3-mercaptopropionk acid every 2 days. 
Storage should be in the dark, at room temperaturę, 
and can be used for NMT 2 weeks.] 
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Mobile phaser Methanol and Acetale buffer (1:9) 
Standard solution: 1.0 mg/mL of USP Glucosamine Hy- 
drochioride RS in water, Allow to stand at room tem¬ 
peratura for 1 h. 

Sampie solution: Transfer an equivalent to 25 mg of 
lucosamine from NIT 20 Tablets, finely powdered, to a 
5-mL volumetrk fiask, and diiute with Diluent to vol- 
ume. Mix on a vortex mixer to suspend the powder in 
solution. Sonicate in a 65° water bath for 20 min. Re- 
move from the bath, stir for 5 min with the aid of a 
magnetk stirrer, and centrifuge, 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 340 nm 
Column: 3.0-mm x 5-cm; packing LI 
Flow ratę: 1 mL/min 
Injection slze: 10 pL 
System suitability 

Samples: Ftve indmdual aliguots of the Standard solu¬ 
tion derivatized as directed for Analysis. Each deriva- 
tized aliguot is injected only once. 

[Notę— The relative retention times for the /Tanomer 
and the a-anomer are 1.0 and 1.8, respectively. The 
retention time for the /5-anomer is NLT 4 minj 
Suitability requirements 

Relative standard deviation: NMT 2.0% for five rep- 
lieate injections 
Analysis 

Samples: Standard solution and Sampie solution 
Transfer 100 pL of the Deńvatizing reagent and 100 pL of 
the Standard solution or the Sample solution to a vial 
containing 400 uL of Borate buffer. Allow the derivatiza- 
tion to proceed for 1 min. Inject the dertvatrzed Solu¬ 
tions fmmediately after the denvatization reaction. 
Calculate the percentage of the labeled amount of glu¬ 
cosamine (GjHnNOs) in the portion of Tablets taken: 

Result = (rufr s ) x (Cj/Cu) x (Hr/H?) x 100 

r u - peak response of the /J-anomer from the 
derivatized Sample solution 
n - peak response of the 0-anomer from the 
derivatized Standard solution 
C$ - concentration of USP Glucosamine 

Hydrochloride RS in the Standard solution 
(mg/mL) 

Cu = nominał concentration of glucosamine in the 
Sample solution (mg/mL) 

Ht = molecular weight of glucosamine, 179.17 
Hz = molecular weight of glucosamine 
hydrochloride, 215.63 

Acceptance criteria: 90.G%-120.0% of the labeled 
daim 

* CONTENT OF METHYLSULFONyLMETHANE 

Diluent: Transfer 950 mL of methanol to a 1-L volumet- 
hc fiask. Add 0.60 mL of diethylene glycol methyl ether, 
and diiute with methanol to volume. 

Standard solution: 0.4 mg/mL of USP MethylsulfonyJ- 
methane RS in Diluent , Sonicate at 50° for 1 min, and 
allow to cool to room temperaturę. 

Sampie solution: Finely powder NLT 20 Tablets. Dis- 
soive a portion of the fineEy powdered materiał, eguiva- 
lent to 1 Tablet, in Diluent, and sonicate for 15 min at 
50°. Alfow to cool to room temperaturo, diiute with 
Diluent to volume, and mix. Quantitatively diiute with 
Diluent to obtain a finał concentration of 0.4 mg/mL of 
methylsulfonylmethane. Transfer 1 mL of the suspenslon 
to a 1.5-mL microcentrifuge tubę, and centrifuge for 20 
s* Use the supernatant 
Chromatographic system 
(See Chromatografy (621), System Suitability.) 


Modę: GC 

Detector: Flame ionizatlon 

Column: 0.53-mm x 30-m capillary; 5-pm phase G2 
coatrng 
Temperaturę 
Column: 120* 

Injector: 250° 

Detector: 250 c 
Carrier gas: Helium 
Flow ratę: 5 mL/min 
Injection slze: 1 pL 
Injector type: Split rafio, 2:1 
System suitability 
Sample: Standard solution 
Suitability requirements 

Relative standard deviation: NMT 2.0% for the peak 
response ratio of methylsulfonylmethane to diethyl¬ 
ene glycoi methyl ether from repllcate injections 
Analysis 

Samples: Standard solution and Sampie solution 
Calculate the percentage of the labeled amount of 
methylsulfonylmethane (OH 6 0 2 S) in the portion of 
Tablets taken: 

Result = (RufRs) X (Cj/C u ) x 100 

Ru = peak response ratio of methylsulfonylmethane 
to diethylene glycol methyl ether from the 
Sample solution 

fls = peak response ratio of methylsulfonylmethane 
to diethylene glycol methyi ether from the 
Standard solution 

Ci = concentration of USP Methylsulfonylmethane 

RS in the Standard solution (mg/mL) 

Cy = nominał concentration of 

methylsulfonylmethane in the Sample solution 
(mg/mL) 

Acceptance criteria: 90.0%-1 10.0% of the label daim 

PERFORMANCE TE5TS 

• DiSiNTECRATJON and Dissolution (2040): Meet the re¬ 
guł rements for Dissolution 
Medium: Water; 900 mL 
Apparatus 2: 75 rpm 
Time: 60 min 

Determine the percentage of glucosamine dissolved as 
follows. 

Standard solution: Prepare as directed in the test for 
Content of Glucosamine . Diiute with a suitable guantity 
of water, if necessary. 

Sample solution: Use the solution under test. 

Borate buffer, Acetate buffer, Derivatizing reagent. 
Mobile phase, Chromatographic system, and Analy* 
sis: Proceed as directed in the test for Content of 
Glucosamine . 

Calculate the percentage of the labeled amount of glu¬ 
cosamine (CgH^NGs) dissotved; 

Result - (Wfs) x (Ci x V/L) x (Hr/Mg) x 100 

ru ~ peak area obtained from the derivatized 
Sample solution 

r s - peak area obtained from the derivatized 
Standard solution 

Ci = concentration of USP Glucosamine 

Hydrochloride RS in the Standard solution 
(mg/mL) 

V = volume of Medium , 900 mL 
L - label claim of glucosamine (mg/Tablet) 

Hi = molecular weight of glucosamine, 179.17 
M T 2 = molecular weight of glucosamine 
hydrochloride, 215.63 

Tolerances: NLT 75% of the labeled amount of gluco¬ 
samine (ćtfHiiNOs) is dissolved. 
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• Weight Variation of Dietary Supplements (2091): Meet 
the requlrements 

ADD1TIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight, light-resistant 
containers. 

* LabeunC; The label indicates the types of glucosamine 

salts contained in the article. 

• USP Reference Standards (11) 

USP Glucosamine Hydrochloride RS 
USP MethylsulfonyEmethane RS 
DImethyf sulfone, 

CzH^OzS 94.13 


Glucosamine, Chondroitin Sulfate 
Sodium, and Methylsulfonylmethane 
Tablets 


DEFINITION 

Glucosamine, Chondroitin Sulfate Sodium, and Methylsulfo¬ 
nylmethane Tablets are prepared from either Glucosamine 
Hydrochloride, Glucosamine Sulfate Sodium Chloride, Glu¬ 
cosamine Sulfate Potassium Chloride, or a mixture of any 
of them, with Chondroitin Sulfate Sodium and Methylsul¬ 
fonylmethane. Tablets contain NLT 90.0% and NMT 
120.0% of the labeled amounts of ohondroitEn sulfate so¬ 
dium and glucosamine (C^H^NIOs) and NLT 90.0% and 
NMT 110.0% of the labeled amount of methylsulfonyl¬ 
methane (C 2 H 6 O 2 S), 

[Notę—C hondroitin Sulfate Sodium is extremely hygro- 
scopic once dried. Avoid exposure to atmosphere, and 
weigh promptly*] 

IDENTIFICATION 

* A. Presence of Glucosamine: The retention time of the 

major peak of the Sample solution corresponds to that of 
fhe Standard solution, as obtained in the test for Content 
of Glucosamine . 

* B Presence of Chondroitin Sulfate 

Barium acetale buffer: Drssolve 25.24 g of barium ace¬ 
tale in 900 mL of water. Adjust with acetic acid to a pH 
of 5.0, and dilute with water to 1000 mL. 

Staining reagent: 0.1% (w/v) toluidine blue En 0.1 M 
acetic acid 

Standard solution: Use the Standard solution of middle 
concentration from Content of Chondroitin Sulfate 
Sodium . 

Sam ple solution: Prepare as directed in Content of 
Chondroitin Sulfate Sodium. 

Anaiysis: Fili the ehambers of an electrophoresis appa- 
ratus suitable for separations on cellulose acetale mem- 
branes 1 (a smali submarine gel cham ber or one dedn 
cated to membranę media) with Baham acetate buffer. 
Soak a cellulose acetate membranę 5-6 cm x 12-14 cm 
in Baham acetate buffer for 10 min, or until evenly wet- 
ted, then biot dry between two sheets of adsorbent pa- 
per. Using an applicator 2 suitable for electrophoresis, 
apply equal voiumes (0.5 |iL) of the Sampte solution and 
Standard solution to the brighter side of the membranę 
held in position in an appropriate applicator stand or 
on a separating bridge in the chamber. Ensure that 
both ends of the membranę are dipped at least 
0.5-1.0 cm deep into the buffer ehambers. Apply a 
constant 60 volts (6 mA at the start) for 2 h. [NOTĘ— 
Perform the application of Solutions and voltage within 
5 min because further drying of the blotted paper 
reduces sensitivity*] 

’ Suitable cellulose acetate membranes far electrophoresis are available frorn 

Fluka Chemical Corp., Milwaukee, WE; and DiaSys Corp. H Waterbury, CT 

(www.dlasys.com). 

J Suitable appJicators are avallabie from DiaSys Corp., Waterbury, CT (www, 

diasys.com) and Helena Laboratories, Beaumont, TX (www.heiena.com). 


Place the membranę in a plastic staining tray, and with 
the application side down, float or gentfy Emmerse in 
Staining reagent for 5 min. Then stir the solution gen- 
tly for 1 min, Remove the membranę, and destain in 
5% acetic acid until the background clears. 
Acceptance eriteria: The principal band from the Sam¬ 
ie solution has the same migration as the prtncipal 
and from the Standard solution , [Notę— Document the 
results by takfng a picture within 15 min of completion 
of destaimng,] 

# C. Presence of Methylsulfonylmethane: The retention 

time of the major peak of the Sample solution corre¬ 
sponds to that of the Standard solution , as obtained in 
tne Content of Methylsulfonylmethane . 

STRENGTH 

• Content of Glucosamine 

Diluent: Transfer 29 jliL of acetic acid and 5 mL of aee- 
tonitrile to a 100-mL vo!umetnc fiask containing 50 mL 
of water, and dilute with water to volume. 

Borate buffer: 0.2 M (76.3 g/L of sodium borate in 
water) adjusted with hydrochloric acid T5 to a pH of 
9.5 

Acetate buffer: 6.80 g/L of sodium acetate trihydrate in 
water adjusted with dilute acetic acid to a pH of 5.9. 

[NGTE—Buffer must be stored at room temperaturę and 
can be warmed to dissolve if crystallization occurs.] 
Derivatizing reagent: In a 14-mL polypropylene cul- 
ture tubę, dtssofve 50 mg of o-phtnalaldehyde in 
1.25 mL of anhydrous methanol. Add 50 pi of 3-mer- 
captopropionic acid and 11*2 ml of Borate buffer , and 
mix gently. Allow to stand in the dark for 30 min 
before use. [NOTĘ—Reagent strength is maintained by 
adding 10 pL of 3-mercaptopropionic acid every 2 days. 
Storage should be in the dark, at room temperaturę, 
and can be used for NMT 2 weeks.] 

Mobile phase: Methanol and Acetate buffer (1:9) 
Standard solution: I.O mg/mL of USP Glucosamine Hy¬ 
drach Eoride RS in water. Allow to stand at room tem¬ 
peraturę for 1 h. 

Sample sotutron: Transfer an equivalent to 25 mg of 
lucosamine From NLT 20 Tablets, finely powdered, to a 
5-mL volumetric fiask, and dilute with DHuent to vol- 
ume. Mix on a vortex mixer to suspend the powder in 
solution. Sonicate in a 65° water bath for 20 min. Re- 
move from the bath, stir for 5 min with the a id of a 
magnetlc sttrrer, and centrifuge. 

Chromatographic system 
(See Chroma tography (621), System Suita bili ty.) 

Modę: LC 

Detector: UV 340 nm 
Column: 3,0-mm x 5-cm; packing LI 
Flow ratę: 1 mL/min 
Injection size: lOpL 
System suitability 

Samples: FEve individual aliguots of the Standard solu¬ 
tion deriyatized as directed in Anaiysis . Bach derivatfzed 
aliquot is Enjected only once, 

[Notę —The relative retention times for the /?-anomer 
and the a-anomer are 1.0 and 1.8, respectively. The 
retention time for the /3-anomer is NLT 4 min.] 
Suitabilffy requirements 

Relative standard devlation: NMT 2.0% for five rep- 
licate injections 
Anaiysis 

Samples: Standard solution and Sample solution 
Transfer 100 pL of the Dehvatizing reagent and 100 jj.L 
of the Standard solution or the Sample solution to a vial 
containing 400 pL of Borate buffer, and allow the der- 
ivatization to proceed for 1 mtn. łnject the derivatized 
Solutions immediately after the derivat!zation reaction. 
Calculate the percentage of the labeled amount of glu¬ 
cosamine (CfiHnNO*) in the portion of Tablets taken: 

Result = (ruin) x (Cj/Cu) x (M f1 /M fZ ) x 1 00 
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ro - peak response of the /J-anomer from the 
derivatized Sompie soiution 
r s ~ peak response of the /T-anomer from the 
derivaozed Standard soiution 
Cs - concentration of USP Glucosamine 

Hydrochioride RS ]n the Standard soiution 
(mg/mL) 

Co ~ nominał concentration of glucosamine in the 
Sample soiution (mg/mL) 

Mri = moiecular welght of glucosamine, 179.17 
M ,2 = moiecular weight of glucosamine 

hydrochioride, 215.63 

Acceptance criteria: 90.G%-120.0% of the label daim 
* CONTENT OF CHONDROITIN SlILFATl SODiUM 

Standard Solutions: 1.5, 1.0, and 0.5 mg/mL of USP 
Chondroitin Sulfate Sodium RS in water 
Sampie soiution: Transfer an equivalent to 100 mg of 
chondroitin sulfate sodium from NLT 20 Tablets, fineiy 
powdered, to 60 mL of water, and shake to suspend 
the powder in soiution. Sonicate in a 65° water bath for 
20 min. Remove from the bath, stir or shake for 5 min, 
dilute with water to 100 mL, and centrifuge or pass 
through a suitable fil ter. 

Diluent: Weigh about 297 mg of monobasic potassium 
phosphate, 492 mg of dibaslc potassium phosphate, 
and 250 mg of polysorbate 80, and transfer into a 1-1 
beaker. Dissolve in approximately 900 mL of water, and 
adjust with potassium hydroxide or phosphoric acld to 
a pH of 7.0 ± 0.2. Dilute with water to 1 L, and mix 
thoroughly. 

Titrimetric system 
(See Titrimetry (541).) 

Modę: Photometric titration 

Titrant: 1 mg/mL of cetylpyridinium chloride in water 
Endpoint detection: Turbidimetric with photoelectric 
probe 

Analysis: Transfer 5.0 mL of each Standard soiution and 
the Sample soiution to sępa ratę titration vessels, and add 
25 mL of Diluent to each. Sttr until a steady reading fs 
obtained with a photoelectric probe either at 420, 550, 
or 660 nm, Set the instrument to zero in absorbance 
modę. Titrate with Titront using the photoelectric probe 
to determine the endpoint turbidimetricaMy, From a lin- 
ear regression eguation, calcu iated using tne volumes of 
Titront consumed versus concentratrons of the Standard 
Solutions , determine the concentration of chondroitin 
sulfate sodium In the Sampie soiution. 

Calculate the percentage of chondroitin sulfate sodium 
in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C - determined concentration of chondroitin 
sulfate sodium in the Sampie soiution 
(mg/mL) 

Cu = nominał concentration of chondroitin sulfate 
sodium in the Sample soiution (mg/ml) 
Acceptance criteria: 90.0%~120.0% of the label daim 
* CONTENT OF METHYLSULFONYLMETHANE 

Diluent: Transfer 950 mL of methanol to a 1 ~L volumet- 
ric fiask. Add 0.60 mL of diethylene glycol methyl ether, 
and dilute with methanol to volume. 

Standard soiution: 0.4 mg/rnL of USP Methylsuffonyh 
methane RS in Diluent* Sonicate at 50° for 1 min, and 
aIJow to coo! to room temperaturę, 

Sample soiution: Fineiy powder NLT 20 Tablets, Dis- 
$oive a portion of the fineiy powdered materiał, equiva- 
lent to 1 Tablet, fn Diluent , and sonicate for 15 min at 
50°. Aliow to tool to room temperaturę. Quantitatively 
dilute with Diluent to obtain a finał concentration of 
0.4 mg/mL of methylsulfonylmethane. Transfer I mL of 
the suspension to a 1.5-mL microcentrifuge tubę, and 
centrifuge for 20 s. Use the supernatant. 

Chroma tographic system 
(See Chromo tog ropny (621), System Suitahility.) 


Modę: CC 

Detector: Flame ionization 

Coiumn: 0,53-mm x 30-m capillary coiumn coated 
with a 5-pm phase G2 
Temperaturę 
Coiumn: 120° 
injector: 250 c 
Detector: 250° 

Carrier gas: Helium 
Flow ratę: 5 m L/min 
Injection size: 1 piL 
Injection type Split ratio, 2:1 
System suitabllfty 
Sample: Standard soiution 
Suitabillty reguirements 

Relative standard deviation: NMT 2.0% for the peak 
response ratio of methylsulfonylmethane to diethyl- 
ene glycol methyl ether from replicate injections 
Analysis 

Samples: Standard soiution and Sample soiution 
Calculate the percentage of the labeled amount of 
methylsulfonylmethane (CrHaOaS) in the portion of 
Tablets taken: 

Result = (Ru/Rs) x (Cs/Cu) x 100 

Ru - peak area ratio of methylsulfonylmethane to 
diethylene glycol methyl ether from the 
Sample soiution 

Rs - peak area ratio of methylsulfonylmethane to 
diethylene glycol methy! ether from the 
Standard soiution 

Cs - concentration of USP Methylsulfonylmethane 

RS in the Standard soiution (mg/mL) 

Cu a nominał concentration of 

methylsulfonylmethane in the Sample soiution 
(mg/ml) 

Acceptance criteria: 9G.0%-110.0% of of the labef 
daim 

PERFORMANCE TESTS 

® DlSINTEGRATiON AND DlSSOlAJTlON <2040): Meet the re- 
guirements for Dissolution 
Medium: Water; 900 mL 
Apparatus 2: 75 rpm 
Time: 60 min 

Determine the percentage of glucosamine dissolved as 
foilows. 

Borate buffer, Acetale buffer, Derivatizing reagent. 
Mobile phase, Chromatographrc system, and Analy¬ 
sis: Proceed as directed in the test for Content of 
Clucosamine. 

Standard soiution: Prepare as directed in the test for 
Content of Clucosamine. Dilute with a suitable guantity 
of water, if necessary. 

Sample soiution: Use the soiution under test, 

Calculate the percentage of the labeled amount of glu¬ 
cosamine (CcH^NOs) disso!ved: 

Result = (rjrs) x (Q x V/Ł) x (M fJ /M r2 ) x 100 

r u - peak area obtained from the derivatized 
Sample soiution 

rs ~ peak area obtained from the derivatized 
Standard soiution 

Ci - concentration of USP Glucosamine 

Hydrochioride RS in the Standard soiution 
(mg/mL) 

V - volume of Medium, 900 ml 
L = label claim of glucosamine (mq/Tablet) 

Mn = moiecular weight of glucosamine, 179.17 
Mr 2 - moiecular weight of glucosamine 
hydrochioride, 215.63 

Tolerances: NLT 75% of the labeled amount of gluco¬ 
samine (CfiHnNOi) is dissolved. 
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Determine the percentage of ehondroitin sulfate sodium 
dissolved as follows. 

Titrant, Diluent, Standard Solutions, and Analysis: 

Proceed as directed in Ehe test for Contenl of Chondrd- 
tin Sulfate Sodium. 

Sample solution: Use the solution under test. 

Calculate the percentage of the labejed amount of 
ehondroitin sulfate sodium dissotved: 

Resutt = (Cx V/L) x 100 

C - determlned concentratlon of ehondroitin 
sulfate sodium in the Sample solution 
(mg/mL) 

V = volume of Medium , 900 ml 
i = label ctaim of ehondroitin sulfate sodium 
(mg/Tabtet) 

Tolerances: NLT 75% of the Jabeled amount of ehon¬ 
droitin sulfate sodium is dissolved. 

* Weight Variation of Dietary Supplements (2091): 

Meet the requirements 

ADDBTBONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight, light-resistant 
containers. 

o Labeling: The label indicates the types of giucosamine 
salts contained in the article and tne spedes source from 
whieh ehondroitin was derived. Labę! it to State the 
souree(s) of ehondroitin sulfate sodium, whether bovine, 
porcine, avian or a mixture of any of them. The label 
States on the front panel the content of ehondroitin sul¬ 
fate sodium on the dried basis. 

* USP Reference Standards (11) 

USP Chondroitin Sulfate Sodium RS 
USP Glueosamine Hydrochloride RS 
USP Methyfsulfonylmefhane RS 
Dinnethyf sulfone. 

C 2 H 6 0 2 S 94.13 


Glutamic Add 



C 5 H 9 NO .4 147.13 

L-Glutamic acid; 

5-2-Aminopentanedioic add [56-86-0], 

DEFBNITION 

Glutamic Add contains NLl 98.5% and NMT 101.5% of l- 
glutamic acid (C 5 H 9 NO 4 ), calculated on the dried basis. 

1DENT1FBGATEON 

® A, INFRARED ABSORPTłON (197K) 

ASSAY 

o PROCEDURĘ 

Sample; 140 mg of Glutamic Acid 
Blank: Mix 6 mL of formie add and 50 mL of gladal 
acetic acid. 

Titrimetrio system 
(See Titrimetry (541),) 

Modę: Direct titration 
"Fltrant: 04 N percbloric add VS 
Endpoint detection: Potentiometric 
Analysis: Dissolve the Sample in 6 mL of formie add 
and 50 mL of glacia! acetic acid, and titrate with the 
Titrant Perform the Blank determination. 


Calculate the percentage of glutamic add (CsH^NOd) in 
the Sample taken: 

Result - {[(i/j - V 8 ) x N x F\/W] x 100 

Vs - volume of Titrant eonsumed by the Sample 
(mL) 

V B - volume of Titrant eonsumed by the Blank (mL) 

N = actual normality of the Titrant (mEg/ml) 

F = equivalency factor, 147,1 mg/mEq 

W - Sample weight (mg) 

Acceptance criteria: 98.5%-101.5% on the dried basis 

IMPURITIE5 

* Residue on Ignition (281): NMT 0.1% 

* Chloride and Sulfate, Chloride (221) 

Standard solution: 0,40 mL of 0.010 N hydrochloric 
add 

Sample: 0.7 g of Glutamic Acid 
Acceptance criteria: NMT 0.02% 

® Chloride and Sulfate, Sulfate (221) 

Standard solution: 0.25 mL of 0.020 N suffuric acid 
Sample: 1.2 g of Glutamic Acid 
Acceptance criteria: NMT 0.02% 

« Bron (241): NMTlOpg/g 


Delete the foli owi tig: 


** Heavy Metals, Method 1 (231): NMT lOpg/g* [Offinat 1- 

e RELATED COMPOUNDS 

Standard solution: 0.05 mg/mL of USP Glutamic Acid 
RS in water 

Sample solution: 10 mg/mL in a solution of ammonia 
TS and water (1:1) 

System suitability solution: 0.4 mg/mL each of USP 
Aspartic Acid RS and USP Glutamic Add RS in water 
Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromało- 
graphy .) 

Modę: TLC 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel mixture 

Application volume: 5 pL 

Developing solvent system: Butyl alcohol, gladal ace¬ 
tic add, and water (3:1:1) 

Spray reagent: 2 mg/mL of n En hydrio En a mixture of 
outy! alcohol and 2 N acetic acid (95:5) 

System suitability 

Suita bility reąuirements: The chromatogram from the 
System suitability solution exhibits two dearly separated 
spots, 

Analysis: After alr-dryinq the piąte, repeat the devefop- 
ment process. After air-drying a second time, spray with 
Spray reagent , and heat between 100° and 105° for 
about 15 min. Examine the piąte under white light. 
Acceptance criteria: Any secondary spot of the Sample 
solution is not larger or morę intense than the principal 
spot of the Standard solution. 
fndividual impurities: NMT 0,5% 

Total impurities: NMT 2.0% 

SPECIFIC TESTS 

* Optical Rotation, Specific Rotation (781S) 

Sample solution: 100 mg/mL En 2 N hydrochloric acid 
Analysis: Proceed as directed in the chapter, except 
measure at 20°. 

Acceptance criteria: +31.5 P to +32.5° 

■ LOSS ON Drying (731): Dry a sample at 105 Q for 3 h: it 
loses NMT QJ% of its weight. 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in wefl-dosed contain¬ 
ers, and storę at controfled room temperaturę. 
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* USP Reference Standard* (11) 

USP Aspartic Add RS 
USP Glutamic Add RS 


Glutaminę —see Clutamine General 
Monographs 


Glutathione 


5H 

HHj Q 

CioH T 7N 3 0«5 307.32 

Pentanoic add, 2-amino-5-[(ft)-l-(carbGxymethylarnino)- 
3-mercapto-l -oxopropan-2-ylarnino]-5-oxo, (5); 
AKN-t-y-Glutamyl-L-cys teinyl)g!ydne [70-18-8], 

DiHNITION 

Glutathione contains NLT 98,0% and NMT 101,0% of 
glutathione (CioH^NjOeS), caicuEated on the dried basis, 

IDENTIFICATION 

O A. INFRARED ARSORPTION (197K) 

o B. Optical Rotation, Spetific Rototion <781S) 

Sample soiution: 40 mg/ml in water 
Acceptance criteria: -15,5° to -1 7.5°, at 20° 

ASSAY 
o Procedurę 

Sample: 500 mg of Glutathione previously dried 
Blank: 50 ml of metaphosphoric acid (1 m 50) 
Tltrlmetric system 
(See Titrimetry <541).) 

Modę: Direct titration 
Titrant: 0.1 N iodine VS 
Endpoint detection: Visual 
Analysis: DIssolve the Sample In 50 ml of metaphos¬ 
phoric add (1 in 50) and titratę wrth the Titrant 
Calculate the percentage of glutathione (CioH^NsOńS) 
in the port]on of Glutathione taken: 

Result = [(V tf "V l )xNxfxl 00]/W 

Vu - titrant volume of the Sample (ml) 

V 3 = titrant volume of the Blank (ml) 

N = titrant normality (mEq/mL) 

F - equlvaiency factor, 30732 mg/mEq 

W = weight of the Sample (mg) 

Acceptance criteria: 98.0%-! 01.0% on the dried basis 

IMPURITIES 
a AMMONIUM 

Standard soiution: 10 ^ng of ammonium from a diluted 
ammonium chlorlde soiution 
Sample soiution: 50 mg of Glutathione 
Silver manganese paper: Immerse strips of slow filter 
paper (Whatman- filter paper, grade 5 or equivalent) 
into a soiution containing 8.5 mg/mL of manganese sul- 
fate and 8,5 mg/mL of stfver nitra te. Mainfain for a few 
min and allow to dry over phosphorus pentoxide pro- 
tected from acid and alkaline vapors. 

Analysis: Transfer the Sample soiution and the Standard 
soiution to separate 25-mL iars fitted wlth caps, and dis- 
so!ve in 1 mL of water. Add 0.30 g of magnesium ox- 
ide, Close immediately after płacing a 5-mm square 


piece of Silver manganese paper , wetted with a few 
drops of water, unaer the caps. Swirt, avoiding projec- 
tions of I5quid, and allow to stand at 40° for 30 min, 
Acceptance criteria: !f the Sllver manganese paper 
shows a gray color, it is not morę intense than that of 
the Standard (NMT 200 ppm), 

» ARSENIC <211): NMT 2 ppm 

o Chloride and Sulfate, Cnloride (221): Dissolve 0.7 g in 
water to make 15 mL. The soiution shows no morę chlo- 
ride than corresponds to 0.20 mL of 0.020 N hydrochlo- 
ric add (NMT 200 ppm). 

• Chloride and Sulfate, Sulfate (221): Dissolve 0.8 g in 
water to make 15 mL. The soiution shows no morę sul- 
fate than corresponds to 0.25 mL of 0.020 N sulfuric add 
(NMT 300 ppm). 

® Iron (241): NMT 10 ppm 

» Residue on Ignitbon (281): NMT 0.1% 


Detete the following: 

•* Heaw Metals, Method I (231): NMT 10 ppm* (Ollicuil h 

]an-2Q1B) 

* RELATED Compounds 

Mobile phase: 6.8 g/L of potasslum dihydroaen phos- 
phate wlth 2,02 g/L of soaium 1-heptane sulronate. Ad- 
just wlth phosphoric acid to a pH ot 3.0. Mrx 970 mL of 
this soiution with 30 mL of methanoL 
System suitability soiution: 0.1 mg/ml of USP i-Phen- 
ylalanine RS, 0,5 mg/mL of USP Glutathione RS, and 
0,5 mg/mL of USP Ascorbic Add RS in Mobile phase 
Standard soiution: 0.01 mg/ml of USP Glutathione RS 
in Mobile phase. [Notę —This soiution has a concentra- 
Lion eg u iva lent to 2.0% of that of the Sample soiution ,] 
Sample soiution: 50 mg of Glutathione in 100 mL of 
Mobile phase. [Notę—A ltów the soiution to stand for 5 
min before use.] 

Chromatographk system 
(See Chromatograpny (621), System Suita bil i ty,) 

Modę: LC 

Detector: UV 210 nm 

Column: 4.6-mm x 15-cm; 5-jLim packing LI 

Column temperaturę: 30° 

Flow ratę: Adjust so that the retention time of gluta¬ 
thione is about 5 min. 

Injection volume: 10pL 
System suitability 
Sample: System suitability soiution 
Suitabllity requirements 

Resolution: NLT 5,0 between the ascorbic add and 
glutathione peaks; and NLT 5.0 between the gluta¬ 
thione and L-phenylalanlne peaks 
Relative standard aeviation: NMT 1,5% for repiicate 
injections 
Analysis 

Samples: Standard soiution and Sample soiution 
Calculate the percentage of any impurity in the portion 
of Glutathione taken: 

Result = (fu/rs) x (Q/Q) x 100 

r u - peak response of any peak from the Sample 
soiution other than glutathione 
rs - peak response of the glutathione peak from 
the Standard soiution 

Q = concentration of USP Glutathione RS in the 
Standard soiution (mg/mL) 

Cu = concentration of Glutathione in the Sample 
soiution (mg/mL) 

Acceptance criteria 

lndividuaJ impurity: NMT 1.5% for the Impurity with 
the reiative retention time of about 4 
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Total fmpurities: NMT 2.0% 

SPECIFIC TE5T5 

» CLARłTY AND COLOR OF SOLUTBON 

Sample solution: 0.1 g/mL in water 
Analysis: Using identical tubes of colodess, transparent, 
neutral giass with a fiat base and an interna! diameter 
of 15-25 mm, tom parę the iiqufd to be examined with 
water, the depth of the layer being 40 mm, Compare 
the colors in diffused daylight, viewing vertiealiy against 
a white background. 

Acceptance criteria: The solution h elear and colorless. 

o Loss ON PRYING ( 731 ) 

Analysis: Dry at 105° for 3 h. 

Acceptance criteria: NMT 0,5% 

ADDmONAL REQUBR£MENTS 

o Packaging and Storage: Preserve in tight containers. 

* USP Referenci Standard* * (Tl) 

USP Ascorbk Add RS 
USP Glutathione RS 
USP i-Phenyia!anine RS 


Glycine —see Glycine General Monographs 


CBycyO-iL-giutaroirae 

H ' Ml “ 

O 

C ? H l3 N 3 CV H 2 0 221,21 

L-2-(Amino acetamide)-4-amino-4-oxo-butanofc acid 
monohydrate; 

GlyeyLt-g Juta minę hydrate [13115*71-4], 

DEFINITION 

GlycyI-L-g!utamine contains NLT 98.0% and NMT 101.5% 
of giycyk-glutamine (C 7 H 13 N 3 O 4 ), cakulated on the anhy- 
drous and solvent-free basis, and exdudtng glydne and 
glutaminę. 

IDENTIFICATION 

* A. INFRARED ABSORPTłON (197A) 

® 8. It meets the requirements for Optical Rotation, Spedfic 
Rototion (781S) in Spedfic Tests. 

ASSAY 
® Procedurę 

Sample: 300 mg 

Blank: Mix 5 ml_ of formie acid with 50 ml of gfacial 
acetic acid, 

Titrimetrk system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0.1 N perchloric add VS 
Endpoint detection: Potentiometnc 
Analysis: Dissolve the Sample in 5 ml_ of formie add, 
adef 50 mL of gladal acetic acid, and titrate with the 
Titrant Perform the Blank detemnination, and make any 
necessary correction. 

Cafculate the percentage of glycyl-L-gfutamine 
(C7H13N3G4) in the Sample taken: 

Resultr ^ [(V s - V B ) xNx (F/W)] x 100 

Vs = Titrant vo!ume consumed by the Sample (ml) 

- Titrant volume consumed by the Blank (mL) 


N - actuaJ normality of the Titrant (mEq/mL) 

F = equivafency factor, 203.2 mg/mEq 
W = Sample weight (mg) 

CaJcufate the percentage of giycyk-glutamine 
(C ? Hi 3 N 30 4 ) in the Sample taken, exduding glycine 
and glutaminę: 

Resuit* ^ [(Resultj - o - b)]/[(100 - C/y - C/n)] x 100 


o = C/y x (MrifMtf) 


b - Gin x (Mri/Mn) 

G/y = percentage of glycine from the Related 
Compounds test 

Gin - percentage of glutaminę from the Related 
Compounds test 

Mn = molecular weight of gJycyl-L-giutamine, 203.2 
M f 2 - molecular weight of glycine, 75.1 

- molecular weight of glutaminę, 146,1 
Acceptance criteria; 98.0%-l 01.5% on the anhydrous 
and solvent-free basis, and excluding glydne and 
glutaminę 

IMPURITIES 

» Residue ON 1GNITION (281): NMT 0*1% 

8 Chloride AND Sulfate, Chloride (221) 

Sample: 0.89 g 

Standard solution: 0,50 mL of 0.010 N hydrochloric 
acid 

Acceptance criteria: NMT 200 .ug/g 
■ Chloride and Sulfate, Sulfate (221) 

Sample: 0.96 g 

Standard solution: 0,20 mL of 0.01 0 N sulfuric acid 
Acceptance criteria: NMT 200 jxg/g 
° Iron (241): NMT lOpg/g 
o Residual Solvents (467) 

Acceptance criteria 
Ethanol: NMT 0.5% 

[Notę —For the Acceptance criteria for any other residua! 
solvents, see Residual So!vents (467),] 

e Limit of Ammonium 

Standard stock solution: Dissolve 1.486 g of ammo- 
nium chloride in 500,0 ml of water. 

Standard calibration Solutions: Transfer 0.01, 0*1, 1*0, 
and 10.0 mL of Standard stock solution into separate 
100-mL vofumetric fiasks, and dilute with water to vol- 
ume. The finał concentrations are 0,1, 1, 10, and 
100 f^g/rn L of ammonium ions (Nftr), respectiveiy* 
Sample solution: Transfer 1.0 g of GlycyhL-glutamine to 
a 150-mL beaker containing a plastic-coated stirring 
bar, add 100.0 mL of water, and stir until dissolvecT 
Electrode system; Use a gas-sensing, ammonia-specific 
indicating electrode with internaI reference connected 
to a pH meter capable of measuring potentiais with a 
minimum reproducibifity of ±0.1 mV (see pH (791)). 
Condition the electrode according to the manufactur- 
eds instructions. 

Analysis 

Standard response linę: Transfer 100 mL of water into 
a 150-mL beaker containing a plastic-coated stirring 
bar, insert the electrode into the water, stir, and meas- 
ure the potential Add 1 mL of 10 N sodium hydroxide 
solution, stir, and measure the potential after stabiliza- 
tion (about 3 min). The potential difference must be 
below 20 mV« Transfer 100.0 mL of eacb of Standard 
calibration Solutions (0.1, 1, 10, 100 pg/mL of ammo¬ 
nium ions) into separate 150-mL beakers, and add 
1 ml of 10 N sodium hydroxide. Insert the electrode 
into each solution, stir, and measure the potential after 
stabifization (about 3 min). Plot a curve (four caiibra- 
tion polnts) of the potential (mV) as function of am¬ 
monium lon concentrations (|ig/mL). 
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Sample: Sample solution 

Rinse the electrode, insert it into the Sample solution , 
add 1 mL of 10 N sodfum hydroxide, and stir. Check 
the pH, which must be above 11; if not, adjust with 
10 N sodium hydroxide. After 3 min, measure the po- 
tential, and determine the corresponding ammonium 
Eon concentration from the cafibrahon curve. 

Calculate the content of ammonium in the portion of 
the Sample taken; 

Result - (V x QfW 

V - volume of the Sample solution (ml) 

C - concentration of ammonium Eons in the 
Sample solution determined from the 
Standard response linę (fig/ml) 

W - wetght of Glycyl-L-glutamine taken to prepare 
the Sample solution (g) 

Acceptance critena: NMT 200 pg/g 
* Related Compgunds 

Buffer solution: DEssoive 6,84 g of potassium phos- 
phate in 1000 mL of water. 

Mobile phase: Acetonitrile and Buffer solution (65:35) 
System suitability soluElon: Transfer 25 mg of USP L- 
AlanyJ-L-glutamrne RS and 5 mg of USP L-ATanyhalanine 
RS into a 25-mL volurnetric fiask, and dilute with water 
to voiume. Transfer TO mL of this solution Ento a 10-mL 
volumetric fiask containing 20 mg of USP Glycyl-L-gluta¬ 
mi Ene RS, and di lute with Mobile phase to volume. 
Standard solution 1: 0.0125 mg/mL of USP Glutaminę 
RS in Mobiie phase 

Standard solution 2: 0,025 mg/mL of USP Glycine RS 
in Mobile phase 

Sample solution: 2.5 mg/mL of GEycyl-L-glutamEne in 
Mobile phase 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 215 nm 

Column: 4.6-mm x 25-cm; 5-pm packing L8 
Flow ratę: 0,7 mL/min 
Injection vofume: 20 pL 
System suitability 
Sample: System suitability solution 
[Notę —The relative retention times for L-alanyl-L-ala- 
nine, L-alanyl-L-glutamine, and gfycyl-L-g łuta minę are 
0.83, 0.96, and 1.0, respectively.] 

Suitability requirements 

Column efficiency: NLT 8000 theoretical ptates for 
the L-alany]-L-g fu tarninę peak 
Resolution: NLT 2.0 between L-alanyl-L-glutamine 
and L-atanyl-L-alanine 
Analysls 

Samples: Standard solution 1, Standard solution 2, and 
Sample solution 

Calculate the percentage of glutaminę and glycine in 
the portion of the Sample taken: 

Result = (rjrs) x (QfCu) x 1 00 

fu = peak response of glutaminę or glycine from 
the Sample solution 

fs - peak response of glutaminę from Standard 

solution i or glycine from Standard solution 2 
Cs - concentration or USP Glutaminę RS in 
Standard solution 1 (mg/mL) or 
concentration of USP Glycine RS in Standard 
solution 2 (mg/mL) 

Cu - concentration of Glytyhcgiutamine En the 
Sample solution (mg/mL) 

Calculate the percentage of any other spedfied and 
unspecified impurities En the portion of the Sample 
taken: 


r u = peak response of each individua! impurity 
Tj - sum of the responses of all the peaks, 

excluding peak responses of glycine and 
glutaminę 

Acceptance critena: See Tobie T 


Table 1 


Name 

Relative 

Retention 

Tinie 

Acceptance 

Critena, 

NMT 

Cydofgiy-gfn) 

0,28 

0.2 

Glutaminę 

0.54 

0.5 

Pvroqlutamic acid 

0.56 

OT 

Glycine 

0.59 

TO 

G!v-qly-qln 

1.20 

OJ 

Gly-qlu 

2.10 

0.2 

Any unspedfted impurity 

_ 

0,1 

Total unspecified impurities 

.— 

0.5 


SPECIFIC TESTS 

» Optical Rotation, Specifk Rotation (781S) 

Sample solution: 100 mg/mL in 2 N hydrochloric add. 
Perform Lhe measurement at 20°, 

Acceptance criteria: -5.5° to -7.5 Q on the anhydrous 
basts 

« Water Determinatiok, Method lo (921): 7.0%-9,Q% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in well-ctosed, tight, 
Eight-resistant containers. 

® USP Reference Standards (11) 

USP L-Alanyi-L-alanine RS 
USP L-AlanylT-glutamEne RS 
USP Glutaminę RS 
USP Glycine RS 
USP Glycyl-L-glutamine RS 


CBycyB-L-tyrosme 



U2‘Aminoacetamide-3-(parahydroxyphenyl) propionic adde 
di hydra te; 

Glycyl-t-tyrosEne dihydrate [658-79-7]. 

DEFINITION 

Glycyl-utyrosine contains NLT 98.0% and NMT 101.5% of 
fycyl-L-tyrosine (ChHhNtO j), cafculated on the anhy- 
rous and solvent-free basEs, and exduding glycine and 
ty rosi ne, 

IDENTIFICATION 

* A. INFRARED ABSORPTION (197A) 

o B. It meets the requirements for Optical Rotation, Specific 
Rotation (781S) in Specific Tests , 

ASSAY 

• Procedurę 

Sample: 300 mg 

Blank: Mix 5 ml of formie acid with 50 mL of glacial 
acetic add. 


Result - (ru/n) x 100 
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Titrimetric system 

(See Titrimetry (541 ),) 

Modę: Drrect titration 
Titrant: OJ N perchlorit add VS 
Endpoint detection: Potentiometric 
Analysis: Dissoive the Sample in 5 ml of formie acid, 
add 50 ml of glaciat acetic acid, and titrate with the 
Titrant. Pertorm the Blank determlnation, and make any 
netessary correction. 

Calcufate the percentage of glycyl-L-tyrosine 
(C 11 H 14 N 2 O 4 ) in the Sample taken: 

Result* = [(V s - Vb) x N x (F/W)l * 100 

Vs ~ Titrant volume consumed by the Sample (ml.) 

V B = Titrant volume consumed by the Blank (mL) 

N = actual norma lity of the Titrant (mEq/mL) 

F = equivalency factor, 238.2 mg/mEq 

W - Sample weight (mg) 

Calcufate the percentage of glycyl-L-tyrosine 
(CT 1 H 14 N 2 O 4 ) in the Sample taken, excluding glycine 
and tyrosine: 

Restife = [(Result, - a - b)]/[(100 - C ty - Tyr)} x 100 


a - G!y x (M n /M r2 ) 


b- Tyr x (Mn/Mn) 

Cly = percentage of gJycine from the Related 
Compounds test 

Tyr = percentage of ty rosi ne from the Related 
Compounds test 

M r i = molecular weight of glycyl-L-tyrosine, 238,2 
M f 2 - molecular weight of gfycine, 75 J 
M f 3 - molecular weight of tyrosine, 181.2 
Acceptance criteria: 98.0%-101.5% on the anhydrous 
and solvent-free basis, and exctudinq alycine and 
tyrosine 

IMPUR1TIE5 

* Residue on Ignition <281 ): NMT 0.1% 

* Chloride and Sulfate, Chloride (221) 

Sample: 0.89 g 

Standard solution: 0.50 ml of 0.010 N hydrochloric 
acid 

Acceptance criteria: NMT 200 pg/g 

a Chloride and Sulfate, Sulfate (221) 

Sample: 0.9ó g 

Standard solution: 0,20 mL of 0,010 N sulfuric acid 
Acceptance criteria: NMT 200 pg/g 
o IRON (241): NMTlOpg/g 
® RESIDUAL Solvents (467) 

Acceptance criteria 
Ethano!: NMT 0.5% 

[NOTĘ—For the Acceptance criteria for any other residual 
soNents, see Residua! Solvents (467).] 

o lIMGT OF AMMONIIJM 

Standard stock solution: Dissolve 1.486 g of amrno- 
nium chloride in 500.0 mL of water. 

Standard calibration Solutions: Transfer 0.01, 0.1, 1.0, 
and 10.0 mL of Standard stock solution into separate 
100-mL vo!umetric flasks, and dilute with water to vol- 
ume. The finał concentrations are OJ, 1, 10, and 
lOO pg/mL of ammonrum ions (Nhh + ), respectively. 
Sampie solution: Transfer 1.0 g of Glycyl-L-tyrosine to a 
150-mL beaker contaming a piastic-coated stirrlng bar, 
add 100.0 mL of water, and stir until dissolved. 
Electrode system: Use a gas-sensing, ammonia-specific 
mdicating electrode with interna! reference connected 
to a pEI meter capable of measuring potentials with a 
minimum reproducibiliLy of ±0.1 mV (see pH (791)). 
Condition the electrode accordlng to the manufactur- 
er's insfructlons. 


Analysis 

Standard response linę: Transfer 100 mL of water into 
a 150-mL beaker containing a piastic-coated stirring 
bar, insert the electrode into the water, stir, and meas¬ 
ure the potential. Add 1 mL of 10 N sodium hydroxide 
solution, stir, and measure the potential after stabiiiza- 
tion (about 3 min). The potential difference must be 
beiow 20 mV. Transfer 100.0 mL of each of Standard 
calibration Solutions (0.1, 1, 10, 100 jig/mt of ammo- 
nium ions) into separate 150-mL beakers, and add 
1 mL of 10 N sodium hydroxtde. Insert the electrode 
into each solution, stir, and measure the potential after 
stabilization (about 3 min). Plot a curve (four calibra¬ 
tion points) of the potential (mV) as function of am- 
monium lon concentrations (pg/mL). 

Sample: Sample solution 

Rinse the electrode, insert it into the Sample solution , 
add 1 mL of 10 N sodium hydroxide, and stir. Check 
the pH, which must be above 11; if not, adjust with 
10 N sodium hydroxide, After 3 min, measure the po¬ 
tential, and determine the corresponding amrrtonium 
ion concentration from the calibration curve. 

Calculate the content of ammontum In the portion of 
the Sample taken: 

Result - (17 x Q(W 

V = volume of the Sample solution (mL) 

C - concentration of amrnonium ions in the 
Sampie solution determined from the 
Standard response linę (pg/mL) 

W = weight of Glycyl-L-tyrosine taken to prepare 
the Sampie solution (g) 

Acceptance criteria: NMT 200 pg/g 
Related Compounds 

Buffer solution: Dissolve 6.84 g of potassium phos- 
phate in 1000 mL of water. 

Mobile phase: Acetonitrile and Buffer solution (65:35) 
System suitability solution: Transfer 25 mg of USP L- 
Alanyl-L-glutamine RS and 5 mg of USP L-Alanyl-alanine 
RS into a 25-mL volum.etric fiask, and dilute with water 
to volume. Transfer 1.0 mL of thls solution into a 10-mL 
volumetrrc fiask containing 20 mg of USP Glycyl-L-tyro¬ 
sine RS, and dilute with Mobile phase to volume. 
Standard solution 1: 0.037 mg/mL of USP L-Tyrosine 
RS in Mobile phase 

Standard solution 2: 0.025 mg/mL of USP Glycine RS 
in Mobile phase 

Sample solution: 2.5 mg/mL of Glycyl-L-tyrosine in Mo¬ 
bile phase 

Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 215 nm 

Column: 4.6-mm x 25-cm; 5-pm packing L8 
Flow ratę: 0.7 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: System suitability solution 
[NOTĘ—The re!ative retentlon Limes for glycyl-L-tyrosine, 
L-alanyl-L-aEanine, and L-alanyl-L-glutamrne are 1.0, 1.6, 
and 1.8, respectivety.] 

Suitability reguirements 

Column effidency: NLT 8000 theoretical plates for 
the L-alanyl-L-giutamine peak 
Resolution: NLT 2.0 between L-alanyl-L-g łuta minę 
and L-alanyl-L-alanine 
Analysis 

Sam pies: Standard solution 7, Standard solution 2, and 
Sampie solution 

Calculate the percentage of tyrosine and glycine In the 
portion of the Sample taken: 

Result = ( rufrs ) x (Cs/Cu) x 100 
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ru — peak response of tyrosine o r glydne from the 
Sample solution 

r$ - peak response of ty rosi ne from Standard 

solution 1 or glydne from Standard solution 2 
C 5 = concentration of USP t-Tyrosine RS in Standard 
solution 1 (mg/mL) or concentration of USP 
Glycine RS in Standard solution 2 (mg/mL) 

Cu “ concentration of Glycyl-L-tyrosine in the 
Sampie solution (mg/mL) 

Caiculate the percentage of any other spedfied and 
unspecified impurities in the portion of the Sampie 
taken: 

Result - (j ruirj ) x 100 

fu - peak response of each individual impurity 
fj - sum of the responses of all the peaks, 

exduding peak responses of glydne and 
tyrosine 

Acceptance criteria: See Tobie 7. 


Tabie 1 


Name 

Relative 

Relentbn 

Time 

Acceptance 
Criteria, 
WMT (%> 

Cydo(qly-tyr) 

0.41 

0.2 

P i valoyl-L-tyrosine 

0.48 

0.1 

Tyrosine 

0.67 

1.5 

Glycine 

1.15 

1.0 

Glv-oJv-tvr 

1.27 

0.3 

Any unspecified impurity 

_ 

0.1 

Total unspecified. impurities 

_ 

0,5 


SPECIFSC TESTS 

» Optical Rotation, Specific Rotation (7S1S) 

Sample solution: 20 mg/mL in water. Perform the 
measurement at 20°. 

Acceptance criteria: +46* *0° to +50,0° on the anhy- 
drous basis 

s WATER DeterminatioN, Method la (921): 10.0%-1 ó,G% 

ADDITBONAL RE0UIREM ENT5 

* Packaging and Storage: Presen/e in well-dosed, tight, 
llght-resistant containers, 

• USP Reference Standards (11) 

USP Alanyl-L-afanine RS 
USP L-AlanyhL-gfutamlne RS 
USP Glycine RS 
USP Glycyl-i-tyrosine RS 
USP t-Tyrosine RS 


Goldenseal 


DEFINITION 

Goldenseal consists of the dried roots and rhizomes of Hy- 
drastis canadensis L. (Fam. Ranunculaceae). It contains 
NLT 2.0% of hydrastine (C 2 iHjiNO*) and NLT 2.5% of 
berberine (CjoHisNO^ calculated on the dried basis. 

IDENTIFICATION 

• A. HPTLC for Articles of Botanegal Origin (203) 
Standard solution: Prepare a composite solution eon- 
taEning 0.5 mg/mL of USP Hydrastine RS and 0.025 mg/ 
mL of USP Berberine Chloride RS in methanol 
Sample solution: Sonicate 0.25 g of Goldenseal root 
and rhizome in 4 mL of 80% methanol for 30 min. 


Włthdraw the supernatant, and wash the residue twlce 
with 2-mL aliquots of methanol. Combine the superna- 
tant and nnsates in a 20-mL volumetric fiask, ano adjust 
with methanol to yolume. Mix well and fil ter before 
use. 

[N0TE~if prolonged storage is reguired, keep the Sam¬ 
ple soiution refrigerated.] 

Chromatographic system 
Modę: HPTLC 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC piąte) 5 
Application volume: 5 pL each ot Standard solution 
and Sample solution as 8-mm bands 
Temperaturę: Ambient, not to exceed 30° 

Developing soh/ent system: A mixture of ethyl ace- 
tate, methanol, formie atid, and water (50:10:6:3) 
System suitability 
Sample: Standard solution 

Apply as a band and dry in air. Condition at re!ative 
numidlty of about 33%. Develop in a saturated cham- 
ber until the solvent front has migrated over a path of 
6 cm. Dry in a stream of cold air, and examine under 
the Iong-wave (365 nm) UV light. 

Suitability requirements 

Chromatographic pattern: Under long-wave UV 
(365 nm), the chromatogram exhibits the dark-biue 
band at about one-third of the migration distance 
due to hydrastine, and a bright yeTlow band at 
roughly halfway due to berberine. 

Analysis 

Sam pies: Standard solution and Sample solution 
Treat and examine the Samples as described in System 
suitability. 

Acceptance criteria: The chromatogram of the Sampie 
solution exhibits a bright blue fluorescent band due to 
hydrastinine close to the application linę; additionaf 
deep blue zones may be observed immediately above 
and below this banef. In the mtddle thlrd of the chro¬ 
matogram, a deep blue band coincident with hydras¬ 
tine, and a bright yellow fluorescent band coincident 
with berberine in the Standard solution are observed, 
Proximal to the solvent front, a deep blue band is seen. 
The presenee of a second yellow band below that of 
berberine, commonly ascribed to palmatine, is a likely 
sign of adulteration. The deep blue hydrastine band 
helps distinguish Goldenseal from numerous berberine- 
containing spedes. 

C0MP0SITION 

• CONTENT OF BERBERINE AND HYDRASTINE AND llMIT OF 

Palmatine 

Mobile phase: Dissolve 9.93 g of monobasic potassium 
phosphate in 730 mL of water and add 270 mL of ace- 
toniirile. Mfx / filter, and degas. 

SoIvent: A mixture of 0.1 M monobasic potassium 
phosphate and acetonitrile (60:40) 

Standard solution: 0.05 mg/mL each of USP Berberine 
Chloride RS and USP Hydrastine RS in a mtxture of 
methanol and water (1:1) 

System suitability solution: Prepare a solution of 
palmatine chloride in a mlxture of water and methanol 
(1:1) with a known concentration of about 0.05 mg/ 
mL. Mix equal volumes of this solution and the Storn 
dard solution. 

Sample solution: Rnely powder a guantity of Golden¬ 
seal, and transfer about 0.12 q, accurately weighed, to 
a 50-mL voJumetrj'c fiask. Ado 40 mL of Solvent f soni¬ 
cate for 5 min, and shake for 10 min. Dilute with Sol- 
vent to volume, mix, and filter. 


1 Surtable cammercbfly availabie plates are HPTLC Sflica Cel 60 from 
EMD Millipore (e.g,, Part No. 1.05642,0001). 
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Chromatographic system 

(See Chromatograpny (621), System Suitability,) 

Modę; LC 

Detector: UV 235 nm 
Column: 4,6-mm x 150-mm; packing LI 
Flow ratę: 1 ,8 mL/min 
Injection volume: 10pL 
System suitability 

Samples: Standard solution and System suitability 
solution 

Suitability requirements 

Resolutfon: NLT 1.5 between the berberine and 
palmatine peaks; NLT 1.5 between the hydrastine 
and palmatine peaks, System suitability solution 
Capacity factor: NLT 3,0 for the hydrastine peak, 
Standard solution 

Column efficiency: NLT 5000 theoretical plates, de- 
termlned from the hydrastine and berberine peaks, 
Standard solution 

Tailing factor: NMT 2*0, determined from the hy¬ 
drastine and berberine peaks, Standard solution 
Relative standard deviation: NMT 2.5%, determined 
from the hydrastine and berberine peaks in repeated 
injections, Standard solution 
Analysis 

Samples: Standard solution and Sample solution 
Calcufate the percentages of hydrastine (C 2 iH 2 iNQd) 
and berberine (C 2 QHiaNO*i) in the portiors of Golden- 
seat taken: 

Resuit = (r u /n) x Cs x (V/W) x 100 

r\j - peak area of berberine or hydrastine in the 
Sample solution 

fs = peak area of berberine or hydrastine in the 
Standard solution 

Cs - concentration of berberine or hydrastine in 
the Standard solution (mg/mL) 

V = voiume of the Sample solution (mL) 

W = wefght of powdered GoldenseaI used to 
prepare the Sample solution (mg) 

Using the values obtained from the chromatogram of 
the Sample solution, divide the peak area of berberine 
by the area of any peak at the locus for palmatine (if 
present). 

Acceptance criteria: NLT 2.0% of hydrastine 
{CZTH 21 NO,) and NLT 2.5% of berberine (C m H,bN 0 4 ) on 
the dried basis. The ratro of the berberine peak area to 
any peak area at the locus for palmatine is morę than 
50:1, 

CONTAMINANT5 

e Articles of Botanical Origin, Limit s of Elemental Impuri - 
ties (561): Meets the requirements 
® Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the requirements 

SPECIFIC TEST5 
« Botanical Cbaracteristics 

Macroscopic: The rhizome is knotty, subcylindrical, and 
occasionaily has an aerial stem. It is 1-5 cm in length 
and 2-10 mm in diameter. Externafly, the rhizome is 
brown to dusky yeilowish orange, deeply furrowed, and 
marked by numerous stem and bud scafe scars* Numer- 
ous brittle roots arise rouahly from the same side of the 
main axis. Fractures are snort and resinous, with a dark 
yelfow to yeliowish-brown bark, greenfsh-yellow mar- 
gins, and a yeflowish-orange center that is waxy in ap- 
pearance* An interrupted circie of smali, radlally elon- 
gated fibrovascuiar bundles are afso present. Tne roots 
are filiform, up to 35 cm in length and 1 mm in diame¬ 
ter, and are either eurved or twisted, tangled together, 
or broken. Fractures are short and brittle, and show an 
internal color of yeilowish orange to greenish yellew* 


Microscopic 

Transverse section of rhizome and root: The rhi- 
zome has poiygonat, yeliowish-brown, thin- to slightly 
thick-walled cork cells. Wedge-shaped vascular bundles 
are separated by wide moduł lary rays. Tracheary efe- 
ments are Itgnifled and have slit-shaped pits, A few 
Jarge vessels with reticulate thickenings are also pres¬ 
ent The parenchyma tissue is composed of polygonal 
cells with abundant simple or compound starch grains 
up to 8 pm in diameter. A few irregulariy shaped resin 
cells are present in the cortex and the prth. Masses of 
granulat orange-brown matter are present in the pa¬ 
renchyma tissues* The roots have a single layer of ir- 
regularly elongated cork cells, The tracheary elements 
are assodated with lignified fibers* Fragments of the 
epidermrs are sometimes present near the base of the 
rhizome and are composed of cells with thick, ligni¬ 
fied, beaded walls* 

o Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 2*0% 

O Loss on Drting (731) 

Sample: 2*0 g of Goldenseal, fśnely powdered 
Analysis: Dry the Sample at 100° for 5 h. 

Acceptance criteria: NMT 12.0% 

® Articles of Botanical Origin, Total As/i (561) 

Sample: 1.0 g of Goldenseal, finely powdered 
Analysis: NMT 9*0% 

• Articles of Botanical Origin, Acid-Jnsoluble Ash (561): 

NMT 5% 

ADDITGONAL REQUSR£SV!ENTS 

® Packaging and Storace: Preserve in tlght containers, 
and storę protected from light, moisture, and heat. 

* Labeling: The labef States tne Latin binomial and, follow- 

ing the official na me, the parts of the plant contained in 
the article. 

9 usp reference Standards (11) 

USF Berberine Chloride RS 
USP Hydrastine RS 


Powdered Goldenseal 


DEFINITION 

Powdered Goidenseal is Goldenseal reduced to a fine or 
very fine powder* ft contains NLT 2*0% of hydrastine 
(C2iH 2 iN0 6 ) and NLT 2.5% of berberine (C 2 oH F bN 0 4 ), cal¬ 
cu la ted on the dried basis. 

IDENTIFICATION 

« A. HPTLC for Articles of Botanical Origin (203) 
Standard solution: Prepare a composite solution eon- 
taining 0*5 mg/mL of USP Hydrastine RS and 0.025 mg/ 
mL of USP Berberine Chloride RS in methanof 
Sample solution: Sonicate 0,25 g of Powdered Golden¬ 
seal root and rhizome in 4 mL of 80% methanol for 30 
min. Withdraw the supernatant, and wash the residue 
twice with 2-mL aliguots of methanol. Combine the su¬ 
pernatant and rinsates in a 20-mL volumetric fiask, and 
adjust with methanol to voiume. Mix well and fil ter 
before use* 

[NOTĘ—If proton ged storage is reąuired, keep the Sam- 
ple solution refrrgerated*] 

Chromatographic system 
Modę: HPTLC 

Adsorbent: Chromatographic silica gef with an aver- 
age particie size of 5 pm (HPTLC piąte) 1 
Application volume: 5 pL each of Standard solution 
and Sample solution as S-mm bands 

1 Suitable comrnercialfy available plates are HPTLC SHica Cel 60 from 
EMD Millipore (e.g., Part No. 1.056^2.0001). 
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Temperaturę: Ambient, not to exceed 30° 
Developing sokent system: A mixture of ethyl ace¬ 
tale, methanol, formie acid, and water (50:10:6:3) 
System suitability 
Sampte: Standard solution 

Apply as a band and dry in aii\ Condition at a relative 
humidity of about 33%, Develop in a saturated cham- 
ber until the sokent front has migrated over a path of 
6 cm, Dry in a stream of cold air, and examine under 
long-wave (365 nm) UV light. 

SuitabiJity requirements 

Chromatographic patfern: Under long-wave UV 
(365 nm), the chromatogram exhibits a dark-blue 
band at about one-third of the migration distance 
due to hydrastine and a bright yellow band at 
roughly nalfway due to berberine. 

Analysis 

Samples: Standard solution and Sample solution 
Treat and examjne the Samples as desenbed in System 
suitability , 

Acceptance criteria: The chromatogram of the Sampte 
solution exhibits a bright blue fluorescent band due to 
hydrastinine dose to the application linę; additional 
deep blue zones may be observed immediateiy above 
and below this bana, In the middle third of the chro¬ 
matogram, a deep blue band coincident with hydras¬ 
tine and a bright yellow fluorescent band coincident 
with berberine in the Standard solution are observed. 
Proximal to the sokent front, a deep blue band is seen. 
The presence of a second yellow band below that of 
berberine, commonly asenbed to palmatine, is a likely 
sign of adulteration, The deep blue hydrastine band 
helps distinguish Powdered Goldenseal from numerous 
berberine-contaming species. 

COMPOSmON 

* CONTENT OF BERBERINE AND HYDRASTINE AND LIMIT OF 
PALMATINE 

Mobile phase: Dissoke 9,93 g of monobasic potassium 
phosphale in 730 mL of water and add 270 mL of ace- 
Lonitrile. Mix, filter, and degas, 

Sokent: A mixture of 0.1 M monobasic potassium 
phosphate and acetonitrile (60:40) 

Standard solution: 0.05 mg/mL each of USP Berberine 
Chloride RS and USP Hydrastine RS in a mixture of 
methanol and water (1:1) 

System suitability solution: Prepare a solution of 
palmatine chloride in a mixture of water and methanol 
(1:1) with a known concentration of about 0.05 mg/ 
mL. Mix equal volumes of this solution and the Stan¬ 
dard solution . 

Sample solution: Transfer about 0,12 g of Powdered 
Goldenseal, accurateiy weighed, to a 50-mL volumetric 
fiask, Add 40 mL of Solvent ; sonicate for 5 min, and 
shake for 10 min. Dilute with Soivent to volume, mix, 
and filter. 

Chromatographic system 

(See Chromatograpny {62 1), System Suitability.) 

Modę: LC 

Detector: UV 235 nm 
Column: 4.6-mm x 150-mm; packing LI 
Flow ratę: I.SmL/min 
Injection volume: 10 pL 
System suitability 

S a m p I es: 5 tanaard solution and Sys tem s uitability 
solution 

Suitability requirements 

Re solution: NLT 1,5 be twe en the berberine and 
palmaline peaks; NLT 1.5 between the hydrastine 
and palmatine peaks, System suitability solution 


tapacity factor: NIT 3.0 for the hydrastine peak. 
Standard solution 

Column efficiency: NLT 5000 theoretical piates, de- 
termined from the hydrastine and berberine peaks. 
Standard solution 

Tatling factor: NMT 2.0, determined from the hy¬ 
drastine and berberine peaks, Standard solution 
Relatke standard deviation: NMT 2.5%, determined 
from the hydrastine and berberine peaks in repeated 
injections, Standard solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentages of hydrastine (CziH^NO*) 
and berberine (CioHiaNO^ in the portion of Powdered 
Goldenseal taken: 

Result » (r 0 /rs) x C* x (Vf W) x 100 

r u - peak area of berberine or hydrastine from the 
Sample soiution 

n = peak area of berberine or hydrastine from the 
Standard solution 

Cj = concentration of berberine or hydrastine in 
the Standard soiution (mg/mL) 

V = votume of the Sample solution (mL) 

W = weight of Powdered Goldenseal used to 
prepare the Sample solution (mg) 

Using the va(ues from the chromatogram of the Sample 
solution , divide the peak area of berberine by the area 
of any peak at the loeus for palmatine (if present). 
Acceptance criteria: NLT 2.0% of hydrastine 
(CziHziNOe) and NLT 2.5% of berberine (CioHtfiNCb) on 
the dried basts, The ratio of the berberine peak area to 
any peak area at the loeus for palmatine is morę than 
50:1. 

CONTAMINANTS 

* Articles of Botanical Origin, Limits of Elemental Impuri- 

ties (561): Meets the requirements 

* Articles of Botanical Origin, Pestlcide Residue Analysis 
(561): Meets the requirements 

5PECIFIC TEST5 

* Botanical Characteristics: The powder is dark yellow 
to moderately greenish-yellow with an aromatic odor and 
bitter taste. Abundant starch granules are present and are 
either spherical or ovoid; the granules are simple or com- 
pounded, with an occasional slit-shaped hilum, Parem 
chyma cells rangę from polygonal to round and are fflled 
with starch or brown resin. Iracheary elements with slit- 
shaped pits and a few large reticulated vessels are pres¬ 
ent, as are beaded, thick-walled elongated epidermal 
cdls, Thin fragments of cork layer are also present 

* Articles of Botanical Origin, Eoreign Organie Matter 
(561); NMT 2.0% 

* LOSS ON DRY1NG (731) 

Sample: 2 g of Powdered Goldenseal, fineiy powdered 
Analysis: Dry the Sample at 100 ń for 5 h. 

Acceptance criteria: NMT 12,0% 

* Articles of Botanical Origin, Toto/ Ash (561): NMT 9% 

* Articles of Botanical Origin, Acid-fnsoluhie Ash (561): 

NMT 5% 

ADDITIONAL REQUIREIWENT5 

* Pachaging and Storage: Preserve in tight containers, 
and storę protected from light and moisture. 

* Labeling: The labeł States the Latin binomial and, follow- 
ing the official na me, the parts of the plant contained in 
the article. 
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* USP Reference Stanoards (11) 
USP Berberine Chloride RS 
USP Hydrastine RS 


Powdered Goldenseal Extract 


DEFINITłON 

Powdered Goldenseal Extract is prepared from the pulver- 
ized dried roots and rhrzomes of Hydrastis conadensis L. 
(Fam, Ranunculaceae), using suitable sofvents. It contarns 
NLT 5% of hydrastine (C 2 *HjtNQ*) and NLT 10% of the 
sum of berberine (C^HiaNCh) and hydrastine, caiculated 
on the dried basis. The ratio of starting crude plant mate¬ 
riał to Powdered Goldenseal Extract is 2:1, 

IDENTIFICATION 

• A. HPTLC FOR Artjcles of Botanical Oricjn (203) 
Standard solution: Prepare a com posilę solution con- 
laining 0,5 mg/mL of USP Hydrastine RS and 0.025 mg/ 
mL of USP Berberine Chloride RS in methanoL 
Sample solution: 10 mg/mL of Powdered Goldenseal 
Extract in a mixture of methanol and water (1:1). Soni- 
cate for 20 min, cool to room temperaturę, and fil ter. 
[NOTĘ—If prolonged sto ragę Is reąuired, keep the 5om- 
pie solution refrigerated,] 

Chromatographic system 
Modę: HPTLC 

Adsorbent: Chromatographic silfca gel with an aver- 
age particie size of 5 jim {HPTLC piąte) 1 
Application volume: 5 pL each ot Standard solution 
and Sample solution as 8-mm bands 
Temperaturę: Amblent, not to exceed 30° 

Developrng solvent system: Ethyl acetate, methanol, 
formie add, and water (50:10:6:3) 

System suitability 
Sample: Standard solution 

Appły as a band and dry in air. Condition at reiative 
numidrty of about 33%, Develop in a saturated cham- 
ber unhl the solvent front has migrated over a path of 
6 cm. Dry in a current of cofd air, and examine under 
long-wave (365 nm) UV light. 

Sultabllity reąuirements 

Chromatographic pattern: The chromatogram ex- 
hibits a dark-blue band at about one-third of the mi- 
gration distance due to hydrastine and a bright-yei- 
low band at roughly haifway due to berberine. 
Analysls 

Sam pies: Standard solution and Sample solution 
Treat and examine the Samples as described in System 
suit obili ty. 

Acceptance enteria: The chromatogram of the Sample 
solution exhibits a bright bfue fluorescent band due to 
hydrastinine dose to the application linę; additional 
deep blue zones may be ooserved immedrately above 
and below this banef. In the middle third of the chro¬ 
matogram, a deep blue band coinddent with hydras¬ 
tine and a bright-yellow fluorescent band coinddent 
with berberine in the Standard solution are observed. 
Proximal to the solvent front, a deep blue band is seen. 
The presence of a second yellow band below that of 
berberine, eommonly ascribed to palmatine, is a likely 
sign of adukeration. The deep blue hydrastine band 
helps distinguish Powdered Goldenseal Extract from nu- 
merous berberine-containing species. 

COMPOSITION 

* CONTENT OF BERBERINE AND HYDRASTINE AND LIMIT OF 
PALMATINE 

1 Suitable com me rei alty avaitab!e piąte* are HPTLC Sili ca Cel 60 Fiw from 

EMD Milllpore (e.g., Part No. 1.05642.0001). 


Mobile phase: Dissolve 9.93 g of monobasic potassium 
phosphate in 730 mL of water and add 270 ml of ace- 
tonitrile. Mix, filier, and degas. 

Standard solution: 0.05 mg/mL each of USP Berberine 
Chloride RS and USP Hydrastine RS in a mixture of 
methanol and water (1:1) 

System suitability solution: Prepare a solution of 
palmatine chloride in a mixture of water and methanol 
(1:1) with a known concentration of about 0.05 mg/ 
mL, Mix equal volumes of this solution and the Stan¬ 
dard sotution . 

Sample solution: 2 mg/mL of Powdered Goldenseal Ex- 
tract in a mixture of methanol and water (1:1). Soni- 
cate for 20 min, cool to room temperaturę, and filter. 
[Notę —The sample to be used in this test should not 
be subjected to the conditions spedfied in the test for 
Loss on Drying . A separate sample is used to determine 
the content on the dried basis.j 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 235 nm 
Column: 4.ó-mm x 150-mm; packing LI 
Flow ratę: 1.8 m L/min 
Injection volume: 10 j.iL 
System suitability 

Samples: Standard solution and System suitability 
solution 

Suitability reąuirements 

Resolution: NLT 1.5 between the berberine and 
palmatine peaks; NLT 1.5 between the hydrastine 
and palmatine peaks, System suitability solution 
Capacity factor: NLT 3.0 for the hydrastine peak. 
Standard solution 

Column efficiency: NLT 5000 theoretical plates, de- 
termined from the hydrastine and berberine peaks, 
Standard solution 

Tailing factor: NMT 2.0, determined from the hy¬ 
drastine and berberine peaks. Standard solution 
Relative standard dewation: NMT 2.5%, determined 
from the hydrastine and berberine peaks in replicate 
mjections. Standard solution 
Analysls 

Samples: Standard solution and Sample solution 
Calculate the percentages of hydrastine (C 2 iHiiNOń) 
and berberine (C2oHiaN04) in the portion of Powdered 
Goldenseal Extract taken: 

Result = (ry/fs) x (Cs/Cu) x 100 

Tu = peak area of berberine or hydrastine from the 
Sample solution 

fs - peak area of berberine or hydrastine from the 
Standard solution 

Cs - concentration of berberine or hydrastine in 
the Standard solution (mg/mL) 

Cy ~ concentration of Powdered Goldenseal Extract 
in the Sample solution (mg/mL) 

Using the values from the chromatogram of the Sample 
solution , divide the peak area of berberine by the area 
of any peak at the loeus for palmatine (if present). 
Acceptance criteria: NLT 5% of hydrastine and NLT 
10% of the sum of hydrastine and berberine on the 
dried basis. The ratio of the berberine peak area to arry 
peak area at the loeus for palmatine is morę than 50:1. 

CONTAMINANT5 


Delete the fofiowing: 

Heavy Metals, Method II (231): NMT 20 ppm# (orncin t 

M2Q1S] 

* Articles of Botanical Origin, Pesticide Residue Analysls 
(561): Meets the reąuirements 
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* Microbial Enumeration Tests (2021); The tata! aerobic 
mScrobiaJ count does not exceed 10* cfu/g, and the total 
combined molds and yeasts count does not exceed 1 O 3 
cfu/g. 

* Absence of Specified SYIecroorganisms (2022): It meets 

the reguirements of the tests for absence of Salmonella 
spedes and Escherichia coli. 

SPECIFEC TESTS 
a LOSS ON DRYINC (731) 

Sam ple: TO g of Powdered Gotdenseat Extract 
Anafysis: Dry the Sample at 105° for 2 hu 
Accep tance arteria: NMT 5.0% 

ADDITIONAL REQUIREMENT5 

» Packaging and Storage: Preserve in tight tontalners, 
and storę protected from tight and moisture 
o Iabeling: The tabel States the Latin binomial and, follow- 
ing the offfcial name, the part of the plant from whith 
the artide was prepared. Label to indicate the content of 
hydrastine and berbenne, the extracting so]vent used for 
preparation, and the ratio of the startmg crude plant ma¬ 
teriał to the Powdered Goldensea! Extract. 

* USP Reference Standards (11 ) 

USP Serberine Chloride RS 
USP Hydrastine RS 


Grapę Seeds Oligomeric 
Proanthogyanidins 


DEFINITION 

Grapę Seeds Oligomeric Proanthocyanidins is a fraction of 
an extract of the hpe seeds of Vitis vinifera L (Fam. 
Vitaceae). It contains NLT 75.0% of ofigomeric proantho¬ 
cyanidins, on the anhydrous basis. The extract is prepared 
using suitable sofvents such as atcohol, methanol, ace- 
tone, ethy! acetate, water, or mixtures of these solvents, 
in a ratio of starting ptant materiał to extract between 
70:1 and 10:1. The extract is further enriched in otigo- 
mehc proanthocyanidins by fractlonation with ethyl ace¬ 
tale or by other means. 



IDENTIFICATION 

* A. Thin-Layer Chromatographic Identification Test 

( 201 ) 

Adsorbent: Chromatographio sflrca gd with an average 
particie size of 5 (im and a layer thickness of about 
0,2 mm (HPTLC ptates) 

Standard solution A: Dissolve a quantity of USP Pun- 
fied Grapę Seeds Oligomeric Proanthocyanidins RS in 
methanol, using sonicatlon, to obtain a solution having 
a concentration of about 5 mg/mL Centrifuge if neces- 
sary, and use the elear supernatant. [Notę—F repare 
fresh.] 

Standard solution B: DEssofve a cjuantity of USP {+)- 
Catechin RS in methanof, using sonication, to obtain a 
solution havmg a concentration of about 1 mg/mL 
Sample solution: Proceed as directed for Standard solu- 
tion A, except use the Grapę Seeds Oligomeric 
Proanthocyanidins. 

Deve!oping solvent system: A mlxture of acetone, toi- 
uene, and formie acid (15:15:5) 

Spray reagent: Dissofve about 100 mg of vanillin in 
3-mL of methanol using sonicatlon. Add about 3 ml_ of 
hydrochJorlc acid, dilute with methanol to 10 ml, and 
carefully mix under cold water. [Notę—P repare fresh.] 
Application volume: 15 pL, as 5-10-mm bands 
Analysrs 

Samples: Standard solution A, Standard solution 8, and 
Sample solution 

Apply the Samples as bands to a suitable thin-layer 
chromatographic piąte (see Chromatography (621)}. 


Use a saturated cham ber. Develop the chromało- 
grams until the sotvent front has moved up about 
90% of the piąte, Remove the piąte from the cham- 
ber, dry, spray with the Spray reagent, dry, and ex- 
amEne under visible fight. 

Accep tance criteria: The chromatogram of the Sample 
solution exhibits pink-vlolet bands, corresponding in 
color and Rf to those in the chromatogram of Standard 
solution A, at the foltowing approximate R F va3ues: a 
pair of bands between 0,20 and 0,23 (trimeric 
proanthocyanidins), a band at 0.28 (proanthocyanidin- 
B2-3'-0-gallate), a band at 0.31 (B-type dimeric 
proanthocyanidins), and a band at 0.43 ((-)-epicat- 
echin-3-O-gatlate). The chromatogram of the Sample so¬ 
lution may exhibit a pink-vio!et band at an approximate 
Rf of 0.49 (residual flavan 3-ol monomers and/or gallic 
add) corresponding to the band in the chromatogram 
of Standard solution 8. Other pink-violet bands may also 
be obsen/ed. 

■ B, The chromatogram of the Sample solution obtained in 
the test for Limit of Catechin and Epicatechin exhibits 
peaks due to proanthocyanidin dimer E h proanthocy- 
anidtn dimer B? mł (-)“epicatechin-3-0-gaIlate, and a broad 
peak due to other oligomeric proanthocyanidins at reten- 
tion times corresponding to those in the chromatogram 
of Standard solution B . 

COMPOSITION 

* Content of Oligomeric Proanthocyanidins 

Intemal standard solution: Prepare a solution of butyl- 
ated hydroxytoluene in Mobile phase canta En ing about 
0,3 mg/mL 

Standard solution A: Dtssolve a weighed guantity of 
USP Purified Grapę Seeds Oligomeric Proanthocyanidins 
RS In interna! standard solution to obtain a solution hav- 
ing a known concentration of about 1.0 mg/mL. 
Standard solution 8: Disso!ve a portion of USP (-t-)-CaL 
echin RS in Intemal standard solution to obtain a solu- 
tion havlng a known concentration of about 0.2 mg/ 
mL. 

Sample solution: Dissolve a weighed guantity of Grapę 
Seeds Oligomeric Proanthocyanidins En Interna! standard 
solution to obtain a solution having a known concentra¬ 
tion of about 1.0 mg/mL. Centrifuge, and use the elear 
supernatant. 

Mobile phase: Prepare a filtered and degassed mlxture 
of tetrahydrofuran and an aqueous solution of lithium 
bromśde (about 1 mg/mL) (95:5). 

Chromatographic system 
(See Chromatography (621), System Su i ta bil i ty.) 

Modę: LC 

Detector: UV 280 nm 

Column: 7.5-mm x 30-cm; 5-pm, 500-A, packing L21 
Column temperaturę: 25° ± 1 
Flow ratę: 1.0 mL/min 
Injection size: lOpL 
System suitability 

Samples: Standard solution A and Standard solution B 
Suitability reguirements: Measure the responses as 
determined under Analysh. 

Relative standard deviation: NMT 2.0% determined 
from the the peak area ratio of the oligomeric 
proanthocyanidins to the intemal standard in re- 
peated injections. Standard solution A 
Resolution: NLT 3,0 between the peaks of monomers 
and the internat standard, Standard solution B 
Analysis 

Samples: Standard solution A f Standard solution B, and 
Sample solution 

Chromatograph Standard solution A and determine the 
beginning and end of the retention time window for 
the integration of oligomeric proanthocyanidins, at 
the points where the response of the main peak j$ 
about 0.5% of its maximum. Record the peak area 
ratio of the oligomeric proanthocyanidins to the in- 
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temal standard. Chroma tog raph Standard solution B 
and the Sample solution and identify the iocus for the 
monomers. Integrale the areas of the mam peaks 
within the retention time window as determined for 
Standard solution A, excluding the area above the 
main peak, at the Iocus identified for the monomers, 
using a proper jntegratfon method. 

Calculate the percentage of the oligomeric proantho¬ 
cyanidins in the portion of the Grapę Seeds Gligo- 
rneric Proanthocyanidins taken: 

Result - (Ru/RO x (C s /Cu) x 100 

Ru - peak response ratio of the oligomeric 

proanthocyanidins to the internal standard 
from the Sample solution 
Rs - peak response rado of the oligomeric 

proanthocyanidins fo the internal standard 
from Standard solution A 

Cs - concentration of USP Purified Grapę Seeds 

Oligomeric: Proanthocyanidins RS in Standard 
solution A (mg/mL) 

Cu - concentration of Grapę Seeds Oligomeric 
Proanthocyanidins in the Sample solution 
(mg/mL) 

Acceptance criteria: NLT 75.0% on the anhydrous 
ba sis 

IMPURłTIES 
łrtorganic impurstaes 

Delete the following: 

** Heaw Metals, Method II (231): MMI 10 ppm® (ornaai u 

|an’201B) 

Organie Bmpiirities 

• Articles of Botahical Origin, Genem/ Method for Pestl- 
cide Residues Analysis (561): Meets the reguirements 

SPECIFiC TESTS 

- Limit of Catechin and Epicatechin 
Solution A: Use acetomtriłe. 

Solution B: Use a 0.3% aqueous solution of 85% phos- 
phoric acid. 

So1vent: Prepare a mixture of Solution A and Solution B 
0:9). 

Standard solution A: Dis$olve, using sonication, a 
weighed guantity of USP (-t-)-Catechin RS In Solvent to 
obtain a solution having a known concentration of 
about 0.5 mg/mL. 

Standard solution B: Dissolve, using sonicadon, a 
weighed guantity of USP Grapę Seeds Oligomeric 
Proanthocyanidins RS in Solvent to obtain a solution 
having a known concentration of about 5 mg/mL. Cen- 
trifuge, and use the dear supernatant. 

Sample solution: Proceed as directed for Standard solu¬ 
tion B, except use the Grapę Seeds Oligomeric 
Proanthocyanidins, 

Mobile phase: See the gradient table below* 


Time 

(irtirO 

Solution A 
(%ł 

Solution 8 
f°/o) 

0 

10 

90 

45 

20 

80 

65 

60 

40 

66 

TO 

90 

85 

10 

90 


Chromatographic system 

(See Chromatography (621), System Su i ta bil i ty.) 


Modę: LC 

Detector: UV 278 nm 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
Flow ratę: 0.7 mL/mtn 
Injection size: lOpL 
System suitability 

Sam pies: Standard solution Aa nd Standard solution B 

Suitability reguirements 

The chromatogram obtained from Standard solution B 
Is similar to tne Reference Chromatogram provided 
with the lot of the USP Grapę Seeds Oligomeric 
Proanthocyanidins RS being used. 

Tailing factor: NMT 2.0 for the catechin peak, Stan¬ 
dard solution A 

Relative standard deviation: NMT 2% determined 
from the catechin peak in repeated injections, Stan¬ 
dard solution A 
Analysis 

Sam pi es: Standard solution Ą Standard solution B f and 
Sample solution 

Using the chromatogram of Standard solution A, Stan¬ 
dard solution B t and the Reference Chromatogram 
provided with the lot of USP Grapę Seeds Oligomeric 
Proanthocyanidins RS being used, identify the reten¬ 
tion times of the peaks corresponding to 
(+)“Catechin and (-)-epicatechin. The approximate 
relative retention times of the peaks are 1.0 and 1,43 
for (+)-catechin and (-)-epicatechin, respectively. 
Calculate the sum of the percentages of (+)-catechin 
and (-)-epicatechin In the portion of the Grapę Seeds 
Oligomeric Proanthocyanidins taken: 

Ou/rs) x (C x V/W) x 100 

ru - sum of the peak responses for 

(+)-catechEn and (-)-epicatechrn from the 
Sample solution 

r$ = peak response for (-t-)-catechin in Standard 
solution A 

Cg = concentration of USP (+)-Catechin RS in 
Standard solution A (mg/mL) 

V - finał volume of the Sample solution (mL) 

W = weight of Grapę Seeds Oligomeric 

Proanthocyanidins taken to prepare the 
Sample sofution (mg) 

Acceptance criteria: NMT 19,0% on the anhydrous 
basis 

■ Micro BIAL Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 10^ cfu/g. The total 
combined yeast and mold count does not exceed 10 3 
cfu/g. 

* Absence of Specified Microorganisms (2022): It meets 

Ehe reguirements of the tests for absence of Salmonella 
spec i es and Escherichia colt , 

o Residue on Ignition (281): NMT 0.5%, determined on 
5.0 g 

* Water DETERMINATION, Method la (921): NMT 8.0% 

* Water-Bnsoluble fraction 

Analysis: Transfer about 1 g, weighed, to a suitable 
fiask. Add 100 ml of water, and shake vigorousiy for 15 
min. Pass the solution through a previousty tared 
slntered-glass filter, wash the fiask with 30 ml of water, 
and transfer the washings to the filter, Wash the filter 
with 30 mL of water En 5-mL portions. Dry the filter for 
2 h at 105*, cool In a desiccator, and weigh, Calculate 
the percentage of the water-insoluble fraction. 
Acceptance criteria: NMT 2% 

* Other Requirements: It meets the reguirements of the 

test for Residua! Solvents under Botanical Extracts (565), 

ADDITIONAL REQUIREMENTS 

* Packaging and Sto race: Preserve in wefl-dosed contaln- 

ers, protected from fight and moisture, and storę at com 
trolled room temperaturę. 
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* Labelsng: The labę! States the Latin bmomial and, follow- 

ing the official namą it States "Grapę Seeds Oligomeric 
Proanthocyanldins". It meets other labelfng requirements 
under Botanice! Extrocts (565). 

* USP Reference Stamdards (11) 

USP (T)-Cateehln RS 

USP Grapę Seeds Oligomeric Proanthocyanidins RS 
USP Purified Grapę Seeds Oligomeric Proanthocyanidins 


Powdered Decafffeiaiated Greesi Tea 
Extract 


DEFINITION 

Powdered Decaffeinated Green Tea Extract is prepared from 
the young y unfermented leaf and leaf buds of Comeflia 
sinensis (L.) Kuntze (Fam. Theaceae), also known as Thea 
sinensis L., using su itable solvents such as alcohol, metha- 
nol, acetone, or water or mixtures of these solvents; the 
caffeine has been removed. The ratio of the starting crude 
plant materia! to Powdered Extract is 6:1-10:1. It contalns 
NIT 60.0% of poiyphenols, calculated as (-)-epigaflocat- 
echin-3-G-gallate, NLT 40,0% of (“)-epigallocatechin-3-0- 
aliate, and NMT 0.1% of caffeine, calculated on the an- 
ydrous basis. 

IDENTIFICATION 

o A, Thin-Layer Chfiomato grap hic Identification Test 

Standard solution: 4 mg/mL of USP Powdered Decaf¬ 
feinated Green Tea £xtracl RS in a mixture of alcohol 
and water (4:1), sonicate for 10 min, and centrlfuge. 
Use the dear supernatant [Notę—P repare fresh. Storę 
below -20 c , if storage is neededj 
Sample solution: 4 mg/mL of Powdered Decaffeinated 
Green Tea Extract in a mixture of alcohol and water 
(4:1), sonicate for 10 min, and centnfuge. Use the elear 
supernatant 

Chromatographic system 

(See Chromatograpny (621), Thin-Layer Chromało- 
graphy ,) 

Adsorbent: Use a chromatographic silica gel mixture 
with an averaqe particie sfze of 5 pm (HPTLC plates). 
Application volume: 1 pL 

Developfng soivent system: Toluene, acetone, and 
formie acid (9:9:2) 

Immersion reagent: Dissolve 140 mg of fast blue B 
salt in 10 mL of water, and add 140 mL of methanol 
and 50 mL of dichloromethane. [NOTĘ—Prepare 
weekly, and storę at 4° in the dark.] 

Analysis 

Sam pies: Standard solution and Sample solution 
Use an unsaturated chamber, and condltion the piąte 
to a rdative humidity of 30% using a su itable device. 
Deveiop the chromatograms, dry the piąte at 100°, 
dip In the Immersion reagent , dry, and immediately ex- 
amine the piąte under visible light. [Notę—T he chro¬ 
matogram is stabfe up to 30 min; afterward, the 
płatek background darkens significantly,] 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits main bands similar in position and 
color to the main bands in the chromatogram of the 
Standard solution- The chromatogram of the Sample so¬ 
lution exhibits four main brownisn orange bands with R? 
values of approximately 038, 0.48, 0.52, and 0.62 cor- 
responding to (-)-epigailocatechin-3-0-gallate, (-)-epi- 
galfocatechin, (-)-epicatechEn-3-0-gallate, and (-)-epi- 
catechin, respectively. The most intense band is the one 
for (-)-epigailocatecnin3-0-ga[late. The least intense 
band is the one for (-)-epicatechin. 


9 B, HPLC Identification Test 

Analysis: Proceed as directed in the test for Content of 
Poiyphenols. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibrts peaks for (~)-epigalTocatechin, (+)-cat- 
echin, (-)-epicatechin, (-)-epigallocatechin3-0-gallate, 
(-)“galIocatechin-3-0-gailate, (-)-epigalEocatechin-3-0- 
(3'-0-methyl)-gailate, and (“)-epicateehin-3-G-gaJlate at 
retention times corresponding to those in the chromat¬ 
ogram of Standard solution B, 

COMPOSmOH 
• Content of Poiyphenols 

Solution A: Methanol, phosphoric acid 85%, and water 
(50: 3.5: 946.5) 

Solution B: AcetonitriJe and methanol (95:5) 

Mobile phase: See labie 1. 


Table 1 


Time 

(min) 

Solution A 

(%) 

Solution B 

(%) 

0 

94 

6 

20 

94 

6 

50 

78 

22 

70 

38 

62 

75 

94 

6 

90 

94 

6 


Standard solution A: 0.1 mg/mL of USP (-)-Epi- 
gaJlocatechin-3-O-gallate RS in Solution A 
Standard solution B: 0.4 mg/mL of USP Powdered De- 
caffernated Green Tea Extract RS in Solution A. Mix, and 
centrifuge. 

Sample solution: 0.4 mg/mL of Powdered Decaf- 
feinated Green Tea Extract in Solution A. Mix, and 
centnfuge. 

Chromatographic system 

(See Chromatograpny {621), System Suitability ,) 

Modę: LC 

Detector: UV 278 nrn 

Column: 4.6-mm x 25-cm; 5-pm packing LI 

Coiumn temperaturę: 25 ± 1 ° 

Flow ratę: 0.8 mL/min 
Injection size: 15pL 
System suitability 

Sampfes: Standard solution A and Standard solution B 

Suitability requirements 

Chromatogram similarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Decaffeinated Green Tea Extract RS being used. 
Resolution: NLT 1 between the (“)-epigal]ocatechin- 
3-O-gallate peak and the preceding peak, Standard 
solution B 

Tailing factor: 0,8-2.0 for the (-)-epigal[ocatechin- 
3-O-gailate peak, Standard solution A 
Refative standard deviation; NMT 2.0% for the 
(-)-epiganocatechin-3-0-ga!iate peak, Standard solu¬ 
tion A 
Analysis 

Sampies: Standard solution A, Standard solution B, and 
Sample solution 

Record the chromatograms, and measure the areas of 
the analyte peaks. Using the chromatogram of Stan¬ 
dard solution B and the reference chromatogram pro- 
vided with the lot of USP Powdered Decaffeinated 
Green Tea Extract RS, Edentify the retention times of 
the peaks corresponding to the different poiyphenols, 
The approximate relative retention times of the 
poiyphenols are provided in Table 2. 
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Table 2 


Anałyte 

Relative 

Retention 

Time 

f-l-EDiaaliocatechin 

0.56 

f+l-Catechin 

0,68 

(-)-Epica te c li m 

0.98 

{-)-E pi q a 1 loca tec h i n - 3 - O-cta J i a te 

1.00 

f-)-Ca 1 loca tec h i r> 3 - 0-qa 1J a te 

1.09 

(~)-Epsga[locatechin-3-0-(3'-0-methyl)- 
gal lale 

1.19 

f-TEDicatechin-3'0-qallate 

1.27 


Separatefy calcu la te the percentages of (-)-epigallQcat- 
echin, (+)-cateehin, (-)-epicatecnln, (-)-epigallacat- 
echin-3-O-galfate, (-)-ga!locatechtn-3-0-gallate, {—)-ept- 
ga|jocatechin-3-0-(3'-Q-methyl)-gatlate, and (-)- 
epicatechln-3-O-gallate as (--)-epigallocstechm-3-Ogal- 
late in the portion of the Powdered Extract taken: 

Result - (ru/rs) x (Cs/Cu) x 100 

fu - peak area of each of the polyphenols in the 
Somple sofution 

r% ~ peak area of (-)-epIgallocatechfn-B-0-gallate Sn 
Standard sofution A 

Cs = concentration of USP (-)- Eplgalfocatechin- 
B-O-pallate RS in Standard solution A 
(mg/rnL) 

Cu = concentration of Powdered Decaffeinated 
Green Tea Extract In the Sample sofution 
(mg/mL) 

Add the percentages calculated for the tndividual 
polyphenols. 

Acceptance criteria: NLT 40.0% of (-)-epigallocat- 
echin-3-O-gallate and NLT 60.0% of polyphenols, calcu- 
lated as (-)-epigaliocatechln-3-G-gaflate on the anhy- 
drous basls 

CONTAMJINANT5 


Delete the following: 

•• Heaw Metals, Method il <231); NMT 20 ug/g® (Official T- 

Jan-2018) 

o ARTICLE5 OF BOTANICAL ORIG1N, Pestidde Residues (561): 
Meets the requirements 

o Microbiai Enumeration Test <2021): The total aerobic 
microbiaJ count does not exceed 10 4 cfu/g, and the total 
combined yeasts and rrtolds count does not exceed 10 3 
cfu/g. 

» Absence of Specified Microorganisms (2022): It meets 
the requirements of the tests for absence of Salmonello 
spec i es and Escherkhia coli. 

SPECIFIC TESTS 
» Limit of Callic Acid 

Solution A, Solution B, Mobile phase, and Chromało- 
graphic system: Proceed as directed tn the test for 
Content of Polyphenols. 

Standard solution: 0.2 mg/mL of gallfc add in Solution 

Sample solution: 20 mg/mL of Powdered Extract in So¬ 
lution A. Mix, and centrifuge. 

Analysis 

Samples: Standard solution and Sample solution 
Record the chromatograms, and measure the areas of 
the gallic add peaks. 

CalcuTate the pertentage of gallic acid in the portion of 
Powdered Extract taken: 


r u = peak response from the Sample solution 

fs - peak response from the Standard solution 

Cj = concentration of gallic add in the Standard 
solution (mg/mL) 

Cu = concentration of Powdered Decaffeinated 
Green Tea Extract in the Sample solution 
(mg/mL) 

Acceptance criteria: NMT 1.0% 

^ Limit of Caffeine 

Solution A; Methanol, tetrahydrofuran, phosphoric add 
85%, and water (50:10:3.5:936.5) 

Sofution B: Acetonitrile, methanol, and phosphoric acid 
85% (946.5: 50: 3.5) 

Mobile phase: See Table 3. 


Table 3 


Time 

(mini 

Solution A 

Solution B 

m 

0 

100 

0 

30 

100 

0 

35 

0 

100 

40 

0 

100 

45 

100 

0 

55 

100 

0 


Standard solution; 1 pg/mL of USP Caffeine RS in 
methanol 

Sample solution: 1 mg/mL of Powdered Extract in 
methanol 

Chromatographk system 

(See Chromatogropny <621), System Suitahiiity.) 

Modę: LC 

Detector: UV 272 nm 

Column: 4.6-mm x 25-cm; 5-jim packing L60 1 
Column temperaturę: 25 ± 1 D 
Elow ratę: 1 mL/min 
Injection size; 15 ul 
System suitabillty 
Sample: Standard solution 
Suitabillty reąuirements 

Relative standard devlation: NMT 2.0% determined 
from the caffeine peak 
Analysis 

Samples: Standard solution and Sample solution 
Record the chrornatograms, and measure the areas of 
the caffeine peaks. 

Calcuiate the percentage of caffeine in the portion of 
Powdered Extract taken: 

Result = (ru/rs) x (C s/Cu) x 100 

ru “ peak response from the Sample solution 

fs = peak response from the Standard solution 

Cs - concentration of USP Caffeine RS in the 
Standard solution (mg/mL) 

Cu — concentration of Powdered Decaffeinated 
Green Tea Extract In the Sample solution 
(mg/mL) 

Acceptance criteria: NMT 0.1% 

* Water Determenation, Method la (921): NMT 6.0%, de¬ 
termined on a 0.5 g 

e RE51DUE ON Ignition <281): NMT 0.5%, determined on 
1.0 g 

■ Other Requirements: It meets the reguirements of the 
test for Residual Solvents in Botanical Extracts (565), Gen¬ 
eral Pharmacopeial Reąuirements. 

ADDITIONAL REQUIREMENTS 

o Packaging and Storage: Presen/e in well-closed contain- 
ers, protected from light and moisture, and storę at eon- 
trolled room temperaturę. 


Result - (ru/r s ) x (Cs/ Cu) x 1 00 


Endcapped packing Li columns can aiso be used in this tesi. 
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o Labeling: The Jabel States the Latin btnomia! and, follow- 
ing the official namą the part of the plant from which 
the article was derMed* * !t meets other la beli ng reguire- 
ments in Botanicai Extracts (565). 

• USP Reference Standards (11) 

USP Caffeine RS 

USP (-)-Epigallocatechin-3-0-gallate RS 

USP Powclered Decaffeinated Green Tea Extract RS 


DEFINITION 

Guggul is the oleo-gum-resln obtafned by tndsion or pro- 
auced by spontaneous exudation from the stem and 
branches of Commiphora wightii (Arm) Bhandari, also 
known as Commiphora makuI (Hook* ex. Stocks) Engl. or 
Bafsamodendrum mukul (Hook.) (Fam. Burseraceae), Et con- 
talns NLT 1.0% of guggulsterones E and Z, calculated on 
the dried basis as guggutsterone Z. 

IDENTIFICATION 

* A. THIN-LAYER Chromatography 

Standard solution: 10 mg/mL of USP Purified Gugguf 
Extract RS with heating, in acetonitrile 
Sampie solution: Transfer about 0.5 g of crushed Gug¬ 
gul to a centnfuge tubę. Add 25 mL of acetonitrile, and 
shake for 1 min. Heat in a water bath for 10-15 min 
with occaslonat shaking, cool, centrifuge, and use the 
supematant. 

Chromatographic system 

(See Chromatography (621), Thin-Layer Chromato¬ 
graphy.) 

Developlng solvent system: A mixture of hexane and 
ethyl acetate (6:4) 

Adsorbent: 0.25-mm layer of chroma tog raphlc siEica 
gel mixture, typieafly 20 cm in length (TLC pfates) 
Application volume: 10 pL 
Analysis 

Samples: Standard solution and Sample solution 
Appfy the Samples a$ bands. Use a saturated cham ber. 
Develop until the solvent front has moved about 
three-fourths the length of the piąte, dry the piąte, 
and examine under short-wave UV light (254 nm), 
Acceptance criteria: The chromatogram of the Sample 
solution exhibits bands at Rf values of about 0,38 and 
0.47, due to guggulsterones E and Z, respectiveiy. Both 
bands correspond in Rf vaiues to bands from the Stan¬ 
dard solution. 

* B. HPLC 

Analysis: Proceed as directed in the test for Content of 
Guggulsterones £ and Z. 

Acceptance criteria: The chromatogram of the Sample 
solution exhrbits peaks for guggulsterones £ and Z at 
retention times that correspond to those of Standard 
solution A 

COMPOSITION 

* Content of Guggulsterones E and Z 

Mobile phase: A mixture of acetonitrile and water 
(45:55) 

Standard solution A: 10 mg/mL of USP Purified Gug¬ 
gul Extract RS with heating, In acetonitrile. Pass the so¬ 
lution through a filter of 0.45-|Um porę size before 
injection. 

Standard solution B: 0.1 mg/mL of USP Guggulsterone 
Z RS In acetonitrile. Pass the solution through a filter of 
0.45-pm porę size before Injection. 

Sample solution: Transfer about 2,0 g of crushed Cug- 
guE to a conical fiask, and extract four times with 50-mL 
portions of acetonitriEe. Shake for 1 min, and reflux in a 
water bath for 30 min, stirring magneticafly. Evaporate 
the combi ned extracts to about 50 mL, and transfer to 


a 100-ml volumetric fiask. Dilute with acetonitrile to 
volume, and pass through a filter of 0.45-pm porę size 
before Injection. 

Chromatographic system 
(See Chromatography (621), System Suitabifity.) 

Modę: LC 

Detector: UV 242 nm 

Cołumn: 4.6-mm x 25-cm; 5-pm packing LI 

Flow ratę: 2.0 mL/min 

Injection volume: 20 pL 

Cołumn temperaturę: 27 ± 1° 

System suitability 

Samples: Standard soiution A and Standard solution B 
[Notę—T he relative retention times for guggulsterones 
£ and Z are about 0.69 and 1.0, respectively,j 
Suitability requirements 

Chromatogram similarity: The chromatogram of 
Standard soiution A is similar to the reference chro- 
matogram provided with the lot of USP Purified Gug- 
gul Extract RS being used. 

Resolution: NLT 2.0 between the guggulsterone Z 
peak and the peak before, Standard solution A 
Tailing factor: NMT 1,5 for the guggulsterone Z 
peak, Standard solution B 

Relative standard deviation: NMT 2.0% for replieate 
injections for the guggulsterone Z peak, Standard so¬ 
iution B 
Analysts 

Samples: Standard solution A, Standard soiution B, and 
Sample solution 

Allow Standard soiution A to el u te for NLT 2 times the 
retention tlnne of guggulsterone Z, as determined from 
Standard solution B. Using the chromatogram of Stan¬ 
dard soiution A and the reference chromatogram pro- 
vided with the lot of USP Purified Guggul Extract RS 
being used, identify the retention times of the peaks 
corresponding to guggulsterone E and guggulsterone 

Calculate the percentage of guggulsterones £ and Z as 
guggulsterone Z in the portlon of Gugguf taE<en: 

Result = (rjrs) x G x (VjW) x 100 

fu = sum of the peak responses of guggulsterones 
E and Z from the Sample solution 
fs = peak response of guggulsterone Z from 
Standard soiution B 

Cs ~ concentration of USP Guggulsterone Z RS in 
Standard soiution B (mg/mL) 

V = finał volume of the Sample solution, 100 mL 

W - weiaht of Guoaul taken to prepare the Sample 

solution (mg) 

Acceptance criteria: NLT 1.0% on the dried basis 

CONTAMINANTS 

* Articles df Botanicai Origin, iimits of Elementai impuri- 

ties (561): Meets the requirements 
o Articles of Botanical Origin, Pestidde Resldue Analysis 
(561): Meets the requirements 

SPECfFIC TESTS 

* Botanical Cnaracteristics 

Macroscopic: Guggul occurs in rounded or Erregular 
conglomerates of tears, of variable sizes, light to dark 
brown, slightty sticky to touch, with characteristic and 
aromatic odor and an aromatic, astringent taste. 

* Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 1 % 

o Articles of Botanical Origin, Aicohol-Solubie £xtractives, 
Method 2 (561): NLT 33% 

« Ethyl Acetate Soluble Extractives 

Sample: About 5.0 g of coarsely powdered Guggut 
Analysis: Transfer the Sample to a glass-stoppered, coni- 
cal fiask. Add 25 mL of solvent hexane, insert a stopper 
into the fiask, shake for 1 h, filter, and dlscard the fil- 
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trale- Repeat twice, and dry the residue in a vacuum 
over phosphoms pentoxide at room temperaturę for S 
h. Crush tne dried materiał, and extract with four 
25-mL guantities of ethyl acetate, by shaking each ttme 
for 1 h at room temperaturę, folio wed by ffltratron 
through a sintered gfass funnet (porossty No* 3)* Evapo- 
rate the comblned nltrates under reduced pressure in a 
ta red fiask, dry the residue in a vacuum over phos- 
phorus pentoxide at room temperaturę for 12 h, and 
weigh. Determine the percentage of the ethyl acetate 
sofuble extractives calculated from the weight of Gug¬ 
gul taken. 

Acceptance eritena: 22%-30% 

* Loss ON Drying <731) 

Sample: 1.0 g of Guggul 

Analysis: Dry the Sample at 1 05° for 2 h. 

Acceptance criteria: NMT 8*0% 

* Residue on Ignition (281): NMT 10.0%, Ignited at 

800 ±25° 

* Articles of Botanical Origin, Aad-tnsoluble Ash (561): 

NMT 2.0% 

ADDITIONAL REQUIREM£NIS 

* Packaging and Storage: preserve in well-dosed contain- 
ers, protected from light and moisture, and storę in a 
cool place. 

* Labeling: The iabel States the Latin blnomial of the spe- 
cies of Commiphora from which the oleo-gum-resin was 
obtained and the official name. 

* USP Reference Standards (11) 

USP Guggulsterone Z RS 
USP Purified Guggul Extract RS 


Natiye CiBęggguE Extract 

DEF9NITION 

Native Guggul Extract is prepared from Guggul, using ethyl 
acetate, aTcohof, or methanol. The ratio of starting crude 
plant materiał to Nat!ve £xtract is approxrmately 9:1. it 
contains NLT 5.0% of guggulsterones E and Z, calculated 
on the anhydrous basis as guggulsterone Z, It does not 
contain added substances. 

IDENTIFICATION 

o A. THIN-LAYER CHROMATOGRAPHIC GDENTfFICATION TEST 

Standard solution: 10 mg/mL of USP Purified Guggul 
Extract RS, with healing, in acetgnitrile 
Sample solution: Homogenize Native Guggul Extract 
by heating in a water bath at 60°-80°. Prepare a 
5-mg/mL solution in acetonitrile with heating. 

Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromato- 
graphy.) 

DeveIoping solvent system: A mixture of hexane and 
ethyl acetate (6:4) 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel mixture, typically 20 cm in length 
Application voiume: 10pL 
Analysis 

Sampies: Standard solution and Sample solution 
Apply the Sampies as bands to a suitable piąte. Use a 
saturated chamber. Develop until the solvent front has 
moved about abouf three-fourths the length of the 
piąte, dry the piąte, and examine under UV light at 
254 nrn. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits bands at Rf values of about 0.38 and 
0.47, due to guggulsterone £ and Z, respectively. Both 
bands corresponcf in Rf to bands in the chromatogram 
from the Standard solution . 


* B. HPLC Identification Test 

Analysis: Proceed as dlrected in the test for Content of 
Guggulsterones E and Z 

Acceptance criteria: The chromatogram of the Sample 
soiution exhibits peaks for guggulsterones £ and Z at 
retention Limes that correspond to those of Standard 
solution A 

COMPOSITiON 

s Content of Guggulsterones e and z 

Mobile phase: A mixture of acetonitrile and water 
(45.55) 

Standard solution A: 1 0 mg/ml of USP Purified Gug¬ 
gul Extract RS, with heating, in acetonitrile. Pass the 
solution through a filter of 0.45-imn porę size before 
injection. 

Standard solution B: 0.1 mg/mL of USP Guggulsterone 
Z RS in acetonitrile. Pass the solution through a filter of 
0.45-jjm porę size before injection. 

Sample solution: Homogenize the Native Gugguf Ex- 
tract by heating in a water bath at ó0 D -80 o . Dissolve a 
weighed quantity of homogenized Native Extract, with 
heating, in acetonitrile to obtain a solution having a 
known concentration of about 0.2 mg/mL of guggul¬ 
sterones £ and Z. Pass through a filter of 0.45-pm porę 
size before injection. 

Chromatographic system 
(See Chromatograpny (621), System Suita bil i ty.) 

Modę: LC 

Detector: UV 242 nm 

Column: 4.6-mm x 25-cm; 5-pm packing LI 

Row ratę: 2.0mL/min 

Injection size: 20 pL 

Column temperaturę: 27 ± 1° 

System suitability 

Sampies: Standard solution A and Standard solution B 
[Notę—T he re!ative retention times for guggulsterones 
£ and Z are about 0.69 and 1.0, respeetively.] 
Suitability reguirements 

Chromatogram similarity: The chromatogram from 
Standard soiution A is simifar to the reference chro¬ 
matogram provided with the lot of USP Purified Gug¬ 
gul Extract R5 being used. 

Resolution: NLT 2.0 between the guggulsterone Z 
peak and the peak before, Standard solution A 
Tailing factor: NMT 1.5 for the guggulsterone Z 
peak, Standard solution B 

Relative standard deviation: NMT 2.0% for the gug¬ 
gulsterone Z peak (repllcate injections), Standard solu - 
lion B 
Analysis 

Sampies: Standard solution A t Standard solution B t and 
Sample solution 

Allow Standard solution A to elute for NLT two times the 
retention time of guggulsterone Z, as determined in 
Standard solution B. Using the chromatogram of Stan¬ 
dard solution A and the reference chromatogram pro- 
vided with the lot of USP Purified Guggul Extract RS 
being used, identify the retention times of the peaks 
corresponding to guggulsterone £ and guggulsterone 

Calculate the percentage of guggulsterones £ and Z as 
guggulsterone Z In the porbon of Native Guggul Ex- 
tract taken: 

Result = (ru/r s ) x G x (V/l W) x 100 

fu - sum of the peak responses of guggulsterones 
£ and Z from the Sample solution 
r$ = peak response of guggulsterone Z from 
Standard soiution B 

Cr - concentration of USP Guggulsterone Z RS In 
Standard solution B (mg/mL) 

V - finał volume of Sample solution (mL) 
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W = weight of Native Extract taken to prepare the 
Sample solution (mg) 

Acceptance triteria: IMLT 5.0% of guggulsterones E 
and Z, calculated as guggulsterone Z t on the anhydrous 
basis 

CONTAMINANTS 


Delete the foliowing: 

•• Heavy Metals, Method II (231): NMT 20 [ig/g* * (Olfietal I- 

jon-201S) 

* Articles of Botankal Orjgin, Cenera! Method for Pesth 

cide Residues Analysis (561): Meets the requirements 
o Bojan3gal EXTRACTS, Residua! Solvents (565): Meets the 
requirements 

* Microbial Enumeration Tests (2021): The totat aerobie 
microbial count does not exceed 10 4 cfu/g, and the to tal 
combined yeasts and molds count does not exceed 10 3 
cfu/g. 

o Absence of 5PEC1FIED MtCROORGANlSMS (2022): It meets 
Lhe requirement$ of the tests for absence of Salmonella 
spęd es and Escherichia coli 

SPECIFIC TESTS 

* Watek Determination, Method la (921): NMT 5.0% 

ADpmONAL 3REQUm£rVlENTS 

* PACKAGING and STDRAGE: Preserze in welhclosed contain- 
ers, protected from light and moi stu re, and storę in a 
cool place. 

■ Labeling: The labę! States the Latin binomial and, foJlow- 
ing the official name, the part of the plant from which 
the artide was derived. It meets other labeling require- 
ments under Botanical Extracts (565). 

* USP Reference Standard* (11) 

USP Guggulsterone Z RS 
USP Purified Guggul Extract RS 


Purafied (GuggfŁiiii Extract 

DEFINITION 

Purified Guggul Extract is prepared from Native Guggul Ex- 
tract by fractionation usmg agueous methanoi. It contains 
NLT 90.0% and NMT 110.0% of the fabeied amount of 
guggulsterones E and Z, calculated as guggulsterones Z It 
may be a sermsolid extract with no added substances or 
powder extract containing suitable added substances, 

IDENTIFICATION 

* A. Thin-Layer Chromatographic Identification Test 

Standard solution: 10 mg/mL of USP Purified Guggul 
Extract RS, with heating, in acetonitrile. 

Sample solution: 10 mg/mL in acetonitrile from Pun¬ 
fied Guggul Extract, dissolved with heating, cooled, and 
centrifuged. 

Chromatographic system 

(See Chromatography (621), Thin-Layer Chromo to- 
graphy.) 

Developing so!vent system: A mixture of hexane and 
ethyl acetate (6:4) 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel mixture y typicaily 20 cm in length 
Application vo!ume: 10 [iL 

Analysis 

Samples: Standard solution and Sample solution 
Apply the Samples as bands to a suitable piąte. Use a 
saturated cham ber. Develop until the so!vent front has 
moved about about three-fourths the length of the 
piąte, dry the piąte, and examine under UV light at 
254 nm. 


Acceptance criteria: The chromatograph of the 5amp/e 
solution exhibits bands at Rf vaiues of about 038 and 
0.47, due to guggulsterone E and Z, respective3y. Both 
bands correspono In R f to bands En the chromatogram 
from the Standard solution . 

* B. HPLC Identification Test 

Analysis: Proceed as directed in the test for Content of 
Guggulsterones E and Z. 

Acceptance criteria: The chromatogram of the Sample 
solution exhiblts peaks for guggulsterones E and Z at 
retention times tnat correspond to those of Standard 
solution A. 

COMPOSITION 

» Content of Guggulsterones B and Z 

Mobile phase: A mixture of acetonitrile and water 
(45:55) 

Standard solution A: 10 mg/mL of USP Purified Gug- 
gul Extract RS, with heating, En aceton Etnie, Pass the 
solution through a filter of 0,45-pm porę size before 
Injection, 

Standard solution B: 0.1 mg/mL of USP Guggulsterone 
Z RS in acetonitrile. Pass the solution through a filter of 
0.45-|im porę si 2 e before injection. 

Sample solution: Dissolve a weighed quantity of Puri¬ 
fied Guggui Extract, with heating, in acetonitrile to ob- 
tain a solution having a known concentration of about 
0.2 mg/mL of guggulsterones E and Z. Pass through a 
filter of 0.45-pm porę size before injection. 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 242 nm 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
FI o w ratę: 2.0 m L/min 
injection size: 20 pL 
Column temperaturę: 27 ± 1 a 
System suitability 

Sampies: Standard solution A and Standard solution B 
[Notę—T he relative retention times for guggulsterones 
£ and Z are about 0.69 and 1,0, respectively.] 
Suitability requirements 

Chromatogram similarity: The chromatogram from 
Standard solution A is simllar to the reference chro¬ 
matogram provided with the lot of USP Purified Gug- 
gu! Extract RS being used, 

Resolutron: NLT 2,0 between the guggulsterone Z 
peak and the peak before, Standard solution A 
Tarling factor: NMT 1.5 for guggulsterone Z peak, 
Standard solution B 

Relative standard devration: NMT 2.0% for replicate 
injections for the guggulsterone Z peak. Standard so¬ 
lution B 

Analysis 

Samples: Standard solution A f Standard solution B, and 
Sample solution 

Allow Standard solution A to elute for NLT two times the 
retention time of guggulsterone Z, as determined in 
Standard solution R UsEng the chromatogram of Stan¬ 
dard solution A and the reference chromatogram pro- 
vided with the lot of USP Purified Guggul Extract RS 
being used, identify the retention times of the peaks 
correspond i ng to guggulsterone E and guggulsterone 

Calculate the percentage of guggulsterones E and Z as 
guggulsterone Z in the portion of Purified Guggul Ex- 
tract taken: 

Resuft ^ (ru/r 5 ) x Q x (V/W) x 100 

ru - sum of the peak responses of guggulsterones 
£ and Z from the Sample solution 
r 5 = peak response of guggulsterone Z from 
Standard solution B 
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Q = concentration of USP Guggulsterone Z R5 m 
Standard solution B (mg/mL) 

V = finał volume of the Sample solution (mL) 

W = weight of Purified Guggul Extract taken to 
prepare the Sample solution (mg) 
Acceptance criterja: 9Q.Q%-110.0% of the labefed 
amount of guggulsterones £ and Z, calculated as gug¬ 
gulsterones Z 

CONTAMINANTS 


Delete the following: 

** HEAW METALS, Method li (231): NMT 20 pg/g* * (Officidl I- 

* Articles of Botanical Origin, General Method for Pesti- 
tide Residues Analysis (561): Meets the requirements 

» Botanical Extracts, Residua! Solvents (565); Meets the 
requirements 

* MKROBIAL Enomeration Tests (2021): The tata! aerobic 
microbial count does not exceed 10^ cfu/g, and the total 
combined yeasts and mofds count does not exceed 10 3 
cfu/g. 

* ABSENCE OF SPECIFIED MlCROORGANlSMS (2022): lt meets 
the reguirements of the tests for absence of Salmonella 
species and Escherichia coli. 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-dosed contain- 
ers, protected from light and moisture, and storę in a 
coo! place, 

* Labeling: The label States the Latin binomial and, foflow- 
mg the official name, the part of the plant from which 
the artide was derived. It meets other labeling require- 
ments in Botanical Extracts (565). 

* USP Reference Standards (11) 

USP Guggulsterone Z RS 
USP Punfied Guggul Extract RS 


Cuggtil Tablets 

DEFINITION 

Guggul Tablets are prepared from Native Guggul Extract or 
Purified Guggul Extract. Tablets contain NLT 90.0% and 
NMT 110.0% of the labeled amount of Extract, calculated 
as the sum of guggulsterones £ and Z. 

IDENTIFICATION 

• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 

Standard solution: 10 mg/mL of USP Purified Guggul 
Extract RS, with heating, in acetonitrile 
Sample solution: Powder and transfer a portion of the 
Tablets equivalent to 100 mg of Extract to a conical 
fiask. Extract three times, each with 25 mL of acetoni¬ 
trile, in a 55° water bath for 15 min, stirring with a 
magnetic stirrer, and fil ter. Evaporate the combined ex- 
tracts to dryness in a vacuum between 45° and 50°, 
dts$o!ve the residue in 10 mL of acetonitrile, centrifuge, 
and use the dear supernatant 
Chromatographic system 
(See Chromatograpny (621), ThimLayer Chromało - 
graphy.) 

Deve!oping solvent system: A mixture of hexane and 
ethyl acetale (6:4) 

Adsorbent: 0.25-mm fayer of chromatographic silica 
gel mixture, typically 20 cm in length 
Application volume: i 0 pL 
Analysis 

Sam p ies: Standard solution and Sample solution 
Apply the Samples as bands to a suitable piąte. Use a 
saturated chamber. Develop until the solvent front has 


moved about about three-fourths the length of the 
piąte, dry the piąte, and examine under UV light at 
254 nm. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits bands at R f values of about 0.38 and 
0.47, due to guggulsterone £ and Z, respectiveiy. Both 
bands correspond in R f to bands in the chromatogram 
from the Standard solution. 

» B. HPLC Identification Test 

Analysis: Proceed as directed rn the test for Content of 
Guggulsterones E and Z. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks for guggulsterones E and Z at 
retention times tnat correspond to those of Standard 
solution A. 

STRENGTH 

« Content of Guggulsterones £ and z 

Mobile phase: A mixture of acetonitrile and water 
(45:55) 

Standard soiution A: 10 mg/mL of USP Purified Gug¬ 
gul Extract RS, with heating, in acetonitrile. Pass the 
solution through a filter of G.45-pm porę size before 
injection, 

Standard solution B: 0.1 mg/mL of USP Guggulsterone 
Z RS in acetonitrile. Pass the soiution through a filter of 
0.45-pm porę size before injection. 

Sample solution: Weigh and finely powder NLT 20 
Tablets. Transfer a weighed amount of the powder, 
equivalent to about 10 mg of guggufsterones £ and Z, 
to a conical fiask, and extract nvę times, each with a 
20-mL portion of acetonitrile, shake for 1 min, and re- 
flux in a water bath for 30 min, stirring with a mag- 
netic stirrer. Evaporate the combined extracts to dry¬ 
ness in a vacuum at 45°-50 c . Dtssolve the residue in 
50.0 ml of acetonitrile, and pass through a filter of 
0.4 5 -pm porę size before injection. 

Chromatographic system 
(See Chromatograpny (621), System Suitability .) 

Modę: LC 

Detector: UV 242 nm 

Column: 4.6-mm x 25-cm; 5-pm packing LI 

Flow ratę: 2.0 mL/min 

Injection size: 20 jiL 

Column temperaturę: 27±1° 

System suitability 

Samples: Standard solution A and Standard solution B 
[NOTĘ —The relative retention times for guggulsterones 
E and Z are about 0.69 and 1.0, respectively.] 
Suitability requlrements 

Chromatogram similarity: The chromatogram from 
Standard solution A is sfmilar to the reference chro¬ 
matogram provided with the lot of USP Purified Gug¬ 
gul Extract RS being used. 

Resolutron: NLT 2.0 between the guggulsterone Z 
peakand the peak before. Standard solution A 
Tailing factor: NMT 1.5 for the guggulsterone Z 
peak, Standard solution B 

ReJative standard deviation: NMT 2.0% for the gug¬ 
gulsterone Z peak (replicate injections), Standard solu¬ 
tion B 
Analysis 

Samples: Standard solution A , Standard solution 8, and 
Sample solution 

Alfo w Standard soiution A to elute for NLT two times the 
retention time of guggulsterone Z, as determined in 
Standard solution B. Using the chromatogram of Stan¬ 
dard solution A and the reference chromatogram pro- 
vided with the lot of USP Purified Guggul Extract RS 
being used, identify the retention times of the peaks 
corresponding to guggulsterone £ and guggulsterone 
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Calculate the content of guggulsterones E and Z as 
guggulsterone Z in the portion of Tablets taken: 

G = (r y /r 5 ) x Ci x 1/ 

rn - sum of the peak responses of guggulsterones 
E and Z from the Sample solution 
- peak response of guggulsterone Z from 
Standard solution B 

C$ ~ concentration of USP Guggufsterone Z RS in 
Standard solution B (mg/m L) 

V - finał vo!ume of the Sample solution (mL) 
Calculate the percentage of the labeled amount of Guggul 
Extract taken; 

Result - G x (Awr/W) x (100/y x (100/i.) 

G - content of guggulsterones E and Z in the 
portion of Taolets taken (mg) 

Awi = average weight of Tablets (mg) 

W = weight of the powdered Tablets taken (mg) 

U - labeled percentage of the sum of 

guggulsterones E and Z in the Extract used 
to prepare the Tablets 
i = labę i claim of Extract (mg/Tablet) 

Acceptance cntena: 90.0%-l 1 0.0% of the labeled 
amount of Extract, calculated as the sum of guggulster¬ 
ones E and Z 

PERFORMANCE TESTS 

e Disintegration and DiSSOLUTiON (2040): It meets the re- 
uirement for Disintegration only; 30 min, the use of the 
isk being omitted. 

• Weight Variatign of Dietary Supplements (2091): Meet 
the requirements 

CONTAMINANTS 

• Microbial Enumeration Tests (2021); i he total aerobic 

microbial count does not exceed 10^ cfu/g, and the total 
combined yeasts and moids count does not exceed IG 3 
cfu/g. 

• Absence of Specified Microorganbsms (2022); It meets 
the reguirements of the tests for absence of Salmonella 
species and Escherichia coli. 

o Residual Solvents (467): Meets the requirements 

ADDITIONAL REQUIREM£NTS 

■ Packaging and Storage: Preserve In well-dosed contain- 
ers, protected from light and moisture, and storę at 
room temperatura. 

• Labeling: The label States the Latin btnominal and, fol- 
lowing the offidaf name, the artide from which the Tab¬ 
lets were prepared. The label also indicates the amount 
of Extract, in mg/Tabfet, and the content, in mg, of gug¬ 
gulsterones E and Z per 100 mg of Extract. 

® USP Reference Standards (11) 

USP Guggulsterone Z RS 
USP Purffied Guggul Extract RS 


Cyroriema 

DEFIN1TION 

Cymnema consists of the dried leaves of Gymnema sy!vestre 
(Retz.) R. Br. ex Schult. (Fam. Asclepladaceae), It contains 
NLT 1.0% of gymnemic acids, calculated as 
gymnemagenin on the dried basis. 

IDENTIFICATION 

a A. Meets the requirements for Spedfic Tests, Bo tanka i 
Characteristics 

* B. HPTLC FOR Artice.es of Botanicał Origin (203) - 
Standard solution A: 0.5 mg/mL of USP 
Gymnemagenin RS in methanol 


Standard solution B; 20 mg/mL of USP Native 
Gymnema Extract RS in methanol. Sonicate for 10 min, 
centrifuge, and use the supernatant. 

Sample solution: About 0.5 g of Gymnema, finely 
powdered, in 5 mL of methanol, Sonicate for 10 min, 
centrifuge, and use the supernatant. 

Chromatographic system 

Adsorbent: Chromatographic silica gd mixture with 
an average particie size of 5 pm (HPTLC pfates) 
Application volume: 5 jiL as 8-mm banas 
Re!ative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developmg solvent system: A mixture of dichloro- 
methane, methanol, and formie acid (75:25:10) 
Developing distance: 6 cm 

Derivatization reagent: A mixture of methanol and 
sulfuric add (9:1) 

Analysis 

Samples: Standard solution 4, Standard solution B f and 
Sample solution 

Appty the samples as bands. Develop In a saturated 
cham ber, remove the piąte from the chamber, dry in 
arr, treat with Derwatization reagent , heat at 110° for 3 
min, and examine under white light and UV at 365 
nm. 

System suftability: The chromatogram of Standard solu¬ 
tion B shows two bands clearly separated at an of 
about 0.6-0.7 below the band due to gymnemagenin 
in Standard solution A. The most prominent banais lo- 
cated at about one-third of the chromatogram, visible 
as brown in color under white light and blue under UV. 
Acceptance arteria: The chromatogram of the Sample 
solution shows the foliowing bands corresponding in 
color and position to bands in the chromatogram of 
Standard solution B: two bands at an Rf of about 
0,6-0.7, below the band due to gymnemagenin in 
Standard solution 4, The most prominent band is at 
about one-third of the chromatogram, vislble as brown 
in color under white light and blue under UV; in the 
fower third of the chromatogram, under UV, are one 
light blue-greenish band and a dark band underneath. 

« C. HPLC 

Analysis: Proceed as directed in the test for Content of 
Cym nemie Acids . 

Acceptance criteria: The chromatogram of the Sample 
solution shows a major peak at a retention time corre¬ 
sponding to that of the gymnemagenin peak in the 
chromatogram of Standard solution A and an addltional 
peak corresponding to deacylgymnemic add. 

GO M POSITION 
* Content of Gymnemk Acids 

Solution A: Dissolve 0.14 g of anhydrous potassium 
dihydrogen phosphate in 900 mL of water, and add 
0.5 ml of phospnoric acid. Di lute with water to 
1000 mL, mlx, filter, and degas. 

Solution B: Acetonitrile 
Mobile phase: See Tobie U 
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Solvent: 50% Ethanol in water 

Potassium hydroxide solution: 12% Potassium hydrox- 
ide in water 
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Hydrochloric add solution: 4 N hydrochloric acid 
Standard sotution A: 0.3 mg/mL of USP 
Gymnemagenin RS In methanol 

Standard solution B: Transfer about 0.25 g of USP Na- 
tive Cymnema Extract RS to a 100-mL round-bottom 
fiask fitted with a reflux eondenser. Add 25 mL of Sot- 
vent and 2 mL of Potassium hydroxide sotution , reflux for 
1 li, and cool to room temperaturę. Add 5,5 mL of Hy - 
drochioric add solution, reftux for 2 h, and cool to room 
temperaturę. Adjust the solution with Potassium hydrox- 
ide solution to a pH of 7.5-8.5, transfer to a 50-mL 
yolumetric fiask, dflute with Sołvent to volume, and mix, 
Sefore injection, pass through a membrano fil ter havinq 
a 0.45-jim or frner porę size, discardlng the first few mL 
of the filtrate. 

Sample sofution: Transfer about 0.75 g of Gymnema, 
finely powdered and accurately weighed, to a 100-mL 
round-bottom fiask fitted with a reffux condenser. Add 
25 mL of 5ofvent and 2 ml of Potassium hydroxide solu¬ 
tion, reflux for 1 h, and cool to room temperaturę, Add 
5.5 mL of Hydrochloric acid solution , reflux for 2 h, and 
cool to room temperaturę. Adjust the solution with Po¬ 
tassium hydroxide solution to a pH of 7.5-8.5, fil ter into 
a 100-mL yolumetric fiask, dilute with So^enr to vol- 
ume, and mrx. Before injection, pass through a mem¬ 
branę filter haying a 0.45-pm or finer porę stze, discarc- 
ing the first few mL of the filtrate. 

Chromatographic system 
(See Chromatogropny (62^) t System Suitability.) 

Modę: LC 

Detector: UV 210 nm 

Column: 4.6-mm x 25-cm; 5-pm, 100 A, packing LI 
Column temperaturę: 25° 

FJow ratę: 1.6 mL/min 
Injection volume: 20 pL 
System suitability 

Samples: Standard solution A and Standard solution B 
Suitability reguirements 

Chromatogram similarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Native 
Gymnema Extract RS being used. 

Taulng factor: NMT 1.5 for the gymnemagenin peak, 
Standard sofution A 

Relative standard devfatlon: NMT 2.0% for the 
gymnemagenin peak, Standard solution A 
Anaiysis 

Samples: Standard solution A, Standard solution B, and 
Sample sotution 

Using the chromatograms of Standard sotution A, Sfor?* 
dard solution B r and the reference chromatogram pro- 
vided with the lot of USP Native Gymnema Extract RS 
being used, identlfy the retention times of the peaks 
corresponding to deacylgymnemic acid and 
gymnemagenin from tne Sample solution. 

Calculate the percentage of gymnemic acids, calculated 
as gymnemagenin, in the portion of Gymnema taken: 

Result ^ (fu/fs) x Cs x ( V/W) x 100 

hi - peak area of gymnemagenin from the Sample 
solution 

r$ = peak area of gymnemagenin from Standard 
solution A 

Cj - concentration of gymnemagenin in Standard 
solution A (mg/mL) 

V - finał yolume ofthe Sample solution (mL) 

W ~ weight of Gymnema used to prepare the 
Sample solution (mg) 

Acceptance criteria: NLT 1,0% on the dried basis 


* Articles of Botanical Origin, Pestkide Residue Anaiysis 
(561): Meets the requirements 

* M Krobial Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 10 5 cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferanf Gram-negative bacteria do not 
exceed 10 5 cfu/g. 

■ Absence of Specified MicroorgAnisms (2022): Meets the 
requirements of the tests for absence of Salmonetfa spe- 
cies and Escherichia coli 

SPECIFIC TESTS 

* Botanical Characteristics 

Macroscopic: Leaves opposite; petiolate; simple, elliptic 
or ovate, acute apex, margin en tire, acute to ac u mina te 
at base; reticulate venation; pubescent on both sur* 
faces, the dorsa! surface is morę pubescent; about 
2-6 cm iong, 1-4 cm broad; upper surface i s yellowish- 
brown, tower surface Is dark green; bitter taste, when 
chewed has the property of paraiyzing the sense of 
taste for a few hours for both sweeL and bitter sub* 
stances and in particular sweet substances. Pharmaco- 
peial artide consists of dry, brittle, and green to yellow- 
ish-green leaves. 

Microscopic 

Transver$e section of pet tok: Horseshoe shaped, 
Trichomes present profusely all over the peripnery, and 
are uniseriate, multicellular and thick-walled. A layer of 
epidermis, thick-walled cells; 4-5 layers of collenchym- 
atous cortex; and inner parenchyma. The yascular 
bundies occur as an arc in the middle, three in nu ro¬ 
ber—two smali lateral, and one large median. The me¬ 
dian bundle consists of xyfem elements arranged in 
radia! rows, surrounded by phloem. Xylem consists of 
vessel elements, tracheids, and fibers. Rosette crystals 
are present in the colfenchyma and parenchyma cells, 
with morę in the cells toward the center. The starch 
grains are polygonal, simple or compound, in two to 
many in groups, hilum indistincL 
Transverse section of lamina: Upper and lower epi- 
dermal cells, thin wali, covered with thin striated cud- 
de. Trichomes are present on both surfaces, uniseriate, 
u ni- to tricellular, and thick-walled. A single layer of 
palisadę cells below the upper epidermis occupies one* 
third of the thickness of tne lamina, followed by 3-5 
layers of parenchyma cells with large intercelluiar 
spaces. 

Transverse section of midrib: Upper and lower epi- 
dermal cells, thin wali, covered with thin striated tuli¬ 
cie. Trichomes are present, uniseriate, uni- to tricellu¬ 
lar, and thick-walled, followed by 4-5 layers of 
compact parenchyma cells on both sides of the mid¬ 
rib; collateral vascular bundies are present, forming an 
arc shape. 

* Articles of Botanical Origin, Foreign Organie Mauer 
(561): NMT 2.0% 

* Articles of Botanical Origin, Alcohol-Soluble Extractives , 

Method 1 (561): NLT 20% 

* Articles of Botanical Origin, Water-Solubfe Extractives f 
Method 1 (561): NLT 20% 

* LOSS ON DRYING (731) 

Sample: 1.0 g of finely powdered Gymnema 
Anaiysis: Dry the Sample at 105 ń for 3 h. 

Acceptance enteria; NMT 7.0% 

* Articles of Botanical Origin, Total Ash (561) 

Sample: 1.0 g of finely powdered Gymnema 
Acceptance enteria: NMT 15% 

* Articles of Botanical Origin, Add-łnsoluble Ash (561) 

Sample: 1.0 g of finely powdered Gymnema 
Acceptance criteria: NMT 2,0% 


CONTAMINANTS 

• Articles of Botanical Origin, Limits of Elemental Impuń - 
ties (561): Meets the reguirements 


ADDITIONAL REQUIREMENT5 

* Packacing and Storage: Preserve In well-closed contain- 
ers, protected from light and molsture. Storę at room 
temperaturę. 
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o ILabeung: The label States the Latin binomial and, follow- 
ing the offidaf name, the part of the plant contained in 
the artide. 

® USP Reference Standard* * (11) 

USP Gymnemagenin RS 

USP Native Gymnema Extract RS 


Powdered! Cymmietina 

DEFINITION 

Powdered Gymnema is Gymnema reduced to powder or 
very fine powder. It contaans NLT 1,0% of gymnemic 
adds, calculated as gymnemagenin on the dried basis. 

IDENTIFICATION 

* A* Meets the reguirements for Spedfic Tests, Botanice! 

Characteristics 

* B. HPTLC FOR Artecles of Botanical Origen (203) 

Standard solution A: 0.5 mg/mL of USP 
Gymnemagenin RS in mefhanof 
Standard solution B: 20 mg/mL of USP Nattve 
Gymnema Extract RS En methanol. Sonicate for 10 min, 
centrifuge, and use the supernatant. 

Sample solution: About 0,5 g of Powdered Gymnema 
in 5 mL of methanol, Sonicate for 10 min, centrifuge, 
and use the supernatant. 

Chromatographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 |im (HPTLC plates) 
Application volume: 5 pL as 8-mm bands 
Reiative humidity: Condition the piąte to a relative 
humidity of about 33%, using a suilable device, 
Developtng solvent system: A mixture of dichloro- 
methane, methanol, and formie acid (75:25:10) 
Developrng distance: 6 cm 

Derlvatization reagent: A mixture of methanol and 
sulfurlc acid (9:1) 

Analysis 

Samples: Standard solution A, Standard solution B f and 
Sample solution* 

Apply the Samples as bands, and dry in air, Develop the 
chromatograms in a saturated chamber, remove the 
piąte from the cham ber, dry in air, derivatize the piąte 
with Derivatization reagent, heat at 110'" for 3 min, 
and examine under white liqht and under UV at 365 
nm. 

System suitability: The chrom a tog ram of Standard solu¬ 
tion B shows two bands clearly separated at an Rf of 
about 0,6-0,7 below the band due to gymnemagenin 
In Standard solution A. The most prominent band is lo- 
cated at about one-third of the chromatogram, visible 
as brown in color under white light and blue under UV. 
Acceptance criteria: The chromatogram of the Sample 
solution shows the following bands corresponding in 
color and position to bands in the chromatogram of 
Standard solution 8: two bands at an Rf of about 
0.6-0.7, below the band due to gymnemagenin in 
Standard solution A, The most prominent band is at 
about one-third of the chromatogram, vlsible as brown 
in color under white iight and blue under UV; in the 
lower Ehird of the chromatogram, under UV, are one 
light blue-qreenish band and a dark band underneath. 

O C. HPLC 

Analysis: Proceed as directed in the test for Content of 
Cymnemtc Adds. 

Acceptance criteria: The chromatogram of the Sample 
solution shows a major peak at a retention time corre¬ 
sponding fo that of the gymnemagenin peak in the 
chromatogram of Standard solution A ano an additional 
peak corresponding to deacylgymnemic acid. 


COM POSITION 
« Content of Gymnemic Acids 

Solution A: Dissolve 0,14 g of anhydrous potassium 
dihydrogen phosphate in 900 ml of water, and add 
0.5 ml of phospnonc acid. Dilute with water to 
1000 ml, mix, filter, and degas, 

Solution B: Acetonitrile 
Mobile phase: See Tahle 1. 
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5oIvent: 50% Ethanol In water 

Potassium hydroxide solution: 12% Potassium hydrox- 
ide in water 

Hydrochloric acid solution: 4 N hydrochioric acid 
Standard solution A: 0.3 mg/mL of USP 
Gymnemagenin RS in methanol 
Standard solution B: Transfer about 0.25 g of USP Na- 
tive Gymnema Extract RS to a 100-mL round-bottom 
fiask fjtted with a ref]ux condenser. Add 25 mL of Sol- 
vent and 2 mL of Potassium hydroxide solution, ref!ux on 
a water bath for 1 h, and cooi to room temperaturę. 
Add 5.5 ml of Hydrochloric add solution, reflux on a 
water bath for 2 h, and cool to room temperaturę. Ad- 
j ust the solution with Potassium hydroxide solution to a 
pH of 7.5-8.5, transfer to a 50-mL volumetnc fiask, di- 
lute with Solvent to volume, and mix. Before injection, 
pass through a membranę filter having a 0,45-pm or 
fi ner porę size, discardina the first few mL of the 
filtrate. 

Sample solution: Transfer about 0.75 g of Powdered 
Gymnema, accurately weighed, to a 100-mL round-bot¬ 
tom fiask fitted with a reffux condenser, Add 25 mL of 
Solvent and 2 mL of Potassium hydroxide solution , reflux 
on a water bath for 1 h, and cool to room temperaturę. 
Add 5.5 ml of Hydrochloric acid solution , reflux on a 
water bath for 2 h, and coof to room temperaturę. Ad- 
just the solution with Potassium hydroxide solution to a 
□H of 7.5-8,5, filter into a 1 00-mL volumetric fiask, di¬ 
lute with Solvent to volume, and mix, Before Injection, 
pass through a membranę filter having a 0.45-j.im or 
riner porę size, discarding the first few mL of the 
filtrate. 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 210 nm 

Column: 4.6-mm x 25-cm; 5-itm, 100 A, packing LI 
Column temperaturę: 25° 

Fiow ratę: 1.6 mL/min 
Injection volume: 20 jiL 
System suitability 

Samples: Standard sof u don A and Standard solution B 

Suitability reguirements 

Chromatogram similarity: The chromatogram from 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Native 
^Gymnema Extract RS belng used, 

Tailing factor: NMT 1.5 for the gymnemagenin peak, 
Standard solution A 

Relative standard deviation: NMT 2.0% for the 
gymnemagenin peak, Standard solution A 
Analysis 

Samples: Standard solution A, Standard solution B , and 
Sample solution 
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Using Lhe cbromatograms of Standard solution Ą Sfcir?- 
dard solution B f and the reference chromatogram pro- 
vided with the lot of USP Native Gymnema Extract RS 
being used, identify the retention times of the peaks 
corresponding to deacylgymnemie add and 
gymnemagenin from the Sample solution. 

Calcu [ate the percentage of gym nemie acids, calcu la ted 
as gymnemagenin, In the portion of Powdered 
Gymnema taken: 

Result = (fu/rs) x C 5 x (V/W) x 100 

r y = peak area of gymnemagenin from the Sample 
solution 

r 5 = peak area of gymnemagenin from Standard 
solution A 

Cs = concentration of gymnemagenin in Standard 
solution A (mg/mL) 

V - finał volume of the Sample solution (ml) 

W - weighf of Powdered Gymnema used to 
prepare the Sample solution (mg) 

Acceptance enteria: NIT 1.0% on the dried basis 

CONTAMINANT5 

* ARTiCLEs OF Botanical Origin, Limits of Elemental Impuri- 

ttes (561): Meets the reguirements 

* Articles of Botanical Origin, Pestidde Residue Analysis 

(561): Meets the requirements 
e Microbial Enumeration Tests (2021): The totai aerobic 
bacterial count does not exceed 10 5 cfu/g, the to ta ( tom- 
bined molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferant Gram-negatlve bacteria do not 
exceed 10 3 cfu/g, 

* Absence of SPECłFlED MfCROORGANlSMS (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
cies and Esdierichia coli 

5PECIFIC TESTS 

* Botanical Characteristics 

Microstopk: Under a microscope, it shows fragments 
of upper and lower epidermal cells, poiygonal, thrn and 
straight wails, covered with striated cuticle, anomocytic 
stomata; tnchomes are present on both surfaces, uniser- 
iate, u ni- to tricellular, and thick walled; fragments of 
collenchyma and parenchyma ceils, some containing ro- 
settes of calcium oxalate; starch grains, poiygonal, sim- 
pfe or compound, hilum indistinct; fragments of reticu- 
late and spiral vesse!s, and tracheids. 

* Articles of Botanical Origin, Alcohoi-Sofuhle Extmctives t , 

Method 1 (561): NLT 20% 

e Articles of Botanical Origin, Water-Soluble Extractives f 
Method 1 (Sól): NLT 20% 

* Loss ON ORYBNG (731) 

Sample: 1,0 g of Powdered Gymnema 
Analysis: Dry the Sample at 105° for 3 h. 

Acceptance enteria: NMT 7,0% 

* Articles of Botanical Origin, Total Ash (561) 

Sample: 1.0 g of Powdered Gymnema 
Acceptance enteria: NMT 15% 

* Articles of Botanical Origin, Add-lnsoluble Ash (Sól) 

Sample: 1.0q of Powdered Gymnema 
Acceptance enteria: NMT 2,0% 

ADDITAONAL REQUimEEVIENT5 

* Packaging and Storage: Preserve in weN-closed contain- 

ers, protected from light and moisture. Storę at room 
temperaturę. 

* Labeling: The labei States the Latin binomial and, follow- 

ing the official name, the part of the plant used to pre¬ 
pare the article. 


0 USP Reference Standaros (11) 
USP Gymnemagenin RS 
USP Native Gymnema Extract RS 


Natiiye Gymnema Extract 

OEFINSTION 

Native Gymnema Extract is prepared from Gymnema using 
hydroakoholic mixtures. The ratio of plant materia! to ex~ 
tracf is about 8:1. it contains NLT 5.0% of gymnemic 
acids, calculated as gymnemagenin on the dried basis. 

IDENTIFICATION 

• A. Thin-Layer Chromatcigrafhy 

Standard solution A: 0.5 mg/mL of USP 
Gymnemagenin RS in methanoi 
Standard solution B: 20 mq/mL of USP Natlve 
Gymnema Extract RS En methanoi. Sonicate for 1 0 min, 
centrifuge, and use the supernatant, 

Sample solution: 20 mg/mL of Native Gymnema Ex- 
tract in methanoi. Sonicate for 10 min, centrifuge, and 
use the supernatant 
Chromafographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 5 pL as 8-mm bands 
Relative humidity: Condition the piąte to a relative 
humidlty of about 33%, using a suitabfe device. 
Developing soh/ent system; A mixture of dichJoro- 
methane, methanoi, and formie acid (75:25:10) 
Developlng distance: ó cm 

Derivatization reagent: A mixture of methanoi and 
sulfunc acid (9:1) 

Analysis 

Samples: Standard solution Ą Standard solution 8, and 
Sample solution. Appfy the samples as bands to a sui ta- 
ble high-performance thin-layer chromatographic 
piąte, and dry in air (see Chromatography (621)). De- 
velop fhe chromatograms in a saturated cham ber, re- 
move the piąte from the chamber, dry in air, deriva- 
tize the piąte with Derivatization reagent , heat at 11 0 D 
for 3 min, and examine under visible light and UV at 
366 nm. 

System suitabrlity: The chromatogram of Standard 
solution B shows two bands clearly separated at an R f 
of about 0.6-0.7 below the band due to 
gymnemagenin in Standard solution Ą and the most 
prominent band is located at about one-third of the 
chromatogram, visible as brown in color under white 
light and olue under UV. 

Acceptance criteria: The chromatogram of the Sample 
solution shows the following bands corresponding in 
color and posilion to bands [n the chromatogram of 
Standard solution B: two bands at an Rf of about 
0.6-0,7, below the band due to gymnemagenin in 
Standard solution A ; the most prominent band at about 
one-third of the chromatogram, visrbie as brown in 
color under white light and blue under UV; and in the 
lower third of the chromatogram, under UV, one light 
blue-greenish band and a dark band underneath. 

* B. HPLC 

Analysis: Proceed as directed in the test for C ontent of 
Gymnemic Acids , 

Acceptance criterfa: The chromatogram of the Sample 
solution shows a major peak at a retention time corre¬ 
sponding to that of the gymnemagenin peak in the 
chromatogram of Standard solution A and an addftionai 
peak corresponding to deacylgymnemie acid. 
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COMPOSITION 

fl CONTENT OF GYMNEMIC ACIDS 

Solution A: Drssofve 044 g of anhydrous potassium 
dihydrogen phosphate rn 900 mL of water, and add 
0.5 ml of pnospnonc add. Di lute with water to 
1000 mL, mix, filter, and degas* 

Solution B: AcetonitrEle 
Mobile phase: See Table 1. 
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Solvent: 50% ethanol in water 

Potassium hydroxide solution: 12% potassium hydrox~ 
ide in water 

Hydrochloric acid solution: 4 N hydrochlonc actd 
Standard solution A: 03 mg/mL of USP 
Gymnemagenin RS in methanol 
Standard solution B: Transfer about 0,25 g of USP Na- 
tive Gymnema Extract RS to a 100-mL round-bottom 
fiask fitted with a reflux condenser, Add 25 mL of Sol - 
vent and 2 ml of Potassium hydroxlde solution, reflux on 
a water bath for 1 h, and cool to room temperaturę. 
Add 5.5 mL of Hydrochlonc actd solution, reflux on a 
water bath for 2 h, and cool to room temperaturę. Ad- 
just the solution with Potassium hydroxide solution to a 
pH of 7.5-83, transfer to a 50-mL vofumetric fiask, di- 
lute with Solvent to yolurne, and mix. Before injection, 
pass through a membranę filier having a 0.45-jim or 
finer porę size, discardina the first few mL of the 
filtrate, 

Sample solution: Transfer an amount of Native 
Gymnema Extract, equivalent to about 30 mg of 
gymnemic acids, to a 100-mL round-bottom fiask fitted 
with a reflux condenser. Add 25 mL of Solvent and 2 mL 
of Potassium hydroxtde solution, reflux on a water bath 
for 1 h, and cool to room temperaturę. Add 53 mL of 
Hydrochloric add solution , ref!ux on a water bath for 2 
h, and cool to room temperaturę. Adjust the solution 
with Potassium hydroxide solution to a pH of 73-83, 
transfer to a 100-mL volumetnc fiask, di lute with Sol - 
vent to volume, and mix. Before injection, pass through 
a membranę fil ter having a 0.45-pm or finer porę size, 
discarding the frrst few mL of the fiitrate. 
Chromatographic system 
(See Chromatography (6 21), System Suitability.) 

Modę: LC 

Detector: UV210nm 

Column: 4.6-mm x 25-cm; 5-pm, 100 A, packing LI 
Column temperaturę: 25 ± 1 ° 

FIow ratę: 13 mL/min 
Injection volume: 20 pL 
System suitability 

Samples: Standard solution A and Standard solution B 
Suitability requirements 

Chromatografii similarity: The chromatogram from 
Standard solution B ts similar to the reference chro¬ 
matogram provided with the lot of USP Native 
Gymnema Extract RS belng used. 

TaJling factor: NMT 13 for the gymnemagenin peak, 
Standard solution A 

Rdative standard deviation: NMT 2.0% determined 
from the gymnemagenin peak in repeated injections, 
Standard solution A 


Analysis 

Samples: Standard solution A, Standard solution B , and 
Sample solution 

Using the chromatograms of Standard solution A, Stan¬ 
dard solution B, ano the reference chromatogram pro- 
vided with the lot of USP Native Gymnema Extract RS 
being used, identify the retention times of the peaks 
eorresponding to deacylgyrnnemic acid and 
gymnemagenin from the Sample solution. 

CalcuEate fhe percentage of gymnemic acids, calculated 
as gymnemagenin, in the portion of Native Gymnema 
Extract taken: 

Result - (ru/r$) x (Cs/Cu) x 100 

r u = peak area of gymnemagenin from the Sample 
solution 

r$ ~ peak area of gymnemagenin from Standard 
solution A 

Q = concentration of gymnemagenin in Standard 
solution A (mg/mL) 

Cu ~ concentration of Native Gymnema Extract in 
the Sampie solution (mg/mL) 

Acceptance criteria: NLT 5.0% on the dried basls 

CONTAMINANTS 


Delete the foUowIng: 

*• Heaw Metals, Małpi /// (231): NMT 20 jug/g* m&i i- 

Jaiv2QT8) 

* Articles of Botanical Oricin, General Method for Pesti- 

cide Residues Analysis (561): Meets the reguirements 

* MiCRoeiAL Enumeration Tests (2021): The total aerobic 

bactenal count does not exceed ICH cfu/g, and the total 
combined moids and yeasts count does not exceed 10 3 
cfu/g. 

* Absence of Spegfieo Microorganisms (2022): Meets the 

requirements of the tests for absence of Salmonella spe- 
des and Eschenchia coli 

5PECKFIG TESTS 
e LOS5 ON DRYING (731) 

Sample: 1*0 g of Native Gymnema Extract 
Analysis: Dry at 105° for 3 h, 

Acceptance criteria: NMT 5.0% 

* Articles of Botanical Origin, Total Ash (561) 

Sample: 1.0 g of Native Gymnema Extract 
Acceptance criteria: NMT 8% 

■ Articles of Botanical Origin, Ac/d-/nso/ub/e Ash (561) 
Sample: TO g of Native Gymnema Extract 
Acceptance criteria: NMT 2.0% 

ADDITIONAL REQUIREMENT5 

* Packaging AND Storage: Preserve in well-ciosed contain- 
ers, protected from light and morsture. Storę at con¬ 
tro lled room temperaturę. 

* Labeling: The label States the Latin binomial and, foilow- 
ing the official name, the part of the plant from which 
the artlde was derived. It meets other labeling require- 
ments under Botanical Extracts (565). 

* USP Reference Standards (11) 

USP Gymnemagenin RS 

USP Native Gymnema Extract RS 


PŁBrSfied Gymnema Extract 

DEFINITION 

Purified Gymnema £xtract is prepared from Native 
Gymnema Extract by predpitation using dilute hydrochlo¬ 
nc add solution. The ratio of plant materiał to extract is 
about 25:1. It contains NLT 90.0% and NMT 110.0% of 
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the labeled amount of gymnemic acids, calcufated as 
gymnemagenin on the aried basis. It may contain surtable 
added substances as earriers. 

IDENTIFICATION 
• A. Thin-Layer Chromatography 

Standard solution A: 0.5 mg/mL of USP 
Gymnemagenm RS in methanol 
Standard solution B: 20 mq/mL of USP Native 
Gymnema Extract RS in metnanoL Sonicate for 10 min, 
centrifuge, and use the supernatant. 

Sample solution: 20 mg/mL of Purified Gymnema Ex- 
tract in methanol. Sonicate for 10 min, centrifuge, and 
use the supernatant. 

Chromatographic system 

Adsorbent: Chromatographic silfca gel mixture with 
an average particie size of 5 pm {HPTLC plates) 
Application voIume: 5 jtiL as 8-mm bands 
Relative humidity: Condition the piąte fo a reiative 
humidity of about 33%, using a sustable devrce> 
Developing solvent system: A mixture of dichloro- 
methane, methanol, and formie add (75:25:10) 
Devefoping distance: 6 cm 
Derivatization reagent: A mixture of methanol and 
sulfuric add (9:1) 

Analysis 

Sampfes: Standard solution A, Standard solution B, and 
Sample solution. Apply the samples as bands to a suita- 
ble high-perfomnance thin-layer chromatographic 
piąte, and dry in air (see Chromatography (621», De- 
velop the chromatograms in a saturated chamber, re- 
move the piąte from the chamber, dry in air, deriva- 
tize the piąte with Denvatization reagent , heat at 110° 
for 3 min, and examine under visibfe liaht and UV at 
366 nm. 

System suitability: The chromatogram of Standard 
solution B shows two bands dearly separated at an R f 
of about 0.6-0.7 below the band due to 
gymnemagenin in Standard solution A , and the most 
prominent band is located at about one-third of the 
chromatogram, yjsrble as brown in color under white 
light and blue under UV. 

Acceptance criteria: The chromatogram of the Sample 
solution shows the following bands corresponding in 
color and position to bands in the chromatogram of 
Standard solution B: two bands at an R F of about 
0.6-0,7, below the band due to gymnemagenin in 
Standard solution A ; the most prominent band at about 
one-third of the chromatogram, visibfe as brown in 
color under white light and blue under UV; and in the 
Jower third of the chromatogram, under UV, one light 
blue-greemsh band and a dark band undemeath. 

* B. HPLC 

Analysis: Proceed as directed in the test for Contenf of 
Gymnemic Acids . 

Acceptance criteria: The chromatogram of the Sample 
solution shows a major peak at a retention time corre¬ 
sponding to that of the gymnemagenin peak in the 
chromatogram of Standard solution A and an additiona! 
peak corresponding to deacylgymnemtc acid. 

COMPOSITION 

* CONTENT OF GYMNEMIC ACIDS 

Solution A: Drssofve 0.14 g of anhydrous potassium 
dihydrogen phosphate in 900 mL of water, and add 
0.5 mL of phosphoric acid. Dilute with water to 
1000 mL, mix, filter, and degas. 

Solution B: Acetonitrile 
Mobile phase: See Table l. 


Table 1 


Time 

(min} 

Solution A 
(%) 

Solution B 

0 

75 

25 

20 

45 

55 

25 

40 

60 

30 

40 

60 

35 

75 

25 

40 

75 

25 


Soivent: 50% ethanol in water 

Potassium hydroxide solution: 12% potassium hydrox- 
ide in water 

Hydrochloric add solution: 4 N hydrochioric add 
Standard solution A: 0.3 mg/mL of USP 
Gymnemagenin RS In methanof 

Standard solution B: Transfer about 0.25 g of USP Na- 
tive Gymnema Extract RS to a 100-mL round-bottom 
fiask frtted with a reflux condenser. Add 25 mL of Soi- 
vent and 2 mL of Potassium hydroxide solution, reflux on 
a water bath for 1 h, and cool to room temperaturę. 
Add 5.5 mL of Hydrochloric acid solution , reflux on a 
water bath for 2 h, and cool to room temperaturę, Ad- 
just the solution with Potassium hydroxide solution to a 
pH of 7.5-S.5, transfer to a 50-mL volumetrk fiask, di¬ 
lute with Solvent to volume, and mix. Before injection, 
pass through a membrana filter having a 0.45-pm or 
fi ner porę size, discarding the first few mi of the 
filtrate. 

Sample solution: Transfer an amount of Purified 
Gymnema Extract, equivalent to about 30 mg of 
gymnemic acids, to a 100-mL round-bottom fiask fitted 
with a reflux condenser. Add 25 mL of Solvent and 2 mL 
of Potassium hydroxide solution , refiux on a water bath 
for 1 h, and cool to room temperaturę, Add 5.5 mL of 
Hydrochioric acid solution, reflux on a water bath for 2 
h, and cool to room temperaturę. Adjust the solution 
with Potassium hydroxide solution to a pH of 7.5-S.5, 
transfer to a 100-mL volumetric fiask, dilute with Sof- 
vent to volume, and mix. Before injection, pass through 
a membranę filter having a 0.45-pm or fi ner porę size, 
discarding the first few mL of the filtrate, 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 210 nm 


Column: 4.6-mm x 25-cm; 5-pm, 100 A, packing LI 
Column temperaturę: 25 ± 1 ° 

Flow ratę: 1.6 mL/min 
Injection volume: 20 pL 
System suitability 

Samples: Standard solution A and Standard solution B 
Suitability requirements 

Chromatogram similarity: The chromatogram from 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Native 
Gymnema Extract RS being used. 

Taiłing factor: NMT 1.5 for the gymnemagenin peak, 
Standard solution A 

Refative standard deviation: NMT 2.0% for the 
gymnemagenin peak, Standard solution A 
Analysis 

Samples: Standard solution A, Standard solution B t and 
Sample solution 

Using the chromatograms of Standard solution A , Stan¬ 
dard solution B f and the reference chromatogram pro- 
vided with the lot of USP Native Gymnema Extract RS 
being used, identify the retention times of the peaks 
corresponding to deacylgymnemic acid and 
gymnemagenin in the Somple solution chromatogram. 
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Calculate the percentage (P) of gymnemic adds, calcu- 
lafed as gymnemagenin, in the portion of Purified 
Gymnema Extract taken: 

P = (rufo) x (Cs/Cu) x 100 

r u = peak area of gymnemagenm from the Sompie 
solution 

r s = peak area of gymnemagenin from Standard 
solution A 

Q - concentration of gymnemagenin in Standard 
solution A (mg/ml) 

Co ~ concentration of Purified Gymnema Extract In 
the Sompie solution (mq/mL) 

Calculate the percentage of the Tabeled amount of 
gymnemic adds in the portion of PurEfied Gymnema 
Extract taken: 

Result = (P/L) x 100 

P = content of gymnemic adds as determined 
above (%) 

L - labefed amount of gymnemic adds (%) 

Acceptance criteria: 9G.0%-110.0% of the fabeled 
amount on the dried basis 

CONTAMSNANTS 


Delete the MSowing: 

*• Heavy Metals, Method HI <23T): NMT 20 jug/g* {omn a \ i. 

Jan-201S) 

* ARTICLES of Botanical ORIGIN, General Method for PestT 

cide Residues Analysis (561): Meets the reguirements 

* Microbial Enumeratign Tests (2021): The to ta I aerobic 

bacterial count does not exceed 10 4 cfu/g, and the total 
combined molds and yeasts count does not exceed 10* 
cfu/g. 

* Absence of Specified Migrogrganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
des and Escherichh colt 

SPECIFIC TESTS 

■ Loss ON DhYING (731) 

Sample: 1.0 g of PurEfied Gymnema Extract 
Analysis: Dry at 1 05° for 3 h. 

Acceptance criteria: NMT 5.0% 
o Articles of Botanical Origin, Total Ash (561) 

Sample: 1.0 g of Purified Gymnema Extraet 
Acceptance criteria: NMT 8% 

* Articles of Botanical Origin, Acid-lnsoluble Ash (561) 

Sample: 1.0 g of Purified Gymnema Extract 
Acceptance criteria: NMT 2.0% 

ADDDTIONAL REQU1REMENT5 

* Packaging and Storage: Preserve in welhclosed contain- 

ers, protected from light and moisture. Storę at con¬ 
tro lled room temperaturę. 

■ Labeling: The labę! states the Latin binomial and, folEow- 

ing the official name, the part of the plant from whieb 
the article was derived. Labei it to indicate the content of 
gymnemic acids, in percentage. It meets ofher labeling 
requirements under Botanical Extracts (565). 

* USP Reference Standards (11) 

USP Gymnemagenin RS 

USP Native Gymnema Extract RS 


Hawthorn Leaf with Fiower 


DEFINITION 

Hawthorn Leaf with Flower consists of the dried tips of the 
flower-bearing branches up to 7 cm in length of Cratae¬ 


gus monogyna jacq. emend Lindman. or Crataegus laevt- 
gata (Poir.) DC., also known as Crataegus oxycantha Linne 
(Fam. Rosaceae). It contains NLT 0.6% of C-glycosylated 
f!avones, expressed as vitexin (C 2 tH 2 oOi 0 ), and NLT 0.45% 
of O-glycosyEated flavones, expressed as hyperoside 
(C^ H 20 O 12 ), calcu la ted on the dried basis. 

SDENTBFICAYiON 

* A. Thin-Layer Chromatographic Identification Test 

( 201 ) 

Standard solution: 0.1 mg/ml each of chlorogenlc 
acid, rutin, USP Hyperoside RS, and USP Vitexin RS in 
methanol. [Notę—R eserve a portion of this solution for 
use In Identification test B .] 

Sample solution: Finely powder 10 g of Hawthorn Leaf 
with Flower. Transfer 1 g of the powder to a fiask, and 
add 10 ml of methanol. Heat the fiask on a water bath 
maintained at 65° for 5 min, cool, fil ter, and use the 
frltrate. 

Adsorbent: 0.50-mm layer of chromatographic siEica 
gel mixture (TLC ptates) 

Application volume: 10 pL 

Developing solvent system: Ethyl acetale, glacial acetic 
acid, formie acid, ana water (10: 1.1: 1.1: 2.6) 

Derivatization reagent A: 2-Aminaethyl 
diphenylborinate in methanol (1 in 100) 

Derivatization reagent B: Polyethylene giycol 4000 in 
methanol (5 in 100) 

Analysis 

Samples: Standard solution and Sompie solution 
Proceed as directed in the chapter, except to dry the 
piąte at 105°, and spray the piąte while still hot with 
10 mL of Derlvatization reagent A and then with 10 mL 
of Derivatization reagent B. Allow the piąte to a i r- dry 
for 30 min, and examine under 3ong-wave UV light 
(365 nm). 

Acceptance criteria: The chromatogram of the Stan¬ 
dard solution exhibits an intense o rangę zonę (at Rf 
va!ue of 0.3) due to rutin; a Eight błue fluorescent zonę 
(at value of 0.4) due to chlorogenic acid; a yellowish- 
orange zonę (at Rf value of 0.55) due to hyperoside; 
and a yeflowish-green zonę (at Rf value of 0.65) due to 
vitexin. The chromatogram of the Sample solution , in 
adclition to the zones due to rutin, chEorogenic acid, 
hyperoside, and vitexin, exhibits a yellowish-green zonę 
(at Rf value of 0,35) due to vitexin-2-rhamnoside; a 
light blue fluorescent zonę (at R r vaiue of 0.6) due fo 
spiraeoside; and a light blue fluorescent zonę near the 
solvent front (at R f value of 0.9) due to caffeic acid. The 
chromatogram of the Sample solution also exhibits addb 
fional zones of weaker intensity. 

* B. HPLC 

Solution A: Tetrahydrofuran, acetonitrile, and methanol 
(92.4: 3.4: 4,2) 

Solution B: 0.5% Phosphonc acid in water 

Mobile phase: See Table 7. 


Table 1 


Time 

Solution A 

Solution B 

(mini 

(%1 

(%> 

0 

12 

88 

12 

12 

88 

25 

18 

82 

30 

18 

82 


Standard solution: Use the Standard solution reseryed 
from Identification test A . 

Sample solution: Transfer 3 g of finely powdered Haw¬ 
thorn Leaf with Flower to a 100-mL round-bottom fiask, 
add 60 mL of a mrxture of methanol and water (4:1), 
and maintain under reflux for 1 h, Cool, filter, and coh 
lect the filtrate in a separate fiask. Transfer the residue 
from the filter back to the fiask, add 40 mL of a mlxture 
of methanol and water (4:1), and maintain under refiux 
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for 10 min. Cool, fifter, and combine the ftltrafe with 
the filtrate obtained from the first extraction. Evaporate 
the solvent from the eombined ffltrates under vacuum 
to a volume of 20 ml. Dilute the resulting solution witli 
a mixture of methanol and water (4:1) to 25,0 mL Pass 
5,0 mL of this solution through a freshly conditioned 
solid-phase extraction column containing 360 mg of 
paeking LI, collect the eluate in a 10-mL voIumetric 
fiask, and dilute with a mixtiire of methanol and water 
(4:1) to volume. 

Chromatographic system 
(See Chromatography {621), System Suitability.) 

Modę: LC 

Detector: UV 336 nm 

Column: 4.0-mm x 10-cm; 5-jim paeking LI 

Column temperaturę: 25* 

Flow ratę: 1 mL/min 
Injection volume: 5 llL 
System suitability 
Sam ple: Standard solution 
[Notę—T he relative retention times for chlorogenic 
acid, vrtexin, rutin, and hyperoside are 0,26, 1.0, 1.16, 
and 1,4, respectively,] 

SuitabiHty requirements 
Relative standard deviation: NMT 2.0% 

Analysls 

Samples: Standard solution and Sample solution 
[Notę—T he relative retention times for acetyl vitexr n-2"* 
O-rhamnoside, vitexin, isovitexin, and vitexin-2"-0- 
rhamnoside are 1.53, 1.0, 0.73, and 0.67, 
respectrvely.] 

Measure the retention times for the major peaks. 
Acceptance criteria: The retention times of the peaks 
for chlorogenic acid, vitexrn, rutin, and hyperoside from 
the Sampfe solution correspond to those from the Stan¬ 
dard solution , 

COMPOSITION 

• CONTENT OF C-GLVC05YLATED FLAVONES 

Solution A: 0,5% solution of phosphone acid in water 
Solution B: Tetrahydrofuran, isopropyi alcohol, and ace- 
tonitrile (10:8:3) 

Mobile phase: Solution A and Solution B (22:3) 

Standard solution: 0.3 mg/mL of USP Vitexin RS in So¬ 
lution B f with heating If necessary 
Sample solution: FineJy powder 100g of Hawthorn 
Lear with Flower. Transfer about 4 g of the powder, at- 
curately weighed, to a continuous-extrąction apparatus 
fitted with a fiask containing 80 mL of methanol, and 
extract for 5 h. Cool, remove the fiask, and evaporate 
the solvent from the extract under vacuum to 40 mL, 
Transfer this solution to a 50-mL vo!umetric fiask, and 
dilute with methanol to volume. Transfer 10.0 mL of the 
solution to a suitable fiask fitted with a reflux eon- 
den ser, add 4 mL of 25% hydrochloric acid, and main- 
tain under reflux for 90 min. Cool, transfer the contents 
of the fiask to a 50-mL vołumetric fiask, and dilute with 
methanol to volume, 

Chromatographic system 
(See Chromatography <621), System SuitabiHty.) 

Modę: LC 

Detector: LJV 336 nm 
Column: 4-mm x 10-cm; paeking LI 
Flow ratę: 1 mL/min 
Injection volume: 5 pL 
System suitability 
Sample: Standard solution 
SuitabiHty reąuirements 

Column effidency: NLT 3000 theoretical plates 

Tailing factor: 0,8-2 

Reiative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution . 
Measure Lhe areas of the major peaks, Calculate the 
percentage of C-gJycosyfated flavone$, expressed as 


vi£exin (CjiHjoOio), in the portion of Hawthorn Leaf 
with Flower taken: 

Result = (Cs/CJ x (I r u /n) x 100 

Cs = concentration of USP Vitexin RS in the 
Standard solution (mg/mL) 

Cy = concentration of Hawthorn Leaf with Flower in 
the Sample solution (mg/mL) 

Zfu = sum of the peak areas of vitexin and 

i$ovitexin, with a relative retention time of 
about 1.0 and 0,85, respectively, in the 
chromatogram of the Sample solution 
fs = vitexin peak area in Ehe Standard solution 
Acceptance criteria: NLT 0.6% of Ggfycosylated fla- 
vones, expressed as vitexin (C^H^Cho) on the dried 
basis 

* CONTENT OF O-GLYCOSYLATED FLAVONES 

Mobile phase: Methanol, phosphoric acid, and water 
(100:1:100) 

Standard solution: 0,05 mg/mL of USP Quercetln RS in 
methanol 

Sample solution: Proceed as directed for the Sample 
solution in Content of C-Glycosylated Fiavones, except to 
use 1 mL of 25% hydrochloric acid for 60 min instead 
of 4 mL of 25% hydrochloric acid for 90 min. 
Chromatographic system 
(See Chromatography (621), System SuitabiHty.) 

Modę: LC 

Detector: UV 370 nm 
Column: 4,6-nrmn x 25-tm; paeking LI 
Flow ratę: 1.5 mL/min 
Injection volume: 10 ^L 
System suitability 
Sample: Standard solution 
Suitability reąuirements 

Column effidency: NLT 3000 theoretical plates 

Tailing factor: 0.8-2 

Re!ative standard devlation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the areas of the major peaks, Calculate the 
ercentage of O-glycosylated flavones, expressed as 
yperoside (C^H^O^), in the portion of Hawthorn 
Leaf with Flower taken: 

Result = (ru/fs) x (Cs/Cu) x x 100 

r u - ąuercetin peak area from Lhe Sample solution 

r 5 = ąuercetin peak area from the Standard solution 

Cj = concentration of USP Quercetin RS in the 
Standard solution (mq/mL) 

Cy - concentration of Hawtnom Leaf with Flower In 
the Sample solution (mg/mL) 

Mn - motecular weight of hyperoside, 464,38 
M f2 - molecular weight of ąuercetin, 302.24 
Acceptance criteria: NLT 0,45% of O-glycosylated fla- 
vones, expressed as hyperoside (C 21 H 20 O 12 ) on the dried 
basis 

CONTAMINANTS 

• Articłes of Botanical Origin, Umits of Elementu! Impuri- 

ties (561): Meets th e req u i re m ents 

* Articles of Botanical Origin, Pestfdde Residue Analysis 
(561): Meets the reąuirements 

* Microbial Enumeration Tesis (2021): The total bacterial 
count does not exceed ICH efu/g, and the total com¬ 
bined mofds and yeasts count does not exceed 10 2 efu/ 

9 

• Absence of Sfecifjed Microorganisms (2022): It meets 
the reąuirements of the tests for the absence of Salmo¬ 
nella species and Eschertchia coli. 
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5PECIFIC TESTS 

* Botanical Characteristics 

Macroscopic: It shows fragments of dark brown, ligni- 
fted branches, usually from 1 mm to NMT 2,5 mm m 
diameter, bearing altemate petiolate leaves, with smali., 
often dedduous styles, and oearing numerous white 
flowers In. a corymbose arrangement. The leaves are 
morę or less strongly lobate, and thelr margins are 
sllghtly or very slightly serrate. C laevigata nas pinna- 
t i lob a te to pinnatifid feaves, divided into three, five, or 
seven obtuse lobes; the leave$ of C monogyno are al- 
most pmnatisect with three to five acute lobes, The 
adaxial surface of the leaf is dark green to brownish- 
green; the abaxial surface is fighter, greyish-green, and 
shows a dense network of clearly yisible veintets and 
slightly prominent prlncipal veins. The leaves of C laevi- 
goto and C monogyno are glabrous or bear Isolated 
trichomes. The flowers consist of a brownish-green tu- 
bulous calyx, ending in 3ts upper part in five triangular 
segmenty and of five yellowish-wnite to browntsh free 
petals, rounded to widely oval, shortly unguiculate, and 
with numerous stamens. The ovary, fused to the tubu- 
lous calyx, bears one to three long styles and consists of 
the same number of carpels, each containing one fertile 
ovule. G monogyno has one style and one carpel, and 
C iaevigata has two or three styles and carpels, 
Microscopic: When reduced to a fine powder, rt shows 
the following characteristics: unicellular covering 
trichomes, usually with thick walls and wide lumens, 
almost straight to somewhat curved, pitted at the base; 
fragments of leaf epidermis with cells that have sinuous 
to polygonal walls and large anomocytic stomata sur- 
roundea by four to seven subsldiary cells; clusters of 
parenchymatous cells containing calcium oxalate crys- 
tals, usually from 10-20 pm in lenath; fragments of 
petals showing rounded polygonal epsdermal cells, 
strongly papiflose, with thick walls, the cuticle of which 
clearly shows wavy striations; fragments of anthers 
whose endothedum has an arched and regularly thick- 
ened margin; fragments of stems containing coflen- 
chymatous cells, vessels and fibers of lignified selerem 
chyma, with narrow lumens; numerous rounded to 
elliptical triangular pollen grains up to 45 pm in diame¬ 
ter, with free exines and three germinal pores. 

* Articles of Botanical Oricin, Foreign Organie Matter 
(561): NMT 8.0% of lignlfled matter 

* LOSS ON DRYING (731) 

Sampfe: 1.0 g of Hawthorn Leaf with Flower, finefy 
powdered 

Analysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT 10,0% 

* Articles of Botanical Origin, Totol Ash (561): NMT 
9.0% 

ADD1TIONAL REQUIREMENTS 

* Packaging and Storage: Storę in a well-closed Con¬ 
tainer, protected from light. 

* Labeung: The la bel Sta tes the Latin blnomial and, follow¬ 
ing the official name, the parts of the plant contalned in 
the article. 

* U5P Reference Standards (11) 

USP Hyperoside RS 
U5P Quereetin RS 
USP Vitexin RS 


Powdered Hawthorn Leaf with Flower 

DEFINITION 

Powdered Hawthorn Leaf with Flower is Hawthorn Leaf with 
Flower reduced to a fine or very fine powder. 


IDENTIFICATION 

* A, Thin-Layer Chromatographic Identification Test 

< 201 ) 

Standard solution: 0.1 mg/mL each of chlorogenic 
acid, rutin, USP Hyperoside RS, and USP Vitexln RS in 
methanol. [Notę—R eserve a portion of this solution for 
use tn Identification test 5,] 

Sam ple solution: Transfer about 1 g of Powdered Haw¬ 
thorn Leaf with Flower to a fiask, and add 10 mL of 
methanol. Heat the fiask on a water bath maintained at 
65° for 5 min, cool, fil ter, and use the filtrate. 
Adsorbent: 0.50-mm layer of chromatographic silica 
gel mixture (TLC piates) 

Application volume: 10 pL 

Developing solvent system: Ethyl acetate, g la ciał acetic 
acid, formie acid, and water (10: 1.1: 1.1: 2.6) 
Derivatrzation reagent A: 2-Aminoethyf 
diphenylborinate In methanol (1 in 100) 

Deriyatization reagent B: Polyethylene glycol 4000 in 
methanol (5 in 100) 

Analysis 

Sampies: Standard solution and Sample solution 
Proceed as directed in the chapter, except to dry the 
piąte at 105°, and spray the piąte while still hot with 
10 mL of Derivatizatbn reagent A and then with lOmL 
of Derivatization reagent B. Al Iow the piąte to air-dry 
for 30 min, and examine under lonq-wave UV liqht 
(365 nm). 

Acceptance criteria: The chromatogram of the Stan¬ 
dard solution exhibits an intense orange zonę (at 
yalue of 03) due to rutin; a light biue fluorescent zonę 
(at Rf value of 0.4) due to chlorogenic acid; a yellowish- 
orange zonę (at R f value of 0,55) due to hyperoside; 
and a yelfowish-green zonę (at R P value of 0,65) due to 
vitexln. The chromatogram of the Sample soluthn f in 
additśon to the zones due to rutin, chlorogenic acid, 
hyperoside, and vitexln, exhibits a yellowish-green zonę 
(at Rf va!ue of 035) due to vitexin-2-rhamnoside; a 
fight blue fluorescent zonę {at Rf value of 0,6) due to 
spiraeoside; and a light blue fluorescent zonę near the 
solvent front (at Rj value of 0.9) due to caffeic acid, The 
chromatogram of the Sample solution also exhibits addi- 
tional zones of weaker Intensity, 

• B. HPLC 

Solution A: Tetrahydrofuran, acetonitrlle, and methanol 
(92,4: 3.4: 4,2) 

Solution B: 0.5% Phosphoric add in water 
Mobile phase: See Tobie h 


Table 1 


Time 

fmiol 

Solution A 
(%) 

Solution B 
(%> 

0 

12 

88 

12 

U 

88 

25 

18 

82 

30 

18 

82 


Standard solution: Use the Standard solution reserved 
from Identification test A. 

Sample solution: Transfer about 3 g of Powdered Haw¬ 
thorn Leaf with Flower to a 100-mL round-bottom fiask, 
add 60 mL of a mixture of methanol and water (4:1), 
and maintam under reflux for 1 h. Cool, filter, and col- 
lect the flltrate in a separate fiask. Transfer the residue 
from the filter back to the fiask, add 40 mL of a mixture 
of methanol and water (4:1), and maintain under reflux 
for 10 min. Cool, filter, and combine the filtrate with 
the filtrate obtained from the first extraction, Evaporate 
the solvent from the combined filtrates under vacuum 
to a yolume of 20 mi. DHute the resulting solution with 
a mixture of methanol and water (4:1) to 25.0 mL. Pass 
5.0 mL of this solution through a freshly condltloned 
solld-phase extraction column containing 360 mg of 
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packing U, collect the efuate in a 10-mL volumetnc 
fiask, and ditute with a mixture of methanol and water 
(4:1) to volume. 

Chromatographk system 
(See Chromatograpny (621), System Suitability,) 

Modę: LC 

Detector: UV 336 nm 
Column: 4.0-mm x 10-cm; 5-pm packing 11 
Column temperaturę: 25 e 
Flow ratę: 1 mL/min 
Injection volume: 5 pL 
System suitability 
Sample Standard solution 
[Notę—T he relative retention times for chlorogenic 
add, vitexin, rutin, and hyperoside are 0.26, 1,0, 1,16, 
and 1.4, respectively.] 

Suitability requirements 
Relative standard deviation: NMT 2,0% 

Analysis 

Samples: Standard solution and Somple solution 
[NOTE—The relative retention times for acetyl vstexin-2"* 
O-rhamnoside, vitex]n, isovitexin, and vitexin-2"-0- 
rhamnoside are 1.53, 1.0, 0.73, and 0.67, 
respectively.] 

Measure the retention times for the major peaks, 
Acceptance criteria: The retention times of the peaks 
for chlorogenic add, vitexin, rutin, and hyperoside from 
the Sample solution correspond to those ot the Standard 
solution. 

COMPOSITION 

* CONTENT OF C-CLYCOSYLATED FLAV0NES 

Solution A: 0,5% Solution of phosphorrc add in water 
Solution B: Tetrahydrofuran, isopropyl alcohol, and ace- 
tonitrlle (10:8:3) 

Mobile pnase: Solution A and Solution B (22:3) 

Standard solution: 0.3 mg/mL of USP Vitexin RS in So- 
iution B , with heating if necessary 
Sample solution: Transfer about 4 g of Powdered Haw- 
thorn Leaf with Flower, accurately weighed, to a contin- 
uous-extractlon apparatus fitted with a fiask containing 
80 ml of methanol, and extract For 5 h. Cod, remove 
the fiask, and evaporate the solvent from the extract 
under vacuum to 40 ml. Transfer this solution to a 
50-mL volumetric fiask, and ditute with methanol to 
volume. Transfer 10,0 mL of the solution to a suitable 
fiask fitted with a reflux condenser, add 4 mL of 25% 
hydrochloric add, and malntain under reflux for 90 
min. Cool, transfer the contents of the fiask to a 50-mL 
volumetric fiask, and dilute with methanol to volume. 
Chromatographk system 
(See Chromatograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 336 nm 
Column: 4-mm x 10-cm; packing LI 
Flow ratę: 1 mL/min 
Injection vofume: 5 pL 
System suitability 
Sample: Standard solution 
Suitability requirements_ 

Column eff(ciency: NLT 3000 theoretical plates 

Tarling factor: 0,8-2 

Relative standard deviation: NMT 2.0% 

Analysis 

Sam pies: Standard soiution and Sample solution 
Measure the areas of the major peaks, 

Calculate the percentage of Ggiycosylated f!avones, ex- 
pressed as vitexin (ChHzdOio), in the portion of Pow¬ 
dered Hawthorn Leaf with Flower taken: 

Result - (Zrjrs) x (Cs /Cu) x 100 


Zrt/ - sum of the peak areas of vitexin and isovitexin 
from the Somple solution , with re!ative 
retention times of about 1.0 and 0.85, 
respectively 

fs = vitexin peak area from the Standard solution 
Cs = concentration of USP V?texfn RS in the 
Standard so/uf/on (mg/mL) 

Cu = concentration of Powdered Hawthorn Leaf 

with Fiower in the Sample solution (mg/mL) 
Acceptance criteria: NLT 0.6% of C-glycosyiatecI fJa- 
vones, expressed as vitexin (GnH^Gio) on the dried 
basis 

* CONTENT OF O-GLYCOSYLATED FLAVONES 

Mobile phase: Methanol, phosphoric acid, and water 
(100:1:100) 

Standard soiution: 0.05 mg/mL of USP Quercetin RS in 
methanol 

Sample solution: Proceed as dlrected for the Sample 
solution in Content of C-Glycosylated Flavones t except use 
1 mL of 25% hydrochloric add for 60 min instead of 
4 mL of 25% hydrochloric acid for 90 min. 
Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 370 nm 
Column: 4,6-mm x 25-on; packing LI 
Flow ratę: 1.5 mL/min 
Injection volume: 10 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Column effidency: NLT 3000 theoretical plates 
Tailing factor: 0.8-2 
Relative standard devlation: NMT 2,0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the areas of the major peaks. 

Calculate the percentage of O-glycosylated flavones, ex- 
ressed as hyperoside (C 21 H 20 UT 2 )/ in the portion of 
owdered Hawthorn Leaf with Flower taken: 

Result = (ft/cr) x (Cs/Clt) x (Mi/Mg) x 100 

fy = quercetin peak area from the Sample solution 

r$ - quercetin peak area from the Standard solution 

Cs w concentration of USP Quercetin RS in the 
Standard solution (mg/mL) 

C u - concentration of Powdered Hawthorn Leaf 

with Flower in the Somple solution (mg/mL) 

M r j = moiecular weight of hyperoside, 464.38 
Mr 2 = moiecular weight of quercetin, 302,24 
Acceptance criteria: NIT 0.45% of O-glycosylated fla- 
vones, expressed as hyperoside (C 21 H^O^} on the dried 
basis 

CONTAWIINANTS 

* Articles of Botanical Oricin, Limlts of Elementol Impurh 

des (561): Meets the requirements 

* Articles of Botanical Origin, Pesticide Residue Analysis 

(561): Meets the reguirements 

* Micro bj al Enumeration Tests (2021): The total bacterial 
'count does not exceed 10 4 cfu/g, and the total com- 

bined molds and yeasts count does not exceed 1 0 2 cfu/ 

9- 

» Absence of Specified Microorganisms (2022): it meets 
the reguirements of the tests for the absence of Salmo¬ 
nello species and Escherichla coli 

SPECIFIC TESTS 

* Botanical Characteristics 

Mkroscopic: The yellowish-green powder shows the 
following characteristics: unicellular coverinq trkhomes, 
usually with thick walls and wide I u mens, aTmost 
straignt to somewhat curved, pitted at the base; frag- 
ments of leaf epidermis with cells that have sinuous to 
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polygonal walls and large anomocytic stomata sur- 
rounded by four to seven subsidiary cells; clusters of 
parenchymatous cells eon tarnina calcium oxalate crys- 
tals, usually from 10-20 |im in length; fragments or 
petals showing rounded polygonal epidermal cells, 
strongly papilfose, with tnick walls, tne cuticle of which 
deariy shows wavy striations; fragments of anthers 
whose endothecium has an arched and regulady thick- 
ened margin; fragments of stems containing eollem 
chymatous cells, vesse!s, and fi bers of lignified selerem 
chyma, with narrow lumens; and numerous rounded to 
elliptical triangular pollen grains up to 45 pm in diame- 
ter, with free exines and tnree germinal pores. 

* Articles of Bota nic al Origin, Foreign Organie Mauer 
<561): NMT 8*0% of lignified matter 

* Lass on Drying (731) 

Sample: 1 *0 g of Powdered Hawthorn Leaf with Flower 
Anaiysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT 10.0% 

* Articles of Botanical Origin, Totaf Ash (561): NMT 
9.0% 

ADDITIONAL REQUIREMENTS 

* Packaging and storace: Storę in a well-closed Container, 
protected from Ifght 

* Labeling: The label States the Latin binomial and, follow- 

ing the official name, the parts of the plant source from 
which the artiefe was derived. 

* USP REFERENCE STANDARD* (11) 

USP Hyperoside RS 
USP Quercetln RS 
USP Vitexin RS 


Add the folłowhtg: 


^Hesperidin 


f* 



j&j&Ou 610,57 

4H-1 -Benzopyran-4-one, 7-[[ó-0-(ó-deoxy“a-L-mannopyra- 
nosy 1)- fi-Q- g I u c o py ra n o sy I] o xy ]- 2,3 - d i hy d ro-5 - hy d ro xy- 
2-{3-hydroxy-4-rnethoxyphenyl)-, (2S>; 
(25)-5-Hydroxy-2-{3-hydroxy-4-methoxyphenyl)-4-oxo-3,4- 
dihydro-2H-chromen-7-yl ó-0-(a-L~rhamnapyranosyl)-/:LD- 
glucopyranoside [520-26-3]. 

DEFINITION 

Hesperidin contains NLT 90.0% and NMT 102*0% of hes- 
peridin (CjaH^Ois), calculated on the dried bas is, 

IDENTIFICATION 

* A, INFRARIO ABSORPTION (197K) 

* 8* The retention limę of the major peak of the Sample 

solution corresponds to that of tne Standard solution, as 
obtained in the Assay. 

ASSAY 

* Procedurę 

Solution A: Dilute 5 mL of glacial acetic add with water 
to 1000 mL. 

Mobile phase: Methanol and Solution A (30:70) 

System suitability solution: 0.2 mq/mL each of USP 
fsonaringin RS, USP Hesperidin RS, USP Neohesperidin 


RS, USP Diosmin RS, and USP Didymin RS in dimethyl 
sulfoxide 

Standard solution: 1.0 mg/mL of USP Hesperidin RS in 
dimethyl suffoxide 

Sample solution: 1.0 mg/mL of Hesperidin in dimethyl 
suifoxide 

Chromatographrc system 
(See Chromatography <621), System Suitability,) 

Modę: LC 

Detector: UV 284 nm 

Column: 3,9-mm x 15-cm; 4-pm packrng LI 

Column temperaturę: 40° 

Flow rater 1*0 mL/min 
Injection volgme: 10 pL 

Run time: At least 5 times the retention time of 
hesperidin 
System suitability 

Samples: System suitability solution and Standard 
solution 

[NoTE—The relative retention times for hesperidin and 
its related compounds are shown tn Tobie f] 
Suitability requirements 

Resolution: NLT 1.8 between hesperidin and neohes- 
peridin, System suitability solution 
Relative standard deviation: NMT 2.0%, Standard 
solution 
Anaiysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of hesperidin (CasH^Oi*) in 
the porlion of Hesperidin taken: 

Result = (ry/n) x (Cs JC V ) x 100 

hi = peak response from the Sample solution 

h = peak response from the Standard solution 

Cs ~ concentration of USP Hesperidin RS in the 
Standard solution (mg/mL) 

Cu - concentration of Hesperidin in the Sample 
solution (mg/mL) 

Acceptance enteria: 90.0%-102.0% on the dried basis 

IMPURITIES 

* RE5IDUE ON IGNITION <281) 

Sample: 1.0 g 

Acceptance criteria: NMT 0,2% 

■ Related Compounds 

Solution A, Mobile phase, System suitability solution, 
Chromatographic system, and System suitability: 
Proceed as directed In the Assay . 

Standard solution: 0.05 mg/mL of USP Hesperidin RS 
in dimethyl $ulfoxide 

Sample solution: 1.0 mg/mL of Hesperidin in dimethyl 
su!foxide 
Anaiysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of each impurity in the por- 
tion of Hesperidin taken: 

Result - {Wf s ) x (Cj/C u) x F x 100 

ru = peak response of each impurity from the 
Sample solution 

r$ = peak response of hesperidin from the Standard 
solution 

Ci - concentration of USP Hesperidin RS in the 
Standard solution (mg/mL) 

G - concentration of Hesperidin in the Sample 
solution (mg/mL) 

F - correction factor for each individual impurity 
(see Tobie 1) 

Acceptance criteria: See Tobie 1. [Notę—D isregard any 
impurity less than 0.1%.] 
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Table 1 


Na me 

Refative 

Retentlon 

Time 

Correctlon 

Factor 

(F) 

Acceptance 
trtteria, 
NfUTT (Wo\ 

Eriodtrin" 

CM 

1.00 

1.0 

bonarinciin 

07 

1.07 

4,0 

Hespertdtn 

1.0 


_ 

Neohesperidin 

12 

0.91 

1,0 

Diosmin 

1.5 

1.67 

1.0 

Narinoemn b 

2.6 

0 51 

1,0 

Didvmin 

3.0 

1.02 

3.0 

Hesoeretify 

3.8 

0 . 4S 

1.0 

Any unspedfied 
Imourity 

— 

1.00 

do 

Total unspedfied 
impurities 

© 

— 

3.0 

Total impurities 

Jj. 

— 

10,0 


{5)-5- Hyd rox y-2-( 3-hydroxy 4 ♦methDxyphenytM-Oxa-3 J 4dihydr0-2H- 
ch romen- 7-yI 6- 0-(a- L-rhatn n opyra n osyI) ■ D- g lu copyra nos ide, 
n (25>5,7*Dihydroxy-2-{4-hydroxyphenyl)chroman-4-one r 
c (S)- 5,7 ’ Di hydfOXy-2'(3-hy d roxy-4 - met hoxyph e ny l)chro m an ne. 

SPEC1FJC TESTS 

* Loss on Drving (731) 

Analysis: Dry at 105 Ł for 4 h. 

Acceptance cnteria: NMT 5.0% 

* Microbial Enumerahon Tests <2021): The total bacterial 
count does not exceed IG 3 cfu/g, and the total com- 
bined molds and yeasts count does not exceed 10 z cfu/ 
9 - 

* Absence of Specified Microorganisms (2022), Test Proce * 

dures , Test for Absence of Salmonella Species and Test for 
Absence of Escherichia coli : Meets the reguirements 

ADDITIONAL REQUIREMENTS 

* Packaginc ano Storage: Preserve in well-closed, tight 
containers. 

* USP REFERENCE Standard* <11) 

USP Didymm RS 

(/?5)-5-HydrQxy-2-(4-methoxyphenyl)-4-oxo-3 / 4-dihydro- 
2H-ehromen-7-yl 6-0-(a-L-rhamnopyrano5yl)-/J-D- 
glucopyranoside. 

CzbHuOm 594,57 
USP Diosmin RS 
USP Hesperidin RS 
USP Isorwingin RS 

(/? S )- 5- Hy d ro xy -2 -(4- hy d roxy p h e ny I) -4 -oxo- 3 , 4-d i hy d ro- 
2tf-chrGmen-7-yl 6-0-(a-L-rhamnopyranosyl)-^-D- 
glucopyranoside. 

CijH^Ok 580,54 
USP Neohesperidm RS 

( 5)- 5 - H y d ro xy-2 -(3 - hy d ro xy-4 - m e th oxy p h e ny I) -A-o xo- 
3 f 4-dinydro-2H-chrGmen-7-yJ 2-0-(a-L-rhamnopyra- 
n o sy I) - J>D-g I u c o pyra n osi de. 

C;iH 3 40is 610.57 

AVSP4Q 


Histidine —see Histidine General Monographs 


Holy Basil Leaf 

DEFINmON 

Holy Basil Leaf consists of the dried leaf of Ocimum 
tenuifbrum L, (Fam. Lamiaceae), It contains NLT 0.5% of 
triterpenes, calculated as the sum of oleanolic add and 
ursolic add, on the dried basis. 


IDENTIFICATION 

• A. Holy Basil Leaf meets the reguirements for Spedfic 
Tests, Botank Characteristlcs. 

e B. ThinLayer Chromatography 

Standard solution A; 0.5 mg/mL of USP Rosmarinic 
Add RS in methanol 

Standard solution B: 10 mg/mL of USP Powdered Holy 
Basil Exfract RS in methanof 

Sample solution: Sonicate about 1 g of Holy Basil leaf, 
fi nery powdered, in 10 mL of methanol for 10 min, cen- 
trjfuge, and use the supematant, [Notę—R eserve a por- 
tion of the supernatant for Identification test C] 
Chromatographic system 

Adsorbent: Chromatographic siltca gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 2 pL of Standard solution A, 4 pL 
of Standard solution B f and 8 pL of Sample solution as 
8-mm bands 

Relath/e humidity: Condition the piąte to a relattve 
hu midi ty of about 33% uslng a suita ble devEce. 
Developing solvent system: A mixture of ethyl ace- 
tatę, formie acid, and wat er (15:1:1) 

Developing disfance: 6 cm 

Derivatization reagent A: 5-mg/mL solution of 2-amj- 
noethyl diphenylbonnate in ethyl acetate 
Derivatization reagent B: 50-mg/mL solution of poly- 
ethyiene glycol 400 in dichloromethane 
Analysis 

Samples: Standard solution A, Standard solution 8 , and 
Sample solution 

Appiy the Samples as bands to a suitable high perfor¬ 
mance thin-iayer chromatographic piąte, and dry In air 
(see Chromatography (621)), Develop the chromato- 
grams in a saturated cham ber, remove the piąte from 
the ohamber, and dry in air, Heat the piąte at 100° for 
3 min, derivatize the piąte while still warm with Der* 
ivatization reagent A, and dry in air Then derivatize 
with Derivatization reagent B, dry in air, and examine 
under UV light at 366 nm. 

System suitability: The chromatogram of Standard solu¬ 
tion B exhiblts, in the upper third section, a blue fluo- 
rescent band corresponding to the band due to ros- 
marinie acid in the chrom a tog ram of Standard solution 
A, and a less intense blue ffuorescent band directly 
above the band due to rosmarinic acid, corresponding 
to caffeic acid, and a red band above the taffeic add 
band, The bands due to rosmarinic acid and caffeic acid 
are clearly separated. The chrom a tog ram of Standard 
solution B aiso shows the most intense band, an orange 
band, in the Iower third section of the chromatogram; 
and two greenish bands in the middle third section of 
the chrom a to gram. 

Acceptance crlteria: The chromatogram of the Sample 
solution exhtbrts the following bands corresponding to 
similar bands in the chromatogram of Standard solution 
B: a blue fluorescent band at an R F corresponding to the 
rosmarinic acid band; a less intense blue fluorescent 
band at an above that of the rosmarinic acid band, 
corresponding to caffeic acid; a red band above the 
caffeic add band; a red band at the solvent front due 
to chlorophyll; two greenish bands in the middle third 
section of the chromatogram; and the most intense 
band, an orange band, with a blue band right above in 
the Iower thirdTsection of the chromatogram (distinc- 
tlon from sagę leaf, thyme leaf, basil leaf, and oregano 
leaf, all of wnich show two orange bands in the Iower 
third section of the chromatogram; and lemon balm 
leaf which lacks this band). The Sample solution does 
not exhibit yellowish-orange bands in the middle sec¬ 
tion of the chromatogram (distinction from rosemary 
leaf and thyme leaf)- 
* C Thin-Layer Chromatography 

Standard solution A: 0.2 mg/mL of USP Ursolic Acid RS 
in methanol 
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Standard solution B: 1*0 mg/mL of eugenol in 
methanol 

Standard solution C: 1,0 mg/mL of methyleugenol in 
methanol 

Standard solution D: 10 mg/mL of USP Powdered Holy 
Basil Extract RS in methanol 

Sam ple solution: Use the solution prepared in Identifi¬ 
cation test B. 

Chromatographic system 

Adsorbent: Chromatographic silica gel mkture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 2 pL each of Standard solution Ą 
Standard solution B t and Standard solution C, 4 pL of 
Standard solution D, and 8 jiL of the Sample solution as 
8-mm bands 

Relatlve humidity: Conditton the piąte to a relative 
humidity of about 33% using a suitable device. 
Developing solvent system: A mkture of toluene and 
ethyl acetate (85:15) 

Deve!oping distanoe: 6 cm 

Denvatization reagent: Place 85 mL of methanol in a 
100-mL glass bottle, and cooi in a water-ice cubes-salt 
bath or in a freezer. To the ice-cotd methanol add 
10 mL of acetic add and 5 mL of sulfuric add, slowly 
and carefully, and mix welf* Allow the mkture to cooi 
to room temperaturę, and then add 0.5 mL of /> 
anisaldehyde. 

Analysis 

Sampies: Standard solution Ą Standard solution B, 
Standard solution C, Standard solution D, and Sample 
solution 

Apply the Sampies as bands to a suitable high perfor¬ 
mance thindayer chromatographic piąte, and dry in air 
(see Chromatogmphy (621)). Develop the chromato- 
grams in a saturated chamber, remove the piąte from 
the chamber, dry in air, derivatize with Deriyatization 
reagent , heat at 100° for 3-5 min, set aside to cooi, 
andf examine under visible fight 
System suitability: Standard solution A exhibits a violet 
band. Standard solution & and Standard solution C each 
exhibit a greentsh band. Standard solution D exhfbits a 
purple band above the green band corresponding to 
eugenol or methyleugenol in Standard solution B or 
Standard solution C 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits the most intense band, a violet band at 
an Rf corresponding to the ursolic acid band in the 
chromatogram of Standard solution A and Standard so/l- 
tion D, and a greenish band at an R f corresponding to 
the eugenol band or methyleugenol band in the chro¬ 
ma to gram s of Standard solution B or Standard solution 
G [MotE—Holy basii leaf may occur in two chemotypes, 
one tharattenzed by the presence of eugenol and the 
other by the presence of methyleugenol,] 

• P* HPLC 

Analysis: Proceed as directed in the test for Content of 
Triterpenes. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits two peaks at the retention times corre¬ 
sponding to the ursolic acid and oteanolic acid peaks 
from the Standard Solutions, 

COMPOSSTION 

e Content of Triterpenes 

Mobile phase: A mkture of acetonitriie and a 2-5- 
mg/mL solution of ammonium acetate in water (67:33) 
Standard solution A: 0,1 mg/mL of USP Ursolic Acid RS 
in methanol. Sonicate to dissolve, if necessary. 

Standard solution B: 4.0 mg/mL of USP Powdered 
Holy Basil Extract RS in methanol, Sonicate to dissolve, 
if necessary. Refore injection, pass through a membranę 
filter of 0.45-pm or fi ner porę size* 

Sample solution: Transfer about 3.0 g of Holy Basil 
Lear, finely powdered and accurately weighed, to a 
100-rnL round-bottom fiask fitted with a reflux con- 


denser* Add 50 mL of methanol, reflux on a water bath 
for 20 min, cooi to room temperaturę, and decant the 
supernatant. Repeat until the iast extract is colorless. 
Combine the extracts, filter, concentratę under vacuum, 
and adjust with methanol to a volume of 100 mL. 
Before injection, pass through a membranę filter having 
a 0.45-pm or finer porę size, dfscarding the first few ml 
of filtra te. 

Chromatographic system 

(See Chromatogrophy (621), System Suitability,) 

Modę: LC 

Detector: UV, 205 nm 

Column: 3.0-mm x 10-cm; 2.5-pm packing LI 
Plow ratę: 0.3 mL/min 
Injection volume: 5 pL 
System suita bil i ty 

Sampies: Standard solution A and Standard solution B 

Sultability reguirements 

Chromatogram simrlanty: The chromatogram from 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Holy Basil Extract RS being used. 

Resolutlon: NLT 1.3 between the oleanolic acid and 
ursolic add peaks. Standard solution B 
Relative standard deviation: NMT 2% for the ursolic 
acid peak. Standard solution A 
Analysis 

Sampies: Standard solution Ą Standard solution B, and 
Sample solution 

Using the chromatograms of Standard solution A t Stan • 
dam solution B t and the reference chromatogram pro- 
vided with the lot of USP Powdered Holy Basil Extract 
RS berng used, identify the retention time of the peaks 
corresponding to oleanolic add and ursolic acid in the 
Sample solution chromatogram, 

Calculate the percentage ot triterpenes, oleanolic acid, 
and ursolic add in the portion of Holy Basil Leaf taken: 

Result ^ (r u frs) xQx (V/W) x 100 

r 0 - sum of the peak areas of oleanolic acid and 
ursolic add from the Sample solution 
Cr = peak area of ursolic add from Standard 
solution A 

Cs = concentration of ursolic acid in Standard 
solution A (mg/mL) 

V - volume of the Sample solution (mL) 

W = weight of Holy Basil Leaf taken to prepare the 
Sample solution (mg) 

Acceptance criteria: NLT 0,5% on the dried basis 

CONTAMINANTS 

• Elemental Impurities—PROCED liRES (233) 

Acceptance criteria 
Arsenie: NMT1,0pg/g 
Cadmium: NMT 0*5 pg/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 1.0 pg/g 

• Articles of BOTANiCAŁ Origin, General Method for Pesti- 

cide Residues Analysis (561): Meets the reguirements 

• Microbial Enumeration Tests (2021): The total aerobic 

bacterial count does not exceed 10 5 cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferant Gram-negative bacteria does not 
exceed 10 3 cfu/g* 

• Absence of Specifiib Microorganisms (2022): Meets the 

requirements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

5PECIFIC TESTS 

• Botanic Characteristics 

Macroscopk: The leaves are petiolate; simple; elliptic 
oblong to elliptic; apex acute or obtuse; margin serrate 
or occasionally entire; base acute or obtuse; pubescent, 
morę trichomes on the lower surface around its midrib; 
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venation reticulate, velns morę prominent on lower sur¬ 
face; petiole cylindrical, slightly grooved on the upper 
surface, with trichomes. The upper surface is green; the 
lower surface is pale green; charaetenstic aromatic odor 
Pharmacopera! artide consists of dry, yellowish-green, 
brittle, leaves. 

M krosto p ic 

Transverse section of leaf: Lamina is dorsiventral; up¬ 
per epidermis and lower epidermis, each a single layer 
of rectangular tells covered with thin cutide, snowing 
plenty of covenng and glandular trichomes, morę on 
the lower epidermis; covering trichomes are uniseriate, 
unicellular to multkellular, often bent, with bulging 
basal cells; glandular trichomes are of various sizes and 
shapes, ma jon ty are sessil with 4-oelled head, few with 
a sfngie-celled stalk, sorne with 1- to 2-ceIled stalk and 
1- to 2-ceMed head; a layer of palisadę cells under the 
upper epidermis in the lamina region; 2-4 rows of col- 
lenchyma cells under each epidermis in the midrib re¬ 
gion; an arc of conjoint, collaterał vascuJar bundles in 
the center, and 2-4 patches of phloem bundles or ru- 
dimentary smali vascular bundles above the arc; and 
spongy parenchyma cells rich In oleoresin contents. 
Transverse section of petiole: Similar to the trans- 
verse section through the midrib of the leaf; upper 
epidermis and lower epidermis, each a single layer of 
rectangular cells covered with thin cutide, showing 
plenty of covertng and glandular trichomes; 2-4 rows 
of collenchyma cells under each epidermis; an arc of 
conjoint, collateral vascular bundle in the center, a row 
of smali rudimentary vascular bundles above the arc 
factng the upper side, and an isolated vascular bundle 
at each end of the arc; and spongy parenchyma cells 

* Articles of Botanical Origin, Foreign Organie Matter 

(561): NMT 5% of stems; NMT 2.0% of other foreign 
matter 

* HOSS ON DRYtNG (731) 

Sample: 1.0 g of finely powdered Holy Basi! Leaf 
Anaiysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT 10% 

* Articles of Botanical Oricin, Totai Ash { 561 ) 

Sample: 2 g of finely powdered Holy Basi! Leaf 
Acceptance criteria: NMT 18% 

* Articles of Botanical Oricin, Adddnsoluble Ash (561) 

Sampie: 2-4 g of finely powdered Holy Basil Leaf 
Acceptance criteria: NMT 3% 

ADDUIONAL REQUIREEV9EN?5 

* Packaging and Storace: Preserve in well-dosed contaln- 
ers, protected from light and moisture, and storę at 
room temperaturę, 

* Labeung: The label States the Latin binominal and, fol- 
lowing the offtcial narne, the part of the plant contained 
in the article. 

* USP Reference Standards (11) 

USP Powdered Holy Basil Extract RS 
USP Rosmarinic Acid RS 
USP Ursolk Acid RS 


Powdered Holy Basil Leaf 

DEFINITION 

Powdered Holy Basi] Leaf is the pu[verized dried leaf of 
Ocimum tenuiflorum L (Fam, Lamiaceae). It contains NIT 
0.5% of triterpenes, calculated as the sum of oleanolic 
acid and ursolic acid, on the dried basis. 

IDENTIFICATION 

* A, Powdered Holy Basil Leaf meets the reguirements for 
Spedfic Tests , Botanic Characteristics. 


* B, Thin-Laver Chromatography 

Standard soiution A: 0.5 mg/mL of USP Rosmarinic 
Acid RS in methanoi 

Standard soiution B: 10 mg/mL of USP Powdered Holy 
Basil Extract RS in methanoi 

Sample soiution: Sonicate about 1 g of Powdered Holy 
Basil Leaf in 10 mL of methanoi for 10 min, centrifuge, 
and use the supernatant, [NOTĘ—Reserve a portion of 
the supernatant for Identification test G] 
Chromatographic system 

Adsorbent: Chromatographic silica gd m3xture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 2 pL of Standard soiution 4, 4 pL 
of Standard soiution B t and 8 jxL of the Sample soiution 
as 8-mm bands 

Relative humidity: Condition the piąte to a relatke 
humidity of about 33% using a suitable device. 
Developing solvent system: A mixture of ethyl ace- 
tate, formie acid, and water (15:1:1) 

Developing distance: 6 cm 

Derwatization reagent A: 5-mg/mL soiution of 2-amT 
noethyl diphenylborinate in ethyl acetate 
Derivatization reagent B: 50-mg/mL soiution of poly- 
ethylene glycol 400 in dichloromethane 
Anaiysis 

Sam pies: Standard soiution Ą Standard soiution B f and 
Sample soiution 

Apply the Samples as bands to a suitable high perfor¬ 
mance thin-layer chromatographic piąte, and dry in air 
(see Chromatography (621)). Deve3op the chroma to- 
grams in a saturated chamber, remove the piąte from 
Erie chamber, dry in air, beat at 100° for 3 min, der- 
ivatize the piąte while still warm with Denvatization re¬ 
agent A f dry in air, then derivatize with Derivatization 
reagent B, dry in air, and examine under UV light at 
366 nm. 

System suitabifity: The chromatogram of Standard solu- 
tion B exhlblts, in the upper third section, a bfue fluo- 
rescent band corresponding to the band due to ros¬ 
marinic acid in the chromatogram of Standard soiution 
A t and a less intense blue fluorescent band, right above 
the band due to rosmarinic acid, corresponding to caf- 
feic acid, and a red band above the caffeic band. The 
bands due to rosmarinic acid and caffeic acid are clearly 
separated. The chromatogram of Standard soiution B 
also shows the most intense band, an orange band, in 
the lower third section of the chromatogram, and two 
greenish bands in the middle third section of the 
chromatogram. 

Acceptance criteria: The chromatogram of the Sample 
soiution exhibits the foliowing bands corresponding to 
similar bands in Standard soiution B: a blue fluorescent 
band at an Rr corresponding to the rosmarinic acid 
band; a less intense blue fluorescent band at an Rf 
above that of the rosmarinic acid band, corresponding 
to caffeic add; a red band above the caffeic acid band; 
and a red band at the solvent front due to chlorophyli; 
two greenish bands in the middle third section of the 
chromatogram; and the most intense band, an orange 
band, with a blue band right above in the lower third 
section of the chromatogram (distinction from sagę 
leaf, thyme leaf, basil leaf, and oregano leaf, alf show 
two orange bands in the lower third section of the 
chromatogram; and lemon balm feaf which lacks the 
band). The Sample soiution does not exhibit yelfowish- 
orange bands at the middle of the chromatogram (dis¬ 
tinction from rosemary leaf and thyme leaf)* * 

• C Thin-Layer Chromatography 

Standard soiution A: 0.2 mg/mL of USP Ursolic Add RS 
in methanoi 

Standard soiution B: 1.0 mg/mL of eugenol in 
methanoi 

Standard soiution C: 1.0 mg/mL of methyleugenol in 
methanoi 
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Standard solution D: 10 mg/mL of USP Powdered Holy 
Basil Extract RS in methanol 

Sample solution: Use the solution prepared in Identifi¬ 
cation test B. 

Chromatographic system 

Adsorbent: Chromatographic stlica gd mixture wilh 
an average particie size of 5 urn (HPTLC plates) 
Application volume: 2 juL of Standard solution A f Stan¬ 
dard solution B , and Standard solution C; 4 llL of Stan¬ 
dard solution P, and 8 jliL of the Sample solution as 
8-mm bands 

Relatrve humidity: Condition the piąte to a relative 
humidity of about 33% using a sułtabfe device. 
Developing soJyent system: A mixture of toluene and 
ethyl acetate (85:15) 

Developrng distance: 6 cm 

Derivatization reagent: Place 85 ml of methanol in a 
lOG-mL alass bottle, and coof it down in a water-ice 
cubes-saTt bath or In a freezer. To the ice-cold metha¬ 
nol, add 10 mL of acetic add and 5 mL of sulfuric 
add, sfowfy and carefully, and mix well. Allow the 
mixture to cool to room temperaturę, and then add 
0.5 mL of p-ani$aldehyde. 

Analysis 

Samples: Standard solution A, Standard solution B t 
Standard solution C, Standard solution D, and Sample 
solution 

Apply the Samples as bands to a suitable high perfor¬ 
mance thin-layer chromatographic piąte, and dry in air 
(see Chromatogmphy (62 1 >)* Deve!op the chromato- 
grarns in a saturated cham ber, remove the piąte from 
the cham ber, dry in afr, derivatize with Denvattzation 
reagent , heat at 100° for 3-5 min, set aside to cool, 
and examrne under visibJe llght. 

System suitability: Standard solution A exh3bits a violet 
band. Standard solution B and Standard solution C each 
exhibit a greenish band. Standard solution D exhibits a 
purple band above the green band corresponding to 
eugenol or methyleugenol m Standard solution B or 
Standard solution C 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits the most intense band, a violet band at 
an /?f corresponding to the ursolic acid band in the 
chromatogram of Standard solution Aa nd Standard solu* 
tion D, and a greenish band at an R f corresponding to 
the eugenol band or methyleugenol band in the chro¬ 
ma to gram s of Standard sofution B or Standard solution 
C [NOTĘ—Holy basil leaf may occur m two chemotypes, 
one characterized by the presence of eugenol and tne 
other by the presence of methyleugenoL] 

* D. HPLC 

Analysis: Proceed as directed in the test for Content of 
Triterpenes. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits two peaks at the retention times corre¬ 
sponding to the ursolic acid and oleanolic add in the 
Standard Solutions. 


COMPOSITION 
® Content of Triterpenes 

Mobile phase: A mixture of acetonitrile and a solution 
of 2.5 mg/mL ammonium acetate in water (67:33) 

Standard solution A: 0.1 mg/mL of USP Ursolic Acid RS 
in methanol. Sonicate to dissolve if necessary. 

Standard solution B: 4.0 mg/mL of USP Powdered 
Holy Basil Extract RS in methanol. Sonicate to dissolve if 
necessary. Before injection, pass through a membranę 
filter of 0.45-(im or finer porę size. 

Sample solution: Transfer about 3.0 g of Powdered 
Hofy Basil Leaf, accurately weighed, to a 100-mL round- 
bottom fiask fitted with a reflux condenser. Add 50 mL 
of methanol, reffux on a water bath for 20 min, cool to 
room temperaturę, and decant the supernatant. Repeat 
until the last extract ts colorless. Combine the extracts, 
filter, concentratę under vacuum and adjust the volume 


to 100 mL using methanol, Before injection, pass 
through a membranę filter having a 0.45-pm or finer 
porę size, discarding the frrst few mL of the filtrate, 
Chromatographic system 
{See Chromatography (621), System Suitability .) 

Modę: LC 

Detector: UV, 205 nm 

Column: 3,0-mm x t0<m; 2.5-pm packing LI 
Flow ratę: 0.3 mL/mEn 
Injection votume: 5 pL 
System suitability 

Samples: Standard solution A and Standard solution 8 
Suitability requirements 

Chromatogram similarity: The chromatogram from 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Holy Basif Extraet RS being used. 

Resolution: NLT 1.3 between the oleanolic acid and 
ursolic acid peaks. Standard solution B 
Reiative standard deviation: NMT 2% determEned 
from the ursolic acid peak in repeated Enjections, 
Standard solution A 
Analysis 

Samples: Standard solution A , Standard solution B t and 
Sample solution 

Using the chromatograms of Standard solution A, Stan¬ 
dard solution 5, and the reference chromatogram pro- 
vided with the lot of USP Powdered Holy Basil Extract 
R$ being used, identify the retention time of the peaks 
corresponding to oleanolic acid and ursolic acid in the 
Sample solution chromatogram. 

Calculate the percentage ot triterpenes, oleanolic acid, 
and ursolic acid in the portion of Powdered Holy Basil 
Leaf taken: 

Result = (r^n) X Q x (Vf W) x 100 

r u - sum of peak areas of oleanolic acid and ursolic 
acid in the Sample solution chromatogram 
/j = peak area for ursolic add in the Standard 
solution A chromatogram 
Cs - concentration of ursolic acid in Standard 
solution A (mg/ml) 

V = volume of the Sample solution (mL) 

W = weight of Powdered Hofy Basil Leaf taken to 
prepare the Sample solution (mg) 

Acceptance criteria: NLT 0.5% on the dried basis 

CONTAMflNANTS 

* EŁEMENTAL iMPURITiES—PROCEDURE5 (233) 

Acceptance criteria 
Arsenie: NMT 1.0 pg/g 
Cadmium: NMT 0 5 pg/g 
Lead: NMT5.0jiig/g 
Mercury: NMT1.0pg/g 

* Articłes of Botanical Oricin, General Method for Pesti- 

cide Residues Analysis (561): Meets the requirements 

* MrCROBIAL ENUMERATtON TESTS (2021): The total aerobic 

bacterial count does not exceed 10 s cfu/g, the total com- 
bined molds and yeasts count does not exceed IG 3 cfu/ 
g, and the bile-toferant Granvnegat3ve bacteria does not 
exceed 10 3 cfu/g. 

* Absence of Specified Microorganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

SPECIFIC TESTS 

* Botanjc Characteristics 

Macroscopic: YeIłowish-green powder; characteristic ar- 
omatic odor 

Microscopic: it shows fragments of epidermal celi, 
straight anticlinal walls on the upper surface and 
slightly wavy on the lower surface, with diacytic sto¬ 
ma ta, with covering and g landu lar trichomes; covering 
Lnchomes, uniseriate, unicellular to multicellular, often 
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bent, with bulging basal ceils; 4-celled head and 1- to 
2-celled head qlandular trichomes; fibres; and vascular 
tissue, 

* LOSS OM DRYING (731) 

Sample: 1.0 g of Powdered Holy Basil Leaf 
Analysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT 10% 

* Articles of Botanical Origin, Totol Ash (561) 

Sample: 2 g of Powdered Holy Basil Leaf 
Acceptance criteria: NMT 1 8% 

* Articles of Botanical Origin, Add-insoluble Ash (561) 

Sample: 2-4 g of Powdered Holy Basil Leaf 
Acceptance criteria: NMT 3% 

ADOmONAIL REQU!REMENT$ 

« Packagimg and Storage: Preserve in well-closed contain- 
ers, protected from Jight and molsture, and storę at 
room temperaturę, 

« Labeung: The label States the Latin binominal and, foJ- 
lowing the officiai name, the part of the plant from 
which the article was derived. 
e USP REFERENCE STAMDARDS (11) 

USP Powdered Holy Basil Extract RS 
USP Rosmarinic Acid RS 
USP Ursoiic Acid RS 


Powdered Ho By Basil Leaf Extract 

DEFIN1TION 

Powdered Holy Basil Leaf Extract is p repa red from Holy Basil 
Leaf by extraction wlth mixtures of alcohol-water or 
methanol-water. It contalns NLT 90.0% and NMT 
110.0% of the labeled amount of triterpenes, calculated 
as the sum of oleanolic acid and ursoiic acid, on the dried 
basis. It may contaln suitabie added substances as carrlers. 

IDENTIFICATION 
* A, Thin-Iayer Chromatography 

Standard solution A: 0.5 mg/mL of USP Rosmarinic 
add R5 In methanol 

Standard solution B: 10 ma/mL of USP Powdered Hoiy 
Basi i Extract RS in methanol 
Sample solution: 10 mg/mL of Powdered Holy Basil 
Lear Dctract In methanol [Notę—R eserve a portion for 
use in Identification test B>] 

Chromatographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 2 pL of Standard solution Ą 4pL 
of Standard solution B f and S pL of the Sample solution 
as 8~mm bands 

Re lat I ve humidity: Condition the piąte to a relative 
hu midi ty of about 33% using a suitabie device. 
Developrng solvent system: A mixture of ethyl ace¬ 
tale, formie acid, and waler (15:1:1) 

Developing distance: ó cm 

Derivatization reagent A: 5-mg/mL solution of 2-ami- 
noethyl diphenylborinate in ethyl acetate 
Denvatization reagent B: 50-mg/mL solution of poly- 
ethylene glycoł 400 In drchloromethane 
Analysis 

Sam pies: Standard solution A, Standard solution B f and 
Sample solution 

Apply the Samples as bands to a suitabie high perfor¬ 
mance thin-layer chromatographic piąte, and dry in air 
(see Chromatography (621)). Develop the chromato- 
grams in a saturated chamber, remove the piąte from 
the chamber, dry in air, heat at 100° for 3 min, der- 
ivatlze the piąte whtle still warm with Derivatizatbn re¬ 
agent A, dry in air, then derivatlze with DerivatizQtion 
reagent B f dry in air, and examine under UV light at 
366 nm. 


System suita bi lity: The chromatogram of Standard sotu- 
don B exhlbits, In the upper third section, a blue fluo¬ 
rescent band correspondlng to the band due to ros¬ 
marinic acid in the chromatogram of Standard solution 
A f and a less Intense blue fluorescent band, right above 
the band due to rosmarinic acid, corresponding to caf- 
feic add, and a red band above the caffeic acid band. 
The bands due to rosmarinic add and caffeic acid are 
clearly separated, The chromatogram of Standard soiu- 
tion B also shows the most intense band, an orange 
band, in the lower third section of the chromatogram, 
and two greenish bands In the mlddle third section of 
the chromatogram. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits the foli owi ng bands corresponding to 
si mi lar bands in the chromatogram of Standard solution 
B\ a blue fluorescent band at an corresponding to the 
rosmarinic acid band; a less intense blue fluorescent 
band at an above that of the rosmarinic acid band, 
corresponding to caffeic acid; a red band above the 
caffeic acid band; and a red band at the solvent front 
due to chlorophyll; two greenish bands in the mlddle 
third section of the chromatogram; and the most in¬ 
tense band, an orange band, with a biue band above in 
the lower third section of the chromatogram (distinc- 
tion from sagę leaf, thyme leaf, basil leaf, and oregano 
leaf, ail show two orange bands in the lower third sec¬ 
tion of the chromatogram; and lemon balm leaf which 
lacks this band). The Sample solution does not exhibst 
yellowish-orange bands in the mlddle section of the 
chromatogram (distśnction from rosemary leaf and 
thyme leaf). 

B. Thin-Layer Chromatography 
Standard solution A; 0.2 mg/mL of USP Ursoiic Acid RS 


in methanol 

Standard solution B: 
methanol 

Standard solution C: 
methanol 

Standard solution D; 


1.0 mg/mL of eugenol in 
1.0 mg/mL of methyleugenol in 


10 mg/mL of USP Powdered Holy 
Basil Extract RS in methanol 

Sample solution: Use the solution prepared in Identifi¬ 
cation test A. 

Chromatographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 fjm (HPTLC plates) 
Application volume: 2 pL of Standard solution A, Stan¬ 
dard solution B, and Standard solution C, 4 juL of Stan¬ 
dard solution D f and 8 pi of the Sample solution as 
8-mm bands 

Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitabie devlce. 
Developing solvent system: A mixture of tofuene and 
ethyl acetate (85:15) 

Developing distance: 6 cm 

Derivatization reagent: Place 85 ml of methanol in a 
100-mL giass bottTe, and cool it down In a water-ice 
cubes-salt bath or in a freezer. To the ice-cold metha¬ 
nol, add 10 mL of acetie add and 5 mL of sulfuric 
acid, siowly and carefully, and mix welL Allow the 
mixture to cool to room temperaturę, and then add 
0.5 mL of p-anlsaidehyde. 

Analysis 

Samples: Standard solution A t Standard solution B, 
Standard solution C, Standard solution D, and Sampfe 
solution 

Apply the Samples as bands to a suitabie high perfor¬ 
mance thin-layer chromatographic piąte, and dry in air 
(see Chromatography (621)), Develop the chromato- 
grams In a saturated chamber, remove the piąte from 
the chamber, dry In air, derrvatize with Denvatizatlon 
reagent , heat at 10Q U for 3-5 min, set aside to cool, 
and examine under visible light. 

System suitability: Standard solution A exhibits a violet 
□and. Standard solution B and Standard solution C each 
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exhibit a greenfsh band. Standard solution D exhibits a 
purple band above the green band corresponding to 
eugenol or methyleugenol in Standard solution B or 
Standard solution C. 

Acceptance criteria: The diromatogram of the Sample 
solution exhibits the most intense band, a violet band at 
an R f corresponding to the ursolic acid band in the 
ehromatogram of Standard solution A and Standard solu¬ 
tion D, and a greenish band at an Rf corresponding to 
the eugenol band or methyleugenol band in the cnro- 
matograms of Standard solution B or Standard solution 
C. [Notę—H oly basif leaf may occtir in two chemotypes, 
one characterized by the presence of eugenol and the 
other by the presence of methyleugenol.] 

* C. HPLC 

Analysis: Proeeed as directed in the test for Content of 
Triterpenes. 

Acceptance criteria: The ehromatogram of the Sample 
solution exhibits two peaks at the retention times corre- 
spondrno to the ursolic acid and oleanoiic acid in the 
Standard Solutions . 

COBVaPOSiTIOH 
a CONTENT OF TrITEHPINES 

Mobile phase: A mixture of acetonitrile and a solution 
of 2.5 mg/mL ammonium acetate in water (67:33) 
Standard solution A: 0.1 mg/mL of USP Ursolic Acid RS 
in methanoL Sonicate to dissolve if necessary. 

Standard solution B: 4.0 mg/mL of USP Powdered 
Holy Basi! Extract RS in methanol. Sonicate to dissolve if 
necessary. Before injection, pass through a membranę 
filter of 0,45-pm or finer porę size. 

Sample solution: An amount of Powdered Holy Basil 
Lear Extract equivalent to 5 mg of triterpenes En 50 ml 
of methanol. Sonicate to dissolve if necessary. Before 
injection, pass through a membranę filter of 0.45-pL or 
finer porę size, 

Chromatographk system 
(See Chromatography (621), System Su i ta bil i ty.) 

Modę: LC 

Detector: UV, 205 nm 

Column: 3.0-mm x 10-cm; 2.5-jam packing LI 
Fiow ratę: 03 mL/min 
Injection volume: 5 jiL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability requirements 

ehromatogram simiiarity: The ehromatogram from 
Standard solution B Is simiiar to the reference chro- 
matogram provided with the Jot of USP Powdered 
Holy Basil Extract RS being used. 

Resolution: NLT 13 hetween the oleanoiic acid and 
ursolic acid peaks. Standard solution B 
Relative standard deviation: NMT 2% determined 
from the ursolic acid peak jn repeated injections, 
Standard solution A 
Analysis 

SampJes: Standard solution A t Standard solution B, and 
Sample solution 

Using the chromatograms of Standard solution A f Stan¬ 
dard solution B , and the reference ehromatogram pro- 
vided with the lot of USP Powdered Holy Basil Extract 
RS being used, Edentify the retention time of the peaks 
corresponding to oleanoiic acid and ursolic acid in the 
Sample solution ehromatogram. 


Calculate the percentage of triterpenes, oleanoiic acid, 
and ursolic acid En the portion of Powdered Holy Basil 
Leaf Extract taken: 

P = (r u /r s ) x (Q/Cu) x 1 00 

r u - sum of peak areas of oleanoiic acid and ursolic 
acid in the Sample solution ehromatogram 
= peak area for ursolic acid In the Standard 
solution A ehromatogram 
C 5 - concentratlon of ursoltc acid in Standard 
solution A (mg/mL) 

Cu = concentration of Powdered Holy Basil Leaf 
Extract in the Sample solution (mg/mL) 
Calculate the percentage of the labeled amount of 
triterpenes, oleanoiic add, and ursolic acid in the 
portion of Powdered Holy Basii Leaf Extract taken: 

Result = (P/0 x 100 

P = content of triterpenes, oleanoiic acid, and 
ursolic acid, as determined above (%) 

L - labeled amount of triterpenes, oleanoiic acid, 
and ursolic acid (%) 

Acceptance criteria: 90%—110% of the labeled amount 
on the dried basis 

CONTAMINANTS 

* Elemental Impurities—Frocedures (233) 

Acceptance criteria 
Arsenie: NMT 1.0 jag/g 
Cadmium: NMT 0.5 ug/g 
Lead: NMT 5.0pg/g 
Mercury: NMT 1.0 pg/g 

* Articles of Botanicał Orioin, General Method for Pesti - 

dde Residues Analysis (561): Meets the requirements 

* Mbcrobial Enumeration Tests (2021): The total aerobic 
bacterla! count does not exceed 10 4 cfu/g, and the total 
combined molds and yeasts count does not exceed IG 3 
cfu/g. 

■ Absence of Specified n/liCROORGANistvis (2022): Meets the 
requirements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

5PECIFIC TESTS 
S LOSS ON DRYING (731) 

Sample: 2.0 g of Powdered Holy Basil Leaf Extract 
Analysis: Dry at 105° for 2 h, 

Acceptance criteria: NMT 5.0% 

ADDITIONAl REQUIREMENT5 

* Packaging and Sto ragę: Preserve in well-closed contatn- 
ers, protected from light and molsture, and storę at eon- 
trolfed room temperaturę. 

* Labeung: The la bel States the Latin binomlal and, follow- 
ing the offida] name, the part of the plant from which 
the artlde was derived. It meets other labeling reguire- 
ments for Botanicał Extrocts (565). 

*» USP Reference Standards (11) 

USP Powdered Holy Basil Extract RS 
USP Rosmarinic Aad RS 
USP Ursolic Acid RS 
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Hydroxocohalamin —see Hydroxocobalamin 
General Monographs 


Isoleucine —see Isoleucine General 
Monographs 


Add the folfowing; 


^ Japanese Honeysuckle Flower 

DEFINITION 

Japanese Honeysuckle Flower conslsts of the dried flower 
buds or dried flowers En Ihe early-opentng stage of 
Lonicera japonica Thunb, (Fam. Caprifoliaceae) coJlected in 
early summer* * !t contains NLT 3.8% of caffeoyiquinic 
acids, ealculaLed as the sum of chlorogenic add, 3,5-di-O- 
cafTeoyfduinrc acid, and 4,5-di-0-caffeoylquimc add on 
the dried basis; and NLi 0,80% of iridoids, calculated a$ 
the sum of sweroside, secoxyloganin, and centauroside on 
the dried basis. 

IDENTIFICATION 

* A, HPTLC FOR ARTICLES OF BOTANiCAL ORIGIN (203) 
Standard solution A: 0,2 mg/ml of USP Chlorogenic 
Acid RS, 0.25 mg/mL of USP Rutin RS, and 0.1 mg/ml 
of USP LuteoJim7-0-g3ucoside RS tn methanol 
Standard solution 8: 10 mg/ml of USP Lonicera japon¬ 
ica Flower Dry Extract RS En methanol Sonicate for 10 
min, and filter. Evaporate the filtra te at about 50 c under 
reduced pressure to dryness. Add 5 mL of water to dis- 
solve the residue, and then add 10 mL of ethyl acetale 
and mix. After the solution separates into two layers, 
take the ethyl acetate Iayer. Repeat the extractlon one 
morę time. Combine the ethyl acetate extracts, evapo- 
ratę the sofvent at about 50° under reduced pressure to 
dryness, and disso!ve the residue in methanol equiva- 
fent to one-fifth of the initial volume of USP Lomcero 
japonica Flower Dry Extract RS solution. 

Sample solution: 500 mg of Japanese Honeysuckle 
Flower, finely powdered, in 10 mL of methanol Soni¬ 
cate for 10 min, and filter. Evaporate the filtra te at 
about 50 L under reduced pressure to dryness. Add 5 ml 
of water to dissolve the residue, and then add 10 mL of 
ethyl acetate and mik, After the solution separates into 
two layers, take the ethyl acetate iayer. Repeat the ex- 
traction one morę time. Combine tne ethyl acetate ex- 
tracts, evaporate the solvent at about 50” under re¬ 
duced pressure to dryness, and add 2 mL of methanol 
to dissolve the residue. 

Chromatographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie stze of about 5 pm 
Application vofume: 5 ju L, as 10-mm bands 
Relative humidity: Condition the piąte to a refalive 
humidity of about 33% using a suitable device. 
Temperaturę; About 25* 

Developing sofvent system: The upper Iayer solution 
of a mkture of n-butyl acetate, formie acid, and water 
(7:5:5) 

Developing distance; 8 cm 

Derivatization reagent A; 10 mg/ml of 2-aminoethyI 
diphenylborinate in methanol 

Derivat!zation reagent B: 50 mg/ml of polyethylene 
glycol 4000 En alcohol 
Analysis 

Samples: Standard soiution A t Standard solution 8,. and 
Sample solution 


Apply the Samples as bands and dry in air. Develop En a 
saturated thamber, remove the piąte Irom the cham- 
ber, and dry in air. Treat the piąte with Deiwatization 
reagent A and allow to atr-dry. Immediately, treat the 
piąte with Derivatization reagent B, allow to arr-dry, 
and examine under UV light at 366 nm. 

System suitabilrty: Under UV light at 366 nm, En the 
fower-third section, Standard solution B exhibits one 
blue fluorescent band corresponding En R, to the band 
due to chlorogenic acid and one yeTlow band above 
chłorogenit acid corresponding fn Rf to the band due 
to luteolin-7-G-glucoside in Standard solution A. One 
faint biue ffuorescent band is below the chlorogenic 
acid band and another yellow band, due to rutin, is 
below the faint blue fluorescent band. in the middle- 
third section, Standard solution B exhibits three blue 
fluorescent bands: the band with the highest R f is due 
to 3,5-dLQ-caffeoylquinic acid; the band with the mid- 
dle Rf is due to 4,5-di-O-caffeoylauinic acid; the band 
with the lowest Rf is due to 3,4-ai-0-caffeoyfquinic acid. 
Acceptance criteria; Under UV fight at 366 nm, the 
Sample solution exhibits the most Entense band corre¬ 
sponding in and color to the band of chlorogenic 
acid and a yelfow band above chlorogenic add corre- 
yonding in Rf and color to the band due to luteolin- 
7-O-glucoside in Standard solution A. The Sample solu¬ 
tion exhibits another yellow band in the lower-third sec¬ 
tion corresponding to rutin and two blue bands in the 
middleThird section due to 3,5-di-0-caffeoylqumic acid 
and 4,5-di-0-caffeoyfquinic acid corresponding in Rf 
and color to similar bands in Standard solution B. 

* B. Caffeoylquinjc acids hplc profile 

Analysis: Proceed as directed in the test for Content of 
Caffeoy!quinic Acids. 

Acceptance criteria: The Sample soiution exhibits the 
most intense peak with a retention time corresponding 
to chlorogenic acid in Standard solution A and peaks at 
the retendon times corresponding to 3,5-di-O-caffeoyl- 
quinic acid and 4,5-di-0-caffeoylquEnic acid in Standard 
solution B. It meets the content ratios in Tubie 2. 

* c. Iridoids HPLC Profile 

Analysis: Proceed as directed En the test for Content of 
Iridoids. 

Acceptance criteria; The Sample solution exhibits a 
peak with a retention time corresponding to secoxylo- 
ganin in Standard solution A and two additional tridold 
peaks of sweroside and centauroside at retention times 
corresponding to the same iridoids in Standard solution 
B. 

COMPOSITION 

* Content of Caffeoylquinic Acids 

Solution A; 0.1% phosphoric acid in water 
Solution B: Acelonitrłle 
Mobile phase: See Table 1. 


Tafole 1 


Time 

(mini 

Solution A 
(%) 

Solution B 

(°M 

0 

86 

14 

a 

81 

19 

14 

81 

19 

34 

69 

31 

35 

10 

90 

39.5 

10 

90 

40 

86 

14 

48 

86 

14 


[Notę—F rotect from light and proceed under Iow ac- 
tinic light. The Standard Solutions and the Sample solu¬ 
tion are stable for 24 h at room temperaturo.] 
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SoJvent: Methanol and water (7.5: 2.5) 

Standard solution A: 0.30 mg/mL of USP Chlorogenic 
Add RS En methanol 

Standard solution B: 2.5 mg/mL of USP Lonicera japon¬ 
ka Flower Dry Extract RS In Solvent. SonEcate for 15 
min, and pass through a membranę filter of 0.45-i.im or 
fi ner porę size* 

Sampie solution: Accurately transfer about 1 00 mg of 
Japanese Honeysuckle Flower, finely powdered, into a 
suitable stoppered conical fiask, and accurately add 
10.0 mL of Solvent, Weigh the filled fiask with a preci- 
slon of ±0.1 mg, stopper, and sonicate for 30 min. After 
cooling to room temperaturę, adjust to the rnitial 
weighL by adding Sonant. Pass through a membranę 
filter of 0.45-p.m or fi ner porę size, and discard the first 
portion of the fil tratę, 

Chromatographic system 
(See Chroma tog raphy {621 } f System Suitability.) 

Modę: LC 

Detector: UV 327 nm 

Column: 4.6-mm x 25-cm; 5-p m packing LI 

Column temperaturę: 1 5° 

Flow ratę: 0.7 mL/min 
Injection volume: 2 ul 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability requirements 

Resolution: NLT 1.5 between the chlorogenic add 
and cryptochlorogemc acid peaks, and between the 
3 # 5-di-0-caffeoylquinic add and 4,5-di-O-caffeoyh 
quinic acid peaks, Standard solution B 
Taili ng factor: NMT 2.0 for the chlorogenic add 
peak, Standard solution A 

Relative standard deviation: NMT 2.0% for the 
chlorogenic acid peak in repeated injections, Standard 
solution A 

Chromatographic similarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram for caffeoylgmnic acids provided with the 
lot of USP Lonicera japonka Flower Dry Extract RS be- 
ing used. 

Anatysis 

Samples: Standard solution A, Standard solution B t and 
Sampie solution 

Using the chromatograms of Standard solution A and 
5 1 on dard solu tion B f and the refere n ce ch ro m a to g ra m 
for caffeoylquinic acids provided with the lot of USP 
Lonicera japonka Flower Dry Extract RS being used, 
identify the retention times of the peaks of ne- 
ochlorogenic acid, chlorogenic acid, cryptochlorogenlc 
acid, 3,4-di-O-caffeoytguinic acid, 3,5-di-O-caffeoyl- 
quinic acid, and 4,5-di-0-caffeoy]quinjc add in the 
Sampie solution. [NOTĘ—See Tabfe 2 for relative reten¬ 
tion times. These values are not monograph require- 
ments. They may vary due to differences in the chro¬ 
ma Lographic conditions allowed by the system 
suitability reguirements.] 


Table 2 


Analyte 

Approxi- 

mate 

Relative 

Retention 

Time 

C o ni v er storn 
Factor 

Content 

Ratio 

Neodiloroaenic acid 11 

0.75 

1.00 

Minor 

peak b 

Chloroaenrc acid Ł 

1.00 

1.00 

1.0 

Gryp loc h loro genie 
add d 

U05 

fi ,00 

Minor 

peak h 

3,4- Db O-caff eoy 1 q u i n ic 
acid e 

2.65 

0.81 

Minor 

peak 1 ' 

3,5 - D i - 0- ca ffeoy 1 guinic 
acid 1 

2.88 

0.77 

03-0.8 

4, 5 -D i- O-caff eoylq u i n i c 
actd^ 

3.01 

0,77 

0.04-0.2 


«{I R, 3 R f 4 5 ,5 R) - 3- ft(£)-3-( 3 r 4- Di hyd roxyphenyl)aeryI oy l]oxyJ -1,4,5- 
Erihydroxycydohexane-1 -carboxylic aad. 

b The peak area js lower tbari the pealt area of 4,5-di-Q-caffeoylquinic add. 
r (15,R)-34[<f)'3-(3,4-Dihydrojtypheny3>arryloyJ]oxy}-T4 H S^ 
trihydroxycydohexane*1 -carboxyltc acid. 

^ (1 S f fl(£)-3-(3,4-Dihydroxyphenyt)acryJoyE]oxyi-1 ,4,5- 

tri by d roxy cy c fo h ex an e-1 -tarboxy li t a c id. 

c (15,3tf,4fl,5 J?)-3,4-Bis{t(£)-3-(3,4-dihydroxypheny[)acrybyi]oxy)T i 5- 
dfhydroxycycldhexane-1 -carboxyJic acid. 

1 (1 5,3 ft,45 r 5 ft)-3,5-Bisf[(f)- 3-(3 r 4-cfihydroxypbenyl)acrytoyf]oxybl, 5- 
dihydroxycyclohexanen -carboxylfC acid. 

'i (1 3R # 45,5/?)-3,4-Bis([(f)-3T3,4 dihydroxyphenyl)acryloyl]oxy}-1 ,S- 

dihydroxycydohexane-l -carboxylic add. 

Separately calcu la te the percentages of chlorogenic 
acid, 3,5-dE-0“Caffeoylqufnie acid, and 4,5-di-O-caf- 
feoylqutnic acid in the portion of Japanese Honey¬ 
suckle Flower taken: 

Result - (ru/fs) x Cs x (V/W) x F x 100 

ru = peak area of the ielevant analyte from the 
Sampie solution 

fs Ą peak area of chlorogenic acid from Standard 
solution A 

Cs = concentration of USP Chlorogenic Acid RS in 
Standard solution A (mg/mL) 

V - volume of the Sampie solution (mL) 

W - weight of japanese Honeysuckle Flower taken 
to prepare the Sampie solution (mg) 

F = convers!on factor for the analyte (see Table 2) 
Caiculate the content of caffeoylgumic acids as the sum 
of the percentages of chlorogenic acid, 3,5-di-O- 
caffeoylguinic acid, and 4,5-di-0-caffeoylqufnic acid. 
Acceptance criteria: NLT 3.8% on the dried basis 
o Content of Iridoids 

Solution A, Solution B, Mobile phase, Standard solu- 
tlon B, and Sampie solution: Prepare as directed in 
the test for Content of Caffeoylguinic Acids. 

Standard solution A: 0,05 mg/mL of USP Secoxylo- 
ganin RS in methanol 

Chromatographic system: Proceed as directed in the 
test for Content of Caffeoylguink Acids except for the 
Detector. 

Detector: UV 240 nm 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability reąuirements 

Resolution: NLT 1.5 between the peak of secoxylo 
ganln and the peak before Et, Standard solution B 
Taił ing factor: NMT 2.0 for the secoxylogamn peak, 
Standard sotution A 

Relative standard deviation: NMT 2.0% for the 
secoxyjoganln peak in repeated injections, Standard 
solution A 

Chromatogram similarity: The chromatogram of 
Standard soiution B is similar to the reference chro- 
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matogram for mdotds provided with the lot of USP 
Lonicera japonko Flower Dry Extract RS beinq used. 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sample sofution 

UsEng the chromatograms of Standard solution A and 
Standard solution B, and the reference chromatogram 
for iridofds provided with the lot of USP Lonicera ja¬ 
ponka Flower Dry betract RS being used, identify the 
peaks of sweroside, secoxy[oganin, and centauroside in 
the Sample solution, [Notę—T he approximate relative 
retention times for the peaks of sweroside, secoxyfo- 
ganin, and centauroslde are 0.85, 1.00, and T .80, 
respectivelyj 

Separatefy calculate the percentages of secoxyloganin, 
sweroside, and centauroside in the portion of Japanese 
Honeysuckle Flower taken: 

Result = (r u /r$) x Q x (V/W) x F x 100 

ru = peak area of the relevant analyte from the 
Sample solution 

r s = peak area of secoxyloganln from Standard 
solution A 

Cs - concentration of USP Secoxyloganin RS In 
Standard solution A (mg/mL) 

V -volumeofthe Sample solution (ml) 

IV - weight of Japanese Honeysuckle Flower taken 
to p rep are the Sample solution (mg) 

F = conversion factor for the analyte (1.00 for 

secoxyloganin, 1.03 for sweroside, and 0.89 
for centauroside) 

Calculate the content of Iridoids as the sum of the 
percentages of $ecoxyloganśn, sweroside, and 
centauroside. 

Acceptance criteria: NLT 0.80% on the dried basis 

CONTAMINANTS 

* Articles of Bojan f cal Origin (561), Limits of Elementai 

Impurities: Meets the requirements 

* Articles of Botanical Origin (561), Pesticide Residue 

Anolysis: Meets the reguirements 
■ Microbial Enumeration Tests (2021): The lolal aerobic 
bacterial count does not exceed 1 0 5 cfu/g, the total com- 
brned molds and yeasls count does not exceed 10 1 cf uf 
g, and the bile-tolerąnt Gram-negative bactena count 
does not exceed 10 3 cfu/g. 

• ABSENCE OF Specified MiCROORGANISMS (2022), Test Proce - 

duresTest for Absence of Salmonella Species and Test for 
Absence of Escheńchla coli: Meets the leguirements 

SPE09FIC TESTS 

• Botanical Characteristics 

Matroscopk: Flower buds are davate, tapered down- 
wards, slightly curved; 2-3 cm long, about 3 mm in dk 
ameter in the upper part, and 1.5 mm in diameter in 
the lower part with densely pubescent surface; exter- 
nally yellowish white, greenish white to yellowish green, 
gradually darkening over time to a gotden colon The 
follaceous bracts are occasionally wsible. The calyx is 
green, pubescent, five4obed at the apex, about 2 mm 
long. The corollas of opening flowers are tubular and 
twodipped at Lhe apex* The stamens are epipetafous, 
yellow, in groups of five, and the one ovary is glabrous, 
Microscopk: The powder contains numerous glandular 
hairs. The heads of glandular hairs are multicelTular, 
subround or slightly obiatę, usually 30-70 um En diame¬ 
ter, exceptionafly up to 110 pm. The sta Iks of glandular 
hairs are unicelMar or multicellular with up to five eells, 
usually 20-70 Lim long, exeeptionally up lo 700 Mm. 
Non-giandular hairs occur in two types: one with thick 
walls, unicellular, 45-900 Jim long, 15—40 pm in diame- 
ter, with fine verrucae on the surface, sorne havlng cor- 
neous sptrals; another type with thln walls, slender, 
curved or shrunken, with fine verrucae on the surface. 


Clusters of calcium oxalate are usually 6-45 pm in di¬ 
ameter. Pollen grains are spherlcal, with Lhree germinal 
pores, 60-90 (Lim in diameter. 

* Limit of Triterpenoid Saponins 

Standard solution: 5.0 mg/mL of USP Lonicera macran- 
thoides Flower Dry Extract RS En methanol. Sonicate for 
10 min, and filter. 

Sample solution: 500 mg of Japanese Honeysuckle 
FEower, finely powdered, in 10 mL of methanol. Soni¬ 
cate for 10 min, and filier. 

Chromatographk system 
(See HPTLC far Articles of Botanical Origin (203).) 
Adsorbent: Chromatographk silioa gel mixLure with 
an average particie size of about 5 pm 
Application volume: 3 as 8-mm bands 
Relative humidity: CondltEon the piąte to a relative 
humidity of about 33% using a suitable device. 
Developing solvent system: The upper layer solution 
of a mixture of n-butanol, formie acid, and water 
(4:1:5) 

Developing distance: 6 cm 

Derivatization reagent: 10% su [furie acid in ethanol 
Analysis 

Sam pies: Standard, solution and Sample solution 
Apply the Samples as bands and dry in air, Develop in a 
saturated chamber, remove the piąte from the cham- 
ber, and dry in air. Treat the piąte with Derivatization 
reagent , heat at 105 c for 5 min, and examlne immedi- 
atefy under UV light at 366 nm. 

System suitability: Under UV light at 366 nm, in the 
fower-third section, the Standard solution exhibits three 
clearly separated brown bands: the band with the high- 
est Rf is oue to dipsacoside 8; the middle band is due 
to macranthoidin A; the band with the lowest R f is due 
to macranthoidin B, 

Acceptance criteria: Under UV light at 366 nm, the 
Sample solution does not exhibit any bands correspond- 
ing in Rl and color to the bands due to dipsacoside B, 
macranthoidin A, and macranthoidin 8 in the Standard 
solution. 

* Articles of Botanical Origin (561), Methods of Anolysis , 

Foreign Organie Ma tlen NMT 2.0% 
o Articles of Botanical Origin (561), Methods of Anolysis, 
AicohoTSolubie Extractives, Method h NLT 30.0% 

* Articles of Botanical Origin (561), Methods of Analysis, 

Water-Sofuble Extractives f Method 2: NLT 35.0% 

* Loss on Drying (731) 

Sample: 2 q of japanese Honeysuckle Flower, finely 
powdered 

Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin (561), Methods of Anolysis, 

Total Ash 

Sample: 4 q of Japanese Honeysuckle Flower, finely 
powdered 

Acceptance criteria: NMT 1 0.0% 

* Articles of Botanical Origin (561), Methods of Analysis, 
Add-fnsoluble Ash: NMT 1.0% 

ADD1TIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-dosed contatn- 
ers, protecled from light and moisture, and storę In a 
coof place. 

* Labeling: The tabel States the Latin binomial foliowi ng 
the offtciai name of the plant contained in the article. 

* USP Reference standards (11) 

USP Chlorogenic Acid RS 

USP Lonicera japonka Flower Dry ExLracL RS 

USP Lonicera macranthoides Flower Dry Extract RS 

USP Luteolin-7-0-glucoside RS 

USP Rutin RS 

USP Secoxy!oganin RS 

A.U5P4G 
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Add the foliowing: 


japanese Honeysuckle Flower Dry 
Extract 


DEFINITION 

japanese Honeysuckle Flower Dry Extract is prepared from 
the dried flower buds or dried flowers in Lhe early opei> 
ing stage of Lonicero japonico Thunb. (Fam. 

CaprifoTiaceae) collected in early sum mer and extracted 
with water or a hydroalcoholic mtxture containing NMT 
15% alcohol. Extracts may be further processed by add- 
ing alcohol, filtering, evaporating, and ihen adding water, 
filtering, and evaporating. It contaim NLT 90.0% and 
NMT 110.0% of the labeled amount of caffeoylquinic 
acids, calculated as the sum of neochlorogenic acid, 
chlorogenic acid, cryptochlorogenic add, 3,4-di-O-caf- 
feoylguinic acid, 3,5-di-0-caffeoylquinit acid, and 4,5-di- 
O-caffeoylguinlc acid on the dried basis; and NLT 90.0% 
and NMT i 10.0% of the labeled amount of iridoids, cal- 
culated as the sum of sweroslde, secoxy!oganin J and 
centauroside on the dried basis. It may contain sultable 
added substances as carriers. 

IDENTIFICATION 

* A HPTLC FOR Articles of Botanical Origin (203) 
Standard solution A: 0.2 mg/mL of USP Chlorogenic 
Acid RS, 0.25 mg/mL of USP Rutin RS, and OJ mg/mL 
of USP Luteolin-7-O-glucoside RS in methanol 
Standard soiution B: 10 mg/mL of USP Lonicero japon¬ 
ico Flower Dry Extract RS in methanol. Sonicate for 10 
min, and fil ter. Evaporate the fil tratę at about 50° under 
reduced pressure to dryness. Add 5 mL of water to dis- 
solve the residue, and then add 10 mL of ethyl acetate 
and mix. After the solution separates Into iwo layers, 
take the ethy! acetate layer. Repeat the extraction one 
morę time. Combine the ethyf acetate extracts, evapo- 
ratę the solvent at about 50 r under reduced pressure to 
dryness, and dissolve the residue In methanol equiva- 
lent to one-frfth of the initial volume of the USP 
Lonicero japonico Flower Dry Extract RS solution. 

Sample solution: 100 mg of japanese Honeysuckle 
Flower Dry ExtracL ih 10 mL of methanol. Sonicate for 
10 min, and fil ter. Evaporate the fil tratę at about 5Q D 
under reduced pressure to dryness. Add 5 mL of water 
to dissoke the residue, and tnen add 10 mL of ethy! 
acetate and mix. After the solution separates into two 
layers, take Lhe ethy! acetate layer. Repeat the extrac- 
tion one morę time. Combine Lhe ethy I acetate ex- 
tracts, evaporate Lhe solvent at about 50° under re¬ 
duced pressure to dryness, and add 2 mL of methanol 
to dissoke the residue. 

Chromatographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of about 5 |im 
Application volume: 5 pL, as 10-mm bands 
Relative humidity: Conditlon the piąte to a refative 
humidity of about 33% using a sultable device. 
Temperaturę: About 25° 

Developing soh/ent system: The upper layer solution 
of a mixture of n-butyl acetate, formie acid, and water 
(7:5:5) 

Developmg drstance: 8 cm 

Derivatization reagent A: 10 mg/mL of 2-aminoethyl 
diphenylborinate in methanol 

Derivatization reagent B: 50 mg/mL of polyethylene 
glyco! 4000 in alcohol 
Analysis 

Samples; Standard soiution A, Standard solution B , and 
Sample solution 


Appfy the Samples as bands and dry in alr. Devefop in a 
saturated cham ber, remove the piąte from the cham- 
ber, and dry in air. Treat the piąte with Derivatization 
reagent A and allow to air-dry. Immediately, treat the 
piąte with Denvatization reagent B f allow to air-dry, 
and examine under UV light at 366 nm. 

System suitability: Under UV light at 366 nm, in the 
fower-third sec tion, Standard soiution B exhibits one 
bfue fluorescent band corresponding in to Lhe band 
due La chlorogenic acid and one yeflow band above 
chlorogenic acid corresponding in R F to the band due 
to luteolin-7-O-glucoside in Standard solution A . One 
faint blue fluorescent band is below the chlorogenic 
acid band and another yeflow band, due to rutin, is 
below the faint blue fluorescent band. In the middle- 
third section, Standard solution B exhibits three blue 
fluorescent bands: the band with the highest ffr is due 
to 3,5-di-0-caffeoyJquinic add; the band with the mid- 
dle R F is due to 4,5-di-O-caffeoylguinic add; the band 
with the lowest R r is due to 3,4-dl-0-caffeoylqumic acid. 
Acceptance criteria: Under UV light at 366 nm, in the 
lower-third section, the Sample soiution exhibits one 
blue fluorescent band corresponding in R f and color to 
the band of chlorogenic acid and one yellow band 
above chlorogenic add corresponding in Rf and color to 
the band of luteofin-7-OgJucoside in Standard soiution 
4. One faint blue fluorescenL band is below the 
chlorogenic add band and another yellow band, due to 
rutin, is below the faint blue fluorescent band corre¬ 
sponding in Rp and color to similar bands in Standard 
solution B L In the middle-third section, the Sample solu¬ 
tion exhibits three blue fluorescent bands due to 3,5-di- 
0-caffeoyjquinic add, 4,5-di-Olcaffeoy I q u m i c acid, and 
3,4-dI-0-caffeoylquinic add corresponding in Rf and 
color to similar bands in Standard solution B. 

« B. Caffeoylquinic Acids hplc Profile 

Analysis: Proceed as directed in the test for Content of 
Caffeoylquinic Acids . 

Acceptance criteria; The Sample solution exhibits the 
most intense peak with a retention time corresponding 
to chlorogenic acid in Standard soiution A and peaks at 
the retention tlmes corresponding to neochlorogenic 
acid, cryptochlorogenic add, 3,4-dhO<affeoylquimc 
acid, 3,5-di-O-ęaffeoylcjuinic add, and 4,5-di-O-caffeoyl- 
qu(nic add in Standard solution 8, The chlorogenic acid 
content is NMT 65% of the total caffeoylguinic acids. 

« C. Iridoids HPLC Profile 

Analysis: Proceed as directed in the test for Content of 
Iridoids , 

Acceptance criteria: The Sample solution exhlbit5 a 
peak with a retention time corresponding to secoxylo- 
ganin in Standard solution A and two additional iridoid 
peaks of sweroside and centauroside at retention tlmes 
corresponding to the same iridoids in Standard solution 

COMPOSmON 

* Content df Caffeoylqujnic Acids 

Solution A: 0.1% phosphonc add in water 
Soiution B: Aceton itrile 
Mobile phase: See Table h 


Table 1 


Time 

Solution A 
(%) ^ 

Solution B 

(%> 

0 

86 

14 

8 

81 

19 

14 

81 

19 

34 

69 

31 

35 

10 

90 

39.5 

10 

90 

40 

86 

14 

48 

86 

14 
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[NOTĘ—Protect from light and proceed under Iow ac- 
tinic light The Standard Solutions and the Sample solu¬ 
tion are stable for 24 h at room temperaturę.] 

5ofvent: Methano! and water (7,5: 2,5) 

Standard solu don A; 0,30 mg/m L of USP Chlorogenic 
Acid RS in methanof 

Standard solution B: 2.5 mg/ml_ of USP Lonicera japon¬ 
ka Flower Dry Extract RS in Solvent. Sonicate for 15 
min, and pass through a membranę filter of 0.45-pm or 
finer porę size. 

Sample solution: Accurateiy transfer about 25 mg of 
Japanese Honeysuckle FJower Dry Extracf into a suitable 
stoppered conical fiask, and accuratefy add 10,0 mL of 
Solveń% Weigh the filled fiask with a predsion of 
±04 mg, stopper, and then sonicate for 30 min. After 
cooling to room temperaturę, adjust to the inttial 
weight by adding So/yenf, Pass through a membranę 
filter of 0.45'jiim or finer porę size, and dtscard the first 
portion of the filtrate. 

Chroma tog raphic system 
(See Chromatograpny <621}, System Suitability.) 

Modę: LC 

Detector: UV 327 nm 

Column: 4.6-mm x 25-cm; 5-pm packing LI 

Column temperaturę: 15° 

Flow ratę: 0,7 mL/min 
Injection volume: 2 pL 
System suitability 

Sam pies: Standard solution A and Standard solution B 

Suitability reguirements 

Resolution: NIT 1.5 between the chlorogenic acid 
and crypto chlorogenic acid peaks, and between the 
3,5-dLO<affeoylquinic add and 4,S-dT-O-caffeoyI- 
quin)c add peaks, Standard solution B 
Tailirig factor: NMT 2,0 for the chlorogenic acid 
peak, Standard solution A 

Reiative standard deviation: NMT 2.0% for the 
chlorogenic acid peak in repeated injections, Standard 
solution A 

Chromatographic similarity: The chromalogram of 
Standard solution B is simifar to the reference chro- 
matogram for eaffeoylguinic acids provided with the 
lot of USP Lonicera japonko Flower Dry Extract RS be- 
ing used. 

Analysis 

Sam pies: Standard solution A, Standard solution B t and 
Somple solution 

Using the chromatograms of Standard solution A and 
Standard solution B, and the reference chromalogram 
for caffeoylquinic acids provided with the fot of USP 
Lonicera japonka Flower Dry Extract RS berng used, 
identify the retention times of the pealcs of ne- 
ochlorogenic add, chlorogenic acid, cryptochiorogenic 
acid, 3,4-di-O-caffeoylguinic acid, 3,5-dE-O-caffeoyl- 
quinic add, and 4 f 5“dj-0-caffępyiquinic add in the 
Śampłe solution. [Notę —See Tobie 2 for relative reten¬ 
tion times. These values are not monograph reguire- 
ments. They may vary due to differences in the chro¬ 
matographic cpnditions allowed by the system 
suitability reguirements.] 


Table 2 


Analyte 

Approximafe 
Relatłve 
Retention Time 

Conversion 

Factor 

Neochloroaenie acid u 

0.75 

1.00 

Ch3oroqenic aaó b 

1.00 

1.00 

Gryp to ch fora penie acid £ 

1.05 

1.00 

BA-Di-O-caffeoylauinEc acfd d 

2,65 

0.81 

3.5-Di-0-caffeoy]qLfinic acid^ 

2.88 

0.77 

4 J 5“Di“0-caffeovlquinlc add' 

3.01 

0.77 


11 (1 fl,, 3 5,5 /?)- 3 - ([(£)- 3- (3,4 - D i hy d roxy pheny I) acry by l]oxyp1 H 4, S- 

trEhydroxycycfohexane4 <arboxylic acid. 

HI 5 ( 3M R,5/?)-3-{[C£)-3-t3,4’Dihydroxyphenyt)acry[oyflQxy}4,4,5- 
trihydroxycydohexane-1 -carboxylic acici. 

c (1 S r 3^4^5fiM-tf(C)^-C3,4-Dihydroxyphenyl)acrybyl]oxyhl ,4,5- 
tribydroxycydohexane-3 -carboxylic acid. 

a (15,(3,4-dihydroxyphenyl)acryloy1]oxy}-1,5- 
d ihyd roxycyclohexan e-1 -ca rboxyfi c acid, 

e (15 ( BĄ45,5 ) * 3,5- Bi i {[{£)-3 -(3,4-d ih yd roxy ph eny l)acry Eoy l]oxy}-1,5- 
dihydroxyćyclohexane 1 carboxylic add, 

1 (1 R, 3 fl,45,5jR)-3,4-Bis{[(£y 3-(3,4-ri i hydroxypherty J )acryloyf]oxy} 4,5* 
di hydroxycyclo he xa rię -1 -c arboxy I ic acid, 

SeparaLely calculate the percentages of neochlorogenic 
acid, chlorogenic acid, cryptochiorogenic acid, 3,4-di- 
0-caffeoytquinic acid, 3,5-ai-0-caffeoylquinic acid, and 
4,5-di-0-caffeoylquinic acid in the portion of Japanese 
Honeysuckle Flower Dry Exlract taken: 

Resuft = (ju/h) x C s x {VIW) x F x 100 

ru = peak area of the relevant analyte from the 
Sample solution 

/■$ - peak area of chlorogenic acid from Standard 

solution A 

Q = concentration of USP Chlorogenic Acid RS in 
Standard solution A (mg/mL) 

V - volume of the Sample solution (ml) 

W - weight of japanese Honeysuckle Flower Dry 
Extract taken to prepare the Sample solution 
(mg) 

F = conversion factor for the analyte (see Tobie 2) 
Calculate the eon tent of caffeoylquinic acids as the sum 
of the percentages of neochlorogenic acid, chlorogenic 
acid, cryptochiorogenic acid, 3 r 4-di-0-caffeoyfquinic 
add, 3,5-di-0-caffeoylq uinic acid, and 4,5-di-tT 
caffeoylgurnie acid. 

Calculate the percentage of the labeled amount of 
caffeoylquinic actds in the portion of Dry Extract taken: 

Result - (P/L) x 100 

P - content of caffeoylg u lnic acids as determEned 
above(%) 

L - labeled amount of caffeoytquinic acids (%) 
Acceptance criteria: 90,0%-l 10.0% on the dried basis 

• CONTENT OF IRIDOIDS 

Solution A, Solution B, Mobile phase, Standard sotu- 
tion B, and Sample solution: Prepare as directed in 
the test for Content of Caffeoylguinic Acids « 

Standard solution A: 0.05 mg/mL of USP 5ecoxy[o- 
ganin RS in methanol 

Chromatographic system: Proceed as directed in the 
test for Content of Caffeoyigulnic Acids except for the 
Detector. 

Detector: UV 240 nm 
System suitability 

Sam pies: Standard solution A and 5 ton dard solution B 
Suitability requirements 

Resolution: NLT 1.5 between the peak of secoxylo- 
ganin and the peak before il. Standard solution B 
Tailing factor: NMT 2.0 for the secoxyloganln peak, 
Standard solution A 
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Relative standard deviation: NMT 2.0% for the 
secoxyjoganin peak in repeated injecLions, Standard 
solution A 

Chromatogram simrlarity: The chromatogram of 
Standard solution B is stmilar to the reference chro¬ 
matografu for iridoids prodded with the lot of USP 
Lonicera japonica Flower Dry Extract RS being used. 
Analysis 

Samples: Standard solution A, Standard solution ft and 
Sample solution 

Using the chromatograms of Standard solution A and 
Standard solution B t and the reference chromatogram 
for iridoids provided with the lot of USP Lonicera ja¬ 
ponka Flower Dry Extract RS being used, identify the 
peaks of sweroside, secQxyioganin, and centauroside tn 
the Sample solution. [Notl—T he approximate refative 
retention times for the peaks of sweroside, secoxylo- 
gahin, and centauroside are 0.85, 1.00, and 1.80, 
respecth/ely,] 

Separately calculate the percentages of secoKyloganin, 
sweroside, and centauroside in the portion of japanese 
Honeysuckle Flower Dry Extract taken: 

Result - x Q x (1//W) x F x 100 

ty - peak area of the relevant analyte from the 
Sample solution 

r 5 = peak area of secoxyfoganin from Standard 
solution A 

Cs = concentration of USP Secoxyloganin RS in 
Standard solution A (mg/m L) 

V - volume of the Sample solution (mL) 

W = weiglit of japanese Honeysuckle Flower Dry 
Extract taken to prepare the Sample solution 

(mg) 

F - conversion factor for the analyte (1.00 for 

secoxySoganin, 1.03 for sweroside, and 0,89 
for centauroside) 

Calculate Lhe content of iridoids as the sum of the 
percentages of $ecoxyloganin, sweroside, and 
centauroside. 

Calculate the percentage of the labeled amount of 
iridoids in the portion of Dry Extract taken: 

Result = (P/L) x 100 

P - content of iridoids as determined above (%) 

L = labeled amount of iridoids (%) 

Acceptance criteria: 90.0%-110,0% on the dried basis 

CONTAMINANTS 

* Botanical Ektracts <565), Prepomtions, General Pharma- 

copeiol Reąuirements, Pestkide Residues: Meets the 
reguirements 

* Microbial Enumeration Tests (2021); The total aerobic 

hacterial count does not exceed 10' cfu/g, and the total 
combined molds and yeasts count does not exceed 10 s 
cfu/g. 

* Absence of Specified Microorganisms (2022), Test Proce- 

dures, Test for Absence of Salmonella Spedes and Test for 
Absence of Escherichio coli: Meets the reguirements 

SPECHFIC TESTS 

« Limit of Triterpenoid Saponins 

Standard solution: 5.0 mg/mL of USP Lonicera macran- 
thoides Flower Dry Exiract RS in męthanol. Sonicate for 
10 min, and filter. 

Sample solution: 50 mg of japanese Honeysuckle 
Flower Dry Extraet in 10 ml of męthanol. Sonicate for 
10 min, and filter. 

ChromatographJc system 
(See HPTLC for Artides of Botanical Origin (203},) 
Adsorbent: Chromalographic sllica gel mixture with 
an average particie slze of about 5 pm 


Application vofume: 3 jiL, as 8-mm bands 
Relative humidity: Conditton the piąte to a reiative 
humidity of about 33% using a suitable device. 
Developing solvent system: The upper layer solution 
of a mixture of n-butanol, formie acid, and water 
(4:1:5) 

Devefoping distance: 6 cm 

Denvatization reagent: 10% sulfuric acid in ethanol 
Analysis 

Samples: Standard solution and Sample solution 
Apply the Samples as bands and dry in air. Develop in a 
saturated chamber, remove the piąte from the cham¬ 
ber, and dry in air. Treat the piąte with Derivotization 
reagent , heat at 105° for 5 min, and examine immedh 
ateiy under UV light at 366 nm. 

System suitabrlity: Under UV light at 366 nm, in the 
fower-third section, the Standard solution exhibits Lhree 
clearly separated brown bands: the band with the high- 
est Rf is due to dipsacoside B; the mtddle band is due 
to macranthoidin A; the band with the lowest R F is due 
to macranthoidin B. 

Acceptance criteria: Under UV light at 366 nm, the 
Sample solution does not exhibit any bands correspond- 
ing in Rf and color to the bands due Lo dipsacoside B, 
macranthoidin A, and macranthoidin B in the Standard 
solution . 

* Loss on Dryinc (731) 

Sample: 1 g of Japanese Honeysuckle Flower Dry 
Extract 

Analysis: Dry the Sample at 105 c for 2 h. 

Acceptance criteria: NMT 5.0% 

AODITIONAl REQUIREMENT$ 

* Packaginc and Storage: Preserve in well-dośed contain- 
ers, protected from light and moisture, and storę in a 
cool place. 

* Labeling: The label States the Latin binomlal foliowi ng 
the offlcial name of the plant from which Lhe article was 
prepared. It meets other labeling requirements under Bo - 
tankai Fxtracts (565). 

* USP Reference Standards (11) 

USP Chforogenic Acid RS 

USP Lonicera japonka Flower Dry Extract RS 

USP Lonicera macranthoides Flower Dry Ex traci RS 

USP Luteolin-7-O-glucoside RS 

USP Rutin RS 

USP 5ecoxyloganin RS 

AUSP40 


Add tbe foltowing: 


^Japanese Honeysuckle Flower Powder 

DEFINITION 

japanese Honeysuckle Flower Powder consists of the dried 
flower buds or dried flowers In the early openlng stage of 
Lonicera japonica Thunb. (Fam. Caprifoliaceae) collected in 
early summer and reduced to a fine or very fine powder. 

It contains NLT 3.8% of caffeoylguinic atlas, calculated as 
the sum of chlorogenic acid, 3,5-di-0-taffeoylquimc acid, 
and 4,5-di-0-caffeoylquinic add on the drted basis; and 
NLT 0,80% of iridoids, calculated as the sum of swero- 
side, $ecoxyloganin, and centauroside on the dried basis. 

IDENTIFICATION 

* A. HPTLC for Artio.es of Botanical Origin (203) 
Standard solution A: 0.2 mg/mL of USP Chlorogenic 
Acid RS, 0.25 mg/mL of USP Rutin RS, and 0.1 mg/mL 
of USP Luteolin-7-G-glucoside RS in męthanol 
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Standard solution B: 10 mg/ml of USP Lonicera japon¬ 
ka Flower Dry Extract RS in methanol. Sonicate for 10 
min, and filier, Evaporate the filtrate at about 50" under 
reduced pressure to dryness. Add 5 ml of water to dis- 
solve the residue, and then add 10 mL of ethyl acetale 
and mix. After the solution separates into Iwo fayers, 
take the ethyl acetate layer. Repeat the extraction one 
morę tirne, Combine the ethyl acetate extract$, evapo- 
rate the solvent at about 50° under reduced pressure to 
dryness, and dtssolve the residue in methanol equiva- 
lenl to one-fEfth of the Initial volume of the USP 
Lonicera japonica Flower Dry Extract RS solution. 

Sample solution: 500 mg of Japanese Honeysuckle 
Flower Powder in 10 ml of methanol. Sonicate for 10 
min, and filier. Evaporate the filtra te at about 50 c under 
reduced pressure to dryness. Add 5 ml of water to dis- 
solve the residue, and then add 10 mL of ethyl acetate 
and mix. After the solution separates into two layers. 
Lakę the ethyl acetate layer. Repeat the extraction one 
morę time. Combine the ethyl acetate extracts, evapo- 
ratę the sokent at about 50° under reduced pressure to 
dryness, and add 2 mL of methanol to dissolve the 
residue. 

Chromatographic system 

Adsorbent: Chromatographic silica gel niixturę wtth 
an average particie size of about 5 firn 
Application volume: 5 ul, as 10-mm bands 
Relatke humidity: Condition the piąte to a relatke 
humldity of about 33% using a suttable devfce. 
Temperatura: About 25° 

Developlng sokent system: The upper layer solution 
of a mixture of n-butyl acetate, formie add, and water 
(7:5:5) 

Developing distance: 8 cm 

Derivatrzation reagent A; 10 mg/mL of 2-aminoethyl 
diphenylborinale in methanol 

Derivatization reagent B: 50 mg/ml of polyethylene 
giytol 4000 fn alcohol 
Anafysis 

Sam pies: Standard solution A, Standard solution B, and 
Sample solution 

Apply the Samples as bands and dry in air. Develop in a 
saturated chamber, remove the piąte from the cham- 
ber, and dry in air. Treat the piąte with Derivatization 
reagent A and altów to atr-dry. Immediately, treat the 
piąte with Derivatization reagent B f allow to a i r-dry, 
and examine under UV light at 366 nm. 

System suitabllity: Under UV light at 366 nm, in the 
lower-third section, Standard solution B exhibits one 
blue fluorescent band corresponding in R f to the band 
due to chlorogenic acid and one yellow band above 
chlorogenic acid corresponding in Rf to the band due 
to luteolin-7-O-glucosrde in Standard solution A. One 
faint blue fluorescent band Es below the chlorogenic 
acid band and another yellow band, due to rutrn, is 
below the faint blue fluorescent band. In the middle- 
third section, Standard solution B exhibits three blue 
fluorescent bands: the band with the highest Rf is due 
to 3,5-di-Q-caffeoyiquinic acid; the band with the mid- 
dle /?r is due to 4,5-dhO-taffeoylauinic add; the band 
with the lowest Rf is due to 3,4-ai-0-caffeoytquinic acid, 
Acceptance eriteria; Under UV light at 366 nm, the 
Sample solution exhibits the most intense band corre¬ 
sponding in Rf and color to the band of chlorogenic 
add and a yellow band above chlorogenic acid corre¬ 
sponding in Rf and color to the band due to luteolin- 
7-O-glucoside En Standard solution A . The Sample soiu- 
tion exhibits another yellow band in the lower-third sec¬ 
tion corresponding to rutin and two blue bands in the 
middle-third section due to 3,5-di-0-caffeoylquinic acid 
and 4,5-di-0-caffeoylqulnic acid corresponding in Rf 
and color to similar bands in Standard solution B. 

* B. caffeoylquinic acids hplc profile 

Analysrs: Proceed as directed in the test for Content of 
Caffeoylguinic Acids. 


Acceptance eriteria: The Sample solution exhihits the 
most intense peak with a ret en tion time corresponding 
to chlorogenic acid in Standard sofution A and peaks at 
the retention times corresponding to 3,5-di-O-caffeoyl- 
guinic add and 4,5-db(>caffeoyIqumie acfd in Standard 
solution B. It meets the content rattos in Table 2. 

o C Iridoids HPLC Profile 

Analysis: Proceed as dEreeted En the test for Content of 
Iridoids . 

Acceptance eriteria: The Sample solution exhibits a 
peak with a retention time corresponding to secoxvlo- 
ganin in Standard solution A and two additional irEdoid 
peaks of sweroside and centauroside at retention times 
corresponding to the same iridoids in Standard solution 
B . 

COMPOSITION 

• Content of Caffeqylquinec Acids 

Solution A: 0.1% phosphoric acid in water 
Solution B: Acetonitrile 
Mobile phase; See Tobie h 


Table 1 


Time 

(min) 

Solution A 

C°/o) 

Solution B 

(%) 

0 

86 

P 

8 

81 

19 

m 

81 

19 

34 

69 

31 

35 

10 

90 

39,5 

10 

90 

40 

36 

14 

48 

86 

14 


[Notę—P rotect from light and proceed under Iow at- 
tinic light. The Standard Solutions and the Somple solu- 
tion are stable for 24 h at room temperaturę ] 

Sokent: Methanol and water (7.5: 2.5) 

Standard solution A: 0.30 mg/mL of USP Chlorogenic 
Acid RS in methanol 

Standard solution B: 2.5 mg/niL of USP Lonicera japon¬ 
ica Flower Dry Extract RS in Sofvent Sonicate for 15 
min, and pass through a membranę fiiter of 0.45-pm or 
fi ner porę size. 

Sample solution: Accurately transfer about 100 mg oF 
japanese Honeysuckle Flower Powder into a suitabfe 
stoppered eomcal fiask, and accurately add 1 0.0 mL of 
5olvent< Weigh the filled fiask with a precision of 
+0,1 mg, stopper, and then sonicate for 30 min. After 
cooling to room temperaturo, adjust to the initial 
weight by adding 5ofvmt, Pass through a membranę 
filter of 0,45-j.im or fEner porę size, and discard the first 
portion of the filtra te. 

Chromatographic system 
(See Chromatography (621), System Sultability .) 

Modę: LC 

Detector: UV 327 nm 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
Column temperaturę: 15 d 
Flow ratę: 0.7 m L/min 
Injettion volume: 2 pL 
System sultability 

Samples: Standard solution A and Standard solution B 

Sultability requrrements 

Resolution: NLT 1.5 between the chlorogenic acid 
and cryptochlorogenic acid peaks, and between the 
3,5-dE-Q-caffeoylqumic acid and 4,5-dhOcaffeQyf- 
guinic acid peaks, Standard solution B 
Tailing factor: NMT 2,0 for Lhe chlorogenic acid 
peak, Standard solution A 

Relatke standard deviation: NMT 2,0% for the 
chlorogenic acid peak in repeated Enjections, Standard 
solution A 
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Chromatographk similarity: The chromatogram of 
Standard solution 8 is simifar to the reference chro¬ 
matogram for eaffeoylqurnie adds provided with the 
lot of USP Lonicera japonko Ffower Dry Extract RS be¬ 
ing used. 

Analysfs 

Sampies; Standard solution A, Standard solution B, and 
Sampie solution 

Using the chromatograms of Standard solution A and 
Standard solution 8, and the reference chromatogram 
for caffeoylguinic adds provrded with the lot of USP 
Lonicera japonko Flower Dry Extract RS being used, 
fdentjfy the retention times of the peaks of ne- 
ochiorogemc add, chlorogenic acid, cryptochloroaenic 
add, 3,4-di-O-caffeoylguinic add, 3,5-di-O-caffeoyh 
uinic acid, and 4,5-dLOcaffeoylq urnie acid in the 
ample solution , [Notę— See Tobie 2 for retative reten¬ 
tion times. These values are not monograph require- 
ments, They may vary due to differences m the chro¬ 
matographic conditionś allowed by the system 
suitability reąuirements,] 


Table 2 


Analvte 

Approxl 

matę 

Relative 

Retention 

Time 

Ccmversion 

Factor- 

Content 

Ratio 

Neoch]oroqenic add-* 

0.75 

1.00 

Mfnor 

peak 1 

Chloroaenic add c 

1.00 

1.00 

1.0 

C ryp lo chloro genie 
and* 

1.05 

1,00 

Minor 

peak b 

3,4- Di - O- caffeoylq ufnie 
add* 

2,65 

0,81 

Minor 

oeak b 

3,5-Di-0-caffeoylquinic 
acid' 

2.88 

0.77 

0,3-0.8 

4 # 5-Df-0-caffepylqu!nic 

acicfa 

3.01 

0.77 

0.04-0.2 


HlR,3M5 f 5R)-3-f[CE)-3-(3^^Dihydroxyphenyl)acryloyl3oxy)-1AS- 
l rthyd roaycyc to h e xa n e-1 < arbOxy I rc ad d. 

b The peak area is Jower th&n ihe peak area of 4,5-di-T3<af1eoyiqLiimc add. 
C (15 r 3fl,4 R,5fl)-34[(£)-3T3,4-Dihydroxyphenyl)acry[oyl joxyH,4,5* 
tri hy d roxy cy d oh ex ane- T <a rboxy lic a ud. 
d (rs,3tf,45,5ft)-4-{L(0'3T3/LDihydroxyphenyl)acryloyl]oxy)-l,4,5- 
trihydroxycydohexane-l -earboxylk acid. 

"gs j 3/? ł 4^5fl)-3 P 4-Bis{[(^ T 3ię3 l 4-dihydfp?ty|^yl)acryJoyl]q^-1 ł S- 
djhydroxycydohexane- i-carboxy!ic acid. 

1 (1 S^R.^^S^B^S-Bistft^^-CB^-diliydro^ypiienylJacryloyljo^yjn ,5- 
dihydroxycycioliexanc-i -carboxylic acid, 

3 (1 R r SR,4 5,5fl)-3,4-0is{[££> 3-( 3,4<lihydroxyphenyf)acryloyl]oxy) -1,5- 
dihydroxyeydohexane-l -caitłOxylic acid. 

Separately calculate the percentages of ehlorogenic 
add, 3,5-di-0-caffeoylquinic acta, and 4,5-di-O-caf- 
feoyląuinic acid in the portion of japanese Honey- 
suckle Flower Powder taken: 

Resuit = (rulr s ) x Q x (VIW) x F x 100 

ru - peak area of the relevant analyte from the 
Sampie solution 

r 5 = peak area of ehlorogenic acid from Standard 
solution A 

Q - concentration of USP Chlorogenic Acid RS in 
Standard solution A (mg/mL) 

V - volume of the Sampie solution (ml) 

W - weight of Japanese Honeysuckle Flower 

Powder taken to prepare the Sampie solution 
( m 9) 

F = conversion factor for the analyte (see Tahle 2) 
Calculate the content of caffeoytguinic adds as the sum 
of the percentages of chlorogenic add, 3,5-ds-O- . 
caffeoylguinic acid, and 4,5-8i-0-taffeoylqLiinic acid. 


Acceptance critena: NLT 3.8% on the drled basis 

* CONTENT OF IRIDOIDS 

Solution A, Solution B, Mobile phase, Standard solu¬ 
tion B, and Sampie solution: Prepare as direeted in 
the test for Content of Caffeoylpuinic Adds , 

Standard solution A: 0.05 mg/mL of USP Secoxylo- 
ganin RS in methanol 

Cnromatographrc system: Proceed as direeted in the 
test for Content of taffeoylquinic Adds except for the 
Detector. 

Detector: UV 240 nm 
System suitability 

Sampies: Standard solution A and Standard solution B 

Suitability reąuirements 

Resolution: NLT 1.5 between the peak of secoxylo- 
ganin and the peak before it, Standard solution B 
Tailing factor: NMT 2.0 for the secoxyloganin peak, 
Standard solution A 

Relative standard deviation: NMT 2.0% for the 
secoxyloganin peak in repeated injections, Standard 
solution A 

Chromatogram sirmlarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram for iridoids provided with the lot of USP 
Lonicera japonka Ffower Dry Extract RS being used, 
Anafysis 

Sampies: Standard solution A, Standard solution B t and 
Sampie solution 

Using the chromatograms of Standard solution A and 
Standard solution B> and the reference chromatogram 
for indoids provided with the lot of USP Lonicera ja¬ 
ponka Flower Dry Extracl RS being used, identlfy the 
peaks of sweroside, secoxy!oganm, and centauroside in 
the Sampie solution . [NOTĘ —The approximate relative 
retention times for the peaks of sweroside, secoxylo- 
gantn, and centauroside are 0.85, 1.00, and 1,80, 
respeetively,] 

Separately calculate the percentages of secoxyloganin, 
sweroside, and centauroside in the portion of japanese 
Honeysuckle Flower Powder taken: 

Resull ~ (r t /M) x Q x (' VjW ) x Fx 100 

ru = peak area of Lhe relevant analyte from the 
Sampie solution 

n - peak area of secoxyloganin from Standard 
solution A 

Cs - concentration of USP $ecoxyloganin RS in 
Standard solution A (mg/mL) 

V 4 volume of the Sampie solution (ml) 

W = weight of Japanese Honeysuckle Ffower 

Powder taken to prepare the Sampie solution 
( m 9> 

F = conversion factor for the analyte (1,00 for 

secoxyloganin, 1,03 for sweroside, and 0.89 
for centauroside) 

Calculate the content of iridoids as the sum of the 
percentages of secoxylogantn, sweroside, and 
centauroside. 

Acceptance criteria: NLT 0.80% on the dried basis 

CONTAMINANTS 

* Artbo,es of Botanical Oricin (561), Limits of Elementol 
fmpurities: Meets the requirements 

* Articles of Botanical Oricin (561), Pestidde Residue 
Analysis: Meets the requrrements 

* Micrgrial Enumeration Tests (2021): The total aerobic 

bacterial count does not exceed 10" cfu/g, the total tom- 
bined molds and yeasts count does not exceed 10 3 cfu/ 

, and the bile-toferant Gram-negative bacteria count 
oes not exceed 10 3 cfu/g, 

* Absence of Specified MiCROORGANiSfws (2022), Test Proce- 

dures. Test for Absence of Salmonella Species and Test for 
Absence of Bscherkhia coli: Meets the reąuirements 
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SPECIFSC TESTS 

• BOTANICAL CHARACTERISTICS 

Macroscopic: Yellowish-white to yellowish-green pow¬ 
der, darkening over time to a golden color 
Microscopic: Glandular hairs are numerous, The heads 
of glandular hairs are multicellular, subround or slightly 
obiatę, usualJy 30-70 pm in diameter, exceptionalfy up 
to 110 pm. The stalks of glandular hairs are unicelfular 
or multicelfular with up to five celi$ f usually 20-70 pm 
long, exceptłonally up to 700 pm. Nomglandular hairs 
occur in two types: one with thick walis, unicellular, 
45-900 pm long, 15-40 pm in diameter, with fine ver- 
rucae on the surface, some having corneous spirals; an- 
other type with thin walls, slender, curved, or shrunken, 
with frne verrucae on Lhe surf ace. Clusters of taltium 
oxaiate are usually 6—45 pm in diameter. Pollen grains 
are spherical, with three germina! pores, 60-90 pm in 
diameter. 

• Limit of Triterpenoid Saponsns 

Standard solution: 5.0 mg/ml of USP Lonicero mocran- 
thoides Rower Dry Extract RS in methanol. Sonicate for 
10 min, and filter. 

Sample solution: 500 mg of Japanese Honeysuckie 
Flower Powder in 10 ml of methanol, Sonicate for 10 
min, and filter. 

Chromatographic system 
(See HPTLC for Artides of BoLanicai Origin <203}.) 
Adsorbent: Chromatographic silica gel mixture with 
an average particie size of about 5 pm 
Application voIume: 3 pL, as 8-mm bands 
Relative humidity: Condition the piąte to a re!ative 
humidity of about 33% using a suitable device. 
Devefoping solvent system: The upper layer solution 
of a mixture of n-butanol, formie acid, and water 
(4:1:5) 

Deve!oping distance: 6 cm 

Derivatization reagent: 10% sulfunc acld in ethanol 
Analysis 

Samples: Standard solution and Sample solution 
Apply the Samples as bands and dry En air. Develop in a 
saturated cham ber, remove the piąte from the cham- 
ber, and dry in air. Treat the piąte with Deńvatization 
reagent, heat at 105° for 5 min, and examine tmmedi- 
ately under UV light at 366 nm. 

System suitability: Under UV light at 366 nm, in the 
fower-third section, the Standard solution exhibrts three 
clearly separated brown bands: the band with the high- 
est Rf is due to dipsacoside B; the middle band is due 
to macranthoidin A; the band with the lowest /?r is due 
to macranthoidin B. 

Acceptance criteria: Under UV light at 366 nm, the 
Sample solution does not exhibit any bands correspond- 
ing in Rf and color to the bands due to dipsacoside B, 
macranthoidin A, and macranthoidin B in the Standard 
solution. 

9 Arucles of BOTANICAL Origin (561), Methods of Analysis, 
Alcohol-Soluble £xtractives, Method 1: NLT 30.0% 

• ArTICLES of BOTANICAL Origin (561), Methods of Analysis, 

Water-Solubie Extractives f Method 2: NLT 35.0% 

• Loss ON Dryinc (731) 

Sample: 2 g of japanese Honeysuckie Flower Powder 
Analysis: Dry the Sample at 105" for 2 h. 

Acceptance criteria: NMT 12.0% 

• Articles of Botantcal Origin (Sól), Methods o f Analysis, 

Total Ash 

Sample: 4 g of japanese Honeysuckie Flower Powder 
Acceptance criteria: NMT 10,0% 

• ARTICLES OF BOTANICAL Origin (561), Methods of Analysis, 

Adddnsoiubie Ash: NMT 1.0% 

ADDITIONAL REQUIREMENTS 

• Packaging and SrORAGE: Preserve in well-dosed contaim 

ers, protected from light and morsture, and storę in a 
cool place. 


* Labeling: The label States the Latin binomial following 

the offidal name of the plant from which the artide was 
derlved. 

* USP Reference Standards (11) 

USP Chlorogenic Acid R5 

USP Lonicera japonka Flower Dry Extract RS 

USP Lonicera macranthoides Flower Dry Extraet RS 

USP Luteofin-7-O-glucoside RS 

USP Rutln RS 

USP Secoxyloganin RS 

AUSN0 


Krill OH 


OEFINITION 

Krill Oli is the ffxed oil extracted from Antarctic krill (Euphau- 
sta superba Dana) biomass using appropńate food-grade 
organie solvents. Krill Oil contains NLT 30% (w/w) and 
NMT 59% (w/w) of totai phosphofipids, of which 
60%-96% is phosphatidylcholine. Et contains NLT 10% 
(w/w) of eicosapentaenoic acid (EPA) and NLT 5.0% (w/ 
w) of docosahexaenoic add (DHA) mostly rn the form of 
phospholipids, It aiso contains NLT 0.01% of astaxanthin. 

IDENTIFICATION 
• A, Fatty Acid Profile 

Antioxidant solution. System suitability solution 1, 
and Chromatographic system: Proceed as directed in 
Fats and Fixed Oils (401), Omega-3 Fatty Acids Determi- 
nation and Profile ♦ 

Standard solution: Prepare as directed in Test Solution 
1 in Fats and Fixed Oils (401), Omega-3 Fatty Acids De- 
termination and Profile , except use 250 mg of USP Krill 
Oil RS, 

Sample solution: Prepare as directed in the Standard 
solution , except replate USP Krill Oil RS with Krill OiL 
System suitability 

Sa m p I e s: Sys tem s u i lab Hity s olu Han 1 and Stan dard 
solution 

Suitability reguirements 

Chromaiogram similarity: The chromatogram ob- 
tained from the Standard solution is similar to the ref¬ 
erence chromatogram provided with the tot of USP 
Krill Oil RS being used. 

Resofution: NLT U0 between the methyl oleate and 
methyl ds-vaccinate peaks. Standard solution 
Theoretical area percentages: Meets the require- 
men ts for System suitability solution 1 

Analysis 

Sample: Sample solution 

Identify the retention times of the relevant fatty acid 
methyl esfers in the Sample solution by comparing the 
chromatogram of the Sample solution with tnat of the 
Standard solution and the USP reference 
chromatogram. 

Calculate the area percentage for each fatty acid as 
methyl esters in the portion of Krill Oil taken: 

Result - (oJtb) x 100 

fA ~ peak area of each individual fatty acid from 
the Sample solution 

r B = total area from all peaks, except the solvent 
and butylated hyaroxytoluene peaks, from 
the Sample solution 

Acceptance criteria: The fatty acids obtained from the 
Sample solution meet the limit regulrements in Table 1. 
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Table 1 


Fatty Add 

5 h ort h and 
Notation 

Lower 

Limit 

(Area 

Upper 
Limit 
(Area °A>\ 

Saturated fatty acids 




Mvri5tic add 

14:0 

6.4 

13,0 

Palmitic add 

16:0 

17.0 

24,6 

Palmitic arid:myristic 
acid ratio 

16:0/14:0 

1.6 

2.8 

Monounsaturated 
fatty acids 




Palmitolefc add 

16:1 n-7 

2.5 

9.0 

ris-Vaccenk acid 

18:1 n-7 

4.7 

8.0 

Oleić add 

18:1 n -9 

7.0 

14.5 

Eicosen]c acid 

20:1 n-9 

0.0 

2.0 

Erucic acid 

22:1 n-9 

0.0 

1*5 

Polyunsaturated 
fattv acids 




Linoleic acid 

18:2 n-6 

0,0 

3.0 

Eicosapentaenolc acid 

20:5 n-3 

14.0 

24.3 

Docosapentaenoic 

add 

22:5 n-3 

0.0 

0.7 

Docosahexaenoic 

acid 

22:6 n-3 

7.1 

15.7 


* B. PHOSPHOUP1D PROFILE 

Solution A, Ljne shape standard (*H), SensitMty stan¬ 
dard {'H), SensitMty standard ( 31 P), Interna! stan¬ 
dard, Samp!e solution, Standard solution, Instrumen- 
tal conditions, System suitabiiity, and Analysis: 
Proceed as directed in the test for Content of Total 
Phospholipids . 

Aeceptance criteria: The 5 ample solution contains afl of 
the foliowi ng phospholipids: phosphatidylcholtne (sum 
of phosphatidylcholine 4- 1-lysophosphatidylcholine 4 
2-lysophosphatidylchonne): 60%-96% (w/w) of the to¬ 
tal phospholipids content, lysophosphatidylcholine, and 
phosphatidylethanolamine. 

COMPO$mON 

* Content of epa and dha 

Standard solution la, Standard solution Ib, Standard 
solution 2a, Standard solution 2b, System suitabiiity 
solution 1, and Chromatographic system: Proceed as 
directed in Fats and Fixed Oiis (401), Omega-3 Fatty 
Acids Determination and Profile . 

Test solution 1: Prepare as directed \n Test Solution 1 in 
Fats and Fixed Oils (401 >, Om eg a-3 Fatty Acids DetermT 
nation and Profile , excepl use 250 mg of Kriil Oil, 

Test solution 2; Prepare as directed in Test Solution 2 in 
Fats and Fixed Oils (401), Omega-3 Fatty Acids Determi¬ 
nation and Profile , excepL use 250 mg of Krili Oil. 
Analysis: Proceed as directed in Analysis (for tńglycer- 
ides) in fats and Fixed Oils (401), Omega-3 Fatty Acids 
Determination and Profile. 

Aeceptance criteria: NLT 10.0% (w/w) of EPA and NLT 
5.0% (w/w) of DHA 

* Content of Total Phospholipids 

(See Nuclear Magnetic Resonance Spectroscopy <761), 
Qualitative and Quantitative NMR Analysis .) 

[NOTĘ—Ali deuterated solvents used in this method 
should be NIT 99.8 atom % D* Whenever water is used 
in this method, it should be of suffident quality to en- 
surę that no tracę metals or other contaminants that 
may affect the analysis are present.] 

Solution A: 0.2 M EDTA, adjusted with a 1 M cesium 
carbonate solution to a pH of 7.2-7,5. Document the 
finał pH and the amount of 1 M cesium carbonate solu¬ 
tion necessary to attain the desired pH, [NOTĘ—Use ce¬ 
sium carbonate of a suffident grade for tracę metals 
analysis,] 


Une shape standard OH): 1% Chloroform in aeetone- 

dfr 

SensitMty standard (*H): 0J% Ethylbenzene in chlo- 
roform-d 

SensitMty standard ( 3, P): 0.0485 M triphenyl phos- 
phate in acetone-d* 

Internal standard: Use a suitable triphenyl phosphate 
NMR analytical standard with purity NLT 99.0%. 
Sample solution; [Notę—NMR solvents containing tet* 
ramethylsilane (TMS) are readily available, If the sol- 
vents used do not contain TMS, it must be added to 
the Sample solution at an approximate concentration of 
0.05% (v/v) for use as a Chemical shśft scalę reference.] 
Transfer 300-350 mg of Kriil Gil to a 5-mL sealable 
giass vial Add 25.0 mg of the Internai standard to the 
vial. Add 1 mL each of deuterated chloroform (chloro- 
form-d) and deuterated methanol (methanol-d.*) of a 
grade suftable for NMR analysis to the vial to dissoNe 
the sample. Once dissolution is compiete, add 1 mL of 
Solution A, seal the vial, and shake the solution for 
10-20 min, then centrifuge the contents of the vial. 
Transfer the fower organie phase to an appropriate 
NMR tubę. U is critical to colJect the entire organie 
phase and transfer it to the NMR tubę. It may be una- 
voidable to also transfer smali amounts of the aaueous 
phase when collecting the organie phase in the NMR 
tubę. This is acceptable practice, so long as the aque- 
ous phase remains completely separated and atop the 
organie phase in the NMR tubę. The entire amount of 
aqueous phase must be above the probe's radio fre- 
quency (RF) coil (outside the analysis area of the tubę). 
Should the organie phase contain undissolved materiafs, 
they must remain suspended at the aqueous-orgamc irv 
terface and be outside the analysis area of the tubę as 
well, The organie phase most be free of bubbles and 
suspended materials that may interfere with NMR data 
acquisition. 

Standard solution: Prepare as directed in the Sample 
solution , using 300-350 mg of USP Kriil Oil RS in place 
of the sample. 
instrumental conditions 

(See Nuclear Magnetic Resonance Spectroscopy <761).) 
Magnetic field strength: NLT 300 MHz for ] H 
frequency 

Probe: Direct observe probe capable of tuning to the 
resonance frequency of 31 P (dependent on the spedfic 
magnetic field strength used) 

Instrument performance qualification 
[Notę—T esting for SensitMty and linę shape shoutd be 
performed on the interval specified by the manufac- 
turer of the instrument used. Performing these tests on 
a minimum of a monthly basts is reguired for this 
method, but may be done morę often, as required. 
Resolution testing is to be performed d u ring each 
analysis and documented as a part of the analytical 
results.] 

’H Une shape test: Using the Linę shape standard 
CH) and the protocol recommended by the instru¬ 
ment manufacturer, the instrument must achieve the 
linę shape specifications for the probe in use, as re- 
qutred by the instrument manufacturer. [Notę—A dif- 
ferent standard solution may be required or recom¬ 
mended by the manufacturer of the instrument; 1% 
chloroform in acetone-d^ is most commonly used.] 

] H SensitMty test: Using the SensitMty standard ( l H) 
and the protocol recommended by the instrument 
manufacturer, the instrument must achieve the sensi- 
tivity specifications reguired by the instrument manu¬ 
facturer. [Notę—A different standard solution may be 
required or recommended by the manufacturer of 
the instrument; 0.1% ethylbenzene in chloroform-d is 
most commonly used,] 

3T P SensitMty test: Using the SensitMty standard 
( 31 P) and the protocol recommended by the instru¬ 
ment manufacturer, the instrument must achieve the 
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sensitivity specifications regutred by the Instrument 
manufacturer. [Notę—A differenl standard solution 
may be reguired or recommended by the manufac- 
turer of the Instrument; 0.0485 M triphenyl phos- 
phate En aceton e-d Es most commonly used.] 

■H Resolution test: The resolutEon Is demonstrated 
by the abilky to detect both of the 29 5i sateElite sig- 
nals of IMS. The satelito must be resolved from the 
TMS signal in the spectrum with a linę broadening 
factor of NMT 0.5 ppm. 

3ł P Resolution test: The resolution is demonstrated 
using the phosphatidylcholine ether peak and the 
phosphatidylchollne peak. The separation of these 
peaks (with an applied linę broadening factor of 1.0) 
must be demonstrated as follows. Using the baseline 
as a reference, determine the total peak height of the 
phosphatidylcholine ether peak [Notę—T he PC ether 
signal appears jusf downfield from the PC signal.], 
and draw a linę at 30% of that total peak height 
(Entensity). The phosphatidylchoJine ether peaTc and 
the neighborlng phosphatidylcholine peak must be 
fully resolved at a point that is NMT 30% of the peak 
height of the phosphatidylcholine ether peak. 

Data collection: Use the parameters specified En Tobie 
2 . Use 90° pulses, and cafibrate pulses before use ac- 
cording to the recommendatlons supplied by the in¬ 
strument manufacturer. 


Table 2 


Parameter 

NMR 

Quantitative 

Measurement 

NMR 

Qualitatłve 

Measurement 

Pulse 

oroaram 

■H-decoupled (iiwerśe 
qated) 

Single pulse T H 

Spectra! 

width 

50 ppm 

(25 ppm to -25 ppm) 

20 ppm 

(-3 ppm to 1 7 ppm) 

Transmitter 

offset 

Center of spectra 1 width, 

0 DDm 

Center of spectra! width, 
7 ppm 

Rei a xati on 
defay 

5-15 s 

2-5 s 

Acquiśition 

time 

1-6 s 

1-6 s 




Si ze of data 
set 

NLT 64k 

(32k with zero-fitlinn) 

NLT 64k 

(32k with zero-fillina) 


[NOTĘ—The acquisition time ts dependent upon the 
dwell time and the number of data points collected. 
The number of seans acquEred using a 300 MHz instru- 
ment must be NLT 512.] 

System suitability: Under the conditions outlined in 
Data collection, the 31 P NMR signal of triphenyl phos- 
phate shouid be observed at -1 7.80 ppm, and the 
NMR spectrum shouid be referenced to the ] H signal of 
TMS (0 ppm) for all spectra acquired in the Analysis. For 
auantitative analysis, a suffEcient number of seans 
shouEd be acguired such that the signal-to-noise ratio 
for the phosphatrdyJchofine signal in the 3I P spectrum 
of the Sample solution acquireo in the Anolysis is NLT 
2000 . 

Analysis: Acguire the data outlined En Dota collection, 
Minimaliy acquire the 'H spectrum (fingerprrnt) of the 
Somple solution and the Standard solution as wdl as the 
quantitative 31 P spectrum of the Sample solution and the 
Standard solution . Record the resulting spectra, and per-* 
form integration by band or automated means on the 
quantitative NMR spectrum of the Somple solution , 
Integration of the peaks contained in the spectrum of 
the Sample solution must be performed such that the 
complete set of phosphoiipicl peaks (as identified by 
comparison to the spectrum of the Standard solution 
and ils reference spectrum) is induded in the integra¬ 
tion. The integration region for each signal must extend 


±0.05 ppm on either side of the 31 P signal. Quantify the 
total phospholEpids present, the phosphatidylcholine 
ether content, and the phosphatidylcholine content in 
the Somple solution using comparison to the eon centra- 
tion of the / nternaI standard. 

Compare the ] H spectrum of the Sample solution to that 
of the Standard solution to determine the similarity of 
fingerprints according to which phospholipids identi¬ 
fied in the reference spectrum or the Standard solution 
are present in the spectrum of the Sample solution, 
Calculations: Use thefollowing equations and molecu¬ 
lar weights listed in Tobie 3 to determine the 
phosphofipids content in the sample taken: 

mmolis - (Wis x Cts)f(MWis x 100) 

mmoU= mitlimoles of the internal standard in the 
Somple solution (mmol) 

W(s - weight of the Internal standard added to the 
Sample solution (mg) 

C/j = purity value of the Internai standard, based on 
quantitative 31 P NMR analysis (% by weight) 

MWis - molecular weight of the InternaI standard 
(326.28 g/mol for triphenyl phosphate) 

mmolpi - (hi X A f s x mmol^)/(ljj x A P T) 

mmolpF milllmoles of the phosphofipid of interest in 
the Sample solution (mmol) 

ht = integrated area under the phospholipid signa! 
of interest obtained from the spectrum of 
the Sample solution 

A IS - number of phosphorus atoms per molecule 
expected from the Internal standard (1 for 
triphenyl phosphate) 

mmolmilllmoles of the internal standard in the 
Sample solution (mmol) 

lis - integrated area under the Internai standard 
obtained from the spectrum of the Sample 
solution 

= number of phosphorus atoms per molecule 
expected from the phospholipid of interest 
(1 for any phospholipid listed in Tobie 3) 

Cr = (MWn x mmolR x 10Q)/MA 

Cpt = concentration of the phospholipid of interest 
in the Sample solution (%, w/w) 

MWpl = molecular weight of the phospholipid of 

interest (g/mol, from Table 3) in the Sample 
solution (mg) 

mmoU= miilimoles of the phospholipid of interest in 
the Sample solution (mmol) 

Ws = weight of sample present in the Sample 
solution (mg) 

[Notę— Use the molecular weight specified in Table 3 
for the calculations.] 


Table 3 


Componenf 

Approximate 
Chemical Shift 
(ppm) in 
Reference to 
Triphenyl 
Phosphate 

Molecular 

Weight 

(g/mol) 

Triphenyl phosphate (internal 
standard) 

“1 7.8 


PhosphaUdykholine (PC) 

-0.89 

791 

1 -LysophosphatidyEcholine 
fl-LPO* 

-0.48 

534.5 


jl Ability Lu resolve the iignals of l-lysophosphatidylchoiine and 2- 
Ey sophosphat idy IchoJine will de pena u pan the applted magnelrt field 
strength of the NMR spectra metef used for the test procedurę. 
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Table 3 (Continued) 


Component 

Approximate 
Chemical Shift 
(ppm) in 
Reference to 
Triphenyl 
Phosphate 

Mol^tular 

Weight 

(q/mol) 

2- Ly sop ho spba tidy Ich ol i ne 
g-LPO 

-04 

534.5 

Phosphatidvlethanolamine ĆPE) 

-0,24 

770 

N-Acyl p hos ph atidy 1 etha nolamine 
(NAPĘ) 

0 

1032 

Ly sop h osp h a lidy Eeth a n ola m i ne 
—(LPE) 

0,25 

492.5 

Other 

_ 

800 


- 1 Ability to resolve the signals of 14ysophosphattdykholine and 2- 
tysophosphatidylchofine will depend tipon Ehe applied magnetic field 
strength of the NMR specbrometer used for the test procedurę. 


Acceptance criteria 

Total phospholiprds: 30%-59% (w/w) 
Phosphatiaylcholine: 60%-9ó% (w/w) of the Total 
phospholipids content 

e Content of Astaxanthin 

[Notę— Perform this analysis tn subdued light, using low- 
actlnic glassware,] 

Satnple solution: 0.005 g/mL in chloroform. [Notę— If 
the solution is not elear, centrifuge it with an appropri- 
ate centrifuge to obtain a elear supernatant.] 
InstrumentaT conditions 
(See Ultraviolet-Visible Spectroscopy (857).) 

Analytical wavelength: 486 nm 
Celi patb: 1 cm 
Blanfc Chloroform 
Analysis 

Sam ple: Sample solution 

Calculate the pereentage of astaxanthin in the portlon 
of Krill Oil taken: 

Result = A/(F x Q 

A - absorbance of the Sample solution 
F = coefficient of extinction (E m ) of pure 

astaxanthin in chloroform (100 mL ■ g 1 ■ 
cm- 1 ), 1692 

C - concentration of the Sample solution (g/mL) 
Acceptance criteria: NIT 0,01% 

CONTAMINANTS 

• Limit of Dioxins, Furans, and Polychlorinated 
Bephenyls 

Analysis: Determine the content of polychlorinated 
dibenzO"para-dioxIns (PCDDs) and polychlorinated 
dibenzofurans (PCDFs) by Method No. 1613 Revision B 
of the EnvlronmentaJ Protection Agency. Determine the 
content of polychlorinated blphenyls (PCBs) by Method 
No. 1668 Revision A of the Environmental Protection 
Agency. 

Acceptance criteria: The sum of PCDDs and PCDFs is 
NMT 2.0 pg/g of WHO toxic equiva!ents. The sum of 
PCDDs, PCDFs, and dioxin-like PCBs (polychlorinated 
biphenyls, non-ortho IUPAC congeners PCB-77, FCB-81, 
PCB-126, and PCB-169, and mono-ortho IUPAC conge- 
ners PCB-105, PCB-114, PCB-118, PCB-123, PCB-156, 
PCB-157, PCB-167, and PCB-189) is NMT 3.0 pg/g of 
WHO toxic equivalents. 

SPECU FIC TESTS 
o Astaxanthin Esterification 

Standard solution A: 10 mg/mL of USP Astaxanthin Es- 
ters from Haematococcus pluvialis RS in acetone 
Standard solution B: 10 mg/mL of USP Astaxanthin 
(Synthetic) RS in acetone 


Sample solution: 250 mg/mL of Krill Oil in acetone 
Chromatographic system 

(See Chromatograpny {621), Thin-Layer C hromato- 
graphy.) 

Modę: TLC 

Adsorbent: 0,25-mm fayer of chromatographic silica 
geL [Notę—D ry silica gel at 110° for 1 h before use,] 
Application volume: 5 pi 

Deve!oping solvent system: Elexane and acetone 
(70:30) 

Analysis 

Sampfes: Standard solution A , Standard solution B t and 
Sample solution 

Develop the chro mato gram in the Developing soivent 
system until the solvent front has movecf about 15 cm 
of the length of the piąte. Remove the piąte from the 
cham ber, and a Ho w to dry, 

Acceptance criteria: The principal spot from Standard 
solution B f located in the bottom half of the piąte, is 
free astaxanthin. The Sample solution may exnlbit a 
iight, minor spot, in the same location. The principal 
spots from Standard solution A are from monoesters 
(primary spot, located slightly above the middle of the 
piąte) and diesters (secondary spot, located in the top 
third of the piąte). The principal spot from fhe Sample 
solution should correspond in color and R F value to the 
diesler spot from Standard solution A. The secondary 
spot from the Sample solution should correspond in 
color and approximate!y the same R f va\ue to the 
monoester spot from Standard solution A. [Notę —Sltght 
dlfferences in Rf va!ues within monoester spots and 
within diester spots may exist because of dffferent 
intensities,] 

* Fats and FlXED Oils, Pemxide Value( 40T): NMT 5.0 mEq 

peroxide/kg 

ADDITIONAL REQUIREMENTS 

* Packagimg and Storage: Preserve in tight, light-resistant 

containers, and storę at controlled room temperaturę, It 
may be bottfed or otherwise packaged in containers from 
whieb air has been expelled by production of a vacuum 
or by an inert gas. 

® Labeling: The Tabel States the average content of DHA 
and EPA in mg/g. It also States the name and concentra¬ 
tion of any added antioxidant, 

* USP Reference Standard* (Tl) 

USP Astaxanthin Esters from Haematococcus pluvialis RS 

USP Astaxanthin (Synthetic) RS 

USP Docosahexaenok Acid Ethyl Ester RS 

USP EEcosapentaenoic Acid Ethyl Ester RS 

USP Krill Oil RS 

USP Methyl Tricosanoate RS 


BCiiil 031 Capsules 

DEFINITION 

Krill Oil Capsules contain NLT 95.0% and NMT 105.0% of 
the fabeled amount of Krill Oil wbere Krill Oil Is the fixed 
oil extracted from Antarctic krill (Euphausia superba Dana) 
biomass by using a suitable extraction soivent. 

IDENTIFICATION 

* A. Fatty Acid Profile 

Antioxidant solution, System sultability solution 1, 
and Chromatographic system: Proceed as directed in 
Fats and Fixed Oils (401), Omega-3 Fatty Acids Determi- 
notion and Profile. 

Standard solution: Proceed as directed for Test Solution 
I in Fats and Fixed Oils (401), Omega-3 Fatty Acids De- 
termination and Profile, except use 250 mq of USP Krill 
Oil RS. 
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Sample solution: Using the portion of oil from NLT 10 
Capsules, proceed as directed for Test Solution 1 in Fats 
and Fixed Oils (401), Omega-3 Fatty Adds Determination 
and Profile. 

System suitability 

Samples: System suita bili ty solution 1 and Standard 
solution 

Suitability reąuirements 

Chromatogram similarity: The chromatogram ob- 
tained from the Standard solution is similar to the ref¬ 
erence chromatogram provided with the lot of USP 
Krill Oil RS being used. 

Resolution; NLT 1,0 between the methyl oleate and 
methyl ds-vaccinate peaks, Standard solution 
Theoretkal area percentages: Meet the reguire- 
ments for System suita bil i ty solution 1 
Analysis 

Sample: Sample solution 

Identify the retention times of the reteyant fatty add 
methyl esters En the Sample solution by comparing the 
chromatogram of the Sample solution with that ot the 
Standard solution and the USP reference 
chromatogram. 

Calculate the area percentage for each fatty add as 
methyl esters in the portion of oil taken from the 
Capsules: 

Resuft - ( rjjri ) x 100 

r 4 = peak area of each individual fatty add from 
the Sample solution 

rn - total area of all peaks, except the solvent and 
butylated hydroxytoluene peaks, from the 
Sample solution 

Acceptance criteria: See Tobie 1. 


Table 1 


Fatty Ac id 

Sfiori- 

hand 

Notatlon 

Lower 

Utuli 

(Area 

Upper 

Limit 

(Area %V 

Monounsaturated fatty 
acids 




Paimitoleic add 

16:1 n-7 

2.5 

9.0 

c/s-Vaccenic add 

18:1 n-7 

4.7 

7.0 

Oletc add 

18:1 n-9 

7,0 

14-5 

Ej co se nic add 

20:1 n-9 

OJ 

1,2 

Erudc acid 

22:1 n-9 

0.0 

0.9 

Polyimsaturated fatty 
acids 




Ltnoleic acid 

18:2 n-6 

1.4 

3,0 

a-Unolenie acid 

18:3 n-3 

0.5 

3*5 

Moroctic acid 

18:4 n-3 

1.8 

7.2 

Eicosapentaenoic acid 

20:5 n-3 

14.0 

223 

Docosapentaenoic add 

22:5 n-3 

0.0 

OJ 

DQCosahexaenoic acid 

22:6 n-3 

7.5 

13,2 


* B. Phospholipid Profile 

Solution A, Linę shape standard OH), 5ensitivity stan¬ 
dard ( T H), Sensitjyity standard ( 3t P), Interna! stan¬ 
dard, Sample solution, Standard solution, Instrumen- 
tal condltions, System suitability, and Analysis: 
Proceed as directed in the test for Content of Total 
Phospholipids in Strength 

Acceptance criteria: The Sample solution contains all of 
the following phospholipids: phosphatidylcholine 
(60%-90% [w/w] of the total phospholipids content), 
lysophosphatidylcholine (as a mixture of 1-lysophospha- 
tidylcholine and 2-lysophosphatidylcholine), and 
phosphatidy lethanofami ne. 


STRENGTH 

* CONTENT OF KRILL OlL 

Analysis: Weigh NLT 10 Capsules in a tared weighing 
bottle, and carefully open tne Capsules, without Joss of 
shell materiał. Transfer the combtned Capsufe contents 
to a 100-mL beaker. Remove any adhering substance 
from the emptied Capsules by washing with several 
smali portlons of 2,2,4-trimetnyl pen ta ne. Discard the 
washings, and allow the empty Capsules to dry in a 
current of dry air until the 2,2,4-trimethylpentane is 
completely evaporated. Weigh the empty Capsules in 
the odgina! tared weighing bottle, and calculate the av- 
erage net weight per Capsule* 

Acceptance criteria: 95,G%-105 ł 0% 

* Content of EPA ano DHA 

Standard solution la, Standard solution Ib, Standard 
solution 2a, Standard solution 2b, System suitability 
solution 1, and Chromatographic system: Proceed as 
directed in Fats and Fixed Oils (401), Omega-3 Fatty 
Acids Determination and Profile . 

Test solution 1: Using the portion of 250 mg of oil 
from NLT 10 Capsules, proceed as directed for Test solu¬ 
tion 1 in Fats and Ftxed Oils (401), Omega-3 Fatty Adds 
Determination and Profile. 

Test solution 2: Using the portion of 250 mg of oil 
from NLT 10 Capsules, proceed as directed for Test solu¬ 
tion 2 in Fats and Fixed Oils (401), Omega-3 Fatty Adds 
Determination and Profile , 

Analysis: Proceed as directed for Analysis (for triglycer- 
ides) in Fats and Fixed Oils (401), Omega-3 Fatty Adds 
Determination and Profile. 

Calculate the percentage of EPA and DHA in the portion 
of oil taken from the Capsules, 

Acceptance criteria: NLT 10,0% (w/w) of EPA and NLT 
5.0% (w/w) of DHA 

* Content of Total Phospholipids 

(See Nudear Magnetlc Resonance Speetroscopy (761 >, 
Qualitotive and Quantitative NMR Analysis .) 

[Notę—A ll deuterated solvents used in this method 
should be NLT 99,8 atom % D. Whenever water is used 
in this method, it should be of sufficient quaiity to en- 
surę that no tracę metals or other contaminants that 
may affect the analysis are present] 

Solution A: 0.2 M EDTA adjusted with a 1 M cesiu m 
carbonate solution to a pH of 7,2-7.5. Document the 
frnal pH and the amount of 1 M cesium carbonate solu¬ 
tion necessary to attain the ciesired pH. [Notę— Use ce- 
sium carbonate of a sufficient grade for tracę metals 
analysis.] 

Linę shape standard OH): 1% chloroform in acetone- 
d ć 

Sensitivity standard (<H): 0.1% ethylbenzene in chlo- 
roform-d 

5ensitivity standard ( 3 *P): 0.0485 M triphenyi phos- 
phate in acetone-d ć 

Interna! standard: Use triphenyl phosphate NMR refer¬ 
ence standard with NLT 99% purity. 

Sample solution: [NqtT“NMk solvents containing tet- 
ramethylsllane (TMS) are readily available. If the sol- 
vents used do not eontain TMS, it must be added to 
the Sample solution at an approxEmate concentration of 
0,05% (v/v) for use as a Chemical shift scate reference.] 
Transfer the portion of 300-350 mg of oil from NLT 10 
Capsules to a 5-mL sealable glass vial. Add 25.0 mg of 
the Interna! standard to the vial Add 1 ml each of 
deuterated chloroform (chloroform-d) and deuterated 
methanol (methanol-d^ of a grade suitable for NMR 
analysis to the via! to dissolve the sample. Once dissofu- 
tion is complete, add 1 mL of Solution A f seal the viai, 
shake the solution for 10-20 min, then centrifuge the 
contents of the vial. Transfer the lower organie phase to 
an appropriate NMR tubę. It ts critical to collect the 
entire organie phase and transfer Et to the NMR tubę. it 
may be unavoidable to also transfer smali amounts of 
the agueous phase when collecting the organie phase 
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in the NMR tubę. This is an acceptable practlce, so fong 
as the agueous phase remains compfetely separated 
and atop the organie phase In the NMR tubę. The er> 
tire amount of aqueous phase must be above the 
próbek radio frequency (RF) coli (outside the analysis 
area of the tubę). Should the organie phase contain 
undissoiyed materlais, they must remain suspended at 
the aqueous-organic interface and be outside the anaiy- 
sls area of the tubę as welL The organie phase must be 
free of bubbles and suspended malenals that may inter- 
fere wEth NMR data acquisItion. 

Standard solution: Proceed as directed in the Sample 
solution, except use 300-350 mg of USP Krill Oif RS. 

instrumental conditions 

(See Nudear Magnetic Resonance Spectroscopy {761}.) 
Magnetic field strength: NLT 300 MH 2 for *H 
frequency 

Probe: Direct observe probe capabfe of tuning to the 
resonance frequency of (dependent on the specific 
magnetic field strength used) 
instrument performance gualification 
[Notę—T estsng for $en$iflvity and linę shape should be 
performed on the Interval spedfied by the manufac¬ 
turer of the instrument used. Performing these tests on 
a minimum of a monthJy basis is required for this 
method, but It may be clone morę often, as reguired. 
Resolution testing is to be performed during each 
analysis and dotumented as a part of the analytlcal 
results.] 

Linę shape test: Uslng the Linę shape standard 
(>H) and the protoco! recommended by Ehe instru¬ 
ment manufacturer, the instrument must achleve Ehe 
Hne shape spedfications for the probe in use, as re¬ 
pu ired by Ehe instrument manufacturer. [NOTĘ—A dif- 
ferent standard solution may be reguired or recom¬ 
mended by the manufacturer of the instrument; 1% 
chloroform En acetone-d ń is most commonly used.] 

Sensitivity test: Using the Sensitivity standard ( } H) 
and the protocol recommended by the instrument 
manufacturer, the instrument must achieve the sensi- 
tivity spedfications reguired by the instrument manu¬ 
facturer. [Notę—A dlfferent standard solution may be 
reguired or recommended by the manufacturer of 
the instrument; 0.1% ethylbenzene En chloroform-d is 
most commonly used.] 

3T P Sensitlvity test: Using the Sensitivity standard 
( n P) and the protocol recommended by the instru¬ 
ment manufacturer, the instrument must achieve the 
sensitMty spedfications regulred by the instrument 
manufacturer. [Notę —A dirferent standard solution 
may be required or recommended by the manufac¬ 
turer of the instrument; 0.0485 M triphenyf phos- 
phate in acetone-d^ is most commonly used.] 
j H Resolution test: The resolution is demonstrated 
by the abllity to detect both of the Z9 S\ satellite sig- 
nals of TMS. The satellites must be resolved from the 
TMS signal in the spectrum with a llne-broadenEng 
factor of NMT 0.5 ppm. 

31 P Resolution test: The resolution is demonstrated 
using the phosphatidylcholfne ether peak and the 
phosphatidylcholine peak. The separation of these 
peaks (wfth a Ifne-broadenmg factor of 1.0) must be 
demonstrated as foflows. Using the baseline as a ref- 
erence, determine the to tal peak height of the 
phosphatidylcholine ether peak, and dra w a linę at 
30% of that total peak height (intensify), The 
phosphatidylcholine ether peak and the neighborfng 
phosphatidylcholine peak must be fully resolved at a 
point that is NMT 30% of the peak height of the 
phosphatidylchollne ether peak. 

Data collection: Use the parameters spedfied in Tobie 
2 . Use 90 degree pulses, and calibrate pulses before 
use according to the recommendations supplled jay 
the instrument manufacturer. 


Table 2 


Parameter 

NWIR 

Quantitative 

n/łeasurement 

’H NMR 
Qualitative 
Measureinent 

Pulse 

orooram 

^-decoupled 11 P 

SEnqle pulse ’H 

Spectral 

width 

50 ppm (25 to -25 
ppm) 

20 ppm (-3 to 1 7 ppm) 

Transmitter 

offset 

Center of spectra! width, 

0 PPm 

Center of spectral width, 
7 ppm 

Relaxation 

delav 

2-5 s 

2-5 s 

Acquisition 

time 

1-6 s 

1-6 s 

Sum of 
relaxatian 
delay and 
acquisition 
time 

N LT 15 s 

NLT 15 s 

Size of data 
set 

NLT 64k (32k with zero- 
filling) 

NLT 64k (32k wEth zero- 
fiflinp) 


[Notę —The aeguisition time is dependent upon the 
field strength and the time domain. The number of 
seans acouired using a 300-MHz instrument must be 
NLT 512.] 

System suitability: Under the conditions outlined in 
Data coiieclhn, the 31 P NMR s i gnał of tripheny! phos- 
phate should be observed at -1 7.80 ppm, and the T H 
NMR spectrum should be referenced to the 3 H signal of 
TMS (0 ppm) for all spectra acqulred in the Anaiysis. For 
quanfifative analysis, a sufficient number of seans 
should be acouired such that the signal-to-noise ratio 
for the phosphatidylcholine signal In the 51 P spectrum 
of the Sample solution acguired In the Anaiysis Is NLT 
2000. 

Analysis: Acquire the data outllned in Data to//ecf/on. 
Minlmaily acguire the T H spectrum (fingerprint) of the 
Sample solution and the Standard solution as well as the 
quantitative 3T P spectrum of the Sampie solution and the 
Standard solution . Record the resulting spectra, and per- 
form Integration by hand or automated means 011 the 
uantitative 31 P NMR spectrum of the Sample solution . 
he Integration of the peaks In the spectrum of the 
Sample solution must be performed such that the tom- 
plete set of phospholipid peaks (as identified by a com- 
parison to the spectrum of the Standard solution and 
the Standard solution ref erence spectrum) is induded In 
the integration. The integration region for each signal 
must extend ±0.05 ppm on either side of the signal. 
Guantify the total phosphollplds present, the phospha- 
tldylchoiine ether content, and the phosphatidylcholine 
content in the Sample solution by using a comparison to 
the concen trat Eon of the Interna! standard . 

Compare the ’H spectrum of the Sample solution to that 
of tne Standard solution to determine the similanty of 
finaerprints according to which phosphollpids identh 
fied En the reference spectrum of the Standard solution 
are present In the spectrum of the Sample solution. 

Acceptance criteria 

Total phospholipids: 28%^52% (w/w) 
Phosphatiaykholme: 60%-90% (w/w) of the total 
phosphollpids content 

a CONTENT OF ASTAXANTH1N 

[Notę—P erform this analysis in subdued lig lit using Iow- 
actinic glassware.] 

Sample solution: 0.005 g/mL in chloroform using the 
portlon of oii from NLT 10 Capsules. [Notę—I f the solu¬ 
tion is not elear, centrlfuge it wfth an approprlate cen- 
trifuge to obtaln a elear supernatant] 

Instrumental conditions 
(See Uftraviolet-Visible Spectroscopy (857).) 
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Analyticał wavelength: 486 nm 
Celi path: 1 cm 
Blank: Chloroform 
Analysis 

Sam ple: Sample sołution 

Calculate the percentage of astaxanthin in the portion 
of oil taken from the Capsules: 

Result = A/(F x Q 

A = absorbance of the Sample sołution 
F = coefficient of extinction (E 1% ) of pure 

astaxanthin m chloroform (100 mL ■ g- * 1 - 
cm 1 }/ 1692 

C - concentration of the Sample sołution (g/mL) 
Acceptance criteria: NLT 0,01% 

PERFORMANCE TESTS 

* Disintegration and Dissouition (2040): Meet the re- 
guirements for Rupture Jest for Soft Shell Capsules 

■ Weight Variation of Dietary Supplements (2091): Meet 
the reguirements 

CONTAMINANTS 

* Limit of Dioxins, Furans, ano Polychlorinated 
Biphenyls 

Analysis: Detemnine the content of polychlorinated 
dibenzo-para-dioxins (PCDDs) and polychlorinated 
dibenzofurans (PCDFs) by Method 1613, ReMston B, of 
the Environmental Protection Agency. Determine the 
content of polychlorinated biphenyls (PCBs) by Method 
1668, Revision A, of the Environmental Protection 
Agency, 

Acceptance criteria: The sum of PCDDs and PCDFs is 
NMT 2.0 pg/g of World Health Organization (WHO) 
toxic equivalents, The sum of PCDDs, PCDFs, and di- 
oxin-Nke PCBs (polychlorinated biphenyls; non-ortho 
IUPAC congeners PCB-77, PCB-81, PCB-126, and PCB- 
169; and mono-ortho IUPAC congeners PCB-105, PCB- 
114, PCB-118, PCB-123, PCB-1 $6, PCB-157, PCB-167, 
and PCB-189) is NMT 10.0 pg/g of WHO toxic 
equivalents. 

* Microbial Enumeration Tests (2021): The total aerobic 
microbial count does not exteed 10 3 tfu/g, and the 
combined molds and yeasts count does not exceed 10 2 
cfu/g. 

* Absence OF Specifjed Microorganisms (2022): Meet the 

requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

SPECIFIC TESTS 

* ASTAXANTHIN ESTERIFICATION 

Standard sołution A: lOmg/mL of USP AstaxanthŚn Es¬ 
ters from Hoematoooccus płuviołis RS in acetone 
Standard sołution B: 10 mg/mL of USP Astaxanthin 
(Synthetic) RS in acetone 

Sample sołution: Using the portion of otl from NLT 10 
Capsules, prepare a sołution of 250 mg/mL in acetone. 
Chromatographrc system 
(See Chromatograpny (621), Thin-Layer Chromoto- 
graphy.) 

Modę: TLC 

Adsorbent: 0.25-mm layer of chromatographlc silica 
gei, [NOTĘ—Dry silica gei at 110° for 1 h before use.] 
Application volume: 5 pL 

Developing solvent system: Hexane and acetone 
(70:30) 

Analysis 

Samples: Standard sołution A f 5 ton dard sołution 8, and 
Somple sołution 

Develop the chrom a to gram in the Developmg solvent 
system until the solvent front has moveo about 15 cm 
of the length of the piąte. Remove the piąte from the 
cham ber, and allow to dry. 

Acceptance criteria: The prlndpal spot of Standard so¬ 
łution B f located in the bottom half of the piąte, is free 


astaxanthin. The Sample sołution may exhibit a light, 
minor spot in the same location. The principal spots of 
Standard sołution A are from monoesters (primary spot, 
located sllghtly above the middle of the piąte) and dies- 
ters (secondary spot, located in the top third of the 
piąte), The principal spot of the Sample sołution should 
correspond in color and R f value to the diester spot of 
Standard sołution A. The secondary spot of the Somple 
sołution should correspond tn color and approximate!y 
the same value to the monoester spot ot Standard 
sołution A. [Notę— Slight differences tn R f values within 
monoester spots and within diester spots may exist be- 
cause of different intensitres,] 

• Fats and Fixed Oils, Peroxide Vałue (401): NMT 5.0 mEq 
peroxide/kg 

ADDITIONAL REQUJREMENTS 

• PACKAGING and Storage: Preserve in tight containers, 
and storę at room temperaturę. Pro te et from light. 

* Iabeling: The label States the amount of docosahexae- 

noic acid (DHA), eicosapentaenoic add (EPA), total 
phosphollpids, and astaxanthin. 

* USP Reference Standards (11) 

USP Astaxanthln Esters from Haemotococcus płuvialis RS 

USP Astaxanthin (Synthetic) RS 

USP Docosahexaenoic Acid Ethyi Ester RS 

USP Eicosapentaenoic Acid Ethyl Ester RS 

USP Krill Oii RS 

USP Methyl Tricosanoate RS 


Krill Oil Delayed-Release Capsules 

OEFINITION 

Krill Oil Delayed-Release Capsules contain NLT 95.0% and 
NMT 105.0% of the labeled amount of Krili Oil where 
Krill Oil is the fixed oil extracted from Antarctic krill 
(Euphausia superba Dana) biomass by using a suitable ex- 
traction solvent. 

IDENTIFICATION 
* A. Fatty Acid Profile 

Antioxidant sołution. System suitability sołution 1, 
and Chromatographic system: Proceed as directed in 
Fats and Fixed Oils (401), Omega-3 Fatty Acids De term J 
nathn and Profile . 

Standard sołution: Proceed as directed for fet Sołution 

1 in Fats and Fixed Oils (401), Omega-3 Fatty Acids De- 
lerminatton and Profile, except use 250 mg of USP Krill 
Oil RS. 

Sample sołution: Using the portion of oil from NLT 10 
Capsules, proceed as directed for Test Sołution 1 in Fats 
and Fixed Oils (401), Omega-3 Fatty Acids Determination 
and Profile. 

System suitability 

Samples: System suitability sołution 7 and Standard 
sołution 

Suitability reguirements 

Chromatogram srmilarity: The chromatogram ob- 
tained from the Standard sołution is similar to the ref¬ 
erence chromatogram provided with the lot of USP 
Krill Oil RS being used. 

Resolutlon: NLT 1.0 between the methyl oleate and 
methyl ds-vaccinate peaks. Standard sołution 
Theoretical area percentages: Meets the reguire- 
ments for System suitabifity sołution 1 
Analysis 

Sample: Sample sołution 

Identify the retention tlmes of the relevant fatty acid 
methyl esters in the Sample sołution by comparing the 
chromatogram of the Sample sołution with that of the 
Standard sołution and the USP reference 
chromatogram. 
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Calcu la te the area percentage for each fatty acid as 
methyl esters in the portion of oil taken from the 
Capsules: 

Resuit - (rVr fl ) x 100 

Ta - peak area of each individual fatty acid from 
the Sample solution 

r& - tota! area of all peaks, except the so!vent and 
butylated hydroxytoluene peaks, from the 
Sample solution 

Acceptance criteria: See Tobie 7. 


Table 1 


Fattv Acid 

Short- 

hand 

Notatlon 

Lower 

Limit 

fArea 

Upper 

Limit 

(Area °/o> 

Monounsaturated 
fattv adds 




PalmiLoleic acid 

16:1 rv7 

2.5 

9.0 

ds Wacce nic acid 

16:1 n-7 

4 J 

7.0 

Oleić acid 

18:1 n-9 

7.0 

14.5 

Eicosenic acid 

20:1 n-9 

0.1 

1,2 

Erucic add 

22 A n-9 

0.0 

0.9 

Polyunsaturated fatty 
adds 




Lin oleić acid 

18:2 n-6 

1.4 

3.0 

a-Linolenic add 

18:3 n-3 

0.5 

3.5 

Moroctic add 

18:^1 n-3 

1,8 

7.2 

Eicosanentaerioic acid 

20:5 n-3 

14.0 

22.1 

Docosaoentaenoic acid 

22:5 n-3 

0.0 

0,7 

Docosahexaenoic acid 

22:6 n-3 

7.5 

13.2 


• 0- Phospholiped Profile 

Solution A, Linę shape standard OH), Sensitiyity stan¬ 
dard 0H) # Sensitiyity standard ( 31 P), Interna! stan¬ 
dard, Sample solution, Standard solution, Instrumen- 
tal conditions. System suitability, and Analysis: 
Proceed as directed in the test for Content of Total 
Phosphofipids in Strength* 

Acceptance criteria: The Somple solution contains all of 
the following phosphofipids: phosphatidylcholine 
(60%-90% [w/w] of the total phospholipids content), 
lysophosphatidylcholfne (as a mixture of 1-lysophospha- 
tidylchoHne and 2-lysophosphatidylcholine), and 
phosphatidylethanoJamine. 

STRENGTH 

• Content of Krill Oil: Weigh NLT 10 Capsules in a tared 
weighing bottle, and carefully open the Capsules, with- 
outloss of shell materiał Transfer the comoined Capsule 
contents to a 100-mL beaker. Remove any adhering sub- 
stance from the emptied Capsules by washing with sev- 
eral smali portions of 2,2,4-trimethyfpentane. Discard the 
washings, and aliow the empty Capsules to dry in a cur- 
rent of dry air until the 2,2,4-trimethyfpentane is conv 
pEetely evaporated. Weigh the empty Capsules in the 
onginal tared weighing bottle, and calculate the average 
net weight per Capsule- 

Acceptance criteria: 95.Q%-105.0% 

• Content of EPA and DHA 

Standard solution la, Standard solution Ib, Standard 
solution 2a, Standard solution 2b, System suitability 
solution 1, and Chromatographic system: Proceed as 
directed in Fats and Fixed Oils (401), Omego-3 Fatty 
Acids Determination and Profile. 

Test solution 1: Using the portion of 250 mq of oil 
from NLT 10 Capsules, proceed as directed for Test So¬ 
lution J En Fats and Fixed Oils (401), Omega-3 Fatty Acids 
Determination and Profile. 

Test solution 2: Using the portion of 250 mg of oil 
from NLT 10 Capsules, proceed as directed for Test So¬ 


lution 2 in Fats and Fixed Oils <401), Omega-3 Fatty Acids 
Determination and Profile. 

Analysis: Proceed as directed for Analysis (for triglycer - 
ides) in Fats and Fixed Oils (401), Omega-3 Fatty Acids 
Determination and Profile . 

Calculate the percentage of EPA and DHA in the portion 
of oil taken from the Capsules. 

Acceptance criteria; NLT 10.0% (w/w) of EPA and NLT 
5.0% (w/w) of DHA 
Content of Total Phospholipids 
(See Nudear Magnetic Resonance Spectroscopy (761), 
Qualitative and Quantitative NMR Analysis ). 

[Notę —All deuterated sofvents used in this met Kod 
should be NLT 99.8 atom % D. Whenever water is used 
in this method, it should be of sufficient quality to en- 
sure that no tracę metals or other contaminants that 
may affeet the analysis are present.] 

Solution A: 0.2 M EDTA aajusted with a 1 M cestum 
carbonate solution to a pH of 72-7.5. Document the 
finał pH and the amouni of 1 M cesiu m carbonate solu¬ 
tion necessary to attain the desired pH. [NOTĘ—Use ce- 
sium carbonate of a sufficient grade for tracę metals 
analysis.] 

Linę shape standard ( T H): 1% chloroform in acetone- 
d$ 

Sensitiyity standard (1H): 0.1% ethyibenzene in chlo- 
roform-d 

Sensitiyity standard ( 3, P): 0.0485 M triphenyl phos- 
phate in acetone-d* 

Internal standard: Use triphenyl phosphate NMR refer- 
enee standard with NLT 99% punty, 

Sample solution; [NOTĘ—NMR sotvents containing tet- 
ramethylsilane (TM5) are readily avaiiab!e. If the sol- 
vents used do not eon tai n IMS, it must be addecl to 
the Sample solution at an approximate concentration of 
0,05% (v/v) for use as a Chemical shjft scalę reference.J 
Transfer the portion of 300-350 mg of oil from NLT 10 
Capsules to a 5-mL sealable glass viaL Add 25.0 mg of 
th e Internal standord to the viaL Add 1 mL each of 
deuterated chloroform (chloroform-d) and deuterated 
methanol (methanol-d-i) of a grade suitable for NMR 
analysis to the vial to dissolve the sample. Onee disso- 
lution is compiete, add 1 mL of Solution A, seal the 
vial, and shake the solution for 10-20 min, then cen* 
tri Fugę the contents of the vial. Transfer the lower or¬ 
ganie phase to an appropriate NMR tubę. It is critical 
to coliect the en tire organie phase and transfer it to 
the NMR tubę. It may be unavoidable to also transfer 
smali amounls of the agueous phase when collecting 
the organie phase in the NMR tubę. This is an accept- 
able practice, so Jong as the aqueous phase remains 
completefy separated and atop the organie phase in 
the NMR tubę. The en tire amount of aqueous phase 
must be above the probe'5 radio freaueney (RF) coil 
(outside the analysis area of the tubę). Should the or¬ 
ganie phase contain undissolyed matenals, they must 
remain suspended at the aqueous-organic interface 
and be outside the analysis area of the tubę as well. 

The organie phase must be free of bubbles and sus¬ 
pended materials that may interfere with NMR data 
acąuisifion. 

Standard solution: Prepare as directed in the Sample 
solution , except use 300-350 mg of USP Krill Oil RS, 
Instrumental conditions 

(See Nudear Magnetic Resonance Spectroscopy (761),) 
Magnetic field strength: NLT 300 MHz for r H 
frequency 

Probe: Direct observe probe capable of tuning to the 
resonance frequency or 31 P (dependent on the spedfic 
magnetic field strength used) 

Instrument performance qualificatron 
[Notę— Testing for sensitiyity and linę shape should be 
performed on the interyal specified by the manufac- 
turer of the instrument used. Performing these tests on 
a minimum of a monthly basis is reguired for this 
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method, but it may be done morę often, as required, 
Resolution testing is to be performed during each 
analysis and documented as a part of the analyticaf 
resufts.] 

*H Linę shape test: Using the Linę shape standard 
OH) and the protocol retommended by the instru¬ 
ment manufacturer, the instrument must achieve the 
linę shape specifications for the probe in use, as re- 
quired by the instrument manufacturer. [Notę—A dif- 
ferent standard solution nnay be required or retom- 
mended by the manufacturer of the instrument; 1% 
chloroform in acetone-d* is most commonly used.] 

*H Sensftivity test: Using the Sensitivity standard CH) 
and the protocol recommended by the instrument 
manufacturer, the instrument must adiieve the senst- 
tivity specifications reguired by the instrument manu¬ 
facturer. [Notę—A different standard solution may be 
reguired or recommended by the manufacturer of 
the instrument; 0.1% ethylbenzene in thloroform-d is 
most commonly usedj 

3, P Sensitivity test: Using the Sensitiyity standard 
( ll P) and the protocol recommended by the instru¬ 
ment manufacturer, the instrument must achieve the 
sensitivity specifications reguired by the instrument 
manufacturer. [Notę—A different standard solution 
may be required or recommended by the manufac¬ 
turer of the instrument; 0.0485 M triphenyl phos- 
phate in acetone-d* is most commonly used,] 

'H Resolution test: The resolution is demonstrated 
by the abllity to detect both of the 3 *Si sateliite sig- 
nals of TMS, The satellites must be resolved from the 
TMS signal in the spectrum with a line-broadentng 
factor of NMT 0.5 ppm. 

31 P Resolution test: The resolution is demonstrated 
using the phosphatidylcholine ether peak and the 
phosphatidylcholine peak. The separation of these 
peaks (with a line-broadening factor of 1.0) must be 
demonstrated as folłows. Using the baseline as a ref- 
erence, determine the total peak height of the 
phosphatidylcholine ether peak, and draw a linę at 
30% of that total peak height (intensity). The 
phosphatidylcholine ether peak and the neighboring 
phosphatidylcholine peak must be fu Iły resolWd at a 
point that is NMT 30% of the peak height of the 
phosphatidylcholine ether peak, 

Data collection: Use the parameters specified in Tobie 
2, Use 90 degree pufses, and calibrate puises before 
use according to the recommendations supplied by 
the instrument manufacturer. 


Table 2 


Param eter 

NMR 

Quarititative 

Measurement 

■H NMR 
QŁtalitative 
Measurement 

Pulse 

oroaram 

^-decauDted J, P 

Sinple pulse T H 

Spectra! 

widlh 

50 ppm (25 to -25 
ppm) 

20 ppm (-3 to 1 7 ppm) 

Transmitter 

offset 

Center of spectra 1 width, 

0 ppm 

Center of spectra! width, 
Z ppm 

ReJaxation 

delav 

2-5 s 

2-5 s 

Acquisition 

Urnę 

1-6 s 

1-6 s 

Sum of 
relaaation 
delay and 
acquisiUori 
time 

NLT 15 s 

NLT 15 s 

Size of data 
set 

NLT 64k (32k with zero- 
fili inq) 

NLT 64k (32k with zero- 
fllllnq) 


[Notę—T he acquisition time is dependent upon the 
field strength and the time domain. The number of 
seans acouired using a 300-MHz instrument must be 
NLT 512/] 

System suitability: Under the conditions outlined in 
Data collection, the 31 P NMR signal of triphenyl phos- 
phate should be observed at -17.80 ppm, and the 'H 
NMR spectrum should be referenced to the 'H signal of 
TMS (0 ppm) for all spectra acqutred in the Analysis. For 
quantitative analysis, a sufftcient number of seans 
should be acguired such that the signal-to-noise ratio 
for the phosphatidylcholine signal in the 31 P spectrum 
of the Sampie solution acquired in the Analysis es NLT 
2000 . 

Analysis: Acąuire the data outfined in Dato collection . 
Minimally acquire the ł H spectrum (fingerprint) of the 
Sampie solution and the Standard solution as weli as the 
quantitative spectrum of the Sampie solution and the 
Standard solution . Record the resulting spectra, and per- 
form integration by hand or automated means on the 
uantitative 35 P NMR spectrum of the Sampie solution . 
he integration of the peaks in the spectrum of the 
Sampie solution must be performed such that the conv 
plete set of phospholipid peaks (as identified by a com- 
parison to the spectrum of the Standard solution and 
the Standard solution reference spectrum) is included in 
the integration. The integration region for each signal 
must extend ±0.05 ppm on either side of the 31 P signal, 
Quantify the total phospholipids present, the phospha¬ 
tidylcholine ether content, and the phosphatidylcholine 
content in the Sampie solution by using a comparison to 
the concentration of the Internat standard. 

Compare the spectrum of the Sampie solution to that 
of tne Standard solution to determine the similarity of 
fingerprints according to whieh phosphoiipids identi- 
fiea in the reference spectrum of the Standard solution 
are present in the spectrum of the Sampie solution, 
Acceptance criteria 

Total phospholipids: 28%-52% (w/w) 
Phosphatraylcholine: 60%-90% (w/w) of the totaf 
phospholipids content 

* Content of Astaxanthin 

[Notę—P erform this analysis in subdued light using Iow- 
actinic glassware.] 

Sampie solution: Q,005 g/mL in chloroform using the 
portion of oil from NLT 10 Capsules. [Notę—I f the solu¬ 
tion is not elear, centrifuge it with an appropriate cen- 
trifuge to obtain a elear supernatant,] 

Jnstrumental conditions 
(See UItraviolet-VisibIe Spectroscopy (857).) 

Analytical wavelength: 486 nm 
Celi path: 1 cm 
Blank: Chloroform 
Analysis 

Sampie: Sampie solution 

Calcutate the percentage of astaxanthin in the portion 
of oil taken from the Capsules: 

Result = A/(Fx q 

A - absorbance of the Sampie solution 
F = coefficient of extlnction (E ]% ) of pure 

astaxanthin in chloroform (100 mL ■ g j| ■ 
cm- 1 ). 1692 

C - concentration of the 5omp/e solution (g/mL) 
Acceptance criteria: NLT 0,01% 

PERFORMANCE TEST5 

* Disinthgration and Dissolution (2040): Meet the re- 
guirements for Disintegration, Delayed-release (enteric- 
coated) soft shell capsules 

* Wejght Variation of Dietary Supplements (2091): Meet 

the requirements 
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CONTAMINANT5 

e Limit of Bjoxins, Furans, and Polychlorinated 

BlPHENYLS 

Analysis: Determine the content of polychlorinated 
dihenzo-para-dioxins (PCDDs) and polychlorinated 
dibenzofurans (PCDFs) by Method 1 61 3, Revision B, of 
the £nvironmental Protectćon Agency, Determine the 
content of polychlorinated biphenyis (PCBs) by Method 
1668, Revision A, of the Environmental Protection 
Agency, 

Acceptance criteria: The sum of PCDDs and PCDFs is 
NMT 2.0 pg/g of World Health Organization (WHO) 
toxic equlvalents. The sum of PCDDs, PCDFs, and db 
oxin-like PCBs (polychlorinated biphenyis; nomortho 
IUPAC congeners PCB-77, PCB-81, PCB-126, and PCB- 
169; and mono-ortho IUPAC congeners PCB-105, PCB- 
114, PCB-118, PCB“123, PCB-156, PCB-157, PCB-167, 
and PCB-1 89) is NMT 1 0.0 pg/g of WHO toxlc 
equivalents, 

* Microbial Enumeration Tests (2021): The total aeroblc 

microbial count does not exceed 10 3 cfu/g, and the 
combined molds and yeasts count does not exceed ^0 i 
cfu/g. 

» Absence of Sfecified MUcroorganisms (2022): Meet the 
reguirements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

SPEOFIC TESTS 
a Astakanthin Esterification 

Standard solution A: 1 0 mg/mL of USP Astaxanthin Es- 
ters from Haematococcus pluviaiis RS in acetone 
Standard solution B: 10 mg/mL of USP Astaxanthin 
(Synthetic) RS in acetone 

Sample solution: Using the portion of oil from NLT 10 
Capsules, prepare a solution of 250 mg/mL in acetone. 
Chromatographic system 
(See Chromatogropny (62 1 ), Thin-Layer Chromofo- 
graphy,) 

Modę: TLC 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel. [Notę —Dry silica gel at 110° for 1 h before use*] 

Application volume: 5 pL 

Developing solvent system: Hexane and acetone 
(70:30) 

Analysis 

SampEes: Standard solution A, Standard solution fi, and 
Sample solution 

Devefop the chromatogram In the Developing soivent 
system until the solyent front has moved about 15 cm 
of the length of the piąte. Remove the piąte from the 
cham ber, and aflow to dry. 

Acceptance criteria: The principal spot of Standard so¬ 
lution 6, located in the bottom half of the piąte, is free 
astaxanthin. The Sample solution may exhibrt a light, 
minor spot in the same location. The principal spots of 
Standard solution A are from monoesters (primary spot, 
located slightly above the mlddle of the piąte) and dies- 
ters (secondary spot, located in the top third of the 
piąte). The principal spot of the Sample soiution should 
correspond in color and Rf value to the dlester spot of 
Standard solution A. The secondary spot of the Sample 
solution should correspond In coior and approximately 
the same R F va lue to the monoester spot of Standard 
solution 4. [Notę —Slight differences in Rf values within 
monoester spots and within diester spots may exist be- 
cause of different intensities.] 

* FATS ANO FlXED Oils, Peroxide Value ( 401): NMT 5.0 mEq 

peroxide/kg 

ADDITłONAL REQUgR£MENT$ 

® Packaging and Storage: Presen/e in tight containers, 
and storę at room temperaturę. Protect from light 

* Labeling: The fabel States the amount of docosahexae- 

noic acid (DHA), eicosapentaenoic acid (EPA), totaF 
phospholipfds, and astaxanthin. 


O USP Reference Stamdards {11) 

USP Astaxanthin Esters from Haematococcus pluvialis RS 

USP Astaxanthin (SynLhetic) RS 

USP Docosahexaenoic Acid Ethyl Ester RS 

USP Eicosapentaenoic Acid Ethyl Ester RS 

USP Krill Oil RS 

USP Methy! Tricosanoate R$ 


Leucine —see Leucine General Monographs 


Levocarnitine — see Levocarnitine General 
Monographs 


Levocamitine Orał Soiution— see 

Levocarnitine Orał Solution General 
Monographs 


Levocarnitine Tablets — see Levocarnitine 
Tablets General Monographs 


Licorice 


DEFINITION 

Licorice consists of the roots, rhizomes, and stolons of G lyc- 
yrrhiza glabra L. or G lycyrrhiza uralensis Fish, ex DC, (Fam, 
Fabaceae). It contains NLT 2,5% of glycyrrhizic acid 
(C^Hć^Oió), calculated on the dried oasis. 

IDENTIFICATION 

a A. Thin-Layer Chromatographic Identification Test 

Standard soiution: 5 mg/mL of USP Glycyrrhizic Acid 
RS in a mfxture of alcohof and water (7:3) 

Sample soiution: 2 g of pulverized Licorice In 10 mL of 
a mrxture of alcohol and water (7:3). Heat by shaking 
on a water bath for 5 min, cool, and filter. 
Chromatographic system 
(See Chromatogropny (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel mixture (TLC piates) 

Application volume: 2 pL 

Developing soivent system: Butyl alcohol, glacial ace- 
tic acid, and water (7:1:2) 

Analysis 

Sam pies: Standard solution and Sample solution 
Develop the chromatogram in an unsaturated chamber 
to a length of 10 cm. Examine the piąte under 
254-nm light. 

Acceptance criteria: The chroma tog rams show a dark 
purple zonę, among other spots, due to glycyrrhizic 
acid at an Rf value of 0.4, 

COMPOSITION 

o Content of Glycyrrhizic Acid 

Diluent: Alcohol and water (1:1) 

Solution A: Dilute acetic acid (1:15) 

Mobile phase: Acetonitrile and Solution A (2:3) 
Standard solution: 0,25 mg/mL of USP Glycyrrhizic 
Acid RS in Diluent 

Sample solution: Transfer 500 mg of Licorice, reduced 
to a powder, to a suitable fiask. Add 70 mL of Diluent, 
shake for 15 min, centrifuge, and decant the superna- 
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tant into a 7 00-mL volumetric fiask, Mix the residue 
with 25 mL of Diluent, shake for 15 min, centrifuge, and 
add the supernatant to the yolumetric fiask. Dilute with 
Diluent to volume, and fil ter. 

Chromatographic system 
(See Chromotography (621), System SuitobiHtyJ) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 15-cm; packing LI 
Ftow ratę: 0.6 mL/min 
Injection yolume: 20 ]iL 
System suitability 
Sample: Standard solution 
Suitability requlrements 

Column efficiency: NLT 5000 theoretical pjates de- 
termined from glycyrrhizic acid 
Tailfng factor: NMT 2.0 for the glycyrrhizic acid peak 
Relative standard deviatlon: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calcu la te the percentage of glycyrrhizic add (CuH & -A ń ) 
in the portion of Licorice taken: 

Result - {ruin) x Q x (V/W) x 100 

r y = peak area of glycyrrhizic acid from the Sample 
solution 

n “ peak area of glycyrrhizic add from the 
Standard sokition 

Cs - concentration of U SR Glycyrrhizic Acid RS in 
the Standard solution (mg/mL) 

V - finał volume of the Sample solution (mL) 

W - weight of Licorice taken to prepare the Sample 

solution (mg) 

Acceptance criteria: NLT 2.5% on the dried basis 

CONTAM1NANT5 

* Articles of Botanical Orion, Limits of Elemental Impuri- 

ties <561); Meets the requtrements 

* Articles of Botanical Orion, Pestidde Residue Analysis 
<561): Meets the reąuirements 

SPECIFIC TESTS 

* Botanical Characteristics 

Macroscopic: The terrestnal stem is nearly cylmdrical, 
0.5-3.0 cm in diameter, and over 1 m in length; it ts 
extemalfy dark brown to red-brown and longitudinally 
wnnlded. It often has lenticefs, smali buds, and scaly 
leaves. The transverse section reveals a rather elear bor* * 
der between the phloem and the xylem, and a radia! 
structŁire that often has radiating splits. 

Microscopk: The transver$e section reveals several yel- 
low-brown cork layers, and a layer of phelloderm that is 
1-3 cells thick. The cortex exhibfts meduflary rays, and 
obliterated sieve portions radiate alternateiy. The 
phloem exhibits groups of phloem fibers, which are sur- 
rounded by crystal cells, with thick but incompletely lig- 
nified walls. The vessels are accompanied by xylem fi¬ 
bers, which are surrounded by crystal cells, and by 
xylem parenchyma cells. The parenehyma cells contain 
starch grains, and often contain single crystals of cal- 
cium oxalate. 

* Articles of Botanical Orion, Foreign Organie Matter 
{$61): NMT 2.0% 

* Articles of Botanical Oricin, Alcohof-Soluble Extractives , 

Method 2 <561): NLT 25,0% 

* Loss on Drying (737): Dry a sample at 105° for 6 h; it 
loses NMT 12.0% of its weight. 

* Articles of Botanical OmctN, Total Ash <561): NMT 

7.0% 

* Articles of Botanical Oricin, Adddnsoluble Ash <561): 

NMT 2.0% 

ADDITIONAL REQUIREW3ENTS 

* Packaging ano Storage; Preserve In well-dosed contain- 
ers. Storę in a cool, dry place. 


• Labeling: The label States the Latin binomial and, follow- 
ing the official name, the part of the plant contained in 
the artide. 

* U5P Reference Standard* <11) 

USP Glycyrrhizic Acid RS 


Powdered Licorice 


DEFINITION 

Powdered Licorice is licorice reduced to a fine or very fine 
powder. It contatns NLT 2.5% of glycyrrhizic acid 
(CłiHfiiOifi), calculated on the dried basis. 

IDENTIFICATION 

* A. Thin Layer Chromatographic Identification Test 

Standard solution: 5 mg/mL of USP Glycyrrhizic Add 
RS in a mixture of alcohol and water (7:3) 

Sample solution: 2 g of Powdered Licorice in 10 ml of 
a mixture of alcohol and water (7:3). Heat by shaking 
on a water bath for 5 min, cool, and fifter. 

Chromatographic system 
(See Chromotography (621), Th in-Layer Chromoto¬ 
graphy.) 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel mixture (TLC plates) 

Application yolume: 2 pL 

Developing solyent system: Butyl alcohol, glaria! ace- 
tfc acid, and water (7:1:2) 

Analysis 

Samples: Standard solution and Sample solution 
Deve!op the chromatogram in an unsaturated chamber 
to a length of 10 cm. Examine the piąte under 
254-nm light. 

Acceptance criteria: The chromatograms show a dark 
purpfe zonę, among other spots, due to glycyrrhizic 
acid at an Rf value of 0.4. 

COMPOSmON 

* Content of Glycyrrhizic Acid 

Difuent: Alcohol and water (1:1) 

Solution A: Dilute acetic acid (1:15) 

Mobile phase: Acetonilrile and Solution A (2:3) 
Standard solution: 0.25 mg/mL of USP Glycyrrhizic 
Add RS in Diluent 

Sample solution: Transfer 500 mg of Powdered Licorice 
to a suitable fiask. Add 70 ml of Diluent , shake for 15 
min, centnfuge, and decant the supernatant into a 
100-mL volumetric fiask. Mix the residue with 25 mL of 
Diluent, shake for 15 min, centrifuge, and add the su- 
pematant to the volumetric fiask. Dilute with Diluent to 
volume, and filter. 

Chromatographic system 
(See Chromotography <621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 15-cm; packing LI 
Flow ratę: O.ó mL/min 
injection volume: 20 pL 
System suitability 
Sample: Standord solution 
Suitability reguirements 

Column efficiency: NLT 5000 theoretical plates de- 
termined from glycyrrhizic add 
Taflrng factor: NMT 2,0 for the glycyrrhizic add peak 
Relatwe standard deviatron: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of glycyrrhizic add {C ł2 H ó2 0t 6 ) 
in the portion of Powdered Licorice taken: 

Result - (r u /n) x C s x (V/W) x 1 00 
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r u - peak area of glycyrrhizic add from the Sample 
solution 

n - peak area of glycyrrhizic add from the 
Standard solution 

C 5 - concentration of USP Glycyrrhizic Acid RS in 

the Standard solution (mg/ml) 

V - finał volume of the Sampfe solution (mL) 

W - weight of Powdered Licorice taken to prepare 
the Sample solution (mg) 

Acceptance criteria: NLT 2,5% on the dried basis 

CONTAMINANTS 

■ Articles of Bota ni cal Om gin, Limits of Eiemental Impuri- 
ties (561): Meets the requlrements 
o Articles of Botanical Origin, Pesticide Residue Analysis 
{561): Meets the requirements 

5PECIFIC TE5T5 

• Botanical Characteristics 

Macroscoptc: Light yellow-brown powder with slight 
odor and sweet taste 

Microscopic: Powdered Licorice revea!s parenchyma 
cdls containing starch grains and solltary crystals of cal- 
cium oxaiate, parenchyma celi fragmenty cork tissue, 
yellow sclerenchymatous fiber bundles that are accom- 
panied by crystal celi rows, and vessels with reticulate 
and scalariform pits. 

* Articles of Botanical Origin, Foreign Organie Matter 

(561): NMT 2.0% 

® Articles of Botanical Origin, AlcohohSoluble Extractives / 
Method 2 (561): NLT 25,0% 

# Loss ON DRYING (731): Dry a sample at 105° for 6 h; it 

loses NMT 12,0% of its weight. 

• Articles of Botanical Origin, Total Ash (561): NMT 

7.0% 

• Articles of Botanical Origin, Add-lnsoluble Ash (561): 

NMT 2,0% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Storę in welhclosed contalners 
in a cool, dry place, 

* Labeling: The la bel States the Latin binomia! and, follow- 
ing the official name, the part of the plant contained in 
the artlcle, 

® USP Reference Standards (11) 

USP Glycyrrhizic Acid RS 


Powdered Licorice Extracf 


DEFINmON 

Powdered Licorice Extract is prepared from comminuted Lic¬ 
orice extracted with water or suitable solvents such as al¬ 
cohol, water, or mixtures of these solvents. The ratio of 
the cmde plant materia! to Powdered Extract rs between 
5;1 and 7:1. It contains NLT 6 . 0 % of glycyrrhizic acid 
(C 42 H 62 O i fi), calculated on the dried basis, 

IDENTIFICATION 

* A, Thin-Layer Chromatographic Identification Test 

Standard solution: 5 mg/mL of USP Glycyrrhizic Acid 

RS in a mixture of alcohol and water (7:3) 

Sample solution: 60 mg/mL of Powdered Licorice Ex- 

tract, in a mixture of alcohol and water ( 1 : 1 ) 
Chromatographic system 

(See Chromatograpny (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: 0,25-mm layer of chromatographic silica 
gel mixture 

Application volume: 2 pL 

Developing solvent system: Butyl alcohol, gfacial ace- 
tic add, and water (7:1:2) 


Analysis 

Samples: Standard solution and Sample solution 
Develop the chromatogram in an unsaturated cha ro¬ 
ber to a length of 10 cm, Examine the piąte under 
254-nm light, 

Acceptance criteria: The diromatograms show a dark 
purple zonę, among other spots, due to glycyrrhizic 
add at an R f value of 0,4. 

COMPOS1TION 

* CONTENT OF ClYCYRRHlZIC ACID 

Diluent: Alcohol and water (1:1) 

Solution A: Diluted acetlc add (1 In 15) 

Mobile phase: Acetonltrile and Solution 4 (2:3) 
Standard solution: 0,25 mg/mL of USP Glycyrrhizic 
Acid RS in Diluent 

Sample solution: Transfer 150 mg of Powdered Licorice 
Extract to a fiask. Add 25 mL of Diluent heat at 50° for 
30 min, cool, centrifuge, and decant the supernatant 
fnto a 100-mL volumetric fiask. Mix the residue with 
20 mL of Diluent , repeat the above procedurę, and di- 
lute with Diluent to volume. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4 , 6 -mm x 1 5-cm; packfng LI 
Flow ratę: 0.6 mL/min 
Injection size: 20 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 

Column efficiency: NLT 5000 theoretlca! plates 

Taifing factor: NMT 2,0 

Reiative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of glycyrrhizic acid (C 42 HG 2 O 16 ) 
In the portion of Powdered Licorice Extract taken: 

Result = (ru/r s ) x C$x{V/W} x 100 

r v = peak area for glycyrrhizic acid from the Sampfe 
solution 

rs = peak area for glycyrrhizic add from the 
Standard solution 

Cs - concentration of USP Glycyrrhizic Add RS In 
the Standard solution (mg/mL) 

V - volume of Sample solution , 100 mL 
W = weight of Powdered Licorice Extract taken to 
prepare the Sample solution (mg) 

Acceptance criteria: NLT 6.0% on the dried basis 

CONTAMINANTS 


Delete the fotlowing: 

Heavy Metals, Method III (231): NMT 30pg/g« 

fan -201 B) 

* Articles of Botanical Origin, Pesticide Residues (561): 

Meets the reguirements 

5PECIFIC TEST5 

4 Loss ON Drying (731): Dry a sample at 1 05° for 6 h: It 
loses NMT 10.0% of its weight. 

® Articles of Botanical Origin, Total Ash (561): NMT 

12 . 0 % 

ADDITIONAL REQUJREMENTS 

* Packaginc and Storage: Preserve in tight containers, 
protected from light. 

■ Labeling: The tabei States the Lattn binomlal and, follow- 
ing the official name, the part of the plant from which 
the article was derlved. The labę! also indicates the con- 
tent of glycyrrhizic acid, the extractlng solvent or solvent 
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mixture used for preparation, and the ratfo of the start- 
ing materiał to finał product, The label bears a statement 
inaicating that w Excessive amounts or long-term use of 
Licorice may cause high blood pressure or Iow potas- 
sium, which have been associated with irregular heart- 
beat and/or muscle weakness. Licorice may worsen the 
effects of congestive heart failure, drrhosis, or kidney fail- 
ure. Diuretic use may intrease the risk. If you are preg- 
nant or nursing a baby, seek the advice of a healtn Pro¬ 
fessional before using this product. 1 " It meets the 
reguł rements in Botankal Extrocts (565), Lobeiing. 

* OSP Referenci Standard* * {11} 

USP Glycyrrhizic Acid RS 


Licorice Fluidextract —see Licorice 
Fluidextract NF 


Ground Limestone 


DEFINITION 

Ground Limestone is a fine, white to off-white, microcrystal- 
line powder mainJy consisting of calcium carbonate* It is 
obtained by crushfng, grinding, and classifying naturafly 
occurring limestone, benefited by flotation and/or air clas- 
sification. After drying at 200° for 4 h, it contains NLT 
94*0% and NMT 100.5% of caldum carbonate (CaCOs)* 

IDENTIFICATION 

* A. IDENTIFICATION TESTS—GENERAL, Caldum (191) 

Analysis: Add acetic acid to the Ground Limstone, and 
botl the resulting soiution. 

Acceptance criteria: The soiution produces efferves- 
cence (presence of carbonate) after the addition of ace- 
tic acid* After bofling, it meets the reguirements in the 
chapter. 

i B. Acid-Insoluble Substances: It meets the reguirements 
rn the test for Acid-lnsofuble Substances * 

ASSAY 

• Procedurę 

Sam ple: 200 mg of Ground Limestone, previously dried 
at 200° for 4 h ’ 

Blank: Proceed as dłrected in the Analysis, except omit 
the test spedmen. 

Titrimetric system 
(See Titrimetry (541}*) 

Modę: Direct titration 

Titrant: 0*05 M edetate disodium VS 

Endpoint detection: Visual 

Analysis: Transfer the Sample to a 250-mL beaker. Mois- 
ten thoroughly with a few mL of water, and add, drop- 
wisą sufficient 3 N hydrochloric acid to dissolve. Add 
100 mL of water, 15 mL of 1 N sodrum hydroxide, and 
300 mg of hydroxy naphthol bfue, and titrate with the 
77/ranf until the soiution is a distinct blue colon Perform 
a Blank determination. 

Calculate the percentage of calcium carbonate (CaCOj) 
in the Sample taken: 

Result ^ {[(V s ~V b )xMx FJ/WJ x 100 

V$ = Titrant volume consumed by the Sample (mL) 

V& = Titrant volume consumed by the Blank (mL) 

M ~ actual moiarity of the Titrant (mM/mL) 

F =* equivalency factor, 100.1 mg/mM 

W - Sample weight (mg) 


Acceptance criteria: 94*0%-l 00*5% 

IMPURITIES 

* Arsen ic, Method I (211) 

Test preparation: Slowly dissoIve 1 *0 g in 15 mL of hy- 
drochloric add, and dilute with water to 55 mL* 
Analysis: Proceed as directed in the chapter, except 
o mit the addition of 20 mL of 7 N sulfuric acid* 
Acceptance criteria: it meets the requirements in the 
chapter (NMT 3 ppm). 

* LeAD (251) 

Test preparation: Mix 1.0 g with 5 mL of water, sfowfy 
add 8 mL of 3 N hydrochloric acid, evaporate on a 
steam bath to dryness, and dissolve the residue in 5 mL 
of water* 

Acceptance criteria: NMT 3 ppm 

De/e te the foltowlng: 

*• heaw Metals (231) 

Test preparation: Mix 1.0 g with 5 mL of water, slowly 
add 8 mL of 3 N hydrochloric acid, and evaporate on a 
steam bath to dryness* Dissolve the residue in 20 mL of 
water, fiiter, and add water to the filtrate to make 
25 mL* 

Acceptance criteria: NMT 20 ppm# tomctf 

* Limit of Magnesium and Alkali Salts 

Sample: 1.0 g 

Analysis: Mix the Sampfe with 40 ml of water. CarefuJIy 
add 5 mL of hydrochloric acid, heat the soiution, and 
boli for 1 min. Rapidly add 40 mL of oxalic acid TS, and 
stlr vigorously until precipitation is welf estabfished. Add 
immediately to the warm mixturę 2 drops of methyl red 
TS and then 6 N ammonium hydroxide, dropwise, until 
the mixture is just alkafine* Cool to room temperatura* 
Transfer to a 100-mL graduated cylinder, dilute with 
water to 100 mL, mix, and allow to stand for 4 h or 
overnight. Fiiter, and to 50 mL of the elear filtrate in a 
platinum dish add 0*5 mL of sulfuric acid, and evapo- 
rate the mixture on a steam bath to a smali volume, 
Carefuily heat over a free flame to dryness, and ton- 
tinue heating to complete decomposition and volatiliza- 
tion of ammonium salts* Ignite the residue to constant 
weight. 

Acceptance criteria: NMT 3,5%* The weight of the res¬ 
idue is NMT 17*5 mg. 

® LIMIT OF FLUORIDE 

[Notę—P repare and storę all Solutions in plastic 
containers.] 

Buffer soiution: 294 mg/mL of sodium citrate dihy- 
drate in water 

Standard stock soiution: 1 *1052 mg/mL of USP So¬ 
dium Fluoride RS in water 

Standard soiution: Transfer 20*0 mL of Standard stock 
soiution to a 100-rnL volumetric fiask containing 
50.0 mL of Buffer soiution, dilute with water to volume, 
and mix. Each mL of Standard soiution contains 100pg 
of fluoride ion* 

Sample sofutlon: Transfer 2.0 g of Ground Limestone 
to a beaker containing a plastic-coated stirring bar. Add 
20 mL of water and 4.0 mL of hydrochloric acid, and 
stir until dissolved* Add 50.0 mL of Buffer soiution and 
sufficient water to make 100 mL, 

Eleetrode system: Use a fluoride-specifk ion-indicating 
efectrode and a sifver—sifver chforiae reference eleetrode 
connected to a pH meter capable of measuring poten- 
tials with a minimum reproducibility of ± 0*2 mv (see 
pH (791 »* 

Analysis 

Samples: Standard soiution and Sample soiution 
Standard response linę: Transfer 50.0 ml of Buffer so- 
lution and 4*0 mL of hydrochloric acid fo a beaker, and 
add water to make lOOmL. Add a plastic-coated stir¬ 
ring bar, insert the electrodes into the soiution, stir for 
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15 min, and read the potential, in mV, Continue stir- 
ring, and at 5-min intervals add 100, 100, 300, and 
500 ul of Standard solution, reading the potential 5 
min after each addition. Plot the logarithms of the cu- 
mulative fluoride ion concentrations {0.1, 0.2, 0.5, and 
1.0 pg/mL) versus potential, in mV. 

Rinse and dry the eiectrodes, insert them into the 
Sample solution , stir for 5 min, and read the potential, 
in mV. From the measured potential and the Stan¬ 
dard response linę determine the concentration, C (in 
lag/mL), of fluoride ion in the Sample solution . 
Cafculate the eontent of fluoride in the portion of 
Ground Umestone taken: 

Result = (C x V)/W 

C - concentration of fluoride ion, obtained from 
the Standard response line r in the Sample 
sofution (pg/mL) 

V = volume of the Sample solution (ml) 

W = weight of Ground Umestone taken to prepare 
the Sample solution (g) 

Acceptance criteria: NMT 50 ppm 

SPEGIFIC TEST5 

* AOD-lNSOLUBLE 5UBSTANCES 

Sample* 5.0 g 

Analysfsr MEx the Sample with 25 mL of water. Add 
25 mL of hydrochfonc acid, dropwise, with agitation, 
until it ceases to cause efferve$cence. Add water to 
make the mixture measure 200 mL, and filter. Wash the 
insoluble residue with water until the last washing 
shows no chloride, and ignite and weigh the residue. 
Acceptance criteria: 0.2 %-2.5%. The weight of the 
residue is between 10 and 125 mg. 

* Loss on Drying (731): Dry a sample at 200° for 4 h: it 

loses NMT 2.0% of its weight. 

ADPITfONAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-dosed 

containers. 

* USP Reference Standard* (11) 

USP S odium Fluoride RS 


Alpha Upoić Acid 



GHhOjSs 206.33 

Thioctic acid; 

1.2- Dithiolane-3-pentano[c add; 

1.2- Dithiolane-3-vaIeric add [1077-28-7]. 

DEFINITION 

Alpha Upoić Acid contains NLT 99,0% and NMT 101.0% of 
CBHi.łCbSz, calculated on the dhed basis. 

IDENTIFICATION 

* A. The retention Limę of the peak for alpha lipoic acid of 

the Sample solution corresponds to that of the Standard 
solution, as obtained in the Assoy. 

♦ B. INFRARED ABSORPTION (197K) 

AS5AY 

• Procedurę 

Buffer solution: 0.68 g/L of monobasic potassium 
phosphate 

Mobile phase: Methanol, Buffer sofution , and acetoni- 
triJe (58:46:9). Adiust with phosphoric acid solution 
(8.3 in 100) to a pH of 3.0-3.1, 


Standard sofution: 1.0 mg/mL of USP Alpha Lipoic 
Acid RS in Mobile phase 

Sample sofution; 1.0 mg/mL of Alpha Lipoic Acid in 
Mobile phase 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 215 nm 

Cofumn: 4.6-mm x 250-mm; packing LI 

Column temperaturę: 35° 

FIgw ratę: 1.2 mL/min 
Injection size: 20 fiL 
System suitability 
Sample: Standard solution 
Suitability requirements 

Column effkiency: NLT 10,000 theoretical plates 
Tailing factor: NMT 2.0 for the alpha lipoic acid 
peak 

Relative standard deviation: NMT 2.0% for alpha 
lipoic acid 
Analysts 

Samples: Standard solution and Sample soluthn 
Calculate the percentage of alpha lipoic acid 
(CsHmOjSj) in the portion of Alpha Upoić Acid taken: 

Result = (ruto) x (Q/Cy) x 100 

ru = peak response from the Sample solution 

r 5 = peak response from the Standard solution 

Cs = concentration of USP Alpha Lipoic Acid RS in 
the Standard solution (mg/mL) 

Cu - concentration of Alpha Lipoic Acid in the 
Sample solution (mg/mL) 

Acceptance criteria: 99.0%-101.0% on the dried basis 

IMPURITIES 

a RESIDUE ON Ignition (281): Less than 0.1% 

Delete the following: 

Heavy Metals, Method II (231): NMT 10 ppm* .oitrc^i u 

■ CHROMATOGRAPHIC PURfTY, PROCEDURĘ 1 

Buffer solution, Mobife phase. Standard solution, 
Sample solution, and Chromatographic system; Pro- 
ceed as directed in the Assoy. 

Diiuted standard solution: Drlute the Standard solution 
(1 in 1000) with Mobile phase . 

System suitability 
Sample: Dilutea standard solution 
Suitability reguirements 
Signaf-to-noise ratro: NLT 10 
Relative standard deviation: NMT 10.0% 

Anafysrs 

Sample: Sample solution 

Calculate the percentage of each impurity in the por¬ 
tion of Alpha Lipoic Add taken: 

Result = (rufri) x 100 

fu - peak response of each individuai impurity 
from the Sample solution 

rr = sum of the responses of all the peaks from the 
Sample solution 
Acceptance criteria 
lndividual impurities; NMT 0.1% 

Total impurities: NMT 2.0% 

• Chromatographic Purity, Procedurę z 
[Notę— Use Jow-actinic glassware.] 

Standard solution A: 40.0 mg/mL of USP Alpha Lipoic 
Add RS in dimethyiforrnamide 

Standard solution B: 20.0 mg/mL of USP Alpha Lipoic 
Acid RS in dimethyiformamide, prepared from the dilu- 
tion of Standard solution A 
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Standard solution C: 10,0 mg/mL of USP Alpha Upoić 
Acid RS in dimethyfformamide, prepared from the dilu- 
tion of Standard solution B 

Sam ple solution: 40.0 mg/mL of Al pha Upoić Add in 
dimethylformamide 
Chromatographic system 
(See Chromatography (621), Thin-Layer Chromato¬ 
graphy.) 

Modę: TLC 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel mixfure 

Application volume: 5 |iL 

Developing soivent system: n-Propyl altohol, ethyl 
acetate, water, and 25% ammonia water (40:40:10:5). 
Al Iow the chamber to become saturated for at least 1 
h* * 

lodine vapor-saturated chamber: Transfer 4 g of io- 
dine crystals to a smali watch glass, and place En a 
chromatographic chamber. Allow the chamber to be¬ 
come saturated for at least 2 h* 

Analysis 

Samples: Standard solution Ą Standard solution B f 
Standard solution C, and Sample solution 
Proceed as directed in the chapter, except to develop 
until the solvent front Has moved 10 cm. Remove the 
piąte, and allow to air-dry untif the ammonia disap- 
pears completely. Heat at 50° for 20 min, cool the 
piąte, and place in the lodine vapor~saturated chamber 
until the spots are visible. The Rr value for the alpha 
lipoic acid spot is G.25-0.30 and for the polymeric li- 
poic add spot is 0. 

Acceptance criteria: No spot other than the alpha fi- 
poić acid spot from the Sample solution is morę intense 
than the spot at = 0 from Standard solution A. 

SPEC!FIC TESTS 

* Melting Rangę or Temperaturę (741): 60.0°-62,0 <3 

* Optical Rdtation, Spedfic Rototion (781S) 

Sample solution: 50 mg/ml of Afpha Lipoic Add, in 
dehydrated alcohol 
Acceptance criteria: -1,0° to +1,0° 

* Loss ON Drying (731): Dry a sample in vacuum at 40° 
for 3 h: it loses NMT 0.2% of its weight. 

ADDITDONAL REQUIREMENTS 

* Packaging and Storage: Preserve in welhctosed 
containers. 

* USP Reference Standards (11) 

USP Alpha Lipoic Acid RS 


Alpha Lipoic Acid Capsules 

DEHNmON 

Alpha Lipoic Add Capsules contain NLT 90.0% and NMT 
115,0% of the labeled amount of ChHmOA. 

IDENTIFICATION 

* The retention time of the major peak of the Sample solu¬ 

tion corresponds to that of the Standard solution , as ob- 
tained in the test for Content of Alpha Lipoic Add. 

STRENGTH 

• Content of Alpha Lipoic Acid 

Mobile phase: 0.025 M phosphoric acid and acetoni- 
triie (62:38) 

Standard solution: 0*05 mg/mL of USP Alpha Lipoic 
Acid RS in acetonitrile and water (1:1) 

Sample solution A (for hard gelatin Capsules): Empty 
and mix thoroughly the contents of NLT 20 Capsules. 
Transfer a portion of the powder, equivalent to 100 mg 
of alpha lipoic acid, to a suitable Container. Add 70 mL 
of a mixture of acetonitrile and water (1:1), and shake 


for 45 min by mechanical means* Transfer to a 100-mL 
volumetric fiask, dilute with the mixture of acetonitrile 
and water (1:1) to voJume, and filter a portion of this 
preparation, discarding the first 5 mL of the filtra te. 
Transfer 5.0 mL of the remaining filtrate to a 100-mL 
volumetnc Fiask, and dilute with acetonitrile and water 
(1:1) to volume. 

Sample solution B (for soft gelatin Capsules): Using a 
suitable cutting instrument, open a number of Capsules 
equivalent to 500 mg of alpha lipoic acid from a 
counted number of opened Capsules. Transfer the con¬ 
tents and the shells to a suitable Container with stop- 
per, add 500*0 mL of a mixture of acetonitrile and 
water (1:1), and shake for 45 min by mechanical 
means. Filter a portion of this preparation, discarding 
the first 5 mL of the filtrate. Transfer 5.0 ml of the re¬ 
maining filtrate to a 100-mL voiumetric fiask, and dilute 
with acetonitrile and water (1:1) to volume. 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 220 nm 
Column: 3.9-mm x 30-tm; packing LI 
Flow ratę: 1.5 mL/min 
tnjection size: 20 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Column efficiency; NLT 1300 theoretical plates 
Tarling factor: NMT 1,2 for alpha lipoic acid 
Relative standard deviation: NMT 1.0% 

Analysis 

Samples; Standard solution and appropriate Sample 
solution 

Calculate the percentage of alpha lipoic acid in the 
portion of Capsules taken: 

Result (ru/r s ) x (C 5 /Cu) * 100 

ru = peak response from Sample solution A or 
Sample solution B 

r* = peak response from the Standard solution 
Cs - concentration of USP Alpha Lipoic Acid RS in 
the Standard solution (mg/mL) 

Cu - nominał concentration of alpha lipoic acid in 
Sample solution A or Sample solution B 
(mg/mL) 

Acceptance criteria: 90*0%-l 15,0% 

PERFORMANCE TESTS 

* DlSINTEGRATfON AND DlSSOLUTION OF DIETARY SUPPLEMENTS 

(2040): Meet the requirements for Dissolution 
Medium: Water; 900 mL 

Apparatus 1 (for hard gelatin Capsules): 100 rpm 
Apparatus 2 (for soft gelatin Capsules): 75 rpm 
Time: 60 min 

Standard solution: 1 mg/mL of USP Alpha Upoić Acid 
RS in a miKture of acetonitrile and water (1:1). Dilute 
with water to obtain a concentration of 0-02 mq/mL* 
Sample solution: Withdraw a portion of the solution 
under test, and filter, discarding the first portion of the 
filtrate. Transfer an aliquot to a volumetnc fiask, and 
dilute with water to volume to obtain a solution having 
an expeeted concentration of 0.02 mg/mL of alpha li¬ 
poic acid. 

Mobile phase and Chromatographic system: Proceed 
as directed in the test for Content of Alpha Lipoic Add. 
Injection stze: 50 pL 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of alpha lipoic add 
(CsHmO^Sz) dissolved; 

Result = (ru/rs) x (V x C x D/L) x 100 
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ru - peak area from the Sampfe solution 

rs = peak area from the Standard solution 

V - vofume of dissolution Medium, 900 ml 
C = coneentration of USP Alpha Upoić Acid RS in 
the Standard solution (mg/mg 
D = dilution factor of the sample 
L = labę! claim of alpha lipoic acid (mg/Capsule) 
Tolerances: NLT 70% ot the labeled amount of 
CeHnOzSs is dissolved. 

« WEIGHT VAR1ATIGN OF DIETARY SUPPIEMENTS {2091): Meet 
the requirements 

ADDITI0NAL REQUDRIEMENT5 

• PACKAGING AND Storage: Preserve in well-closed 

containers. 

• USP Reference Standard* (11) 

USP Alpha Lipoic Acid RS 


Alpha Upoić Acid Tablets 

DEFINITION 

Alpha Lipoic Acid Tabfets contain NLT 90,0% and NMT 
115.0% of the labeted amount of CbHuOjSz. 

IDENTIFICATION 

* The retention tfme of the major peak of the Sample solu - 

tion corresponds to that of the Standard solution, as ob- 
tained in the test for Content of Alpha Upoić Acid ♦ 

STRENGTH 

• CONTENT OF ALPHA LIPOIC ACID 

Mobile phase: 0.025 M phosphortc acid and acetoni- 
trile (62:38) 

Standard solution: 0.05 mg/mL of USP Alpha Lipoic 
Acid RS in acetonitrile and water (1:11 
Sample solution: Transfer the equlvafent of 100 mg of 
alpha lipoic acid from NLT 20 finely powdered Tablets 
to a suftable Container, Add 70 ml of a mixture of ace* 
tonitrlle and water (1:1), and shafce for 45 min by me- 
chanical means. Transfer to a 100-rnL volumetrlc fiask, 
dilute wlth the mixture of acetonitrile and water (1:1) 
to volume, and fflter a portion of this preparation, dis- 
carding the first 5 mL of the fiitrate. Transfer 5,0 mL of 
the remaining fiitrate to a 100-mL volumetrlc fiask, and 
dilute wlth acetonitrile and water (1:1) to vo!ume. 
Chromatographle system 
(See Chromatograpny (621), System Suitabillty.) 

Modę: LC 

Detector: UV 220 nm 
Colimnn: 3.9-mm x 30-cm; packing LI 
Flow ratę: 1.5 mL/min 
Injectlon slze: 20 \xt 
System suitabillty 
Sample: Standard soiutlon 
Suitabillty requlrements 
Column effldency: NLT 1300 theoretical plates 
Talflng factor: NMT 1,2 for alpha lipoic add 
Relatlve standard deviat!on: nMT 1.0% 

Analysts 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of al- 
pha lipoic acid (CaH^C)^) in the portion of Tablets 
taken; 

Result - (ruM) x (C s /Cu) x 100 

ru - peak response from the Sample solution 

r s = peak response from the Standard solution 

Cs = coneentration of USP Alpha Lipoic Add RS in 
the Standard solution (mg/ml) 

Cu - nominał coneentration of alpha lipoic acid In 
the Sample solution (mg/mL) 


Acceptance criterla: 90,0%--115.0% 

PERFORMANCE TESTS 

• Disintegration and Dissolution of Dietary Supplements 

(2040): Meet the reauirements for Dissolution 
Medium: Water; 900 mL 
Apparatus 2; 75 rpm 
Time: 60 min 

Standard stock solution: 1 mg/ml of USP Alpha Lipoic 
Add RS In a mixture of acetonitrile and water (1:1) 
Standard solution: 0.02 mg/mL from the Standard 
stock solution In water 

Sample solution: WIthdraw a portion of the solution 
unaer test, and fflter, discardlng the first portion of the 
fiitrate. Transfer an alipuot to a volumetric fiask, and 
dilute with water to volume to obtaln a soiutlon having 
an expected coneentration of 0.02 mg/mL of alpha li¬ 
po! c acid. 

Mobile phase and Chromatographle system: Proceed 
as directed In the test for Content of Alpha Lipoic Acid. 
Injectlon stee: 50 jiL 
Analysls 

Samples: Standard solution and Sampje solution 
Calculate the percentage of alpha lipoic add 
{CsHh 0 2 5 2 ) dissoked: 

Result = (ru/r s ) x (V x C x D/L) x 100 

Fy = peak area from the Sample solution 

rs = peak area from the Standard soiutlon 

V = vo!ume of dissolution Medium, 900 mL 
C = coneentration of USP Alpha Lipoic Add R$ In 
the Standard solution (mg/mL) 

D = dilution factor of the sample 
L = label claim of alpha lipoic add (mg/Tablet) 
Tolerances: NLT 70% of the labeled amount of aipha 
lipoic acid (CaHhOA) is dlssolved. 

i Weight Variation of Dietary Supplements (2091); Meet 
the requirements 

ADDITIONAL REQUIREMENTS 

« Packaging and Storage: Preserve In welt-dosed 
containers, 

• Labeling: Tablets that are coated are so labeled. 

• USP Reference Standards (11) 

USP Alpha lipoic Add RS 



GwHsaOa 568.87 

j3-E-Carotene-3,3'-diol (3R,1'R,6'R) [127-40-2]. 

DEFINITION 

Lutein is the purified fractlon obtained from saponlflcation 
of the oleoresin of Tagetes erecta L. It contatns NLT 80,0% 
of total carotenoids catculated as lutein (C^HsfiOa). It con¬ 
tatns NLT 74.0% of lutein and NMT 8.5% of zeaxanthtn, 
both calculated as lutein (C 40 H 56 O 2 ) on the anhydrous 
basls. 

IDENTIFICATION 

* A. U LTRA V10 LET Af\ SIBLE ABSORPTfON (197U) 

Wavelength rangę: 300-700 nm 
Sample solution: Prepare as directed for the Sample 
solution tn the test for Content of Total Carotenoids, 
Acceptance criteria: it meets the requirements in the 
chapter. The absorbance ratio A 4 WA 474 is 1.09-1.14. 
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* B, The retention time for the major peak of the Sompfe 
solution corresponds to that of the Standard solution , as 
obtained in the test for Content of Lutein. 

coiwposmoN 

* Content of Total Carotenoids 

[Notę—U se fow-actmio glassware.] 

Diluent: Hexanes, acetone, toluene, and dehydrated al- 
cohol (10:7:7:6) 

Sample stock solution: 0.3 mg/mL of Lutein In Diluent 
Sample solution: 3.0|ig/mL of Lutein in dehydrated al- 
cohol from dflution of Sample stock solution 
Instrumental condltlons 
(See Ultraviolet-Visibie Spectroscopy (857).) 

Modę: UV-Vis 

Analytlcal wavelenqth: 446 nm 
Blank: Dehydratea alcohol 
Analysls 

Sample; Sampie solution 

Calculate the percentage of total carotenoids ( 7 ) as 
lutein (C 40 H 50 O 2 } in the portion of Lutein taken: 

Result = A/(F x Q 

A = absorbance of the Sample solution 
F = coefflcient of extinction (E 1% ) of lutein in 
aicohol (100 mL - g ł ■ cnrfy 2550 
C = concentratlon of lutein In the Sample solution 
Cg/mL) 

Acceptance crlteria: NLT 80,0% 

* Content of Lutein 

Mobile phase: Hexane and ethyl acetale (3:1) 

Standard solution: ISOjig/mL of USP Lutein RS in Mo- 
bile phase 

Sample solution: Transfer 1 mL of the Sampie stock 
solution from the test for Content of Total Carotenoids, 
and evaporate under a stream of nitrogen to dryness. 
Add 1 mL of Mobile phase, and sonlcate to dissoh/e. 
Chromatographk system 
(See Chramatagrapny (621), System Sultablllty.) 

Modę: LC 

Detector: UV-Vis at 446 nm 
Column: 4.6-mm x 25-cm; 5-pm packing L3 
Flow ratę: 1.5 mL/min 
Injection slze; 10 juL 
System sultablllty 
Sample: Standard solution 

[Notę—T he re3ative retention times for lutein and zea- 
xanthin are about 1.0 and 1,05, respectively.] 
Sultablllty requlrements 

Resolutfon: NLT 1,0 between lutein and zeaxanthin 

Taillng faetor: NMT 2.0 

Relatlve standard deviatlon: NMT 2;0% 

Analysls 

Sample: Sample solution 

Calculate the percentage of the lutein peak as the total 
detected area in the portion of Lutein taken; 

Resuit = {ruin) x 100 

fu = peak response of lutein 

n = sum of tne responses of all the peaks 
Acceptance crlteria: NLT 85% 

Calculate the percentage of lutein in the portion of Lu- 
tein taken: 

Result = (ruin) x T 

ru - IrtdMdual peak response 

n = sum of the responses of all the peaks 
T = percentage of total carotenoids as determined 
in the test for Content of Total Carotenoids 
Acceptance crlteria: NLT 74.0% of lutein on the anhy- 
drous basis 


« Zeaxanthin and Other Related Coivipdunds 

[Notę—U se low-actinic glassware,] 

Mobile phase, Standard solution, Sample solution, 
and Chromatographk system: Proceed as directed in 
Content of Lutem . 

Analysls 

Sample: Sampie solution 

Calculate the percentage of zeaxanthin as the total de¬ 
tected area in the portion of Lutein taken: 

Result = (ruin) x 100 

fu - peak response of zeaxanthin 
n - sum of tne responses of all the peaks 
Acceptance crlteria; NMT 9,0% 

Calculate the percentage of zeaxanthin in the portion of 
Lutein taken: 

Result - (ruin) x T 

fu - peak response of zeaxanthin 
n - sum of tne responses of all the peaks 
T - percentage of total carotenoids as determined 
in the test for Content of Total Carotenoids 
Calculate the percentage of other related compounds in 
the portion of Lutein taken: 

Result m (ruin) x 100 

r u = indMdual peak response of any other peak In 
the chromatogram (excludlng zeaxanthin 
and lutein) 

r r = sum of the responses of all the peaks 
Acceptance crlteria: NMT 8.5% of zeaxanthin; NMT 
1 ,0% of any other single related compound on the an- 
hydrous basis 

IMPURITIE5 

* Residui on Icnition (281): NMT 2,0% 
i Lead (251): NMT 1 ppm 

Oelete the foffowtng: 

HlAVY METALS, Method It (231): NMT 5 ppm* * mim Rui. 
201 aj 

SPEGłFIC TEST5 

■ Water Determination, Method I (921): NMT 1,0% 

ADDmONAL REQUIREMENT$ 

* Packacing and Storace: Preserve in hermetically sealed, 
llght- and oxygen-resistant containers. Storę in a cool 
place. 

* USP Reference Standards (11) 

USP Lutein RS 


Lutein Capsules 

DEFIN1TION 

Lutein Capsules contain NLT 95,0% and NMT 130,0% of 
the labeled amount of lutein (CaoHseOa). It may contafn 
NMT 9% of zeaxanthin of the total carotenoicf content. 

IDENTIFICATION 

• A, ULTRAVIOL£T A8SORPTION (197U) 

Sample solution: Prepare as directed for the Sample $o- 
lution in the test for Content of Total Carotenoids , 
Wavelength rangę: 300-700 nm 
Ratio: A 4 WA 474 , 1,09=1.14 

* R, The retention trme of the major peak of the Sampie 
solution corresponds to that of tne Standard solution, as 
obtained In the test for Content 0 / Lutetn and Zeaxonthin, 
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COMPOSmON 

■ CONTENT OF tOTAL CAROTENOIDS 

Diluent: Hexanes, acetony toluene, and dehydrated ai- 
cohol (10:7:7:6) 

Sample stock soiution: Weigh NLT 10 Capsules in a 
tared weighing bottle. With a sharp blade or by other 
appropriate means, carefully open the Capsules, with- 
out loss of the shell materiał, and transfer as much as 
possible of the combined Capsule contents to a suitable 
Container. Remove any adhering substance from the 
emptied Capsules and shell remains by washing with 
several smali portions of n-hexane. Drscard the wash- 
ings, and allow the empty Capsules and shelt remains 
to dry in a current of dry air until the odor of n-hexane 
is no longer perceptlble, Weigh the empty Capsules and 
shelt remains in the odginał tared weighing bottle, and 
calculate the average net weight per Capsule by differ- 
ence. Dissolve an accurately weigned portion of the 
combined Capsule contents in Diluent by stirring with a 
magnetlc bar for 30 min, and dilute with Diluent to a 
designated volume to obtain a solution with a nominał 
concentration of 0,2 mg/mL of lutein. 

Sample solution: Dilute a portion of the Sample stock 
solution with dehydrated alcohoi to prepare a solution 
with a nominał concentration of 2,0 pg/mL of lutein. 
Instrumental condittons 
(See Ultraviolet-Visibie Spectroscopy (857).) 

Analyticai wavelength: 446 nm 
Celi patii: 1 cm 
Blank: Dehydrated alcohoi 
Analysis 

Sample: Sample solution 

Calculate the content of total carotenoids as lutein 
(CiaHińOz), (7), in mg/Capsute, in the Capsules taken: 

Result = [(A x D x V)f(F x W)] x A w 

A - absorbance of the Sample solution 
D - dilution to obtain the Śampie solution from 
Sample stock soiution 

V = voiume of the Sample solution (rnL) 

F = absorpfivity of the lutein in alcohoi, 255,0 

(mL/mg ■ cm) 

W - weight of capsule contents to prepare the 
Sample stock solution (mg) 

A w = average weight of capsule contents (mg/ 
Capsule) 

• Content of Lutein and Zeakanthen 

Mobile phase: Hexane and ethyl acetate (3:1) 

Standard solution: 150 pg/mL of USP Lutein RS in Mo¬ 
bile phase 

Sample solution: Transfer 1 mL of the Sample stock so¬ 
lu tion from the test for Content of Total Carotenoids , and 
eyaporate under a stream of nitrogen to dryness, Add 
1 mL of Mobile phase, and sonicate to dissolve. 
Chromatographic system 
(See Chromatograpny {62^), System Suitability.) 

Modę: LC 

Detector: UV-Vis at 446 nm 
Column: 4.ó-mm x 25-cm; 5-pm packing L3 
Flow ratę: 1.5 mL/min 
Injection volume: IOjiL 
System suitability 
Sample: Standard solution 

[Notę—T he relative retention times for lutein and zea- 
xanthin are about 1.0 and 1.05, respectively.] 


Suitability requfrements 

Resolution: NLT 1.0 between lutein and zeaxanthin 

Tailing factor: NMT 2.0 

Relatrve standard deviation: NMT 2.0% 

Analysis 

Sample: Sample solution 

Calculate the percentage of the labeled amount of lu~ 
tein in the Capsules taken: 

Result = [(rufr r ) x 7] x (100/0 

ry = peak response of lutein 
r T - sum of the responses of a II the peaks 

T - content of total carotenoids as determined in 

the test for Content of Total Carotenoids (mg/ 
Capsule) 

i - labeled amount of lutein (mg/Capsule) 

Calculate the percentage of zeaxanthrn relative to the 
total carotenoid content in the Capsules taken: 

Result - (rz/rr) x 100 

rz - peak response of zeaxanthin 
n = sum of the responses of all the peaks 
Acceptance critena: 95.0%-130,0% of the labeled 
amount of lutein; NMT 9,0% of zeaxanthin in the total 
carotenoid content 

PERFORMANCE TESTS 

® DlSlNTEGRATION AND DlSSOLUTJON OF DlETARY SUPPLEMENTS 

(2040): Meet the requirements for Disintegration 

* Weight Variation of Dietary Supplements (2091): Meet 
the requirements 

ADDmONAL REQUIREMENTS 

o Packaging and Stohage: Presen/e in tlght, llght-resistant 
containers. 

* Labeling: Label it to indicate the amount of lutein and 
the amount of zeaxanthrn per Capsule, 

e USP REFERENCE Standard* (11) 

USP Lutein RS 


Laiteln Preparation 

DEFiNITION 

Lutein Preparation is a combinalion of Lutein with one or 
morę inert substances. It may be Sn a solid or a liquid 
form. ft contains NLT 95.0% and NMT 1 30.0% of the 
labeled amount of lutein, calculated as CioH^Gz on the 
anhydrous basis. It contains NLT 85.0% of lutein and 
NMT 9.0% of zeaxanthin of the total carotenoid content. 

IDENTIIFICATION 

S A. ULTRAVIOLET Absorption (197U) 

Analytica! wavelength: 300-700 nm 
Sample solution: Prepare as directed for the Sample so¬ 
iution in the test for Content of Total Carotenoids , 

Ratio; A+W A 474 , 1.09—1.14 

o B. The retention time of the major peak of the Sample 
soiution corresponds to that of the Standard solution , as 
obtained in the test for Content of Lutein , 

COMPOSITION 

® Content of Total Carotenoids 

Diluent: Hexanes, acefone, tofuene, and dehydrated al- 
cohol (10:7:7:6) 

Sample stock solution A (for solid lutein preparations 
labeled as containing gelatin): Transfer an amount of 
Preparation, equivalent to 3.5 mg of lutein, to a 50-rnL 
centrifuge tubę, Add 15 mL of warm water, 60 units of 
bacterial a tka linę protease preparation, and 1 mg of 
bromelain. Cap and sonicate for 20 min with occasional 
swirling. Cool to room temperaturo, and add 20.0 mL 
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of methylene chloride, Shake for 1 min, and centrifuge 
for 5 min at 2000 rpm, Remove the upper aqueous 
phase, and add 2-3 g of anhydrous sodium sulfate to 
the remainjng red layer. 

Sampfe stock salution B (for other solid lutem prepara- 
tions); Transfer an amount of Preparation, equivalent 
to 1,5 mq of lutem, to a 50-mL centrifuge tubę. Add 
15 mL oFwarm water, cap, and sonicate for 30 min 
with occasional swirling. Cool to room temperaturę, 
and add 30.0 mL of etnyl acetate and 2-3 g of sodium 
chloride, Shake for t min, and centrifuge for 5 min at 
2000 rpm. Use the upper orange-red layer. 

Sampfe stock salution C (for liquid Jutein suspensfons In 
oil): Transfer a weighed amount of Preparation equiva- 
lent to 20 mg of lutein to a 100-mL volumetric fiask, 
and diiute with Diluent to volume. Add a magnetic bar, 
and stir for 30 min* 

Sam ple solution: Transfer 1 *0 mL of Sample stock solu - 
tion A t or I.Oml of Sample stock solution B, or 1 *0 mL 
of Sample stock solution C into a 100-mL vo!umetric 
fiask, and di fu te with dehydrated aicohol to volume. 
Spectrometric condltions 
(See U!traviolet-Visibie Spectroscopy (857)*) 

Analytical wavelength: 446 nm 
Celi path: 1 cm 
Blank: Dehydrated aicohol 
Analysis 

Sample: Sample solution 

Calculate the percentage of total carotenoids (T) as lu¬ 
tein (GoHssO?) j n the Preparation: 

Result = (A x V x D x 100)/(F x W) 

A = absorbance of the Sample solution 

F - absorplMty of the lutein in aicohol, 255*0 

(mL/mg ■ cm) 

V = volume of organie solvent (20.0 mL for Sample 
Stock solution A t 30.0 mL for Sample stock 
solution B f and 100.0 mL for Sample stock 
solution Q used in p rep a ring the Sample 
stock Solutions 

D == dilution factor used to prepare the Sample 
solution from Sampfe stock Solutions 
W - weight of Preparation taken to prepare the 
Sample stock Solutions (mg) 

* CONTENT OF LUTEIN 

Diluent: Hexanes, acelone, tofuene, and dehydrated al- 
cohol (10:7:7:6) 

Mobile phase: Hexane and ethyl acetate (75:25) 
Standard solution: 150 jug/mL of USP Lutein RS in Mo¬ 
bile phase 

Sample solution: Transfer 1.0 mL of Sample stock solu¬ 
tion A t or 1*0 mL of Sample stock solution B , or 2,0 mL 
of Sample stock solution C from the test for Content of 
Total Carotenoids into a suitable viaL Evaporate the sol- 
vent to dryness under a stream of nitrogen. Add 1,0 mL 
of Mobile phase , and sonicate to dissolve. 
Chromatographic system 
(See Chromatograpny (621), System Suitabiiity.) 

Modę: LC 

Detector: UV 446 nm 

Column: 4.6-mnn x 25-cm; 5-pm packing L3 
Flow ratę: 1*5 mL/min 
Injection size: 10 jllL 
System suitabiiity 
Sample: Standard solution 

[Notę—T he reiative retention times for lutein and zea- 
xanthin are about 1*0 and 1*05, respectively.] 


Suitabiiity requirements 

Resoiution: NIT 1*0 between lutein and zeaxanthin 

Tailing factor: NMT 2 

Relative standard deviation: NMT 2*0% 

Analysis 

Sample: Sample solution 

Calculate the percentage of lutein rela tive to total 
carotenoids in the Preparation taken: 

Result = Ou/rt) x 1 00 

ru = individual peak response of lutein 
r T = sum of the responses of ail the peaks 
Calculate the percentage of lutein in the Preparation 
taken: 

Result = (ru/r T ) x T 

ry = individuaf peak response of lutein in the 
Sample solution 

r T - sum of the responses of ail the peaks 
T - percentage of total carotenoids as determined 
in the test for Content of Total Carotenoids 
Acceptance criteria: NLT 85.0% of lutein in the total 
carotenoid content, and the Preparation contains 
95*0%-l 30*0% of the labeled amount of lutein, calcu- 
lated as C 40 H 56 O 2 , on the anhydrous basis. 

* Zeaxanthin and Other Related Compounds 

Solvent, Mobile phase, Standard solution, Sample so¬ 
lution, and Chromatographic system: Proceeo as di- 
rected in the test for Content of Lutein * 

Analysis 

Sample: Sample solution 

Injection size: 10 ^L 

Calculate the percentage of zeaxanthin relative to total 
carotenoids in the Preparation taken: 

Result = (ru/ir) x 100 

r u = individual peak response of zeaxanthm 
r T = sum of the responses of all the peaks 
Acceptance criteria 
Zeaxanthin: NMT 9*0% 

Any other single related compound: NMT 1.0% 

Total related compounds (includlng zeaxanthin): 

NMT 15*0% 

IMPURITIES 
Inorganic Impurlties 

* RlSIOUE on 1GNITION (281): NMT 2.0% 

* LEAD (251): NMT 1 ppm 


Defete the fottowing: 

•* heaw Metals (231): NMT 10 ppm# 

5PECIFIC TESTS 

• Water Determination, Method I (9 21): NMT 10*0% 

ADDITiONAL REQUIREMENTS 

• Packaging and Storage: Preserve in tightly sealed, Hght- 
and oxygen-resistant eontainers. Storę in a cool place, 

* Labeling: The label States that this artide is not intended 
for direct administration to humans or to animals* 

* USP Reference Stan dar ds (11) 

USP Lutein RS 


Lycopene 

CniHss 

[502-65-8]. 


536.88 
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DEFIN1TION 

Lycopene es a mixture of geometrical isomers of tycopene. 3t 
contains NLT 96.0% and NMT 101 0% of tycopene 
(OoHse), cafculated on the dried basls. 

G DENT1FIC ATiON 

* A* ULTRA VIOLET-Vl5IBLE ABSORPTION (197U) 

Wavelength rangę: 300-700 nm 
Test solution: Prepare as directed for the Sample solu - 
tion in the test for Content of tycopene. 

Aceeptance criteria: Meets the requirements in the 
ehapter. The ratio of AWAsoa is 1.10-1,14. 

® B. The retention time of the major peak of the Sample 
solution corresponds to that of the Standard soluthn , as 
obtained in the test for Content of aii-E-Lycopene, SZ- 
Lycopene, and Related Compounds. 

COMPOSSTiON 

fi CONTENT OF LYCOPENE 

Sample stock solution: Transfer 25 mg of Lycopene 
and 25 mg of butylated hydroxytoluene into a 100-mL 
volumetric fEask. Add 60 mL of methylene chloricle, and 
sonicate to dissofve. Dilute with metnylene chloride to 
volume. 

Sample solution: Transfer 2.0 mL of the Sample stock 
solution into a 200-mL volumetric fiask, and dilute with 
cyclohexane to vo!ume. 

Instrumental conditions 
(See Ultraviolet-Visible Spectroscopy (857),) 

Modę: UV-VEs 

Analytical wavelength: 476 nm 
Blank: Cyclohexane 
Analysis 

Sample: Sample solution 

Calculate the percentage of lycopene (QoHsć) in the 
portion of Lycopene taken: 

Result = Au![(a x Cu)] x 100 

Au = absorbance of the Sample solution 
a - absorptivity of the pure lycopene in 
eydohexane, 331 (mL mg 1 * cm- 1 ) 

Cu - concentration of the Sample solution (mg/mL) 
Aceeptance criteria: 96.0%-l 01.0% on the dried basis 

* Content of All-E-Lycopene, 5Z-Lycopene, and Related 

Compounds 

Mobile phase: tert-Butyl methyl ether, methanol, and 
tetrahydrofuran (784:665:74) 

Standard solution: Transfer a weighed quantity of U5P 
Lycopene RS, equivatent to approximately 5 mg of 
tycopene, into a 250-mL vo!umetric fiask. Add about 60 
units of bacterial alkaline protease preparation or an- 
other suilable enzyme, and about 25 mg of butylated 
hydroxytolijene. Add 2.5 ml of dilute ammonium hy- 
droxide (2 in 100) in water, and mix. Place tn an ultra^ 
sonie bath at 50° for 1 0 min, rota te the fiask occasion- 
atly to avoid having the materia! stick to the glass 
surface, and continue until the materia! Es dispersed 
with no lumps. Add 5 mL of tetratiydrofuran, 40 mL of 
dehydrated alcohol, and mix. Place in an ultrasonic 
bath for about 1 min. Cool to room temperaturę, and 
dilute with fert-butyl methyl ether to volume, Shaf<e 
vigorously, then allow the precipitate to settle. FElter the 
supernatant. 

Sample stock solution: Transfer 15 mg of Lycopene tc 
a 25-mL vo!umetric fiask, and dissolve in tetrahydro- 
furan containing 50mg/L of butylated hydroxytoluene. 
Dilute with the same so3vent to volume. 

Sample solution: Pipet 2 mL of the Sample stock solu¬ 
tion Ento a 50-mL volumetric fiask, and add 8 mL of 
tetra hydrofuran. Dilute with fert-butyl methyl ether to 
volume* 

Chromatographic system 

(See Chromatograpny (621), System SuitablHty.) 


Modę: LC 

Detector: UV 472 nm 

Column: 4.6-mm x 25-cm, 5-pm packing L62; second 
column connected in series, 4.6-mm x 25-cm, 3-jim 
packing L62. [Notę—N ew columns may require 
conditioning.] 

Flow ratę: 1 mL/rnin 
fnjection size: IGpL 
System suitability 
Sample: Standard solution 

[Notę —The reEative retention times for all-£-lycopene 
and SZ-lycopene peaks are 1,0 and about 1,07, 
respectiveEy.] 

Suitability requirements 

Resolution: NLT 1,0 between all-E-lycopene and 5Z- 
lycopene peaks 

Tailing factor: 0.8-2.0 for the all-£-iycopene peak 
Relative standard deviation: NMT 2.0% for the all- 
£-[ycopene peak 
Analysis 

Sample: Sample solution 

Calculate the percentage of alt-£-!ycopene in the por- 
tion of Lycopene taken: 

Resuit - (n/rr) x T 

Tf = peak response of the all-f-lycopene isomer 
r T - sum of the responses of all the peaks 
T = percentage of total lycopene isomers obtained 
in the test for Content of tycopene 
Aceeptance criteria: NLT 70.0% of all-£-lycopene 
Cafculate the percentage of the 5Z-lycopene isomer in 
the portion of Lycopene taken: 

Result = (rsz/rr) x T 

r iZ - peak response for the SZ-lycopene isomer 
r r - sum of the responses of all the peaks 
T - percentage of total lycopene isomers obtained 
in the test for Content of Lycopene 
Aceeptance criteria: NMT 23.0% of tne 52-tycopene 
isomer 

Calculate the percentage of related compounds En the 
portion of Lycopene tafcen: 

Result - (rs/rj) x T 

r 5 - sum of the responses of all peaks, except the 
peak for alhf-lycopene and the peak for SZ- 
lycopene 

r T = sum of the responses of all the peaks 
T = percentage of total lycopene isomers obtained 
in the test for Content of Lycopene 
Aceeptance criteria: NMT 9.0% of other related com¬ 
pounds calcu Eated as lycopene 

IMPURBTIES 

fi RESfDUE ON ICNtTfON (281): NMT 0,2% 

Delete the foifowing: 

•• Heaw Metals, Method II (231): NMT 10 ppm* tofiici) i- 

Jan-20Tfl) 

SPECIFIC TESTS 

* Loss ON Drying (731): Dry a sample in vacuum over 
phosphorus pentoxide at 40° for 4 h: it loses NMT 0,2% 
of its weight. 

ADD1TIONAŁ REQUIREMENT$ 

■ PacKAGRNG and Sto ragę: Presen/e in tight, light-resistant 
containers, under inert gas, and storę tn a cool place, 
o Labeling: Label it to indicate whether the article is ob¬ 
tained from natura! sources or is prepared synthetically. If 
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obtained from natural sources, label it to indicate the 
natural source, tncluding its Latin bmomia!. 

* USP Referenoe Standard* (11) 

USP Lycopene RS 


Lycopene Preparation 

DEFJNItrON 

Lycopene Preparation is a combination of Lycopene with 
one or morę inert substanees and suitable antioxidants. It 
may be in a solid or oily liguid form. It contaim NLT 
95.0% and NMT 120.0% of the labeled amount of 
lycopene (CmHs*), cakulated on the anhydrous basis. 

IDENTIFICATION 

- A. ULTRAVIOLET- V I SIRLE ABSORPTtON (197U) 

Wavelength rangę: 300-700 nm 
Test solution: Prepare as directed for the Sample solu* 
tion in the test for Content of Lycopene . 

Acceptance criteria: Meets the requirements in the 
chapter. The ratio Am/A sm is 1.10-1.14 In cydohexane. 
The rado AWA^cw is 1.09-1.13 rn isopropyl alcohol. 

C0MP05IT10N 
• Content of Lycopene 

Procedurę for oily preparations 
Sample stock solution: Transfer a weighed ąuantity of 
oily Preparation containing 25 mg of lycopene to a 
100-mL volumetnc fiask. Add 25 mg of butyfated 
hydroxyto!uene and 60 mL of methylene chloride, and 
sonicate to dissolve. Dilute with methylene chloride to 
volume. 

Sample solution: 2.0 mL of the Sample stock solution 
diluted with cyclohexane to 200.0 mL 
łnstrumental conditions 
($ee UltrQviolet-Visible Spectroscopy (857).) 

Modę: UV-Vis 

Analytkal wavelength: 476 nm 
Blank: Cydohexane 
Analysis 

Sample: Sample solution 

Calculate the percentage of the labeled amount of 
lycopene (GioHjń) in tne portion of Preparation taker: 

Result = A u /[(a x Cu)] x 100 

Au - absorbance of the Sample solution 
a - absorptivity of the pure lycopene in 
cydohexane, 331 (mL - mg 1 ■ cm 1 ) 

Cu - nominał concentration of lycopene in the 
Sample solution (mq/ml) 

Acceptance criteria: 95,0%-120.0% on the anhy¬ 
drous basis 

Procedurę for solid preparations 
Sample stock solution: Transfer a weighed quantity cf 
solid Preparation, equivalent to approximately 5 mg of 
lycopene, into a 200-mL yolumetnc fiask. Add about 
60 unit* of bacterial alkaline protease preparation, or 
another suitable enzyme, and about 25 mg of butyl- 
ated hydroxytoSuene. Add 2.5 mL of dilute ammontum 
hydroxide {2 in 100) in wat er, and mix. Place in an 
ultrasonic bath at 50° for 10 min, rotate the fiask oc- 
casionaily to avoid having the materiai stidc to the 
glass surface, and continue undl the materiał is dis- 
persed with no lumps. Add 5 mL of tetra hydrolu ran, 

40 mL of dehydrated alcohol, and mix. Place in an ul¬ 
trasonic bath for about 1 min. Cool to room tempera¬ 
turę, and diiute with tert-butyl methyl ether to vol- 
ume. Shake vIgorously, then alfow to stand until the 
solid has settled. 

Sample solution: 2.0 mL of the Sample stock solution 
diluted with isopropyl alcohol to 25,0 mL 


Instruments! conditions 

(See Ultraviolet-Visible Spectroscopy (857).) 

Modę: UV-Vis 

Analytical wavelength: 472 nm 

Blank: Isopropyl alcohol 
Analysis 

Sample: Sample solution 

Cakulate the percentage of the labeled amount of 
lycopene in the portion of Preparation taken: 

Result = AJ[(a x C u )] x 100 

Au - absorbance of the Sampie solution 
a ~ absorptivity of the pure lycopene in isopropyl 
alcohol, 320 (mL ■ mg 1 ■ cnr 1 ) 

Cu - nominał concentration of lycopene in the 
Sampie solution (mg/mL) 

Acceptance criteria: 95,0%-l 20.0% on the anhy¬ 
drous basis 

* Content of All-E-Lycopene, SZ-Lycopene, and Related 

COMPOUNDS 

Mobile phase: terf-Sutyl methyl ether, methanol, and 
tetrahydrofuran (784:665:74) 

Standard solution: Transfer a weighed guantity of USP 
Lycopene RS, equlvalent to approximatefy 5 mg of 
lycopene, into a 250-mL volumetric fiask. Add about 60 
units of bacterial alkaline protease preparation, or an¬ 
other suitable enzyme, and about 25 mg of butylated 
hydroxyto!uene. Add 2.5 mL of dilute ammonium hy- 
droxide (2 in 100) in water, and mix. Place in an ultra¬ 
sonic bath at 50° for 10 min, rotate the fiask occasion- 
ally to avoid having the materiał stick to the glass 
surface, and continue until the materiał is dispersed 
with no lumps. Add 5 mL of tetrahydrofuran, 40 mL of 
dehydrated alcohol, and mix. Place in an ultrasonic 
bath for about 1 min. Cool to room temperaturę, and 
dilute with terf-butyl methyl ether to volume. Shake 
yigorously, then allow the precipitate to settle. Filter the 
supernatant. 

Sample solution for orły preparations: Transfer a 
guantity of oily Preparation, equivalent to 15 mg of 
lycopene, to a 25-mL vofumetric fiask, and dissolve in 
tetrahydrofuran containing 50 mg/L of butylated 
hydroxytoluene. Dilute with the same solvent to vol- 
ume. Prpet 2 mL of this solution into a 50-mL volumet- 
ric fiask, and add 8 mL of tetrahydrofuran, Dilute with 
tert- butyl methyl ether to volume. 

Sample solution for solid preparations: Transfer a 
weighed ąuantity of solid Preparation, egu iva lent to ap- 
proximate!y 5 mg of lycopene, into a 250-mL volumet- 
ric fiask. Add about 60 units of bacterial alkaline prote¬ 
ase preparation, or another suitable enzyme, and about 
25 mg of butylated hydroxytoluene. Add 2,5 mL of di¬ 
lute ammonium hydroxide {2 in 100) in water, and 
mix. Place in an ultrasonic bath at 50° for 10 min, ro¬ 
tate the fiask occasionally to avoid having the materiał 
stick to the glass surface, and continue until the mate¬ 
riał is dispersed with no lumps. Add 5 mL of tetrahydro¬ 
furan, 40 mL of dehydrated alcohol, and mix. Place rn 
an ultrasonic bath for about 1 min. Coo! to room tem¬ 
peraturę, and dilute with tert-butyl methyl ether to vol- 
ume. Shake vigorously, then allow the precipitate to 
settle. Filier the supernatant 
Chromatographk system 
{See Chromatography <621), System Suitability.) 

Modę: LC 

Detector: UV 472 nm 

Column: 4.6-mm x 25-cm, 5-um packing L62; second 
column connected in series, 4.6-mm x 25-cm, 3-pm 
packing 162. [NOTĘ—New columns may require 
conditionmg.] 


DS Monographs 





DS Monographs 


7084 Lycopene / Dietary Supplements 


USP 40 


Flow ratę: 1 ml/min 
Injection size: 10 |iL 
System suitability 
Sam ple: Standard solution 
[Notę—T he relative retention times for the a]U£- 
lycopene and 5Z-lycopene peaks are 1.0 and about 
1,07, resped:lvely.] 

Suitability reąulrements 

Resolution: NLT 1.0 between the all-f-lycopene and 
5Z-1ycopene peaks 

Tailing factor: 0,8-2.0 for the alt-f-lycopene peak 
Relative standard deviation: NMT 2,0% for the ail- 
£-lycopene peak 
Analysis 

Sample: Sample solution 

Calculate the percentage of alb£4ycopene in the portion 
of Preparation taken: 

Result = (rdrf) x 1 00 

Te = peak response of the all-£-1ycopene isomer 
tr = sum of tne responses of all the peaks 
Acceptance criteria: NLT 65,0% of alht-lycopene 
Calculate the percentage of the 5Z-lycopene isomer in 
the portion of Preparation taken: 

Result - (rsz/rj) x 100 

rsz - peak response for the 5Z-!ycopene isomer 
r T = sum of the responses of all the peaks 
Acceptance critena: NMT 23,0% of the 5Z-lycopene 
Isomer 

Calculate the percentage of related compounds in the 
portion of Preparation taken: 

Result - ( rs/fj ) x 1 00 

r$ = sum of the responses of all peaks except the 
peak for all-£-lycopene and the peak for 5Z- 
lycopene 

r T = sum of the responses of a I! the peaks 
Acceptance criteria: NMT 14% of other related com¬ 
pounds calculated as lycopene 

5PECIFIC TE5T5 

® Water D eterm i N ATI ON, Method I (921): NMT 8.0% 

ADDSTIONAL REQUIREMENT5 

• IPackaging and Storage: Preserve in tight, light-resistant 
containers under inert gas, Storę the oily Preparation tn a 
cool place and the solid Preparation at controlled room 
temperaturę. 

* Labeling: La bel it to State the na me and content of 
added antioxidants and inert substances. Label it to indi- 
cate whether the article is prepared with lycopene from 
natura! sources or with synthetlc lycopene. If prepared 
with lycopene from natura! sources, labef it to indrcate 
the natural source, induding its Latin blnomial. 

o usp Reference Standards <T1) 

USP Lycopene RS 


Tomato Extract Containing Lycopene 

DEFINITION 

Tomato Extract Containing Lycopene is an ethyl acetate ex- 
tract of the natural tomato fipids. It is produced from the 
pulp of rlpe fruits of Lycopemcon esculentum MIII. (Fam. 
Sotanaceae), after removing the tomato water-soluble 
fraction, It contarns NLT 95.0% and NMT 105.0% of the 
labeled amount of lycopene (C 4 oH 5 fi). !t contains NLT 
4.7% and NMT 12,0% of lycopene (C 40 H 5Ó ), NLT 0.8% of 
the combined amount of phytoffuene {C 4 D HUs) and 


phytoene (C 4 qH 64 ), NLT 0.2% of beta carotene (C 40 H 50 ), 
and NLT 1.0% of tocopherols (CzshhsO^) on the anhy- 
drous basis, Tocopherols may be added as antloxidants. 

IDENTIFICATION 

O A, PHESENCE OF LYCOPENE, PHYTOFLUENE, AND PHYTOENE 

Analysis: Proceed as directed in the test for Content of 
Other Corotenoids and Tocopherols. 

Acceptance criteria: The retention times of the peaks 
for lycopene, phytofluene, and phytoene from tne Sam¬ 
ple solution correspond to those from Standard solution 
C 

* B. Rat 10 of ail-E-Lycopbne and 5Z-Lycopene 

Butylated hydroxytoluene stock solution: Proceed as 
directed in the test for Content of Lycopene, 

Mobile phase: 0.05% dtisopropyiethylamine in rc-hex- 
ane; sonicate for 3-4 min 

Sample solution: Proceed as directed in the test for 
Content of Lycopene, except dilute 5 to 100 with n- 
hexane 

Chromatographio system 

(See Chromatograpny (621), System Suitability.) 

Modę; LC 

Detector: UV-Vis 472 nm 

Column: Two 4.0-mm x 25-cm columns; 5-pm pack- 
ing L3 (300 A porę size), connected in a senes 
Cofumn temperatura: 22® 

Fiow ratę: 0,5 mL/min 
Injection size: 10 pL 

[NOTĘ—'The peak for ali-£*lycopene elutes tn 30-45 
min.] 

[Notę—T he relative retention times for alh£-lycopene 
and 5Z4ycopene are 1,00 in the rangę and 1.04-140, 
respective 1 y.j 
Analysis 

Sample: Sample solution 

Measure the areas of the two major peaks, and calcu- 
tatę their area ratio: 

Result - r U i/ru 2 

rui “peak area of 5 Z-lycopene 

r U 2 ~ peak area of all-£-lytoperie 

Acceptance criteria: NMT 0.10 for the area ratio 

GOMP0SITION 
a Content of Lycopene 

Butylated hydroxytoluene stock solution: 5 mg/mL of 
butylated hydmxytoluene in methylene chloride, 
[NOTĘ—This solution can be stored protected from light 
for up to 3 months.] 

Mobile phase: Acetonitrile, methylene chlorEde, n-hex- 
ane, and methanol (850:25:25:100). Add 0.05% of di- 
isopropylethylamine, mix, and sonicate for 3—4 min. 
DUuent: Acetonitrile, methylene chloride, n4iexane, bu¬ 
tylated hydroxytoluene, and methanol 
(600: 15Ó; 1 00: 0.5: 150). Add 0.05% of diisopropyh 
ethylamlne, mlx, and sonicate for 3-4 min. 

Standard solution A: Transfer a weighed guantlty of 
USP Lycopene RS, equivalent to approximate!y 5 mg of 
lycopene, to a 100-mL volumetrlc fiask, Add about 60 
units of bacterial alka!tne protease preparation, or an- 
other suitable enzyme, and about 25 mg of butylated 
hydroxyto!uene. Add 2.5 mL of dilute ammonium hy- 
droxide (2 in 100 ) in water, mix, and place in an ultra- 
sonie bath at 50° for 10 min, rotatlng the fiask occa- 
sionally to avoid having the materia! stlck to the glass 
surface, Continue until the materiał is dlspersed with no 
tumps. Add 5 mL of tetrahydrofuran, and shake until no 
colored precipitate remains, Add another portion of 
2 mL of tetrahydrofuran and 40 mL of DUuent, and 
shake until the mixture is homogeneous. Dilute with 
DUuent to volume, shake vigorously, and allow to stand, 
if necessary, until the solid has settled. 
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Calculate the exact concentration of this solution by the 
foJlowing method. 

Standard solution B: To 2.0 ml of Standard solution A 
add 10 ml of alcohol and 10 mL of Butylated 
hydroxytofuene stock solution, and dilute with n-hexane 
to 100 mL. Prepare in triplicate. 

Determine the absorbante of Standard solution B at the 
maximum absorbance at about 472 nm, using a mix~ 
turę of alcohol, Butylated hydroxytoluene stock solution t 
and n-bexane (10:10:80) as the blank, 

Calculate the concentration of Standard solution Ą in 
pg/mL, of lycopene: 

Result = (Ak/F) x 50,000 

A x - average of the absorbance of the three 
preparations of Standard solution B 
F - absorptivity of pure lycopene in n-hexane at 
472 nm, 345 

Standard solution C: Transfer a weighed guantity of 
USP Tomato Extraet Containing Lycopene RS, equivalent 
to about 6 mg of lycopene, to a 100-mL volumetric 
fiask, and dissolye in 1 mL of Butylated hydroxytoluene 
stock solution and 9 mL of methylene chloride, using a 
sonieaton Di lute with Diluent to volume to obtai n a so- 
lulion hayihg a known concentration of about 0.06 mg/ 
mL of lycopene. 

Sample stock solution: Warm the Tomato Extract Con¬ 
taining Lycopene to 50° in a water bath. Mix well with 
a glass rod or a spatula, Weigh and dissolye a quantity 
of 1-1.2 g of the sample in 10 mL of Butylated 
hydroxytoluene stock solution and 30 mL of methylene 
cfiiorlcfe, and sonicate the solution for 1 min to dissolye 
the sample compieteiy. Cool to room temperaturę, and 
dilute with methylene chloride to 100 mL. 

Sample solution: Dilute the Sample stock solution with 
Diluent (1 in 10). 

Chromatographic system 
(See Chroma tograpny (62 1 >, System Suita bil i ty.) 

Modę: LC 

Detector: UV-VEs 472 nm 

Column: 4.6-mm x 25-cm; 5-pm packing L7 

Column temperatura: 39±1° 

Flow ratę: 0.7 mL/min 
Injection size: 10 pL 
System suitability 
Sample: Standard solution A 

[Notę—T he retention time for lycopene is about ó min.] 
Suitability requirements 

Relative standard devlation: NMT 1.5% for the 
lycopene peak area 
Analysis 

Samples: Standard solution A or Standard solution C, 
a na Sample solution 

Measure the responses of the major lycopene peaks. 
Calculate the percentage of lycopene in the portion of 
Tomato Extract Containing Lycopene taken: 

Result - (ru/r$) xQx (V/W) x 0 x 100 

ru = peak area for lycopene from the Sample 
solution 

r$ = peak area for lycopene from Standard solution 
A or Standard solution C 

Cs - concentration of lycopene in Standard sofution 
A or Standard solution C (jig/mL) 

1/ = volume of the Sample stock solution (mL) 

W = weight of Tomato Extract Containing 

Lycopene taken to prepare the Sampte stock 
solution (mg) 

D - dilutton factor used to prepare the Sample 
solution from Sample stock solution 
Acceptance criteria: NLT 95.0%-NMT 105.0% of the 
labeled amount of lycopene; NLT 4,7%-NMT 12,0% of 
lycopene (C 40 H 50 ) 


* CONTENT OF OTHER CAROTENOIDS AND TOCOPHEROLS 

(Phytofluene, Phytoene, Beta Carotene, and 

TOCOPHEROLS) 

Butylated hydroxytoluene stock solution, Diluent, 
Standard solution A, Standard solution B, Standard 
solution C, and Sample solution: Proceed as directed 
in the test for Content of Lycopene. 

Mobile phase: Acetonitnie, methylene chloride, n-hex- 
ane, and methano! (19:1:1:19). Add 0,05% of diisopro- 
pylethylaminę, mix, and sonicate for 3-4 min. 

Chromatographic system 
(See Chroma tog ropny (621), System Suitability.) 

Modę: LC 

Detector: UV-Vis; 472 nm for lycopene; 450 nm for 
beta carotene; 350 nm for phytofluene; and 288 nm 
for phytoene and tocopherol 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
Column temperaturę: 39 ± 1 0 
Flow ratę: 0,6 mL/min 
Injection size: 10 pL 

System suitability 
Sample: Standard solution C 
[Notę—T he relatlve retention tirmes are about 0.6 for 
the tocopherol isomers, 1,0 for all-E-lycopene, 1.5-1 J 
for the beta carotene isomers, 1.6-1,8 for the 
phytofluene isomers, and 1.8-2.2 for phytoene.] 
Suitability requirements 

Chromatogram similarity: The chromatogram of 
Standard solution C is similar to the reference chro¬ 
matogram provided with the lot of USP Tomato Ex- 
tract Containing Lycopene RS being used. 

Relative standard deviatron; NMT 2% for all-f- 
lycopene 

Analysis 

Samples: Standard solution A and Sample solution 
Identify the locus of the peaks for the lycopene iso¬ 
mers, the beta carotene isomers, the phytofluene iso¬ 
mers, and phytoene by comparison with the refer¬ 
ence chromatogram provided with the corresponding 
lot of USP Tomato Extract Containing Lycopene RS. 
Measure the sum of the peak responses of the 
lycopene isomers at 472 nm in Standard solution A. 
[notę —The lycopene isomers may be resolved in 
morę than one peak in this chromatographic system.] 
In the Sample solution, measure the sum of the peak 
responses of the beta carotene isomers at 450 nm, 
the sum of the peak responses of the phytofluene 
isomers at 350 nm, the peak response of phytoene at 
288 nm, and the sum ot the peak responses of all 
tocopherois at 288 nm, 

Determine the concentration of Standard solution A as 
directed in the test for Content of Lycopene : 

Calculate the percentage of beta carotene in the por¬ 
tion of Tomato Extract Containing Lycopene taken: 

Result = (Wr s ) x C s x (V/W) x D x Fx 100 

ru = sum of the peak responses for the beta 

carotene isomers at 450 nm from the Sample 
solution 

fs = peak area for lycopene at 472 nm from 
Standard solution A 

Cj - concentration of lycopene in Standard solution 
A (ng/mL) 

V - volume of the Sample stock solution (ml) 

W = weight of Tomato Extract Containing 

Lycopene taken to prepare the Sample stock 
solution (mg) 

D - diiution factor used to prepare the Sample 
solution from Sample stock solution 

F - absorptivity ratlo ot pure lycopene to pure 
beta carotene, 345/259.2 
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Calculate the percentage of phytofluene m the portion 
of Toma to Extract Containing Lycopene taken: 

Result = {fufrŚ} x Qx (V/W) x O x Fx 100 

ru = sum of the peak responses for phytofluene 

isomers at 350 nm from the Sample solution 
r% - sum of the peak responses for the lycopene 
isomers at 472 nm from Standard solution A 
Q = concentration of lycopene in Standard solution 
A (pg/ml) 

V = volume of the Sample stock solution (mL) 

W = weight of Tomato Extract Containing 

Lycopene taken to prepare the Sample stock 
solution (mg) 

D - dilution factor used to prepare the Sample 
solution from Sample stock solution 
F - absorpth/lfy ratio of pure lycopene to pure 
phytofluene, 345/135 

Calculate the percentage of phytoene in the portion of 
Tomato Extract Contafning Lycopene taken: 

Result = (ru/n) xQx (V/W) xDxFx 100 

fu = area of the phytoene peak response at 288 
nm from the Sample solution 
rs = sum of the peak responses for the lycopene 
isomers at 472 nm from Standard solution A 
Cs - concentration of lycopene in Standard solution 
A (pg/mL) 

V = volume of the Sample stock solution (mL) 

W - weight of Tomato Extract Containing 

Lycopene taken to prepare the Sample stock 
solution (mg) 

D = dilution factor used to prepare the Sample 
solution from Sample stock solution 
F = absorptmty ratio of pure lycopene to pure 
phytoene, 345/125 

Calculate the percentage of tocopherols in the portion 
of Tomato £xtract Containing Lycopene taken to 
prepare the Sample solution: 

Result = (ru/rj) X Cs x ( V/W) xDxFx 100 

fy - sum of the peak responses for all the 

tocopherol peaks at 288 nm from the Sample 
solution 

n - sum of the peak responses for the lycopene 
isomers at 472 nm from Standard solution A 
Cs = concentration of lycopene ?n Standard solution 
A (pg/mL) 

V = volume of the Sample stock solution (mL) 

W - weight of Tomato bctract Containing 

Lycopene taken to prepare the Sample stock 
solution (mg) 

D - dilution factor used to prepare the Sample 
solution from Sample stock solution 
F - absorptivity ratio of pure lycopene to the 

average absorptivity for tocopherols, 345/8.5 
Acceptance criteria: Nu 0.8% of the combined 
amount of phytofluene (CmHm) and phytoene 
NLT 0.2% of beta carotene (GoHsg), and NLT 1.0% of 
tocopherols (CagH.ieOz), on the anhydrous basis 

CONTAMINANTS 


Delete the following: 

Heavy Metals, Method il (231): NMT 10 pg/g* C om t u.i 


* Articles of Botanical Origin, Test for Aflatoxins (561): 
NMT 4 ng/g of total affatoxins 61, 82, G1, and C2; NMT 
2 ng/g ofaflatoxin 61 

* Articles of Botanical Origin, Pesticide Residues (561); 

Meets the reguirements 

■ Microbial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed IG 3 efu/g, and the total 
combined molds and yeasts count does not exceed 
2 x 10 2 cfu/g. 

* Absence of Specified Microorganisms (2022): It meets 
the requirements of the tests for absence of Safmonello 
spedes, Escherichia coli , and Pseudomonas aeruginoso. 

5PECIFIC TEST5 

* Clarfty of Solution 

Analysis: Warm the sample to 50° in a water bath. Mix 
welf with a glass rod or a spatula, and transfer 1 a of 
the Extract airectly into a 100-mL volumetne fiask. Add 
50 ml of methylene chloride, and sonicate the solution 
for 1 min to completely dissolve the sample. Br i na to 
room temperaturę, and di lute with methylene chloride 
to volume. 

Acceptance criteria: The solution is elear: no deposit or 
turbidity is formed. 

* Viscosity—Rotational Methods (912) 

Analysis: Eąuilibrate the Tomato Extract Containing 
Lycopene at 37° m a 30-mL glass vlal. Determine the 
wscosity using a rotational viscometer equipped with a 
spindle (No. 6) having a cylinder 1.47 cm in diameter 
and 0.16 cm high attached to a shaft 0.32 cm in diam¬ 
eter, with a distance of 3.02 cm from the top of the 
cylinder to the lower tip of the shaft. The spindfe is 
rotating at the appropriate speed and immersion depth 
to obtain a scalę readlng of 10%-90% of fuli scalę. Cal¬ 
culate the viscosity, in centipoises, by multiplying the 
scalę reading by the constant for the spindle and speed 
used, 

Acceptance criteria: NMT 5000 centipoises 

* Water Determination, Method la { 92 1): NMT 0.8% 

* PARTICLE SlZE DlSTRfBUTlON 

(See Opticał Microscopy (776).) 

Analysis: Transfer 1 drop to a mlcroscope slide, and 
spread evenly. Isopropanol may be used as a diluent, rf 
necessary. Examine tne slide under a microscope 
egulppeo with a calibrated ocular micrometer, using 
450x magnification. Scan the slide, and notę the size of 
the individual particles. 

Acceptance criteria: NLT 98% of the partides are less 
than 20 firn in length when measured along the long- 
est axis, NLT 60% of the partides are less tnan 5 pm, 
and NLT 40% of the partides are less than 2 (im, 

ADD1TIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight, light-resistant 
containers, and storę in a cool place. 

* Labeiinc: Label it to State the content of lycopene as a 

percentage and to State that the materiał should be 
neated to 50 c and mixed before use. Label it to indicate 
the Latin binomiai and the part of the plant from which 
the article is derived. 

« USP Reference Standards (11) 

USP Lycopene RS 

USP Tomato Extract Containing Lycopene RS 
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Łysinę Acetate —see Łysinę Acetate General 
Monographs 


Łysinę Hydrochloride —see Łysinę 
Hydrochloride General Monographs 


Łysinę Hydrochloride Tabiets 

DEF1NITION 

Łysinę Hydrochloride Tabiets eontain NIT 90,0% and NMT 
120.0% of the labeled amount of CeH^NiOz * * HCI, as 
L-lysine hydrochloride. 

(IDENTIFICATION 

o A, Thin Layer Chromatographic Identification Test 

Standard solution: 0.4 mg/mL of USP L-Łysinę Hydro- 
chloride RS In water 

Sample solution: A fiftered solution in water, equivalent 
to 0.4 mg/ml of łysinę hydrochloride from powdered 
Tabiets 

Chromatographic system 

(See Chromatograpny (62 1), Thin-Layer Chromato- 
graphy>) 

Modę: TLC 

Adsorbent: 0,25-mm layer of chromatographic silica 
gei 

Application volume: 10 pi 
Developmg solvent system: Isopropyl alcohol and 
ammontum hydroxide (70:30) 

Spray reagent: 2 mg/ml of ninhydrin in a mixture of 
butyl alcohol and 2 N acetlc acid (95:5) 

Analysis 

Samples: Standard solution and Sample solution 
Develop the piąte, and dry at ]00°-105° until the am- 
monia disappears completely. Spray with Spray rea¬ 
gent, and heat at 100°-105° for 15 min. Examme the 
piąte under white light 

Acceptance critena; The Rp value of the principal spot 
from the Sample solution corresponds to that from the 
Standard solution. 

5TRENGTH 
o procedurę 

Sample: A portion of the powder from NIT 20 finely 
powdered Tabiets, equivalent to 75 mg of łysinę 
hydrochloride 

Blank: Proce ed as directed in the Analysis with out the 
Sample . 

Titrimetric system 
(See Jltrimetry (541).) 

Modę: Direct titration 
Titrant: 0.1 N perchforic add VS 
Endpoint detection: Potentiometric or visual 
Analysis: Dissolve the Sample in 5 mL of mercuric ace¬ 
tate TS with gentle heating. Cool, then add 50 mL of 
glactal acetlc acid. Add 3 drops of crystal vlo!et TS when 
needed. Ti tratę with Titrant. Perform the Blank 
determination, 

Calculate the percentage of the labeled amount of 
L-lysine hydrochloride (C^H^N-jCb * HCI) in the portion 
of Sample taken: 

Result *= {[(V s - V 3 )x Nx F\/W } x 1 00 

V$ = Titrant volume consumed by the Sample (mL) 

14 = Titrant volume consumed by the Blank (mL) 

N = actual norma lity of the Titrant (mEq/mL) 

F - equivajency factor, 91.33 mq/mEq 
W - nominał amount of L-lysine hydrochloride ih 
the Sample taken (mg) 


Acceptance criteria: 90.0-120,0% 

PERFORMANCE TESTS 

® Di Si nt egratio N and DfSSOLUTfON (2040): Meet the re- 
quirements for Disintegration 
Time: 20 min 

o Weicht Variation of Dietary Supplements (2091): Meet 
the requirements 

ADDBT10NAL REQUIREMENT5 

* PACKAGING AND 5TORAGE: Preserve in well-closed contain- 

ers, and storę at controlled room temperaturę. 

* USP Reference Standards (11) 

USP l-Lysine Hydrochloride RS 


Magnesium Gluconate —see Magnesium 
Gluconate General Monographs 


Magnesium Gluconate Tabiets— see 

Magnesium Gluconate Tabiets General 
Monographs 


Magnesium Oxlde Capsules —see 

Magnesium Oxide Capsules General 
Monographs 


Magnesium Oxide Tabiets —see 

Magnesium Oxide Tabiets General Monographs 


Manganese Gluconate —see Manganese 
Gluconate General Monographs 


Malabar-Nut-Tree, Leaf 


DEFINITION 

Ma!abar-Nut-Tree, Leaf, known in commerce as vasaka, eon- 
sfsts of the dried leaves of Justida adhatoda L, [syn. Ad- 
hatoda vasica Nees] (Fam. Acanthaceae), It contains NLT 
0.6% of vasidne, calcu lated on the dried basis. 

IDENTIFICATION 

* A. Malabar-Nut-Tree, Leaf meets the requlrements in 
Spedfic Tests, Botanical Charocteristics. 

« B. Thin-Layer Chromatographic Identification Test 
Standard solution A: 0.5 mg/mL of USP Vasicine RS in 
methanol Sonicate to dissolve if necessary. 

Standard solution B: 50 mg/mL of USP Powdered Mal- 
abar-Nut-Tree, Leaf Extract RS in methanol, Sonicate for 
about 15 min, centrifuge, and use the supernatant, 
Sample solution: Transfer about 2.0 g of Malabar-Nut- 
Tree, Leaf, finely powdered and accurately weighed, to 
a 250-mL round-bottom fiask fltted with a ref!ux eon- 
denser, Add 50 mL of methanol, reflux for 15 min, cool 
to room temperaturę, and decant the supernatant. Re- 
peat until the extract is colorless. Combine the extracts, 
filter, and concentrate under vacuum. Transfer Ento a 
25-ml Yolumetrfc fiask, and adjust to volume with 
methanol. [Notę —Save the filtrate for use in the test for 
Content of Vasidne.] 
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Adsorbent: Chromatographic silica gel with an average 
particie s ize of 10-15 pm (TLC plates) 

Application volume: 10 pi, as 4~mm bands 
Developing so!vent system: Ethyl acetate, methanol, 
and ammonia (8: 2: 0.2) 

Analysis 

Samples: Standard solution A f Standard solution B, and 
Sample s olution 

Apply the Samples as bands* Using a saturated cham- 
ber, develop the chromatograms until the soivent 
front has moved up about threeJourths of the length 
of the piąte* Remove the piąte from the chamber, dry, 
and examine under UV at 254 nm. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits a guenchjng zonę at an R f value of 
approximately 0.35 for vasiane, corresponding to a 
zonę in the chromatogram of Standom solution A. The 
chromatogram of the Sample solution also exhlbits an 
additional guenchlng zonę at an R F value of approxi- 
mately 0.53 for vasidnone, corresponding to a similar 
zonę m the chromatogram of Standard solution 8* Other 
minor zones may be observed in the Sample solution 
and Standard solution B chromatograms. 

• G HPLC: The chromatogram of the Sample solution from 

the test for Content of Vasidne shows a main peak at a 
retention tirne corresponding to that of vasicine in the 
chromatogram of Standard solution A. Identify other 
peaks in tne Sample solution by comparison with the 
chromatogram of Standard solution B and the reference 
chromatogram provided with the lot of USP Powdered 
Malabar-Nut-Tree, Leaf Extract RS bemg used. The Sam¬ 
ple solution shows an additional peak corresponding to 
yasidnone* 

COMPOSmON 

• CONTEMT OF VASlClNE 

Buffer solution: Dissolve 1.36 g of anhydrous potas- 
sium dihydrogen phosphate in 900 m!_ of water. Add 
2.0 mL of phosphoric acid, Dilute with water to 
1000 mL, and filter. 

Mobile phase: Buffer solution , aceton itnle, and tetrahy- 
drofuran (92:5:3) 

Standard solution A: OJ mg/ml of USP Vasicine RS in 
methanol. Sonicate to dissolve if necessary* 

Standard solution B: 5.0 mg/mt of USP Powdered 
Malabar-Nut-Tree, Leaf Extract RS In methanol. Sonicate 
for about 15 min. Before injection, pass through a 
membranę filter of 0.45-pm or fi ner porę size. 

Sample solution: Drlute the Sample solution , prepared 
as airected in Identification test B (1:5), with methanol 
Before injection, pass through a membranę filter of 
0*45-p m or finer porę size, and discard the first few mL 
of the filtrate* 

Chromatographic system 
(See Chromatograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Column: 4*ó-mm x 25-cm; 5~pm packing L10 
Ffow ratę: 1,0 mL/min 
Injection volume: 20 pL 
System suitablfity 

Samples: Standard solution A and Standard solution B 
[Notę—T he approximate relative retention times of the 
yasicine and vasicinone peaks are 1.00 and 1 *23, 
respectively*] 

Sultability reguirements 

Chromatogram similarity: The chromatogram of 
Standard solution 8 rs similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Malabar-Nut-Tree, Leaf Extract RS being used. 
Resolution: NLT 2*0 between the vasicine and vasici- 
none peaks, Standard solution B 
Relative standard deviation: NMT 2.0% determined 
from the vasicine peak in repeated injectlons, Ston- 
dard solution A 


Analysis 

Samples: Standard solution A, Standard solution B f and 
Sample solution 

Using the chromatogram of Standard solution A, Stan¬ 
dard solution B, ancfthe reference chromatogram pro- 
yided with the lot of USP Powdered Malabar-Nut-Tree, 
Leaf Extract RS being used, identify the retention times 
of the peaks corresponding to vasicine and va$icinone. 
Calculate the percentage ofvasidne in the portion of 
Malabar-Nut-Tree, Leaf taken: 

Result = ( ru/rs ) x C$ x (V/W) x 100 

r u = peak area of vasidne from the Sample solution 

r s = peak area of yasicine from Standard solution A 

C s = concentratton of USP Vasfcine RS in Standard 
solution A (mg/mL) 

V = volume of tne Sample solution (mL) 

W = weight of Malabar-Nut-Tree, Leaf taken to 
prepare the Sample solution (mg) 

Acceptance criteria: NLT 0.6% on the drled basis 

CONTAMINANT5 

* Articles of Botanical Origin, Umits of Elementui ImpurT 

ties (561): Meets the reguirements 

* Articles of Botanical Origin, Pestidde Residue Analysis 
(561): Meets the requirements 

* Microbial Enumeration Tests (2021): The total aerobk 
bacterial count does not exeeed 10 5 cfu/g, the total com- 
bined molds and yeast5 count does not exceed 10 ł cfu/ 
g, and the bile-tolerant Gram-negative bacteria do not 
exceed 10 a cfu/g* 

* ABSENCE OF Speciheo Microorganisms (2022): Meets the 
reguirements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

SPEC1FIC TEST5 

* Botanical Characteristics 

Macroscoptc: Leaves, sirnple, green to duli grayish- 
brown, minutely pubescent, lanceolate to ovafe-ianceo- 
late, tapering base and slightly acuminate apex, 

10-20 cm (ong, 3“10 cm broad, petioles 2-8 cm long, 
and 8-10 pairs of retkulate lateral veins; characteristic 
odor, and bitter taste, Pharmacopeial article consists of 
dry, brittle, and grayish-brown leaves. 

Microscopic 

Tran$verse section of !eaves: Upper epidermal cells 
uniform in size and sinuous in outiine, whiJe lower epu 
dermaI cells vary in size and are less wavy; 4-6 layers 
of collenchymaf cells below epidermis in the midrib 
region; shows two layers of palisadę cells with elon- 
ated cystollths, whlch are absent in epidermal cells (a 
lagnostic feature that is not seen in tne leaves of Ai- 
lanthus excelsa, a potentiaf adulterant); globules of oil 
dispersed in palisadę and spongy layers; numerous sto- 
mata diacytic or anomocytic; gtandular and non-glan- 
dular trichomes are yisible on both epidermal layers* 

* LOSS on Drving (731) 

Sample: 1.0 g of finely powdered Malabar-Nut-Tree, 

Leaf 

Analysis: Dry the Sample at 105° for 3 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Total Asb (561) 

Sample: 1.0 g of finely powdered Malabar-Nut-Tree, 

Lear 

Acceptance criteria: NMT 21% 

* Articles of Botanical Origin, Add-lnsoluble Ash (561): 

NMT 2% 

* Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 2*0% 

ADDITIONAL REQUIREMENT$ 

* Packaginc and Storage: Preserve in well-dosed contafn- 
ers, protected from light and moisture, and storę at 
room temperaturę. 
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* Labeling: The tabel States the Latin binomiai and, folio w- 
sng the officla! namą the part of the plant contained in 
the article, 

O USP Reference Standards (11) 

USP Powdered Malabar-Nut-Tree, Leaf Extract RS 
USP Vasicine RS 


Powdered MaSabar-Miat-Tree, Leaff 

DEFINmON 

Powdered Malabar-Nut-Tree, Leaf is Malabar-Nut-Tree, Leaf 
reduced to a powder or very fine powder. It contains NLT 
0.6% of vasicine, calculated on the dried basis. 

IDENTIFICATION 

* A. Powdered Malabar-Nut-Tree, Leaf meets the reguire- 

menfs in Spedfk Tests, Botanice! Characteristics. 

* B. Thin-Iaver Chromatographic Identification Test 

Standard solution A: 0,5 mg/ml of USP Vasidne RS in 
methanol. Sonicate to dissolve if necessary. 

Standard solution Br 50 mg/mL of USP Powdered Ma3- 
abar-Nut-Tree, Leaf Extract RS in methanol Sonicate for 
about 15 min, centrifuge, and use the supernatanb 
Sam ple solution: Transfer about 2,0 g of Powdered 
Mafabar-NubTreą Leaf, accurately weighed, to a 
250-mL round-bottom fiask fitted with a reflux eon- 
denser. Add 50 mL of methanol, reflux for 15 min, cool 
to room temperaturo, and decant the supernatant, Re- 
peat untll the extract is colorless, CombEne the extracts, 
filter, and concentrate under vaeuum. Transfer into a 
25-mL voiumetric fiask, and adjust to volume with 
methanol. [NOTĘ—Save the filtrate for use in the test for 
Content of Vasicine.] 

Adsorbent: Chromatographic silica gel with an average 
particie size of 10-15 pm (TLC plates) 

Application volume: IOjiL, as 4-mm bands 
Developing soivent system: Ethyl acetate, methanol, 
and a m mania (8: 2: 0.2) 

Analysrs 

Sam pies: Standard solution A, Standard solution B, and 
Sample solution 

Apply the Samples as bands. Uslng a saturated cham- 
ber, deve!op the chromatograms until the solvent 
front has moved up about three-fourths of the length 
of the piąte. Remove the piąte from the chamber, dry, 
and examine under UV at 254 nm. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits a guenchlng zonę at an value of 
approximately 035 for yasitine, corresponding to a 
zonę In the chromatogram of Standom solution A. The 
chromatogram of the Sample solution also exhlblts an 
additional guenching zonę at an Rf value of approxi- 
mately 0.53 for vasEcinone, corresponding to a similar 
zonę in the chromatogram of Standard solution B. Other 
minor zones may be observed in the Sample solution 
and Standard solution B chromatograms. 

* C HPLC: The chromatogram of the Sample solution from 

the test for Confenf of Vasicine shows a main peak at a 
retention time corresponding to that of vasicine in the 
chromatogram of Standard solution A. Identify other 
peaks in the Sample solution by comparhon with the 
chromatogram of Standard solution B and the reference 
chromatogram provided with the lot of USP Powdered 
Malabar-Nut-Tree, Leaf Extract RS being used. The Sam- 
ple solution shows an additional peak corresponding to 
yasicinone. 

COMIPOSiTION 

* Content of Vasicine 

Buffer solution: Dissolve 1 36 g of anhydrous potas- 
stum dihydrogen orthophosphate in 900 mL of HPLC 


grade water. Add 2.0 mL of phosphonc acid. Dilute 
with water to 1000 mL, and filter. 

Mobile phase: Buffer solution, aceton itrlle, and tetra hy¬ 
drolu ran (92:5:3) 

Standard solution A: 0.1 mg/rnL of USP Vasfcine RS in 
methanol. Sonicate to dissolve if necessary. 

Standard solution B: 5,0 mg/mL of USP Powdered 
Malabar-Nut-Tree, Leaf Extract RS in methanol. Sonicate 
for about 15 min, Before injeetion, pass through a 
membranę filter of 0.45-f.rm or finer porę size. 

Sample solution: Dilute the Sample solution , prepared 
as directed in Identification test B (1:5), with metnanol. 
Before injeetion, pass through a membranę filter of 
0,45-jim or finer porę size, and dfseard the first few mL 
of the filtrate. 

Chromatographic system 
(See Chroma tog ropny (621), System Suitability ,) 

Modę: LC 

Detector: UV 280 nm 

Column: 4.6-mm x 25-cm; 5-pm packing L10 
Flow ratę: 1.0 mL/min 
injeetion volume: 20 pL 
System suitability 

Samples: Standard solution A and Standard solution B 
[Notę —The approximate relative retention times of the 
vasicine and vasicinone peaks are 1.00 and 1,23, 
respectively.] 

Suitability regurrements 

Chromatogram similarity: The chromatogram of 
Standard solution B is similar to the reference chro- 
matogram provided with the lot of USP Powdered 
Malabar-Nut-Tree, Leaf Extract RS being used. 
Resolution: NLT 2,0 between the vasidne and vasid- 
none peaks, Standard solution B 

Relatlve standard deviation: NMT 2.0% determined 
from the vasicine peak in repeated injections, Stan¬ 
dard solution A 
Analysrs 

Samples: Standard solution Ą Standard solution B f and 
Sample solution 

Using the chromatogram of Standard solution A , Stan¬ 
dard solution 8, and the reference chromatogram pro- 
vided with the lot of USP Powdered Malabar-Nut-Tree, 
Leaf Extract RS being used, identify the retention times 
of the peaks corresponding to vasicine and vasicinone. 
Calculate the percentage of vasicine in the portion of 
Powdered Malabar-Nut-Tree, Leaf taken: 

Result - (ro/fs) x Cs x (V/W) x 100 

r u - peak area of vasidne from the Sample solution 

r s = peak area of vasicine from Standard solution A 

Cs = concentration of USP Vasicine RS In Standard 
solution A (mg/ml) 

V - volume of the Sample solution (mL) 

W - weight of Powdered Malabar-Nut-Tree, Leaf 
taken to p rep are the Sample solution (mg) 
Acceptance criteria: NLT 0.6% on the dried basis 

CONTAMINANTS 

* Artkles of Botanical Origin, iimits of Elemental ImpurT 
ties (561): Meets the requirements 

■ Articles of Botanical Origin, Pesticide Residue Analysis 

(561): Meets the reąuirements 

■ Microbial Enumeratign Tests (2021): The total aerobic 

bacterial count does not exceed 10 s cfu/g, the total com- 
bined molds and yeasts count does not exceed 10^ cfu/ 
g, and the blle-toferant Gram-negatiye bacteria do not 
exceed 10 3 cfu/g, 

■ Absence of Specified MłCROORGANiSMS (2022): Meets the 

requirements of the tests for absence of Salmonella spe- 
cies and Eschenchia coli 
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5PECIFIC TEST5 

* BOTANICAL CHARACTERIST1CS 

Macroscoplc: Greenish-brown powder; characteristic 
odor; and bitter taste 

Micrascopk: It shows parenchyma celfs with elongated 
cystoliths; oi\ globules; epidermal cetls with numerous 
stomata diacytic or anomocytic, glandular and nonglan- 
dular, I - to 3-celled, thin-walled, warty trichames. 

* LOSS ON DRYING (731) 

Sampie: 1.0 g of Powdered Malabar-Nut-Tree, Leaf 
Analysis: Dry the Somple at 105° for 3 h, 

Acceptance crrtena: NMT 12,0% 

* ARTICLES OF BOTANICAL ORIGIN, Total Ash (561) 

Sampie: 1,0 g of Powdered Malabar-Nut-Tree, Leaf 
Acceptance critena: NMT 21,0% 

* Artjcies of Botanical Origin, Add-lnsolubie Ash (561): 

NMT 2,0% 

ADDITIONAL REQUIREMENT5 

* Packagjng and Storage: Preserve in well-closed contain- 

ers, protected from Ifght and molsture, and storę at 
room temperaturę. 

* Labeling: The label States the Latin binomiaf and, follow- 

ing the offidal name, the part of the plant contained in 
the article. 

* USP Reference Standaros (11) 

USP Powdered Malabar-Nut-Tree, Leaf Extract RS 
USP Vasicine RS 


Powdered Malabar-Nut-Tree, Leaf 
Extract. 


DEF1NITION 

Powdered Malabar-Nut-Tree, Leaf Extraot is prepared from 
Malabar-Nut-Tree, Leaf using suitable so!vents such as 
water, methanol, or a mixture of these $olvents, The ratio 
of plant materiał to extract is between 8:1 and 5:1* * It 
contains NLT 90.0% and NMT 110.0% of the labeled 
amount of yasicine. It may contain suitable added sub- 
stan ces as carriers. 

IDENTIFICATION 

* A, Thin-Layer Chromatographic Identification Test 
Standard solution A: 0.5 mg/mL of USP Vasicine RS in 
methanol. Sonicate to drssaJye if necessary. 

Standard solution B: 50 mg/mL of USP Powdered Mal¬ 
abar-Nut-Tree, Leaf Extract RS in methanol. Sonicate for 
about 15 min, centrifuge, and use the supematant 
Sampie solution: 50 mg/mL of Powdered Malabar-Nut* 
Tree, Leaf Extract in methanol. Sonicate for about 15 
min, centrifuge, and use the supernatant. 

Adsorbent: Chromatographic silica gel with an average 
particie size of 10-15 pm (TLC piates) 

Application voiume: 10 pL, as 4-mm bands 
Devefoping solyent system: A mixture of ethyl acetate, 
methanol, and ammonia (8: 2: 0.2) 

Analysis 

Samples: Standard solution A, Standard solution B, and 
Somple solution 

Apply the Samples as bands to a suitable thin-layer 
chromatographic piąte (see Chromatography (62 1), 
Thin-Layer Chromatography ). Use a saturated cha ro¬ 
ber. Develop the chromatograms untii the solvent 
front has moved up about three-fourths of the piąte. 
Remove the piąte from the cham ber, dry, and ex- 
amine under UV at 254 nm, 

Acceptance criteria: The chromatogram of the Sampie 
solution exhibits a guenching zonę at an RF va!ue of 
approximately 0,35 for yasicine, corresponding to a 
zonę in the chromatogram of Standard solution A, The 
chromatogram of the Sampie solution also exhibits an 


additional guenching zonę at an RF value of approxi- 
mately 0.53 for yasicinone, corresponding to a similar 
zonę in the chromatogram of Standard solution B. Other 
minor zones may be observed in the Somple solution 
and Standard solution B chromatograms. 

* B. HPiC: The chromatogram of the Sampfe solution from 

the test for Content of Vasicine shows a main peak at a 
retention time corresponding to that of yasicine in the 
chromatogram of Standard solution A. Identify other 
peaks In tne Sampie solution by comparison with the 
chromatogram of Standard solution B and the reference 
chromatogram provrded with the lot of USP Powdered 
Malabar-Nut-Tree, Leaf Extract RS belng used. The Sam- 
ple solution shows an additional peak corresponding to 
yasicinone. 

C0MP0SIT10N 

* Content of Vasicine 

Buffer solution: Dissolye 1.36 g of anhydrous potas- 
sium dihydrogen phosphate in 900 mL of HPLC grade 
water, Add 2.0 ml of phosphoric add. Dilute wifn 
water to 1000 ml, and filter. 

Mobile phase: Buffer solution, acetonitrile, and tetrahy- 
drofuran (92:5:3) 

Standard solution A: 0.1 mg/mL of USP Vasicine RS in 
methanol. Sonicate to dissolve if necessary. 

Standard solution B: 5.0 mg/mL of USP Powdered 
Malabar-Nut-Tree, Leaf Extract RS in methanol, Sonicate 
for about 15 min. Before injection, pass through a 
membranę filter of 0.45-pm or finer porę size. 

Sampie solution: 5.0 mg/mL of Powdered Extract in 
methanol, Sonicate for aoout 15 min. Before injection, 
pass through a membranę filter of 0.45-um or finer 
porę size, and discard the first part of the filtra te, 
Chromatographic system 
(See Chromatography (62 1 ), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Column: 4.6-mm x 25-cm; 5-jim packing L10 
Flow ratę: 1.0 mL/min 
Injection size: 20 pL 
System suitability 

Samples: Standard solution A and Standard solution B 
[Notę—T he approximate re!ative retention times for 
yasicine and yasicinone peaks are 1.00 and 1.23, 
respective!y.] 

Suitability requirements 

Chromatogram similarity: The chromatogram from 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Malabar-Nut-Tree, Leaf Extract RS beincj used. 
Resolutron: NLT 2.0 between the yasicine and vasid- 
none peaks, Standard solution B 
Relative standard deviation: NMT 2,0% determined 
from the yasicine peak in repeated injections, Stan¬ 
dard solution A 
Analysis 

Samples: Standard solution A , Standard solution 8, and 
Sampie solution 

Using the chromatogram of Standard solution A t Stan¬ 
dard solution B f and the reference chromatogram pro- 
yfded with the lot of USP Powdered Malabar-Nut- 
Tree, Leaf Extract RS being used, identify the reten¬ 
tion times of the peaks corresponding to yasicine and 
yasicinone. 

Cakulate the percentage of yasicine in the portion of 
Powdered Extract taken: 

Result = (Wri) x (CrfC u ) x 100 

Tu = peak response of yasicine from the Sampie 
solution 

0 - peak response of yasicine from Standard 

solution A 
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Q = concentratlon of USP Vasidne RS in Standard 
solution A (mg/mL) 

Cu - concentration of Powdered Malabar-Nut-Tree, 
Leaf Extract in the Sampie solution (mg/mL) 
Acoeptance criteria: 90 t 0%-110,0% of the labeled 
amount of vasicine 

CONTAMINANTS 


Delete the fottowing: 

•* * Heaw Metals, Method III (231): NMT 20 ppm# (Offiria! 1- 
j ai t-zn i a> 

* ARTICLES Of BOTANICAL Orlcsn, General Method for Pesti- 

dde Residues Analysls (561): Meets the requirements 
» Microbial Enłimeration Tests (2021): The total ae robie 
bacterial count does not exceed cfu/g, and the total 
combined molds and yeasts count does not exceed 1Q 3 
cfu/g. 

« ABSENCE OF Specihed MlCRGGRGANlSMS (2022): Meets the 
requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

SPECSFIC TESTS 

Loss on Drying (731): Dry 1.0 g of Powdered Extract at 
105 n for 3 h: it loses NMT 5.0% of its weight 

* Other Requirejvients: It meets the requirements of the 

test for Residua! Solvents in Botanical Extracts (565). 

AODITfONAL REQUIREMENTS 

® Packaging and Storage: Preserze in well-dosed Contain¬ 
er*, protected from light and moisture, and storę at con- 
trolled room temperaturę. 

* Labeling: The label States the Latin binomial and, foflow- 

ing the official name, the part of the plant from which 
the article was derived. It meets other labeling reguire- 
ments in Botanical Extracts (565). 

* USP Reference Standards (11) 

USP Powdered Malabar-Nut-Tree, Leaf Extract RS 
USP Vasicine RS 


Maritime Pine 


DEFINIHON 

Maritime Pine consists of the bark of stems of Pinus pinaster 
Aiton ( Pinus maritima Poir.) Fam. Pinaceae. It contains NLT 
8.0% and NMT 12.0% of procyanidins, calculated on the 
dried basis. 

[Notę —This article is intended to be used in the preparation 
of extracts oniy and is not for direct humąn 
consumption,] 

IDENTIFBCATiON 

* A. Presence of Procyanidins 

Sampie: Pulverize 1 g of the dried Maritime Pine. Use 
10 mg. 

Analysis: Add the Sampie to 1 ml of methanol, and 
add 6 ml of a mixture of butanol and hydrochloric acid 
(95:5). Heat for 2 min in a water bath. 

Acceptance criteria: The solution turns red. 

* B. Thin-Layer Chroiwatographic Bdentificateon Test 

Standard solution: 25 mg/mL of USP Maritime Pine Ex- 
tract RS in alcohol 

[NOTĘ—Retain a portion of this solution for use in Iden¬ 
tification test Cj 

Sampie solution: Add 2 g of the powdered dried mate¬ 
ria i to 20 mL of water. Place in a water bath for 20 min, 
and centrifuge. Extract the supernatant with 40 mL of 
ethyl acetate. Evaporate the ethyl acetate layer to dry- 
ness under a stream of nitrogen, with gentle heating. 
Dissolve the residue so obtained in 0.25 mL of alcdhoL 


Chromatographlc system 

(See Chromatograpny (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: 0,25-mm layer of chromatographic sitica 
gel mixture 

Application volume: 5 jtL 

Developing solvent system: Ethyl acetate, formie 
acid, and water (50:5:3) 

Spray reagent: Alcohol and phosphoric add (1:1), 
containing 1% of yanillin 

Analysis 

Samples: Standard solution and Sampie solution 
Develop the chromatograms, dry the piąte with the aid 
of a current of air, spray the piąte with the Spray rea¬ 
gent, and heat at 115° for 15 min, 

Acceptance criteria: The chromatogram of the Sampie 
solution presents three red bands appearing in the mid- 
dle thłrd of the chromatogram corresponding to two 
dimeric procyanidins and catechin at the same Rf of 
slmilar bands in the Standard solution. The chromato- 
ram of the Sampie solution aEso exhibits a blue band 
etween the upper band due to upper dimeric procy¬ 
anidins and the band due to catechin, at the same R f of 
a simitar band found in the chromatogram of the Stan¬ 
dard solution . 

® C. Thin-Layer Chromatographic Identification Test 

Standard solution A: Use the Standard solution, pre- 
pared as directed for Identification test B. 

Standard solution B: 1 mg/mL each of feruJIc acid and 
protocatechuic acid 

Sampie solution: Use the Sampie solution, prepared as 
directed for Identification test B. 

Chromatographic system 

(See Chromatograpny (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: 0.25-mm layer of chromatographic silica 
ge! mlxture 

Application volume: 10 pL 
Developing solvent system: Methylene chlori.de, 
methanol, glacia] acetic acid, and water (80:15:2:2) 
Spray reagent: 5% fen ie chloride solution in 
methanoi 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sampie solution 

Develop the chromatogram, dry the piąte at 110°, and 
examine the piąte under short-wavefength and long- 
wavelength UV light. The chromatograms of Standard 
solution A and Standard solution B exhibit bands in 
the middle third and upper Lhird that correspond to 
protocatechuic acid and ferulic add, respectively. 
Spray the piąte with the Spray reagent, and heat at 
11 5° for 15 min, The bands due to ferulic add and 
rotocatechuic acid turn grayish green, Grayish-green 
ands become visible in the chromatogram of Stan¬ 
dard solution A above and below protocatechuic add, 
indicating the presence of caffeic acid and catechin, 
respectlve[y. 

Acceptance criteria: The chromatogram of the Sampie 
solution exhibftś bands due to catechin, protocatechuic 
acid, caffeic acid, and ferulic acid that correspond in 
color and R f values to those in the chromatogram of 
Standard solution A and Standard solution B. 

COMPOSiTION 

» CONTENT OF PROCYANIDINS 

Reagent solution A: Butanol and hydrochloric acid 
(95:5) 

[Notę —Prepare this solution on the day of use.] 

Reagent solution B: Dissolve 2 g of ferric ammonium 
sulfate in a mixture of 100 mL ot water and 17.5 mL of 
hydrochloric acid, [Ngte—T his solution can be used 
within 15 days of preparation.] 

Standard solution: 95 pg/ml of procyanidins from USP 
Maritime Pine Extract RS m methanol 
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Sample stock sofution: Dry crushed Maritime Pine at 
110° for 3 h, Place 1.9 g or the crushed materiał in a 
20-mL vial, and add 10 mL of methanol. Cnmp the vial, 
and sonicate for 2 min, Heat in boiiing water for 1 0 
min. CooJ to room temperaturę, allow the sediment to 
settle, and transfer the supernatant to a 100-mL volu- 
metric fiask, passing it through a fllter havlng a 0.45- 
pm porę size. Wash the sediment two times with 10 mL 
of methanol, and transfer the solution into the same 
1 00-mL Yolumetric fiask, again passing it through a fil¬ 
ier having a 0.45-pm porę size. Di lute with methanol to 
volume. 

Sample solution: Dilute the Sample stock solution with 
methanof (1 in 20), 

Instrumental conditions 
(S e e Ultravio /et- Visible Spectros copy (85 7).) 

Modę: Vis 

Wavelength: 551 nm 
Analysis 

Samples: Standard solution and Sample solution 
Transfer 1.0 mL each of the Standard solution , Sample 
solution, and methanol to three separate 10-mL vials. 
To each vial add 6,0 mL of Reagent solution A and 
0.25 mL of Reagent solution B . Seal the vials with crimp 
caps. Mix, and heat in a water bath for 40 min. 

Quickly cool to room temperaturę En an ice bath. 
Quantitatively transfer these Solutions, with the aid of 
Reagent solution A, to three separate 10-mL volumetnc 
flasks, and dilute with Reagent solution A to volume. 
Determine the absorbance of the Solutions obtained 
from the Standard solution and the Sample solution , us- 
ing the methanol-containing solution as a blank. 
Calculate the percentage of totaJ procyanidins in the 
portion of Maritime Pine taken; 

Result = {AJA s ) x Q x {VIW) x D x P 

A u = absorbance of the solution from the Sample 
solution 

As ~ absorbance of the solution from the Standard 
solution 

Cs - concentration of the USP Maritime Pine 

Extract RS in the Standard solution (mg/mL) 

V = volume of the Sample stock solution (mL) 

W = weight of Maritime Pine taken to prepare the 
Sample stock solution (mg) 

D = dilution factor to prepare the Sample solution 
from Sample stock solution , 20 
P = percentage of procyanidines in the USP 
Maritime Pine Extract RS 

Acceptance criteria: 8.0%-l 2.0% on the dried basis 

5PEC8FIC TESTS 
• BOTANICAL CHARACTER(STIC5 

Macroscopic: Bark pieces are typically 1=3 cm thick. 

The inner bark is pfane to sEightly concave, whitlsh to 
light brown, striped longltudinalfy; shiny and of slEghtly 
irreguiar surface, only a few mliii meters thick. Abrupt 
change to a sequence of hard, convex, nearly parallel 
Jayers alternating with smooth, light brown layers. Up 
to 50 or morę layers present, depending on the age of 
the bark, Outer surface of bark is dark reddish brown 
composed of irreguiar scaJy patches, with deep V- 
shaped fissures. Outer surface may also be gray, gray- 
green, or green-yellow due to presence of lichens. 
Microscopic (transverse section of bark): Light inner 
bark has irreguiar laterai stripes consisting of 3-5 celi 
layers of fong, slender sieve cells with large pitted hori- 
zontal celi walls and large polygonal parenchyma cells 
containing single, irreguiar, rounded starch grain, 

3-15 mm wide. Laterai stripes are separated from each 
other by ray parenchyma cells. Ray parenchyma cells 
are homogeneous In appearance, 1-4 celi layers thick 
and 4-20 celi layers high, each celi containing single, 
irreguiar, rounded starch grain, 3-15 mm wide. Cylin- 


drlcal parenchyma cells with thln celi walls arranged in 
vertical rows with calcium oxalate prlsms are also pres¬ 
ent. Outer part of the Inner bark eontains plate-shaped 
cells of undlfferentlated periderm and older perlderm 
with multiple Jayers of pheflogen. The phellogen grows 
3-7 rows of phellum to the exterior and 2-4 rows of 
smali celi phelloderm to the Interior. The oldest and 
outermost part of the bark is composed of Jignlfled sec- 
tions of phelloderm and phellum cells, 15-35 mm thick, 
separated by cotlapsed phellogen. Phelloderm and phel¬ 
lum cells are up to 100 mm wide, square, rectangufar, 
polygonal, or irregularly shaped. The celi walls are coh 
orless, Phelloderm cells are moderately pitted with a 
reddish-brown content Phellum cells have a Lhicker celi 
wali of strongly pitted, undulated contour, and a yel- 
lowlsh-brown to brownlsh-red content Radially be- 
tween layers of phelloderm and phellum are layers of 
ray parenchyma cells, 5-8 cells thick, rounded to rad i- 
alfy stretched, thln walled, strongly pitted with col- 
lapsed cells and dead sieve cells. 

® Articles of BOTANICAL ORIGIN, Foreign Orgonic Matter 
(561): NMT 5% 

o ARTiCLES OF BOTANICAL Origin, Total Ash (561): NMT 
1.5% 

* Articles of Botanical Origin, Water Content <561): 

NMT 35.0% 

ADOmONAi REQUIREMENTS 

* Packaging and Storage: Storę at 25°, excursion permit- 
ted between 15° and 30°. Preserve in a well-closed Con¬ 
tainer, and protect from moisture and excesslve heat 

■ Labeling; Tne tabel States the Latln blnomial and, follow- 
ing the official name, the part of the plant contained in 
the article, 

* USP reference standards {11} 

USP Maritime Pine Extract RS 


Maritime Pine Extract 


DEFINITION 

Mant!me Pine Extract is prepared from the pulvenzed Mari¬ 
time Pine using suitable solvents, It eontains NLT 65% 
and NMT 75% of procyanidins, calculated on the dried 
basis. 

IDENTIFICATION 
• A. Presence of Procyanidins 

Sample solution: Dissolve 50 mg of Extract In ó mL of 
a mixture of butanol and hydrochloric add (95:5). 
Analysis: Heat for 2 min in a water bath. 

Acceptance criteria: The solution turns red, 

■ B. Thin-Layer Chromatographic Identification Test 
Standard solution A: 25 mg/mL of USP Maritime Pine 
Extract RS in methanol 

Standard solution B: 1 mg/mL each of ferulic add and 
protocatechufc add In methanol 
Sample solution: 25 mg/mL of ExLract in methanol 
Chromatographic system 
(See Chroma tog ropny (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel mtxture 

Application volume: 5 pL 

Developing soivent system: Methylene chloride, 
methanol, glacial acetic add, and water (80:15:2:2) 
Spray reagent: 5% ferric chloride solution in 
methanor 
Analysis 

Samples: Standard solution A , Standard sofution 8, and 
Sample solution 

Develop the chromatogram, dry the piąte at 110°, and 
examine the piąte under short-wavelength and long- 
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wavelength UV Irght, The chromatograms of Standard 
solution A and Standard solution B exhibit bands in 
the middle third and upper third that correspond to 
protocatechuic acid and ferulie add, respectkely. 
Spray the piąte with the Spray reagent , and heat at 
115 n for 15 min. The bands due to ferulie acid and 
rotocatechuic acid turn grayish green. Grayish-green 
ands become yisible in the chromatogram of Stan- 
dard solution A above and belo w protocatechuic acid, 
indicating the presence of caffeic acid and catechin, 
respectively. 

Accep tance criteria: The chromatogram of the Somple 
solution exhibits bands due to catechin, protocatechuic 
acid, caffeic acid, and ferulie acid that correspond in 
color and Rt values to those in the chromatogram of 
Standard solution A and Standard solution B. 

* C. Thin-Layer Chromatographic Identification Test 

Standard solution: Use Standard solution A, prepared as 
directed for Identification test B. 

Sample solution: Use the Somple solution f prepared as 
directed for Identification test B . 

Chromatographic system 
{See Chromatograpny {62 1}, Thin-Layer Chromało- 
graphy.) 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel mixture 

Application yofume: 5 pi 

Deyefopfng so!vent system: EthyJ acetate, formie 
acid, and water (S0;5:3) 

Spray reagent: Phosphoric acid and alcohol (1:1), 
containing 1% of vanillin 
Anaiysis 

Sam pies: Standard solution and Sample solution 
Proceed as directed in the chapter, except to dry the 
piąte with the aid of a current of air, spray the piąte 
with the Spray reagent , and heat at 115° for 15 min. 
Three red bands appear in the middle third of the 
chromatogram of tne Standard solution corresponding 
to two dimeric procyanidins and catechin. The chro¬ 
matogram of the Standard solution also exhibits a blue 
band oetween the upper band due to upper dimeric 
procyanidins and the band due to catechin. 
Acceptance criteria: The chromatogram of the Sample 
solution contains bands that correspond to those found 
in the chromatogram of the Standard solution . 

* D HPLC IDENTIFICATION TEST 

Solution A: Methanol 

Solution B: 1 mg/mL of phosphoric acid in water 
Mobile phase: See Table 7. 


Table T 


Time 

(min') 

Solution A 

(W 

Solution B 

(%ł 

0 

8 

92 

40 

34 

66 

45 

2 

98 

50 

2 

98 

52 

8 

92 

57 

8 

92 


Standard solution: 2 mg/ml of USP Maritime Pine Ex- 
tract RS in Solution A. Pass through a membranę having 
a 0,45-pm or fi ner porę size. 

Sample solution: Add 20 mg of Extract to 10 mL of 
Solution A, and sonicate for TO min to dissolve. Pass 
through a membranę havmg a 0.45-pm or finer porę 
size, discarding the first 4 mL of the filtrate. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Column: 4.6-mm x 15-cm; base-deactivated packing 
17, having less than 5-^im particie si 2 e 


Column temperaturę: 40 3 
Flow ratę: 1 mL/min 
Injection stze: 10 pL 
System suitability 
Sample: Standard solution 
Suitability requirement$ 

Chromatogram slmilarity: The chromatogram es sim- 
(lar to the reference chromatogram provided with the 
lot of USP Maritime Pine Extraet RS being used. 
Resolution: NLT 3.0 between taxifolin and ferulie 
acid 

Taifing factor: NMT 2,0 for taxifolin 
Anaiysis 

Sam pies: Standard solution and Sample solution 
Identify the peaks for catechin, caffeic acid, taxifofin, 
and ferulie acid by comparison of the chromatogram 
of the Standard solution with the reference 
chromatogram. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks for catechin, caffeic add, tax- 
rfolin, and ferulie acid at the retention times corre¬ 
sponding to those in the chromatogram of the Stan - 
aard solution. 

COMPOSmON 

* CONTENT OF PROCYANIDINS 

Reagent solution A: Butanol and hydrochloric add 
(9£5) 

[NOTĘ—Prepare this solution on the day of use,] 

Reagent solution B: Dissolve 2 g of ferric ammonium 
sulfate in a mixture of 100 mL of water and 17.5 mL of 
hydrochloric acid. [Notę—T his solution can be used 
within 15 days of preparation.] 

Standard solution: 95 jig/mL of procyanidins from USP 
Maritime Pine Extract RS in methanol 
Sample stock solution: Transfer 250 mg of Extract to a 
100-mL volumetric fiask, Dissolve with methanol, and 
difute with the same solvent to volume. 

Sample solution: Dilute the Sample stock solution with 
methanol (1 in 20). 

Instrumental conditlons 
(See Ultraviofet-Visible Spectroscopy (857).) 

Modę: Vis 

Wavelength: 551 nm 
Anaiysis 

Sam pies: Standard solution and Sample solution 
Transfer 1,0 mL each of the Standard solution, Sample 
solution, and methanol to three separate 10-mL vials. 

To each via! add 6.0 mL of Reagent solution A and 
0.25 ml of Reagent solution B. Seal the viais with crimp 
caps. Mix, and heat in a water bath for 40 min. 

Quickly cod to room temperaturę in an ice bath. 
Quantitatively transfer these Solutions, with the aid of 
Reagent solution A t to three separate 10-mL volumetric 
flasks, and dilute with Reagent solution A to volume. 
Determine the absorbance of the Solutions obtained 
from the Standard solution and the Sample solution, us- 
ing the methanol-containing solution as a blank. 

Calcu la te the percmtage of total procyanidins in the 
portion of Ex tract taken: 

Result = (Ay/Ai) x Ci x (1//W) x 0 x P 

Au = absorbance of the solution from the Sample 
solution 

Aj = absorbance of the solution from the Standard 
solution 

Cs - concentration of the USP Maritime Pine 

Extract RS in the Standard solution (mg/ml) 

V - volume of the Somple stock solution (ml) 

W - weight of Maritime Pine Extract taken to 
prepare the Sample stock solution (mg) 

D - dilution factor to prepare the Sample solution 
from Sample stock solution , 20 
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P = percentage of procyanidtnes in the USP 
Maritime Pine Extract RS 

Acceptance criteria: 65%-75% on the dried basis 

CONTAMINANTS 


* C* HPLC IDENTIFICATION TEST 

Analysfs: Proceed as directed [n the Assay, 
Acceptance criteria: The retention time of the major 
peak of the Sampie solution corresponds to that of the 
Standard sofution. 


Delete the folłowing: 

*■ Botanical Ektracts, Heavy Metois (565): Meets the re- 
quirements« (otkd wni*2oitj 

* Articles of Botanical Origin, Pesticide Residue (561): 

Meets the requirements 

* Microbial Enumeration Tests (2021): The totaf aerobśc 
microbiai count does not exceed 10 4 cfu/g, and the totai 
combined moids and yeasts count does not exceed 10 J 
cfu/g. 

* Absence of Specified Microorganisms (2022): ft meets 
the requtrements of the tests for absence of Salmonella 
spedes and Escherichia coli 

SPECflFIC TESTS 

* Loss ON Drying (731): Dry 1.0 g of Extract for 3 h at 

110°: it loses NMT 8*0% of its weight* 

* Articles of Botanical Origin, Totaf Ash (561): NMT 
0.7% 

* Limit of Water-Insoluble Substances 

Anafysis: Weigh 0*50 g of Extract, and stir in 50 mL of 
water at 20 c for 15 min. Pass through a fine sintered 
glass filter, preyiously weighed. Dry the fil ter at 110° for 
3 h, cool to room temperaturę, and weigh the filter. 
Calculate the amount of waterlnsoluble materiał 
Acceptance criteria: NMT 10% of the amount of Ex- 
tract taken 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight containers, 
and storę at 25°, excursion permitted between 15 d and 
30°. Protect from light 

* Labeling: The label States the Latin binomiaJ and, foltow- 
ing the official name of the article, the part of the plant 
from which the article was prepared, rn addition to the 
information required for Botanical Extracts (565), Labeling. 

* USP Reference Standards (11) 

USP Maritime Pine Extract RS 


Melatonin 


C,jH 1ć N ; 0 2 232.28 

N-Acety l-5-methoxy tryptami ne; 

N-(2-(5-Methoxy-1fNndol-3-yI)ethyl) acetamide [73-31-4]. 

DEFINITION 

Melatonin contains NLT 98.5% and NMT 101.5% of me¬ 
latonin (CuHićN^O^), calculated on the dried basis. 

IDENTIFICATION 

* A. iNFRARED ABSORPTION (197K) 

* B, Ultraviolet Absorption (197U) 

Analytical wavelength: 277 nm 

Sampie solution: 10 |ig/mL of Melatonin in isopropyl 
alcohol 

Acceptance criteria: Meets the requirements. Absorp- 
tivitie$, calculated on the dried basis, do not differ by 
morę than 3.0%. 



ASSAY 
* Procedurę 

Buffer: 0,5 g/L of monobasic potassium phosphate in 
water* Adjust with phosphoric acid to a pH ot 3*5, and 
filter. 

Mobile phase: Acetonitrile and Buffer (25:75) 

System suitability sofution: 0.1 mg/mL of USP Me¬ 
latonin RS and 0*02 mg/mL USP Melatonin Related 
Compound A RS in Mobile phase 

Standard solution: 0*1 mg/mL of USP Melatonin RS in 
Mobile phase 

Sampie solution: 0.1 mg/mL of Melatonin in Mobile 
ohase 


phase 

Chromatographic system 

(See Chromatograpny (62 1), 


System Suito bil i ty,) 

Modę: LC 

Detector: UV 222 nm 
Column: 4.6-mm x 1 5-cm; 5-|im packing LI 
FJow ratę: 1*0 mL/min 
Injectron size: 10 uL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[Notę—T he relative retention limes for melatonin re¬ 
lated compound A and melatonin are 0.4 and 1 *0, 
respectively.] 

Suitability reguirements 

Resolution: NLT 4 between melatonin and melatonin 
related compound A, System suitability solution 
Relative standard devlation: NMT 2*0%, Standard 
solution 
Analysls 

Sampies: Standard solution and Sampie solution 
Calculate the percentage of melatonin in the porticn of 
Melatonin taken: 


Result - (rufn) x (Q/C u ) x 100 

ru = peak response from the Sampie solution 

r s - peak response from the Standard sofution 

Q = concentration of USP Melatonin RS in the 
Standard sofution (mg/mL) 

C u - concentration of Melatonin in the Sampie 
solution (mg/mL) 

Acceptance criteria: 98*5-101.5% on the dried basis 

IMPURITIES 

* RESIDUE ON Ignition (281): NMT 0.1% 
ł Chloride and Sulfate, Chforide (221) 

Standard: 0*10 mL of 0,020 N hydrochloric acid 
Sampie: 0,36 g of Melatonin 
Acceptance criteria: NMT 0,02% 


Delete the folłowing: 

** Heavy Metals (231): NMT 20 pg/g* 

* Related Compounds 

Sofution A: Acetonitrile 

Sofution B: Use Buffet , prepared as directed in the 
Assay, 

Mobile phase: See Tobie L 


Table 1 


Time 

(min) 

Solution A 
(%> 

Solution B 
f%1 

f) 

25 

75 

7 

25 

75 
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Table 1 (Continued) 


Time 

Solution A 

5olution B 

(min) 

m 

. .<%). 

15 

80 

20 

13 

25 

75 

25 

25 

75 


Difuent: Mixture of Soiution A and Soiution B (25:75) 
System suitability soiution: 0.1 mg/mL of USP Me- 
fatonin RS and 0.02 mg/mL of USP Melatonin Related 
Compound A RS in Diluent 

Standard soiution: 5 pg/mL of USP Melatonin RS In 
Diluent 

Sampfe soiution: 1 mg/mL of Melatonin in Diluent 
Chromatographic system 
(See Chromo tog ropny (621), System Suitability.) 

Modę: LC 

Detector: UV 222 nm 
Column: 4.6-mm x 15-cm; 5-jtm packi ng LI 
Flow ratę: 1.0 mL/min 
Injection size; 10 pL 
System suitability 
Sam ple: System suitability soiution 
[NOTĘ—'The relative retention times for melatonin re- 
lated compound A and melatonin are 0.4 and 1,0, 
re$pectively.] 

Suitability requirements 

Resoiution: NLT 4.0 be twe en melatonin and me¬ 
latonin related compound A 

Relath/e standard deviation: NMT 2.0% for the me¬ 
latonin peak 
Analysis 

Samples: Standard soiution and Sample solution 
Calculate the percentage of each individual impurity in 
the portion of Melatonin taken: 

Resuit - (tu/rś) x (G/G) x 100 

fu = peak response of each individuaf impurity 
from the Sample soiution 

rs = peak response of melatonin from the Standard 
solution 

G - concentration of USP Melatonin RS in the 
Standard solution (mg/mL) 

G - concentration of Melatonin in the Sampfe 
solution (mg/mL) 

Acceptance criteria 
Individual impunties: NMT 04% 

Totai impurities: NMT 1.0% 

5PECIFIC TESTS 
o Loss on Drying (731) 

Analysis: Dry a sample at 80° in a vacuum for 3 h. 
Acceptance criteria: NMT 1,0% 

ADDITIONAL REQUIREMENTS 
* IPackaging and Storage: Preserve in tight containers, 
protected from llght 
« USP Reference Standards (11) 

USP Melatonin RS 

USP Melatonin Related Compound A RS 
2-(5-Methoxy-1 H-ind0l-3-yl)ethanarnine, 

CiiHuN 2 0 190.24 


Melatonin Tablets 


DEFINmON 

Melatonin Tablets contain NLT 90.0% and NMT 110.0% of 
the labeled amount of melatonin (CiaHisNjC^}. 


IDENTIFICATION 

« A. The retention tlme of the major peak of the Sample 
soiution corresponds to that of the Standard solution, as 
obtalned in Strength . 

STRENGTH 
4 Procedurę 

Buffer: 0.5 g/L of monobasic potassium pbosphate in 
water. Adjust with phosphoric acid to a pH of 3.5, and 
filter. 

Mobile phase: Aceton itrile and Buffer (25:7S) 

System suitability solution: 0.1 mg/mL of USP Me¬ 
latonin RS and 0.02 mg/mL of USP Melatonin Related 
Compound A RS in Mobile phase 
Standard solution: 0.1 mg/mL of USP Melatonin RS in 
Mobile phase 

Sample solution: Filtered portion of the solution In Mo¬ 
bile phase f equivalent to 0.1 mg/mL of Melatonin from 
NLT 20 findy powdered Tabiets 
Chromatographic system 
(See Chroma tog ropny (621), System Suitability .) 

Modę: LC 

Detector: UV 222 nm 
Column: 4.6-mm x 15-cm; 5-pm packlng LI 
Flow ratę: 1.0 mL/min 
Injection size: 10 pL 
System suitability 

Samples: System suitability soiution and 5tor? dord 
soiution 

[Notę—T he relative retention times for melatonin re¬ 
lated compound A and melatonin are 0.4 and 1.0, 
respectlvely.] 

Suitability reqmrements 

Resoiution: NLT 4 between melatonin and melatonin 
related compound A, System suitability soiution 
Relative standard deviation: NMT 2.0%, Standard 
solution 

Analysis 

Samples: Standard soiution and Sample solution 
Calculate the percentage of the labeled amount of me¬ 
latonin (CoHisNiO*) in the portion of Tablets taken: 

Resuit - (ru/r 5 ) x (G/G) x 100 

fu - peak response from the Sampfe solution 

r$ - peak response from the Standard solution 

G = concentration of USP Melatonin RS in the 
Standard soiution (mg/mL) 

C u = nominał concentration of melatonin in the 
Sample soiution (mg/mL) 

Acceptance criteria: 90.0%-110,0% 

PERFORMANCE TESTS 

® DI5INTEGRATJON AND DlSSOLUTION OF DlETARY SUPPLEMENTS 

(2040): Meet the reguirements for Dissolution 
Medium: Water; 500 ml 
Apparatus 2: 50 rpm 
Time: 30 min 

Standard solution: Dissolve a suitable amount of USP 
Melatonin RS in water to obtaln a concentration similar 
to that expected En the Sampfe solution ; 

Sample solution: Filtered portion of the solution under 
test 

Analysis: Proceed as dlrected in Strength , maklng any 
necessary adjustments. 

Calculate the percentage of the labeled amount of me¬ 
latonin (CnHieNzOa) dissolved: 

Resuit = ( r u ! r s ) x (G x Vfi) x 100 

ru = peak area from the Sample soiution 

rs = peak area from the Standard solution 

G - concentration of USP Melatonin RS in the 
Standard soiution (mg/mL) 

V - volume of Medium f 500 mL 
L " labeled amount of melatonin (mg/Tablet) 
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Tolerances: NLT 75% of the labeied amount of me¬ 
latonin (GjiHtńN^Ch) is dissolved. 

* Weicht Variation of Dietary Supplements <2091): Meet 

the requirements 

IMPURITIES 

* Related Oomfounds 

Solution Ar Acetonitrile 

Solution B: Use Buffer ; prepared as directed in Strength. 
Mobile phase: See Tab/e L 


Tabte 1 


Time 

(mini 

Solution A 

(%1 

Solution B 

(°M . 

0 

25 

75 

7 

25 

75 

15 

SO 

20 

18 

25 

75 

25 

25 

75 


Diluent: Mixture of Solution A and Solution B (25:75) 
System suitability solution: 0,1 mg/mL of USP Me¬ 
latonin RS and 0.02 mg/mL of USP Melatonin Related 
Compound A RS in Diluent 

Standard solution: 5 pg/mL of USP Melatonin RS in 
Diluent 

Sample solution: Filtered solution in Diluent , equivalent 
to f mg/mL of melatonin from NLT 20 finely powdered 
Tablets 

Chromatographic system 

(See Chromatography (621 ), System Suitability ) 

Modę: LC 

Detector: UV 222 nm 
Coiumn: 4.6-mm x 15-cm; 5-grn packing LI 
Flow ratę: 1.0 mL/min 
Injection stze; 10 pt 
System suitability 
Sample: System suitability solution 
[Notę —The relative retention times for melatonin re- 
lated compound A and melatonin are 0,4 and 1.0, 
respectively.] 

Suitability requirements 

Resoiution: NLT 4,0 between melatonin and me* 
latanin related compound A 

Rdative standard deviation: NMT 2,0% for the me¬ 
latonin peak 
Analysis 

Samples: Standard solution and Sample solution 
Calcuiate the percentage of each individual impurity in 
the portion of Tablets taken: 

Result - (fu/rs) x (C$/Cy) x 100 

fy = peak response of each individual impurity 
from the Sample solution 

r% - peak response of melatonin from the Standard 
solution 

Cs ~ concentration of USP Melatonin RS in the 
Standard solution (mg/mL) 

O, = nominał concentration of melatonin in the 
Sample solution (mg/mL) 

Acceptance criteria 
lndividual impurities: NMT 0.1% 

Totai impurities: NMT 1.0% 

ADDITIONAL REQUIREMENT5 

• Packaging and Storage: Preserve in tight, light-resistant 
containers. 

• Lab eh ng: The label States the guantity of melatonin in 
mg/TableL 


* USP Reference standards (11) 

USP Melatonin RS 

USP Melatonin Related Compound A RS 
2-(5- Methoxy~l H-indol- 3*y l)etha nami ne. 
CriHuNiO 190.24 



C 46 H 6ą O z 649.00 

(of/-£)-2-(3 # 7,11,15,19,23,27-HeptamethyL2,ó,10,14,18,22, 
2ó-octacosaheptaenyl)-3-methyM,4maphthalenedione 
[2124-57-4]. 

DEFINITION 

Menaquinone-7 contains NLT 96.0% and NMT 101.0% of 
menaquinone-7 (C 46 H 64 O 2 ) and NMT 2% of menagut- 
none -6 (C^HwOi), calcu lated on the as-is basis. 

IDENTIFICATION 

* A. INFRARED ABSORPTION (197A) 

* B. ULTRAV10LET ABSORPTION (197U) 

[Notę —Use low-actinic glassware.] 

Analytkal waveiength: 200-450 nm 
Sample solution: 4G|ig/mL of Menaquinone*7 in dehy- 
drated alcohol 

Acceptance criteria: Meets the requirements 

* C, The retention time of the major peak of the Sample 

solution corresponds to that of tne Standard solution, as 
obtained tn the Assay , 

ASSAY 

* Procedurę 

Mobile phase: Dehydrated alcohol and water (97:3) 
[Notę—P rotect the following Standard solution and Som- 
pie solution from light, ana injected immediately after 
preparation.] 

Standard solution: Transfer 25 mg of USP Menaqui- 
none-7 RS into a 50-mL volumetric fiask, add 1 mL of 
tetrahydrofuran, and dilute with dehydrated aicohol to 
volume. Transfer 5.0 mL of this solution into a 25-mL 
volumetric fiask, and dilute with dehydrated alcohol to 
volume. 

Sample solution: Transfer 25 mg of Menaquinone-7 
into a 50-mL volumetric fiask, aad 1 mL of tetrahydro¬ 
furan, and dilute with dehydrated alcohol to voiume. 
Transfer 5.0 mL of this solution into a 25-mL volumetric 
fiask, and dilute with dehydrated aicohol Lo volume. 
Chromatographic system 
(See Chromatography (62 1), System Suitability.) 

Modę: LC 

Detector: UV 268 nm 

Coiumn: 4.6-mm x 10-cm; 2.6-pm packing L1 
Coiumn temperaturę: 25° 

Flow ratę: 0.7 ml/mrn 
Injection volume: 10jiL 

Run time: At least 3 times the retention time of mena- 
quinone-7 
System suitability 
Sample: Standard solution 
Suitability requrrements 

Relative standard devlatron: NMT 3.0% for six repfi- 
cate injections 













USP 40 


Dietary Suppiements / Menaqumone-7 7097 


Analysis 

Samples: Standard solution and Sampie solution 
[NOTE—The reiative retention times for menaquinone-6 
and menaquinone-7 are 0.81 and 1,00, respecttvely, 
Sampie solutior ?,] 

Calcu!ate the percentage of menaquinone-7 (C^H^Cb) 
Sn the portion of Menaquinone-7 taken: 

Result = (W/s) x (Cs/Cy) x 100 

- peak response of menaquinone-7 from the 
Sampie solution 

r% - peak response of menaquinone-7 from the 
Standard solution 

Q - concentration of USP Menaquinone-7 RS in 
the Standard solution (mg/mL) 

Qr - concentration of Menaqmnone-7 Sn the 
Sampie solution (mg/mL) 

Calcuiate the percentage of menaquinone-ó (C^HssOż) 
in the portion of Menaqufnone-7 taken; 

Resuit = (ruó/r s ) x (Cs/Cu) x 100 

r U 6 - peak response of menaquinone-ó from the 
Sampie solution 

rs - peak response of menaquinone-7 from the 
Standard solution 

Cs = concentration of USP Menaquinone-7 RS in 
the Standard solution (mg/mL) 

Cu = concentration of Menaquinone-7 tn the 
Sampie solution (mg/mL) 

Acceptance criteria 

Menaquinone-7: 96.0%-1 01.0% on the as-is basis 
Menaquinone-6: NMT 2% on the as-is basis 

IMPURITIE5 

O RES1DUE ON IGNITION (281): NMT 0.2% 

O ElEMENTAL IMPLfRITIES—PROCEDURĘ5 (233) 

Acceptance criteria 
Arsenie; NMT 2.0 f-tg/g 
Cadmtum; NMT 1.0 )ig/g 
Lead: NMT 3,0 pg/g 
Mercory: NMT 0.1 jig/g 
* ISOMERIC PURITY 

Mobile phase: Water, dehydrated alcohol, methanol, 
and tetra hydrof o ran (1:15:80:10) 

Sampie solution: [Notę —Protect the solution from 
light and inject immediately after preparatron.] Transfer 
40 mg of Menaquinone-7 into a 100-ml volumetnc 
fiask, add 2 mL of tetra hydrof u ran, and shake to dis- 
soive the sampie. Difute with dehydrated alcohol to vol- 
ume, Transfer 1,0 ml of this soiution into a 10-mL voiu- 
metric fiask, and di lute with dehydrated alcohol to 
yoiume. Pass the solution through a membranę filter of 
0.45-pm porę size. 

Chromatographic system 
(See Chromatograpny (621), System Suitabiiity,) 

Modę: LC 

Detector: UV 268 nm 

Column: 4.6-mm x 25-cm; 5-pm packing L62 
Column temperaturę: 25° 

Flow ratę: 0.8 mL/min 
Injection volume: 20 pL 

Run time: At least 1,5 times the retention time of alt- 
trar?s-menaquinone-7 
System suitability 
Sampie: Sampie solution 

[Notę —The relative retention times of ail-frans-mena- 
quinone-7 and ds-menaquinone-7 are 1.0 and 1.1, 
respectively.] 

Suitability requirements 

Resolution: NLT 1.5 between atl-frons-menaquinone- 
7 and c/s-menaquinone-7 


Analysis 

Sampie: Sampie solution 

Calcuiate the percentage of ds-menaquinone-7 in the 
portion of Menaquinone-7 taken; 

Result = [rc/ifr + rc) x 100] 

rc = peak response of ds-menaquinone-7 from the 
Sampie solution 

r r = peak response of all-tram-menaquinone-7 
from me Sampie solution 

Acceptance criteria: NMT 2% of ds-menaqu3none-7 

SPECIFIC TESTS 

» MICROBIAL Enumeration Tests (2021): The total baoteriat 
count does not exceed 1 x 10 3 cfu/g, and the total com- 
bined molds and yeasts count does not exceed 1 x 10 2 
cfu/g. 

O ABSENCE Of SPEOF1ED Microoroanisms (2022): It meets 
the reguirements of the tests for absence of Salmonella 
species, Staphlococcus aureus , and Eschehchia coli . 

ADDITIONAL REQU1REMENT$ 

* Packacing and Storage: Storę in a tight Container, in a 
cool and dry place. Protect from light. 

« USP Reference Standards <11 > 

USP Menaquinone-7 RS 


Me»iaquinone-7 CapsłiEes 


DEFINITION 

Menaquinone-7 CapsuJes contain NLT 90.0% and NMT 
110.0% of the labeied amount of menaquinone-7 

IDENTIFICATION 

o A. The retention time of the major peak of the Sampie 
solution corresponds to that of the Standard solution , as 
obtained in Method 1 or Method 2 of the test for Content 
of Menaquinone-7. 

STRENGTH 

q Content of IV! en aqujnon e-7, Method 1 

[Notę —Menaquinone-7 is extremely tight sensitive. Pro¬ 
tect samples from light.] 

Diluent: 0.1 mg/mL of butyiated hydroxytoluene in 
hexane 

Mobile phase: Methanol and ethyl acetate. See Tobie 1 
for gradient. 


Tałjle 1 


Time 

(mini 

Flow Ratę 
(mL/min) 

Methanol 

(%1 

Ethyl 

Acetate 

Ó 

1.00 

94 

6 

5.5 

1.00 

94 

6 

6.S 

1.25 

BO 

20 

13 

1.25 

80 

20 

14 

1.25 

94 

6 

15 

1.00 

94 

6 

25 

T00 

94 

6 


Standard stock solution: Transfer 20 mg of USP Mena- 
guinone-7 RS into a 50-mL vofumetric fiask, dilute with 
hexane to volume, and mix welL [Notę—T he solution 
can be kept in the freezer for 1 month.j 
Standard solution: Transfer 1.0 mL of the Standard 
stock solution into a 10-mL voiumetric fiask, dilute with 
Diluent to volume, and mix weil. 

Sampie solution A (for hard sheil capsules): Empty and 
mix thoroughfy the contents of NLT 30 Capsules. Trans- 
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fer a portion of the powder, nominaily equivaient to 
about 1.0 mg of menaquinone-7, to a 25-mL volumet- 
ric fiask. Ada 10 mL of Diluent, and shake for 2 min. 

Di lute with Diluent to volume, mix, and pass through a 
membranę frlter of 0.45-pm porę size. 

Sample solution B (for soft Shell capsules): Weigh NLT 
BO Capsules. With a sharp blade carefully open the 
Capsules, without loss of the shell materiał, and transfer 
as much as possible of the combined Capsule contents 
to a suitabie Container. Remove any adhering sub- 
stances from the emptied Capsules and shell remains by 
washing with several smali portions of hexane. Discard 
the washings, and alfow the empty Capsules and shell 
remains to dry in a current of dry air until the odor of 
hexane ts no longer perceptible. Weigh the empty Cap¬ 
sules and shell remains, and calculate the average net 
weight per Capsule by dłfferenee. Transfer accurateiy 
weighed combined Capsule contents equivalent to 
about 1.0 mg of menaquinone-7 to a 25-mL yolumetric 
fiask, add 10 ml of Diluent, and mix on a vortex mixer 
for 15 s. Dilute with Diluent to vo!ume, mix, and pass 
through a membranę fiiter of 0.45-pm porę size. 
Chroma tog raphic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 268 nm 

Column: 4,6-mm x 25-cm; 4-pm packing L87. 

[NOTĘ—A suitabie column is Synergy Max-RP from 
www.phenomenexxom,] 

Column temperaturę: 35° 

Flow ratę: See Tahle /. 

Injection yolume: 15 pL 
System suftability 
Sample: Standard solution 
Suitability reguirements 

Relative standard deviation: NMT 3.0% for six se- 
quentia! injections 

Retention time: NMT 0.5 min difference between 
the first and last injection for a total of six injections 
Analysis 

Samples: Standard solution and appropriate Sample 
solution 

Calculate the percentage of the labeled amount of 
menaqumone-7 (C^HmOj) in the portion of Capsules 
taken: 

Result = (fo/f;) x (CdCo) x 1 00 

ro = peak response of menaqmnone-7 from the 
Sample solution 

r% = peak response of menaqulnone-7 from the 
Standard solution 

Cs = concentration of USP Menaquinone*7 RS In 
the Standard solution (pq/ml) 

Cu - nominał concentration ofnrienaąuinone-Z In 
the Sample solution (pg/mL) 

Acceptance criteria: 90.0%-l 10.0% 

• Content of Menaquinone-7, Methad 2 

[Notę—M enaquinone-7 is extremeiy llght sensitive. Pro- 
tect samples from light, and inject immediately after 
preparation,] 

Mobile phase: Ethanol and water (97:3) 

Standard stock solution: Transfer 25 mg of USP Mena- 
quinone-7 RS into a 50-mL volumetric fiask, and add 
I mL of tetrahydrofuran, Dilute with dehydrated akohol 
to volume, and mix welL [Ngte—T he solution can be 
kept in the freezer for 1 month.] 

Standard solution: 10 ug/ml of menaquinone-7 In de¬ 
hydrated akohol from the Standard stock solution 
Sample solution: Treat Capsules as directed for Sample 
solution A or Sample solution B in Method L Transfer 
accurateiy weighed Capsule contents equivalent to 
about 0,25 mg of menaquinone-7 to a 25-mL volumet- 
ric fiask, and add 2 mL of tetrahydrofuran. Dilute with 


dehydrated akohol to volume, shake for 2 min, and 
pass through a membranę fiiter of 0.45-pm porę size, 
Chromatographk system 
{See Chromatography (621), System Suitahility.) 

Modę: LC 

Detector: UV 268 nm 

Column: 4.6-mm x 10-cm; 2.6-jum packing LI 
Column temperaturę: 25 a 
Flow ratę: 0.7 m L/m In 
Injection vo!ume: 10 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 

Relatlve standard devration: NMT 3.0% for six rep- 
licate injections 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of 
menaquinone-7 (C^hŁO*) in the portion of Capsules 
taken: 

Result - (fu/n) x (CdCu) x 100 

ru - peak response of menaqumone-7 from the 
Sample solution 

n - peak response of menaquinone-7 from the 
Standard solution 

Cs ~ concentration of USP Menaquinone-7 RS in 
the Standard solution (pg/mL) 

Cu - nominał concentration of menaquinone-7 in 
the Sample solution (pg/mL) 

Acceptance criteria: 90.G%-110.0% 

PERFORMANCE TESTS 

* Disintegration ano DiSSOLUTION (2040): Meet the re- 
ouirements for Disintegration 

■ Weight Variation of Dietary Suppłements (2091): Meet 
the requirements 

CONTAMINANTS 

* Microbial Enumeration TESTS (2021): The total aerobk 
mkrobial count does not exceed 3 x 10 3 cfu/g, and the 
total combined molds and yeasts count does not exceed 
3 x 10 2 cfu/g. 

* ABSENCE of Specifieo Microorganisms (2022): Meet the 
requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

ADDITIONAt REQUJREMENTS 

* Packaging and Storage: Storę in tlght, light-reslstant 
contalners, In a cool, dry place. 

* Labeling: The label States the content of menaquinone-7 
in pg/Capsule. It aiso States the assay method used if 
Method 1 is not used. 

* USP Referince Standard* (11) 

USP Menaquinone-7 RS 


Menaguinone-7 Preparation 

DEFINITION 

Menaquinone-7 Preparation is a combination of concen- 
traled menaquinone-7 (C^H^O?) extract with one or 
morę inert substances. It may be in a solid or liquid form. 
It contains NLT 90% and NMT 120% of the labeled 
amount (ppm) of menaquinone-7 cakulated on the dried 
basis for the solid form and on the as-is basis for the 
liquid form. it contains no organie sotvents. 

IDENTIFICATION 

* A. Thin-Layer Chromatography 

Standard solution: Transfer 10 mg of USP Menaqui- 
none-7 RS into a 10-mL vo!umetric fiask, add 1 ml of 
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tetrahydrofuran, and dissofye and dl lute with the same 
solyent to volume. 

Sample solution A (for solid Menaquinone-7 Prepara- 
tions): Transfer an amount of Preparation, equivalent 
to about 1 mg of menaquinone-7, to a 2-mL centrifuge 
tubę, and add 1 ml of tetrahydrofuran. Shake, and a(- 
low the mixture to settle (if necessary, centrifuge). Use 
the supernatant for the test. 

Sample solution B (for ]iquid Menaquinone-7 Prepara- 
tions— oeI suspensions): Transfer an amount of Prepara¬ 
tion, equivaient to about 4 mg of menaquinone-7, to a 
10-mL centrifuge tubę, and add 4 mL of tetrahydro¬ 
furan. Shake, and allow the mixture to settle (if neces¬ 
sary, centrifuge). Use the supernatant for the test. 
Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromato¬ 
graf^/-) 

Modę: HPTLC 

Adsorbent: Nano silica ge! F z$ą for HPTIO 
Application volume: 5 pL 

Developing solyent system: Hexane and ethyl acetate 
(95:5) 

Spray reagent: Transfer 1 g of certom sulfate and 21 g 
of ammonium molybdate Into a 50Q-mL voSumetric 
fiask, dissolve with 33 ml of 98% (w/w) sulfuric acid, 
and di lute with deionized water to vofume. Stir to 
complete dissolution. Cool, and storę the solution at 
G°. Allow the Spray reagent to co me to room tempera- 
turę before use. 

Analysrs 

Sam pies: Standard solution and Sample solution 
Develop the chromatogram in the Developing solvent 
system until the solvent front has movea about three- 
fourths the length of the piąte, Remove the piąte from 
the chamber, and air-dry. Examine the piąte under vis- 
ibie light and short-wayelength UV light, and record 
the spots, Spray the piąte with the Spray reagent , and 
heat at 100 D -110° for 5 min. Examme the piąte under 
whlte light, and record the spots. 

Acceptance criteria: Under visible light and short-wave- 
length UV light, the spots from the Sample solution cor- 
respond in coior (light yeilow), shape, and R f vaiue to 
those from the Standard solution. After applying the 
Spray reagent , under wbite light, the spots from the 
Sample solution correspond in color (dark blue), shape, 
and Rr value to those from the Standard solution. 

• B, The retention time of the major peak of the Sample 
solution corresponds to that of tne Standard solution , as 
obtained in Content of Menaqulnone-7. 

COMPOSmON 

® Content of Menaquinone-7 and IVHenaqlmnone-6 

[Notę —Use low-actinic glassware.] 

Mobile phase: Dehydrated alcohol and water (97:3) 
[Notę —Protect the foIłowing Standard solution and Sani¬ 
pie solution from light, andinjeot immediateJy after 
preparation.] 

Standard soiution: Transfer 20 mg of USP Menaquh 
none-7 RS Into a 50-mL volumetric fiask, add 1.0 mL of 
tetrahydrofuran, and dilute with dehydrated alcohol to 
yolume. Transfer 1.0 mL of this solution into a 10-mL 
volumetric fiask, and dilute with dehydrated alcohol to 
yolume. 

Sample solution A (for solid Menaquinone-7 Prepara- 
tions): Transfer an acojrately weighed solid Prepara¬ 
tion, eciuiyalent to about 0.8 mg of menaquinone-7, to 
a 25-mL yolumetric fiask, add 2 mL of tetrahydrofuran, 
and dilute with dehydrated alcohol to volume. Shake 
the suspension for 2 min, and pass through a mem¬ 
branę filter of 0.45-pm porę si ze. 

Sample solution B (for !iqurd Menaquinone-7 Prepara- 
tlons—oif suspensions): Transfer an accurately weighed 
liquid Preparation, equivafent to about 1,0 mg of mena- 

1 Suitable nano silica gel Fzw on HPTLC piates 3s avaiteble from Stgma-Aldrieh, 
Fluka #09916-25 EA. 


quinone-7, to a 25-ml yolumetric fiask, add 2 ml of 
tetrahydrofuran, and dilute with dehydrated alcohol to 
yolume, Pass this solution through a membranę filter of 
0.45-jjm porę size. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 268 nm 

Column: 4.6-mm x 10-cm; 2.6-pm packing LI 
Column temperaturę: 25° 

Flow ratę: 0.7 mL/min. 

Injection volume: 10 pL 

Run fime: At least 3 times the retention time of mena- 
qu3none-7 
System suitability 
SampJe: Standard solution 

Suitability requirements 

Relative standard deviation: NMT 3.0% for $ix repli- 
ca te injections 
Analysis 

Sam pies: Standard solution and Sample solution 
[Notę—T he relatiye retention times for menaquinone -6 
and menaquinone-7 are 0.81 and 1,00, re$pectiveiy,] 
Calculate the content of menaquinone-7 (C 46 H 64 O 2 ), in 
ppm, in the portion of Preparation taken: 

Result = (r w / ą) x (Cs/W) x 1/ 

fu? = peak response of menaqui none-7 from the 
Sample solution 

r s - peak response of menaquinone-7 from the 
Standard soiution 

C$ - concentration of USP Menaquinone-7 RS in 
the Standard solution (jtg/mL) 

W = weight of Preparation taken to prepare the 
Sample solution (g) 

V = yolume of Sample solution (mL) 

Calculate the content of menaguinone-ó (CitHsóO^), in 
ppm, in the portion of Preparation taken: 

Result = OWfs) x (Cs/ W) x V 

= peak response of menaquinone -6 from the 
Sample soiution 

fs - peak response of menaquinone-7 from the 
Standard solution 

Cs = concentration of USP Menaqulnone-7 RS In 
the Standard solution (jig/mL) 

W = weight of Preparation taken to prepare the 
Sample solution (g) 

V - yolume of Sample solution (mL) 

Ac cep tance criteria 

Menaquinone-7: 90.Q%-120.0% of the labeled 
amount (ppm) for the solid Preparation on the dned 
basis; 90,0°/o-120.0% of the labeled amount (ppm) for 
the lfquid Preparation on the as-is basis 
Menaqumone-ó: Q.9%-3.0% of the labeled amount 

K of menaquinone-7 for the solid Preparation on 
ied basis; G.9%-3.0% of the labeled amount 
(ppm) of menaquinone-7 for the liquid Preparation on 
the as-is basis 

mpunmts 

o Elemental Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 2.0 pg/g 
Cadmium: NMT 1.0 jig/g 
Lead: NMT3.0pg/g 
Mercury: NMT 0.1 ptg/g 
a II50 MER i C PURITY 

Mobile phase: Water, dehydrated alcohol, methanol, 
and tetrahydrofuran (1:15:80:10) 

Sampfe solution: Prepare Sample solution A or Sample 
solution 8 as deseribea in Content of Menaquinone-7 , 
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[Notę—P rotecf the solution from light, and inject im- 
mediately after preparatron.] 

Chromatographic system 
(See Chromatograpny {62^ System Suitability.) 

Modę: LC 

Detector: UV 268 nm 

Column: 4.6-mm x 25-cm; 5-pm packing L62 

Column temperaturę: 25* 

Flow ratę: 0.8 mL/min 
Injection vo!ume: 20 jiL 

Run time: At least 1.5 times the retention time of ail- 
tronS'menaquinone-7 
System suitability 

sample: Sampfe solution A or Sample solution B 
[Notę —The relative retention times for a ii- frons-mena- 
quinone-7 and ds-menaquinone-7 are 1.0 and 1.1, 
respectively.] 

Suitability reąuirements 

Resolution: NLT 1.5 between alf-tfOrt5-menaquinone- 
7 and c/s-menaquinone-7 
Analysis 

Sample: Sampfe solution 

Calcu late the percentage of ris-menaquinone-7 in the 
portion of Preparation taken: 

Result = [rc/(r r + fc}] x 100 

r c - peak response of c/s-menaquinone-7 from the 
Somple solution 

rr ~ peak response of all-trom-menaqumone-7 
from the Sample solution 

Acceptance criteria: NMT 2.0% of ds-menaquinone-7 

SPECIFIC TESTS 

* Microbial Enumeration Tests (2021): The total bacterial 

count does not exceed 10* cfu/g, and the totai com- 
bined molds and yeasts count does not exceed 1 0 2 cfu/ 
9 - 

* Absence of Specified Microorganisms (2022): It meets 

the requirements of the tests for absence of Salmonello 
spec i es, Escherichio eoli r and Staphyloeoocus aureus . 

* Loss on Drying (731) {for solid Menaquinone-7 

Preparations) 

Analysis: Dry at 110* to a constant weight. 

Acceptance criteria: NMT 5.0% 

ADDITIONAL REĄUIREMENTS 

* PACKACINC and STORACE: Storę in a tight Container, in a 

cool and dry place, Protect from light. 

* Łabeling: The label States the name and content of any 

carriers and antioxidants added to the formuiation, and 
the content of menaqurnone-7. 

* USP Reference Standarps <1T) 

USP Menaquinone-7 RS 


Menaguinone-7 Tablets 

DEFINITtON 

Menaquinone-7 Tablets eon tam NIT 90.0% and NMT 
110,0% of the labeied amount of menaquinone“7 

IDENTIFICATION 

* A. The retention time of the major peak of the Sample 

solution corresponds to that of the Standard solution, as 
obtained in Method / or Method 2 of the test for Content 
of Menaquinone-7. 

5TRENGTH 

* Content of Menaquinone-7, Method 1 

[Notę—M ehaquinone-7 is extremely light sensibve. Pro¬ 
tect samples from light.] 


Dlluent: 0.1 mg/mL of 2,6-di-terT-butyl-4methyl-phenol 
(BHT) in hexane 

Mobile phase: Methanol and ethy! acetate. See Table 1 
for gradient 


Table 1 


Time 

(m\n\ 

Flow Ratę 
(mL/min) 

Methanol 

(%) 

Ethyt 

Acetate 

0 

1.00 

94 

6 

5.5 

1,00 

94 

6 

6.5 

1.25 

80 

20 

13 

1.25 

80 

20 

14 

1.25 

94 

6 

15 

1.00 

94 

6 

25 

1.00 

94 

6 


Standard stock solution: Transfer 20 mg of USP Mena- 
quinone-7 RS into a 50-mL volumetric fiask, dilute with 
hexane to volume, and mix well, [Notę—T he solution 
can be kept in the freezer for 1 month,] 

Standard solution: Transfer 1.0 mL of the Standard 
stock solution into a 10-mL Yolumetric fiask, dilute with 
Dlluent to volume, and mix well. 

Sample solution: Transfer a portion from NLT 30 finely 
powdered Tablets, nominally equivalent to about 
1.0 mg of mena^uinone-7, to a 25-mŁ volumetnc fiask, 
add 10 mL of Dlluent, and shake for 2 min. Dilute with 
Diluent to vo!ume, mix, and pass through a membranę 
filter of 0.45-jim porę size. 

Chromatographic system 
(See Chromatograpny (621), System Suitability .) 

Modę: LC 

Detector: UV 268 nm 

Column: 4.6-mm x 25-cm; 4-pm packing L87, 

[NOTĘ—A suitabfe column is Synergy Max-RP from 
www.phenomenex.com,] 

Column temperatura: 35* 

Flow ratę: See Table L 
injection volume: 15 jtL 
System suitability 
Sample: Standard solution 
Suitability requirements 

Relative standard deviatton: NMT 3.0% for six repli- 
cate injections 

Retention time: NMT 0.5 min difference between 
the first and fast injection for a total of $ix injections 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeied amount of 
menaquinone-7 (GaH^Cb) in the portion of Tablets 
taken: 

Result - (fu/n) x (CJCJ) x 100 

r u - peak response of menaquinone-7 from the 
Sample solution 

r s = peak response of menaquinone-7 from the 
Standard solution 

Q - concentration of USP Menaquinone-7 RS in 
the Standard solution (jig/mL) 

Cu = nominał concentration of menaquinone-7 in 
the Sampfe solution (jug/mL) 

Acceptance criteria: 90.0%-l 10.0% 

* Content of Menaquinone-7, Method 2 

[Notę —Menaquinone-7 is extremely light sensitrve. Pro¬ 
tect samples from light, inject immediately after prepa¬ 
ration, and inject only once.] 

Mobile phase: Ethanol and water (97:3) 

Standard stock solution: Transfer 25 mq of USP Mena- 
quinone-7 RS into a 50-mL volumetric fiask, add 0,5 mL 
of tetrahydrofuran, dilute with dehydrated alcoho! to 
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volume, and mix well. [Notę—T he solution can be kepi 
in the freezer for 1 month.] 

Standard solution: lOjig/mL of menaquinone-7 in de¬ 
hydrated alcohol from the Standard stock solution 
Sample solution: Transfer a portion from NLT 20 finely 
powdered Tablets, norninally equivalent to about 
0.25 mg of menaqurnone-7, to a 25-mL volumetric 
fiask, add 2 mL of tetrahydrofuran, and dilute with de- 
hydrated alcohoi to volume. Shake for 2 min, and pass 
through a membranę fil ter of 0.45-jLim porę size. 
Chromatographic system 
(See Chromotograpny (621 >, System Suitabiiity.) 

Modę: UPLC 
Detecton UV 268 nm 

Coiumn: 4.6-mm x 10<m; 2.6-pm packing LI 
Coiumn temperaturę: 25° 

Flow ratę: 0,7 mL/min 
Injection volume: 10 j.iL 
System surtabrlity 
Sample: Standard solution 
Suitability requirements 

Re!ative standard deviation: NMT 3.0% for six repli- 
cate injections 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of 
menaquinone-7 (GnH^O*) in the portion of Tablets 
taken: 

Result = (ru/r s ) x {CdCu) x 100 

r u = peak response of menaquinone~7 from the 
Sample solution 

rs - peak response of menaquinone-7 from the 
Standard solution 

Cs = concentration of USP MenaquInone-7 RS in 
the Standard solution (pg/mL) 

Cu - nominał concentration oi menaquinone-7 In 
the Sample solution (pg/mL) 

Acceptance criteria: 90,0%-t 10.0% 

PERFORMANCE TESTS 

• Dl Si nteg R ATI on and Dissolution <2040): Meet the re~ 

quirements for Dislntegration 

m WEtCHT VARIAHON OF DlETARY SUPPLEMENTS <2091): Meet 

the requirements 

CONTAMINANTS 

• Microbial Enlwieration Tests (2021): The total aerobic 

microbial count does not exceed 10 3 cfu/g, and the total 
combined molds and yeasts count does not exceed 10 2 
cfu/g. 

* Absence of Specified Microorganlsms (2022): Meet the 

reguirements of the tests for absence of Salmonella spe- 
ci es and Escherkhto coli 

ADDITIONAL REQOIREEV3ENTS 

* Packaging and Storage: Storę m tight, light-resistant 
containers, in a coof, dry place. 

• Labeung: The label States the content of menaquinone-7 

in pg/Tablet. It also States the assay method used if 
Metnod 1 is not used. 

* USP REFERENCE STANDARDS (11) 

USP Menaquinone-7 RS 


Bacillus subtilis subsp. subtilis 
Men agu i nonę-7 Extract 

DEFINITION 

Bacillus subtilis subsp. subtilis Menaquinone-7 Extract is the 
product obtainea by supercritieal carbon dioxide (CO?) 
extraction of cultures of Bacillus subtilis subsp, subtilis 


strains that are capable of fermenting soybean protein iso- 
late (soybean peptone) from soybeans to produce natto. 
The Extract ts a brown oil, consisting mainly of fat (> 
97%), that contains NLT 1.5% and NMT 5,0% of mena- 
quinone-7 (CuHwOa), and NLT 0.014% and NMT 0.15% 
of menaquinone-6 (C^HsaOi). It contains no organie 
solvents. 

IDENTIFICATION 

• A. THIN-ŁAYER Chromatography 

Standard solution: Transfer 10 mg of USP Menaqui- 
none-7 RS to a 10-mL vofumetric fiask, add 1 mL of 
tetrahydrofuran, and dissolve and dilute with the same 
solvent to volume. 

Sample solution: Transfer 1,0 g of Extract to a 10-mL 
volumetric fiask, and add 8 mL of tetrahydrofuran, 

Shake and allow the mixture to settle, centrifuge if net- 
essary, and use the supernatant 
Chromatographic system 
(See Chromotograpny (621), Thin-Layer Chromato¬ 
graphy.) 

Modę: HPTLC 

Adsorbent: Nano sflica gel for HPTLC 1 
Application volume: 5 pL 

Developing solvent system: Hexane and ethyl acetate 
(95:5) 

Spray reagent: Transfer 0.2 g of cerium sulfate and 
4.2 q of ammonium molybdate to a 100-mL volumet- 
rk fiask. Dissolve with 6.6 mL of 98% (w/w) sulfuric 
acid, and dilute with deionized water to volume. Stir 
to complete dissolution, Cool, and storę the solution 
at 0°. Allow the spray reagent to achieve room tem¬ 
peraturę before use, 

Analysis 

Samples: Standard solution and Sample solution 
Develop the chromatogram in the Developing $olvent 
system until the solvent front has moved about three- 
fourths the length of the piąte. Remove the piąte from 
the chamfoer, and air-dry. Examine the piąte under vis- 
ible light and short-wavelength UV fight, and record 
the spots. Spray the piąte with the Spray reagent t and 
heat at 100°-! 10° for 5 min. Examine the piąte under 
white light, and record the spots. 

Acceptance criteria: Under visible light and short-wave- 
length UV light, the spots from the Sample solution cor- 
respond in color (light yellow), shape, and Rs value to 
those from the Standard solution . After applyrng the 
Spray reagent , under white light, the spots from the 
Snrrcpte solution correspond in color (da rk blue), shape, 
and R f va!ue to those from the Standard solution. 

[Notę—T he Sample solution should also contain intense 
spots at lower Rt values due to the brown oil and its 
components.] 

* B. The retention time of the major peak of the Sample 

solution corresponds to that of tne standard solution, as 
obtained in the test for Content of Menaquinone-7 and 
Menaquinone-6. 

COMPOSITION 

■ Content of Menaquinone-7 and Menaquinoneó 

[Notę —Use Jow-actinic glassware,] 

Mobiie phase: Dehydrated alcohoi and water (97:3) 
[NOTĘ—Protect the following Standard solution and Sam¬ 
ple solution from light, anainject immediately after 
preparation,] 

Standard solution: Transfer 12.5 mg of USP Menagui- 
none-7 RS mto a 25-mL volumetric fiask, add 0.5 mL of 
tetrahydrofuran, and dilute with dehydrated alcohol to 
volume. Transfer 5.0 mL of this solution into a 25-mL 
Yolumetric fiask, and dilute with dehydrated alcohol to 
volume. 

Sample soiution: Transfer 100 mg of Extract, acturately 
weighed, to a 25-mL vo!umetnc fiask, and add 2 mL of 

1 Sui labie nano sili ca gel F; 5 .i on HPTLC plaies is available from Sigma-Aldrich, 

Huka #09916-25EA. 
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tetrahydrofuran. Drssolve and dii u te with dehydrated al- 
eohol to votume. Pass this solution through a filier of 
0.45"|im porę size. 

Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 268 nm 

Column: 4.6-mm k 10-cm; 2.6-um packing LI 
Column temperaturę: 25° 

Ffow ratę: 0. 7 m L/m En 
injection voIume: 10|iL 

Run time: At least 3 times the retention time of mena- 
quinone-7 
System suitability 
S a m p I e: Stan dard solu tio n 

[Notę —The re3ative retention times for menaquinone-6 
and menaqumone-7 are 0.81 and 1.00, respectiveiy.] 
Suitability requirements 

Rdative standard deviation: NMT 3.0% for six repii- 
cate injections 
Analysis 

Sam pies: Standard solution and Sampie solution 
Calcuiate the percentage of menaquinone-7 (C^H^O?) 
in the portion of Extract taken: 

Result = (We) x (C 5 /G) x 100 

tlt; - peak response of menaquinone-7 from the 
Sampie solution 

r s - peak response of menaquinone-7 from the 
Standard solution 

Cs - concentration of USP Menaquinone-7 RS in 
the Standard soiution (mg/mL) 

Cu = concentration of Extract in the Sampie soiution 
(mg/mL) 

Calcuiate the percentage of menaquinone-6 (CnHssCh) 

In the portion of Extract taken: 

Result = (We) x (G/Cr) x 100 

r U 6 = peak response of menaqulnone-ó from the 
Sampie solution 

r$ = peak response of menaquinone-7 from the 
Standard solution 

Cs - concentration of USP Menaquinone-7 RS 3n 
the Standard solution (mg/mL) 

Cu = concentration of Extract in the Sampie solution 
(mg/mL) 

Acceptance criteria 
Menaquinone-7: 1 .5%-5.0% 

Menaquinone-ó: 0.014%-G.l5% 

IMPURITIES 

® Elemental Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 2.0 ug/g 
Cadmium: NMT 1.0 pg/g 
Lead: NMT 3.0 pg/g 
Mercury: NMT 0.1 pg/g 
* ISOMERIC PURITY 

Mobile phase: Methanol, tetrahydrofuran, dehydrated 
alcohoj, and water (80:10:15:1) 

Sampie solution [NoiE—Protect the solution from 
light, and inject immediately after bre parafiom] Transfer 
100 mg of Extract into a 25-mL vo)umetric fiask, and 
add 2 mL of tetrahydrofuran. Dissolve and diEute with 
dehydrated alcohof to volume. Pass through a fifter of 
0.45-j.tm porę size. 

Chrom a to grap hic system 
(See Chromatograpny (621), System Suitability .) 


Modę; LC 

Detector: UV 268 nm 

Column: 4.6-mm x 25-cm; 5-jum packing L62 

Column temperaturę: 25° 

Flow ratę: 0.8 mL/rnin 
Injection volume: 20 jiL 
System suitability 
Sampie: Sampie soiution 

[Notę—T he re(ative retention times for a!l-from-mena- 
quinone-7 and ris~rnenaqu3none-7 are 1.0 and 1.1, re- 
spectiyely. The retention time for al[-rrom-menaqus- 
none-7 js about 1 9 min.] 

Suitability requirements 

Resolution: NLT 1.5 between alhtrons-menaquEnone- 
7 and c/s-menaquinone-7 
Analysis 

Sampie: Sampie soiution 

Calculate the percentage of c/5-menaquEnone-7 in the 
portion of Extract taken: 

Result - [rc/(rr + rc)I x 100 

r c = peak response of c/s-menaquinone-7 from the 
Sampie soiution 

r T = peak response of all-tran5-menaquinone-7 
from the Sampie soiution 
Acceptance criteria: NMT 2.0% 

SPECBFBC TESTS 

* Microbial Enumeration Tests (2021): The tofal bacterial 
count does not exceed IG 3 cfu/q, and the totaJ tom- 
bined molds and yeasts count does not exceed KP cfu/ 

9 - 

e Absence of Specified Microorganisms (2022): Et meets 
the requirements of the tests for absence of Salmonella 
species, Staphyiococcus aureus, and Escherichia coli. 

ADDITIONAL REQUIBRERflENTS 

o IPackageng and Storage: Storę in a tight Container, in a 
cool and dry piace. Protect from light, 
o Labeling: The labę! States the name and content of any 
carriers and antioxidants added to the materiał, and the 
content of menaquinone-7. The labę] also States that 
menaqumone-7 is a form of vitamin K z . 

® USP reference standards (11) 

USP Menaqumone-7 RS 


Methionine —see Methionine General 
Monographs 


Methylcobalamin 



C 63 H 9 ,CoN, 3 OhP 1344.40 

Coa-[oc-5,ó-DimethyM H-benzoimidazoM -ylj-Co/3- 
methylcobamide [13422-55-4]* 







USP 40 


Dietary Supplements / Methylcobalamin 7103 


DEFINITION 

Methylcobalamin contains NLT 98.0% and NMT 102.0% of 
methylcobalamin (CfisHyiCoNnOMp), calculated on the 
anhydrous basis. 


AnaJysis 

Samples: Standard solution and Sampie solution 
Calculate the percentage of methylcobalamin 
(C^HsiCoNuOmP) in the portion of sampie taken: 


IDENTIFICATION 

• A. Ui.TRAVfOŁET ABSORPTION (197U) 

Wavelength rangę: 200-700 nm 
Sampie solution: 50(.ig/mL in phosphate buffer, pH 
7,0 

[Notę—U se low-actinic glassware, and keep the Solu¬ 
tions From exposure to lighL] 

Acceptance criteria: The absorption spectrum exhibits 
maxima at 267 ± 2 nm, 342 ± 2 nm, and 522 ± 2 nm. 

• B. COS ALT 

Sampie: 1 mg of Methylcobalamin 
Analysis: Fuse the Sampie with 50 mg of potassrum py- 
rosulfate in a porcelain or silica crucible. Cool, break up 
the mass with a glass rod, add 3 mL of water, and boil 
until dissolved. Add 1 drop of pheimlphthalein TS, and 
add 2.5 N sodium hydroxide dropwise until a pink 
color appears. Add 0.5 g of sodium acetate, 0.5 mL of 
1 N acetic add, and 0.5 mL of a 2-mg/ml solution of 
nitroso R salt. Add 0.5 ml of hydroohtoric add, and boil 
for 1 min. 

Acceptance criteria: A red or orange-red color appears 
immediately after the addition of nitroso R sak. The red 
or orange-red color persists after boiling with the addT 
tion of hydrochloric add, 

• C. The retention time of the major peak of the Sampie 

solution corresponds to that of tne Standard solution , as 
obtained in the Assoy. 

ASSAY 

• PROCEDURĘ 

Buffer solution: 3.1 g/L of sodium dihydrogen phos¬ 
phate di hydra te in water. Ad j ust with phosphonc acid 
(1 in 100) to a pH of 3.5. 

Mobile phase: To 200 mL of acetonitrile add 800 mL of 
8uffer soiution t then add 3.76 g of sodium l-hexane sul- 
fonate, and mix to dissolve. 

[Notę—U se low-actinic glassware, and keep the folfow- 
ing Solutions from exposure to lighL] 

System suitability solution: 0.05 mg/mL each of cya- 
nocobalamin and hydroxocobalamin acetate from USP 
Cyanocobalamin RS and USP Hydrgxocobalamin Ace¬ 
tate RS in Mobile phase 

[Notę —USP Cyanocobalamin RS is a mixture of tyano- 
cobaiamin and mannitol.] 

Standard solution: 1 mg/mL of USP Methylcobalamin 
RS in Mobile phase 

Sampie solution: 1 mg/mL of Methylcobalamin in Mo¬ 
bile phase 

Chromatographic system 

(See Chromatography (62 1}, System Suitability.) 

Modę: LC 

Detector: UV 266 nm 

Coiumn: 4.6-mm x 25-cm; 5-jum packing LI 

Column temperaturę: 40° 

Flow ratę: 0.6 mL/min, or adjust to have 
methylcobalamin elute at about 12 min. 

Injection volume: 10j.iL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[Notę—T he relative retention times for cyanocobalamin 
and hydroxocobalamin are 0.8 and 1.0, respective!y,] 
Suitability requirements 

Resolution: NLT 3 between the cyanocobalamin and 
hydroxocobalamin peaks, System suitability solution 
Column effkiency: NLT 6000 theoretical plates, 
Standard solution 

Relative standard deviation: NMT 2.0%, Standard 
solution 


Resull = (ru/r s ) x (Cs/G) x 100 

r u - peak response from the Sampie solution 

n - peak response from the Standard solution 

Cs = concentration of USP Methylcobalamin RS in 
the Standard solution (mg/mL) 

Cy = concentration of Methylcobalamin in the 
Sampie solution (mg/mL) 

Acceptance criteria: 98.0-102+0% on the anhydrous 
basis 


IMPURITIE 5 
• RELATED Compoumds 

Buffer solution, Mobile phase. System suitability solu* 
tion, and Chromatographic system: Proceed as dt- 
rected in the Assay. 

[Notę— Use low-actinic glassware, and keep the follow- 
ing Solutions from exposure to light] 

Sampie solution: 1 mg/mL of Methylcobalamin in Mo¬ 
bile phase 

Quantitative limit solution: 1 pg/mL of 
Methylcobalamin in Mobile phase , diluted from the 
Sampie solution 
System suitability 

Samples: System suitability solution and Quantitative 
limit solution 

Suitability requirements 

Resolution: NLT 3 between the cyanocobalamin and 
hydroxocobalamin peaks, System suitability solution 
Signal-to-noise rado: NLT 5.0 for the major peak, 
Quantitative limit solution 

Analysis 

Sampie: Sampie solution 

[Notę—A llow the run time to be at least 2.5 times the 
retention time of the methylcobalamin peak] 

Calculate the percentage of indtvidual impurities in the 
portion of Methylcobalamin taken: 

Result = (ru/r r ) x 100 


fu - peak response of each tmpurity from the 
Sampie solution 

tr = sum of peak responses of all the peaks from 
the Sampie solution 

Acceptance criteria 
lndividual impurities: NMT 0.5% 

Total impurities: NMT 2.0% 

SPECIFIC TE5TS 

• Water Determination, Method la (921): NMT 12.0% 

ADDITIONAI REQUIREMENT$ 

• Packaging and Sto RACE: Preserve in tight, light-resistant 
containers, and storę at controlled room temperaturę. 

• USP Reference Standard* (11) 

USP Cyanocobalamin RS 

USP HydroxocobaJamin Acetate RS 

USP Methylcobalamin RS 


O" 


Methylcobalamin Tablets 

DEFINITION 

Methylcobalamin Tablets contain NLT 90.0% and NMT 
125.0% of the labeled amount of methylcobalamin 
(PoHmCoNuOwP). 
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IDENTIFICATION 

® A. The retention time of the major peak of the Sampfe 
solution corresponds to that of the Standard solution, as 
obtained in Strength. 

STRENGTH 

o Procedurę 

Buffer solution: 3.1 g/L of sodium dihydrogen phos- 
phate dihydrate in water. Adjust with phosphorrc acid 
(1 in 100) to a pH of 3.5. 

Mobile phase: Transfer 200 mL of acetonitrile to a l-l 
volumetric fiask and dilute with Buffer solution to vol- 
ume. Then add 3,76 g of sodium l-hexane sulfonate, 
and mix to disso!ve. 

[Notę—U se low-actinic glassware, and keep the follow- 
ing Solutions from exposure to llght.] 

System suitability solution: 0.05 mg/mL of cyanoco- 
balamin from USP Cyanocobalamin RS and 0.05 mg/mL 
of USP HydroKocobalamin Acetate RS in Mobile phase. 
[Notę —USP Cyanocobalamin RS is a mixture of cyano- 
cobaiamin and mannitoL] 

Standard solution: lOOug/mL of USP Methylcobalamin 
RS in Mobile phase 

Sample solution: Frnely powder NLT 30 Tabiets. Trans¬ 
fer a portion of the powder, equivalent to 5 mg of 
methylcobalamin, to a 50-mL vo[umetrIc fiask, add a 
suitabfe amount of Mobile phase , swirl gently, and di¬ 
lute with Mobile phase to volume. Shake vigorousty for 
10 min and immediately pass through a nylon mem¬ 
branę filter of 0.2-pm porę size, 

Chromatographic system 
(See Chroma tog rapny {621 ) f System Suitability.) 

Modę: LC 

Detector: UV 266 nm 

Column: 4.6-mm x 25-cm; 5-j.im packing LI 

Column temperaturę: 40° 

Flow ratę: 0.6 mL/mln 
Injection volume: 50 pL 
System suitability 

Sam pies: System suitability solution and Standard 
solution 

[NOTĘ—The relative retention times for cyanocobalamin 
and hydroxocobalam!n are 0.8 and 1.0, respectively.] 
Suitability requirements 

Resolution: NLT 3 between the cyanocobaEamin and 
hydroxocobalamin peaks, System suitabiiity solution 
Column efficiency: NLT 6000 theoretical plates. 
Standard solution 

Relatlve standard deviation: NMT 2.0%, Standard 
solution 
Analysis 

Sam pies: Standard solution and Sampie solution 
Calculate the percentaae of the labeled amount of 
methylcobalamin (Ce^H^CoN^O^P) < n the portion of 
Tabiets taken: 

Result = (rijfrs) x (Cs/Cu) x 100 

r u = peak response from the Sample solution 

fs - peak response from the Standard solution 

Cs - concentration of USP Methylcobalamin RS in 
the Standard solution (tig/mL) 

Cu = nominał concentration of methylcobalamin in 
the Sampie solution (fig/ml) 

Acceptance criteria: 90.0%-125.0% 

PERFORMANCE TESTS 

° DiSiNTEGRATfOK A HO DissoLUTiOK (2040): Meet the re- 
quirements for Disintegration 
« Weight Variation (2091): Meet the requirements 

CONTAMINANTS 

• Microbial Enumeration TestS (2021): The total aerobic 
microbiaJ count does not exceed 3 x 10 5 cfu/g, and the 
totai combined molds and yeasts count does not exceed 
3 x 10 2 cfu/g. 


e Absen.ce of Specłfied Mkroorganisms (2022): Meet the 
reguirements of the test for absence of Escherichia coli 

ADDITIONAL REQUIREMENTS 

» Packaging and Storage: Preserve in Light, light-resistant 
containers. 

® USP reference standards (11) 

USP Cyanocobalamin RS 

USP Hydroxocobalamin Acetate RS 

USP Methylcobalamin RS 


tyiethySsMSfonylmethane 

O. P 

w 


GH*0 2 S 94.13 

Dtmethyl sulfone; 

Sulfonylbismethane [67-7 1-0]. 

DEFINITIGN 

Methylsulfonylmethane contains NLT 98.0% and NMT 
102.0% of methylsulfonylmethane (GHdC^S), calculated 
on the anhydrous basis. The chromatographic purity is 
NLT 99,8%. 

IDENTIFICATION 

® A. Gnfrared Absorption (197K) 

* B, The retention time of the major peak of the Sample 
solution corresponds to that of the Standard solution , as 
obtained in the Assay. 

ASSAY 
» Procedurę 

Diluent: Transfer 950 mL of methanol to a 1-L volumet- 
rk fiask. Add 0.60 mL of di(ethylene glycol) methyl 
ether, and dilute with methanol to volume. 

Standard solution: 0.4 mg/mL of USP Methylsuffonyf- 
methane RS in Diluent. Sonicate at 50° for 1 min, and 
allow to cool to room temperaturę, 

Sample solution: 0.4 mg/mL of Methylsulfonylmethane 
in Diluent. Sonicate at 50° for 1 min, and allow to cool 
to room temperaturę, 

Chromatographic system 
(See Chromatograpfiy (62 1), System Suitability.) 

Modę: CC 

Detector: Flame ionization 

Column: 0,53-mm x 30-m capillary column coated 
with a 5-pm phase G2 
Temperaturę 
Column: 120° 

Injector: 25 0 n 
Detector: 250- 
Carrier gas: Helium 
Flow ratę: 5 mL/mln 
Split ratio: 2:1 
Injection size: 1 jjlL 
System suitability 
Sample: Standard solution 
Suitability requirements 

Refative standard deviation: NMT 2.0% for the peak 
response ratio of methylsulfonylmethane to di(ethyL 
ene glycol) methyl ether from replkate Injections 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of methylsulfonylmethane 
(C^HsOzS) in the portion of Methylsulfonylmethane 
taken: 


Result - (Ru/Rs) x (G/Cu) x 100 
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Ru = peak response ratio of methylsulfonylmethane 
to dr(ethylene glycol) methyl ether from the 
Sample solution 

~ peak response rafio of methylsulfonylmethane 
to di(ethyiene glycol) methyl ether from the 
Standard solution 

Q = concentration of USP Methylsulfonylmethane 
RS in the Standard solution (mg/mL) 

Cu - concentration of Methylsulfonylmethane m 
the Sample solution (mg/mL) 

Acceptance critena: 98,0%-102.0% on the anhydrous 
basis 

IMPURITIES 


Oelete the fofłowing: 

•- Heaw Metals, Method I (231): NMT 3 ji,g/g. * *. Jsn . 

201 fi) 

* Cbrdmatographic IPurity and Limit of Dimethyl 

SULFOXIDE 

Standard stock solution: 1.0 mg/mL of USP Dimethyl 
$ulfoxide RS in methanol 

Sensitivity check solution: 2,0 pg/mL from the Stan¬ 
dard stock solution in methanoi 
System suitability solution: 0.1 mg/mL of USP Dl- 
methyl 5utfoxide RS and 0.4 mg/mL of USP Methylsul¬ 
fonylmethane RS in methanol, In a 50-mL volumetrśc 
fiask dissolve 20 mg of USP Methylsulfonylmethane RS 
in 5 mL of the Standard stock solution, and dilute with 
methanol to volume. 

Sample solution: 2 mg/mL of Methylsulfonylmethane 
in methanol. Sonicate at 50° for 1 min, and allow to 
cool to room temperaturę. 

Chromatographic system: Proceed as directed in the 

Assay. 

System suitability 

Sam pies: Sensitivity check solution and System suitability 
solution 

Suitability reguirements 

Signal-to-notse ratio: NLT 10 for dimethyl 5 u]foxide 
peak, SensitMty check solution 

Resolution: NLT 2,0 between dimethyl sulfoxide and 
methylsulfonylmethane, System suitability solution 

Analysis 

Sample: Sample soiution 

Calcufate the percentage of each impuhty In the por- 
tion of Methylsulfonylmethane taken: 

Result = ( ru / r T ) x 100 

ru = response of each impurity in the Sample 
solution 

rr - sum of the responses of all of the peaks other 
than the solvent peak 
Acceptance criteria 

individual impurities: NMT 04% of dimethyl sulfox- 
ide; NMT 0,05% of any other indMduaf impurity 
Total impurities: NMT 0.2% for afl impurities, includ- 
ing dimethyl suffoxide 

SPECIFiC TESTS 

* Melting Rance or Temperaturę <741): 1G8.5°-410.5 D 

« Microbial Enumeration Tests <2021): The total aerobic 
microbial count Is NMT 10 3 cfu/g or mL, and Lhe total 
combined molds and yeasts count is NMT 10 2 cfu/g or 
mL, 

* Absence of Specdhed MICROORGAMISM5 <2022): It meets 

the regurrements for absence of Escherichia coli in 10 g. 

* Water D eter min ati on, Method i <921): NMT 04%, 

[Notę— 500 mg of methylsulfonylmethane may be re¬ 
pu i red for this analysis,] 
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ADDITIONAL REQU1REMENT5 

* Packaginc and Storage: Preserve in well-closed 
containers. 

* USP Reference Standards <11) 

USP Dimethyl 5ulfoxide RS 
USP Methylsulfonylmethane RS 
Dimethyl sulfone, 

GH 6 0 2 5 94.13 


MethylsMlforayamethane Tablets 

DEFINIT80N 

Methylsulfonylmethane Tablets contain NLT 90,0% and 
NMT 110,0% of the labeled amount of methylsulfonyl¬ 
methane (C 2 H ń 0 2 S). 

IDENTIFICATION 

* A, The retention tlme of the major peak of the Sampie 
solution corresponds to that of the Standard soiution , as 
obtained in the Procedurę for Strength* 

STRENGTH 
» Procedurę 

Diluent: Transfer 950 mL of methanol to a 1-L volumet- 
ric fiask, Add 0,60 mL of diethylene glycol methyl ether, 
and dilute with methanol to volume. 

Standard solution: 0,4 mg/mL of USP Methylsulfonyl¬ 
methane RS in Diluent Sonicate at 50° for 1 min, and 
allow to cool to room temperaturę* 

Sample solution: Finely powder NLT 20 Tablets. Dis- 
solve a portion of the finely powdered materiał, equtva- 
lent to 1 Tablet, in Diluent, and sonicate for 15 min at 
50°. Allow to cool to room temperaturo, dilute with 
Diluent to vofume, and mlx. Quantitatively dilute with 
Diluent to obtaln a finał concentration of 0.4 mg/mL of 
methylsulfonylmethane. Transfer 1 mL of the suspension 
to a 1,5-mL microcentnfuge tubę, and centnfuge for 20 
s. Use the supernatant 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: CC 

Detector: Flame ronization 

Column: 0,53-mm x 30-m capfllary; 5-pm phase C2 
coating 
Temperaturę 
Column: 120° 

Injector: 250 n 
Detector: 250° 

Carrier gas: Helium 
Ffow ratę: 5 mL/min 
Injection size: 1 pL 
Injector type: Split ratio, 2:1 
System suitability 
Sample: Standard solution 
Suitability requirements 

Reiative standard deviation: NMT 2,0% for the peak 
response ratio of methylsulfonylmethane to diethyl¬ 
ene glycol methyl ether from replicate Injections 

Analysis 

Samples: Standard solution and Sampie soiution 
Calculate the percentage of the labeled amountof of 
methylsulfonylmethane (C 2 H e 0 2 S) in the portion of 
Tablets taken: 

Result = (Ry/Rs) x (G/O,) x 100 

Ru = internal standard ratio (peak response of 

methylsulfonylmethane to diethylene glycol 
methyl ether) from the Sampie solution 
Rs - Interna! standard ratio (peak response of 

methylsulfonylmethane to diethylene glycol 
methyl ether) from the Standard solution 
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Cs = concentratlon of USP Methylsulfonylmethane 

RS In the Standard solution (mg/mL) 

Cu - nominał concentratlon of 

methylsulfonylmethane In the Sample solution 
(mg/ml) 

Acceptance cr i ter i a: 90,0%-l 10,0% 

PERFORMANCE TESTS 

b Oisintegration and DissoLUTlON (2040): Meet the re- 
ąuirements for Disintegratlon; 30 min 

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091); Meet 

the requirements 

ADDBTHONAL REQU1REMENTS 

o Packaging and Storage; Preserve in tlght, light-resistant 
containers. 

* USP Reference Standards (11) 

USP Methylsulfonylmethane RS 
Dimethyf sulfone. 

CaHoOaS 94.13 


wnm Thistle 


DEFINITION 

Milk Thistle conslsts of the dried rlpe frult of Silyhum mari¬ 
anom (L.) Gaertn, (Fam. Asteraceae), the pappus having 
been removed. ft contalns NLT 2,0% of silymarin, calcu- 
lated as silybfn (C 15 H 22 O 10 )# on the dried basis. 

IDENTIFICATION 

* A, Thin-Layer Chromatographic Identification Test 

Standard solution: 1,0 mg/mL of USP SilydSanin RS In 
methanol 

Sample solution; Use the Sampie solution, prepared as 
dlrected In the test for C ontent of SHymarin, 
Chromatographic system 
(See Chromatography (621), Thin-Layer Chromało - 
graphy.) 

Adsorbent: 0,25-mm layer of chromatographic silica 
gel, typically 20 cm long (TLC plates) 

Application volume: 10 \xl 

Developing solvent system: Freshly prepared mixture 
of chloroform, acetone, and anhydrous formie acid 
(75: 16,5: 8.5) 

Spray reagent A: 10-mg/mL solution of 2-aminoethy! 
cfipnenylborinate in metnanol 
Spray reagent B: 50-mg/mL solution of polyethylene 
glycol 4000 in alcohol 
Anaiysis 

Samples: Standard solution and Sample solution 
Develop the chromatograms until the solvent front has 
moved about three-fourths of the piąte, and dry Jt for 
30 min in a current of cofd air. Spray the piąte with 
Spray reagent A, allow to dry, and then spray with 
Spray reagent 0, One hour later examine the piąte 
under iong-wave UV light (365 nm), 

Acceptance criteria: The chromatogram of the Sampie 
solution exhlbits an intense green-blue fluorescent zonę 
at an Rf value of about 0.5 (presence of silybin) and a 
gray-blue spot at an Rf value of about 0.4, correspond- 
ing to that observed in the chromatogram of the Stan¬ 
dard solution, The chromatogram of tne Sample solution 
may exhibit other colo red zones: an intense green-blue 
zonę at an Rf value of about 0,25 (presence of silychris- 
tin) and a red-orange zonę at an Rf value of about 0.3 
(presence of taxifolin). 

• B, HPLC IDENTIFICATION TEST 

Anaiysis; Proceed as dlrected in the test for Content of 
SHymarin. 

Acceptance criteria: The retention limes of the peaks 
for silydianin, siiychristin, silybin A, silybin B, isosiiybin 
A, and isosiiybin B in the chromatogram of the Sampie 


solution correspond to those in the chromatogram of 
the Milk thistle standard solution. 

OOMPOSITION 
* CONTENT OF SllYMARIN 

Solution A: Methanol, phosphorlc acid, and water 
(20: 0,5: 80) 

Solution B: Methanoi, phosphorlc acid, and water 
(80: 0.5: 20) 

Mobile phase: See Tobie L 


Table 1 


Time 

(mini 

Solution A 

(W - 

Solution B 

. 

0 

85 

15 

5 

85 

15 

20 

55 

45 

40 

55 

45 

41 

85 

15 

55 

85 

15 


Milk thistle standard solution: 0.7 mg/mL of USP 
Powdered Milk Thistle Extract RS in methanol. Sonicate 
for 20 min to dissolve. Pass through a membranę fil ter 
having a 0.45-jim or frner porę size. Dilute 1:5 with 
methanoi to obtain a solution of 0,14 mg/mL of USP 
Powdered Milk Thistle Extract RS, 

Silybin standard Solutions: 0.20, 0.02, and 0.004 mg/ 
mL of USP Silybin RS in methanoi. Pass through a 
membranę filter having a 0.45-pm or finer porę size, 
Sample stock solution: Transfer 10 g of fineiy pow- 
dered Mifk Thistle to an extraction thimble, and cover 
with a smali cotton bali. Transfer the thimble to a con- 
tinuous-extraction apparatus fitted with a 250-ml 
round-bottom fiask containing 150 mL of solvent hex- 
ane, and heat the fiask on a heating mantle for 4 h. 
After the extraction, detach the round-bottom fiask 
from the extraction apparatus, and discard the solvent 
hexane. Dry the extraction thimble to remove residua! 
solvent hexane, and transfer the thimble to an extrac- 
tion apparatus suitabie for hot extraction and fitted 
with a 250-mL round-bottom fiask containing 100 mL 
of ethyl acetale. [NOTĘ—Ad jus t the vo!ume of ethyl ace¬ 
tale, if necessary, to sustain continuous extractlonJ 
Heat the fiask to achieve gentle reflux, After 8 h, trans¬ 
fer the extract quantitatively into a 1GO-mL volumetric 
fiask, and dilute with methanol to voiume. 

Sample solution: Dilute the Sampie stock solution 1:25 
witn methanol. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 288 nm 

Column: 4.6-mm x 15-cm; 5-jim packlng LI 

Column temperaturę: 40° 

Flow ratę: 1 mL/min 
Injection volume: 10 jiL 
System suitability 

Sampie: Milk thistle standard solution 

[Notę—F or the relative retention times, see Table 2Ą 


Table 2 



Relatlve 

Retention 

Time 

Siiychristin 

0.68 

Silydianln 

0.73 

Silybin A 

1,00 

Silybin B 

1.05 

Dehydrosifybin 

1,09 
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Table 2 (Continued) 



Reiatłve 

Retentlon 

Time 

Isosllybln A 

1.15 

Isosliybin B 

1.19 


Sultability requirements 

Chromatogram similarity: The chromatogram of the 
Milk thistle standard solution is simifar to the reference 
chromatooram provided with the lot of USP Paw- 
dered Mim Thistle Extract RS belng used, 

Resolution: NLT 1,0 between stlybin A and silybin B 
Taillng factor: 0.8-2,0 

Relatlve standard devlation: NMT 2,0% for the son 
of peak responses due to silybin A and silybin B 
Analysls 

Samples; Milk thistle standard solution, Silybin standard 
Solutions, and Sample solution 
Identlfy the peaks due to silychrlstin, silydlanin, silybin 
A, silybin B, isosrlybin A, and Isosllybln B by comparl- 
son with the chromatogram of the Milk thistle standard 
solution, and measure tne peak areas of the relevant 
peaks. Plot the comblned peak areas of silybin A and 
silybin B against the concentrations of U5P Silybin RS 
in the corresponding Silybin standard Solutions and es- 
tablish a calibration curve using least-sguares 
regression, 

Separately calculate the percentage of each relevant 
component of silymarin as silybin (CżsHizGtd) In the 
portfon of Milk Thistle taken: 

Result o Cx(V/W) x Dx 100 

C » concentratlon of the relevant component in 
the Sample solution as interpolated from the 
calibration curve (mg/mL) 

V = volume of the Sample stock solution (ml) 

W s weight of the portion of Milk Thistle taken 

(mg) 

O = dilution factor to prepare the Sample solution 
from Sample stock solution, 25 
Calculate the content of silymarln, as a percentage, In 
the portlon of Milk Thistle taken by addlng the 
IndMdual percentages. 

Accep tance criteria: NLT 2.0% of sl!y marin, calcu la ted 
as silybin (CasHazOio), on the dried basls 

CONTAMINANTS 

§ Articles of Botanical Origin, Umits of Elemental Impurh 
ties (561): Meets the regulrements 

• Articles of Botanical Orion, Pestklde Residue Analysls 
{561): Meets the reąuirements 

• MtCROBfAL ENUMERATlON Tests <2021): The total bacterial 
count does not exceed 10* * cfu/g, and the total com- 
blned molds and yeasts count does not exceed 10 2 cfu/ 

• Absence of Specified Mjcroorganisms <2022); It meets 
the requlrements of the tests for the absence of Salmo¬ 
nella species and Escherichla coli 

SPECIFIC TESTS 

• Botanical Characteristics 

Macroscopie: The fruits (achenes) are elongated ovoid, 
slightly crooked, somewhat flattened, rougnly 6-7 mm 
inlength. up to 3 mm in width, and 1,5 mm in thick- 
ness, and have a projecting cartilaginous, gfossy, yel- 
lowish edge on the upper surface and a grooved hilum 
at the base. The fruit coat is glossy brown-black or 
matte gray-brown with dark or pale gray streaks; it en- 
closes tne straight embryo having two tniek, flattened 
cotyledons that eon ta In fatty oil and aleurone granules. 
Microscopic: The fruit wali epldernms conslsts of almost 
colorfess palisadę cells arranged at rlght angles to the 
surface. They have greatly tnickened outer walls, into 


which the lumen continues for some distance in the 
form of a slit, Viewed from above under high magnifi- 
cation, the cells show oniy a sllt-shaped lumen. They 
have thickened ridaes that appear as nodular thicken- 
Ings of the cel! waff when viewed from above, The 
subepldermal layer of the fruit wali is madę up of un- 
lignmed thin-walled parenchymal cells and constltutes a 
pigment layer, Colorless cells and groups of cells alter- 
nate with pigment cells, the latter varymg in number; 
this gives the fruit wali its mottled appea rance. The fruit 
wali tśssue is about 8 celi layers thick, with stippled 
parenchymal cells elongated in the longitudinal axis of 
the fruit. The cells of the innermost layer of the fruit 
wali may be collapsed; they eontain large cigar-shaped 
or monodinic calcium oxafate prisms. Tne seed coat ep- 
idermis is formed from large yellow palisadę cells, The 
cells have a narrow lumen, somewhat expanded at 
each end of the celi, and the celi walls show consptcu- 
ous laminatlon. The subepiderma! cells of the seed coat 
consist of peculiar stippled cells; their llgnifled celi 
membranes have prominent, ciose-set ridges or thicken- 
ings ("net cells"). Next to them Is a single layer of cells 
having tough, somewhat swoilen walls and Irpophilic 
contents (endosperm residue), The embryo conslsts of 
thin-walled cells that, in addltion to smali glands, con- 
tain clumps of erystafs and fat droplets. 

* ARTICLES of Botanical Orjcin, Foreign Organie Matter 

(561): NMT 2.0% 

* Articles of Botanical Origin, Total Ash <561) 

Sample: 1,0 g of flnely powdered Milk Thistle 
Accep tance criteria: NMT 8.0% 

• LOSS ON DRYING (731) 

Sample: 1.0 g of flnely powdered Milk Thistle 
Analysls: Dry the Sample at 105° for 2 h, 

Acceptance criteria: NMT 8,0% 

ADD1TIONAL REQUIREMENTS 

• Packaging and Storage; Preserve In well-closed contaim 
ers, protected from light and moisture. 

# LabelinG: The label States the Latln binomial and, follow- 
Ing the official name, the part of the plant contained In 
the artlde. 

» USP Reference Standards (11) 

USP Powdered Milk Thistle £xtract RS 
USP Stlybin RS 
USP Sflydianin RS 


Powdered Milk Thistle 


DEFINITION 

Powdered Milk Thistle i$ Milk Thistle reduced to a fme or 
very fine powder, It contalns NLT 2,0% of silymarin, cal- 
culated as silybin (CjsI^Oto), on the dried basls, 

IDENTIFICATION 

• A, Thin-Layer Chromatographic Identification Test 

Standard solution: 1,0 mg/mL of USP Sifydlanin RS In 
methanol 

Sample solution: Use the Sample solutionf prepared as 
directed in the test for Content of Silymarin , 

Chromatographk system 
(See Chromatograpny {62^) / Thln-Layer Chromato- 
graphy.) 

Adsorbent: 0.25-mm layer of chormatographic silica 
gel # typically 20 cm long (TLC plates) 

Application volume: 10 pL 

Developing solvent system: Freshly prepared mixture 
of chloroform, acetone, and anhydrous formie acid 
(75: 16.5:8,5) 

Spray reagent A: 10-mg/mL solution of 2-aminoethyl 
dipnenylborinate in methanol 
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Spray reagent B: 50-mg/mL soiution of polyethylene 
glycol 4000 in alcohol 

Anaiysis 

Sam pies: Standard soludon and Sampie soluthn 
Develop the chromatograms until the sokent front Kas 
moved about three-fourths of the piąte, and dry It for 
30 min In a current of cold asr. Spray the piąte with 
Spray reagent Ą alfow to dry, and then spray with 
Spray reagent B. One hour la ter, examine the piąte 
under long-wave UV light (365 nm). 

Acceptance criteria: The chromatogram of the Sampfe 
soiution exhibits an intense green-blue fluorescent zonę 
at an Rf value of about 0.5 (presence of silybin) and a 
gray-blue spot at an Rf value of about 0.4, correspond- 
ing to that observed in the chromatogram of the Stan¬ 
dard soiution, The chromatogram of the Sampie soiution 
may exhiblt other colored zones: an intense green-blue 
zonę at an R F value of about 0.25 (presence of silychris- 
tin) and a red-orancje zonę at an Rf va!ue of about 0.3 
(presence of taxifolin). 

• 8, HPLC Identification Test 

Analysis: Proceed as directed in the test for Content of 
Silymarin. 

Acceptance criteria: The retention times of the peaks 
for sllydianln, silychristin, silybin A, silybin B, Isosilybin 
A, and isosilybin B In the chromatogram of the Sampfe 
soiution correspond to those in the chromatogram of 
the Milk thistle standard soiution. 

OOMPOSITION 

» Content of 5ilvmarin 

Soiution A: Methanol, phosphonc acid, and water 
(20: 0.5: 80) 

Soiution B: Methanol, phosphorlc add, and water 
(80:0.5:20) 

Mobile phase: See Tobie h 


labie 1 


Time 

Soiution A 

Soiution B 

(min) 

(%> 

. (%> 

0 

85 

15 

5 

85 

15 

20 

55 

45 

40 

55 

45 

41 

85 

15 

55 

85 

15 



Milk thistle standard soiution: 0.7 mg/mL of USP 
Powdered Milk Thistle £xtract RS In methanol. Sonicate 
for 20 min to dissoke. Pass through a membranę filter 
having a 0.45-um or finer porę slze. Dilute 1:5 with 
methanol to obtain a soiution of 04 4 mg/mL of USP 
Powdered Milk Thistle Extract RS. 

Silybin standard Solutions: 0.20, 0.02, and 0,004 mg/ 
mL of USP Silybin RS in methanol. Pass through a 
membranę filter having a 0.45-pm or finer porę size. 

Sampie stock soiution: Transfer 1 0 q of Powdered Milk 
Thistle to an extractfon thimble, andtover with a smali 
cotton bali. Transfer the thimble to a continuous-extrac- 
tion apparatus fitted with a 250-mL round-bottom fiask 
containing 150 ml of solvent hexane, and heat the fiask 
on a heating mantle for 4 h. After the extraction, be¬ 
tach the round-bottom fiask from the extraction appa¬ 
ratus, and discard the sokent hexane, Dry the exfrac- 
tlon thimble to ręmove residual sokent hexane, and 
transfer the thimble to an extraction apparatus sultable 
for hot extraction and fitted with a 250-mL round-bot- 
tom fiask containing 100 mL of ethyl acetate. [Notę— 
Adjust the volume of ethyl acetate, if necessary, to sus- 
tain contlnuous extraction.J Heat the fiask to achieve 
genlle reflux. After 8 h, transfer the extract quantita- 
tivefy into a 100-mL volumetric fiask, and dilute with 
methanol to volume. 


Sampie soiution: Dilute the Sampie stock soiution 1:25 
with methanol. 

Chromatographic system 
(See Chromatograpny (62^) / System Suitabiiity.) 

Modę: LC 

Detector: UV 288 nm 

Column: 4.6-mm x 15-cm; 5-pm packing LI 

Column temperaturę: 40° 

Ffow ratę: 1 mL/mln 
Injection vofume: 10 pL 
System suitabiiity 

Sampie: Milk thistle standard soiution 

[Notę—F or the relatke retention Limes, see Tobie 2.] 


Table 2 



Relatke 

Retention 

Time 

Silychristin 

0.68 

Silydianin 

0.73 

Silybin A 

1.00 

Silybin B 

1.05 

De hvdro silybin 

1,09 

Isosilybin A 

1,15 

Isosilybin 8 

1.19 


Suitabiiity reguirements 

Chromatogram similarity: The chromatogram of the 
Milk thistle standard soiution is similar to the reference 
chromatogram provided with the lot of USP Pow¬ 
dered Milk Thistle Extract RS being used. 

Resolution: NLT 1.0 between silybin A and silybin B 
Tatiing factor: 0.8-2,0 

Relatke standard deviation: NMT 2.0% for the sum 
of peak responses due to silybin A and silybin B 
Analysis 

Samples: Milk thistle standard soludon, Silybin standard 
Solutions, and Sampie soludon 

Identify the peaks due to silychristin, sliydianin, silybin 
A, silybin 8 , isosilybin A, and isosilybin B by compari- 
son with the chromatogram of the Milk thistle standard 
soiution , and measure the peak areas of the re 1 evant 
peaks. Plot the combined peak areas of silybin A and 
silybin B against the concentratlons of USP Silybin RS 
in the corresponding Silybin standard Solutions , and es- 
tablish a calibration curve using least-squares 
regressron. 

Separately calcu la te the percentage of each re!evant 
component of silymarin as silybin (C^H^Oio) in the 
portion of Powdered Milk Thistle taken: 

Result = C x ( V / W ) x D x 100 

C - concentratlon of the relevant component in 
the Sampie soludon as interpolated from the 
calibration curve (mg/mL) 

V - volume of the Sampie stock soludon (mL) 

W - weight of the portion of Powdered Milk 

Thistle taken (mg) 

D - dilution factor to prepare the Sampie soludon 
from Sampie stock soludon, 25 
Catculate the content of silymarin, as a percentage, in 
the portion of Powdered Milk Thistle taken by adcling 
the indkidual percentages, 

Acceptance criteria: NLT 2,0% of silymarin, calculated 
as silybin (C 25 H 22 O 10 ), on the dried basts 

CONTAMINANTS 

* Articles of Botanical Origin, Limits of Elemental Impuri - 

des (561): Meets the reguirements 

* Articles of Botanical Origin, Pesddde Residue Analysis 
(561): Meets the reguirements 
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* Microbial Enumeration Tests {2021}: The to tal bacterial 

count does not exceed lO* 5 cfu/g, and the total com- 
bined molds and yeasts count does not exceed 10 2 cfu/ 
9 * 

* Absence of Sfecified Microorganisiws {2022): It meets 

the requirements of the tests for the absence of Salmo- 
nelta spec i es and Escherichia coli. 

SPECKFIC TESTS 

4 Botanical Characteristics: The powder is characterized 
by fragments of colorless cells, up to approxImately 75 
firn in [ength and 8 pm In width, from the palisadę layer 
of the epiaermis of the fruit wali, with their adherent 
pigment layer (they assume a red color in chloral hydra te 
preparations), and by gray pieees, viewed from above, 
with the slitlike lumen produced by the pronounced wali 
thickening or the nodes on the celi wali formed by the 
thickenea ridges; fragments of the pigment layer viewed 
from above, with red coloration diffusing out of them in 
chloral hydra te preparations, pigment cells altemating 
with colorless parenchymal cells; conspicuously stippled 
colorless cells through which pigment cells are visible 
when viewed from above; cigar-shaped or monoolinic 
calcium oxalate prtsms, lying free or In groups of cells; 
numerous fragments of the iemomyellow palisadę cells o ; 
the seed coat, up to roughly 150 pm Jn length, having a 
very narrow lumen and conspicuously stippled wlien 
viewed from above; pafe yellowish fragments from the 
net celi layer together with portions of the embryo con- 
sisting of thin-walled cells with smali glands and lipo- 
philic substances. 

* Articles of Botanical Origin, Foreign Organie Matter 

(561): NMT 2.0% 

* Articles of Botanical Origin, Totol (561) 

Sample: 1.0 g of Powdered Milk Thistle 
Acceptance criteria: NMT 8-0% 

* loss ON Drying (731) 

Sample: 1*0 g of Powdered Milk Thistle 
Analysis: Dry the Sampie at 105° for 2 h. 

Acceptance criteria: NMT 8.0% 

ADDITIONAt R£QUIREMENT$ 

* Packaging and Storage: Preserve in well-dosed contain- 
ers, protected from light and moisture. 

* Labeling: The label States the Latin binomial and, follow- 

ing the official name, the part of the plant source from 
wnich the artide was derlved- 
4 USP Referince Standards (11) 

USP Powdered Milk Thistle Extract RS 
USP Silybin RS 
USP Silydianrn RS 


Powdered Milk Thistle Extract 


DEFINITION 

Powdered Milk Thistle Extract is prepared from Milk Thistle 
fruits or seeds by fat removal and subsequent extraction 
with suitable solvents. It contains NLT 90.0% and NMT 
110.0% of the labeled amount of silymarin, calculated as 
silybin (C^HaaOto)* on the dried bas is, consisting of NLT 
20.0% and ŃMT 45.0% for the sum of sllydlanln and 
sllychristin, NLT 40.0% and NMT 65.0% for the sum of 
silybin A and silybin B, and NLT 10-0% and NMT 20.0% 
for the sum of isosilybin A and isosilybin B* 

IDENTIFICATION 

* A. Thin-Layer Chromatographic Identification Test 

Standard soiution: 1.0 mg/mL of USP Silydtanin RS in 
methanol 


Sample soiution: 10 mg/mL of Powdered Extract in 
methanol, and allow to stand for 15 min before use* 
Chromatographic system 
(See Chromatograpny {62 1), Th in-Layer Chroma to- 
graphy.) 

Adsorbent: 0,25-mm layer of chromatographic siiica 
gel, typically 20 cm long 
Application volume: 10 |.iL 

Developing solvent system: Freshly prepared mixture 
of chloroform, acetone, and anhydrous formie add 
(75: 16,5: 8.5} 

Spray reagent A: 10-mg/mL soiution of 2-aminoethyl 
dipnenylborinate in methanol 

Spray reagent 8: 50-mg/mL soiution of polyethylene 
glycol 4000 in afcohol 
Anafysls 

Samples: Standard soiution and Sample soiution 
Develop the chromatograms until the solvent front has 
moved about three-fourths of the piąte, and dry il for 
30 min tn a current of cofd air. Spray the piąte with 
Spray reagent Ą allow to dry, and then spray with 
Spray reagent B. One h la ter, examine the piąte under 
long-wavelength UV light* 

Acceptance criteria: The chrom a tog ram of the Sample 
soiution exhiblt$ an Intense green-blue fluorescent zonę 
at an Rr value of about 0.5 (presence of silybin) and 
exhibits a gray-blue spot at an Rr value of about 0.4, 
correspondlng to a spot observed in the chroni a log ram 
of the Standard soiution , The chromatogram of the 
Sample soiution may exhibit other colored zones: an in¬ 
tense green-blue zonę at an Rr value of about 0.25 
(presence of srlychristin) and a red-orange zonę at an Rr 
value of about 0.3 (presence of taxifolin). 

* B, HPLC Identification Test 

Analysis: Proceed as directed in the test for Content of 
Silymorin. 

Acceptance criteria: The retention times of the peaks 
for silydianin, sllychristin, silybin A, silybin B, isosilybin 
A, and isosilybin B in the chromatogram of the Sample 
soiution correspond to those In the chromatogram of 
the Milk thistle standard soiution. 

COMPOSmON 

* Conti nt of Silymarin 

Soiution A: Methanol, phosphoric add, and water 
(20: 0.5: 80) 

Soiution B; Methanol, phosphoric add, and water 
(80: 0.5: 20) 

Mobile phase: See Tobie 1. 


Table 1 


Tl me 

Soiution A 

Soiution B 

(min) 

(%) 


0 

0 

0 

5 

85 

15 

20 

55 

45 

40 

55 

45 

41 

85 

15 

55 

85 

15 


Milk thistle standard soiution: 0.7 mg/mL of USP 
Powdered Milk Thistle Extract RS in methanol. Sonicate 
for 20 min to dissolve, 

Silybin standard Solutions: 0.20, 0,02, and 0,004 mg/ 
mL of USP Silybin RS in methanoL Pass through a 
membranę fifter having a 0.45-pm or finer porę size* 
Sample soiution: Dissolve a sample of Extract in meth¬ 
anol to obtain a soiution equivaient to 0.4 mg/mL of 
silymarin. Sonicate for 20 min, cool to 20°, and pass 
through a filter of 0.45-pm or finer porę size. 
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Chromatographic system 

(See Chromatography ( 621), System Suitability.) 
Modę: LC 

Deteetor; UV 288 nm 

Cofumn: 4.6-mm x 15-cm; 5-pm packing LI 

Column temperaturę: 40° 

Flow ratę: 1 mL/min 
Jnjection size: 10|iL 
System sultability 

Sample: Milk thistle standard soiutlon 

[Notę—F or the relative retention times, see Tobie 2.] 


Table 2 



Relatlve 

Retention 

Time 

Sliychristin 

0.68 

Silydianin 

0.73 

Silybin A 

1.00 

Silybin B 

1.05 

Dehydrasilybin 

1.09 

Isosilybin A 

1*15 

Tsosilybin B 

1.19 


Suitabflśty requirements 

Chromatogram simifarity: The chromatogram from 
the Milk thistle standard soiutlon is simllar to the refer- 
ence chromatogram provided with the lot of USP 
Powdered Milk Thistle Extract RS being used. 
Resolution: NLT TO be twe en silybin A and silybin B 
Tailmg factor: 0.8-2,0 

Relative standard deviation: NMT 2.0% for the sum 
of peak responses due to silybin A and silybin B 
Analysls 

Samples: Milk thistle standard sołution, each of the 
Silybin standard Solutions, and Sample soiutlon 
Identify the peaks due to sllychnstin, silydianin, silybin 
A, silybin B, isosilybin A, and isolybin B by comparison 
with the chromatogram of the Milk thistle standard so* 
lution, and measure the peak areas of the relevant 
peaks. Plot the areas of the sum of silybin A and 
silybin B peaks yersus the concentration of USP Silybin 
RS in the Silybin standard Solutions, and obtain a re- 
gression linę for calibration, 

Separateiy calcu tatę the percentage of each relevant 
component of silymarin as silybin (CzsH^Oio) in the 
portion of Powdered Extract taken: 

Result = Cx(V/W) x 100 

C - concentration of the relevant component in 
the Sample sołution as interpolated from the 
calibration graph (mg/mL) 

V = yolume of the Sample sołution (mL) 

W - weight of the portion of Powdered Extract 

taken (mg) 

Calcufate the percentage of the labeied amount of 
siły marin in tne portion of Powdered Extract taken: 

Result = ZS/L x 100 

X5 - sum of the percentages of the each relevant 
component of silymarin 

i - labeied amount of silymarin, as a percentage, 
in the Powdered Extract 

Acceptance crlteria; 90.0%-110,0% of the labeied 
amount of silymarin, calcuiated as silybin (CzsHzzOut), 
on the dried basis, consisting of: 2G.0%-45.G% for the 
sum of silydianin and silychristin; 4Q.0%-65.G% for the 
sum of silybin A and silybin B; and 1O.G%-20,O% for 
the sum of isosilybin A and isosilybin B 


CONTAMINANTS 


Oelete the foltowłng: 

•• Hiaw Metals, Method II (231): NMT 20 pg/g# (orfid»i i- 

* Microbial Enumeratign Tests (2021): The total bacterial 
count does not exceed 10 4 /g, the total combined molds 
and yeasts count does not exceed 10* cfu/g, and the 
enterobacterial count does not exceed 10* cfu/g, 

■ Absence of Specified Microorcanisms (2022): ft meets 
the requirements of the tests for the absence of 5cj/mo 
nella species and Escherichia coli 

* Other Reąuirements: It meets the reąuirements in Botom 
kai Extroots (565) for the tests in sections Pesticide Resi- 
dues and Residual Solvents. 

SPECIFIC TESTS 

* Loss ON Dryinc (731): Dry a sample at 105° for 2 h; it 
loses NMT 5.0% of its weight, 

ADDITIONAL REQUIREMENT5 

* Packacinc and Storage: Preserve in tight, light-resistant 
containers, in a coof place. 

* Labeljng: The Jabel States the Latin blnomial and, follow- 
ing the offlciaf name, the part of the plant from which 
the articie was prepared. It meets the requirements for 
Botanical Extracts (565), Labeling . 

* USP Reference Standards (11) 

USP Powdered Milk Thistle Extract RS 
USP Silybin RS 
USP Silydianin RS 


Milk Thistle Capsules 


DEFINITION 

Milk Thistle Capsules are prepared from Powdered Milk This¬ 
tle Extract. Tney contain NLT 90.0% and NMT 110.0% of 
the labeied amount of silymarin as silybin (C^H^Oio), cal- 
culated as the sum of silydianin, silycnristin, silybin A, 
silybin B, isosilybin A, and isosilybin B, 


IDENTIFICATION 

« A. Thin-Layer Chrom atgcraphic Identification Test 
Standard sołution: 1,0 mg/mL of USP Silydianin RS In 
methanol 

Sample sołution: Equivalent to 5 mg/mL of silymarin 
from powdered Capsule eon ten ts (finely powder the 
contents of NLT 20 Capsules) in methanoL Shake for 1 
min, and sonicate for 10 min. Allow to stand for 15 
min before use. 

Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromało* 
graphy.) 

Modę: TLC 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel, typicalJy 20 cm long 
Application volume: lOpL 

Peveloping solvent system: Freshly prepared mixture 
of chloroform, acetone, and anhydrous formie add 
(75:16,5:8.5) 

Spray reagent A: 10-mg/mL sołution of 2-aminoethyl 
dipnenylborinate In methanol 

Spray reagent B: 50-mg/mL sołution of polyethylene 
glycol 4000 in alcohol 
Analysls 

Samples: Standard sołution and Sample sołution 
Develop the chromatograms until the solvent front has 
moved about threeTourths of the piąte, and dry it for 
30 min in a current of eold alr. Spray the piąte with 
Spray reagent Ą allow to dry, and then spray with 
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Spray reagent B. One h later, examine the piąte under 
long-wavelength UV light. 

Acceptance crlteria: The chromatogram of the Sample 
solution exhibits an rntense green-blue fluorescent zonę 
at an Rf value of 0*5 (presence of silybin) and exhibits a 
gray-blue spot at an Rf value of 0*4, corresponding to s 
spot obsen/ed in the chromatogram of the Standard so- 
lution. The chromatogram of the Sample solution may 
exhibit other colored zones: an Intense green-blue zonę 
at an Rf value of 0.25 (presence of silychrrstin) and a 
red-orange zonę at an Rf value of 0,3 (presence of 
taxifolin). 

• B. HPLC IDENTIFICATION TEST 

Analysis: Proceed as directed for Content of Silymańn. 

Acceptance antena: The chromatogram of the Sample 
solution exhlbits peaks for silydianin, silychristln, silybin 
A, silybin B, isosilybin A, and isosilybin B at retentlon 
times that correspond to those of the Milk thistle stan¬ 
dard solution. 

STRENGTH 

• CONTENT OF SlLYMARIN 

Solution A: Methanol, phosphoric acid, and water 
(20: 0*5: 80} 

Solution B: Methanol, phosphoric acid, and water 
(80: 0*5: 20) 

Mobile phase: See Tahle h 


Table 1 


Time 

(min) 

Solution A 
(%) 

Solution B 
(%1 

0 

0 

0 

5 

85 

15 

20 

55 

45 

40 

55 

45 

41 

85 

15 

55 

85 

15 


Milk thistle standard solution; 0,7 mg/mL of USP 
Powdered Milk Thistle Extraet RS in methanol, Sonicate 
for 20 min to dissolve* 

Silybin standard Solutions: 0*20, 0,02, and 0.004 mg/ 
mL of USP Silybin RS in methanol. Pass through a 
membranę filter having a 0*45-pm or finer porę size. 

Sample solution: Weigh and finely powder the con- 
tents of NLT 20 Ca ps dl es. Transfer an accurately 
weighed guantity of the powder equivalent to 100 mg 
of sllymarin to a 100-mL volumetric fiask, add 90 mL of 
methanol, and sonicate for 20 min with occasional 
shaking. Cool to 2CP, and dilute with methanol to vol- 
ume. Rlter through a membranę with a 0.45-pm or 
finer porę size. 

Chromatographlc system 
(See Chromatograpny {621), System Su i ta bil i ty.) 

Modę: LC 

Detector: UV 288 nm 

Column: 4.6-mm x 15-cm; 5-jam packing LI 

Column temperaturę: 40° 

Flow ratę: 1 mL/min 
Injection size: lOpL 

System suitablllty 

Sample: Milk thistle standard solution 

[Notę—F or the relative retentlon times, see Table 2.] 


Table 2 


Name 

RelatJve 

Retentlon 

Time 

Sitycfirfstin 

0,68 

Silydianin 

0.73 

Silybin A 

1*00 

Silybin B 

1.05 


Table 2 (Contlnued) 



Relatfye 


Retentlon 

Name 

Time 

Dehydrosilybin 

1.09 

Isosilybin A 

1.15 

Isosilybin 8 

1.19 


Suitabillty reguirements 

Chromatoqram srmilarity: The chromatogram from 
the Milk thistle standard solution ts similar to the refer- 
ence chromatogram provided with the lot of USP 
Powdered Milk Thistle Extract RS being used* 
Resolution: NLT 1.0 between silybin A and silybin B 
Tailing factor: 0.8-2.0 

Relative standard deviation: NMT 2.0% for the sum 
of peak responses due to silybin A and silybin B 
Analysis 

Samples: Milk thistle standard solution, each of the 
Silybin standard Solutions, and Sample solution 
Identify the peaks due to silychristin, silydianin, silybin 
A, silybin B, isosilybin A, and isosilybin B by compari- 
son of the chromatogram of the Milk thistle standard 
solution with the reference chromatogram, and meas- 
ure the peak areas of the relevant peaks. Plot the areas 
of the sum of silybin A and silybin B peaks versus the 
concentration or USP Silybin K$ in the Silybin standard 
Solutions, and obtain a regression linę for cafibration, 
Separately calcu la te the eon tent, in mg, of each rele- 
vant component of siiymarin as silybin (Cz^H^Oio) in 
the portion of contents of Capsules taken: 

Result « C x V 

C = concentration of the relevant component in 
the Sample solution as interpolated in the 
calfbration graph (mg/mL) 

V - vo!ume of the Sample solution (mL) 

Calcuiate the content of siiymarin, as a percentage, in 
the portion of Capsules taken: 

Result = Q x (Awc/W) x (100/0 

Cj = sum of the contents of each relevant 

component of siiymarin in the portion of 
content of Capsules taken (mg) 

Awc = average weight of the contents of Capsules 
(mg/Tablet) 

W = weight of the portion of content of Capsules 
taken (mg) 

i = labeled amount of siiymarin (mg/Capsule) 
Acceptance criteria: 90,0%-110,0% 

PERFORMANCE TESTS 

• DISINTEGRATION and DI550LUT10N (2040): Meet the re~ 

quirements for Dissolution 

Buffer: 6,9 g/L of monobasic sodlum phosphate and 
1,52 g/L of sodium hydroxide in water* Adjust to a pH 
of 7.5. 

Medium: Buffer containing 2% lauryl sulfate; 900 mL 
Apparatus 2: 100 rpm 
Time: 45 min 

Determlne the amount of siiymarin as silybin 
(C^HjoOto) dissolved by usmq the method in the test 
for Content of Siiymarin, makfng any necessary 
modifications, 

Tolerances: NLT 75% of the labeled amount of siły- 
marin as silybin (CzsH^Oio) is dissolved. 

• WEIGHT VARIATION OF DlETARY SURPLEMENTS (2091): Meet 

the requirements 

CONTAMINANTS 

• Microbial Enumeration Tests (2021): The totai bacterial 

count does not exceed TO 4 cfu/g, the total combined 
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molds and yeasts count does not exceed TO 3 cfu/g, and 
the enterobacterial count does not exceed 10 2 cfu/g. 
e Absence of Specified Microorganisiuis (2022): It meets 
the requirements of the tests for the absence of Salmo¬ 
nella species and Escherkhia colt. 

ADDITBONAL REQUIREMENT5 

• Packaging and Storage; Preserve in tight, light-reslstant 

containers. 

• Labeung: The tabel States the Latin binomial and, foflow- 

ing the offidat name, the artide from which the Capsules 
were prepared. The label also indicates the content of 
silymarin, in mg/Capsule, 

• USP Reference standards (11) 

USP Powdered Milk Thistle Extract RS 
USP Sitybin RS 
USP Silydianin RS 


Milk Thistle Tablets 


DEF1NITION 

Milk Thistle Tablets are prepared from Powdered Milk Thistle 
Extract They contain NLT 90.0% and NMT 110.0% of 
the labeted amount of sity marin as silybin (C 2 sH 2 20 io) f caL 
culated as the sum of silydianin, siiychristin, silybin A, 
silybin 8, isosiiybin A, and isosllybin B. 

IDENTIFICATION 

9 A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION ?EST 
Standard solution: 1.0 mg/mL of USP Silydianin RS in 
methanol 

Sample solution: Equivalent to 5 mg/ml_ of silymarin 
from flnely powdered Tablets (NLT 20) in methanoL 
Shake for 1 min, and sonicate for 10 min. Allow to 
stand for 15 min before use. 

Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromato- 
graphy.) 

Modę: TLC 

Adsorbent: 0.25-mm layer of chormatographic silica 
gel, typicalty 20 cm tong 

Application volume: 10 piL 

Developing solvent system: Freshly prepared mixture 
of chloroform, acetone, and anhydrous formie acid 
(75: 16.5: 8,5) 

Spray reagent A: 10-rrin/mL solution of 2-aminoethyf 
dipnenylborinate tn metnanol 

Spray reagent B: 50-mg/mL solution of polyethylene 
glycoJ 4000 in aicohol 
Analysis 

Sam pies: Standard solution and Sample solution 
Develop the chromatograms until the solvent front has 
moved about three-fourths of the piąte, and dry it for 
BO min in a current of cold air. Spray the piąte with 
Spray reagent A, allow to dry, and then spray with 
Spray reagent B. One h later, examine the pfate under 
long-wavelength UV light. 

Acceptance criteria: The chromatogram of the Sample 
solution exh«bits an intense green-blue fluorescent zonę 
at an R? value of 0,5 (presence of silybin) and exhibits a 
gray-blue spot at Rf value of 0,4, corresponding to a 
spot observed in the chromatogram of the Standard so¬ 
lution. The chromatogram of the Sample solution may 
exhlbit other colored zones: an intense green-blue zonę 
at an R f value of 0,25 (presence of siiychristin) and a 
red-orange zonę at an Rf value of 0.3 (presence of 
taxifolin). 

* B, HPLC Identification Test 

Analysis: Proceed as directed for Content of Silymarin, 
Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks for silydianin, siiychristin, silybin 
A, silybin B, isosiiybin A, and isosiiybin B at retention 


times that correspond to those of the Milk thistle stan¬ 
dard solution. 

5TRENGTH 

® Content of Silymarin 

Solution A: Methanol, phosphoric acid, and water 
(20: 0.5: 80) 

Solution B: Methanol, phosphoric acid, and water 
(80: 0.5: 20) 

Mobile phase: See Table L 


labie 1 


uime 

Solution A 

Solution B 

(min) 

(%) 

(%) 

0 

0 

0 

5 

85 

15 

20 

55 

45 

40 

55 

45 

41 

85 

15 

55 

85 

15 


Milk thistle standard solution: 07 mg/mL of USP 
Powdered Milk Thistle Extract RS in methanol. Sonicate 
for 20 min to disso!ve. 

Silybin standard Solutions: 0.20, 0.02, and 0.004 mg/ 
mL of USP Silybin RS in methanol. Pass through a 
membranę filter having a 0,45-pm or finer porę size. 

Sampie solution: Wergh and finely powder NLT 20 
Tablets. Transfer an aceurately weigned guantity of the 
powder equivalent to 100 mg of silymarin to a 100-mL 
volumetric fiask, add 90 ml of metnanol, and sonicate 
for 20 min with occasional shaking. Cool to 20°, and 
dilute with methanol to volume. Filter through a mem¬ 
branę with a 0,45-pm or finer porę size. 

Chromatographic system 
(See Chromotogrophy (621), System Suitability,) 

Modę: LC 

Detector: UV 288 nm 

Coiurnn: 4.6-mm x 15<m; 5-pm packing LI 

Column temperaturo: 40° 

Flow ratę: 1 mL/min 
Injection size: 10 jiL 

System suitability 

Sampie: Milk thistle standard solution 

[Notę —For the relative retention times, see Tobie 2.] 


Tabie 2 


Name 

Relative 

Retention 

Time 

Siiychristin 

0.68 

Silydianin 

0.73 

Silybin A 

1.00 

Silybin B 

1.05 

Dehydrostlybin 

1.09 

Isosiiybin A 

1.15 

Isosiiybin B 

1.19 


Suitability reąutrements 

Chromatogram simiiarity: The chromatogram from 
the Milk thistle standard solution is similar to the refer- 
ence chromatogram provided with the lot of USP 
Powdered Milk Thistle Extract RS being used. 

Resolution; NLT 1.0 between silybin A and silybin B 

Taifing factor: 0.8-2,0 

Relative standard deviation: NMT 2.0% for the sum 
of peak responses due to silybin A and silybin 8 
Analysis 

Sam pies: Milk thistle standard solution, each of the 

Silybin standard Solutions, and Sampie solution 
























USP 40 


Dietary Supplements / MineraIs 7113 


Identify the peaks due to silychristin, silydianin, silybin 
A, silybin B, isosilybin A, and isosilybin B by compari- 
son of the chrom a tog ram of the Milk thistfe standard 
solution with the reference chromatogram, and meas- 
ure the peak areas of the relevant peaks. Plot the areas 
of the sum of silybin A and silybin B peaks versus the 
concentration of USP Silybin RS in the Silybin standom 
Solutions , and obtain a regression linę for calibration. 
Separately calculate the content, in mg, of each rele- 
vant component of silymarin as silybin (C^HiiOio) in 
the portion of Tablets taken: 

Re suit = Cxl/ 

C = concentration of the relevant component in 
the Sampie sotution as interpolated in the 
calibration graph (mg/mL) 

V = volume of the Sompie solution (ml) 

Calculate the eon tent of silymarin, as a percentage, in 
the portion of Tablets taken: 

Result =* C s x (Awt/W) x (100/0 

Cs = sum of the contents of each relevant 

component of silymarin in the portion of 
Tablets taken (mg) 

Awi = average weight of the Tablets (mg/Tablet) 

W = weight of the portion of Tablets taken (mg) 
i = labeled amount of silymarin (mg/Tablet) 
Acceptance criteria: 9Q.0%-110*0% 

PERFORMANCE TESTS 

* Disintegration and Dissolution (2040): Meet the re- 
gulrements for Dissolution 

Buffer: 6.9 g/L of monobasic sodium phosphate and 
1.52 g/L of sodium hydroxide in water. Adjust to a pH 
of 7*5. 

Medium: Buffer containing 2% lauryl suffate; 900 mL 
Apparatus 2: 100 rpm 
Time: 45 min 

Determine the amount of silymarin as silybin 
(CasHaOio) dissolved by using the method in the test 
for Content of Silymarin, making any necessary 
modifications. 

Tolerances: NLT 75% of the labeled amount of sily¬ 
marin as silybin (C^H^Oro) is dissolved. 

* Weight Variation of Diet ary Supplements (2091): Meet 

the reguirements 

GONTAMI NANTS 

* Micrdbial Enumeration Tests (2021): The total bacterial 
count does not exceed ]Q 4 cfu/g, the total combined 
molds and yeasts count does not exceed 10 3 cfu/g, and 
the enterobacterial count does not exceed 10 2 cfu/g* 

* Absence of Specified Microorganisms (2022): It meets 
the requirements of the tests for absence of Salmonella 
species and Escherichio coli . 

ADDJTIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight, fight-resistant 
Container*, 

* Labeling: The tabel States the Latin bi no miał and, fol Iow- 
ing the offida! name, the article from which the Tablets 
were prepared, The label also indicates the content of 
silymarin, in mg/Tablet 


* USP Reference Standard* (11) 

USP Powdered Milk Thistfe Extract RS 
USP Silybin RS 
USP Silydianin RS 


Minerals Capsules 

DEFINITION 

Minerals Capsules contain two or morę minerals derwed 
from substances generally recoanized as safe, furnishing 
two or morę of tne following element* in tonizable form: 
boron, calcium, chromium, topper, fluorine, iodine, iron, 
magnesium, manganese, molybdenum, nickel, phos- 
phorus, potassium, selenium, tin, vanadium, and zinc. 
Capsules contain NLT 90.0% and NMT 125.0% of the 
labeled amounts of calcium (Ca), copper (Cu), iron (Fe), 
magnesium (Mg), manganese (Mn), phosphorus <P), po¬ 
tassium (K), and zinc (Zn); and NLT 90.0% and NMT 
160.0% of the labeled amounts of boron (B), chromium 
(Cr), fluorine (F), iodine (I), molybdenum (Mo), nickel 
(Ni), selenium (Se), tin (Sn), and vanadium (V). They con¬ 
tain no vitamins. They may contain other labeled aaded 
substances in amounts that are unobjectionable. 

5TRENGTH 

[Notę—I n the following assays, where morę than one assay 
method is given for an indmdual ingredient, the require- 
ments may be met by following any one of the specified 
methods, the method used being stated in the labeling 
only if Method 1 is not used. Commercially avai!able 
atomie absorptton standard Solutions for the minerals, 
where applicable, may be used where preparation of a 
Standard stock solution is described in the following assays. 
Use deionized water where water is specified. Where 
atomie absorption spectrophotometry is specified in the 
assay, the concentrations of the Standard Solutions and the 
Sampie Solutions may be modified to fit the linear or work- 
ing rangę of the instrument*] 

* Calcium, Method 1 

Lanthanum chloride solution: 267 mg/mL of lantha- 
num chloride heptahydrate tn 0.125 N hydrochloric 
acid 

Calcium standard solution: 400 pg/mL of calcium. Dis- 
solve 1,001 g of calcium carbonate, previously dried at 
300° for 3 h and cooled in a desiccator for 2 h. Dis- 
solve in 25 mL of 1 N hydrochloric acid. Boil to expel 
carbon dioxide, and dilute with water to 1000 mL. 
Standard stock solution: lOOpg/mL of calcium from 
the Calcium standard solution diluted with 0.125 N hy¬ 
drochloric add 

Standard Solutions: Into separate 100-mL volumetric 
flasks pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Stan¬ 
dard stock solution. To each fiask add 1.0 mL of Lantha¬ 
num chloride solution , and dilute with water to volume 
to obtain concentrations of 1.0, 1.5, 2.0, 2.5, and 
3.0 pg/mL of calcium. 

Polysorbate 80 solution: Dilute polysorbate 80 with al- 
cohol (1 in 10) 

Sampie solution: Transfer 5 Capsules to a 100-mL volu- 
metric fiask. [NoiE—For hard gelatin Capsules, weigh 
NLT 20 Capsules. Open the Capsules, without loss of 
shell materiał, and transfer the contents to a suitable 
Container. Remove any contents adhenng to the empty 
shells by washing with several portions of ether. Discard 
the washrngs, and allow the Capsule shells to dry. 

Weigh the empty Capsule shells, calculate the net 
weight of the Capsule contents, and transfer a portion 
of tne Capsule contents, equivafent to 5 Capsules, to a 
100-mL volumetric fiask.] Add 15 mL of water, 10 mL of 
6 N hydrochloric acid, and 1 ml of Polysorbate 80 sotu¬ 
tion to the fiask. Heat on a hot piąte or steam bath, 
with intermittent swirling, until the Capsules are com- 
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pletely disintegrated or the contents are dissolyed, Boit 
gently for an additional 15 min. Coo!, dilute wlth water 
to yolume, and fllter, discarding the first 5 ml of the 
filtrate. Dilute this solution wtth 0.125 N hydrochloric 
acid to obtain a concentration of 2 pg/mL of caldum, 
adding 1 ml of Lanthanum chiońde solution per 100 mL 
of the finał yolume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectraphotometry 
Lamp: Caldum hollow-cathode 
Flame: Nitrous oxlde-“acety!ene 
Analytical waveJength: Calcium emśssion linę at 
422.7 nm 

Blank: 0.125 N hydrochloric acid contalning 1 mL of 
Lanthanum chloride solution per 100 mL 

Anafysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
yersus the concentration; in pg/mL, of calcium, and 
draw the straight linę best fitting the five plotted 
polnts. From tne graph so obtained, determine the 
concentration; C, in pg/mL, of caldum in the Sample 
solution. 

Calculate the percentage of the labeled amount of cah 
dum (Ca) in the portion of Capsules taken: 

Result = (C/Cu) x 100 

C - measured concentration of calcium in the 
Sample solution (pg/mL) 

Cu - nominał concentration of caldum in the 
Sample solution (pg/mL) 

Acceptance critena: 90,0%-125.Q% of the labeled 
amount of calcium (Ca) 
o Chromium, Method 1 

Chromium standard solution: 1 000 pg/mL of chro¬ 
mium from potassium diehramate, preyiously dried at 
120 c for 4 h; in water. Storę In a potyethylene bottle. 

Standard stock solution: 10 pg/mL of chromium from 
the Chromium standard solution diluted with 6 N hydro- 
chJoric acid and water (1 3n 20) 

Standard Solutions: Transfer 10.0 and 20.0 mL of the 
Standard stock solution to sępa ratę 100-mL yolumetric 
fiasks, and transfer 15.0 and 20.0 mL of the Standard 
stock solution to sępa ratę 50-mL yolumetric fiasks. Dilute 
the contents of each of the four fiasks with 0.125 N 
hydrochloric acid to volume to obtain concentrations of 
1.0; 2,0; 3,0; and 4.0pg/mL of chromium, 

Sample solution: Proceed as directed in Caldum, 
Method 7, except prepare the Satupie solution to con- 
tain 1 pg/mL of chromium and omit the use of the Lam 
thanum chforide solution. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Chromium hollow-cathode 
Flame: Ain-acetylene 

Analytical wavefength: Chromium emission linę at 
357.9 nm 

Blank: 0.125 N hydrochloric acid 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
yersus the concentration, in pg/mL, of chromium, and 
draw the straight linę best fitting the four plotted 
points. From tne graph so obtained, determine the 
concentration, C, in pg/mL, of chromium in the Sam¬ 
ple solution . 

Calculate the percentage of the labeled amount of 
chromium (Cr) in the portion of Capsules taken: 

Result = (C/Cu) x 100 


C - measured concentration of chromium in the 
Sample solution (pg/mL) 

Cy — nominał concentration of chromium tn the 
Sample solution (pg/mL) 

Acceptance critena: 90.0%-16Q,0% of the labeled 
amount of chromium (Cr) 

* Copper, Method 1 

Copper standard solution: Dissolye 1.00 g of copper 
foif in a minimum votume of a 50% (v/v) solution of 
nitric acid, and dilute with a 1% (v/v) solution of nitric 
acid to 1000 mL. This solution contains 1000 pg/mL of 
copper. 

Standard stock solution: 100 pg/mL of copper from 
the Copper standard solution diluted with 0.125 N hy¬ 
drochloric acid 

Standard Solutions: To sępa ratę 2GQ-mL yolumetric 
fiasks transfer 1.0, 2,0, 4.0, 6.0, and 8.0 mL of the Stan¬ 
dard stock solution. Dilute with water to yolume to ob¬ 
tain concentrations of 0.5, 1.0, 2.0, 3.0, and 4,0 pg/mL 
of copper. 

Sample solution: Proceed as directed in Calcium , 
Method 7, except prepare the Sample solution to con- 
tain 2 ug/mL of copper and omit the use of the Lantha¬ 
num chloride solution . 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852),) 

Modę; Atomie absorption spectrophotometry 
Lamp: Copper hollow-cathode 
Flame: Afr-acetyfene 

Analytical wayefength: Copper emission linę at 324.7 
nm 

Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
yersus the concentration, in pg/mL, of copper, and 
draw the straight Ime best fitting the five plotted 
points. From tne graph so obtained, determine the 
concentration, C, in pg/mL, of copper in the Sample 
solution. 

Calculate the percentage of the labeled amount of cop¬ 
per (Cu) in the portion of Capsules taken: 

Result ^ (C/Cu) x 100 

C “ measured concentration of copper in the 
Sample solution (pcf/ml) 

Cu = nominał concentration of copper in the 
Sampie solution (pg/mL) 

Acceptance critena: 90.0%-125.G% of the labeled 
amount of copper (Cu) 

* Fluoride, Method 1 

[NOTĘ—Storę all Solutions in plastic containers.] 

3 M sodium acetate solution: Dissolye 408 g of so- 
dium acetate in 600 mL of water in a 1000-mL volu- 
metric fiask. Allow the solution to equilibrate to room 
temperaturę, and dilute with water to yolume. Adjust 
with a few drops of aeetic acid to a pH of 7.0. 

Sodium citrate solution: Dissolye 222 g of sodium dt- 
rate in 250 mL of water In a 1000-mL yolumetric fiask, 
Add 28 mL of perchloric acid, and dilute with water to 
yolume. 

Fluoride standard stock solution: 500 pg/mL of fluo- 
nde from a guantity of sodium fluoride, preyiously dried 
at 1 00° for 4 h and cooled in a desiccator, in water 
intermediate stock solution A: 100 pg/mL of fluoride 
from Fluoride standard stock solution diluted with water 
Intermediate stock solution B; 10 pg/ml of fluoride 
from Fluoride standard stock solution diluted with water 
Standard Solutions: To five separate 100-mL yolumetric 
fiasks transfer 3,0, 5.0, and 10.0 mL of Intermediate 
stock solution B and 5,0 and 10.0 mL of Intermediate 
stock solution A . To each fiask add 10.0 mL of 1 N hy¬ 
drochloric add, 25 mL of 3 M sodium acetate sotution f 
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and 25.0mL of Sodium ci tratę solution. Di lute the con¬ 
tents of each fiask with water to volume to obtain con- 
centrations of 03, 03, 1.0, 5,0, and lO.Ojug/mL of 
fluoride. 

Sample solution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
weight ot the contents. Transfer a guantity of the mtxed 
Capsule contents, equivalent to 200 pg of fluoride, to a 
100-mL vo!umetric fiask. Add 10,0 mL of 1 N hydra¬ 
ch loric add, 25.0 mL of 3 M sodium acetale solution, 
and 25.0 mL of Sodium dtrate solution . Dilute with 
water to volume. 

Analysis 

Samples: Standard Solutions and Sample solution 
To sępa ratę plastic beakers, each containing a plastic- 
coated stirring bar, transfer 50.0 ml each of the 5fon* 
dard Solutions and the Sample solution . Measure the 
potentials (see pfi (791)), in mV, of the Standard Solu¬ 
tions and the Sample solution , with a pH meter capable 
of a minimum reprodudbility of ±0.2 mV and 
equrpped with a fluoride-specific ion-indicating elec- 
trode and a calomel-reference electrode, [Notę—W hen 
taking measurements, immerse the electrodes in the 
solution, stir on a magnetic stirrer with an insulated 
top until eguilibrium is attained (1-2 min), and record 
the potential. Rinse and dry the electrodes between 
measurements, taking care to avoid damaging the 
crystal of the spedfit-ion electrode.] 

Plot the logarithms of fluoride concentrations, in 
pg/mL, of the Standard Solutions versus the potential, 
in mV« From the standard response curve so obtained 
and the measured potential of the Sample solution , de¬ 
termine the concentration, C in pg/mL, of fluoride in 
the Sample solution. 

Calcu late the percentage of the labeled amount of 
fluorine (F) in the portion of Capsules taken: 

Result - (C/Cu) x 1 00 

C = measured concentration of fluoride in the 
Sample solution (pg/mL) 

Co = nominał concentration of fluorine in the 
5omp/e solution (pg/mL) 

Acceptance cnteria; 90.0%h3 60.Q% of the labeled 
amount of fluorine (F) 

» Fluoride, Method 2 

[NOTĘ —Use plastic containers and deionized water 
throughout this procedurę.] 

pH 10.0 buffer: Add 214 mL of 0,1 N sodium hydrox- 
ide to 1000 mL of 0,05 M sodium bicarbonate. 

Mobile phase: Alcohol, 0.1 N sulfuric acid, and water 
(20:5:175) 

Standard stock solution: 220 pg/mL of USP Sodium 
Fluoride RS in water, This solution contains 100 pg/mL 
of fluoride. 

Standard solution 

[NOTĘ—Condition the solid-phase extraction column 
specified for use In the Standard solution and Sample 
solution in the foflowing manner. Using a vacuum at a 
pressure not exceeding 5 mm of mercury, wash the 
column with 1 column volume of methanol followed 
by 1 column volume of pH 10.0 buffer. Do not allow 
the column top to diy. If the top of the column be- 
comes dry, recondition the column.] 

Transfer 10.0 mL of the Standard stock solution to a 
100-mL volumetnc fiask. Add 75 ml of water, and ad- 
just with 0.1 N sodium hydroxide to a pH of 10,4 ± 

0.1. Dilute with water fo volume. Filter, discarding the 
first 15 mL of the frltrate. Transfer 25.0 mL of the fil¬ 
tra te to a 50-mL volumetric fiask. Add 15.0 mL of 
water, and adjust with 0.1 N sodium hydroxide to a 
pH of 10.0, Dilute with pH 10.0 buffer to volume. Elute 
a portion of this solution through a 3-mL solid-phase 
extraction column containing LI paeking that Is con- 
nected through an adaptor to a second solid-phase 


extractlon column containing suffonylpropyl strona 
cation-exchange paeking. Discard the first 3 mL of the 
eluate, and coflect the rest of the eluate in a suitable 
fiask for injection into the chromatograph. 

Sample solution: Weigh NLT 20 Capsules in a tared 
weighing bottle. Open the Capsules, without loss of 
shen materiał, and transfer the contents to a 100-mL 
Container. If necessary, remove any contents adhering 
to the empty shells by washing with several portions of 
ether, Discard the washings, and dry the Capsule shells 
with the aid of a current of dry air. Weigh the empty 
Capsule shells in the tared weighing bottle, and calcu- 
late the net weight of the Capsule contents. Transfer a 
portion of the Capsule contents, equivaient to a nomi¬ 
nał amount of 1 mg of fluorine, to a 100-mL volumetric 
fiask. Add 15 mL of water, and shake vigorou$ly, Rinse 
the sides of the fiask with 15 ml of water, and allow to 
stand for 10 min. Dilute with water to 85 mL, adjust 
with 1 N sodium hydroxide to a pH of 10.4 ± 0.1, and 
dilute with water to 100 mL, Proceed as directed in 
Standard solution, beglnning with "Filter, discarding the 
first 15 mL of the filtrate." 

Chromatographic system 
(See Chromotograpny (62 1), System Suitability.) 

Modę: LC 

Deteetor: Conductivity 
Columns 

Guard: 4.6-mm x 3-cm; paeking LI 7 
Analytical: 7.8-mm x 30-cm; paeking LI 7 
FIow ratę: 0.5 mL/min 
Injection vo!ume: 100 pL 
System suitability 
Sample: Standard solution 
SuitabHity reąuirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas of fluoride. 

Calculate the percentage of the labeled amount of 
fluorine (F) in the portion of Capsules taken: 

Result - (rufrs) x (Cs/ Cu) x 100 

rv - peak area from the Sample solution 

r$ = peak area from the Standard solution 

C s = concentration of fluoride m the Standard 
solution (pg/mL) 

Cu - nominał concentration of fluorine in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-160.0% of the labeled 
amount of fluorine (F) 

• lODIDE 

Bromine water: To 20 mL of bromine in a glass-stop- 
pered bottle add 100 mL of water. Insert the stopper 
into the bottle, and shake. Allow to stand for 30 min, 
and use the supernatant 

Analysis: Remove the contents of Capsules by cutting 
open the Capsules. Mix, and determine the weight of 
the contents. Transfer a quantity of the contents, equiv- 
aient to 3 mg of iodine, to a nickel crudble. Add 5 g of 
sodium carbonate, 5 mL of 50% (w/v) sodium hydrox- 
ide solution, and 10 ml of alcohol, taking care that the 
en tire specimen is moistened. Heat the crudble on a 
steam bath to evaporate the alcohol, then dry the cru¬ 
dble at 100° for 30 min to prevent spattering upon 
subseguent heating. Transfer the crudble with its con¬ 
tents to a fu mace heated to 500°, and heat the crucibie 
for 15 min. [Notę—H eating at 500° rs necessary to 
carbonize any organie matter present; a higher temper¬ 
aturę may be used, if necessary, to ensure complete 
carbonization of all organie matter.] Cool the crudble, 
add 25 ml of water, cover the crudble with a watch- 
glass, and boi! gentfy for 10 min. Filter the solution, 
and wash the crudble with boillng water, collecting the 
fil tratę and washings in a beaker Add phosphoric add 
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untii the solution is neutral to methyl orange, then adc 
1 mL excess of phosphoric acid. Ada excess of Bromine 
water, and boli the solution gently untii colorless and 
then for 5 min longer. Add a few crystals of saiicylic 
add, and cool the solution to 20°. Add 1 mL of phos- 
phorrc acid and 0.5 g of potassium iodide, and titrate 
the liberated iodine with 0.005 N sodium thiosulfate 
VS, adding starch TS when the liberated iodine color 
has nearly disappeared, 

Calculate the percentage of the labeled amount of io¬ 
dine (i) in the portion of Capsules taken: 

Result = VxN J txfx/ fW x (Aw/W) x (100/1) 

V - voIume of sodium thiosulfate eonsumed (mL) 

Na ~ actual normality of the sodium thiosulfate 
solution used (meq/mL) 

F = correction factor to convert mg to pg, 

1000 pg/mg 

l mt - milliequivalent of iodine (I), 21.16 mg/mEq 
A w - average weight of the Capsules eon tent 
W = weight of the sample of Capsules content 
taken 

L - labeled amount of iodine (pg/Capsule) 
Acceptance criteria: 90,0%-16G.O% of the labeled 
amount of iodine (I) 

* Iron, Method 1 

Iron standard stock solution: Transfer 100 mg of iron 
owder to a 1000-rnL vofumetric fiask. Dtssolve in 
5 ml of 6 N hydrochloric acid, dilute with water to 
volume, and mix. 

Standard Solutions: To separate 100-mL vo!umetric 
flasks transfer 2.0, 4.0, 5.0, 6,0, and 8.0 mL of Iron 
standard stock solution Dilute the eon ten ts of eadi fiask 
with water to volume to obtain concentrations of 2.0, 
4.0, 5,0, 6,0, and 8,0pg/mL of iron, 

Polysorbate 80 solution: Prepare as directed in Cal- 
dum , Method 7. 

Sample solution: Proceed as directed in Calcium , 
Method l f except prepare the Sample solution to eon- 
tain a nominał concentration of 5 ug/mL of iron and 
omit the use of the Lanthanum chloride solution. 
Instrumental conditlons 
(See Atomk Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectroph oto metry 
Lamp: Iron hoilow-cathode 
F! ame: Ai r-a c ety ten e 

Analytical wavefength: Iron emission linę at 248.3 nn 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of iron, and draw 
the straight linę best fitting the five plotted points. 
From the graph so obtained, determine the concentra¬ 
tion, C, in pg/mL, of iron in the Sample solution. 
Calculate the percentage of the labeled amount of iron 
(Fe) in the portion of Capsules taken: 

Result - (C/Cu) x 100 

C - measured concentration of iron in the Sample 
solution (pg/mL) 

Cu = nominał concentration of iron in the Sample 
solution (pg/mL) 

Acceptance criteria: 90,G%-125.O% of the labeled 
amount of iron (Fe) 

* Magnesium, Method 1 

Lanthanum chloride solution: Prepare as directed in 
Calcium, Method 1. 

Magnesium standard solution: Transfer 1.0 g of mag¬ 
nesium ribbon to a 1000-ml vo!umetric fiask, dissofve 
in 50 mL of ó N hydrochloric acid, dilute with water to 


volume, and mix to obtain a solution wiLh a concentra¬ 
tion of 1000 pg/mL of magnesium. 

Standard stock solution: 20 pg/mL of magnesium 
from Magnesium standard solution dilutecl with 0.125 N 
hydrochloric acid 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 1.0, 1.5, 2,0, 2.5, and 3.0 mL of the Stan¬ 
dard stock solution To each fiask add 1.0 mL of Lantha¬ 
num chloride solution, and dilute with 0.125 N hydro- 
chlonc acid to volume to obtain concentrations of 0.2, 
0.3, 0,4, 0.5, and 0.6 pg/mL of magnesium. 

Polysorbate 80 solution: Prepare as directed in Cal - 
dum, Method h 

Sample solution: Proceed as directed in Calcium, 
Method 7, except prepare the Sample solution to con- 
tain 0.4 pg/mL of magnesium. 

Instrumental conditlons 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Lamp: Magnesium hoilow-cathode 
Flame: Air-acetylene 

Analytical wavefenqth: Magnesium emission linę at 
285,2 nm 

Blank: 0,125 N hydrochloric acid containing 1 mL of 
Lanthanum chloride solution per 100 mL 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank , Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of magnesium, 
and draw the straight linę best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of magnesium in the 
ple solution. 

Calculate the percentage of the labeled amount of 
magnesium (Mg) in the portion of Capsules taken: 

Result ^ (CICJ) x 100 

C = measured concentration of magnesium in the 
Sample solution (pg/mL) 

Cu = nominał concentration of magnesium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-T25,0% of the labeled 
amount of magnesium (Mg) 

• Manganese, Method 7 

Manganese standard stock solution: Transfer 1.00 g of 
manganese, weighed, to a 1000-mL volumetric fiask. 
Dissolve in 20 mL of nrtrk acid, dilute with 6 N hydro¬ 
chloric acid to volume, and mlx to obtain a solution 
with a concentration of 1000 pg/mL of manganese. 
Standard stock solution: 50 pg/mL of manganese from 
Manganese standard stock solution diluted with 0.125 N 
hydrochloric acid 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the 5fon- 
dard stock solution. Dilute the contents of each fiask 
with 0,125 N hydrochloric acid to volume to obtain 
Solutions with concentrations of 0,5, 0.75, 1.0, 1,5, and 
2,0 pg/ml of manganese. 

Polysorbate 80 solution: Prepare as directed in Cal- 
dum , Method 7. 

Sample solution: Proceed as directed in Calcium , 

Method 7, except prepare the Sample solution to eon- 
tain 1 pg/mL of manganese and omit the use of the 
Lanthanum chloride solution. 

Instrumental conditlons 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Lamp: Manganese hoilow-cathode 
Flame: Air-acetylene 

Analytical wavefenqth: Manganese emission linę at 
279.5 nm 
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Blank: 0,125 N hydrochforit acid 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank , Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of manganese, 
and draw the straight kne best fitLing the five plotted 
points. From the graph so obtained, determine the 
concentration, C f in pg/mL, of manganese in the 5om- 
ple solution * 

Calculate the percentage of the labeled amount of 
manganese {Mn} in the portion of Capsules taken: 

Result = (C/Cy) x 100 

C == measured concentration of manganese in the 
Sample solution (pp/mL) 

Cu - nominał concentration of manganese in the 
Sample solution (pg/mL) 

Acceptance criteria: 90,0%-125.0% of the labeled 
amount of manganese (Mn) 

* Molybdenum, Method 1 

Diluent; 20 mg/mL of ammonium chloride in water 
Moiybdenum standard solution: Transfer 1.0 g of mo- 
lybdenum wire to a 1000-mL volumetric fiask, and dis- 
solve in 50 ml of nitric acid, warming if necessary. Di- 
lute with water to vofume, and mix to obtain a solution 
with a concentration of 1000 pg/mL of mofybdenum. 
Standard stock solution: 100 pg/mL of moiybdenum 
from Moiybdenum standard solutton diluted with water 
Standard Solutions: To separate 100-mL volumetric 
flasks transfer 2.0, 10.0, and 25*0 ml of the Standard 
stock solution, and add 5.0 mL of perchloric acid to 
each fiask. Gently boi! the solution in each fiask for 15 
min. Cool to room temperaturę, and dilute each with 
Diluent to volume to obtain concentrations of 5*0, 10.0, 
and 25*0 pg/mL of moiybdenum. 

Polysorbafe 80 solution: Prepare as directed in Cal- 
dum, Method 7* 

Sample solution: Proceed as directed in Całaum, 
Method l t except take a number of Capsules or a por- 
tion of Capsule contents, eguivalent to a nominał 
amount of 1000 pg of mofybdenum, and make appro- 
priate dilutions to obtain a finał concentration of 10pg/ 
ml of mofybdenum, omitting the addition of the Lan- 
thanum chloride solution . 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Mofybdenum hollow-cathode 
Flame: Nitrous oxide-acetylene 
Analytkal wavelength: Moiybdenum emission linę at 
313*3 nm 

Blank: Diluent and perchloric add (20:1) 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard soiutions 
versus the concentration, in pg/mL, of motybdenum, 
and draw the straight linę best fitting the three plotted 
points, From the graph so obtained, determine the 
concentration, C, in pg/mL, of moiybdenum in the 
Sample solution , 

Calculate the percentage of the labeled amount of mo- 
lybdenum (Mo) in the portion of Capsules taken: 

Result = (C/Cu) x 100 

C = measured concentration of moiybdenum in 
the Sample solution (jig/mL) 

Cu - nominał concentration of moiybdenum in the 
Sample solution (pg/mL) 

Acceptance criterra: 90.0%-16O.0% of the labeled 
amount of moiybdenum (Mo) 


• Moiybdenum, Method 2 

Sod tum fluoride solution: Add 200 mL of water to 
10 g of sodium fluoride, stir until the solution is satu- 
rated, and filter* Storę in a polyethylene bottle* 

Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate 
in water 

Potassium thiocyanate solution: 200 mg/mL of potas¬ 
sium thiocyanate in water 

20% Stannous chloride solution: Transfer 40 g of stan- 
nous chloride to a beaker, add 20 mL of 6*5 N hydro- 
chloric acid, and heat the solution until the stannous 
chloride is dissolved. Cool, and dilute with water to 
100 mL. 

Diluted stannous chloride solution: 20% Stannous 
chloride solution diluted with water (1 in 25). Prepare 
this solution fresh at the time of use. 

Standard solution: 20 pg/ml of moiybdenum from 
ammonium molybdate, in water 
Sample: Remove the contents of a counted number of 
Capsules by cuttlng open the Capsules. Mix, and deter¬ 
mine the weight of the contents. Use a guantity of 
Capsule contents, equivalent to a nominał amount of 
40 pg of moiybdenum. 

Instrumental conditions 
(See Ultravioiet-Vi$ibie Spectroscopy <857).) 

Modę: UV-Vis 
Celi: 1 cm 

Analytical wavelength: 465 nm 
Blank: Amyl alcohol 
Analysis 

Samples: Standard solution and Sample 
Transfer the Sample and 2*0 mL of the Standard solution 
to separate 200-mL beakers* Add 20 mL of nitric acid 
to each beaker. Cover each beaker with a watchglass, 
and boi! slowly on a hot piąte for 45 min. Cool to 
room temperaturę. Add 6 mL of perchloric acid, cover 
the beakers with a watchglass, and continue the heat- 
ing until digestion is complete, as indicated when the 
Irąuid becomes colorless or pale yellow* Evaporate the 
Solutions in the beakers to dryness. Rfnse the sides of 
the beakers and the watchglasses with water, and add 
morę water to each beaker to complete 50 mL in each 
beaker. Gently boil the water Solutions for a few min. 
Cool to room temperaturę. Add 2 drops of methyl or- 
ange TS, and neutralize with ammonium hydroxide. 
Add 8.2 mL of hydrochforic acid. Quantitatively trans¬ 
fer the contents of the beakers to separate 100-mL 
volumetric flasks, rinse the beakers with water, transfer 
the rinsings to the corresponding volumetric flasks, 
and dilute with water to volume* Transfer 50.0 mL of 
each solution to separatory funnels. To each separatory 
funnel add 1.0 mL of Sodium fluoride solution, 0*5 mL 
of Ferrous sulfate solution, 4*0 mL of Potassium thiocya¬ 
nate solution , 1.5 mL of 20% Stannous chloride solution, 
and 15.0 mL of amyl alcohol, and shake the separatory 
funnel for 1 min* Allow the layers to separate, and 
discard the aqueous layers. Add 25 mL gf Diluted stan* 
nous chloride solution to each separatory funnel, and 
shake gently for 15 s* Allow the layers to separate, and 
discard the agueous layers. Transfer the organie layers 
from each separatory funnel to a centrifuge tubę, and 
centrifuge at 2000 rpm for 10 min. Determine the ab¬ 
sorbances of the organie phases from the Standard so- 
lution and the Sample , and correct with the Blank. 
Calculate the percentage of the labeled amount of mo- 
lybdenum (Mo) in the portion of Capsules taken: 

Result = (AufAs) x [(V x Q)/GJ x 1 00 

A u - absorbante of the solution from the Sample 

As = absorbance of the solution from the Standard 

solution 

^ == voJurne of the Standard solution analyzed, 

2.0 mL 
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Cj - concentration of molybdenum in the Stondard 
sofution (pg/mL) 

Cu = nominał concentration of molybdenum in the 
Sampk (pg/mL) 

Acceptance criteria: 9(L0%-16G.G% of the labeled 
amount of molybdenum (Mo) 

■ Phosphorus, Method 1 

Sulfuric acid solution: Cautiously add sulfuric add to 
water (37.5:100), and mix. 

Ammonium molybdate solution: 50 mg/mL of ammo- 
nium molybdate in Su/furie acid solution and water (2:3). 
[Notę—D tssoJve In water first, then di lute with Sulfuric 
acid solution to vo!ume.] 

Hydroquinone solution: 5 mg/mL of hydroquinone in 
water. Add 1 drop of sulfuric acid per 100 mL of 
solution. 

Sodium bisulfite solution: 200 mg/mL of sodium bisul- 
fite in water 

Phosphorus standard stock solution: Weigh 4395 g 
of monobasic potassium phosphate, prevjously dried at 
105° for 2 h and stored in a a es i cc a tor, and transfer to 
a 1000-mL volumetric fiask. Dissolve in water, add 6 ml 
of sulfuric acid as a preservative, di lute with water to 
volume, and mix to obtain a solution with a concentra- 
tion of 1000 pp/mL of phosphorus. 

Standard solution: 20 pg/mL of phosphorus from Phos¬ 
phorus standard stock solution diluted with water 
Sample solution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
welght of the contents. Transfer a guantity of the Cap- 
sule contents, equivalent to a nominał amount of 
100 mg of phosphorus, to 25 mL of nitric acid, and di- 
gest on a hot piąte for 30 min. Add 15 mL of hydro- 
chloric acid, and continue the digestion to the cessation 
of brown fu mes. Cool, and transfer the contents of the 
fiask to a 500-mL volumetric fiask with the aid of smali 
portions of water. Di lute with water to volume. Transfer 
10.0 mL of this solution to a 1 00-mL volumetric fiask, 
and dilute with water to volume. 

Instrumental conditions 
(See Uitraviolet‘Visibfe Spectroscopy (85 7).) 

Modę: UV-Vis 
Celi: 1 cm 

Analytical wavelength: 650 nm 
Anałysis 

Samples: Standard solution and Sample solution 
To tnree sępa ratę 25-mL volumetric flasks transfer 
5.0 mL each of the Standard solution , the Sample solu¬ 
tion ', and water to provide the blank. To each of the 
three flasks add 1.0 mL each of Ammonium molybdate 
solution, Hydroquinone solution, and Sodium bisulfite so¬ 
lution, and swirl to mix, Dilute the contents of each 
fiask with water to volume, and aflow the flasks to 
stand for 30 min. Determine the absorbances of the 
Solutions, against the blank. 

Calculate the percentage of the fabefed amount of 
phosphorus (P) in the portion of Capsules taken: 

Result = {AJ A s ) x (Cs/Cu) x 1 00 

Au - absorbance of the Sample solution 
As = absorbance of the Standard solution 
Cs - concentration of phosphorus In the Standard 
solution (ug/mL) 

Cu ~ nominał concentration of phosphorus in the 
Sample solution (pg/mL) 

Acceptance criteria: 90,0%-125.0% of the labeled 
amount of phosphorus (P) 

* Potassium 

Potassium standard solution: 100 pg/mL of potassium 
from potassium chforide, previously dried at 105° for 2 
h, in water 

Standard stock solution: 10 pg/mL of potassium from 
Potassium standard solution difuted with 0.125 N hydro- 
chloric acid 


Standard Solutions: Transfer 5.0, 10,0, 15.0, 20.0, and 
25,0 mL of the Standard stock solution to separate 
100-mL volumetric flasks. Dilute the contents of each 
fiask with 0.125 N hydrochforic add to volume to ob¬ 
tain Solutions containing 0.5, 1,0, 1.5, 2.0, and 2.5 pg/ 
mL of potassium, 

Sample solution: Proceed as directed in Calcium, 
Method 1, except prepare the Sample solution to con- 
tatn 1 pg/mL or potassium and omit the use of the tan- 
thanum chlorlde solution . 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectraphotometry 
Lamp: Potassium hollow-cathode 
Flame: Air-acetylene 

Analytical wavefength: Potassium emission linę at 
766.5 nm 
Blank: Water 
Anałysis 

Sampies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versu5 the concentration, in pg/mL, of potassium, and 
dra w the stralght linę best fitting the five plotted 
points. From tne graph so obtained, determine the 
concentration, C, En pg/mL, of potassium in the Sam¬ 
ple solution , 

Calculate the percentage of the labeled amount of po- 
tassium (K) in the portion of Capsules taken: 

Result = (C/G)x 100 

C - measured concentration of potassium in the 
Sample solution (pg/mL) 

Cu - nominał concentration of potassium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeled 
amount of potassium (K) 

* Selenium, Method 1 

Diiuent: Prepare as directed in Molybdenum , Method L 
Selenium standard soiution: [Caution —Selenium is 
toxic; handle it with care.] Disso!ve 1 g of meta Hic sele¬ 
nium in a minimum volume of nitric acid. Evaporate to 
dryness. Add 2 mL of water, and evaporate to dryness. 
Repeat the addition of water and the evaporation to 
dryness three times. Dissolve the residue in 3 N hydro- 
chloric acid, transfer to a 1000-mL volumetric fiask, and 
dilute with 3 N hydrochloric add Lo vo!ume, to obtain a 
concentration of 1000 pg/mL of selenium. 

Standard stock solution: 100 pg/mL of selenium from 
Selenium standard solution diluted with water 
Standard Solutions: To separate 100-mL voiumetric 
flasks transfer 5.0, 10.0, and 25.0 mL of the Standard 
stock soiution , and add 5.0 mL of perchloric acid to 
each fiask, Cently boil the Solutions for 15 min, cool to 
room temperaturę, and dilute each with Diiuent to voI- 
ume ta obtain Solutions containing 5.0, 10.0, and 
25.0 pg/mL of selenium. 

Sample soiution: Remove the contents of Capsuies by 
cutting open the Capsules. Mix, and determine the 
weight of the contents. Transfer a quantity of the Cap- 
sule content, equivalent to a nominał amount of 
1000 pg of selenium, to a suitable fiask, and add 12 mL 
of nitric acid. [Notę —The voiume of nitric acid may be 
varied to ensure that the powder is uniformfy dis- 
persed.] Ca ref ul Ey swirl the fiask to disperse the sample 
specimen. Sonicate for 10 min or until the sample spec- 
imen is completely dissolved. Gently boil the solution 
for 15 min, and cool to room temperaturę. Ca ref ul fy 
add 8 mL of perchloric acid to the fiask, heat the fiask 
until perchloric acid fumes appear, and swirl the fiask to 
dissipate the fumes, Repeat the heating and swirling 
until the fumes appear again. Cool to room tempera¬ 
turę, Transfer the contents of fhe fiask to a 50-mL volu- 
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metric fiask with the a id of the Diluent, and di lute with 
Diluent to volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852)0 
Modę: Atomie absorption spectrophotometry 
Lamp: Selenium hollow-catbode 
Flame: Air-aeetytene 

Analytical wavelength: Selenium emission linę at 
196.0 nm 

Blank: Diluent and perchloric acid (20:1) 

Analysis 

Samples: Standard Solutions and Sampie solution 
Oetermine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of selenium, and 
draw the straight linę best fitting the three plotted 
points. From the graph so obtained, determine the 
concentration, C in pg/mL, of selenium in the Sampie 
solution. 

CalcuJate fhe percentage of the labeled amount of sele¬ 
nium (Se) in the portton of Capsules taken: 

Result = {C/Cu) x 100 

C - measured concentration of selenium in the 
Sampie solution (pg/mL) 

Cg - nominał concentration of selenium in the 
Sampie solution (pg/mL) 

Acceptance criteria: 90.0%-! 60,0% of the labeled 
amount of selenium (Se) 

* Selenium, Method 2 

Hydrochloric acid solution: Hydrochloric acid diluted 
with water (1 in 10) 

50% Ammonium hydroxrde solution: Ammonium hy- 
droxide diluted with water (1 in 2) 

Reagent A: 9 mg/mL of edetate disodium and 25 mg/ 
mL of hydroxylamine hydrochloride in water [Notę— 
Dissolve edetate disodtum in a portton of water first, 
add hydroxylamine hydrochloride, then dilute with 
water to volume.] 

Reagent 8: Transfer 200 mg of 2,3-diaminonaphthalene 
to a 250'mL separatory funnel, and add 200 ml of OJ 
N hydrochloric acid. Wash the solution with three 
40-mL portions of cyclohexane, and discard the cycio- 
hexane layer. Filier the solution into a brown bottle, 
and cover the solution with a 1-cm layer of cydohex- 
ane. This solution is stabfe for 1 week if stored in a 
refrigerator. 

Standard stock solution: [Caution —Selenium is toxic; 
handle it with care.] DissoJve 1 g of metallic selenium in 
a minimum volume of nitric acid. Evaporate to dryness, 
add 2 mL of water, and evaporate to dryness. Repeat 
the addition of water and evaporation to dryness three 
times. Dissolve the residue in 3 N hydrochloric add, 
transfer to a 1000-mL volumetric fiask, and dilute with 
3 N hydrochloric add to volume to obtain a solution 
with a concentration of 1000 pg/mL of selenium. Dilute 
a volume of the solution with 0.125 N hydrochloric 
add to obtain a concentration of 2.0 pg/mL of 
selenium* 

Standard solution: Transfer 10.0 mL of the Standard 
stock solution to a gJass-stoppered fiask. Add 1 mL of 
perchloric add ano 1 mL of Hydrochloric add solution , 
and dilute with water to 20 mL. 

Sampie solution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
weight ot the contents. Transfer a quantity of the Cap- 
sule contents, equivalent to a nominał amount of 20 pg 
of selenium, to a suitable fiask* Add 10 mL of nitric 
acid, and warm gently on a hot piąte. Continue heating 
until the mitial nitric acid reaction has subsided, then 
add 3 mL of perchloric add* [Caution —Exerdse care at 
this stage because the perchloric acid reaction heco mes 
vigorous.] Continue heating on the hot piąte untifthe 


appea rance of whlte fumes of perchloric add or until 
the digest begins to darken. Add 0.5 mL of nitric acid 
and resume heating, adding additional amounts of ni¬ 
tric add ff further darkening occurs. Digest for 10 min 
after the first appea rance of perchloric acid fumes or 
until the digest becomes colorless, Cool the fiask. Add 
2*5 mL of Hydrochloric acid solution , and return the fiask 
to the hot pfate to expel residua! nitric acid, Heat the 
mixture for 3 min after It begins to botl* Cool the fiask 
to room temperaturę, and dilute with water to 20 ml. 
Instrumental conditions 
{See Ultraviolet-Visible Spectroscopy (857).) 

Modę: UV 
Celi: 1 cm 

Analytical wave!ength: 380 nm 
Blank: 1 ml of perchloric add and 1 mL of Hydrochlo¬ 
ric acid solution diluted with water to 20 mL 
Analysis 

Sam pies: Standard solution and Sampie solution 
Treat the Sampie solution, Standard solution, and Blank 
as foltows. Add 5 mL of Reagent A to each fiask, and 
swirl gently to mlx. Adjust the solution In each fiask 
with 50% Ammonium hydroxide solution to a pH of 1 *1 
± 0.1. Add 5 mL of Reagent B to each fiask, and swirl 
gently to mix. Place the flasks in a water bath malm 
tained at 50°, and equi!ibrate for 30 min, taking care 
that the flasks are covered to protect them from light. 
Cool to room temperatura, and transfer the contents 
of each fiask to separata separatory funnels. Transfer 
10.0 mL of cyciohexane to each separatory funnet, and 
extract vlgorous!y for 1 min* Discard the aqueous 
layer. Transfer the cyclohexane layer to a centrifuge 
tubę, and centrifuge at 1000 rpm for 1 min to remove 
any remalning water. Determine the absorbances of 
the Solutions from the Sampies against the solution 
from the Blank. 

Calculate the percentage of the labeled amount of sele¬ 
nium (Se) in the portron of Capsules taken: 

Result = (A u /As) x [{Vx Cj)/Cy] x 100 

A u “ absorbances of the cyclohexane layer from the 
Sampie solution 

A$ - absorbances of the cyclohexane layer from the 
Standard solution 

V -volumeofthe Standard stock solution used to 
prepare the Standard solution, 10 mL 
Cs ~ concentration of selenium in the Standard 
stock sok/tion (pg/mL) 

Cu = nominał amount of selenium in the Sampie 
solution (pg) 

Acceptance criteria: 90*0%-l 60*0% of the labeled 
amount of selenium (Se) 

* Zinc, Method 1 

Zinc standard solution: 1000 pg/mL of zinc from zinc 
oxide di$solved in 5 M hydrochloric acid (3.89 mg/mL), 
and diluted with water to finał volume. [Notę—D issolve 
in 5 M hydrochloric add by warming, if necessary, cool, 
and then dilute to finał voiume.j 
Standard stock solutlon: 50 pg/mL of zinc from Zinc 
standard solution diluted with 0.125 N hydrochloric add 
Standard Solutions: Transfer 1,0, 2.0, 3.0, 4.0, and 
5.0 mL of the Standard stock solution to sępa ratę 
100-mL volumetric flasks. Dilute the contents of each 
fiask with 0.125 N hydrochloric acid to volume to ob¬ 
tain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 pg/mL 
of zinc. 

Polysorbate 80 solution: Prepare as directed in Cal * 
dum, Method 1. 

Sampie solution: Proceed as directed in Calcium, 

Method 1, except prepare the Sampie solution to con- 
tain a nominał concentration of 2 ug/ml of zinc and 
omit the use of the Lanthanum chloride solution. 
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Instrumental conditions 

(See Atomie Absorption Spectroscopy <852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Zinc holfow-cathode 
Ramę: Alr-acetylene 

Analytical wavefength: Zinc emission linę at 213.8 
nm 

Blank: 0.125 N hydrochloric add 
Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank , Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of zinc, and draw 
the straight linę best fftting the five plotted points. 
From the grapb so obtalned, determine the concentra¬ 
tion, C, in pg/mL, of zinc in the Sample solution . 
Calcufate the percentage of the labeled amount of zinc 
(Zn) in the portion of Capsules taken: 

Result = (C/Cu) x 100 

C = measured concentration of zinc in the Sample 
solution (pg/mt) 

Cu - nominał concentration of zinc in the Sample 
solution (pg/mL) 

Acceptance criteria: 90.0%-l 25,0% of the labeled 
amount of zinc (Zn) 

o Boron, Nickel, Tin, and Vanadium, Method I; Calciuiyi, 
Chromium, Copper, Iron, Magnesium, Manganese, Fhos 
phorus, and Zinc, Method 2; Molybdenum and Selenium, 

Method 3 

Stock aqua regia solution: Prepare a mixture of hydro¬ 
chloric acid and nitric add (3:1) by adding the nltric 
add to the hydrochloric acid. [Notę—P eriodically vent 
the solution in an appropriate fume hood.J 
Diluent: Prepare a mixture of Stock aqua regia solution 
and water (1:9) by adding I vo[ume of Stock aqua regia 
solution to 2 volumes of water. Diiute with additional 
water to volume, and mix we!L 
System suitability solution: Prepare a mixture of 
1000 mg/L of yttrium in 5% (v/v) nitric acid solution 
and 1000 mg/L of scandium in 5% (v/v) nitric add so- 
lution with Diluent (1:1:198), and mix. 

Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and 
Zn): [NoTE—lt is only necessary to inciude the minerals 
of interest in the solution,] Using commercially available 
element standard (single- or multi-element) Solutions in 
5% (v/v) nitric acid solution, pipet the appropriate 
amount of element standard solution into a vofumetric 
fiask, and diiute with 5% (v/v) nitric acid solution to 
obtain a solution with finał concentrations of about 
1 000 mg/L of caicium, 100 mg/L of copper, 250 mg/L 
of iron, 500 mg/L of magnesium, 100 mg/L of manga- 
nese, 800 mg/L of phosphorus, and 250 mg/L of zinc. 
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and 
V): [Notę—I t js onfy necessary to inciude the minerals 
of interest in the solution,] Using commercially available 
element standard (single- or multi-element) Solutions in 

■ 20% (v/v) hydrochloric acid solution, pipet the appro¬ 

priate amount of element standard solution into a volu- 
metric fiask, and diiute with 20% (v/v) hydrochloric 
acid solution to obtain a solution with finał concentra- 
tions of about 200 mg/L of boron, and 100 mg/L each 
of chmmium, molybdenum, nickel, selenium, tin, and 
vanadium. 

Standard Solutions: Prepare a mixture of Standard 
stock solution 1 and Standard stock solution 2, as re- 
qulred, in Diluent to prepare a srx-point callbration 
curve to bracket the concentration rangę of each min¬ 
era! of interest 

Sample solution: Weigh, ihen transfer 5 Capsules to a 
250-mL volumetric fiask, and heat gently on a hot piąte 
until the contents begin to release. Cautiously add 
25 mL of Stock aqua regia solution in 5-mL inerements, 
and swirL Heat, continue to swirf until the Capsufes dis- 


so We into the acid, immediately remove from the heat 
source, and add 150 mL of water. Cool, and difute with 
water to volume. Fifter about 30 mL into a centrifuge 
lube using a nyfon syringe filter of 5-pm porę slze. If 
necessary, make any further adjustments using the 
Diluent. 

Instrumental conditions 

(See Plasma Spectrochemistry <730).) 

Modę: lnductively coupled plasma spectrometry using 
a spectrometer set to measure the emission of each 
minerał of interest at about the corresponding wave- 
length. [Notę —The operating conditions may be de- 
veioped and optimized based on the manufactureds 
recommendation. The wavelengths selected should be 
demonstrated experimentally to provide suffident 
specificity, sensitMty, linearity, a cc u racy, and 
precision,] 

System suitability 

[Notę —Analyze the System suitability solution , and ob¬ 
tain the response as directed in Analysis .] 

Suitability reąuirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the emission of each minera! of interest En 
the Standard Solutions and Sample solution with an in- 
ductively coupled plasma system using the Diluent as 
the blank. Plot the emission of the Standard Solutions 
versus the concentration, in mg/L, of the minerals of 
interest, and draw the straight linę best fittEng the 
plotted points, From the graph so obtained, determine 
the concentration, C, in mg/L, for each minerał of in¬ 
terest in the Sample solution. 

Calcufate the percentage of the labeled amount for 
each minerał taken: 

Result =* Cx (V/W) x f x (T W IL) x 100 

C ~ measured concentration of the relevant 
element in the Sample solution (mg/L) 

V = volume of the Sample solution (L) 

W = sample weight (mg) 

F - dilution factor of the Sample solution 
Tw - average Capsule weight (mg) 

i ~ labeled amount of the relevant element (mg/ 
Capsule) 

Acceptance criteria: 90%-125% of the labeled amount 
of caicium (Ca), copper (Cu), iron (Fe), magnesium 
(Mg), manganese (Mn), phosphorus (P), and zinc (Zn); 
90%~160% of the labeled amount of boron (B), chro- 
mium (Cr), molybdenum (Mo), nickel (Ni), selenium 
(Se), tin (Sn), and vanadium (V) 

PERFORMANCE TESTS 

* DlSI NTEG R ATI O N AND DlSSOLUTJON OF DlETARY SUPPLEMENTS 

(2040): Me et the requirements for Dissolution 

e Weight Variation of Dietary Supplements (2091): Meet 
the requirements 

SPECIFIC TESTS 

• Microbial Enumeration Tests (2021): The total aerobic 

microbial count does not exceed 3 x 10 3 cfu/g, and the 
combined molds and yeasts count does not exceed 
3 x 10 2 cfu/g. 

o Absence of Specified Microorganisms (2022): Meet the 
reguirements of the tests for absence of Salmonella spe- 
cies and for absence of Escheńchia coli 

ADDITIONAL REQUIREMEMT5 

& Packaging and Storage: Preserve in tight, light-resistant 
containers. 

o Labeling: The label States that the product is Minerals 
Capsules. The label also States the salt form of the min¬ 
era! used as the source of each element. Where morę 
than one assay method is given for a particutar minerał. 
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the labeling States the assay method used only if Method 
1 is not used. 

• USP REFERENCE STANDARDS <11} 

USP Sodium Ftuoride RS 


Minerals Tablets 


DEFINITION 

Minerals Tablets contain two or morę minerals derived from 
substances generally recognized as safe, furnishing two or 
morę of the following elements in ionizable form: boron, 
caldum, chromium, copper, fluorine, iodine, iron, magne- 
sium, manganese, molybdenum, nickel, phosphorus, po¬ 
tassium, selenium, tin, vanadium, and zinc. Tablets con¬ 
tain NLT 90.0% and NMT 125.0% of the labeled amounts 
of catcium (Ca), copper (Cu), iron (Fe), magnesium (Mg), 
manganese (Mn), phosphorus (P), potassium (K), and zint 
(Zn); and NLT 90.0% and NMT 160.0% of the labeled 
amounts of boron (B), chromium (Cr), fluorine (F), iodine 
(I), moiybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), 
and vanadium (V). They contain no wtamins. They may 
contain other labeled added substances in amounts that 
are unobjectbnable. 

STRENGTH 

[Notę—I n the folfowing assays, where morę than one assay 
method is given for an individual ingredient, the require- 
ments may be met by following any one of the specified 
methods, the method used being stated in the labeling oniy 
if Method J is not used. Commercially available atomie ab- 
sorption standard Solutions for the minerals, where applica- 
ble, may be used where preparation of a Standard stock so - 
lution is described in the following assays. Use deionized 
water where water is specified, Where atomie absorption 
spectrophotometiy is specified in the assay, the concentra- 
tions ot the Standard Solutions and the Sample solution may 
be modified to fit the Imear or working rangę of the 
instrument.] 

* Calcium, Method 1 

Lanthanum chloride solution: 267 mg/mL of lantha- 
num chloride hepta hydra te in 0.125 N hydrochloric 
add 

Calcium standard solution: 400 pg/mL of calcium. Dis- 
solve 1.001 g of calcium carbonate, previously dried at 
300° for 3 h and cooled in a desiccator for 2 h, Dis- 
solve in 25 mL of 1 N hydrochloric acid. Boli to expel 
carbon dioxide, and difute with water to 1000 mL, 
Standard stock solution: 100 pg/mL of calcium from 
the Calcium standard solution diluted with 0.125 N hy¬ 
drochloric acid 

Standard Solutions: into separate 100-mL volumetric 
flasks pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of Lhe Stan¬ 
dard stock solution . To each fiask add 1.0 mL of Lantha¬ 
num chloride solution , and dilute with water to volume 
to obtain concentrations of 1,0, 1.5, 2.0, 2.5, and 
3.0 pg/mL of calcium, 

Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivaient to 5 Tablets, to 
a porceiain crucible. Heat the crucible in a muffle fur- 
nace maintained at 550° for 6-12 h, and cool. Add 
60 mL of hydrochloric add, and boil gently on a hot 
piąte or steam bath for 30 min, intermittently rinsing 
the inner surface of the crucibie with 6 N hydrochloric 
acid. Cool, and quantitatively transfer the contents of 
the crucible to a 100-mL vominetric fiask. Rinse the cru¬ 
cible with smali portions of 6 N hydrochloric acid, and 
add the rinsings to the fiask. Dilute with water to vol- 
ume, and filter, discarding the first 5 mL of the filtrate. 
Dilute this solution quantitatively with 0.125 N hydro- 
chloric acid to obtain a nominał concentration or 2 pq/ 
mL of calcium, adding 1 mL of Lanthanum chloride solu¬ 
tion per 100 mL of the finał vo!ume. 


Instrumental condltions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Calcium hollow-cathode 
Flame: Nrtrous oxide-acetylene 
Analytical wavelength: Calcium emission linę at 
422.7 nm 

Blank: 0.125 N hydrochloric acid containing 1 mL of 
Lanthanum chloride solution per 100 ml 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in jicj/mL, of calcium, and 
draw the straight linę best fitting the five piotted 
points. From me graph so obtained, determine the 
concentration, C, in pg/mL, of calcium in the Sample 
solution. 

Calculate the percentage of the labeled amount of cal¬ 
cium (Ca) In the portion of Tablets taken: 

Result = (C/Cu) x 100 

C - measured concentration of calcium in the 
Sample solution (pg/mL) 

Cu = nominał concentration of calcium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-T 25.0% of the labeled 
amount of calcium (Ca) 

• Chromium, Method 1 

Chromium standard solution: 1000 pg/mL of chro¬ 
mium from potassium dichromate, previously dried at 
120° for 4 h, in water. Storę in a polyethylene bottle. 
Standard stock solution: 10 pg/mL of chromium from 
the Chromium standard solution diluted with 6 N hydro¬ 
chloric acid and water (1 in 20) 

Standard Solutions: Transfer 10.0 and 20.0 ml of the 
Standard stock solution to separate 100-mL voIumetric 
flasks, and transfer 15.0 and 20,0 mL of the Standard 
stock solution to separate 50-mL volumetric flasks. Dilute 
the contents of each of the four flasks with 0.125 N 
hydrochloric acid to vo!ume to obtain concentrations of 
1,0, 2.0, 3.0, and 4.0 pg/mL of chromium. 

Sample solution: Proceed as dlrected in Calcium , 
Method l f except prepare the Sample soiution to con¬ 
tain 1 pg/mL of chromium and omit the use of the Lan¬ 
thanum chloride solution. 

Instrumental condltions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Chromium hollow-cathode 
Flame: Air-acetylene 

Analytical wave!ength: Chromium emission linę at 
357.9 nm 

Blank: 0.125 N hydrochloric add 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of chromium, and 
draw the straight linę best frtting the four piotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of chromium in the 5om- 
ple solution. 

Calculate the percentage of the labeled amount of 
chromium (Cr) in the portion of Tablets taken: 

Result ss (C/Cu) x 100 

C = measured concentration of chromium in the 
Sample solution (pg/mL) 

Cu = nominał concentration of chromium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-160,0% of the labeled 
amount of chromium (Cr) 
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« Copper, Method 1 

Copper standard solution: Dissolve l,0Gg of copper 
foli in a minimum volume of a 50% (v/v) solution of 
nitrlc add, and dilute with a 1% (v/v) solution of nitric 
add to 1000 ml. This solution contains 1000 pg/mL of 
copper. 

Standard stock solution: 100 ug/mL of copper from 
the Copper standard solution diluted with Od 25 N hy- 
drochloric add 

Standard Solutions: To separate 200-mL volumetnc 
fiasks transfer 1.0, 2.0, 4.0, 6.0, and 8.0 ml of the Stan¬ 
dard stock solution , Di lu te with water to volume to ob- 
tain concentratlons of 0.5, 1.0, 2.0, 3.0, and 4.0 pg/mL 
of copper 

Sample solution: Proce ed as directed in Ca Idu m , 
Method J, except prepare the Sample solution to con- 
taln 2 ug/mL of copper and o mit the use of the Lantha- 
num cnloride solution. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption speetro photo metry 
Lamp: Copper hollow-cathode 
Ftame: Air-acetylene 

Analytical wavefength: Copper emission linę at 324.7 
nm 

Blank: 0.125 N hydrochloric add 
Anafysfs 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of copper, and 
draw the stralght linę best fitttng the five plotted 
points, From tne graph so obtained, determine the 
concentration, C, in ug/mL, of copper in the Sample 
solution. 

Calculate the percentage of the labeled amount of cop¬ 
per (Cu) in tne portlon of Tablets taken: 

Result = {CiCu) x 100 

C “ measured concentration of copper in the 
Sample solution (pg/mL) 

Cu - nominał concentration of copper in the 
Sample solution (pg/mL) 

Acceptance enteria: 90.0%-125.0% of the labeled 
amount of copper (Cu) 
o FLUORIDE, Method 1 

[Notę—S torę all Solutions in plastic contamers.] 

3 M sodium acetate solution: Dissolve 408 g of so- 
dium acetate In 600 mL of water in a 1000-mL voiu- 
metrlc fiask. Allow the solution to equlllbrate to room 
temperaturę, and difute with water to volume. Adjust 
with a few drops of acetic acid to a pH of 7.0. 

Sodium dtrate solution: Dissolve 222 g of sodium cit- 
ratę in 250 ml of water in a 1000-mL voJumetrlc fiask. 
Add 28 mL of perchloric acid, and di lute with water to 
volume. 

Fluoride standard stock solution: 500 pg/mL of fluo¬ 
ride from a quantity of sodium fluoride, previously dried 
at 100° for 4 h ano cooled in a desiccator, in water 
Intermediate stock solution A: 100 pg/mL of fluoride 
from the Fluoride standard stock solution diluted with 
water 

Intermediate stock solution B: 10 pg/mL of fluoride 
from the Fluoride standard stock solution diluted with 
water 

Standard Solutions: To five separate 100-mL volumetric 
flasks transfer 3.0, 5.0, and 10.0 mL of intermediate 
stock solution B and 5.0 and 1 0.0 mL of Intermediate 
stock solution A To each fiask add 10.0 mL of 1 N hy¬ 
drochloric add, 25 mL of 3 M sodium acetate solution, 
and 25.0 mL of Sodium dtrate solution. Di lute the eon- 
tents of each fiask with water to volume to obtain con- 
centratlons of 0.3, 0.5, 1.0, 5.0, and lO.Opg/mL of 
fluoride. 


Sample solution: Transfer a guantity of the finely pow- 
dered Tablets, equiva!ent to a nominał amount of 
200 pg of fluoride, to a 100-mL volumetric fiask. Add 
10.0 mL of 1 N hydrochloric add, 25.0 mL of 3 M so¬ 
dium acetate solution , and 25.0 ml of Sodium dtrate so¬ 
lution i, and dilute with water to 100 ml. 

Analysis 

Samples: Standard Solutions and Sample solution 
To separate plastic beakers, each containlng a plastic- 
coated stlrring bar, transfer 50.0 mL each of the Stan¬ 
dard Solutions and the Sample solution. Measure the 
potentials (see pH (791)), in mV, of the Standard solu- 
tions and the Sample Solution, with a pH meter capable 
of a minimum reproducibility of ±0.2 mV and 
equipped with a fluorlde-spedfic ion-Endlcatlng elec- 
trode and a calomel reference electrode. [NoTE—When 
faking measurements, immerse the eiectrodes En the 
solution, stir on a magnetlc stirrer with an insulated 
top until eguilibrlum is attafned (1-2 min), and record 
the potential. REnse and dry the eiectrodes between 
measurements, taking care to avoid damaging the 
crystal of the specfflc-ion electrode.] 

Plot the logarithms of fluoride concentrations, in 
pg/mL, of the Standard Solutions versus the potential, 
in mV. From the standard response curve so obtained 
and the measured potential of the Sample solution, de¬ 
termine the concentration, C, in pg/mL, of fluoride In 
the Sample solution . 

Calculate the percentage of the labeled amount of 
fluorine (F) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of fluoride in the 
Sample solution (pg/mL) 

Cu - nominał concentration of fluorine in the 
Sample solution (ug/mL) 

Acceptance criteria: 90.0%-l 60.0% of the labeled 
amount of fluorine (F) 

* Fluoride, Method 2 

[NOTĘ—Use plastic containers and deionlzed water 
throughout this procedurę.] 

pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydrox- 
ide to 1000 mL of 0.05 M sodium blcarbonate. 

Mobile phase: Afcohol, OJ N sulfuric acid, and water 
(20:5:175) 

Standard stock solution: 220 pg/mL of USP Sodium 
Fluoride RS in water. This solution contains 100 pg/mL 
of fluoride. 

Standard solution 

[Notę—C ondltion the solid-phase extractEon column 
speclfled for use in the Standard solution and the 5am- 
ple solution in the foliowi ng manner. Using a vacuum 
at a pressure not exceedlng 5 mm of mercury, wash 
the column with 1 column volume of methanol fol- 
iowed by 1 column volume of pH 10.0 buffer. Do not 
allow the column top to dry. If the top of the column 
becomes dry, recondition the column.j 
Transfer 10.0 mL of the Standard stock solution to a 
100-mL volumetric fiask, Add 75 mL of water, and ad¬ 
just with 0.1 N sodium hydroxide to a pH of 10.4 ± 
OJ. Dilute with water to volume. Filter, discarding the 
first 15 mL of the filtrate. Transfer 25.0 ml of the fil- 
tratę to a 50-mL volumetric fiask. Add 15.0 mL of 
water, and adjust with 0.1 N sodium hydroxide to a 
pH of 10,0, Dilute with pH 10.0 buffer to voJume. Elute 
a portion of this solution through a 3-mL solid-phase 
extraction column contalning LI packlng that Es con- 
nected through an adapter to a second solid-phase 
extraction column containing sulfony]propyl strong 
cat Eon-exchange packi ng. Discard the first 3 ml of the 
eiuate, and coTlect the rest of the eluate in a suitable 
fiask for mjectlon In to the chromatograph. 

Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of powdered Tablets, equivaient to a nom- 
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inal amount of 1 mg of fluorine, to 15 mL of water, and 
shake vigorously. Rinse the sides of the fiask with 15 mL 
of water, and allow to stand for 10 min, Dilute with 
water to 85 ml, adjust with 1 N sodium hydroxide to a 
pH of 10,4 ± 0.1 , and dilute with water to 100 mL 
Proceed as directed in Standard solution, heginning with 
"Filter, discarding the first 15 mL of the fiitrate." 
Chromatographic system 
(See Chromatograpny (62 1), System Suitability .) 

Modę: LC 

Detector: Conductivity 

Colurrms 

Guard: 4,6-mm x 3-cm; packlng LI 7 
Analytical: 7.8-mm x 30-cm; packing LI 7 
Flow ratę: 0.5 mL/min 
Injection yolume: 100 piL 
System suitability 
Sam ple: Standard solution 
Suitability requirements 
Reiative standard deviation: NMT 2,0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of fluoride. Calculate the per- 
centage of tne labeled amount of fluorine (F) in the 
portion of Tablets taken: 

Result - (fu/rj) x (Cs/Cu) x 100 

fu = peak area from the Sample solution 

r$ = peak area from the Standard solution 

C s - concentration of fluoride in the Standard 
solution (ftg/mL) 

Cu = nominał concentration of fluorine in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-T6Q.0% of the labeled 
amount of fluorine (F) 

* lODIDE 

Bramine water: To 20 ml of bromine in a glass-stop- 
pered bottle add 100 mL of water. Insert the stopper 
into the bottle> and shake. Allow to stand for 30 min, 
and use the supernatant. 

Analysis 

Sample: Tablets 

Transfer a portion of finely powdered Tablets, equivalent 
to a nominał amount of 3 mg of iodide, to a nickef 
crucible. Add 5 g of sodium carbonate, 5 mL of 50% 
(w/v) sodium hydroxide solution, and 10 mL of alco- 
hol, taking care that the entire specimen is moistenecL 
Heat the crucible on a steam bath to evaporate the 
alcohol, then dry the crucible at 100° for 30 min to 
prevent spaitering upon subseguent heating. Transfer 
the crucible with its contents to a furnace heated to 
500*, and heat the crucible for 15 min. [Notę—H eat¬ 
ing at 500° is necessary to carbonize any organie mat- 
ter present; a higher temperaturę may be used, if nec¬ 
essary, to ensure complete ca rbonizatton of all organie 
matter.] Cool the crucible, add 25 mL of water, cover 
the crucible with a watchglass, and boli gently for 10 
min* Fifter the solution, and wash the crucible with 
boiling water, collecting the fiitrate and washings in a 
beaker. Add phosphoric add until the solution is neu- 
Lral to methyl orange, then add 1 mL excess of phos¬ 
phoric add* Add excess of Bromine water, and boil the 
solution gently until colorless and then for 5 min 
longer, Add a few crystals of salicylic acid, and cool 
the solution to 20°* Add 1 mL of phosphoric acid and 
0.5 g of potassium iodide, and tltrate the liberated io- 
dine with 0.005 N sodium thiosulfate VS, adding 
starch TS when the liberated iodine co for has nearly 
disappeared. 

Calculate the percentage of the labeled amount of io¬ 
dine (I) in the portion of Tablets taken: 

Result - V x N a x Fx I me x (A^/W) x (1 00 /ty 


V - yolume of sodium thiosulfate consumed (mL) 

Na - actual normaiity of the sodium thiosulfate 
solution used (meq/mL) 

F - correctlon factor to convert mg to pg, 

1000 jig/rrig 

Le = milliequivalent of!, 21,16 mg/mEq 
Aw - average weight of the Tablets 
W - weight of the portion of Tablets taken 
i = labeled amount of iodine (pg/Tablet) 
Acceptance criteria: 90.0%-160.0% of the labeled 
amount of iodine (I) 

* Iron, Method 1 

Iron standard stock solution: Transfer 1 00 mg of iron 
powder to a 1000-mL yolumetric fiask. Dlssolye in 
25 mL of 6 N hydrochloric add, dilute with water to 
yolume, and mix. 

Standard Solutions: To separate l OG-mL volumetric 
flasks transfer 2.0, 4.0, 5.0, 6*0, and 8,0 mL of tron 
standard stock solution. Dilute the contents of each fiask 
with water to yolume to obtain concentrations of 2.0, 
4,0, 5,0, 6.0, and 8,0 jig/mL of iron* 

Sample solution: Proceed as directed in Catcium, 
Method 7, except prepare the Sample solution to con- 
taln a nominał concentration of 5 pg/mL of iron and 
omit the use ofthe Lanthanum chloride solution. 
Instrumentaf conditions 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Lamp: iron holfow-cathode 
Flame: Air-acetylene 

Analytical wavefength: Iron emission linę at 248,3 nm 
Blank: 0,125 N hydrochloric add 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
yersus the concentration, in pg/mL, of iron, and dra w 
the straight linę best fltting the five piotted points* 
From the graph so obtained, determine the concentra¬ 
tion, C, in pg/mL, of iron in the Sample solution. 
Calculate the percentage of the labeled amount of iron 
(Fe) in the portion of Tablets taken: 

Result - (C/Cu) x 100 

C = measured concentration of iron in the Sample 
solution (jig/mL) 

C v - nominał concentration of iron in the Sample 
solution (pg/mL) 

Acceptance criteria: 90,0%-1 25,0% of the labeled 
amount of iron (Fe) 

6 MAGNESIUM, Method 1 

Lanthanum chloride solution: Prepare as directed in 
Cafcium , Method L 

Magnesium standard solution: Transfer 1,0 g of mag- 
nesium ribbon to a 1000-mL volumetric fiask, dissoive 
in 50 mL of ó N hydrochloric acid, dilute with water to 
yolume, and mix to obtain a solution with a concentra¬ 
tion of 1000 ug/mL of magnesium. 

Standard stock solution: 20 pg/mL of magnesium 
from the Magnesium standard solution diluted with 
0,125 N hydrochloric acid 

Standard Solutions: To separate 100-mL yolumetric 
flasks transfer 1.0, 1.5, 2.0, 2.5, and 3,0 mL of Standard 
stock solution. To each fiask add 1.0 mL of Lanthanum 
chloride solution, and diiute with 0.125 N hydrochloric 
acid to yolume to obtain concentrations of 0.2, 0.3, 

0*4, 0*5, and 0.6|ug/mL of magnesium. 

Sample solution: Proceed as directed in Caldum, 

Method 1, except prepare the Sample solution to ton- 
tain a nominał concentration of 0.4)_ig/mL of 
magnesium. 
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Instrumental conditions 

(See Atomie Absorption Spectroscopy <852)0 
Modę: Atomie absorption spectrophotometry 
Lamp: Magnesium hollow-cathode 
Ffame: Air-acełylene 

Analytical wavefength: Magnesium emission linę at 
285.2 nm 

Blank: 0.125 N hydrochloric add containing 1 ml of 
Lartthonum chloride solution per 100 mL 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of magnesium, 
and draw the straight linę best fitting the five plotted 
points, From the graph so obtained, determine the 
concentration, C, in pq/mL, of magnesium in the Sam- 
ple solution . 

Calculate the percentage of the labeled amount of 
magnesium (Mg) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C s= measured concentration of magnesium in the 
Sample solution (pg/mL) 

Co = nominał concentration of magnesium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90,0%-125.Q% of the labeled 
amount of magnesium (Mg) 

Manganese, Method 1 

Manganese standard stock solution: Transfer 1.00 g of 
manganese, weighed, to a 1000-mL volumetric fiask. 
Dissoive in 20 mL of nitne add, di lute with 6 N hydro¬ 
chloric add to volume, and mix to obtain a solution 
with a concentration of 1000 pg/mL of manganese. 
Standard stock solution: 50 pg/mL of manganese from 
the Manganese standard stock solution diluteo with 
0.125 N hydrochloric acid 

Standard sojutEons: To separate 1 00-mL volumetric 
flasks transfer 1.0, 1.5, 2.0, 3.0, and 4,0 mL of the Stan¬ 
dard stock solution. Dilute the contents of each fiask 
with 0,125 N hydrochloric acid to volume to obtain 
Solutions with concentratrons of 0.5, 0.75, 1.0, 1.5, and 
2.0 pg/mL of manganese. 

Sample solution: Proceed as directed in Caldum , 
Method I, except prepare the Sample solution to eon- 
tain 1 pg/ml of manganese and omit the use of the 
Lont hanu m chloride solution, 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Lamp: Manganese hollow-cathode 
Flame: Air-acetyfene 

Analytical wavelength: Manganese emission linę at 
279.5 nm 

Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of manganese, 
and draw the straight linę best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of manganese in the Sam¬ 
ple solution . 

Calculate the percentage of the labeled amount of 
manganese (Mn) in tne portion of Tablets taken: 

Result = (C/Cu) * 100 

C - measured concentration of manganese in the 
Sampfe solution (pg/mL) 

Cu = nominał concentration of manganese in the 
Sample solution (pg/mL) 


Acceptance criteria: 90,0%-125.0% of the labeled 
amount of manganese (Mn) 

• Molybdenum, Method 1 

Diluent: 20 mg/mL of ammonium chloride in water 
Molybdenum standard solution: Transfer 1,0g of mo¬ 
lybdenum wire to a 1000-mL volumetric fiask, and dis- 
solve in 50 ml of nitne acid, warming if necessary. DP 
lute with water to volume, and mEx to obtain a solution 
with a concentration of 1000 pg/mL of molybdenum. 
Standard stock solution: 100 pg/mL of molybdenum 
from the Molybdenum standard solution diluted with 
water 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 2.0, 10,0, and 25.0 mL of the Standard 
stock solution , and add 5,0 mL of perchloric add to 
each fiask. Gently boif the solution in each fiask for 15 
min. Cool to room temperatur©, and dilute each with 
Diluent to volume to obtain concentrations of 5,0, 10.0, 
and 25.0 pg/mL of molybdenum. 

Sample solution: Transfer a portion of the powder, 
equfvalent to a nominał amount of lOOOpg of molyb¬ 
denum, to a suitable fiask, and add 12 mL of nitne acid. 
[Notę—T he volume of nitrie add may be varied to en- 
sure that the powder is uniformly dispersed,] Carefully 
swirl the fiask to disperse the test spedmen. Sonieate 
for 10 min, or until the test specimen is completely 
dissofved, Gently boi! the solution for 15 min, and eoof 
to room temperaturę. Carefully add 8 mL of perchloric 
acid, heat until perchloric acid fumes appear, and swirl 
the fiask to dissipate the fumes, Repeat the heating and 
swirling until the fumes appear again. Cool to room 
temperaturę, Quantftatively transfer the contents of the 
fiask to a 100-mL volumetric fiask with the aid of the 
Diluent, and dilute with Diluent to vo3ume, 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Molybdenum hollow-cathode 
Flame: Nttrous oxide-acetylene 
Analytical wave!ength: Molybdenum emission linę at 
313,3 nm 

Blank: Diluent and perchloric acid (20:1) 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of motybdenum, 
and draw the straight linę best fitting the three plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of molybdenum in the 
Sample solution , 

Calculate the percentage of the labeled amount of mo¬ 
lybdenum (Mo) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of molybdenum in 
the Sample solution (pg/mL) 

Cu - nominał concentration of molybdenum in the 
Sample solution (pg/mL) 

Acceptance criteria: 9Q.0%-16Q.Q% of the labeled 
amount of molybdenum (Mo) 

* Molybdenum, Method 2 

Sodium fluoride solution: Add 200 mL of water to 
10 g of sodium fluoride, stir until the solution is satu- 
rated, and filter. Storę in a pofyethylene bottfe, 

Ferrous sulfate solution; 4.98 mg/mt of ferrous sulfate 
in water 

Potasslum thiocyanate sotution: 200 mg/mL of potas- 
sium thiocyanate in water 

20% Stannous chloride solution: Transfer 40 g of stan- 
nous chloride to a beaker, add 20 mL of 6.5 N hydro¬ 
chloric add, and heat the solution until the stannous 
chloride is dissolved. Cool, and dilute with water to 
100 mL, 
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Diluted stannous chlonde solution: 20% Stonnous 
chloride solution diluted with water (1 in 25). Prepare 
this solution fresh at the time of use, 

Standard solution: 20 pg/mL of molybdenum from 
ammonium molybdate, in water 
Sample: A portion of finely powdered Tablets, equiva- 
lent to a nominał amount or 40 jug of molybdenum 
Instrumental conditions 
(See Uttrayiolet'Visibie Spectroscopy (857).) 

Modę: UV-Vis 
Celt: 1 cm 

Analytieal wavelength: 465 nm 
Blank: Amyl alcohol 
Analysis 

Samples: Standard solution and Sample 
Transfer the Sample and 2.0 mL of the Standard solution 
to sępa ratę 200-ml beakers, Add 20 mL of nitric acid 
to each beaker, Cover each beaker with a watchglass, 
and boil slowiy on a hot piąte for 45 min. Cool to 
room temperaturę. Add 6 ml of perchlorlc acid, cover 
the beakers with a watchglass, and conttnue the heat- 
ing until digestion is complete, as indicated when the 
liquid becomes colorless or pale yelfow. Evaporate the 
Solutions in the beakers to dryness. Rinse the sides of 
the beakers and the watchglasses with water, and add 
morę water to complete 50 mL in each beaker. Cently 
boil the water solution for a few min. Cool to room 
temperaturę. Add 2 drops of methyl orange TS, and 
neutralize with ammonium hydroxide. Add 8.2 mL of 
hydrochloric acid. Quantrtatively transfer the contents 
of the beakers to sępa ra tę 100-mL volumetric fiasks, 
rinse the beakers with water, transfer the rinsings to 
the corresponding volumetric fiasks, and dilute with 
water to volume. Transfer 50.0 mL of each solution to 
separatory funnels. To each separatory funnel add 
1.0 mL ot Sod i urn ffuoride solution , 0.5 mL of Ferrous 
sulfate solution, 4.0 ml of Potassium thiocyanate solu¬ 
tion f 1.5 mL of 20% 5tonr?ous chloride solution, and 
15.0 mL of amyl alcohol, and shake the separatory 
funnel for 1 mm. Al Iow the layers to sępa ratę, and 
discard the aqueous layers. Add 25 mL of Diluted stan¬ 
nous chloride solution to each separatory funnel, and 
shake gently for 15 s. Allow the layers to separate, and 
drscanj the aqueous layers. Transfer the organie layers 
from each separatory funnel to a centrifuge lube, and 
centrifuge at 2000 rpm for 10 min. Determine the ab* 
sorbances of the organie phases from the Standard so¬ 
lution and the Sample t and correct with the Blank . 
Calculate the percentage of the labeled amount of mo¬ 
lybdenum (Mo) In the portion of Tablets taken: 

Resuft = (AJA s ) x [(V x C s )/M v ] * 100 

A u = absorbance of the solution from the Sample 

As - absorbance of the solution from the Standard 

solution 

V - volume of the Standard solution analyzed, 

2.0 ml 

Cs = concentration of molybdenum in the Standard 
solution (pg/mL) 

Mu - nominał amount of molybdenum in the 
Sample (pg) 

Acceptance criteria: 90.0%-160.0% of the labeled 
amount of molybdenum (Mo) 

* Phosphorus, Method 1 

Sulfuric add solution: Cautiously add sulfuric acid to 
water (37.5: 100), and mix. 

Ammonium molybdate solution: 50 mg/mL of ammo¬ 
nium molybdate in Sulfuric add solution and water (2:3), 
[Non—Dissolve in water first, then dilute with Sulfuric 
ocid solution to volumeJ 

Hydroquinone solution: 5 mg/mL of hydroquinone in 
water. Add 1 drop of sulfuric acid per 100 mL of 
solution. 


Sodium bisulflte solution: 200 mg/mL of sodium brsul* 
fite in water 

Phosphorus standard stock solution: Weigh 4.395 g 
of monobasic potassium phosphate, previously dried at 
105° for 2 h and stored in a desiccator, and transfer to 
a 1000-mL volumetr[C fiask. DissoIve In water, add ó mL 
of sulfuric add as a preservative, dilute with water to 
volume, and mix to obtain a solution with a concentra¬ 
tion of 100 pg/mL of phosphorus. 

Standard solution: 20 pg/ml of phosphorus from Phos¬ 
phorus standard stock solution diluted with water 
Sample solution: [Notę—F inely powder and weiah a 
counted number of Tablets.] Transfer a portion ofthe 
powder, equivalent to a nominał amount of 100 mg of 
phosphorus, to 25 mL of nitric acid, and digest on a 
hot piąte for 30 min. Add 15 ml of hydrochloric acid, 
and continue the digestion to the cessation of brown 
fu mes. Coo], and transfer the contents of the fiask to a 
500-mL yolumetric fiask with the aid of smali portions 
of water. Dilute with water to volume. Transfer 10.0 mL 
of this solution to a 100-mL volumetric fiask, and dilute 
with water to volume. 

Instrumental conditions 
(See UltraviQfet’Visible Spectroscopy (857).) 

Modę: UV-Vis 
Celi: 1 cm 

Analytical wavelength: 650 nm 
Analysis 

Samples: Standard solution and Sample solution 
To three separate 25-mL yolumetric fiasks transfer 
5.0 mL each of the Standard solution , the Sample solu¬ 
tion, and water to provide the blank, lo each of the 
three fiasks add 1,0 ml each of Ammonium molybdate 
solution, Hydroaulnone solution, and Sodium bisuifite so¬ 
lution, and swirl to mlx. Dilute the contents of each 
fiask with water to volume, and allow the fiasks to 
stand for 30 min. Determine the absorbances of the 
Solutions against the blank, 

Calculate the percentage of the labeled amount of 
phosphorus (P) in the portion of Tablets taken: 

Result = (AufA$) x (C$fCu) x 100 

Au - absorbance of the Sample solution 
As = absorbance of the Standard solution 
Cs - concentration of phosphorus in the Standard 
solution (pg/mL) 

Co = nominał concentration of phosphorus in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeied 
amount of phosphorus (P) 

• Potassium 

Potassium standard solution: 100 pa/mL of potassium 
from potassium chlonde, previously dried at 105° for 2 
h, in water 

Standard stock solution: 10 pg/mL of potassium from 
the Potassium standard solution diluted with 0.125 N 
hydrochloric acid 

Standard Solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 
25.0 ml of the Standard stock solution to separate 
100-mL volumetric fiasks. Dilute the contents of each 
fiask with 0.125 N hydrochloric add to yoiume to ob¬ 
tain Solutions contatning 0.5, 1.0, 1.5, 2.0, and 2.5 pg/ 
mL of potassium. 

Sample solution: Proceed as directed in Calcium , 

Method 1, except prepare the Sample solution to con- 
tain a nominał concentration of 1 jig/mL of potassium 
and omit the use of the Lanthanum chlonde solution. 
Instrumental conditions 
{See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Potassium hoflow-cathode 
Flame: Air-acetylene 

Analytical wavefength: Potassium emission linę at 
766.5 nm 
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Blank: Water 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in p^/mL, of potassium, and 
draw the straight linę best fittmg the five plotted 
points. From tne graph so obtained, determine the 
concentration, C, in pg/mL, of potassium in the Sam¬ 
ple sotution. 

Calcu late the percentage of the labeled amount of po¬ 
tassium (K) in the portion of Tablets taken: 

Result = (CI Cu) x 100 

C = measured concentration of potassium in the 
Sample sofution (pg/mL) 

Cu = nominał concentration of potassium in the 
Sample sofution (pg/mL) 

Acceptance criteria: 90,0%-125,0% of the labeled 
amount of potassium (K) 

Selenium, Method 1 

Diluent; Prepare as directed in Molybdenum , Method 1. 
Selenium standard solution; [CaUTION —Selenium is 
toxic; handle it with tarę.] Dissolve 1 g of metalik sele- 
nium in a minimum vo!ume of nitric add. Evaporate to 
dryness. Add 2 mL of water, and evaporate to dryness. 
Repeat the addition of water and the evaporation to 
dryness three times. Dissolve the residue rn 3 N hydro- 
chloric add, transfer to a 1000-mL volumetric fiask, and 
dii ute with 3 N hydrothloric add to volume, to obtain a 
concentration of 1000 pg/mL of selenium. 

Standard stock solution: 100 pg/mL of selenium from 
the Selenium standard sofution diluted with water 
Standard Solutions: To separate 100-mL volumetric 
flasks transfer 5.0, 10.0, and 25.0 mL of the Standard 
stock solution, and add 5*0 mL of perchloric acid to 
each fiask Gently boii the Solutions for 15 min, cool to 
room temperaturę, and dr lute each with Diluent to voi- 
ume to obtain Solutions with concentratrons of 5.0, 

10*0, and 25,0 pg/mL of selenium, 

Sample solution: Transfer a portion of the powder, 
eguivalent to a nominał amount of 1000 jug of sele¬ 
nium, to a suitable fiask, and add 12 mL of nitric acid* 
[NOTĘ—The volume of nitric acid may be varied to en- 
surę that the powder is uniformly dispersed.] Carefully 
swirl the fiask to disperse the sample specimen. Soni- 
cate for 10 min or until the sample specimen is com- 
pletely dissolved. Gently boil the solution for 15 min, 
and cool to room temperaturę. Carefully add 8 mL of 
perchloric add to the fiask, heat the fiask until perchlo¬ 
ric acid fu mes appear, and swirl the fiask to dissipate 
the fu mes. Repeat the heating and swtriing until the 
fumes appear again. Cool to room temperaturę. Trans¬ 
fer the contents of the fiask to a 50-mL volumetric fiask 
with the aid of the Diluent , and dilute with Diluent to 
volume, 

Instrumental conditions 

(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Selenium holJow-catnode 
Flame: Air-acetylene 

Analytical wavelength: Selenium emission linę at 
196,0 nm 

Blank: Diluent and perchloric acid (20:1) 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of selenium, and 
draw the straight linę best fittmg the three plotted 
points. From tne graph so obtained, determine the 
concentration, C, in pg/mL, of selenium in the Sampie 
sofution. 


Calculate the percentage of the labeled amount of sele¬ 
nium (Se) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of selenium in the 
Sampie solution (pg/mL) 

Cu - nominał concentration of selenium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-160.0% of the labeled 
amount of selenium (Se) 

* Selenium, Method 2 

Hydrochloric acid solution: Hydrothloric acid diluted 
with water (1 in 10) 

50% Ammonium hydroxide solution: Ammonium hy- 
droxide diluted with water (1 in 2) 

Reagent A: 9 mg/mL of edetate disodium and 25 mg/ 
mL of hydroxylamine hydrochloride in water. [NOTĘ— 
Dissolve edetate disodium in a portion of water first, 
add hydroxylamine hydrochloride, and then dilute with 
water to vofume.] 

Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene 
to a 250-mL separatory funnel, and add 200 mL of 0.1 
N hydrochloric acid, Wash the solution with three 
40-mL portions of cydohexane, and dśscard the cyclo- 
hexane layer, Filter the solution into a brown bottle, 
and cover the solution with a 1 -cm layer of cyclohex- 
ane. This solution is stable for 1 week if storeo in a 
refrigerator. 

Standard stock solution: [CAUTION—Selenium is toxie; 
handle it with care.] Dissolve 1 g of metallic selenium in 
a minimum volume of nitric acid. £vaporate to dryness, 
add 2 ml of water, and evaporate to dryness. Repeat 
the addition of water and evaporation to dryness three 
times. Dissoive the residue in 3 N hydrochloric add, 
transfer to a 1 OGO-mL volumetric fiask, and dilute with 
3 N hydrochloric add to volume to obtain a solution 
with a concentration of 1000 pg/mL of selenium, Dilute 
a volume of the solution with 0.125 N hydrochloric 
acid to obtain a concentration of 2.0pg/mL of 
selenium. 

Standard solution: Transfer 10,0 mL of the Standard 
stock solution to a glass-stoppered fiask. Add 1 mL of 
perchloric acidandl mL of hydrochloric acid solution , 
and dilute with water to 20 mL. 

Sampie solution: Transfer a portion of fineEy powdered 
Tablets, equivaleni to a nominał amount of 20 pg of 
selenium, to a suitable fiask. Add 10 mL of nitric acid, 
and warm gently on a hol piąte. Continue heating untif 
the inttial nitric acid reaction has subsided, then add 
3 mL of perchloric acid, [Caution —Exercise care at this 
stage because the perchloric acid reaction becomes vig- 
orous.] Continue heating on the hot piąte until the ap- 
pearance of white fumes of perchloric acid or until the 
digest begins to darken. Ada 0.5 ml of nitric acid, and 
resume heating, adding additional amounts of nitric 
acid if further darkening occurs. Digest for 10 min after 
the first appearance of perchloric acid fumes or until 
the digest becomes colorless. Cool the fiask, add 2,5 mL 
of Hyarochioric acid solution , and return the fiask to the 
hot piąte to expel residua! nitric acid. Heat the mixture 
for 3 min after it begins to boil. Cool the fiask to room 
temperaturę, and difute with water to 20 mL, 
instrumental conditions 
(See Ultravhiet Visible Spectroscopy (857).) 

Modę: UV 
Celi: 1 cm 

Analytical wave!ength: 380 nm 
Blank: 1 mL of perchloric add and 1 mL of Hydrochlo¬ 
ric add solution diluted with water to 20 mL 
Analysis 

Samples: Standard soiution and Sample solution 
Treat the Sample sofution , Standard solution , and Blank 
as follows. Add 5 mL of Reagent A to each fiask, and 
swirl gently to mix. Adjust tne solution in each fiask 
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with 50% Ammonium hydroxide soiution to a pH of 1-1 
± 0.1. Add 5 mL of Reagent 8 to each fiask, and swiri 
gently to mix, Place the flasks in a water bath maln- 
tained at 50°, and eguillbrate for 30 min, taking care 
that the flasks are covered to protect them from iight. 
Cool to room temperaturę, and transfer the contents 
of each fiask to separate separatory funnels. Transfer 
10.0 mL of ęyclohexane to each separatory funnel, and 
extract vigorously for 1 min. Drscard the aqueous 
layer. Transfer the cyclohexane layer to a centrifuge 
tubę, and centrifuge at 1 000 rpm for 1 min to remove 
any remaining water, Determine the absorbances of 
the Solutions from the Samples against the soiution 
from the Blank. 

Calculate the percentage of the labeied amount of sele- 
nium (Se) in the portion of Tablets taken: 

Result - (AJ As) x [(Vx C s )/Mu ] x 100 

Au = absorbance of the cyclohexane layer from the 
Sample soiution 

As = absorbance of the cyclohexane layer from the 
Standard soiution 

V - voiume of the Standard stock soiution used to 
prepare the Standard soiution, 10 mL 
Cj s= concentration of selenium tn the Standard 
stock soiution (jug/mL) 

Mu - nominał amount of selenium in the Sample 
soiution (pg) 

Acceptance criteria: 90.0%-1óCLO% of the labeled 
amount of selenium (Se) 

* Zinc, Method 1 

Zinc standard stock soiution: 1000 pg/mL of zinc from 
zinc oxide dissolved in 5 M hydrochloric add (3.89 mg/ 
mL), dtluted with water to finał yolume. [NotE-Dis- 
solve in 5 M hydrochloric add by warming, if necessary, 
cool, and then dilute to finał volume.] 

Standard stock soiution: 50 pg/mL of zinc from the 
Zinc standard stock soiution diluted with 04 25 N hydro- 
chloric acid 

Standard Solutions: Transfer 1.0, 2.0, 3.0, 4,0, and 
5.0 mL of the Standard stock soiution to separate 
100-mL voiumetric flasks. Dilute the contents of each 
fiask with 0.125 N hydrochloric acid to volume to ob¬ 
tain concentrations of 0,5, 1.0, 1,5, 2.0, and 2,5 pg/mL 
of zinc. 

Sample soiution: Proceed as directed in Coldum, 
Method 7, except prepare the Sample soiution to eon- 
tain a nominał concentration of 2 ug/mL of zinc and 
omit the use of the Lanthanum chloride soiution. 
Instrumental conditlons 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectra photometry 
Lamp: Zinc hoJlow-cathode 
Flame: Air-acetylene 

Analyticai wavelength: Zinc emission linę at 213,8 
nm 

Blank: 04 25 N hydrochloric acid 

Analysis 

Samples: Standard Solutions and Sample soiution 
Determine the absorbances of the Solutions against the 
Biank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of zinc, and dra w 
the straight linę best fitting the five plotted pornts. 

From the graph so obtained, determine the concentra¬ 
tion, C in pg/mL, of zinc rn the Sample soiution. 
CaJculate the percentage of the labeled amount of zinc 
(Zn) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C - measured concentration of zinc in the Sampie 
soiution (pg/mL) 

Cu - nominał concentration of zinc in the Sampie 
soiution (pg/mL) 


Acceptance criteria: 90.0%-l 25.0% of the labeled 
amount of zinc (Zn) 

* Boroń, Njckel, Tin, and Vanadiujvi, Method 7; Calcium, 
Chromium, Copper, Iron, Magnesium, Manganese, Phos- 
phorus, and Zinc, Method 2; Molybdenum and Selenium, 

Method 3 

Stock aqua regla soiution: Prepare a mixture of hydro¬ 
chloric acid and nitric add (3:1) by adding the nitrlc 
add to the hydrochloric acid. [Notę —Periodically vent 
the soiution in an appropriate fume hood.] 

Diluent: Prepare a mixture of Stock aqua regia soiution 
and water (1:9) by adding 1 volume of Stock aqua regia 
soiution to 2 yolumes of water. Dilute with additional 
water to volume, and mix well. 

System suitablfity soiution: Prepare a mixture of 
1000 mg/L of yttrium in 5% (v/v) nitric acid soiution 
and 1000 mg/L of scandium in 5% (v/v) nitric add so- 
lutlon with Diluent (1:1:198), and mix. 

Standard stock soiution 1 (Ca, Cu, Fe, Mq, Mn, P, and 
Zn): [NOTĘ—It is only necessary to indude the minerais 
of interest m the soiution.] Uslng commerdally available 
element standard (single- or rnuiti-element) Solutions in 
5% (v/v) nitric acid soiution, pipet the appropriate 
amount of element standard soiution into a volumetric 
fiask, and dilute with 5% (v/v) nitric acid soiution to 
obtain a soiution with finał concentrations of about 
1000 mg/L of caleium, 1 00 mg/L of copper, 250 mg/L 
of iron, 500 mg/L of magnesium, 100 mg/L of manga¬ 
nese, 800 mg/L of phosphorus, and 250 mg/mL of zinc. 
Standard stock soiution 2 (B, Cr, Mo, Ni, Se, Sn, and 
V): [NOTĘ—it Is only necessary to indude the minerais 
of interest in the soiution.] Using commerdally avaitable 
element standard (single- or multi-element) Solutions in 
20% (v/v) hydrochloric acid soiution, pipet the appro¬ 
priate amount of element standard soiution into a volu- 
metric fiask, and dilute with 20% (v/v) hydrachEoric 
add soiution to obtain a soiution with finał concentra¬ 
tions of about 200 mg/L of boran, and 100 mg/L of 
chromium, moiybdenum, nickei, selenium, tin, and va- 
nadium each. 

Standard Solutions: Prepare a mixture of Standard 
stock soiution 7 and Standard stock soiution 2, as re- 
quired, in Diluent to prepare a six-point calibration 
curve to bracket the concentration rangę of each min¬ 
erał of Interest 

Sample soiution 1 (for Tablets containlng minerais 
found in Standard stock soiution 1 and Standard stock 
soiution 2): Welgh and finely powder NLT 20 Tablets. 
Transfer a portion, equaf to 3.5 times the average Tab¬ 
let weight, to a 250-mL yolumetric fiask. Slowly add 
25 mL of Stock aqua regia soiution in 5-ml inerements, 
followed by mixing. [Notę —If the sample contains a 
carbonate, bubbling will occur. Walt unHI bubbling 
ends to proceed.] Bring the soiution to a botl on a hot 
piąte. Continue to heat gently untll fumes cease (about 
1 h). [Notę —if the sample contains selenium, digest for 
NMT 15 min.] Remove from heat, cool, and dilute with 
water to volume. Filier about 30 mL into a centrifuge 
tubę using a 5-pm porę size nylon syringe filter. If nec¬ 
essary, make any further diluttons using the Diluent 
Sample soiution 2 (for Tablets contalning minerais 
found oniy in Standard stock soiution 2): Weigh and 
finely powder NLT 20 Tablets. Transfer a portion, equal 
to 3.5 times the average Tablet weight, to a 250-mL 
vo!umetrie fiask. Slowly add 25 mL of Stock aqua regia 
soiution In 5-mL inerements, foflowed by mixing. 

[Notę —If the sample contains a carbonate, bubbllng 
will occur. Walt until bubbling ends to proceed.] Bring 
the soiution to a boil on a hot piąte. Continue to heat 
gently until fumes cease (about 1 h). [Notę —If the sam¬ 
ple contains selenium, digest for NMT 15 min.] Remove 
from heat, cool, and dilute with water to volume. Fllter 
about 30 ml into a centrifuge tubę using a 5-|im porę 
size nylon syringe filier. If necessary, make any further 
dilutions using the Diluent 
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Sample solution 3 (for Tablets containing minerals 
found anty in Standard stock solution 1): Weigh and 
finely powder NLT 20 Tablets. Transfer a weigned por- 
tion, equal to the average Tablet weight, to a 250-ml 
volumetric fiask. Słowiy add 25 mL of Stock acjua regia 
solution in 5-mL increments, followed by mixing. 
[Notę—I f the sample contains a carbonate, bubbling 
will occur. Wait until bubbling ends to proceed.] Brmg 
the solution to a boi! on a hot piąte* Continue to heat 
gently (about 1 h) until fu mes cease* Remove from 
neat, cool, and di lute with water to voJume. Fil ter 
about 30 mi into a centrifuge tubę using a 5-pm porę 
size nylon syringe filter. If necessary, make any further 
dilutions using the Diluent. 

Instrurnenta) conditions 
(See Piasmo Spectrochemistry (730)*) 

Modę: lnductively coupled piasma spectrometry using 
a speotrometer set to measure the emission of each 
minerał of interest at about the corresponding wave- 
length* [MOTE—The operating conditions may be de- 
veloped and optimized based on the manufacturer's 
recommendation. The wavelengths selected should be 
demonstrated expenmentally to provrde sufficient 
specificity, sensitivity, linearity, accuracy, and 
precisionj 
System suitability 

[Notę—A nalyze the System suitability solution, and ob- 
tain the response as directed for Analysis.] 

Suitability reąuirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the emission of each minerał of interest in 
the Standard Solutions and Sample solution with an in- 
ductively coupled piasma system using the Diluent as 
the blank. Plot the emission of the Standard Solutions 
versus the concentration, in mg/L, of the minerals of 
interest, and draw the straightline best fltting the 
plotted points. From the graph so obtained, determine 
the concentration, C, in mg/L, for each minerał of in¬ 
terest in the Sample solution * 

Calculate the percentage of the labeled amount for 
each minerał taken: 


Result =Cx (V/W) xFx ( T w /L) x 1 00 



C - measured concentration of the relevant 
element in the Sample solution (mg/L) 

V - vofume of the Sample solution (L) 

W = sample weight (mg) 

F = dilution factor of tne Sampie solution 
Tw - average Tablet weight (mg) 

L = labeled amount of the relevant element (mg/ 
Tablet) 

Acceptance crltena: 90.0%-125.G% of the labeled 
amount of calcium (Ca), copper (Cu), iron (Fe), magne- 
sium (Mg), manganese (Mn), phosphorus (P), and zinc 
(Zn); 90.0%-160.0% of the labeled amount of boron 
(B), chromium (Cr), molybdenum (Mo), nickel (Ni), se- 
lenium (Se), tin (Sn), and vanadium (V) 

PERFORMANCE TESTS 

o Disintegration and Dis solution of Dietary Supplements 

(2040): Meet the requlrements for Dissolution 

* Weight Variation of Dietary Supplements (2091); Meet 
the reguirements 


SPECIFIC TESTS 

* Microbjal Enumeration Tests (2021); The total aerobic 
microbial count does not exceed 3 x 10 3 cfu/g, and the 
combined molds and yeasls count does not exceed 

3 x 1 0 2 cfu/g. 

* Absence of Specified Microorganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
ci es Escherichia coli 


ADD ITI ON AL REQUIREMENT5 

* Packaging and Storage: Preserve in tight, fight-resistant 

containers. 

* Labelkng: The label States that the product is Minerals 
Tablets* The label also States the salt form of the minerał 
used as the source of each element. Where morę than 
one assay method is given for a particufar minera], the 
labeling States the assay method used only if Method 1 is 
not used* 

* USP Reference Standard; (11) 

USP Sodium Fluoride RS 


MSM— see Methylsulfonylmethane in Dietary 
Supplements section 


Net tle, Stinging— see Stinging Nettle 
Niacin— see Niacin General Monographs 


Niacin Tablets— see Niacin Tablets General 
Monographs 


Niacmamide —see Niacinamide General 
Monographs 


Niacinamide Tabiets— see Niacinamide 
Tablets General Monographs 


Oleovitamin A and D— see Oleovitamin A 
and D General Monographs 


Oleovitamin A and D Capsules— see 

Oleovitamin A and D Capsules General 
Monographs 


Omeqa-3 Acid Triglycerides 

DEFINITION 

Omega-3 Add Triglycerides is a mixture of mono-, di-, and 
triesters of omega-3 adds with glycerol containing mainly 
triesters and obtained either by esteriftcation of concen- 
trated and purified omega-3 aeids with glycerol or by 
transesterificatśon of the omega-3 add ethyl esters with 
glycerol* The omega-3 aeids are from the body oil of fish 
of the families Engraulrdae, Carangidae, Clupeidae, Os- 
meridae, Salmonidae, and Scombridae and are defined as 
the following: alpha-linolenlc acid (Cl 8:3 n-3), moroctic 
acid (Cl 8:4 n-3), eicosatetraenoic acid (C20:4 n-3), eico- 
sapentaenoic acid (EPA) (C20:5 n-3), heneicosapentaenoic 
acid (C21:5 n-3), docosapentaenoic acid (C22:5 n-3), 
and docosahexaenoic acid (DHA) (C22:6 n-3). tt contains 
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NLT 58.0% of total omega-3 acids expressed as triglyeer- 
Ides and NLT the labeledamount of EPA and DHA, ex- 
pressed as the free fatty acids* Suitabfe antioxidants in 
appropriate concentrations may be added. 

IDENTIFICATION 

® A* The retention tinnes of the peaks for eicosapentaenoic 
acid mefby! ester and docosahexaenoic add methyi ester 
of the Sample solution in the tests for Content of EPA and 
DMA and Content of Total Omega-3 Acids correspond to 
those for the respective compounds of the Standard Solu¬ 
tions . !f either EPA or DHA is not daimed on the labeling, 
the peak corresponding to that omega-3 acid does not 
exceed 15.0% of the total detected area of the Sample 
solu don in the test for Content of EPA and DHA and ton- 
tent of Total Omega-3 Acids « 

® B. The retention time of the peak corresponding to the 
triglycerides of the Sample solution corresponds to the tri- 
glycerides peak of the System suita bili ty solution in the 
test for Content of Oligomers and Partial Clycerides. 

COMPOSITION 

• Content of EPA and DHA 

Analysis: Proceed as direcled in Fats and Fixed Oifs 
(401 >, Omega-3 Fatty Acids Determination and Profile * 
Acceptance criteria: NLT the labeled amount, ex- 
pressed as free acids 

• Content of Total Omega 3 Acids 

Analysrs: Proceed as directed in Fats and Fixed Oils 
{401X Omega-3 Fatty Acids Determination and Prodie. 
Acceptance criteria: NLT 58*0% of total omega-3 
acids, expressed as triglycerides 

• Content of Oligomers and Partial Clycerides 

Mobile phase: Use tetra hydro fu ran. 

Sample solution; 1,00 mg/mL of Omega-3 Acid Triglyc- 
erioes in Mobile phase 

System suitability solution: 0*5 mg/mL of 
monodocosahexaenoin i 0.3 mg/mL of didocosahexae- 
noin, and 0.2 mg/mL of tridocosahexaenoin in Mobile 
phase. [Notę —SuitabJe grades of monodoeasahexae- 
noin, didocosahexaenoin, and tndocosahexaenoin may 
be obtained from Nu-Chek Prep.] 

Chromaiographic system 
(See Chromatography {621), System Suitability.) 

Modę: LC 

Detector: Differentiaf refractometer 
Coiumns: Three 7.8-mm x 30-cm; connected in series; 
packing L21, 7-pm* Two coiumns are 50 nm in porę 
size, and the otner is 10 nm, arranged so that the 
50-nm porę size coiumns are closer to the injector. 
FIow ratę: 0.8 mL/min 
InjecEion size: 40 pL 
System suitability 
Sample: System suitability solution 
Suitability reguirements 

Elution order: Tndocosahexaenoin, didocosahexae- 
noin, and monodocosahexaenoin 
Resolution: NLT 2.0 between monodocosahexaenoin 
and didocosahexaenoin and NLT 1.0 between 
didocosahexaenoin and tridocosahexaenoin 
Analysrs 

Sample: Sample solution 
Measure the areas of the major peaks* 

Calciilate the percentage of oligomers in the portion of 
Omega-3 Acid Triglycerides taken: 

Result - (fu/rr) x 100 

ro = sum of the areas of the peaks with a retention 
time less than that of the triglyeeride peak 
r T = sum of the areas of all peaks in the 
ćhro mato gram 


Calculate the percentage of partial glycerides (mono- 
and diglycerides) in the portion of Omega-3 Acid 
Triglycerides taken: 

Result - (fy//v) x 1 00 

fu - sum of the areas of the peaks corresponding 
to diglycerides and monoglycendes 
r T - sum of the areas of all peaks in the 
chromatogram 

Acceptance criteria: NMT 3*0% of oligomers and NMT 
50.0% of partial glycerides 

CONTAMINANT5 
® Limit of Arsenic 

[Notę—F or the preparation of all aqueous Solutions and 
for the rinsing of glass, poiytef, and plastlc vessels 
before use, use water that nas been passed through a 
strong-acid, strong-base, mixed-bed ion-exchange resin, 
SeJect all reagents to have as Iow a content of arsenie 
as practicable, and storę all reagent Solutions in eon- 
tainers of borosilicate glass. Cleanse glass, poiytef, and 
plastic yessels before use by soaking in warm 8 N nitrie 
acid for 30 min and by rinsing with deionized water*] 
Solution A: Transfer 1 g of ultrapure palladium metal 
Ento a Teflon beaker. Add 20 mL of water and 10 mt of 
nitrie acid, and warm on a hot piąte to dissolve. Al Iow 
the solution to cool to room temperaturę, transfer it 
into a 100-mL volumetric fiask, and dilute with deion¬ 
ized water to volume* 

Solution B: Transfer 1 g of ultrapure magnesium nitra te 
into a Teflon beaker. Aad 40 mL of water and 1 mL of 
nitrlc acid, and warm on a hot piąte to dissolve the 
sollds. Ailow the solution to cool to room temperaturę, 
transfer it to a 100-mL volumetric fiask, and dilute with 
deionized water to volume* 

Solution C: Solution Ą Solution 6, and 2% nitrie acid 
(3:2:5). A volume of 5 jiL provides 0.015 mg of palla¬ 
dium and 0*01 mg of magnesium nitra te. 

Blank: Nitrie acid and water (1:19) 

Standard stock solution: Transfer 10.0 ml of Standard 
Arsenic Solution, prepared as directed tn Arsenie (211), 
to a 100-mL voiumetnc fiask. Add 40 mL of water and 
5 mL of nitrie acid, and dilute with water to volume. 

This solution contains 0,10 pg/mL of arsenic* 

Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain concentrations of 0.002, 

0.005, 0.01 0, 0.025, and 0.050 pg/mL of arsenic. 
Sample solution: For preparation of the Sample solu¬ 
tion, use a microwave oven with a magnetron fre- 
quency of 2455 MHz and a selectable output power of 
0-950 watts In 1% inerements, equipped wfth ad- 
vanced composite vessels with 100-mL poiytef Imers. 

Use rupture membranes to vent yessels should the pres- 
sure exceed 125 psi, The vessels fit Into a turntable, and 
each yessel can be vented into an overf!ow Container. 
Equip the microwave oven with an exhaust tubę to 
yentliate fu mes, [Oauhon —Wear proper eye protection 
and protectiye dothing and gloves*] Transfer approxi- 
mately 500 mg of Omega-3 Acid Triglycerides, weighed 
to the nearest 0.1 mg, into a Teflon digestion yessel 
Itner. Prepare samples in duplicate. Ado 15 mL of nitrie 
add, and swirl gently. Cover the vessels with lids, leav- 
ing the vent fitting off, Predigest overnight under a 
hood. Place the rupture membranę in the vent fitting, 
and tighten the lid. Place alf yessels on the mlcrowave 
oven turntable. Connect the vent tubes to the vent 
trap, and connect the pressure-sensing linę to the ap¬ 
propriate yessel. Initlate a two-stage digestion proce¬ 
durę by heatlng the microwave at 15% power for 15 
min, followed by 25% power for 45 min. Remove the 
turntable of yessels from the oven, and allow the yessels 
to cool to room temperaturę. [Notę—A cool water bath 
may be used to speed the cooling process,] Vent the 
yessels when they reach room temperaturę. Remove the 
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llds, and slowly add 2 ml of 30% hydrogen peroxide to 
each. Allow the reactions to subside, and seal the ves- 
sels* Return the vessels on the turntable to the mttro- 
wave oven, and heat for an additional 15 min at 30% 
power. Remove the vessels from the oven, and allow 
them to cool to room temperaturę. Transfer the cooled 
digests into 25-mL volumetric flasks, and dii u te with 
water to volume. 

Anaiysis: Program the graphite furnace as follows* Dry 
at 115°, using a 1 -s ramp, a 65-s hołd, and an argon 
flow of 300 mL/mm; char the sample at 1000°, using a 
1-s ramp, a 20-s hołd, and an airflow of 300 mL/min; 
cool down, and purge the air from the fumace for 10 s, 
using a 20° set temperaturę and an argon flow of 
300 mL/min; atomize at 2400*, using a 0-s ramp and a 
5-s hołd with the argon flow stopped; and dean out at 
2600° with a 1-s ramp and a 5-s hołd, 

Separately inject equa! votumes (20 pL) of the Standard 
Solutions , the Sample solution, and the Blank , foflowed 
by an injection of 5 pL of Solution C for each of the 
samples, into the graphite tubę of a suitable graphite 
furnace atomie absorption spectrometer equipped with 
a hollow-cathode lamp for arsenie. Determine the peak 
area at the arsenie emission iine at 193*7 nm, cor* 
rected for background absorption* Plot the corrected 
peak areas of the Standard Solutions ver$u$ their con- 
tents of arsenie, in pg/mL, and cal tulą te the regression 
linę best fitting the points. Determine the concentra- 
tion, C, in pg/mL, of arsenie in each mL of the Sample 
solution bj/interpolation from the regression linę. 
Calculate the content of arsenie in the portion of 
Omega-3 Acid Triglycerides taken: 

Resuft = (C x V)/W , 

C = concentration of arsenie, as obtained above, tn 
the Sample solution (pg/mL) 

V = finał volume of the Sample solution (mL) 

W = weight of Omega-3 Acid Triglycerides taken to 
prepare the Sample solution (g) 

Acceptance criteria: NMT 0*1 pg/g 
Limit of Lead 

[NOTĘ—For the preparation of all aąueous Solutions and 
for the rinsing of glass, polytef, and plastic vessels 
before use, use water that nas been passed through a 
strong-acid, strong-base, nmxed-bed ion-exchange resin. 
Select all reagents to have as Iow a content of lead as 
practicabfe, and storę all reagent Solutions in containers 
of borosilicate glass. Cleanse glass, polytef, and plastic 
vesse!s before use by soaking in warrn 8 N nitrie acid 
for 30 min and by rinsing with deionized water*] 
Solution A: 10 g of uitrapure monobasic ammonium 
phosphate In 1 mL of nitrie acid and 40 mL of water to 
dissowe the phosphate. Dilute with deionized water to 
100 mL. 

Solution B: 1 g of uitrapure magnesium nitrate to a 
Teflon beaker. Add 40 mL of water and 1 mL of nitrie 
acid, and warm on a hot piąte to dissolve the solids. 
Allow the solution to cool to room temperaturę, trans¬ 
fer ii to a 100-mL volumetric fiask, and dilute with 
deionized water to volume* 

Solution C: Solution A, Solution B t and 2% nitrie acid 
(2:1:2). A volume of 5 pL provides 0.2 mg of phosphate 
plus 0*01 mg of magnesium nitrate. 

Blank: Nitrie acid and water (1:19) 

Standard stock solution: Transfer 10*0 ml of lead ni* 
tratę stock solution TS to a 100-mL volumetric fiask* 

Add 40 mL of water and 5 ml of nitrie acid, and dilute 
with water to volume. Transfer 1.0 mL of this solution 
to a second 10Q*ml volumetrrc fiask, add 50 mL of 
water and 1 mL of nitrie add, and dilute with water to 
volume. This solution contains 0.10 pg/mL of lead. 
Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain concentrations of 0*002, ł 
0.005, 0.010, 0.025, and 0.050 pg/mL of lead. 


Sample solution: Prepare as directed for Sample solu¬ 
tion in the test for Limit of Arsenie. 

Anaiysis: Program the graphite furnace as follows. Dry 
at 120 c , using a 1-s ramp, a 55-s hołd, and an argon 
flow of 300 mL/min; char the sample at 850°, using a 
1-s ramp, a 30-s hołd, and an airflow of 300 ml/min; 
cool down, and purge the air from the furnace for 10 s, 
using a 20° set temperaturę and an argon flow of 
300 mL/min; atomize at 2100°, using a 0-s ramp and a 
5-s hołd with the argon flow stopped; and clean out at 
2600 a with a T-s ramp and a 5-s hołd. 

Separately inject equaf volumes (20 pL) of the Standard 
Solutions , the Sample solution , and the Blank, followed 
by an injection of 5 pL of Solution C for each of the 
samples, into the graphite tubę of a suitable graphite 
furnace atomie absorption spectrometer equipped with 
a hollow-cathode lamp for lead* Determine the peak 
area atthe lead emission linę at 283.3 nm, corrected 
for background absorption* Plot the corrected peak ar¬ 
eas of the Standard Solutions versus their contents of 
lead, Sn pg/mL, and calculate the regression linę best 
fitting the points. Determine the concentration, C, in 
pg/mL, of lead in each mL of the Sample solution by 
interpolation from the regression linę. 

Calculate the content of lead in the portion of Omega- 
3 Acid Triglycerides taken: 

Resuft = (C x V)/W 

C - concentration of lead, as obtained above, in 
the Sample solution (pg/mL) 

V - finał volume of fhe Sample solution (mL) 

W - weight of Omega-3 Acta Triglycerides taken to 
prepare the Sampie solution (g) 

Acceptance criteria: NMT 0*1 pg/g 
• Limit of Cadmium 

[Notę—F or the preparation of all aqueou$ Solutions and 
for the rinsing of glass, polytef, and plastic vessels 
before use, use water that nas been passed through a 
strong-acid, strong-base, mixed-bed ion-exchange resin. 
Select ail reagents to have as Iow a content of cadmium 
as practicable, and storę all reagent Solutions in eon- 
tainers of borosilicate glass. Cleanse glass, polytef, and 
plastic vessels before use by soaking rn warm 8 N nitrie 
acid for 30 min and by rinsing with deionized water.] 
Solution A: 10 g of uitrapure monobasic ammonium 
phosphate in 40 mL of water and 1 ml of nitrie acid to 
dissolve the phosphate. Dilute with deionized water to 
100 mL. 

Soiution B: Transfer 1 g of uitrapure magnesium nitrate 
to a Teflon beaker. Add 40 mL of water and 1 mL of 
nitrie add, and warm on a hot piąte to dissolve the 
solids* Allow the solution to cool to room temperaturę, 
transfer it to a 100-mL volumetric fiask, and dilute with 
deionized water to vofume* 

Solution C: Solution A, Solution B f and 2% nitrie add to 
volume (2:1:2). A volume of 5 pL provides 0.2 mg of 
phosphate and 0.01 mg of magnesium nitrate. 

Blank: Nitrie acid and water (1:19) 

Standard stock solution A: 0*1372 mg/ml of cadmium 
nitrate 

Standard stock solution B: Standard stock solution A, 
nitrie add, and water (2:1:97)* This solution contains 
0.10 pg/mL of cadmium* [Notę—B efore make up to fi¬ 
nał vofume, dissolve in a portion of water and nitrie 
acid*] 

Standard Solutions: Dilute Standard stock solution B 
with the Blank to obtain concentrations of 0.002, 

0*005, 0*010, 0,025, and 0.050 pg/mL of cadmium, 
Sample soiution: Prepare as directed for Sample solu¬ 
tion in the test for Limit of Arsenie. 

Anaiysis: Program the graphite furnace as follows. Dry 
at 120°, using a 1-s ramp, a 55-s hołd, and an argon 
flow of 300 mL/min; char the sample at 850°, using a 
1-s ramp, a 30-s hołd, and an airflow of 300 mL/mm; 
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cod down, and purge the air from the furnace for 10 s, 
using a 20° set temperaturę and an argon flow of 
300 mL/min; atomize at 2400°, using a Q-$ ramp and a 
5-s hołd with the argon flow stopped; and clean out at 
2600° with a 1-s ramp and a 5-s nofd. 

Separately inject equal voiumes (20 pi L) of the Standard 
Solutions , the Sampfe solution, and the Blank , foltowed 
by an injectlon of 5 j_iL of Solution C for eath of the 
sam pies, Into the graphite tubę of a suita ble graphite 
furnace atomie absorption spectrometer eguipped with 
a hollow-cathode lamp for eadmium. Determine the 
peak area at the eadmium emission Isne at 228,8 nm, 
corrected for background absorption. Plot the cor- 
rected peak areas of the Standard soiutions versus their 
contents of eadmium, in pg/mL, and calculate the re- 
gression Ifne best fittlng the points, Determine the 
concentration, C, in pg/mL, of eadmium in each mL of 
the Sample solution by interpolation from the regres- 
sfon linę. 

Calculate the content of eadmium in the Omega-3 Acid 
Triglycerides taken: 

Result = (Cx V)/W 

C - concentration of eadmium, as obtained above, 
in the Sample solution (pg/mL) 

V = finał volume of the Sample solution (mL) 

W - weight of Omega-3 Ada Triglycerides taken to 
prepare the Sample solution (g) 

Acceptance criteria: NMT 0,1 pg/g 

* Limit of Mercury; Proceed as dlrected in Mercury (261), 

Method lla , except use a Standard Mercury Solution hav- 
ing the equivalent of 0.1 pg/mL of mercury. 

Sample solution: Prepare as dlrected for the Sample so- 
lution in the test for Limit of Arsenie, combining the two 
dupiicate cooled digests into 1.0 mL of Potassium Per- 
manganate Solution . 

Acceptance criteria: NMT 0.1 pg/g 
® Limit of Dioxins, Furans, ano Polychlorinated Biphen 
YLS (PCBS) 

Analysis: Determine the content of poiychlorinated 
dibenzQ-para-dioxins (PCDDs) and polychlorinated 
dibenzofurans (PCDFs) by Method No. 1613, Revision 
B, of the £nvironmenta! Protection Agency. Determine 
the content of polychlorinated biphenyls (PCBs) by 
Method No. 1668, Revision A, of the Enwonmental 
Protection Agency. 

Acceptance criteria: The sum of PCDDs and PCDFs is 
NMT 2.0 pg/g of World Health Organization (WHO) 
toxic equivalents. The sum of PCDDs, PCDFs, and di- 
oxin-like PCBs (polychlorinated biphenyis, nonortho 
IUPAC congeners PCB-77, PCB-81, PCB-126, and PCB- 
169, and mono-ortho iUPAC congeners PCB-105, PCB- 
114, PCB-118, PCB-123, PCB-15Ó, PCB-157, PCB-167, 
and PCB-189) is NMT 10.0 pg/g of WHO toxic 
equivalents. 

SPECIFIC TEST5 

■ Fats and Fixed Oils, Acid Value (401): NMT 3 
o Fats and Fixed Oils, Anisidine Value (401): NMT 30.0 

* Fats and Fixeo Oils, Peroxide VaJue (401): NMT 10.0 

* FATS and Fixed Oils, Unsaponifiahle Matter (401): NMT 

2 . 0 % 

» Absorbance 

Sample solution: 0.24 mg/mL in isooctane 
Acceptance criteria: The absorbance is NMT 0,73, de- 
termined at 233 nm, 

ADDflTIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight, iight-reslstant 
containers, and storę at controlled roorn temperaturę. It 
may be bottled or otherwise packaged in containers from 
whtch alr has been expelled by production of a vacuum 
or by an inert gas. 


* Labelsmg: The iabel States the average content of DHA 
and EPA as free acids, in mg/g, and the to tal content of 
omega-3 acids as free acids, in mg/g. it also States the 
name and concentration of any added antioxidant. 
e USP REFERENCE standards (11) 

USP Docosahexaenoic Acid Ethyl Ester RS 
Ali ds-4,7,10,13,1 ó,19-docQsanexaenoic ethy! ester. 
C 24 Hj fi 0 2 356.55 

USP Elcosapentaenoic Acid Ethyl Ester RS 
AU ns-5,8,11,14,1 7-eicosapentaenoic ethyl ester. 
C 22 H 34 O 2 330.51 

USP M ethyl Tricosanoate RS 
Tricosanoic acid methyl ester. 

C 2 4H 4a 02 368.64 


PasithemoP —see Pantheno! General 
Monographs 


Phenylalanine —see Phenylalanine General 
Monographs 


PhyMa^tbm amarus 

DEFINITION 

Phyllanthus amarus consists of the dried aerlal parts of Phyl¬ 
lanthus a morus Schumach. (Fam, Euphorbiaceae). It con- 
tains NLT 0.25% of lignans, caiculated as the sum of phyl- 
lanthin and hypophyllanthin on the dried basfs. 

IDENTIFICATION 

e A. Phyllanthus amarus meets the requirements in Specific 
Tests for Botanical Characteristics. 

* B. Thin-Layer Chromatographic Identification Test 

( 201 ) 

Standard solution A: 0.1 mg/mi of USP Phyllanthin RS 
in methanoi 

Standard solution B: 10 mg/mL of USP Powdered Phyl¬ 
lanthus amarus Extract RS In methanoL Sonfcate for 
about 10 min, centrifuge, and use the supernatanL 
Sample solution: Sonicate about 0.5 g of Phyllanthus 
amarus , finely powdered, in 5 mL of methanoi for 10 
min, centrifuge, and use the supernatanL 
Adsorbent: Chromatographic sllica gei with an average 
particie slze of 10-15 Jim (TLC piates) or 5 |im (HPTLC 
piates) 

Application volume: 10 pL (TLC piates) or 4 uL (HPTLC 
piates) 

Developmg solvent system: Hexane and ethyl acetate 

( 2 : 1 ) 

Derivatization reagent: A solution of 10% sulfurre acid 
in methanoi. [NOTĘ—Prepare fresh.] 

Analysis 

Sam pies: Standard solution Ą Standard solution fi, and 
Sample solution 

Apply the Samples as bands, Use a saturated cham ber. 
Deve3op until the solvent front has moved up about 
three-fourths of the piąte. Remove the piąte from the 
chamber, dry in air, treat with the Derivatizotion rea¬ 
gent , heat for 3 min at 120°, and examine under 
white fight 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits a blue band in the Tower third of the 
piąte due to phyllanthin, corresponding in color and Rf 
to that in the chromatogram of Standard solution A; a 
violet band due to hypophyllanthin at an R F hlgher than 
that of phyllanthin; a blue band at an Rf hlgher than 
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that of hypophyllanthin; and a violet band In the upper 
third of the piąte. Bands detected in the chromatogram 
of the Sampie sofution correspond in posttion and color 
to bands in the chromatogram of Standard solution B . 
Other minor bands may be obseryed En the chromato- 
grams of the Sampie solution and Standard solution B L 
o C. HPLC; The chromatogram of the Sampie solution ob- 
talned in the test for Content of Lignans snows a peak at 
a retention time corresponding to that of phyllanthin in 
the chromatogram of Standard solution A. Identify other 
lignan peaks in the chromatogram of the Sampie solution 
by comparison with the chromatogram of Standard solu¬ 
tion B and the reference chromatogram provided with 
the lot of USP Powdered Phylianthus amarus Extract RS 
being used. The chromatogram of the Sampie solution 
shows an additional peak corresponding to 
hypophyllanthin. 



COMPOSIKON 
* Content of Lignans 

Solution A: Dissolve 044 g of potassium drhydrogen 
phosphate in 900 mL of water, add 0.5 ml of phos- 
phoric add, dilute with water to 1000 mL, mix, fifter, 
and degas. 

Mobile phase: Acetonitrile and Solution A (4:6) 
Standard solution A: 04 mg/mL of USP Phyllanthin RS 
in methanol 

Standard solution B: Sonicate a portion of USP Pow¬ 
dered Phylianthus amarus Extract RS in methanol to ob- 
tain a sofution having a concentration of about 5.0 mg/ 
mL. Before injection, pass through a membranę filter of 
0.45-jtm or finer porę si ze, discarding the first few mL 
of the filtrate. 

Sampie solution: Transfer about 3.0 g of Phylianthus 
amarus , ftnely powdered and accurately weighed, to a 
250-mL fiask fitted with a refiux condenser. Add 50 mL 
of methanol, reftux for about 20 min, aliow to settle, 
and decant the supernatant Repeat untti the extract is 
colorless. Combine the extracts, concentrate under vac- 
uum, transfer quantitativeiy into a 100-mL volumetrlc 
fiask, and adjust to volume with methanol. Before injec¬ 
tion, pass through a membranę filter of 0.45-prri or 
finer porę size, discarding the first few mL of the 
filtrate. 

Chromatographk system 

(See Chromo tograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 230 nm 
CoJumn: 4.6-mm x 25-cm; 5-pm packing LI 
Flow ratę: 1.5 mL/min 
Injection vo(ume: 10 pL 
System suitability 

Samples: Standard solution 4 and Standard solution B 

Suitability reąuirements 

Chromatogram similarity: The chromatogram of 
Standard solution B ss similar to the reference chro¬ 
matogram provided with the fot of USP Powdered 
Phylianthus amarus Extract RS being used. 

Resolution: NIT 1.5 between the phyllanthin and hy¬ 
pophyllanthin peaks. Standard solution B 
Tailing factor: NMT 1.5 for the phyllanthin peak. 
Standard solution A 

Relative standard deviation: NMT 2.0% determined 
from the phyllanthin peak in rep lica te injections. 
Standard solution 4 
Analysis 

Samples: Standard solution A , Standard solution B , and 
Sampie solution. [Notę — Standard solution A, Standard 
solution B , and the Sampie solution are stable for 48 h 
at room temperaturę.] 

Using the chromatograms of Standard solution A, Stan¬ 
dard solution B t and the reference chromatogram pro- 
vided with the lot of USP Powdered Phylianthus 
amarus Extract RS being used, identify the retention 


drnes of the peaks corresponding to phyllanthin and 
hypophyllanthin. 

Separatefy calculate the percentages of phyUanthin and 
hypophyllanthin in the portion of Phylianthus amarus 
taken: 

Result = (rjr s ) xQx (VfW) x F x 100 

r u ~ peak area of the relevant analyte from the 
Sampie solution 

r s - peak area of phyllanthin from Standard 
solution A 

C$ - concentration of USP Phyllanthin RS in 
Standard sofution A (mg/mL) 

V - vo!ume of the Sampie solution (mL) 

W - weight of Phylianthus amarus taken to prepare 

the Sampie solution (mq) 

F = conversion factor: 1,00 for phylfanthin; 0.75 
for hypophyllanthin 

Acceptance criteria: Add the percentages of phyl¬ 
lanthin and hypophyllanthin: NLT 0.25% is found on 
the dried basis, 

CONTAMINANTS 

• Artkles of Botanical Origin, Limits of Elementu! Impuri- 

ties (561); Meets the regułrements 
o Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the reguirements 

* MKROBIAL Enłjmeration Tests (2021): The to tal aerobśc 

bacterlal count does not exceed 10 5 cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferant Gram-negatlve bacterial count 
does not exceed 10 B cfu/g. 

® ABSENCE DF SPECIFIED MiCROORGANISMS (2022): Meets the 
reguirements of the tests for absence of Salmonello spe- 
cies and Escherkhia coli 

5PECIFIC TESTS 
« Botanical Characteristics 

Macroscopic: Erect annual herb, 10- to 60-cm high; 
slender stem, feaves on main stem are reduced to 
scales; secondary branchiets, short, extend at right an- 
gles, each carrying 15-30 leaves; Ieaves have a green 
upper surface with raised midrib and a pale green lower 
surface with prominent midrib and secondary velns, 
simple, alternate, 3-11 mm long, 1,5-6 mm wide, short 
petiofate, elfiptical-oblong to obovate, apex obtuse and 
often with smali pointed tip, margtn en tire, base often 
slightly asymmetric; flowers minutę, yellowish, greenish, 
or whitish, unisexual, axillary on secondary branchiets, 
1-2 and sometimes 3 per axil, first 1-2 internodes of 
each branchlet bear 1-2 małe flowers, the rest have 
małe and femafe flowers; fruits are flattened spherical 
capsules, straw color, 3-loculed, about 2 mm in dramę- 
ter; seeds usualty 2 per locufe, light brown, about 
0.9 mm fong, triangular with 6-7 longitudma! ribs and 
many transverse striations on the back, Pharmacopeial 
articfe is green to yeilowish-green masses composed 
mostly of leaves, branchiets, and stem fragments; taste 
bitter. 

Microscopic 

Transverse section of stems: Epidermal layer; about 
15 layers of cortex cells, thlck walled, contain chloro- 
plasts, some contain caicium oxalate crystals, inner 
7-10 layers are madę of thick-walled cells interrupted 
at regufar inten/al by parenchyma cells; a layer of pa- 
renchyma cells containing starch grains; phfoem 7-10 
layers of thin-walled cells; groups of xylem vessels; 
pith, multilayer of thin-walled cells, few contain cab 
cium oxalate crystals. 

Transverse section of branchiets: The transverse sec¬ 
tion is round; 6-8 layers of cortex, thlck-walled cells, 
most contain chloroplasts and a few caicium oxalate 
crystals, after 3-4 layers there is a layer of cells con¬ 
taining starch grains, followed by 2-3 layers of fi ber 
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celfs interrupted by cortex parenchyma; phloem 5-7 
layers of thin-walied ceils; groups of xylem vessels; 
pith, multilayer of thin-walTed cells, containmg 
chloroplasts. 

Transverse section of leaves; Upper and lower epider- 
mis; a single layer of palisadę cells, which occupy 
nearly half of the space between each epidermis; 3-5 
layers of parenchyma celfs, a few contaSn crystals of 
caldum oxalale; vascular bundles are also present. 

* Loss ON DRYJNG {731) 

Sam ple: 1.0 g of finely powdered Phylianthus amarus 
Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 1 2.0% 

O ARTICLES OF BOTANICAL 0REGIN, Total A$h (561) 

Sample: 1.0 g of finely powdered Phylianthus amarus 
Acceptance criteria: NMT 8.0% 

* ARTICLES OF BOTANICAL Origin, Acid-lnsaluble Ash (561) 

Sample: 1.0 g of finely powdered Phylianthus amarus 
Acceptance criteria: NMT 5.0% 

* ARTICLES OF BOTANICAL Origin, Foreign Organie Matter 

(561): NMT 2.0% 

ADDITIONAL REQUIREMENTS 

a Faciłaging and Storage: Preserve In well-dosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

o ILabeling: The label states the Latin binomia! and, follow- 
ing the offrcial namą the parts of the plant contained in 
the article. 

0 USP Reference Standards (11) 

USP Phyllanthin R5 

USP Powdered Phylianthus amarus Extract RS 


Powdered 

DEFINITION 

Powdered Phylianthus amarus \s Phylianthus amarus reduced 
to a powder or very fine powder. It contains NLT 0.25% 
of lignans, calculated as tne sum of phyllanthin and hy- 
po phyllanthin, on the dried basis. 

IDENTIFICATION 

® A. Powdered Phylianthus amarus meets the requirements 
in Spedfic Tests for Botanicai Characteristics . 

B, Thin-Layer Chrom atographk Identification Test 

( 201 ) 

Standard solution A: 0.1 mg/mL of USP Phyllanthin RS 
in methanol 

Standard solution B: 10 mg/mL of USP Powdered Phyl¬ 
ianthus amarus Extract RS in methanol, Sonicate for 
about 10 min, centrifuge, and use the supernatant. 
Sample so!ution: Sonicate about 0.5 g of Powdered 
Phylianthus amarus in 5 ml of methanol for 10 min, 
centrifuge, and use the supernatant. 

Adsorbent: Chromatographic silica gel with an average 
particie size of 10-15 pm (TLC plates) or 5 |tm (HPTLC 
plates) 

Application volume: 10 pL (TLC plates) or 4 jiL (HPTLC 
plates) 

Deveioping solvent system: Hexane and ethyl acetate 

( 2 : 1 ) 

Denvatization reagent: A solution of 1 0% sulfuric acid 
rn methanol. [Notę—P repare fresh.] 

Analysis 

Sampies; Standard solution A t Standard solution B f and 
Sample solution 

Apply the Somples as bands, Use a saturated cham ber, 
Develop unti! the solvent front has moved up about 
three-fourths of the piąte. Remove the piąte from the 
chamber, dry in air, treat with the Denvatization rea - 
gent f heat for 3 min at 120°, and examine under 
wbite light. 


Acceptance criteria: The chromatogram of the Sample 
solution exhibits a blue band In the lower third of the 
piąte due to phyllanthin, corresponding in color and Rf 
to that in the chromatogram of Standard solution A; a 
violet band due to hypophyllanthin at an R r higher than 
that of phyllanthin; a blue band at an Rf higher than 
that of nypophyflanthin; and a violet band in the upper 
third of the piąte. Bands detected in the chromatogram 
of the Sample solution correspond in position and color 
to bands in the chromatogram of Standard solution B , 
Other minor bands may be observed in the chromato¬ 
gram s of the Sample solution and Standard solution B L 

• C. HPLC; The chromatogram of the Sample solution ob- 

tained in the test for Content of Ugnans snows a peak at 
a retention time corresponding to that of phyllanthin in 
the chromatogram of Standom solution A , [dentify other 
lignan peaks in the chromatogram of the Sample solution 
by comparison with the chromatogram of Standard solu- 
don B and the reference chromatogram provided with 
the lot of USP Powdered Phylianthus amarus £xtract RS 
being used. The chromatogram of the Sample solution 
shows an additional peak corresponding to 
hypophyflanthin. 

COfttiPOSBTION 

* CONTENT OF LlGNANS 

Solution A: Dissolve 0.14 g of potassium dihydrogen 
phosphate in 900 mL of water, add 0.5 mL of phos- 
phoric add, dilute with water to 1000 mL, mix, filter, 
and degas. 

Mobile phase: Acetonitrile and Solution A (4:6) 
Standard solution A: 04 mg/mL of USP Phyllanthin RS 
in methanol 

Standard solution B: Sonicate a portion of USP Pow¬ 
dered Phylianthus amarus Extract RS in methanol to ob- 
tain a solution having a concentration of about 5,0 mg/ 
mL. Before injection, pass through a membranę filter of 
Q.45-[im or finer porę size, discarding the First few mL 
of Lhe fil tratę. 

Sample solution: Transfer about 3.0 g of Powdered 
Phylianthus amarus , accurateJy weighed, to a 250-ml 
fiask fitted with a refiux conoenser. Add 50 mL of meth¬ 
anol, ref!ux for about 20 min, ailow to settfe, and de- 
cant the supernatant Repeat untfl the extract is colon 
less. Combine the extracts, concentrate under vacuum, 
transfer quantitativeiy into a 100-ml volumetric fiask, 
and adjust to volume with methanol. Before injection, 
pass through a membrano filter of 0.45-um or finer 
porę size, discarding the first few mL of the filtrate. 
Chromatographic system 
(See Chromatograpny (621 ), System Suitability.) 

Modę: LC 

Detector: UV 230 nm 
Coiumn: 4.6-mm x 25-cm; 5-pm packing LI 
Flow ratę: 1.5 mL/min 
Injection volume: 10 pL 
System suitability 

Sampies: Standard solution A and Standard solution B 

Suitability requirements 

Chromatogram similarity: The chromatogram of 
Standard solution B is simiiar to the reference chro¬ 
matografii provided with the lot of USP Powdered 
Phylianthus amarus Extract RS being used, 

Resoiution: NLT 1.5 between the phyflanthin and hy- 
pophyllanthin peaks, Standard solution B 
Tailing factor: NMT 1.5 for the phyllanthin peak, 
Standard solution A 

Relative standard deviatlon: NMT 2,0% determined 
from the phyilanthin peak in replicate injections, 
Standard solution A 

Analysis 

Sampies: Standard solution A t Standard solution 6, and 
Sample solution. [NOTĘ — Standard solution A, Standard 
solution 8 f and the Sample solution are slabie for 48 h 
at room temperaturę,] 
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Using the chromatograms of Standard solution A, Stan¬ 
dard solution B , and the reference ehromatogram pro- 
vided with the lot of USP Powdered Phyllanthus 
amarus Extract RS being used, rdentify the retention 
times of the peaks corresponding to phyllanthin and 
hypophyflanthln. 

Separately calculate the percentages of phyllanthin and 
hypophyllanthin in the portion of Powdered Phyl¬ 
lanthus amarus taken: 

Result = (fu/a) x Cs x {VI W) x F x 100 

ru = peak area of the relevant analyte from the 
Sample solution 

rs - peak area of phyllanthin from Standard 
solutiori A 

Cs = concentration of USP Phyllanthin RS in 
Standard solution 4 (mg/ml) 

V ~ volume of the Sample solution (ml) 

W “ welght of Powdered Phyllanthus amarus taken 
to prepare the Sample solution (mg) 

F = conver$ion factor: 1.00 for phyllanthin; 0.75 
for hypophyllanthin 

Acceptance cnteria: Add the percentages of phyl¬ 
lanthin and hypophyllanthin; NU 0.25% is found on 
the dried basis. 

CONTAMfNANTS 

« Articles of Botanical Origin, Limits of Elemental Impuri- 
ties (561): Meets the reguirements 
a Articles OF Botanical Origin, Pesticide Residue Anaiysis 
(561): Meets the requirements 
o Microbial Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 10 5 cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferant Gram-negative bacterial count 
does not exceed IG 3 cfu/g. 

• Absence of Specified Mjcroorganisms (2022): Meets the 

requirements of the tests for absence of Salmonella spe~ 
des and Escherichia coli 

SPEGFIC TESTS 
o Botanical Characteristics 

Macroscopic: Creenlsh to greenish-brown in cofor; 
taste bitter 

Microscopic: Fragments of epidermal cells of the leaves 
with wavy walls, showtng anisocytic and paracytic sto- 
mata; parenchyma cells, some snowing clusters of cal- 
dum oxa!ate crystals; narrow fi bers from the stem; pit- 
ted vessels of the stem; fragments of the epttarp of the 
fruits showing anomocytic sto ma ta 

• LOSS ON DRYING (731) 

Sample: 1.0 g of Powdered Phyllanthus amarus 
Anaiysis; Dry the Sample at 105° for 2 h, 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, 7bto/ Ash (561) 

Sample: 1.0 g of Powdered Phyllanthus amarus 
Acceptance criteria: NMT 8.0% 

« Articles of Botanical Origin, Acid-lnsoluble Ash (561) 
Sample: 1.0 g of Powdered Phyllanthus amarus 
Acceptance criteria: NMT 5.0% 

ADDITIONAL REQUIREMENT5 

p Packaging and Storage: Preserve in well-dosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

* LaBELING: The tabel States the Latin binomial and, fotlow- 
ing the offidal na me, the parts of the plant contained in 
the article. 

o USP Reference Standards (11) 

USP Phyllanthin RS 

USP Powdered Phyllanthus amarus Extract RS 


Phytonadione —see Phytonadione General 
Monographs 


Phytonadione Tablets— see Phytonadione 
Tablets General Monographs 


Potas sium Citrate— see Potassium Citrate 
General Monographs 


Potassium Citrate Tablets 


DEFINITION 

Potassium Citrate Tablets contafn NLT 90.0% and NMT 
110.0% of the labeled amount of potassium (K). 

IDENTIFICATION 

■ A. The Sample solution for Strength produces linę emis- 
sions or absorptions at the characteristic wavdengths for 
potassium. 

« R* * Identification Tests—General, Citrate (191) 

Anaiysis: Grind a Tablet to a fine powder in a mortar. 
Transfer the powder to a centrifuge tubę, add 2-5 mL 
of water, sonicate for 1 min, shake, and centrifuge. 
Acceptance criteria: The supernatant meets the re¬ 
guirements for the test. 

STRENGTH 

* Content of Potassium, Procedurę i 

[Notę—A standard stock solution is commerdally availa- 
ble at different potassium concentrations, which may be 
used for preparat ion of the Standard stock solution. Nec- 
essary yolumetnc adjustment can be madę in the Stan¬ 
dard solution. Concentrations of the Standard solution 
and the Sample solution may be modified to fit the lin- 
ear or working rangę of the instrument.] 

Standard stock solution: Solution of potassium chlo- 
rlde, previousfy dried at 105° for 2 h, in water contatn- 
ing 1000 mg/L of potassium. 

Standard solution: To a 50-mL volumetric fiask add 
20 mL of water and 1 ml of nitric add, and mix thor- 
oughly. Pipet 10.0 mL of the Standard stock solution 
into a volumetric fiask, and dilute with water to vo!ume 
to obtain a solution haying a known concentration of 
about 200 ptj/mL of potassium. 

Sample solution: Weigh and finely powder NLT 20 
Tablets. Transfer an accurately weighed portion of the 
powdered Tablets, equivalent to about 0.1 g of potas¬ 
sium, to a 50-mL flaslc Add 10 mL of nitric add, and 
heat the solution to a gentle boi!, during which fuming 
evolves. Boi! the solution for an additional 30 min with 
constant swirling, during which trme no fuming should 
be observed. Coof the solution to room temperaturę. 
Quantitatively transfer all of the solution to a 500-mL 
Yolumetrk fiask, dilute with water to voiume, mix, and 
filter. 

!nductively coupled plasma system 

(See Plosm o Spec trach em is try (730).) 

Modę: Atomie emtssion spectroscopy 
Analyticaf wavelength: 766.49 nm. [NOTĘ—The oper- 
ating conditions may be deyeloped and optimized 
based on the manufacturehs recommendation. A typi- 
cal setting includes radio frequency (RF) power of 
about 1300 watts, argon torch flow of about 15 L/ 
min, argon auxiliary flow of about 0.2 L/min, and a 
nebulizer flow ratę of about 0.8 L/min.] 
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Blank: 2% nitric acid solution 
Analysis 

Sam pies: Standard solution, Sample solution, and Blank 
Calculate the percentage of the labeled amount of po¬ 
tassium (K) in the portion of Tablets taken: 

Result - (ry/fj) x (Ci/Cy) x 100 

fu = response from the Sample solution 

r$ - response from the Standard solution 

C 5 - concentration of potassium in the Standard 
solution (pg/mL) 

Cu ~ nominał concentration of potassium in the 
Sample solution (jig/mL) 

Acceptance criteria: 90.0%-l 10,0% of the labeled 
amount of potassium 
* CONTENT OF POTASSIUM, PROCEDURĘ 2 

Standard stock solution A: 100 fig/ml of potassium 
chloride, previously dried at 105° for 2 h, in water 
Standard stock solution B: 10 jig/mL of potassium 
from Standard stock solution A in 0.125 N hydrochloric 
acid 

Standard Solutions: Transfer 5.0, 10,0, 15,0, 20,0, anc 
25,0 mL of Standard stock solution B to separate 100-mL 
volumetric fiasks. Dilute the contents of each fiask with 
0.125 N hydrochloric acid to volume to obtain Solu¬ 
tions containing 0.5, 1.0, 1.5, 2.0, and 2.5jig/mL of 
potassium. 

Sample solution: Fineły powder NLT 20 Tablets. Trans¬ 
fer an equivalent to 5 Tablets to a porcelain cmcible. 
Heat the crucible m a muffle furnace maintained at 
550° for 6-12 h, and cool. Add 60 mL of hydrochloric 
acid, and boil gently on a hot piąte or steam bath for 
30 min, intermittently rmsing tne inner surface of the 
crudble with 6 N hydrochloric acid. Cool, and guantita- 
tively transfer the contents of the crudble to a 100-mL 
volumetric fiask. Rinse the crucible with smali portions 
of 6 N hydrochloric acid, and add the rinsings to the 
fiask. Dilute with water to volume, and filter, discarding 
the first 5 mL of the filtra te. Dilute this solution quan- 
titatively with 0.125 N hydrochloric acid to obtain a 
nominał concentration of 2 pg/ml of potassium. 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelengtn: 766.5 nm 
Lamp: Potassium hollow-catode 
Flame: Air-acetylene 
Blank: 0,125 N hydrochloric acid 
Analysis 

Sampies; Standard Solutions and Sample solution 
Determine the absorbances of the Solutions, using the 
Blank. Plot the absorbances of the Standard Solutions 
versus concentration, in pg/mL, and draw the strarght 
linę best fitting the five pfotted points, From the graph 
so obtained, determine the concentration, C, in ^ig/mL 
of potassium in the Sample solution . 

Calculate the percentage of the labeled amount of po¬ 
tassium (K) In the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = determined concentration of potassium in the 
Sompie solution interpolated from the graph 
(pg/mL) 

C u = nominał concentration of potassium in the 
Sample solution (pg/mL) 

Acceptance criteria: 9Q,0%-110.0% of the label claim 

5PECIFJC TESTS 

• Microbial Enumeration Tests <2021): The total aerobic 
microbial count does not exceed 1Q 3 cfu/g, and the total 
combined yeast and mold count does not exceed 10* 
cfu/g. 


• ABSENCE OF Specified MlCROORGANiSMS <2022): Meet the 

requirement of the test for absence of Eschenchia coli 

PERFORMANCE TESTS 

• Disintegration and Dissolution (2040) 

Medium: Water; 900 mL 
Apparatus 2: 75 rpm 
Time: 30 min 

Analysis: Proceed as directed in Content of Potassium , 
Procedurę 1 or Procedurę 2 t for Strength i, ma king any 
necessary volumetric adjustments. 

Sample solution: If Content of Potassium , Procedurę J 
is used, pipet 10.0 mL of the fiftered pooled solution 
under test to a 50-mL volumetric fiask, and dilute with 
2% nitric acid solution to 50 mL. If Content of Potas - 
sium. Procedurę 2 is used, dilute the fiftered pooled so¬ 
lution under test with 0.125 N hydrochloric acid to a 
concentration falling within the rangę of the Standard 
Solutions . 

Calculate the percentage of the labeled amount of po¬ 
tassium (K) aissolved: 

Result = (C x D x V/L) x 100 

C - measured concentration of potassium in the 
Sample solution (mg/mL) 

D - dilution factor for the Sample solution 
V = volume of Medium i, 900 ml 
i - label daim (mg/Tablet) 

Tolerances: NLT 75% of the labeled amount of K is 
dissolved. 

■ Weicht Variat!ON of Dietary Supplements (2091): Meet 
the reguirements 

ADDITIONAL REQUIREMENTS 

■ Packaging and StORACE: Preserve in well-closed 
containers. 

• Iabeling: The label States the guantity of potassium in 
terms of mg/Tablet. 


Potassium Gluconate —see Potassium 
Cluconate General Monographs 


Potassium Gluconate Orał Solution — see 

Potassium Gluconate Orał Solution General 
Monographs 


Potassium Gluconate Tablets—see 

Potassium Gluconate Tablets General 
Monographs 


Pro linę — see Proline General Monographs 


Pygeum 

DEF1NITION 

Pygeum consists of the bark of Prunus afńcana (Hook f,) 
Kai km a n (Pygeum africanum Hook f.) (Fam. Rosaceae). It 
contains NLT 9.0% of extractable matter. 
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I DENTIFffC ATION 
® A. Thin-Layer Chromatograpny 

Standard solution A: 10 mg/mL of USP Pygeum Ex- 
traet RS in chloroform 

Standard solution B: 1 mg/mL of USP /l-Sitosterol RS tn 
chloroform 

Sampfe solution: Transfer 10 g of the powdered plant 
materiał to a Soxhlet apparatus. Extract with 150 mL of 
methyiene chioride for 4 h. Evaporate the extract under 
vacuum to dryness. Disso!ve the residue with 10 ml of 
methyiene chioride, 

Chromatographk system 

(See Chromatograpny (621), Thin-Layer Chromało- 
graphy.) 

Adsorbent: 0.25-mm layer of chromatographic silica 
ge! (TLC plates) 

Application volume: lOpL 
Developing solvent system: Methyiene chioride 
Derh/atization reagent: Sulfurlc acid and water (1:1) 
Analysis 

Sam pies: Standard solution Ą Standard solution B, and 
Sample solution 

Develop in a saturated cham ber for NLT 15 cm, and dry 
the piąte in a stream of air Treat with Derivatization 
reagent , heat the piąte at 100° for 10 min, and ex* 
aminę under white light. 

Acceptance criteria: The chromatogram of the Sample 
solution shows one red-vlolet zonę turning to grayish- 
brown near the origin that corresponds in color and Rf 
value to that in the chromatogram of Standard solution 
A ; one red-violet zonę turning to grayish-brown at an Rf 
about 0,08, corresponding in color and alue to that 
in the chromatogram of Standard solution B; further up- 
ward, a grayish-brown zonę may be present, corre- 
sponding in color and Rf value to that in the chromato¬ 
gram of Standard solution A. Gther cofored zones of 
varying Intenstties may be observed in the chromato¬ 
gram of the Sample solution. 

COMPOSITJON 
® EXTRACTABLC MATTER 

Analysis: Extract 2.00 g of the powdered materia! in a 
Soxhlet apparatus with 1 50 ml of alcohol for 6 h. Evap- 
orate the solution to dryness under vacuum, and dry 
the residue at 1 05° for 24 hu 
Acceptance criteria: NLT 9.0% of extractable matter 

CONTAW1INANT5 

« Articles of Botanical Origin, timits of Elementui Impurh 
ties (561); Meets the requirements 

* Articles of Botanical Origin, Pesddde Residue Analysis 
(561): Meets the requirements 

SPECIF8C TESTS 

* Botanical Characteristics 

Macroscopic: Bark pieces consist of long fragments of 
variable dimensions, from only a few cm to 1 m long 
with a thickness varying from a few mm to 1-2 cm, The 
color is brown, morę or less dark on the externa! sur* 
face; light brown to red-brown on the internal surface. 
The external face of the bark presents a very dark and 
fissured rhytldome that in the sam pies of old trees is 
fragmented In morę or less sguare pfaques of about 
1*5 cm, The thickness vanes from 1 mm in young 
piants or branches to 5-8 mm in old piants. The outer 
surface may also be covered with whitlsh lichens or thm 
filamentous moss. The internal face of the bark, under 
the rhytidome, is dearer and has a reddish coloration, 
with a long fibrous break, from reddish to fight brown 
or dark brown in color, often presenting concentric 
stratif kation cracks. The internal surface presents smali 
wrinkles, 

Microscopic: The transverse sectfon of the bark 
presents a subenzed bed of vanable thickness depend- 
ing on the age of the plant, consisting of muftiple Jay* 


ers of smalf, square celfs with the walls of moderate 
thickness. It presents a cortica! parenchyma of morę or 
less round cells, with a few apparent formations of very 
thin-wafled sclereids, definttely sharp. Often, in the pa¬ 
renchyma, there are groups of cells containing oxalate 
druses; a few bigger cells with highiy thickened walls 
can also be observed. It shows a Tiber with phloem 
zones and medullary rays, The phloemical portlons eon- 
tain groups of fibrous cells with highiy thickened walls, 
as well as phloemical and parenchyma! eiements, some- 
times containing druses of oxalate. The medullary rays 
are of conicat shape, larger on the external surface and 
thinner on the internal side; they can also contain 
druses of oxaiate. 

o Articles of Botanical Origin, Foreign Organie Matter 

(561): NMT5.0% 

* Loss ON Drying (731): Dry at 60° for 15 h; it loses NMT 

1 0.0% of its weight. 

* Articles of Botanical Origin, Total Ash (561): NMT 

i 0.0% 

ADD0TIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in weil-closed contain- 

ers, and storę at room temperaturę. 

* Labeling: The label States the Latin binomial and, follow- 

ing the offictal name, the parts of the plant contained in 

the article. 

* OSP reference Standards (11) 

USP Pygeum Extract RS 

USP /TSitosterol RS 


iPygieŁam Extract 

DEFINITION 

Pygeum Extract is prepared from pulvenzed Pygeum, using 
suitable solvents. It contains NLT 90% and NMT 110% of 
the labeled amount of docosyl ferulate and NLl 90% and 
NMT 110% of the labeled amount of total sterols as p- 
sitosterol, calculated on the dried basis. 

IDENTIFICATION 

0 A. Thin-Layer Chromatographic Identification Test 

Standard 1 solution A: 15 mg/mL of USP Pygeum Ex* 
tract RS in chloroform 

Standard solution B: 2 mg/mL of USP /TSitosterol RS En 
chloroform 

Sample solution: Dissolve 150 mg of Extract in 10 ml 
of chloroform. 

Chromatographic system 

(See Chromatograpny (621), Thin-iayer Chromato- 
graphy.) 

Adsorbent: 0.25-mm layer of chromatographic silka 
gel 

Application volume: lO pl 

Developing solvent system: Methyiene chioride in a 
saturated cham ber 

Spray reagent: Sulfurlc acid and water (1:1) 

Analysis 

Samples: Standard solution A f Standard solution B t and 
Sample solution 

Develop the chromatograms to a length of NLT 
15 cm, and dry the piąte in a eurrent of air. Spray the 
piąte with Spray reagent, and heat the piąte at 100° 
for 10 min. Examine the piąte under white fight 
Acceptance criteria: The chromatogram from the Scntf- 
ple solution shows one red-violet zone turning to gray- 
ish-brown near the origin that corresponds in color and 
R f value to that of Standard solution Ą and one red- 
violet zone turning to grayish-brown at an Rf of 0.08 
corresponding in color and Rf value to that in the chro¬ 
matogram of Standard solution B; above these spots a 
grayisTi-brown zone may be present, corresponding in 
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color and Rf value to that of Standard solution A; and 
other colored zon es of varying intensities may be ol> 
served En the Sampie solution, 

e B. HPLC Identification Test 

Analysrs: Proceed as dlrected in the test for Content of 
Docosyl Fe ruletę. 

Acceptance criteria: The chromatogram of the Sampie 
solution presents a peak for docosyl ferulate that corre- 
sponds in retention time to the princEpal peak In the 
chrom a to gram of the Standard solution . 

COMPOSITBON 
o content of Sterols 

Derivatizing solution: Bis(trimethylsilyl)acetamide and 
trimethylchlorosilane (9:1) 

Interna) standard solution: 2 mg/ml of Socho festane 
in chloroform 

System suitability stock solution: 2 mg/ml each of 
campesteroi, stigmasterol, and USP /J-Sltostero! RS 
System suitability solution: Mix 2.0 mL of the System 
suitability stock solution and 2.D ml of the InternaI stan¬ 
dard solution, and di lute with chloroform to 10 mL. 
Evaporate 500 pL of this solution to dryness using a 
stream of nitrogen. DEsso]ve the residue in 80 pL of De- 
rivatizing solution and 20 pi of pyridine. Allow to stand 
for NLl 10 min at room temperaturę. 

Standard stock solution: 2,0 mg/ml of USP 0-Sitos¬ 
tera I RS in chloroform 

Standard solution: Mix 2.0 mL of the Standard stock 
solution and 2.0 ml of the In terna I standard solution t 
and dilute with chloroform to 10 mL. Evaporate 500 pL 
of this solution to dryness using a stream of nitrogen. 
Dissolve the residue In 80 pL ot Dedvatizing solution and 
20 pL of pyridine, Allow to stand for NLT 10 min at 
room temperaturę. 

Sampie solution: Transfer 100 mg of Extract into a 
100-mL round-bottom fiask. Add 2,0 mL of internal 
standard solution and 20 mL of diluted hydrochloric 
add. Attach a condenser, and reflux in a bath at 100° 
for 30 min. Cool the solution to room temperaturę, and 
adjust by the addition of about 5 ml of 10 N sodium 
hydroxlde to a pH of 8. Extract twice using 50 mL of 
ether each time, wash the collected organie phases with 
50 mL of water, and evaporate the organie phase to 
dryness under vacuurn. Dissofve the residue with 4 mL 
of chloroform, and transfer to a cartridge containing 
500 mg of packmg L8 1 that has been condldoned with 
a 2-column voiume of n-hexane . Collect the etuate. 
Elute twice with a 1-eolurrm vofume of a mixture of 
chloroform and isopropanol (2:1). Combine the eluates, 
and evaporate to dryness. Dissolve the residue in 10mL 
of chloroform. Evaporate 500 pL of this solution to dry¬ 
ness under a stream of nitrogen. Dissolve the residue 
with 80 pL of Derivatizing solution and 20 pL of pyrn 
dlne. Allow to stand for NLT 10 min at room 
temperaturę. 

Chromatographic system 

(See Chromatograpny (621), System Suitability ,) 

Modę: CC 

Detector: Flame ionization 

Column: 0.32-mm x 30-m capiflary; C27 phase coat- 
ing of 0.25-pm threkness 
Temperaturę 
Injector: 285° 

Detector: 285° 

Column: See Tobie h 


Table 1 


Initlal 

Temperaturę 

n 

Temperaturę 

Ramp 

r/minl 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

250 

0 

250 

5 

250 

5 

320 

0 


Carrier gas: Helium. [Notę—T he oarrier gas flow ratę 
should be adjusted to obtain a retention time of about 
19 min for /3-s i tostera I.] 

Makeup gas: Helium 
Injection size: 2 pL 
Injection type: Split injection system 
Split ratio: 1 ;5G 
System suitability 
Sampie: System suitability solution 
[Notę—T he relative retention times for Sct-cholestane, 
campesteroi, stigmasterol, and /J-sitosterol are about 
0.66, 0.94, 0.96, and 1.00, respectlvely.] 

Suitability reguirements 
Resoiution: NLT 2 between campesteroi and 
stigmasterol 

Column effkiency: NLT 150,000 theoretical plates 
for the Sa-choiestane peak 
Tailing factor: NMT 2.0 for each re!evant peak 
Anaiysis 

Sampfes: Standard solution and Sampie solution 
identify the slgnafs correspondlng to the reievant 
analytes by comparison with the chromatograms ob- 
tained witn the System suitability solution . 

Separately calculate the lndividual percentages of cam¬ 
pesteroi, stigmasterol, and /3-sitosterol, as p-s i tostera!, 
respectlvely, in the portlon of Pygeum Extract taken: 

C = (Ru/Rs) x C s x(V/W) x 100 

Ru = ratio of the appropriate sterol peak to the 
internal standard from the Sampie solution 
R$ - ratio of the /1-sitosterol peak to the 5 ol- 
cholestane interna! standard from the 
Standard solution 

Q = concentration of /Tsitosterol in the Standard 
stock solution (mg/mL) 

V - volume of the Standard stock solution taken to 
prepare the Standard solution (mL) 

W - weignt of Pygeum Bctract taken to prepare 
the Sampie solution (mg) 

Calculate the percentage of the labeled amount of total 
sterols as /Tsitosterol; 

Result = (IQ/0 x 100 

C = individual percentage of each sterol as 
calculateo above 

i - labeled amount of total sterols in the Pygeum 
Extract taken 

Aceeptance criteria: 90%-110% of the labeled amount 
of total sterols as /Tsitosterol on the dried basis 
o Content df Docostl Ferulate 

Solution A: Methanol and water (95:5) 

Solution B: Acetonitrife 

Mobile phase: Solution A and Solution B (1 7:3) 

Standard solution: Dissolve a quantity of USP Docosyl 
Ferulate RS in chloroform, and dilute with acetonitrlle 
to obtain a concentration of 0.02 mg/ml. Pass through 
a filter of 0.45-|Lim or finer porę size. 


5 A sui table cartridge is Chromabond NH2, manufactured by Macheray Nagel, 
or equivafent. 
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Sample solution: To 250 mg of Extract add 5 ml of 
chloroform, and dilute with acetonitrrle to 25 ml. Pass 
through a f liter of 0.45-pm or finer porę size, discarding 
the first 4 mL of filtrate. 

Chromatographic system 
(See Chromatograpny (621), System Suitabiiity.) 

Modę; LC 

Detector; UV 323 nm 

Column: 4-mm x 25-cm; packrng L7 

Column temperaturę: 25° 

Flow ratę; 1 ml/mln 
injection size: 20 pL 
System suitabiiity 
Sample: Standard solution 
Suitabiiity requirements 

Column efficiency: NLT 1 700 theorettcal plates for 
the docosy] ferulate peak 
Taifing factor: NMT 2,0 for docosy! ferulate 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of docosyI ferulate (P) in the 
portion of Extract taken: 

P = (Wfs) x Cs x (V/W) x 100 

r u - peak area for docosy! ferulate from the Sample 
solution 

r$ - peak area for docosyl ferulate from the 
Standard solution 

Cs = concentration of USP Docosyl Ferulate RS In 
the Standard solution (mg/mL) 

V - volume of the Sample solution (ml) 

W ~ weight of Extract taken to prepare the Sample 
solution (mg) 

Caiculate the percentage of the labeled amount of 
docosyl ferulate: 

Result = (P/L) x 100 

P = percent of docosyl ferulate in the portion of 
Extract taken 

L - labeled amount of docosyl ferulate In the 
Pygeum Extract (%) 

Acceptance cnteria: 9Q%-1 10% of the labeled amount 
of docosyl ferulate on the dried basis 

CONTAMINANTS 


Delete the following : 

•* HlAVY METALS, Method fl (231): 20 pg/g# comi 

* Articles of Botanical Origin, Test for Aflatoxins (561): 

NMT 4 jtg/kg of total aflatoxins BI, 82, Gl, and C2; 
NMT 2 (ig/kg of afJatoxin BI 

■ Articles of Botanical Origin, General Method for Pesti- 
cide Residues Analysis (561): Meets the reaulrement 

* Botanical Ektracts, Preparations (565): Meets the re¬ 
pu Irements In General Pharmacopeial Requirements, Resid¬ 
ua! Solvents 

* Microbial Enumeration Tests (2021): The totaJ aerobic 
microbial count does not exceed 10 4 cfu/g, and the total 
combrned moids and yeasts count does not exceed 10 a 
cfu/g. 

e Absence of Sfecified Microorganism 5 (2022): It meets 
the reguł rem ents of the tests for absence of Salmonella 
species and Escherichia coli. 

5PEC1FIC TESTS 

* Loss on Drying (731): Dry 1,0 g of Extract for 3 h at 

110°: it foses NMT 10% of its weight- 

* Articles of Botanical Origin, Total Ash (561): NMT 

0.5% 


ADDGTIONAL REQUIREMENTS 

* Pagcaging and Storage: Storę In tight contalners, pro- 
tected from light. 

& Labeling: The labei States the Latin binomial and, follow- 
Ing the offtcial na me, the part of the plant from which 
the article was prepared. Label the content as a percent¬ 
age of total sterols as /Tsitosterol and the content as a 
percentage of docosyl ferulate. It also meets the reguire* 
ments in Botanical Extracts (565), Labeling. 

• USP Reference Standards (11) 

USP Docosyl Ferufate RS 
USP Pygeum Extract RS 
USP /TSftosterol RS 


Pygeum Capsules 

DEF1N1TION 

Pygeum Capsufes contain Pygeum Extract. Capsules contain 
NLT 90.0% and NMT 110.0% of the labeled amount of 
Extract, calculated as sterols and docosyl ferufate. 

łDENTIFSCATION 

* A* The retention times of the peaks for campesterol, stig- 

masterol, and /Tsitosterol, of tne Sample solution, corre- 
spond to those of the Standard solution, as obtained In 
tne test for Content of Sterols. 

* B. The retention time of the peak for docosyl ferulate in 

the Sample solution corresponds to that in tne Standard 
solution , as obtained in the test for Content of Docosyl 
Ferulate. 

STRENGTH 

* Content of Sterols 

Derivatizing solution: Bis(trimethylsilyl)acetamide and 
trimethylchlorositane (9:1) 

Internal standard solution: 2 mg/mL of 5o>cholestane 
In chloroform 

System suitabiiity stock solution: 2 mg/mL each of 
campesterol, stigmastero!, and USP /3-Sitosterol RS 
System suitabiiity solution: Mix 2.0 ml of the System 
suitabiiity stock solution and 2.0 ml of the Internal stan¬ 
dard solution, and diJute with chloroform to 10 ml. 
Evaporate 500 jiL of this solution to dryness using a 
stream of nitrogen. Dissofve the residue in 80 pL of De- 
rivatizing solution and 20 pL of pyridlne. AJ Iow to stand 
for NLT 10 min at room temperaturę. 

Standard stock solution: 2.0 mg/mL of USP /TSitos- 
terol RS rn chloroform 

Standard solution: Mix 2.0 ml of the Standard stock 
solution and 2.0 mL of the Internal standard solution , 
and dilute with chloroform to 10 ml, Evaporate 500 pL 
of this solution to dryness using a stream of nitrogen. 
Dissolve the residue in 80 jiL ot Derivatizing solution and 
20 pL of pyrldine. Allow to stand for NLT 10 min at 
room temperaturę. 

Sample solution: Transfer a guantity of Capsules, 
equivaient to 100 mg of the labeled amount of Extract, 
into a 100-mL roundkbottomed fiask. Add 2.0 mL of the 
internal standard solution and 20 mL of diluted hydro- 
chloric add. Attach a condenser, and reflux in a bath at 
100° for 30 min. Cool the solution to room tempera¬ 
turę, and adjust by the addEtion of about 5 mL of 10 N 
sodium hydroxide to a pH of 8. Extract twice using 
50 mL of ether each time, wash the collected organie 
phases with 50 mL of water, and evaporate the organie 
phase to dryness under vacuum. Dissolve the residue 
with 4 mL of chloroform, and transfer to a cartridge 
containlng 500 mg of paddng L8 that has been condi- 
tioned with a 2-column votume of n-hexane. [Notę—A 
suitable cartridge ls Chromabond NH2, manufactured 
by Macheray Nagel, or equśva!ent] Collect the eluate. 
Elute twice with a 1-column volume of a mlxture of 
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chloroform and Isopropanol (2:1), Combine the eluates, 
and evaporate to dryness. Dissolve the residue in 10 ml 
of chloroform, Evaporate 500 pL of thfs solution to dry¬ 
ness under a stream of nltrogen, Dtssolve the residue 
with 80 pi of Derivatizing sofution and 20 pL of pyri- 
dine, Allow to stand for NLT 10 min at room 
temperaturę. 

Chromatographlc system 
(5ee Chromatograpny (62*1), System Suitability.) 

Modę: GC 

Detector; Flame ionization 
Column: 0,32-mm x 30-m capillary column coated 
with a G27 phase of 0,25-pm thickness 
Temperaturę 
Detector: 285° 

Injector: 285° 

Coiumn: See the temperaturę program table below. 


In 1 tlał 

Temperaturę 

n 

Temperaturę 

Ramp 

C/mlnl 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

250 

0 

250 

5 

250 

5 

320 

as needed 


Carrrer gas: Helium. [NOTE—The carrier gas flow ratę 
should be adjusted to obtain a retentlon time of 19 
min for /3-sltosteroL] 

Makeup gas: Helium 
injection size: 2 pL 
Injection type: Split injection system 
Split ratio: 1:50 
System suitability 
Sample: System suitability sofution 
[Notę —The relative retention times for Sot-cholestane, 
campesterol, stigmasterol, and /3-sitosterol are about 
0,66, 0,94, Q.9£, and 1.00, respectively.] 

Suitability reguirements 
Resolution: NLT 2 between campesterol and 
stigmasterol 

Column efficiency: NLT 150,000 theoretical plates 
for the 5ce-cholestane peak 
Taili ng factor: NMT 2,0 for each relevant peak 
Anaiysis 

Samples: Standard solution and Sample solution 
Identffy the slgnals corresponding to the relevant 
anałytes by comparison with the chromatograms ob- 
tained with the System suitability solution. 

Calculate the percentages of the iabeled amount of 
Extract as sterols in the portion of the Capsules taken: 

Result = (ZRu/Rs) x (C s x V/W) x (Aw x 100/U) x 100/1 

XRu = ratio of the sum of peak responses for 

campesterol, stigmasterol, and /?-sitosterol 
refative to the interna! standard from the 
Sample solution 

Rs - ratio of the /3-sitosterol peak relative to the 

intemal standard from the Standard solution 
Cs ~ concentration of /J-sitosterol in the Standard 
stock solution (mg/mL) 

V = volume of the Standard stock sofution used to 
prepare the Standard sofution (2,0 mL) 

W - weignt of the sample of Capsules taken to 
prepare the Sample solution (mg) 

A w - average weight or the Capsules contents (mg) 

U - content of sterols in 100 mg of the Extract 
used to prepare the Capsules (mg) 

L = Iabeled amount of Extract per Capsule {mg/ 
Capsule) 

Acceptance criteria: 90%-110% of the Iabeled amount 
of Extract, calculated as sterols 


• Content of Docosvł Ferulate 

Solution A: Methanol and water (95:5) 

Solution 8: Acetonitrile 
Mobile phase: Solution A and Solution B (17:3) 
Standard solution: Dissolve a quantity of USP Docosyl 
Ferulate RS in chloroform, and dilute stepwise if neces- 
saiy, with acetonitrile to obtain a concentration of 
0,01 mg/mL, Pass through a membranę fiiter of 0,45- 
pm or ffner porę size. 

Sample solution: Weigh the contents of NLT 20 Cap- 
suies and transfer a quantity of the materiał, equivalent 
to 0,2 mg of docosyl ferulate, to a 50-mL beaker, Add 
5 mL of chloroform and dissolve m an ultrasonlc bath. 
Transfer to a 20-mL volumetric fiask with the aid of 
NMT 2 mL of chloroform. Dilute with acetonitrile to 
volume and mix. Pass through a membranę fiiter of 
0.45-pm or finer porę size. 

Chromatographic system 
{See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 323 nm 

Column: 4-mm x 25-cm; packing L7 

Column temperaturę: 25° 

Flow ratę: 1 m L/min 
Injection size: 320 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 

Column efficiency: NLT 1700 theoretical plates for 
the docosyl ferulate peak 
Taiting factor: NMT 2.0 for docosyl ferulate 
Anaiysis 

Samples: Standard solution and Sample solution 
Measure the areas of the analyte peaks. 

Calcufate the percentage of the iabeled amount of Ex- 
tract as docosyl ferulate in the portion of the Cap¬ 
sules taken: 

Result = (ru/rs) x (C s x V/W) x (A w x 100/L E ) x 100/L 

Pu - peak response for docosyl ferulate from the 
Sample solution 

r s - peak response for docosyl ferulate from the 
Standard solution 

C s = concentration of USP Docosyl Ferulate RS in 
the Standard solution (mg/mL) 

V - finał yolume of Sample solution (20,0 mL) 

W = weight of the sample of Capsules taken to 
prepare the Sambie solution (mg) 

Aw = average weight of the Capsules contents (mg) 

U = content of docosyl ferulate in 100 mg of the 

Extract used to prepare the Capsules (mg) 

L = Iabeled amount of Extract per Capsule (mg/ 
Capsule) 

Acceptance criteria: 90%-110% of the Iabeled amount 
of Extract, calculated as docosyl ferulate and sterois 
(from Content of Sterols) 

PERFORMANCE TE5TS 

• DlSINTECRATION AND DlSSOLUTION OF DlETARY SUPPLEMENTS 

(2040): Meet the requirements for Rupture Test for Soft 
Shell Capsules 

• Weight Variation of Dietary Supplements (2091): Meet 
the reguirements 

CGNTAMINANTS 

• Microbial Enumeration Tests (2021): The total bacterial 
count does not exceed 1000 cfu/g. The total combined 
molds and yeasts count does not exceed 1000 cfu/g. 

• MlOtOBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED ML 

croorganisms (2022): The Capsules meet the reguire- 
ments of the tests for absence of Salmonella species and 
Escherichia coli, 
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ADD9TIONAL REQUIREMENTS 

* Packacing and Storage: Fre$erve in tight containers, 
and storę at controlled room temperaturę. 

» Labeung; The label States the Latin binomtai and, follow- 
ing the offidal name, the artide from which the Capsufes 
were prepared. The label also rndicates the quantity of 
Extract, in mg/Capsule. Labę] the Capsules to indicate 
the guantity of sterols and docosyl ferulate in percentage 
of the Extract contained in the Capsules. 

® OSP Reference Standards (11) 

USP Docosyl Ferulate RS 
USP Pygeum Extract RS 
USP /TSitosterol RS 


Pyridoxine Hydrochloride —see Pyridoxine 
Hydrochloride General Monographs 


Pyridoxine Hydrochloride Tablets —see 

Pyridoxine Hydrochloride Tablets General 
Monographs 


Quercet8n 



C, s H,oO? 302.2 

2-(3,4-DihydroxyphenyI)-3,5, 7-trihydroxy-4LM -benzopyram 

4-one; 

Quercetin dihydrate 338,2 

[6151 -25-3]. 

DEFINITtON 

Quercetin contalns NLT 98.0% and NMT 102,0% of quer- 
cetin (CishhoO?), catculated on the anhydrous basis. 

IDENTIFICATION 

e A. INFRARED Absorption (197K). [Notę—T he substance is 
a dihydrate.] 

* B. Ułtraveolet Absorption (197U) 

Wavelength rangę: 210-450 nm 
Sample solution: 10 jig/rmL of Quercetin in methanol. 
Filter if necessary. 

Acceptance criteria: The spectrum exhibits two absorp¬ 
tion maxima at 255 nm and 371 nm. The absorptivity 
at the maximum at 371 nm is 75.5-80.0, calculated on 
the anhydrous basis. 

° C, HPLC Identification Test 

Analysis: Proceed as directed in the Assay, 

Acceptance criteria: The retention time of the major 
peak of the Sample solution corresponds to that of the 
Standard solution , as obtained in the Assoy. 

ASSAY 

» Procedurę 

Mobile phase: Methanol, water, and phosohoric add 
( 100 : 100 : 1 ) 

System suitability solution: 0,02 mg/mL each of USP 
Quercetin RS, USP Kaempferol RS, and USP Isorhamne- 
tin RS in methanol 


Standard solution: Transfer 10 mg of USP Quercetin RS 
to a 50-mL volumetric fiask, and add 20 mL of metha¬ 
nol to dissolve. Add 20 mL of water, mix, and dilute 
with methanol to volume« 

Sample solution: Transfer 10 mg of Quercetin to a 
50-mL volumetric fiask, and add 20 mL of methanol to 
dissolve. Add 20 mL of water, mix, and dilute with 
methanol to vofume, 

Chromatographic system 
(See Chromatograpny {62^), System Suitability.) 

Modę: LC 

Detector: UV 370 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1.0 ml/min 
Injection volume: 20 pL 
System suitability 

Sampies: System suitability solution and Standard 
solution 

[NOTĘ—The refative retention times for quercetin, 
kaempferoiare, and Isorhamnetin are 1.0, 1.8, and 2.0, 
respectively,] 

Suitability requirements 
Resolution: NLT 1.5 between kaempferol and 
Isorhamnetin, System suitability solution 
Column efficiency: NLT 2000 theoretical plates 
Relative standard deviatlon: NMT 2.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Caiculate the percentage of Quercetin in the portion of 
Sample taken: 

Result - {rJh) x (C 5 /Q) x 100 

r u = peak response from the Sample solution 

r 5 = peak response from the Standard solution 

Cs - concentration of USP Quercetin RS in the 
Standard solution (mg/mL) 

Cu = concentration of Quercetln in the Sample 
solution (mg/mL) 

Acceptance criteria: 98.0%-l 02.0% on the anhydrous 
basis 

IMPURITIES 

« Residue on Icnition (281): NMT 0.1% 

De te te the foltowmg: 

Heaw Metals (231): NMT 2Q|tg/g« (g^ Hfln-201 B) 

* Kaempferol and Other Related Compounds 

Mobile phase, System suitability solution. Standard 
solution, Sample solution, and System suitability: 
Proceed as directed En the Assay. 

Chromatographic system: Proceed as directed in the 
Assay but use UV detection at 270 nm. 

Analysis 

Sample: Sample solution 

Caiculate the percentage of each EndividuaJ impurity in 
the portion of the Sample taken: 

Result ~ (njrr) x 100 

ru = peak response of each individual Impurity 
from the Sample solution 

r T = sum of the responses of alf the peaks from the 
Sample solution 
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Acceptance critena 
Kaempferol: NMT 0,5% 
lndividual impurities: NMT 0.1% 

Total impurities: NMT 2* *0% 

SPECIFIC TE5TS 

* Water Determination, Method la (921) 

Sample: 100 mg 

Acceptance criteria: NMT 12*0% 

ADDITIONAL REQUIREMENTS 

* Packaginc and Sto ragę: Preserve in well-closed, tight, 

light-resistant containers* 

* USP Reference Standard* (11} 

USP Isorhamnetin RS 
USP Kaempferol RS 
USP Quercetin RS 


Red Clover 


DEFINIHON 

Red Clover consists of the aerial parts of Trifolium pratense L. 
(Fam. Fabaceae). It contains NLT 0.5% of isoflavones, cal- 
culated on the dried basis, as the sum of daidzein, genis- 
tein, formononetin, and biochanin A. 

IDENTIFICATION 

* A* Red Clover meets the requirements under Specific 

Tests, Botonic Characteristics. 

• B. Thin-Layer Chromatocraphy 

Presence of biochanin A and formononetin 
Sofvent A: Methanof and water (7:3) 

Solvent B: Methanoi and water (6:4) 

Standard solution A: 0.5 mg/mL of USP Biochanin A 
RS in methanoi 

Standard solution B: 0.5 mg/mL of USP Formonone¬ 
tin RS in methanoi 

Standard solution C 10 mg/mL of USP Powdered Red 
Clover Extract RS in Sofyent A. Shake Lo disperse, heat 
in a water bath at 6Q*-80° for 10 min, cool, centri- 
fuge, and use the supernatant. 

Sample solution: Transfer 0.5 g of finely pulverized 
Red Clover to a oentrifuge tubę, add 5 mL of Soivent B f 
shake to disperse, heat in a water bath at 60 o -80° for 
10 min, cool, centrifuge, and use the supernatant. 
[Notę —Reserye a portion of the supernatant for Identi¬ 
fication test Cl 
Chromatographic system 
(See Chromatograpny (621), Thin-Layer Cbromoto** 
graphy.) 

Adsorbent: Chromatographic silica gel mixture with 
an average particie st ze or 5 pm (HPTLC plates) 
Application volume: 4 \il each of Standard solution 
Ą, Standard solution B, and Sample solution, and 3 |iL 
of Standard solution C, as 8-mm bands 
Relative humidity: Condition the piąte to a refative 
humidity of about 33% using a suitable device* 
Developjng solvent system: A mixture of ethyl ace- 
tate, toiuene, and formie acid (30:70:1) 

Developing distance; 6 cm 
Derivatization reagent: 5 mg/mL of 2-aminoethy! 
diphenyiborinate in ethyl acetate 
Analysis 

Samples: Standard solution A, Standard solution B > 
Standard solution Q and Sample solution 
Apply the Samples as bands to a suitable high perfor¬ 
mance thin-layer chromatographic piąte, and dry in 
air* Develop tne chromatograms in a saturated cham- 
ber. Remove the piąte from the chamber, heat at 
100 c for 5 min, derivatize the piąte while still warm 
with the Derivatization reagent , dry in air, and ex- 
amine under UV light at 365 nm. 


System suitability: Standard solution C exhfbits, at 
about the middle of the chromatogram, a greenish 
band corresponding to the band due to biochanin A 
in the chromatogram of Standard solution A, and a 
biursh band, at about one third of the chromato¬ 
gram, corresponding to formononetin in the chro¬ 
matogram of Standard solution 8. Beiow the band 
due to formononetin, the Standard solution C chro¬ 
matogram exhibits a red band in the lower third sec- 
tion of the chromatogram* 

Acceptance criteria: The chromatogram of the Sam¬ 
ple solution exhibit$ the following main bands similar 
in positions and colors to the corresponding bands in 
the chromatogram of Standard solution C: two green¬ 
ish bands at aoout the middle of the chromatogram 
(distinction from wbite clover, soy, and alfalfa), one 
of these greenish bands corresponds to the band due 
to biochanin A In the chromatogram of Standard so¬ 
lution A ; and a bluish band at about one third of the 
chromatogram, corresponding to the band due to 
formononetin in the cnromatogram of Standard solu¬ 
tion 8; below the band due to formononetin, the 
Sample solution chromatogram exhibits a red band in 
the Tower third section of the chromatogram. 

* C. Thin-Layer Chroiwatography 
Presence of flavone glycosides 

Solvent A: Methanoi and water (7:3) 

Solvent B: Methanoi and water (6:4) 

Standard solution A: OJ mg/mL of USP Hyperoside 
RS in methanoi 

Standard solution B: 25 mg/mL of USP Powdered Red 
Clover Extract RS in Sofvent A. Shake to disperse, heat 
in a water bath at 60°-80° for 10 min, cool, centri- 
fuge, and use the supernatant. 

Sample solution: Use the solution as prepared in Idem 
tification test B. 

Chromatographic system 

(See Chromatograpny (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: Chromatographic silica gel rnixture with 
an averagę particie size ot 5 pm (HPTLC plates) 
Application volume: 4 pL of Standard solution A f 8 pL 
of Standard solution B, and 2 pL of Sample solution , as 
8-mm bands 

Refative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device, 
Deveioplng solvent system: A mixture of ethyl ace¬ 
tate, formie acid, glaciaJ acetic acid, and water 
(100:11:11:27) 

Developing distance: 6 cm 
Derivatization reagent: 5 mg/mL of 2-aminoethyl 
dlphenylborinate in ethyl acetate 

Analysi s 

Samples: Standard solution A, Standard solution 8, and 
Sample solution 

Apply the Samples as bands to a suitable high perfor¬ 
mance thin-layer chromatographic piąte, and dry in 
air. Develop tne chromatograms in a saturated cham¬ 
ber. Remove the piąte from the chamber, heat at 
100° for 5 min, aerivattze the piąte while still warm 
with Derivatization reagent , dry in air, and examine 
under UV light at 365 nm. 

System suitability: Standard solution B exhibits, at 
about the middle of the chromatogram, two yellow 
bands, the lower band corresponds in color and to 
the band due to hyperoside in the chromatogram of 
Standard solution Ą the upper yeflow band is due to 
isoquerdtrin; two green bands, or a broad green 
band, above the yellow bands; and a blue band in 
the upper third section of the chromatogram, The 
yellow bands due to hyperoside and isoąuerdtrin are 
clearly separated* 

Acceptance criteria: The chromatogram of the 
pfe solution exhibits the following bands similar In po- 
sitions and colors to the corresponding bands in the 
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chromatogram of the Standard solution B : a yellow 
band at about the middle of the chromatogram cor- 
responding to the band due to hyperoside in the 
chromatogram of Standard solution A; another yellow 
band, at an R f sfightly htgher than that of hyperoside: 
two green bands, or a broad green band, above the 
yellow bands; and a blue band in the upper third 
section of the chromatogram. 

• D, HPLC Identification Test 

Analysis: Proceed as directed for Content of isoflQvones , 
Using the vafues obtained in the test for Content of lso~ 
flavones f calculate the ratio of 5,7-dihydroxyi$oflavone5 
to 7-hydroxyisoflavones: 

Result = (B + G)/{D +■ F) 

& - percentage of biochanin A 

C - percentage of genistein 

D = percentage of daidzein 

F = percentage of formononetin 

Acceptance cnteria: The chromatogram of the Sample 
solution exhibits peaks for daidzein, genistein, 
formononetin, and biochanin A at retention times that 
correspond to those in the chromatogram of Standard 
solution A, and the ratio of 5,7-dihydroxyisGf!avones to 
7-hydroxyisoflavones is between 0.1 and 10. 

COMPOSmON 

* Content of Isoflavones 

Solution A: Acetonitrile and water (1:3) containing 
0.05% trifluoroacetic add 

Solution B: Acetonitrile containing 0.05% trifluoroacetic 
acid 

Mobile phase: See Tobie 1. 


Table 1 


Time 

(min) 

Solution A 

(%> 

Solution B 

f%> 

0 

100 

0 

2 

100 

0 

2.5 

87 

13 

7.5 

80 

20 

7.8 

73 

27 

8.0 

55 

45 

11.0 

50 

50 

13.0 

40 

60 

15.0 

26 

74 

16.0 

0 

100 

18.1 

100 

0 

23.0 

1 00 

0 


5olven£: Alcohol and water (1:1) 

Standard stock solution A: Transfer a quantity of USP 
Powdered Red Gover Extract RS, equivalent to 30 mg 
of the labeled content of isoflavones ; to a 250-mL volu- 
metric fiask. Add 15 ml of dehydrated alcohol, sontcate 
until dissolved, and di lute with So!vent to volume> 
Standard solution A: Evaporate 50 mL of Standard 
stock solution A to dryness under vacuum. Add 15 ml o'' 
2 N hydrach lork acia, and heat in a water bath for 30 
min. Quantitatfvely transfer the resulting solution, with 
the aid of 15 mL of alcohol, to a 50-mL volumetnc 
fiask, and dilute with Solvent to volume. Centrifuge, or 
filter through a membranę of G.45*pm or finer porę 
size* 

Standard solution B: 0.1 mg/mL of USP Formononetin 
RS, 0.02 mg/mL of USP Genistein RS, 0.02 mg/mL of 
USP Daidzein RS, and 0.1 mg/mL of USP Biochanin A 
RS in a mixture of mpropanol and water (1:1). Soni- 
cate, and fifter through a membranę of Q.45-pm or 
finer porę size. 


Sample stock solution: Transfer about 2.5 g of ground 
Red Clover, accurately wetghed, into a 120-mL fiask 
with a stopper. Add exactly 100 mL of Solvent, dose the 
fiask, and snake on an orbita! or wrist-aclion shaker for 
NLT 12 h. 

Sample solution: Evaporate 50 mL of the Sample stock 
solution to dryness under vacuum at 40°. Add 15 mL of 
2 N hydrachloric acid, and heat in a water bath for 30 
min. Quantitatively transfer this solution, with the aid of 
15 mL of alcohol, to a 50-mL volumetrie fiask, and di- 
lute with Solvent to volume. Filter through a membranę 
of 0.45-pm or finer porę size, discarding the first 4 mL 
of the filtrate. 

Chromatographic system 
(See Chromotograpny (62 1), System Suitability,) 

Modę: LC 

Detector: UV 254 nm 

Column: 4.ó-mm x 25-cm; end-capped 5-pm packing 

Column temperaturę: 45° 

Flow ratę: 1 mL/min 
Injectlon volume: 10 pL 
System suitability 

Samples: Standard solution A and Standard solution 8 
Suitability requirements 

Chromatogram slmilarity: The chromatogram from 
Standard solution A \s similar to the reference chro¬ 
matogram prov!ded with the lot of USP Powdered 
Red Clover Extract RS being used. 

Tailing factor: NMT 2.0 for the formononetin peak, 
Standard solution B 

Relatlve standard deviation: NMT 2.0%, determined 
from the formononetin peak in repeated injections, 
Standard solution B 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sample solution 

Identify the peaks torresponding to daidzein, genistein, 
formononetin, and biochanin A in the Sample solution 
chromatogram by comparison with the chromatogram 
obtained from Standora solution A and the reference 
chromatogram. Measure the areas of the analyte 
peaks. 

Separately calculate the percentages of daidzein, genis- 
tein, formononetin, and biochanin A in the portion of 
Red CJover taken: 

Result = x€ s x (VfW) xDx 100 

fu = peak response for each relevant isoflavone 
from the Sample solution 
rs - peak response for daidzein, genistein, 

formononetin, or biochanin A from Standard 
solution B 

Cs = concentration of daidzein, genistein, 

formononetin, or biochanin A in Standard 
solution B (mg/mL) 

V - volume of the Sample stock solution (mL) 

W = weight of Red Clover used to prepare the 
Sample solution (mg) 

D - dilution factor to prepare the Sample solution 
from the Sample stock solution , 1 
Acceptance cnteria: Add the percentages of daidzein, 
genistein, formononetin, and biochanin A. NLT 0.5% of 
i$oflavone$ on the dried basis. 

CONTAMINANTS 

* Elementai Impurities—Procedures (233) 

Acceptance cnteria 
Arsenie: NMT 1.0 pg/g 
Cadmlum: NMT 0.5 pg/g 
Lead: NMT 5.0pg/g 
Mercury: NMT 1.0 pg/g 

■ Articles of Botanical Origen, General Method for Pesti - 
cid e Resid ues A na lysis (561): M e e ts t h e req u i re m e n ts 
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* Microbial En umerati on Tests (2021): The total aerobic 
microbial count does not exceed 10 6 cfu/g, the total 
combined molds and yeast count does not exceed 10 4 
cfu/g, and the enterobacterial count is NMT 10* cfu/g. 

* Absence of Specified Microorganisms (2022): It meets 
the fequirements of the tests for absence of Salmonella 
species and Escherkhia coli 

SPECIFIC TESTS 

* BOTANIC CHARACTERISTK5 

Macroscopk: Red Clover inflorescences are ovoid with 
a rounded summit, mostly 12-34 mm in length and 
width, usually on a very short stalk, shriveled, purplish, 
and morę or less brown from drying, consisting of 
many papilionaceous flowers, crowded Cogether and 
clothed at the base with broad, pointed, pale green 
ciliate stipules with darker veins. The flowers are up to 
15 mm in length and have the followmg: five green, 
hairy, subulate cały* teeth, one longer tnan the other 
four; petals unitecf into a morę or less campanulate 
tubę, somewhat reeun/ed, and colorless with pinkish 
purple vein$; dtadelphous stamens; slender style; a 
faintly aromatio, somewhat tea-like odor; and a sweet, 
then slightly bitter taste. Leaves trifoliolate, petiolate, 
stipuiate, with stipules fused to petiole; leaflets petioiu- 
late, obovate to oblong-obovate or broadly elliptical, 
Microscopic 

Fiower: Epidermis of ca!yx composed of polygonal 
cells with faintly striated cutide and occasional anomc- 
cytic stomata on the outer epidermis only; covering 
trichomes abundant, uniseriate, with two smali thin- 
walled basal cells, and a thick-walled tapering end celi, 
up to 1 mm in length with a warty cutide; glandular 
trichomes present, particularly on the lower epidermis, 
each with a one- or two-celled staJk and a head com¬ 
posed of several cells arranged in two rows; epidermal 
cells of the corolla, papillose at the tip, elongated with 
slightly wayy walls and a strongly striated cutide; vas- 
cular strands of corolla and calyx are surrounded by a 
crystal sheath containing prismatic crystals of calcium 
oxa!ate; fibrous layer of anthers; subspbencal pollen 
□rains, 20-48 pm in diameter with smooth exine, 
mree distinct pores, and three furrows. 

Transverse section of leaf: Dorsiventral; one to three 
rows of pallisade cells under the upper epidermis; mes* 
ophyll madę of spongy parenchyma cells; lower epi¬ 
dermis; covering trichomes on both epidermis, and are 
similar to those found on the flowers; glandular 
trichomes, morę close to the veins on the lower epi¬ 
dermis, and are similar to those found on the flowers; 
collateral yascular bundles, surrounded by a crystal 
sheath containing prismatic crystals of calcium oxalate. 
Transverse section of stem: It shows ridges along the 
surface, with groups of collenchyma cells under tne 
epidermal layer of the ridges; epidermis followed by a 
few layers of parenchyma cells; a wide centra! paren- 
chymatous plth, surrounded by groups of vascular 
bundles that are separated by thick-wal!, lignffied pa¬ 
renchyma cells. 

* Articles of Botanical Oricin, foreign Organie Matter 
(561): NMT 2.0% 

* Articles of Botanical Oricin, Water-Soluble Extroctives, 

Method 2 (561): NLT15.0% 

* LOSS ON DRYłNC (731) 

Analysis: Dry 1 g at 105° for 2 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Oricin, Total Ash (561): NMT 

10 . 0 % 

* Articles of Botanical Oricin, Acid-lnsolubie Ash (561): 

NMT 2*0% 

ADDITIONAL REQUIREMENT5 

* Packaginc and Stdrace: Preserve in a well-closed, light- 
resistant Container, protected from moisture. 


• Labeiinc: The label States the Latin binomial and, follow- 

ing the offlcial name, the parts of the plant contained in 
the article. 

* USP Reference Standards (11) 

USP Biochanin A RS 

USP Daidzein RS 

USP Formononetin RS 

USP Genistein RS 

USP Hyperoside RS 

USP Powdered Red Clover Extract RS 


Powdered Red Cloyer 


DETINITION 

Powdered Red Clover is Red Clover reduced to a powder or 
very fine powder. It contains NLT 0.5% of isoflayones, 
calculated on the dried basis as the sum of daidzein, 
genistein, formononetin, and biochanin A, 

IDENTIFICATION 

» A. Powdered Red Clover meets the requirements under 
Spedfic Tests , Botanic Characteristics. 

• B. Thin-Layer Chromatocraphy 

Presence of biochanin A and formononetin 
$oivent A: Methanol and water (7:3) 

So1vent B: Methanol and water (6:4) 

Standard solution A: 0.5 mg/mL of USP Biochanin A 
RS in methanol 

Standard solution B: 0.5 mg/mL of USP Formonone¬ 
tin RS in methanol 

Standard solution C: IG mg/ml of USP Powdered Red 
Clover Extract RS in Solvent A. Shake to disperse, heat 
in a water bath at 6G°-80° for 10 min, coof, centri- 
fuge, and use the supernatant 

Sample solution: Transfer 0.5 g of Powdered Red Clo¬ 
yer to a centrifuge tubę, and add 5 mL of Solvent B. 
Shake to disperse, heat in a water bath at 60°-80° for 
TO min, cool, centrifuge, and use the supernatant. 
[Notę —Reserve a porhon of the supernatant for Identb 
fkation test Cl 
Chromatographic system 
(See Chromatogropny (621), Thin-Layer Chromato- 
graphy ,} 

Adsorbent: Chromatographic silica gel mixture with 
an ayerage particie size of 5 pm (HPTLC plates) 
Application volume: 4 pL each of Standard solution 
A, Standard solution B , and Sample solution , and 3 pL 
of Standard solution C as 8-mm bands 
Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developmg solvent system: A mixture of ethyl ate- 
tatę, toluene, and formie add (30:70:1) 

Deyeloping distance: 6 cm 
Derivatization reagent: 5 mg/mL of 2-aminoethyI 
diphenylborinate In ethyl acetale 
Analysis 

Samples: Standard solution A, Standard solution B, 
Standard solution 0, and Sample solution 
Appiy the Samples as bands to a suitable HPTLC piąte, 
and dry in air. Devetop the chromatograms in a satu- 
rated cham ber. Remove th e piąte from the chamber, 
heat at 100° for 5 min, denvatize the piąte while still 
warm with Dedvatization reagent , dry in air, and ex- 
aminę under UV light at 365 nm. 

System suitability: Standard solution C exhibits, at 
about the middle of the chromatogram, a greenish 
band corresponding to the band due to biochanin A 
in the chromatogram of Standard solution Ą and a 
bluish band, at a"bout one third of the chromato¬ 
gram, corresponding to formononetin in the chro¬ 
matogram of Standard solution R Befow the band 
due to formononetin, the Standard solution C chro- 
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matogram exhibits a red band in the lower third sec- 
tron of the chromatogram. 

Ac cep tance criteria: The chromatogram of the 5trm- 
ple soiution exhibtts the following main bands similar 
in positions and colors to the correspondEng bands in 
the chromatogram of Standard soiution C: two green- 
ish bands at about the middle of the chromatogram 
(distinction from white dover ; soy, and alfalfa), one 
of these green ish bands corresponds to the band due 
to biochanfn A in the chromatogram of Standard so¬ 
iution A ; and a btuish band at about one third of the 
chromatogram, correspondlng to the band due to 
formononetin in the chromatogram of Standard solu- 
tion 8; below the band due to formononetin, the 
Sample soiution chromatogram exhibits a red band in 
the lower third section of the chromatogram. 
b c. Thin-Layer Chromatography 
Presence of flavone glycosides 
Solvent A: Methanol and water (7:3) 

5olvent B: Methanol and water (6:4) 

Standard soiution A: 04 mg/mL of USP Hyperoside 
RS in methanol 

Standard soiution B: 25 mg/mL of USP Powdered Red 
Oover Extract RS in Solvent 4. Shake to disperse, beat 
in a water bath at 60°-8CP for 10 min, cool, centri- 
fuge, and use the supernatant 

Sample soiution: Use the soiution as prepared in Iden ■ 
tification test B . 

Chromatographk system 

(See Chromatograpny (621 ) / Thin-Layer Chromato- 
graphy.) 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application volume: 4 ul of Standard soiution A, 8 jil 
of Standard soiution B, and 2 pL of Sample soiution , as 
8-mm bands 

Relative humidity: Condition the piąte to a re!ative 
humidity of about 33% using a suitable device, 
Developing solvent system: A mixture of ethyl ace- 
tate, formie add, glacial acetic acid, and water 
(100:11:11:27) 

Developing distance: 6 cm 

Derivatization reagent: 5 mg/mL of 2-aminoetby! 
diphenylborinate in ethyl acetate 
Analysis 

Samples: Standard soiution Ą Standard soiution B f and 
Sample soiution 

Apply the Sampfes as bands to a suitable HPTLC piąte, 
and dry in air. Develop the chromatograms in a satu- 
rated cham ber. Remove the piąte from the cham ber, 
heat at 1 00° for 5 min, derivatize the piąte white stiti 
warm with Derivatization reagent , dry in air, and ex- 
amine under UV light at 365 nm. 

System suitability: Standard soiution B exhibits, at 
about the middle of the chromatogram, two yellow 
bands, The lower band corresponds in cotor and Rr Lc 
the band due to hyperoside En the chromatogram of 
Standard soiution A and the upper yellow band is due 
to isoquercitrin. The soiution aiso exhibits two green 
bands, or a broad green band, above the yellow 
bands, and a blue band In the upper third section of 
the chromatogram. The yellow bands due to hypero¬ 
side and rsoquerdtnn are clearly separated, 
Acceptance criteria: The chromatogram of the 5am- 
ple soiution exhibits the foltowEng bands similar in po- 
sitions and colors to the corresponding bands in the 
chromatogram of Standard soiution B: a yellow band 
at about tne middle of the chromatogram corre¬ 
sponding to the band due to hyperoside En the chro¬ 
matogram of Standard soiution A; another yellow 
band, at an Rf slrghtly higher than that of hyperoside; 
two green bands, or a broad green band, above the 
yellow bands; and a blue band in the upper third 
section of the chromatogram. 


* D. HPLC IDENTIFICATION TEST 

Analysis: Proceed as directed for the Content of 
isofiavones. 

Using the values obtained in the test for Content of Iso- 
flavones f calculate Lhe ratio of S^-dihyd^yisoflayones 
to 7-hydroxyisoflavones: 

Result = (B + C)/(D + F) 

B - percentage of biochanin A 

G = percentage of genistein 

D = percentage of daidzein 

F - percentage of formononetin 

Acceptance criteria: The chromatogram of the Sampte 
soiution exhibits peaks for daidzein, genistein, 
formononetin, and biochanin A at retention times that 
correspond to those in the chromatogram of Standard 
soiution A t and the ratio of 5,7-dihydroxyisoflavones to 
7-hydroxyisoflavones is between 04 and 10. 

COMPOSITION 
® Content of Isofuwones 

Soiution A: Acetonitrile and water (1:3) containing 
0,05% trifiuoroacetic acid 

Soiution B: Acetonitrile containing 0.05% trifiuoroacetic 
acid 

Mobile phase: See Tabie 7. 


Table 1 


Time 

Soiution A 

Soiution B 

(min) 

C%>* 

(%) 

0 

100 

0 

2 

100 

0 

2.5 

87 

13 

7.5 

80 

20 

7.8 

73 

27 

8.0 

55 

45 

11*0 

50 

50 

13.0 

40 

60 

15,0 

26 

74 

16,0 

0 

100 

18,1 

100 

0 

23.0 

100 

0 


Solvent: Alcohol and water (1:1) 

Standard stock soiution A: Transfer a guantity of USP 
Powdered Red Clover Extract RS, equlvalent to 30 mg 
of the labeied content of isoflavones, to a 250-ml volu- 
metric fiask. Add 15 mL of dehydrated alcohol, sonkate 
until dissoived, and dllute with Solvent to vo3ume. 

Standard soiution A: £vaporate 50 mL of Standard 
stock soiution A to dryness under vacuum. Add 15 mL of 
2 N hydrochloric acid, and heat In a water bath for 30 
min* Quantitatively transfer the resulting soiution, with 
the aid of 15 mL of alcohol, to a 50-mL volumetric 
fiask, and dilute with Soivent to volume* Centrifuge, or 
filter through a membranę of 0.45-pm or fi ner porę 
size. 

Standard soiution B: 04 mg/mL of USP Formononetin 
RS, 0.02 mg/mL of USP Genistein RS, 0.02 mg/mL of 
USP Daidzein RS, and 04 mg/mL of USP Biochanin A 
RS in a mixture of n-propanol and water (1:1). Soni- 
cate, and filter through a membranę of 0.45-pm or 
finer porę size. 

Sample stock soiution: Transfer about 2.5 g of Pow¬ 
dered Red Ctover, accurately weighed, tnto a 120-mL 
fiask with a stop per. Add exactly 100 ml of Soivent t 
dose the fiask, and shake on an orbitaI or wrist-aćtion 
shaker for NLT 12 h. 

Sample soiution: Evaporate 50 mL of the Sample stock 
soiution to dryness under vacuum at 40°. Add 15 mL of 
2 N hydrochloric acid, and heat En a water bath for 30 
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min. QuantitatEvely transfer this solution, with the aid of 
15 ml_ of alcohol, to a 50-mL volumetric fiask, and di- 
3 u te with 5 oivent to vo3ume. Fil ter through a membranę 
of 0.45-pm or finer porę size, discardmg the first 4 ml 
of the frltrate. 

Chromatographic system 
(See Chromatograpny (621 ), System Suitability .} 

Modę: LC 

Detector: UV 254 nm 

Column: 4,6-mm x 25-cm; end-eapped 5-pm packing 

Column temperaturę: 45° 

FIow ratę: l.DmL/rmn 
Injection vofume: IOliL 
System suitability 

Sam pies: Standard solution A and Standard solution B 
Suitability repuirements 

Chromatogram similarity: The chromatogram from 
Standard solution A is similar to Lhe reference ehro- 
matogram provided wEth the lot of USP Powdered 
Red Oover Extract RS being used. 

Taili ng factor: NMT 2.0 for the formononetin peak. 
Standard solution B 

Reiative standard deviation: NMT 2* *0%, determined 
from the formononetin peak in repeated injections. 
Standard solution B 
Analysis 

Sam pies: Standard solution A t Standard solution B f and 
Sample solution 

Identify the peaks torresponding to daidzein, genistein, 
formononetin, and biochanin A In the Sample solution 
chromatogram by comparison with the chromatogram 
from Standard solution A and the reference chromato¬ 
gram. Measure the areas of the analyte peaks. 
Separately calculate the percentages of daidzein, genis- 
tein, formononetin, and biochanin A in the portion of 
Powdered Red C!over taken: 

Result - ( r u /r s ,) xQx (V/W) xDx 100 

fu - peak response for each relevant isofiavooe 
from the Sample solution 
rs - peak response for daidzein, genistein, 

formononetin, or biochanin A from Standard 
solution B 

C$ = concentration of daidzein, cjenistein, 

formononetin, or biochanin A In Standard 
solution B (mg/mL) 

V - volume of the Sample stock solution (mL) 

W = weight of Powdered Red Clover used to 
prepare the Sample solution (mg) 

O - dilution factor to prepare the Sample solution 
from the Sample stock solution, 1 
Acceptance critena: Add the percentages of daidzein, 
cjenistein, formononetin, and biochanin A. NLT 0.5% of 
isoffavones on the dried basis, 

CONTAMINANTS 

* eleiwental impurities—Procedures (233) 

Acceptance cnteria 
Arsenie: NMT1*0tig/g 
Cadmium: NMT 0.5 pg/g 
Lead: NMT 5.0j.ig/g 
Mercury: NMT1.0|ig/g 

* Articles of Botanical Origin, General Method for Pesth 

dde Residues Analysis (561): Meets the reguErements 

* Microbial Enumeration Tests (2021): The to tal aerobic 
microbiai count does not exceed 10* cfu/g, the totai 
combined molds and yeast count does not exceed 10 4 
cfu/g, and the enterobacterial count is NMT 10 3 cfu/g. 

* Absence of SPICIFIED Microorganisms (2022): It meets 

Lhe reąuirements of the tests for absence of Salmonella 
species and Escherichia coli 


5PECIFIC TESTS 

* Botanic Characteristics: Fragments of epidermis of 
calyx composed of poiygonal cells with faintJy striated 
cuticle and occasional anomocytic stomata; epidermai 
cells of the corolla, papillose at the tip, elongated with 
siightly wavy walls and a strongly striated cuticle; upper 
epidermai cells of leaflets with sinuous and siightly 
beaded antidinal walls; lower epidermai celfs of leaflets 
with sinuous to wavy walls; both epidermai cells show 
anomocytic stomata, covering trichomes, and glandular 
trichomes; covering trichomes, uniserlate, with two smali 
thin-walled basa! cells, and a thick-walled tapering end 
celi, up to 1 mm in length with a warty cuticle; glandular 
trichomes, each with a one- or two-celied stafk and a 
head composed of several cells arranged in two rows; 
pollen grains, smooth, neady spheroidal, from 20 to 48 
[im in diameter; sclerenchyma fibers with adherent erys- 
tal sheath containing prisms of ealcium oxa3ate. 

* Articles of Botanical Origin, Water-Solubfe Extractives ł 

Method 2 (561): NLT 1 5.0% 

■ Loss on Drying (731) 

Sample: 1 g 

Analysis: Dry the Sample at 105° for 2 h. 

Acceptance cnteria: NMT 12.0% 

* Articles of Botanical Origjn, Total Ash (561): NMT 

10.0% 

* Articles of Botanical Origin, Acid-tnsoluble Ash (561): 

NMT 2.0% 

ADDITIONAL REQUIREMENTS 

* Packaging ano Storage: Preserve in well-closed, light- 
resistant containers, protected from moisture. 

* Labeling: The label States the Latin binomial and, fotlow- 
ing the official name, the part of the plant from which 
the article was derived. 

* USP Reference Standaros (11) 

USP Biochanin A RS 

USP Daidzein RS 

USP Formononetin RS 

USP Genistein RS 

USP Hyperoside RS 

USP Powdered Red Clover Extract RS 


Powdered Red Clover Extract 


DEFINITION 

Powdered Red Clover Extraet is prepared from Red Clover 
by extraction wtth hydroafcoholic mixtures or other suita- 
ble solvents. It contains NLT 90.0% and NMT 110.0% of 
the labeled amount of isoflavones, calculated on the dried 
basis as the sum of daidzein, genistein, formononetin, and 
biochanin A. It may contain suitable added substances. 

IDENTIFICATION 

* A, HPTLC for Articles of Botanical Origin (203) 
Presence of biochanin A and formononetin 
5ofvent A: Methanol and water (7:3) 

Solvent B: Methanol and water (6:4) 

Standard solution A: 0.5 mg/mL of USP Biochanin A 
RS in methanol 

Standard solution B: 0.5 mg/mL of USP Formonone¬ 
tin RS in methanol 

Standard sofution C: 10 mg/mL of USP Powdered Red 
Clover Extract RS in Solvent A. Shake to dEsperse, heat 
on a water bath at 60°-80° for 10 min, cool, centri- 
fuge, and use the supernatant 
Sample solution: 10 mg/mL of Powdered Extract in 
Solvent A. Shake to disperse, heat on a water bath at 
60 D -80° for 10 min, cool, centnfuge, and use the su¬ 
pernatant. [Notę —Reserve a portion of the superna¬ 
tant for Identification test &] 
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Chromatographic system 

Adsorbent: Chromatographic sifica gel with an aver* 
age particie si ze of 5 [im (HPTLC plates) 

Application volume: 4 pL each of Standard solution 
A, Standard solution B t and the Sample solution , and 
3 jjL of Standard solution C, as 8-mm bands 
Relative humidity: Condition the piąte to a refative 
humidity of about 33% using a suitable device. 
Temperaturę: Ambient, not to exceed 30° 
Developing solvent system: Ethyl acetate, toluene, 
and formie acid (30:70:1} 

DeveIoping distance: 6 cm 
Derivalization reagent: 5 mg/mL of 2-aminoethyl 
diphenylborinate in ethyl acetale 
Analysis 

Samples: Standard solution A, Standard solution B, 
Standard solution C, and Sampfe solution 
Appiy the Samples as bands and dry in air, Develop in 
a saturated cnamben Remove the piąte from the 
chamber, beat at 100° for 5 min, treat while stiJI 
warm with Derivatiiation reagent , dry in air, and ex- 
aminę under UV llght at 365 nm. 

System suitability: Standard solution C exhibits, at 
about the middle of the chromatogram, a greenish 
band corresponding to biochanin A in Standard solu- 
tion A, and a bfursh band, at about one-third of the 
chromatogram, corresponding to formononetin in 
Standard solution B. Below the band due to 
formononetin, Standard solution C exhibits a red band. 
Acceptance criteria: The Sample solution exhibits the 
fotlowing bands similar in position and color to the 
corresponding bands in the chromatogram of Standowi 
solution C: two greenish bands at about the middle of 
the chromatogram (a distinction from white clover, 
soy, and alfalfa), one of these greenish bands corre¬ 
sponding to biochanin A in Standard solution A; a biu- 
ish bandat about one-third of the chromatogram, cor¬ 
responding to the formononetin band in Standard 
solution B. Below the formononetin band, the Sample 
solution exhibits a red band. 


B* HPTLC FOR Articles of Botanical Origin {203) 
Presence of flavone giycostdes 
5olvent A: Methanol and water (7:3) 

Solvent B: Methanol and water (6:4) 

Standard solution A: OJ mg/mL of USP Hyperoside 
RS in methanol 

Standard solution B: 25 mg/mL of USP Powderecl Red 
C3over Extract RS in Solvent A> Shake fo disperse, heat 
on a water bath at 60 ń -80° for 10 min, cool, centri- 
fuge, and use the supernatant 

Sample solution: Use the solution prepared in Identifi¬ 
cation test A. 

Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC plates) 

Application volume: 4 pL of Standard solution Ą 8 jjL 
of Standard solution B, and 2 pL of the Sample solu¬ 
tion , as 8-mm bands 

Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Temperaturę: Ambient, not to exceed 30 D 
Developing solvent system: Ethyl acetate, formie 
acid, gladaf acetic add, and water (100:11:11:27) 
Developing distance: 6 cm 
Derh/atization reagent: 5 mg/mL of 2-amjnoethyJ 
diphenylborinate in ethyl acetate 
Analysis 

Samples: Standard solution A, Standard solution B t and 
Sampfe solution 

Appiy the Samples as bands and dry in air. Develop in 
a saturated chamber. Remove the piąte from the 
chamber, heat at 100° for 5 min, treat while still 
warm with Derivatization reagent, dry in air, and ex- 
aminę under UV light at 365 nm* 


System suitability: Standard solution B exhibits, at 
about the middle of the chromatogram, two yeflow 
bands. The lower band corresponds in color and Rr to 
hyperoside in Standard solution A * The upper yellow 
band is due to isoquerdtnn, The solution aiso exhfbits 
two green bands or a broad green band, above the 
yellow bands, and a blue band in the upper thlrd sec- 
tfon of the chromatogram. The yellow bands due to 
hyperoside and isoquercitrin are clearly separated. 
Acceptance criteria: The Sample solution exhibit$ the 
foliowmg bands similar in position and color to the 
corresponding bands in Standard solution 8: a yeflow 
band in about the middle of the chromatogram corre¬ 
sponding to hyperoside in Standard solution A ; another 
yellow band, at an slightiy higher than that of 
hyperoside; two green bands or a broad green band 
above the yellow bands; and a blue band in the upper 
thfrd section of the chromatogram* 

• C HPLC 

Analysis: Proceed as directed in the test for Content of 
fsoftovones. 

Using the values obtained in the test for Content of Iso- 
fiavones f ca kula te the ratio of 5,7-dihydroxyisoflavones 
to 7-hydroxyisofiavones: 

Result = (B + G)/(D + F) 

B - percentage of biochanin A 

G - percentage of genistein 

D = percentage of a a id zer n 

F - percentage of formononetin 

Acceptance criteria: The Sample solution exhibits peaks 
for daidzein, genistein, formononetin, and biochanin A 
at retention times that correspond to those in Standard 
solution A. The ratio of 5,7“dihydroxylsof1avones to 
7-hydroxyisoflavones is between 0*1 and 10.0. 

COMPOSITION 
® Content of Isoflavones 

Solution A: Acetonitrile and water (1:3) containing 
0*05% trifluoroacetic acid 

Solution B: Acetonitrile containing 0.05% trifluoroacetic 
acid 

Mobile phase: See labie 1. 


Table 1 


Time 

(mini 

Solution A 
(%> 

Solution B 

0 

100 

9 

2 

1 00 

0 

2*5 

87 

13 

7*5 

80 

20 

7.8 

73 

27 

8.0 

55 

45 

n.o 

50 

50 

13.0 

40 

60 

15.0 

26 

74 

16.0 

9 

100 

18.1 

i no 

0 

23.0 

100 

0 


5olvent: Alcohol and water (1:1) 

Standard solution A: Suspend 10-15 mg of USP Pow- 
dered Red Clover Extract RS in 15 mL of 2 N hydrochlo- 
ric acid, sonicate to disperse, and heat on a water bath 
for 30 min* Add 15 mL of alcohol and mix well* Centri- 
fuge or filier througb a membranę of 0*45-^im or finer 
porę size* 

Standard solution B: 0.1 mg/mL of USP Formononetin 
RS, 0,02 mg/mL of USP Genistein RS, 0.02 mg/mL of 
USP Daidzein RS, and OJ mg/mL of USP Biochanin A 
RS in a mixture of n-propanol and water (1:1) 
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Sample solution: Accurately transfer a quantity of Pow¬ 
dered Extract, equivalent to 6 mg of the labeled 
amount of tsoflavones, to a 50-ml volumetnc fiask. Add 
15 mL of 2 N hydrochloric acid, sonicate to disperse, 
and heat on a water bath for 30 min. Aifow to cool, 
add 15 mL of alcohol, and dilute with Solvent to vof- 
ume, Centrifuge or pass through a filter of 0.45-fim or 
finer porę size. 

Chroma tographit system 
(See Chromatography {621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 

Cofumn: 4,6-mrn x 25-cm; end-capped 5-pm packing 

Column temperaturę: 45° 

Flow ratę: 1 mL/min 
Injection voiume: 10 pi 
System suitabrlity 

Samples: Standard solution A and Standard solution B 

Suitability requirements 

Tafling factor: NMT 2.0 for the formononetin peak, 
Standard solution B 

Relative standard deviation: NMT 2,0%, determined 
from the formononetin peak in replicate injections, 
Standard solution B 

Chromatogram simtfanty: The chromatogram of 
Standard solution A is simtlar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Red Clover Extract RS betng used. 

Analysis 

Samples: Standard solution A, Standard solution B, ano 
Sample solution 

Identify the peaks corresponciing to daidzein, genistein, 
formononetin, and biochanin A in the Sample solution 
by comparison with the chromatogram from Standard 
solution A and the reference chromatogram. Measure 
the areas of the analyte peaks. 

Calculate the percentage of each isoffavone in the por- 
tion of Powdered Extract taken: 

Result = (rjri) x C$ x {V/W) x 100 

fu - peak area of a relevant isoflavone from the 
Sample solution 

n = peak area of a corresponding i$oflavone from 
Standard solution B 

Cs = concentration of a relevant isofiavone in 
Standard solution B (mg/m L) 

V ~ volume of the Sample solution (ml) 

W = weight of Powdered Extract used to prepare 
the Sample solution (mg) 

Calculate the percentage of the labeled amount of 
isoflavones in the portion of Powdered Extract taken: 

Result = (ZPJL) x 100 

ZPi = total combined content of isoflavones as 
determlned above 

L = labeled amount of isofłavones 
Acceptance criteria: 90.0%~110.0% of the labeled 
amount of isof3avones as the sum of daidzein, genistein, 
formononetin, and biochanin A, on the dried basis 

CONTAMINANT5 

• ELEMENTAL IMPURITIES—PROCEDURE5 (233) 

Acceptance criteria 
Arsenie: NMT l.Opg/g 
Cadmtum: NMT 0.5 ug/g 
Lead: NMT 5.0pg/g 
Mercury: NMT I.Opg/g 

* Botanical Extracts (565), Preparations , Genera! Pharma- 

copeial Reguirements, Pesticide Residuesi Meets the 
reguirements 


* Botanical Extracts (565), Preparations , General Pharma * 

copeiaf Reguirements, Residual Solvents : Meets the 
requirements 

* Microbial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 10 4 cfu/g and the total 
combined molds and yeasts count does not exteed 10 3 
cfu/g. 

* Absence of SPECfFlED MlCROORCAN! siws (2022), Test Proce- 

dures , Test for Absence of Salmonella Species and Tesf for 
Absence of Escherkhia coli: Meets the reguirements 

SPECIFIC TESTS 

* Loss on Drying (731) 

Sample: 1 g 

Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 5.0% 

ADDITIONAL REQUIREMENTS 

■ Packaging and Storage: Preserve in tight, light-resistant 
containers, in a cool place, 

* Labeung; The label States the Latin binomial and, follow- 

ing the offidai name, the part of the plant from which 
the article was prepared The label also indlcates the con¬ 
tent of fsoflavones, the extracting solvent used for prepa- 
ration, and the ratio of the starting crude plant materia! 
to Powdered ExtracL U meets the requirements in Botani¬ 
cal Extracts (565), Preparations , General Pharmacopeial Re¬ 
guirements, Labeling. 

* USP Reference Standards (11) 

USP Biochanin A RS 

USP Daidzein RS 

USP Formononetin RS 

USP Genistein RS 

USP Hyperoside RS 

USP Powdered Red Gover Extraet RS 


Red Clover Tablets 


DEFINmON 

Red Clover Tablets contain Powdered Red Gover Extract 
Tablets contain NIT 90.0% and NMT 110.0% of the la¬ 
beled amount of Powdered Extract, calculated as 
isoflavones. 

IDENTIFICATION 

• A. HPLC Identification Test 

Analysis: Proceed as directed for the Content of 
lsoffavones 

Using the values obtained in the test for Content of Iso* 
f!avones t calculate the ratio of 5,7-dihydroxyisoflavones 
to 7- h y d roxy i sof I a vo n es: 

Result - (B + G)/(D + f ) 

B = percentage of biochanin A 

G - percentage of genistein 

D = percentage of daidzein 

f = percentage of formononetin 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks for daidzein, genistein, 
formononetin, and biochanin A at retention times that 
correspond to those in the chromatogram of Standard 
solution A t and the ratio of 5,7-dihydroxyisof3avones to 
7-hydroxyisoflavones is between 0.1 and 10. 

STRENGTH 

* Content of Isofijwones 

Solution A: Acetonftrile an d water (1:3) containing 
0.05% trifluoroacetic acid 

Solution B: Acetonitrile containino 0.05% trifluoroacetic 
add 
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Mobile phase: See Tobie 1. 


Table 1 
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matogram provEded with the lot of USP Powdered 
Red C!over Extract RS being used, 

Tailing factor: NMT 2.0 for the formononetin peak, 
Standard solution B 

Relative standard deviation: NMT 2,0%, determfned 
from the formononetin peak in repeated injections, 
Standard solution B 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sam ple solution 

Identlfy the peaks corresponding to daidzein, genistein, 
formononetin, and biochanin A in the Sample solution 
chromatogram by companson with the chromatogram 
obtained from Standard solution A and the reference 
chromatogram. Measure the areas of the analyte 
peaks. 

Calcu tatę the content of each isoflavone, In mg, in the 
portlon of Tablets taken: 

Result = (rufrs) x Cs x V x D 


i/j 


Soh/ent: Alcohol and water (1:1) 

Standard stock solution: Transfer a guantity of USP 
Powdered Red Clover Extract RS, equivalent to 30 mg 
of the labeled content of isof3avones, to a 250-mL volu- 
metric fiask. Add 15 ml of dehydrated alcohol, sonicate 
until disso3ved, and ditute with Solvent to volume. 
Standard solution A: Evaporate 50 mL of the Standard 
stock solution to dryness under vacuum. Add 15 ml of 
2 N hydroehloric acid, and heat m a water bath for 30 
min. QuantitativeJy transfer the resuEting solution, with 
the aid of 15 mL of alcohol, to a 50-mL volumetric 
fiask, and dilute with Solvent to volume, Centrifuge, or 
filter through a membranę of 0,45-pm or finer porę 
size. 

Standard solution B: 0.1 mg/mL of USP Formononetin 
RS, 0,02 mg/mL of USP Genistein RS, 0.02 mg/mL of 
USP Daidzein RS, and 0.1 mg/mL of USP Biochanin A 
RS in a mixture of n-propanol and water (1:1), Soni¬ 
cate, and filter through a membranę of 0.45-pm or 
finer porę size, 

Sample stock solution: Weigh NLT 20 Tablets, and pul- 
verize. Transfer the equivalent of 40 mg of the labeled 
amount of isoflavones to a 250-mL vofumetric fiask. 

Add 15 ml of water, shake to disperse the powder, add 
15 mL of dehydrated alcohol and 200 mL of Soivent, 
and sonicate for 30 min, if dark partides are present in 
the bottom of the fiask, sonicate again for an additionaf 
TO min or until they disappear. Cool to room tempera¬ 
turę, dilute with Sobent to voiume, and filter, 

Sample solution; Transfer 50.0 mL of the resultlng solu- 
tion to a round-bottom fiask, and evaporate to dryness 
under vacuum. Add 1 5 mL of 2 N hydroehloric acid, 
and heat in a water bath for 30 min. Quantitatlvely 
transfer thls solution, with the aid of 15 mL of alcohol, 
to a 50-mL volumetr!c fiask, and dilute with Solvent to 
volume. Pass 5 ml of the solution through a filter of 
0,45-nm porę size, discardlng the first 4 mL of the fil- 
trate. Collect the remaining 1 mL of filtrate for testing. 
Chromatographic system 
(See Chromatography ( 621), System Suitabillty.) 

Modę: LC 

Detector: UV 254 nm 

Coiumn: 4.6-mm x 25-em; end-capped 5-jim packing 
LI 

Coiumn temperaturo: 45° 

Flow ratę: 1 ml/min 
injection volume: 1 0 pL 
System suitabillty 

Samples: Standard solution A and Standard solution B 

SuitabNity reguirements 

Chromatogram similarity; The chromatogram from 
Standard solution A h simitar to the reference chro- 


r u - peak response for each relevant isoflavone 
from the Sample solution 
r* = peak response for daidzeEn, genistein, 

formononetin, or biochanin A from Standard 
solution B 

Cs - eoneentration of daidzein, genistein, 

formononetin, or biochanin A in Standard 
sotution B (mg/mL) 

V = volume of Sample stock solution (mL) 

D = dilutlon factor to prepare the Sample solution 
from the Sample stock solution , 1 
Calculate the percentage of the labeled amount of 
Powdered Red Clover Extract taken: 

Result = G x (A W t/W) x (100/L f ) x (T 00/0 

G - sum of the content of isoflavones in the 
portlon of Tablets taken (mg) 

Am - average weight of Tablets (mg) 

W - welght of the powdered Tablets taken (mg) 

Lf - labeled percentage of isoftavones in the 
Powdered Extract used to prepare the 
Tablets 

i = label claim of Powdered Extract (mg/Tablet) 
Acceptance errteria: 90.0%-l 10.0% as isoflavones 

PERFORMANCE TEST5 

8 DI51NTEG R ATI ON AND DISSOLUTION (2040): Meet the re- 
guirements for disintegration in Botanical Dosage Forms 

* Weight Variation of Dietary Supplements (2091): Meet 

the requlrements 

5PECIFIC TESTS 

» Micro bial Enumeration Tests (2021): The to tal aerobic 
mlcrobial count does not exceed 10" 1 cfu/g, the total 
comblned molds and yeasts count does not exceed IG 3 
cfu/g, and the enterobacterlal count is NMT 10 3 cfu/g. 

* Absence of Specified Microorganisms (2022): It meets 
the requirements of the tests for absence of Salmonella 
spedes and Escherichia coli. 

ADDmONAL REQIV9REMENTS 

* PACKAGING and Storage: Preserve in tight, lighUresistant 
confainers. 

« Labeling: The labę! States the Latfn binomial and, follow- 
ing the officlal name, the artlcle from whlch Tablets were 
prepared. The label also indicates the guantity, In mg, of 
Powdered £xtract per Tablet Label Tablets to indicate the 
content, in mq, of Isoflavones per 100 mq of Powdered 
Extract. 
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« USP Reference Standards (11) 

USP Biochanln A RS 
USP Daldzeln RS 
USP Formononetin RS 
USP Genistein RS 

USP Powdered Red Ctover Extract RS 


Riboflavifli— see Riboflavin General 
Monographs 


Riboflavin Tafolets — see Riboflavin Tablets 
General Monographs 


Ribofiavin 5'-Phosphate Sod i u m —see 

Riboflavin 5'~Phosphate Sodium General 
Monographs 


RhodioSa rosea 


DEFINITION 

Rhodiola rosea consists of the dried roots and rhizomes of 
Rhodiola rosea L, (Fam. Crassulaceae). It contains NLT 
0.3% of phenylpropenoid glycosides caiculated as the 
sum of rosarin, rosavin, and rosin; and NLT 0.08% salidro- 
slde; both caiculated on the dried basis, 

IDENTIFICATION 

* A. Rhodiola rosea meets the requirements under Specific 
Tests, Bota nic Characteristics. 

» B. Thin-Layer Chromatgghaphy 

Standard solution A: 1.0 mg/mL of USP Rosavin RS in 
methanol 

Standard solution B: 50 mg/mL of USP Rhodiola rosea 
Root and Rhrzome Dry Extract RS in methanoL Sonicate 
for 10 min, centrifuge, and use the supernatant 
Sample solution: Sonicate for 10 min about 0.5 g of 
Rhodiola rosea , finefy powdered, in 5 mL of methanol, 
centrifuge, and use the supernatant 
Chromatographlc system 
(See Chromatograpny (621), Thin-Loyer Chromało- 
graphy.) 

Adsorbent: Chromatographlc siEica gel with an aver- 
age particie size of 5 pm (HPTLC plates) 

Application vo!ume: 3 pl of Standard solution Ą 5 pL 
each of Standard solution B and Sample solution ; as 
8-mm bands 

Relative humidity: Condltion the piąte to a relative 
humidity of about 33% using a suitable device 
Developing solvent system: A mixture of ethyl ace- 
tatę, methanol, water, and formie add (77:13:10:2) 
Developing distamce: 6 cm 

Derivatrzation reagent: Dissolve 1 g of diphenylamine 
in 40 mL of acetone, add 1 mL of anilinę, and mix. 
Carefully add 7.5 mL of phosphoric add, and mix. 
Analysis 

Sam pies: Standard solution A f Standard solution &, and 
Sample solution 

Appfy the samples as bands to a suitable high perfor¬ 
mance thin-layer chromatographic piąte, and dry in 
afn Develop the chromatograms in a saturated cham- 
ber, remove the piąte from the cham ber, and dry in 


air. Derivatize the piąte with Derivatizadon reagent t 
heat at 1 20° for 5 min, and examrne under visible 
iight. 

System suitability: The chromatogram of Standard solu¬ 
tion B exhibits, in the fower haif, three gray bands and 
two brownish bands, one above and the other below 
the gray bands; the most Intense band in the chromat¬ 
ogram is the brownish band with an R F below the gray 
bands; the most intense gray band is the lower band at 
an R f corresponding to the band due to rosavin in the 
chromatogram of Standard Solution A; the upper gray 
band due to rosarin is less intense. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibtts a gray band corresponding to the band 
due to rosavin in tne chromatogram of Standard Solu - 
don A, and the following bands corresponding to simi- 
tar bands in the chromatogram of Standard solution B: 
two additional gray bands and two brownish bands, 
one above and the other below the gray bands; the 
most intense band in the chromatogram is the brown¬ 
ish band with an below the gray bands; the most 
intense gray band is the lower Band due to rosavin. 

O C HPLC 

Analysis: Proceed as directed in the test for Content of 
Phenylpropenoid Glycosides and Salidroside. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks at the retention limes corre¬ 
sponding to the peaks due to salidroside, tyrosol, 
rosarin, rosavrn, rosin, and rosirldtn in the chromato¬ 
gram of Standard solution C The ratio of the content of 
phenylpropenoid glycosides: rosarin, rosavin, and rosin, 
to the content of salidroside is about 3:1. 

COMPOSITION 

■ Content of Phenylpropenoid Glycosides and Salidroside 
Solution A: Water 
Solution B: Acetonitnle 
Mobile phase: See Table I. 


Table 1 


Time 

(min 1 ) 

Solution A 

m 

Solution B 
<%) 

0 

94 

6 

ó 

83 

17 

7 

80.3 

19.7 

9 

80.3 

19.7 

10 

0 

100 

12 

94 

6 

17 

94 
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Solvent: 75% methanol In water 

Standard solution A: 1.0 mg/mL of USP Rosavin RS in 
methanol 

Standard solution B: 0.3 mg/mL of USP Salidroside RS 
in methanol 

Standard solution C: 4.0 mg/mL of USP Rhodiola rosea 
Root and Rhizome Dry Extract RS En methanol. Sonicate 
to dissolve, if necessary. Before Injection, pass through a 
membranę filter of 0.45-jim or finer porę ssze. 

Sample solution: Transfer about 5,0 g of Rhodiola rosea, 
finely powdered and accurately weighed, to a 25-mL 
fiask. Add 7 ml of Solvent, sonicate for 15 min, and 
filter into a 10-mL volumetric fiask. Wash the residue on 
the filter paper twice, using 1 mL of Solvent each; add 
the washings to the vofumetric fiask; adjust the volume 
using Solvent; and mix. Before injectton, pass through a 
membranę filter of 0.45-pm or finer porę size, discard- 
ing the first few mL of the filtrate. 

Chromatographic system 
(See Chromatograpny (621), System Suitability * *) 
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Modę: LC 

Detector: UV, 205 nm 

Column: 3,0-mm x 10-cm; 2,5-tim packlng LI 
Colymn temperaturę: 40 ± 1 ° 

Ffow ratę: 1.0 mL/min 
ln|ection volume: 1 jiL 
System suitability 

Sam pies: Standard solution A and Standard salut ton C 

Suitability requirements 

Chromatogram similarity: The chromatogram ob- 
tamed from Standard solution C is similar to the refer- 
ence chromatogram provided with the fot of USP 
Rhodiola rosea Root and Rhizome Dry Extract RS be- 
ing used. 

Resolution: NLT 1*5 between the rosarin and rosavm 
peaks, Standard solution C 

Relative standard deviation: NMT 2% determined 
from the rosavm peak in repeated injections, Standard 
solution A 
Anafysis 

Samples: Standard solution A, Standard solution B t 
Standard solution C, and Sample solution 
Using the chroma tograrm of Standard solution A, Stan * 
dard solution B, Standard solution C, and the reference 
chromatogram provided with the lot of USP Rhodiola 
rosea Root and Rhizome Dry Extract RS being used, 
identify the retention time of the peaks correspondmg 
to salidroside, tyrosol, rosarin, rosavin, rosin, and 
rosiridin in the Sample solution. 

Separately calculate the percentages of rosarin, rosavin, 
and rosin as rosavin in the portion of Rhodiola rosea 
tak en: 

Result = (r u /n) x Q x (V/W) x 100 

fu - peak area of the relevant analyte in the 
Sample solution 

n = peak area of rosavin in Standard solution A 
Cs = eon centra tron of rosavin in Standard solution A 

(mg/ml) 

V - voiume of Sample solution (mL) 

W = weight of Rhoaioia rosea taken to prepare the 
Sample solution (mg) 

Calculate the percentage of pherwlpropenoid giycosides 
as the sum of the percentages of rosarin, rosavrn, and 
rosin. 

Calculate the percentage of salidroside in the portion of 
Rhodiola rosea taken: 

Result - (r 0 /n) x Q x (V/W) x 100 

ru = peak area of salidroside from the Sample 
solution 

r$ - peak area of salidroside from Standard solution 
B 

Cj - concentration of salidroside in Standard 
solution B (mg/mL) 

V - volume of the Sample solution (ml) 

W = weight of Rhodiola rosea taken to prepare the 
Sample solution (g) 

Acceptance criteria: NLT 03% of phenylpropenoid gly¬ 
cosides and NLT 0,08% salidroside; bolo calculated on 
the dried basis. 

CONTAMINANTS 

* Elemental impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 2.0pg/g 
Cadmium: NMT 1,0 jag/g 
Lead: NMT 5*0pg/g 
Mercury: NMT 1.0 pg/g 

* Articles of Motani cal Origin, General Method for Pestb 

cide Residues An alysis (561): M ee ts th e req u i re m e n ts 


* M Krobial Enumeration Tests (2021): The total aerobic 

bacterial count does not exceed 10 5 cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 J cf u/ 
g, and the biie-toferant Gram-negative bacteria count 
does not exceed 10 3 cfu/g* 

* Absence of Specified Microorganisms (2022): Meets the 

requirements of the tests for absence of Salmonella spe« 
des and Escherichla coli 

* Articles of Botanical Origin, Test for Aflatoxins (561): 

Meets the reąuirements 

SPECIFiC TESTS 

* 80TANIC CHARACTERISTICS 

Macroscopic: Underground parts consist of numerous 
rhizomes United at their base into a long taproot* Both 
the rhizome and root exhibit secondary growth. Phar- 
macopeial artide eonsists of dry pieces of rhizomes and 
roots of various shapes* Pieces of rhizomes are thick, 
wrinkly, with remains of stems and scales, and pieces of 
roots branching off the rhizome, The surface of the rhi¬ 
zome and the roots is shiny, grayish-brown; after peel- 
ing off the cork, a golden-yellow layer is revealed; frac- 
ture, pinkish-brown or light brown* 

Microscopic 

Transverse section of rhizome: Cork, narrow to 
broad, depending on the sample; cork cells may be 
dark brown, greenish, or nearfy colorless; cortex, large, 
loosely arranged parenchymatous cells, with sfightly 
thickened walls; secondary phloem, parenchymatous, 
no sdereides; smali narrow vascufar bundles oceur in a 
ring surroundmg a broad parenchymatous pith; pith 
tndudes scattered vascular bundles; parenenyma of the 
rhizome is filled with starch granufes, simple, round or 
oval-shaped, 5-20 pm in diameter; hifum, if present, 
appears as a smali dot 

Transverse section of root: Cork, narrow to broad, 
depending on the sample; cortex, large, parenchyma¬ 
tous cells, may contain orange-brown tannin ducts; 
tannin ducts are also found embedded in the cork of 
old roots; seeondary phloem, parenchymatous, no 
sdereides; smali narrow vascufar bundles occur in a 
ring surrounding a narrow parenchymatous pith; 
starch granules, simple, round or oval-shaped, 5-20 
pm in diameter; hilum, if present, appears as a smali 
dot 

* Articles of Botanical Origin, Foreign Organie Matter 

(561): NMT 2*0% 

* Loss on Dkying (731) 

Sample: 1.0 g of finely powdered Rhodiola rosea 
Analysis: Dry at 105° for 2 h 
Acceptance criteria: NMT 1 2% 

* Articles of Botanical Origin, Total Ash (561) 

Sample: 2 g of finely powdered Rhodiola rosea 
Acceptance criteria: NMT 12% 

* Articles of Botanical Origin, Adddnsoluble Ash (561) 

Sample: 2-A cj of finely powdered Rhodiola rosea 
Acceptance criteria: NMT 3% 

ADDITIONAL REQUfREMENTS 

* Packaging and Storage: Preserve in well-closed contain- 

ers, protected from light and molsture, and storę at 
room temperaturę* 

* lABELiNG: The label States the Latin binomia! and, follow- 
ing the offidal name, the part of the plant contained in 
the article* 
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• USP Reference Standard* (11) 

USP Rhodiola rosea Root and Rhizome Dry Extract RS 
USP Rosavin RS 
USP Salidroside RS 


Powdered Rhodiola rosea 


DEFINITION 

Powdered Rhodiola rosea is Rhodiola rosea L reduced to a 
powder or fine powder. it contains NIT 03% of phenyl- 
propanoid glycosides, calculated as the sum of rosarm, 
rosavin, and rosin, and NLT 0.08% of salidroside, both 
calculated on the dried bas is, 

IDENTIFICATION 

* A- Powdered Rhodiola rosea meets the requirements 
under Spedfic Tests, Batonie Characteristics, 

• B> Thin-Layer Chromatography 

Standard solution A: 1,0 mg/mL of USP Rosavtn RS in 
methanol 

Standard solution B: 50 mg/mL of USP Rhodiola rosea 
Root and Rhizome Dry Extract RS in methanol; Sonicate 
for 10 min, centrifuge, and use the supematant. 

Sample solution: Sonicate for 10 min about 0.5 g of 
Powdered Rhodiola rosea in 5 ml of methanol, centri- 
fuge, and use the supematant. 

Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromało- 
graphy.) 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC pEates) 

Application volume: 3 pL of Standard solution A and 
5 pL each of Standard solution 8 and Sample solution; 
as 8-mm bands 

Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Deveioping solvent system: A mixture of ethyl ace- 
tate, methanol, water, and formie acid (77:13:10:2) 
Developing distance: 6 cm 

Denvatization reagent: Dissolve 1 g of diphenylamine 
in 40 mL of acetone, add 1 mL of anilinę, and mix. 
Carefully add 7.5 ml of phosphoric add, and mix. 
Analysis 

Sampies: Standard solution A t Standard solution B, and 
Sample solution 

Apply the sampies as bands to a suitable high perfor¬ 
mance thin-layer chromatographic piąte, and dry in 
air. Develop the chromatograms In a saturated cham- 
ber, remove the piąte from the chamber, and dry in 
air. Derrvatize the piąte with Derivatization reagent, 
heat at 120° for 5 min, and examine under visible 
irght 

System suitability: The chromatogram of Standard solu¬ 
tion B exhibits, in the lower half, three gray bands and 
two brownish bands, one above and the other below 
the gray bands; the most intense band in the chromat¬ 
ogram Is the brownish band with an Rf below the gray 
bands; the most intense gray band is the lower band at 
an Rf corresponding to the oand due to rosavin in the 
chromatogram of Standard solution A; the upper gray 
band due to rosarin is less intense. 

Acceptance criterra: The chromatogram of the Sample 
solution exhibks a gray band corresponding to the band 
due to rosavin in the chromatogram of Standard solu¬ 
tion A, and the foltowing bands corresponding to simi- 
lar bands in the chromatogram of Standard solution 8: 
two additional gray bands and two brownish bands, 
one above and the other below the gray bands; the 
most intense band in the chromatogram is the brown¬ 
ish band with an R f betów the gray oands; the most 
intense gray band is the lower band due to rosavin. 


* C HPLC 

Analysis: Proceed as directed in the test for Content of 
Phenylpropenoid Glycosides and Salidroside. 

Acceptance eriteria: The chromatogram of the Sample 
solution exhibits peaks at the retention tirnes corre¬ 
sponding to the peaks due to salidroside, tyrosol, 
rosarin, rosavin, rosin, and rosiridin in the chromato¬ 
gram of Standard solution C The ratio of the content of 
the phenylpropenoid glycosides, rosarin, rosavin, and 
rosin, to the content of salidroside is about 3:1. 

COMPOSmON 

• Content of Phenylpropenoid Glycosides and Salidroside 

Solution A: Water 

Solution B: Acetonitrrle 

Mobile phase: See Table ?. 
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Solvent: 75% methanol in water 
Standard solution A: 1.0 mg/mL of USP Rosavin RS in 
methanoi 

Standard solution B: 03 mg/mL of USP Salidroside RS 
in methanol 

Standard solution C: 4.0 mg/mL of USP Rhodiola rosea 
Root and Rhizome Dry Extract RS in methanol, Sonicate 
to dissolve, if necessary. Before injection, pass through a 
membranę filier of 0.45-pm or finer porę size. 

Sample solution: Transfer about 5.0 g of Powdered 
Rhodiola rosea t accurately weighed, to a 25-mL fiask. 
Add 7 mL of Solvent t sonicate for 15 min, and filter into 
a 10-mL volumetric fiask. Wash the residue on the filter 
paper twice using 1 mL of Solvent each, add the wash- 
mgs to the vo!umetric fiask, diiute with Solvent to voh 
ume, and mix. Before injection, pass through a mem¬ 
branę filter of 0.45-pm or filier porę size, discarding the 
first few ml of fil tratę. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 205 rnn 

Column: 3.0-mm x 10-cm; 2.5-pm packing LI 
Column temperaturę: 40 ± 1 ° 

Flow ratę: 1.0 ml/min 
Injection votume: 1 pL 
System suitability 

Sampies: Standard solution A and Standard solution C 

Suitability reąuirements 

Chromatogram similarity: The chromatogram ob- 
tained from Standard so/uf;'on C is simiiar to the refer¬ 
ence chromatogram provided with the lot of USP 
Rhodiola rosea Root and Rhizome Dry Extract RS be- 
ing used. 

Resolution: NLT 1.5 between the rosarin and rosavin 
peaks, Standard solution C 

Relative standard deviation: NMT 2% determined 
from the rosavin peak in repeated injections, Standard 
solution A 
Analysis 

Sampies: Standard solution A , Standard solution 8 f 
Standard solution C, and Sample solution 
Using the chromatograms of Standard solution A, Stan¬ 
dard solution B, Standard solution C, and the reference 
chromatogram provided with the lot of USP Rhodiola 
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roseo Root and Rhizome Dry Extract RS being used, 
identify the retention time of the peaks corresponding 
to salidroside, tyrosol, rosarin, rosavin, rosśn, and 
rosindin from the Sample sałution, 

Separateiy calculate the percentages of rosarin, rosavin, 
and rosin as rosavin in the portion of Powdered Rhodi¬ 
ola roseo tak en: 

Result = (fu/rs) x O x (V/W) x 100 

ru ~ peak area of the re!evant analyte from the 
Sample solution 

r$ = peak area of rosavin from Standard salut ton A 
Cs - eon centrali on of rosavin m Standard solu don A 
(mg/ml) 

V - volume of Sample solution (mL) 

IV = weight of Powdered Rhodiota rosea taken to 
prepare the Sample solutlon (mg) 

Calculate the percentage of phenyipropenoid glycosides 
as the sum of the percentages of rosarin, rosavin, and 
rosin, 

CaJcufate the percentage of salidroside In the portion of 
Powdered Rhodiota rosea taken: 

Result = (ru/n) xGx (V/W) x 100 

r u - peak area of salidroside in the Sample solutlon 

n - peak area of salidroside in Standard solution B 

Cs = concentration of salidroside in Standard 
solution B (mg/mL) 

V — volume of the Sample solution (mL) 

W - weight of Powdered Rhodiota rosea taken to 
prepare the Sample solution (g) 

Acceptance criteria: NLT 0,3% of phenyipropenoid gly- 
cosfdes and NLT 0.08% of salidroside, both calculated 
on the dried basis 

CONTAMINANTS 

* ELEMENTAL iMPtiRITIES—PROCEDUR ES (233) 

Acceptance criteria 
Arsenie: NMT 2.0 ug/g 
Cadmfiim: NMT 1.0 pg/g 
Lead: NMT 5,0 pg/g 
Mercury: NMT 1,0 pg/g 

* ARTICLES OF BOTANICAL ORIGIN, General Method for Pesti- 

cide Residues Analysis (561): Meets the reguirements 

* Microbial Enumeration Tests (2021); The total aerobic 

bacterial count does not exceed 10 * * * * 5 cfu/g, the total com- 
btned molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-tolerant Gram-negattve bactena count 
does not exceed 10 3 cfu/g. 

* Absence of Specified Microorganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
ci es and Escherichia coli 

* Articles of Botanical Oricin, Test for Aflatoxins (561): 

Meets the reguirements 

SPECIFiC TESTS 

* Botami c Characteristics 

Macroscopic: Pinkish-brown or light brown in cofor 
Microscopk It shows fragments of cork cells, sub- 
rectangular orpolygonal, containlng yellowrsh-brown 
pigments, 10-150 pm in diameter; parenchymatous 
ceTls of cortex, subsguare or polygonal, contaming red- 
dish-brown pigments; stone cells, subrounded, subtri- 
angular, subrectangular or irregular shape, some elon- 
aated, mostly 14-70 pm in diameter, up to 270 pm in 
length; fi bers mostly in bundles, long fusiform in shape, 
ends ob3ique-sharp or blunt-round, with obJique or 
criss-cross stnations, 10-60 pm in diameter; and reticu- 
late and pitted vessels, up to 120 pm tn diameter. 


o Hoss om Drying (731) 

Sample: 1.0 g of Powdered Rhodiota rosea 
Analysis: Dry at 105° for 2 h, 

Acce pt a n ce crite ri a : N MT 1 2 % 

« Articles of Botanical Origln, Total Ash (561) 

Sample: 2 g of Powdered Rhodiola rosea 
Acceptance criteria: NMT 12% 

• Articles of Botanical Ohigin, Add-Insoluble Ash (561) 

Sample: 2-A g of Powdered Rhodiola rosea 
Acceptance criteria: NMT 3% 

ADDiTIONAL REQUIR£MENTS 

*> Packagimg and Storach: Preserve in well-dosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

• Łabeling; The label States the Latin binomial and, follow- 

Eng the officiai na me, the parts of the plant from which 
the article was obtained. 

• USP Reference Standards (Tl) 

USP Rhodiola rosea Root and Rhizome Dry Extract RS 
USP Rosavin RS 
USP Salidroside RS 


Powdered Rhodiola rosea Extract 


DEFINITION 

Powdered Rhodiola rosea Bctract ts p repa red from Rhodiola 
rosea by extraction with hydroalcoholfc mtxtures. The ra- 
tio of plant materiał to extract is between 1.5:1 and 5:1. 
It contains NLT 90.0% and NMT 110.0% of the labefed 
amount of phenyipropenoid glycosides calculated as the 
sum of rosarin, rosavin, and rosin, and NLT 90.0% and 
NMT 110.0% of the Jabeled amount of salidroside, both 
calculated on the dried basis. It may contain suitable 
added substances as carriers. 

IDENTIFICATION 
* A. Thin-Łayer Chromatography 

Standard solution A: 1.0 mg/mL of USP Rosavin RS in 
methanoi 

Standard soiution B: 50 mg/mL of USP Rhodiola rosea 
Root and Rhizome Dry Extract RS in methanoi. Sonicate 
for 10 min, centrifuge, and use the supernątant. 

Sample solution: 50 mg/mL of Powdered Rhodiola 
rosea Bctract in methanoi. Sonicate for 1 0 min, centri¬ 
fuge, and use the supernatant. 

Chromatographic system 
(See Chrortigtograpny (621), Thin-Layer Chromoto- 
graphy .) 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 Jim (HPTLC plates) 

Application volume: 3 pL of Standard solution A and 

5 jiL each of Standard solution B and the Sample solu¬ 
tion; as 8-mm bands 

Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developing solvent system: A mixture of ethy! ace- 
tafe, methanoi, water, and formie add (77:13:10:2) 
Deveioping distance: 6 cm 

Derivatization reagent: Dissolve 1 g of diphenyiamme 
in 40 mL of acetone, add 1 mL of anilinę, and mix. 
Carefuliy add 7.5 mL of phosphonc acid, and mix, 
Analysis 

Sam pies: Standard solution A , Standard solution B f and 
Sample solution 

Appty the samples as bands to a suitable high perfor¬ 
mance thin-iayer chromatographic piąte, and dry in 
air. Develop tne chromatograms in a saturated cham- 
ber, remove the piąte from the chamber, and dry in 
air. Derivatize the piąte with Derivatization reagent , 
heat at 120° for 5 min, and examine under visible 
light. 
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System suitability: The chromatogram of Standard solu¬ 
tion B exhibits, in the lower half, three gray bands and 
two brownish bands, one above and the other below 
the gray bands; the most intense band in the chromat¬ 
ogram is the brownish band with an Rf below the gray 
bands; the most intense gray band is the Jower band at 
an Rf corresponding to the band due to rosavin in the 
chromatogram of Standard soluthn A; the upper gray 
band due to rosarin is less intense. 

Acceptance critena: The chromatogram of the Sample 
solution exhibits a gray band corresponding to the band 
due to rosavin rn the chromatogram of Standard solu¬ 
tion A, and the fol lawin g bands corresponding to simh 
lar bands in the chromatogram of Standard solution B: 
two additiona! gray bands and two brownish bands, 
one above and the other below the gray bands; the 
most intense band in the chromatogram is the brown¬ 
ish band with an Rf below the gray bands; the most 
intense gray band is the lower band due to rosavin, 
o B. HPLC 

Anaiysts: Proceed as directed in the test for Cantent of 
Phenylpropenoid Glycosides and Salidroside. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks at the retention times corre- 
spondlng to the peaks due to salidroside, tyrosol, 
rosarin, rosavin, rosin, and rosiridin in the chromato¬ 
gram of Standard solution C The ratio of the eon ten ts 
of rosarin, rosavin, and rosin is about 2.5; 6.0: 1.5, 
respeetively, 

COMPOSmON 

O CONTENT OF PHENYLPROPENOID GLYCOSIDES AND SALIDROSBDE 
Solution A; Water 
Solution B: Acetonitrile 
Mobile phase: See Table 1. 


ence chromatogram provided with the lot of USP 
Rhodiola rosea Root and Rhizome Dry Extract RS be- 
ing used. 

Resolution: NLT 1.5 between the rosarin and rosavin 
peaks, Standard solution C 

Relative standard deviation: NMT 2% determined 
from the rosavin peak in repeated injections, Standard 
solution A 

Analysis 

SampŁes: Standard solution A , Standard soluthn B f 
Standard solution C, and Sample soluthn 

Uslng the chromatograms of Standard solution Ą Stan¬ 
dard soluthn B f Standard solution C, and the reference 
chromatogram provided with the lot of USP Rhodiola 
rosea Root and Rhizome Dry Extract RS being used, 
identify the retention time of the peaks corresponding 
to salidroside, ty rosol, rosarin, rosavin, rosin, and 
rosiridin from the Sample solution. 

Separately caiculate the percentage of rosarin, rosavin, 
and rosin as rosavin in the portlon of Powdered Rhodh 
ola rosea Extract taken; 

P] — (ru/r$) x (Cs/Cu) x 100 

ru - peak area of the relevant anaJyte from the 
Sample soluthn 

r% - peak area of rosavin from Standard solution A 

Q - concentration of rosavrn in Standard soluthn A 
(mg/mL) 

Cu = concentration of Powdered Rhodiola rosea 
Bitract in the Sample solution (mg/mL) 

Caiculate the percentage of phenylpropenoid glycosides 
as the sum of the percentages of rosarin, rosavin, and 
rosin, 

Caiculate the percentage of salidroside in the portion of 
Powdered Rhodiola rosea Exfract taken: 


Table 1 


Time 

(mini 

Solution A 

(°/o) 

Solution B 

(%> 

0 

94 

6 

6 

83 

17 

7 

803 

19.7 

9 

80.3 

19.7 

10 

0 

100 

12 

94 

6 

17 

94 

6 


Standard solution A: 1,0 mg/mL of USP Rosavin RS in 
methanol 

Standard solution B: 03 mg/mL of USP Salidroside RS 
in methanol 

Standard solution C: 4.0 mg/mL of USP Rhodiola rosea 
Root and Rhizome Dry Extract RS in methanoL Sonicate 
to dissolve, if necessary. Before injection, pass through a 
membranę filter of 0.45-pm or finer porę size. 

Sample solution; 4.0 mg/mL of Powdered Rhodiola 
rosea Extract in methanol. Sonicate to dissoive, if neces¬ 
sary. Before injection, pass through a membranę filter 
of 0.45-pm or finer porę size. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 

Column; 3.0-mm x 10-cm; 23-pm packing LI 
Column temperaturę; 40 ± 1 0 
Row ratę: 1.0 mL/min 
Injection voiume: 1 juL 
System suitability 

Sam pies: Standard solution A and Standard soluthn C 
Suitability reguirements 

Chromatogram similarity: The chromatogram ob- 
tained from Standard solution C is similar to the refer- 


Pz - (rufrs) x (Cs/Co) x 100 

r u = peak area of salidroside from the Sample 
soluthn 

rs - peak area of salidroside from Standard solution 
B 

Ci = concentration of salidroside in Standard 
solution B (mg/mL) 

Cu = concentration of Powdered Rhodiola rosea 
Extract in the Sample solution (mg/mL) 
Caiculate the percentage of the labeled amount of 
phenylpropenoid glycosides tn the portion of 
Powdered Rhodiola rosea Extract taken: 

Result = (Pr/L) x 100 

Pf = content of phenylpropenoid glycosides, as 
determined above (%) 

i - labeled amount of phenyfpropenoid glycosides 

(%} 

Caiculate the percentage of the labeled amount of 
salidroside In the portion of Powdered Rhodiola rosea 
Extraet taken: 

Result = (P 2 /L) x 100 

P? = content of salidroside, as determined above 

(%) 

i = labeled amount of salidroside (%) 

Acceptance criteria: NLT 90.0% and NMT 110.0% of 
the labeled amount of phenyipropenoid glycosides, and 
NLT 90.0% and NMT 110.0% of the labeled amount of 
salidroside, both calculated on the dried basis. 


DS Monographs 
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CONTAMINANT5 

* Elemental Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 2.0 Mg/g 
Cadmium: NMT 1.0 (.tg/g 
Lead: NMT5.0pg/g 
Mercury: NMT 1.0 pg/g 

* Articles of Botanical Origin, General Method for Pesth 

cide Residues Analysis (561): Meets the requirements 

* Ml cno Bi al Enumeratjon Tests (2021): The total aerobic 
bacterial count does not exceed 1 0 A cfu/g, and the total 
combined molds and yeasts count does not exceed IG 3 
cfu/g. 

* Absence of Specified Microorganisms (2022): Meets the 

requirements of the tests for absence of Salmonella spe- 
des and Escherkhia coli 

* Articles of Botanical Origin, Test for Aflatoxins (561): 

Meets the requiremenfs 

SPECIFIC TESTS 

* Loss ON Drying (731) 

Sampie: 2.0gof Powdered Rhodiola rosea Extract 
Analysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT 5% 

ADD3THONAL REQUIREMENTS 

* Packaging and Storage; Preserve En weil-dosed contain- 
ers, protected from light and moisture, and storę at con- 
trolied room temperaturę. 

* LabelpNC: The label States the Latin binomial and, fol¬ 

iowi ng the offictal na me, the part of the plant from 
whlch the article was derived. It meets other labefing re- 
gulrements under Botanical Ex£racts (565). 

* USP Referenge Standards (11) 

USP Rhodiola rosea Root and Rhizome Dry Extract RS 
USP Rosavin RS 
USP Salidroside RS 


Rhodiola rosea Tincture 


DEFINITION 

Rhodiola rosea Tincture is p repa red as foltows. 


Rhodiola rosea 

1 part fa) 

A mjxture of Afcohol and Water (40:60), a 
sufficient quantitv to make 

5 Dam (ml) 


Developing distance: ó cm 

Derivatization reagent: Dissolve 1 g of diphenyfamlne 
in 40 ml. of acetone, add I mL of anilinę, and mix* * 
CarefulEy add 7,5 ml of phosphonc acid, and mix, 
Analysis 

Samples: Standard solution Ą Standard solution 8, and 
Sam ple solution 

Apply the samples as bands to a suitable high perfor¬ 
mance thin-layer chromatographic piąte, and dry En 
air. Develop the chromatograms in a saturated cham- 
ber, remoye the piąte from the cham ber, and dry rn 
a Er. Derlvatize the piąte with Derivatization reagent , 
heat at 120° For 5 min, and examine under yfslble 
light. 

System suitabrlity: The chromał ogram of Standard solu¬ 
tion B exhibits, in the lower half, tnree gray bands and 
two brownish bands, one above and the other below 
the gray bands; the most intense band in the chromaN 
ogram is the brownish band with an R f below the gray 
bands; the most intense gray band is the lower band at 
an R f corresponding to the band due to rosavin in the 
chromatogram of Standard solution A ; the upper gray 
band due to rosarin is less intense, 

Acceptance criteria: The chromatogram of the Sampie 
solution exhibits a gray band corresponding to the band 
due to rosavin En the chromatogram of Standard solu¬ 
tion A, and the following bands corresponding to simi- 
!ar bands En the chromatogram of Standard solution B: 
two additional gray bands and two brownish bands, 
one above and the other below the gray bands; the 
most intense band in the chromatogram is the brown¬ 
ish band with an below the gray bands; the most 
intense gray band is the lower band due to rosavin. 

• B. HPJLC 

Analysis: Proceed as directed in the test for Content of 
Phenylpropenoid Glycosides and Salidroside. 

Acceptance criteria: The chromatogram of the Sampie 
solution exhfbits peaks at the retention times corre¬ 
sponding to the peaks due to salidroside, tyrosol, 
rosarin, rosavin, rosin, and rosindin in the chromato¬ 
gram of Standard solution C 

The ratto of the confents of rosarin, rosavin, and rosin is 
about 2.5: 6.0: 1.5. 

COMPOSITION 

® Content of Phenylpropenoid Glycosides and Salidroside 
Solution A: Water 
Solution B: Acetonitrite 
Mobile phase: See Table 1. 


Prepare the Tincture as directed for Botanical Extracts (565), 
Tinctures , Mace radon Process. It contains NLT 0.06% (w/v) 
of phenylpropenoid glycosides calculated as the sum of 
rosarin, rosavin, and rosin; and NLT 0.016% of salidroside. 

IDENTIFICATION 

* A. Thin-Layer Chromatography 

(See Chromatography (621), Thin-Layer Chromatography.) 
Standard solution A: 1,0 mg/mL of USP Rosavin RS in 
methanol 

Standard solution B: 50 mg/mL of USP Rhodiola rosea 
Root and Rhizome Dry Extract RS in methanol. Sonicate 
for 10 min, centrifuge, and use the supematant 
Sampie solution: Centrifuge a portion of Tincture, and 
use the supematant 
Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC plates) 

Application votume: 3 pL of Standard solution A, 5 liL 
of Standard solution B , and 10 uL of Sampie solution ; as 
8-mm bands 

Reiative humidity: Condition the piąte to a relatNe 
humidity of about 33% using a suitable device. 
Developing solvent system: A mixture of ethyt aće- 
tate, methanol, water, and formie add (77:13:10:2) 


labie 1 


Time 

(min) 

Solution A 
(%) 

Soiution B 

(°/ o ) 

a 

94 

6 

6 

83 

17 

7 

803 

19.7 

9 

80.3 

19.7 

10 

0 

100 

12 

94 

6 

17 

94 

6 


Standard solution A: 1.0 mg/mL of USP Rosavin RS in 
methanol 

Standard solution B: 0.3 mg/mL of USP Salidroside RS 
in methanol 

Standard solution C: 4.0 mg/mL of USP Rhodiola rosea 
Root and Rhizome Dry Extract RS in methanol. Sonicate 
to dissolve, if necessary. Before injection, pass through a 
membranę filter of 0.454101 or finer porę size. 

Sampie solution: Before injecting the Tincture, pass 
through a membranę filter of 0.45-pm or finer porę 
size. [Notę—T he sampie can be weighed and converted 
to yoiume using the density of the Tincture.] 
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Chromatographic system 

(See Chromatograpny (621), System Suitabifity.) 

Modę: tC 

Detector: UV 205 nm 

Cofurnn: 3.0-mm x 10-cm; 2.5-pm packing LI 

Column temperaturę: 40 ± 1 ° 

Flow ratę: 1 .0 mL/min 
Injectlon volume: 1 pL 
System suitability 

Samples: Standard salution A and Standard solution C 

Suitability requirennents 

Chromatogram similarity: The ehromatogram ob- 
tained from Standard solution C is simifar to the refer¬ 
ence chromatogram provided with the lot of USP 
Rhodiola rasea Root and Rhizome Dry Extract RS be~ 
Ing used. 

Resolution: NLT 1.5 between the rosarin and rosayin 
peaks, Standard solution C 

Relative standard deyiation: NMT 2% determrned 
Prom the rosayin peak En repeated injections, Standard 
solution A 
Analysis 

Samples: Standard solution A , Standard solution B, 
Standard s o tut ion C, and Sampie solution 
Using the chromatograms of Standard solution A, Stan¬ 
dard solution B, Standard solution C, and the reference 
chromatogram proyided with the lot of USP Rhodiola 
rosea Root and Rhizome Dry Extract RS being used, 
identify the retention tlme of the peaks corresponding 
to salidroside, tyrosol, rosarin, rosayin, rosin, and 
rosirldin in the Sampie solution. 

Separately calculate the percentages of rosarin, rosayin, 
and rosin as rosayin in the portion of Tincture taken: 

ResuJt = (ru/n;) x C s x 1 00 

fu = peak area- of the relevant analyte from the 
Sampie solution 

n ~ peak area of rosayin from Standard solution A 
Q - concentration of rosayin in Standard solution A 
(g/mL) 

Calculate the percentage of phenyfpropenold glycosides 
as the sum of the percentages of rosarin, rosayin, and 
rosin. 

Calculate the percentage of salidroside in the portion of 
Tincture taken: 

Resuft - (ru/n) x CjXl 00 

r u - peak area of salidroside from the Sampie 
solution 

r 5 = peak area of salidroside from Standard solution 
B 

Ci = concentration of salidroside in Standard 
solution B (g/mL) 

Acceptance cnteria: NLT 0,06% (w/v) of phenylprope- 
noid glycosides; and NLT 0.016% of salidroside 

0THER COftfflPONENTS 

* Alcohol Determination, Method I (611): NLT 90.0% 
and NMT 110.0% of the labeled amount of ethanol 
(CzHsOH) 

CONTAft/lSNANTS 

* Articles of Botanical Origin, General Method for Pesti- 

cide Residues A na lysis (561): M ee ts t h e req u i re m en ts 

ADBBTSONAL REQUIRE!VIENTS 

■ Packaging AND Storage: Preserve En tight, light-resistant 
containers, and storę at room temperaturę. 

* LABEL!MG: The iabei States the offidal name oP the arth 
cle, the Latin binomial, and the part of the plant from 
whtch the artide was prepared. Label it to indicate the 
content of phenylpropenofd glycosides and salidroside, 
the soIvent mixture used for extraction, and the ratio of 
the starting crude plant materia! to Tincture. 


® USP Reference Standards (11) 

USP Rhodiola rosea Root and Rhizome Dry Extract RS 
USP Rosavin RS 
USP Salidroside RS 


Rhodiola msea Ca psu E es 

DEFINITION 

Rhodiola rosea Ca psu fes contain Powdered Rhodiola rosea Ex- 
tract They contain NLT 95.0% of the labeled amount of 
phenyipropenoid glycosides, calculated as the sum of 
rosarin (CaoHzsOio), rosayin (CaoFhsOio), and rosin 
(C T5 H 2 oOa}; and NLT 95.0% of the labeled amount of 
salidroside (CmHzuO?). 

IDENTIFICATION 
O A. HPLC 

Anafysts: Proceed as directed in the test for Content of 
Phenyipropenoid Glycosides and Salidroside, Method 1 or 
Method 2. 

Acceptance criteria: The chromatogram of the Sampie 
solution exhlbits peaks at retention times corresponding 
to the peaks due to salidroside, rosarin, rosayin, and 
rosin in the chromatogram of Standard solution fi, 
Method 1 or Standard solution C, Method 2 in Strength. 

STRENGTH 

[Notł—T he strength reguirement may be met by foliowing 
either one of the specified methods; the method used 
should be stated on the label only if Method 1 is not used.] 

• Content of Phenvlpropengjd Glycosides and Salidro¬ 
side, Method 1 

Extraction solyent: M ethanol and water (2:8) 

Solution A: 0.2% o-Phosphoric acid 
Solution B: Acetonitrlie 
Mobile phase: See Tabie 1. 


Table 1 


Time 

(mini 

Solution A 

(%) 

Solution B 

(%) 

0 

94 

6 

10 

94 

6 

11 

85 

15 

21 

77 

23 

22 

10 

90 

24 

10 

90 

25 

94 

6 

35 

94 

6 


Standard solution A: 0,04 mg/mL of USP Rosayin RS 
and 0,02 mg/mL of USP Salidroside RS in Extracthn sod 
yenL Sonicate to dlssolye, if necessary. 

Standard solution B: 2.0 mg/mL of USP Rhodiola rosea 
Root and Rhizome Dry Extract RS in Extraction solvent 
Sonicate to dissolve, if necessary, Before injection, pass 
through a PVDF membranę fifter of 0.45-pm or ffner 
porę size. 

Sampie solution: Determrne the total weight of 20 
Capsules. Open the Capsufes and combine their con- 
tents in an approprlate Container. Welgh the empty 
Capsule shelis and calculate the average fili weight per 
Capsule. Transfer a portion of the Capsule contents, 
equivalent to 3 mg of phenyipropenoid glycosides (sum 
of rosarin, rosayin, ana rosin) into a 50-mL yolumetric 
fiask. Add 40 mL of Extractbn solyent and sonicate for 
30 min. Cool to room temperaturo, dl lute with Extrac- 
tion solvent to yolume, mix well, and pass through a 
PVDF membranę filter of 0.45-}!rn porę size. 

Chromatographic system 
(See Chromatography (62 1), System Suitability.) 


DS Monographs 
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Modę: LC 

Detector: UV 221 nm for 0-15 min and 251 nm for 
15-35 min 

Colurrm: 4.6-mm x 15-cm; 3-jj.m packing LI 
Colurrm temperaturę: 40° 

Flow ratę: 1.25 mL/min 
injection vofume: 20pL 
System suitability 

Samples: Standard soiution A and Standard soiution B 

Suitability requirements 

Chromatogram similarity: The chromatogram ob- 
tained with Standard soiution B is slmilar to the ref er- 
ence chromatogram proyided with the lot of USP 
Rhodiola rosea Root and Rhizome Dry Extract RS be- 
ing used. 

Resofution: NLT 1.5 between the rosarin and rosavin 
peaks, Standard soiution B 
Relative standard deviation: NMT 2.0% for the 
rosavin and salidroside peaks in replicate Enjections, 
Standard soiution A 
Analysis 

Samples: Standard soiution A f Standard soiution B , and 
Sample soiution 

Using the chromatograms of Standard soiution A, Stan¬ 
dard soiution B, and the reference chromatogram pro¬ 
yided with the lot of USP Rhodiola rosea Root and Rhi¬ 
zome Dry Bctract RS being used, identify the peaks 
correspondtng to salidroside, rosarin, rosayin, and rosin 
in the Sample soiution. 

Calculate the percentage of the labefed amount of 
phenylpropenoid glycosides calculated as the sum of 
rosarin, rosayin, and rosin in the portion of Capsules 
taken: 

Result = ( r«Jrd x (Q x VJW) x (WJi) x 100 

r ium = sum of the peak areas of rosarin, rosayin, and 
rosin in the Sample soiution 
O = peak area of rosayin in Standard soiution A 
Cs - concentration of rosayin in Standard soiution A 
(mg/mL) 

V ~ yolume of the sofvent taken for preparation of 

the Sample soiution (ml) 

W = weight of the sample taken for preparation of 
the Sampie soiution (mg) 

W ov = ayerage Capsule fili weight (mg) 

L - labeled amount of phenylpropenoid glycosides 
(mg/Capsule) 

Calculate the percentage of the labeled amount of 
salidroside in the portion of Capsules taken: 

Result = (r u /fs) x (Q x V/W) x (WJQ x 1 00 

ru = peak area of salidroside in the Sample soiution 

r$ - peak area of salidroside in Standard soiution A 

Q - concentration of salidroside in Standard 
soiution A (mg/mL) 

V = voiume of the solvent taken for preparation of 

the Sample soiution (mL) 

W - weight of the sampie taken for preparation of 
the Sampie soiution (mg) 

W QV - ayerage Capsule fili weight (mg) 
i. = labefed amount of salidroside (mg/Capsule) 
Acceptance critena: NLT 95,0% of the labeled amount 
of phenylpropenoid glycosides as the sum of rosarin, 
rosayin, and rosin; and NLT 95.0% of the labeled 
amount of salidroside 

O CONTENT OF PHENYLPROPENOID GLYCOSIDES AND SALIDRO¬ 
SIDE, Method 2 
Soiution A: Water 
Soiution B: Aceton itrile 
Mobile phase: See Table 2. 


Table 2 


Time 

(min) 

Soiution A 

_ 

Soiution B 

(%> 

0 

94 

ć 

6 

83 

17 

7 

80.3 

19.7 

9 

80.3 

19.7 

10 

0 

100 

72 

94 

6 

17 

94 

6 


Standard soiution A: 0.1 mg/mL of USP Rosayin RS in 
methanol 

Standard soiution B: 0.04 mg/mL of USP Salidroside 
RS in methanol 

Standard soiution C: 4.0 mg/mL of USP Rhodiola rosea 
Root and Rhizome Dry Extract RS in methanol. Somcate 
to dissolve, if necessary. Before injection, pass through a 
PVDF membranę fil ter of 0.45-pm porę size. 

Sample soiution: Determine the totai weight of 20 
Capsules. Open the Capsules and combine their con- 
tents in an appropriate Container. Weigh the empty 
Capsule shelfs ano calculate the ayerage fili weight per 
Capsule. Transfer a portion of the Capsule contents, 
equivaient to 6 mg of phenylpropenoid glycosides (sum 
of rosarin, rosayin, and rosin) into a 50-mL yolumetric 
fiask. Add 40 mL of methanol and somcate for 30 min. 
Cool to room temperaturę, dilute with methanol to vol- 
urnę, mix well, and pass through a PVDF membranę 
filter of 0.45-fjm porę size. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 

Colurrm: 3.0-mm x 10-cm; 2.5-pm packing LI 
Coiumn temperaturę: 40° 

Flow ratę: 1.0 mL/min 
Injection vofume: 1 pL 
System suitability 

Samples: Standard soiution A , Standard soiution B f and 
Standard soiution C 

Suitability requirements 

Chromatogram srmiiarity: The chromatogram ob- 
tained with Standard soiution C is similar to the refer¬ 
ence chromatogram proyided with Lhe Jot of USP 
Rhodiola rosea Root and Rhizome Dry Extract RS be¬ 
ing used. 

Resolutton: NLT 1.5 between the rosarin and rosayin 
peaks, Standard soiution C 
Relative standard devlation: NMT 2.0% for the 
rosayin and salidroside peaks in repficate injections. 
Standard soiution A and Standard soiution B 
Analysls 

Samples: Standard soiution A, Standard soiution B f 
Standard soiution C, and Sampie soiution 
Using the chromatograms of Standard soiution A, Stan¬ 
dard soiution B, Standard soiution C, and the reference 
chromatogram proyided with the lot of USP Rhodiola 
rosea Root and Rhizome Dry Extract RS being used, 
identify the peaks corresponding to salidroside, rosarin, 
rosayin, rosin, and rosmdln En the Sample soiution . 
Calculate the percentage of the labeled amount of 
phenylpropenoid glycosides calculated as the sum of 
rosarin, rosayin, and rosin in the portion of Capsules 
taken: 

Result - (r^) x {Q x V/W) x (WJi) x 100 

fmm - sum of the peak areas of rosarin, rosayin, and 
rosin in the Sampie soiution 
r s = peak area of rosayin in Standard soiution A 
Q = concentration of rosayin in Standard soiution A 
(mg/mL) 
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V - volume of the solvent taken for preparation of 

the Somple solution (mL) 

W - weight of the sample taken for preparation of 
the Somple solution (mg) 

W ov = average Capsule fili weight (mg) 

L - iabeled amount of phenylpropenoid glycosides 

(mg/Capsule) 

Calculate the pereentage of the Iabeled amount of 
salidroside Sn the portion of Capsules taken; 

Resuit = (fy/rj) x (C* x VIW) x (WJi) x 100 

r u = peak area of salidroside in the Somple solution 
= peak area of salidroside in Standard solution B 
Cs - concentration of salidroside In Standard 
solution B (mg/ml) 

V ~ voiume of the solvent taken for preparation of 

the Sample solution (mL) 

W - weight of the sample taken for preparation of 
the Sampie solution (mg) 

W av ~ average Capsule fili weight (mg) 
i - Iabeled amount of salidroside (mg/Capsuie) 
Acceptance criteria; NLT 95.0% of the Iabeled amoun: 
of phenylpropenoid glycosides as the sum of rosarin, 
rosavin, and rosin; and NLT 95.0% of the iabeled 
amount of salidroside 

PERFORMANCE TESTS 

* Disintegratign and DissoLUTioN (2040): Meet the re¬ 

pu rrements for Disintegration 

o Weight Variation of Dietary Supplements (2091): Meet 
the requirements 

CONTAMINANTS 

® Microbial Enumeration Tests (2021): The totaf aerobic 
bacterial count does not exceed 10 ] cfu/g, and the total 
combined molds and yeasts count does not exceed IG 3 
cfu/g. 

* Absence of Speofied Microorganisms (2022): Meet the 

reguirements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

ADD1TI0NAL RHtUlEEMENTS 

* Packaging and Storage: Preserve in welhdosed contain- 

ers, protected from tight and moisture, and storę at 
room temperaturo. 

* Labeung: The tabel States the Latin binomial and, follow- 

ing the offidal name, the part of the plant from which 
the article was derived, The labę! States the amount of 
phenylpropenoid glycosides, as the sum of rosarin, 
rosavin, and rosin; the amount of salidroside; and the 
amount of Powdered Rhodiola rosea Extract in mg/Cap¬ 
suie. It also States the assay method used if different from 
Method L 

■ USP Reference Standards (11) 

USP Rhodiola rosea Root and Rhizome Dry Extract RS 
USP Rosavin RS 
USP Salidroside RS 


Rhodiola rosea Tablets 


DEFINITION 

Rhodiola rosea Tablets contain Powdered Rhodiola rosea Ex- 
tract They contain NLT 95.0% of the Iabeled amount of 
phenylpropenoid glycosides, calculated as the sum of 
rosarin (C?qH 2 80i o), rosavin (CzoHzsOio), and rosin 
(CisHzoOe); and NLT 95.0% of the Iabeled amount of 
salidroside (Ct<H 2 dO?). 


IDENTIFICATION 
s A. HPLC 

Analysis: Proceed as dlrected in the test for Content of 
Phenylpropenoid Glycosides and Salidroside , Method 1 or 
Method 2. 

Acceptance criteria; The chromatogram of the Sample 
solution exhibits peaks at retention times corresponding 
to the peaks due to salidroside, rosarin, rosavfn, and 
rosin In the chroma tog ram of Standard solution B t 
Method 1 or Standard solution C, Method 2 in Strength. 

STRENGTH 

[NOTĘ—The strength regułrement may be met by following 
either one of the spedfied methods; the methocf used 
shouid be stated on the label only if Method 1 is not used.] 

* Content of Phenylpropenoid Glycosides and Salidro¬ 
side, Method 1 

Extraction solvent: Methanol and water (2:8) 

Solution A: 0.2% oPhosphoric aeid 
Solution B: Acetonitrile 
Mobile phase: See Tabie 1. 


Table 1 


Time 

Solution A 

Solution B 

(min) 

(%> 


0 

94 

6 

10 

94 

6 

n 

85 

15 

21 

77 

23 

22 

to 

90 

24 

10 

90 

25 

94 

6 

35 

94 

6 


Standard solution A: 0.04 mg/mL of USP Rosavin RS 
and 0.02 mg/mL of USP Salidroside RS in Extraction soi- 
vent. Sonicate to dissolve, if necessary. 

Standard solution B: 2.0 mg/mL of USP Rhodiola rosea 
Root and Rhizome Dry Extract RS in Extraction $olvent 
Sonicate to dissolve, if netessary. Before injection, pass 
through a PVDF membranę fiiter of 0.45-pm or finer 
porę size. 

Sample solution: Wetgh NLT 20 Tablets, determine the 
average Tablet weight, and finely powder. Transfer a 
portion of finely powdered Tablets, nominaify equiva- 
lent to 3 mg of phenylpropenoid glycosides (sum of 
rosarin, rosavin, and rosin) into a 50-mL volumetnc 
fiask. Add 40 mL of Extraction solvent and sonicate for 
BO min, Cool to room temperaturę, dilute with Extrac- 
tion solvent to volume, mlx wetl, and pass through a 
PVDF membranę fiiter of 0.45-Lim porę size. 

Chroma tog raphic system 
(See Chroma tog ropny (621 }, System Suitability.) 

Modę: LC 

Detector: UV 221 nm for 0-1 5 min and 251 nm for 
15-35 min 

Column: 4,6-mm x 15-cm; 3-jj.m packlng LI 
Column temperaturę: 40° 

Flow ratę: 1.25 mL/min 
Injeetron volume: 20 pL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability requlrements 

Chromatogram similarity: The chromatogram ob- 
tained with Standard solution B is similar to the refer¬ 
ence chromatogram provided with the lot of USP 
Rhodiola rosea Root and Rhizome Dry Extract RS be- 
ing used. 

Resolutlon: NLT 1.5 between the rosarin and rosavin 
peaks, Standard solution B 
Refative standard devlatlon: NMT 2.0% for the 
rosavtn and salidroside peaks in replicate injections, 
Standard solution A 
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Analysis 

Samples: Standard sofution A t Standard soiution B t and 
Sampie sofution 

Ustng the chromatograms of Standard sofution A, Stan* 
dard sofution B, and the reference chromatogram pro- 
vided with the lot of U5P Rhodiola rosea Root and Rhi- 
zome Dry Extract RS being used, identify the peaks 
corresponding to salidroside, rosarin, rosavin, and rosin 
in the Sample soiution. 

Calculate the percentage of the labeled amount of 
phenylpropenoid glycosides caleulated as the sum of 
rosarin, rosavin, and rosin in the portion of Tablets 
taken: 

Result = (/W*) x (C 5 x VIW) x (WJL) x 100 

r ium — sum of the peak areas of rosarin, rosavin, and 
rosin In the Sample sofution 
fs - peak area of rosavin in Standard soiution A 
Cs - concentration of rosavin in Standard soiution A 
(mg/mL) 

V - vo!ume of the solvent taken for preparation of 

the Sample sofution (mL) 

W ~ weight of the sample taken for preparation of 
the Sample soiution (mg) 

W a , = average Tablet weight (mg) 

L = labeled amount of phenylpropenoid glycosides 
(mg/Tablet) 

Calculate the percentage of the labeled amount of 
salidrosicie in the portion of Tablets taken; 

Result = (n/r s ) x (Q x VI W) x (WJL) x 100 

r y - peak area of salidroside in the Sample soiution 

r 5 =» peak area of salidroside in Standard soiution A 

C s - concentration of salidroside In Standard 
sofution A (mg/ml) 

V - volume of the $olvent taken for preparation of 

the Sample soiution (mL) 

W - weight of the sample taken for preparation of 
the Sample soiution (mg) 

W av - average Tablet weight (mg) 
i - labeled amount of salidroside (mg/Tablet) 
Acceptance criteria: NLT 95.0% of the labeled amount 
of phenylpropenoid glycosides as the sum of rosarin, 
rosavin, and rosin; and NLT 95*0% of the labeled 
amount of salidroside 

* CONTENT OF PHENVLFROFENOiD GLVCOSIDES AND 5ALIDRO 
side, Method 2 
Soiution A: Water 
Soiution B: Acetonitrile 
Mobile phase; See Tabie 2. 


Table 2 


Time 

(min) 

Soiution A 

(%) 

Soiution B 

_ 

0 

94 

6 

6 

83 

17 

7 

80.3 

19.7 

9 

80.3 

19*7 

10 

0 

100 

12 

94 

6 

17 

94 

6 


Standard soiution A: OJ mg/mL of USP Rosavin RS in 
methanol 

Standard soiution B: 0*04 mg/mL of USP Salidroside 
RS in methanol 

Standard soiution C: 4.0 mg/mL of USP Rhodiola rosea 
Root and Rhizome Dry Bctract RS in methanol* Sonicate 
to dissolve, if necessary. Before injection, pass through a 
PVDF membranę filter of 0.45-pm porę s\ze. 


Sample soiution: Weigh NLT 20 Tablets, determine the 
average Tablet weight, and ftnely powder. Transfer a 
portion of finely powdered Tablets, equiva!ent to 6 mg 
of phenylpropenoid glycosides (sum of rosarin, rosavin, 
ano rosin) into a 50-mL volumetric fiask. Add 40 mL of 
methanol and sonicate for 30 min. Cool to room tem¬ 
peraturę, dilute with methanol to volume, mix well, 
and pass through a PVDF membranę filter of 0,45-pm 
porę size. 

Chromatographk system 

(See Chromatograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 

Column: 3.0-mm x 10-cm; 2.5-pm packing LI 
Column temperaturę: 40° 

Flow ratę: 1 *0 mL/min 
Injection volume: 1 pL 
System suitability 

Samples: Standard sofution A, Standard soiution 8, and 
Standard soiution C 

Suitability requirements 

Chromatogram similarity: The chromatogram ob- 
tained wim Standard sofution C rs similar to the refer¬ 
ence chromatogram provided with the lot of USP 
Rhodioio rosea Root and Rhizome Dry Extract RS be- 
ing used* 

Resolution: NLT 1.5 between the rosarin and rosavin 
peaks. Standard soiution C 
Relative standard deviation: NMT 2*0% for the 
rosavin and salidroside peaks in repltcate injections, 
Standard soiution A and Standard soiution B 
Analysis 

Samples: Standard soiution A t Standard sofution 0, 
Standard soiution C, and 5omp/e soiution 
Using the chromatograms of Standard soiution A, Stan¬ 
dard soiution B t Standard soiution C, and the reference 
chromatogram provided with the lot of USP Rhodiola 
rosea Root and Rhizome Dry Extract RS being used, 
identify the peaks corresponding to salidroside, rosarin, 
rosavin, rosin, and rosiridin in the Sample soiution, 
Calculate the percentage of the labeled amount of 
phenylpropenoid glycosides cakulated as the sum of 
rosarin, rosavin, and rosin in the portion of Tablets 
taken: 

Result = (rWrO x (G x V/W) x (WJL) x 100 

r M „ - sum of the peak areas of rosarin, rosavin, and 
rosin in the Sample soiution 
rs = peak area of rosavin in Standard soiution A 
G - concentration of rosav)n in Standard soiution A 
(mg/mL) 

V - volume of the solvent taken for preparation of 

the Sample soiution (mL) 

W = weight of the sample taken for preparation of 
the Sample sofution (mg) 
lV fl , - average Tablet weight (mg) 

L - labeled amount of phenylpropenoid glycosides 
(mg/Tablet) 

Calculate the percentage of the labeled amount of 
salidroside in the portion of Tablets taken: 

Result - (Wfs) x (Cj x VI W) x (WJL) x 100 

r u - peak area of salidroside in the Sample soiution 

rj = peak area of salidroside in Standard soiution B 

Q ~ concentration of salidroside in Standard 
soiution B (mg/mL) 

V = volume of the solvent taken for preparation of 

the Sampie soiution (mL) 

IV - weight of the sampte taken for preparation of 
the Sampie soiution (mg) 

W a , = average Tablet weight (mg) 
i = labeled amount of salidroside (mg/Tablet) 
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Acceptance criteria: NLT 95.0% of the labeled amount 
of phenyipropenoid glycosides as the sum of rosarin, 
rosavin, and rosin; and NLT 95.0% of the labeled 
amount of salidroside 

PERFORMANCE TE5T5 

6 Disintegration and Dissolution (2040): Meet the re¬ 
guł rem ents for Disintegration 

® Weight Variation of Dietary Supplements (2091): Meet 
the requirements 

CONTAMINANTS 

* Microbial Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed ICH cfu/g, and the total 
combined molds and yeasts count does not exceed 10 s 
cfu/g. 

® Absence of 5PECIHED Microorganisms (2022): Meet the 
reguirements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

ADDITIONAL REQUiREMENTS 

* Packaging and Sto rag E: Preserve in well-closed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

* Labeling; The tabeJ States the Latin binomia! and, folio w- 
ing the offidal na me, the part of the plant from which 
the article was derived, The tabel States the amount of 
phenyipropenoid glycosides, as the sum of rosarin, 
rosavin, and rosin; the amount of salidroside; and the 
amount of Powdered Rhodiola rosea Extract in mg/Tablet. 
!t also states the assay method used if different from 
Method 1. 

» USP Reference Standards (11) 

USP Rhodiola rosea Root and Rhlzome Dry Extract RS 
USP RosaMn RS 
USP Salidroside RS 


Ribose 


iićL Th 

C 5 H T0 O 5 150.13 

(25 / 3R,45,5fi)-5-(HydroxymethyJ)oxolane-2 l 3,4-triol; 

□■'Ribose [50-69-1 ]. 

DEFINITION 

Ribose contains NLT 98.0% and NMT 102.0% of D-ribose 
(CsHioOs), caiculated on the dried basis. 

IDENTIFICATION 
® A. 1NFRARED ABSORPTION (197K) 

* B. It meets the reguirements in Specific Tests for Opticol 

Rotation (7815), Specific Rotation. 

* C. The retentron time of the major peak of the Sampie 

solution corresponds to that of the Standard solu don, as 
obtained in the Assay. 

ASSAY 
0 PROCEDURĘ 

Mobile phase: Degassed water 
System suitability solution: 20 mg/mL of USP Ribose 
RS and 0.2 mg/mL of USP Arabinose RS in Mobile phase 
Standard solution: 20 mg/mL of USP Ribose RS in Mo¬ 
bile phase 

Sampie solution: 20 mg/mL of Ribose in Mobile phase 
Chromatographic system 
(See C hromatograpny (621), System Suita bility.) 


Modę: LC 

Detector: Refractive Index 

Column: 8.0-mm x 30-cm; 6-pm packfng L22 

Temperatures 
Detector: 40° 

Column: 80 u 
Flow ratę: 1.0 ml/mtn 
Injection volume: 10 ul 
System suitabllity 

Sam pies: System suitabifity solution and Standard 
solution 

[Notę—T he relative retention times for arabinose and 
ribose are 0.9 and 1.0, respectivelyj 
Suitabifity requirements 

Resolution: NLT 1.2 between ribose and arabinose, 
System suita bility solution 
Tailing factor: NMT 1.5, Standard solution 
Column efficiency: NLT 2500 theoretical plates for 
the ribose peak, Standard solution 
Relative standard devration: NMT 2.0%, Standard 
solution 
Analysrs 

Sam pies: Standard solution and Sampie solution 
Calcu fate the percentage of D-ribose in the portion of 
Ribose taken: 

Result = (ru/r$) x (Cs/Q) x 100 

r v - peak response from the Sampie solution 

fj - peak response from the Standard solution 

Ó - concentration of USP Ribose RS tn the 
Standard solution (mg/mL) 

Cu - concentration of Ribose in the Sampie solution 
(mg/mL) 

Acceptance criteria: 98.0-102.0% on the dried basis 

BMPURBTflES 

RESIDUE ON Bgnition (281): NMT 0.2% 

* Chloride and Sulfate, Chloride (221) 

Standard: 0.10 mL of 0.020 N hydrochlonc acid 
Sampie: 3.6 g of Ribose 
Acceptance criteria: NMT 0.002% 

* Chloride and Sulfate, Sulfate (221) 

Standard: 0.10 mL of 0.020 N sulfunc add 
Sampie: 3.3 g of Ribose 
Acceptance criteria: NMT 0.003% 

* Related Comrounds 

Mobile phase. System suitabllity solution, Sampie so¬ 
lution, Chromatographic system, and System suitabif- 
ity: Proceed as directed in the Assay. 

Standard solution: 0.02 mg/mL of USP Arabinose RS in 
Mobile phase 
Analysrs 

Sam pies: Standard solution and Sampie solution 
Calculate the percentage of arabinose in the portion of 
Ribose taken: 

Result = (ru/rs) x (CdCu) x 100 

ru - peak response of arabinose from the Sampie 
solution 

rs ~ peak response of arabinose from the Standard 
solution 

Cs = concentration of USP Arabinose RS in the 
Standard solution (mg/mL) 

Cu = concentration of Ribose in the Sampie solution 
(mg/mL) 

Calculate the percentage of any unspecified impurity in 
the portion of Ribose taken: 

Result - (nVr r ) x 1 00 

r v - peak response of any unspecified impurity 
from the Sampie solution 

rj = sum of all the peak responses from the Sampfe 
solution 
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Acceptance criteria 
Arabinose: NMT 1,0% 

Unspecified impurity: NMT 0.1% 

Total unspecified impurities: NMT 1*0% 

5PECIFK TEST5 

• OmcAL ROTATiON, Spedfic Rotation (781S) 

Sample solution: 20 mg/mL śn water 
Acceptance criteria: -18*0° to -22.0° 

• Color of Solution 

Sample solution: Dissolve 5.0 g of Ribose in 50 ml of 
water* Centrifuge or fllter, if necessary, to obtain a elear 
solution. 

Blank solution: Water 

Analysis: Absorbance at 430 nm in a 1-cm celi 
Acceptance criteria: NMT 0.2 AU 

• Loss ON Drying (731) 

Analysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT 0.5% 

ADDITIONAL REQUIREMENTS 

• PACKAGING and Storage: Preserve in tight, light-resistant 

containers* 

• USP Reference Standards (11) 

USP Arabinose RS 
USP Ribose RS 


Rosemary 

DEFINITION 

Rosę mary consists of the dried leaf of Rosmarinus offtdnalls L. 
(Fam* Lamtaceae). It contains NIT 2,0% of phenolic 
diterpenes, calculated as the sum of carnosic acid and 
carnosol, and NIT 1,2% (v/w) of volatile oil, both calcu¬ 
lated on the drfed basis. 

IDENTIFICATION 

* A* Rosemary meets the requirements for Spedfic Tests , 
Batonie Characteristlcs. 

9 B. Thin-Layer Chromatography 

Standard solution A: 0.5 mg/mL of USP Rosmarinic 
Acid RS in methanof 

Standard solution B: 100 mg/mL of USP Powdered 
Rosemary Hydrophllie Extract RS in methanof 
Sample solution: Sonicate for 10 min about 1 g of 
Rosemary, finely powdered, in 10 mL of methanol* Cen* 
trifuge, and use the supernatant 
Chromatographk system 

(See Chromotograpny (621), Thin-Layer Chromato¬ 
graphy.) 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 jim (HPTLC piat es) 
Application volume: 2 pL of Standard solution Ą 4 pL 
of Standard solution B, and Sj.iL of the Sample solution 
as 8-mm bands 

Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developing solvent system: A mixture of ethyl ace- 
tatę, formie acid, and water (15:1:1) 

Developing drstance: ó cm 

Derivatizatbn reagent A: 5-mg/mL sof u tron of 2-ami¬ 
no ethy! diphenylborinate in ethyl a c eta te 
Derivatization reagent B: 50-mg/mL solution of poly- 
ethylene glycol 400 in dichloromethane 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sample solution . Apply the samples as bands to a suita¬ 
ble high performance thin-layer chromatographic 
piąte. Develop the chromatograms in a saturated 
chamber, remove the piąte from the cham ber, beat 
for 3 min at 100°, derlvatize the piąte whiie still warm 
with Detwatization reagent A, dry in air, then derivatize 


with Derivatization reagent B, dry in air, and examfne 
under UV light at 366 nm. 

System suitabiłity: The chromatogram of Standard solu¬ 
tion Bexhibits, in the upper-thlrd section, a b!ue fluo- 
rescent band corresponding to the band due to ros- 
marinic acid in the chromatogram of Standard solution 
Ą and a less intense band, right above the band due to 
rosmarinic acid, corresponding to caffeic acid. The 
bands due to rosmarinic acid and caffeic acid are clearly 
separated. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits the foliowing main bands similar in po- 
sitions and colors to the corresponding bands in the 
chromatogram of Standard solution B: a bfue fluorescent 
band at an corresponding to the rosmarinic acid 
band in Standard solution A; a band at an fi* corre¬ 
sponding to the caffeic acid; a green band at about the 
middle of the chromatogram and an intense orange 
band in the lower third section of the chromatogram; 
below the green band, the Sample solution chromato- 
ram exbibits a paltem of characteristically colored 
ands of Iow intensity (distinction from sagę ieaf, 
thyme leaf, holy basil leaf, basil leaf, and oregano leaf}- 
The Sample solution chromatogram does not show a 
pair of major orange bands in the lower-third section 
of the chromatogram (distinction from sagę leaf and 
thyme leaf), a light biue band at an Rf of about one- 
third of the chromatogram (distinction from holy basil 
leaf), an orange band in the lower-third section of the 
chromatogram and a light blue band at about two- 
thlrds of tne chromatogram (distinction from basil 
leaf), or a red band rjgnt above the band due to caf¬ 
feic acid in the upper-third section of the chromato- 

S jram (distinction from thyme leaf and oregano leaf). 
NOTĘ—This red band is different from the red band, 
at the solvent front, present in Rosemary and other 
leaves due to chlorophyll.] 

• C. HPLC 

Analysis: Proceed as directed in the test for Content of 
Phenolic Diterpenes. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits the major peak at the retention time 
corresponding to the carnosic acid peak in the chro¬ 
matogram of Standard solution A and an additional peak 
corresponding to carnosol at a relative retention time of 
about 0.64 compared to Lhat of the carnosic acid peak* 

COMPOSITION 

« Content of Phenolic Diterpenes 

Mobile phase: A mixture of acetonitrile and a solution 
of 0.5% phosphoric acid in water (65:35) 

[NOTĘ—Proceed under subdued light*] 

5olvent: 0.5% phosphonc acid in methanol 
Standard solution A: [NOTĘ—Use elear glassware.j 
0.2 mg/mL of USP Carnosic Acid RS in Solvent. Sonicate 
to dissolve if necessary* 

Sample solution: 1.0 g of Rosemary, finely powdered, 
in 50 ml of methanol. Sonicate for 3 h. Before injec- 
tion, pass through a membranę fil ter of 0*45-uL or fi ner 
porę size, discarding the first few mL of the filtrate. 
Chromatographic system 
(See Chromotograpny (621), System Suitabiłity *) 

Modę: LC 

Detector: UV, 230 nm 

Column: 4.6-mm x 25-cm; 5-jam packi ng LI 

Column temperaturę: 25 ± 1° 

Flow ratę: 1,5 mL/mtn 
Injection volume: 5 pL 
System suitabiłity 
Sample: Standard solution A 
Suitabiłity requirements 
Taillng factor: Between 0*90 and 1.30 for the 
carnosic acid peak, Standard solution A 
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Relative standard deviation: NMT 2% determined 
from the carnosic add peak In repeated Injections, 
Standard solution A 
Analysis 

Samples: Standard solution A and Sample solution 
[NOTĘ— Standard solution A and the Sample solution are 
stable for 12 h at room temperaturę.] 

Using the chroma tog rams of Standard solution A, iden- 
tify the retention times of the peaks corresponding to 
carnosie add and carnosol in the Sample solution chro¬ 
matografia [NOTĘ—The approximate relatrve retention 
times for the carnosol and carnosic add peaks are 0.64 
and 1.00, respectively.J 

Calculate the percentages of carnosic acid and carnosol 
in the portion of Rosemary taken; 

Result - (rjrs) x Q x { V/W) x F x 100 

fu - peak area of the relevant analyte in the 
Sample solution chrom a to gram 
r s = peak area for carnosic add in the Standard 
solution A chromatogram 

Ci - concentratron of USP Carnosic Add RS in 
Standard solution A (mg/ml) 

V - volume of the Sample solution (mL) 

W = weight of Rosemary taken to prepare the 
Sample solution (mg) 

F = conversron factor (1,00 for carnosic acid and 
0.92 for carnosol) 

Add the percentages of carnosic acid and carnosol. 
Acceptance enteria: NLT 2.0% on the dried basis 

* Articles of Botanicał Orbgbn, Voiatile Oil Determination 

(561): Use 25.0 g of coarsely powdered Rosemary. Distill 
for 3 h at a ratę of 2-3 m L/min. 

Acceptance enteria: NLT 1.2% v/w of volatile oil on 
the dried basis 

CONTAMINANTS 

® ELEMENTAL IMFURITIES—PflOCEDURES <233) 

Acceptance criteria 
Arsenie: NMT 1.0 pg/g 
Cadmium: NMT 0.5 jig/g 
Lead: NMT 5,0 pg/g 
Mercury: NMT1.Qpg/g 

* Articles of Botanicał Origin, General Method for Pesli - 

cide Residues Analysis <561): Meets the requirements 
® Microbial enumeration Tests—Nutritional and Dietary 
Supplements (2021): The totaJ aerobic bacteriaJ count 
does not exceed 10 5 cfu/g, the total combined mofds 
and yeasts count does not exceed 1Q 3 tfu/g, and the 
bile-tolerant Cram-negative bacteria do not exceed 10 3 
cfu/g. 

* WflCROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED Ml 

cRooRGANiswis—N utritional and Dietary Supplements 

<2022): Meets the requirements of the tests for absence 
of Salmonella spec i es and Escheriehia coli 

SPECIFIC TESTS 
® Bota nic Characteristics 

Macroscoptc: The leaves are sessile, linear to linear fan- 
ceolate, needie-like, 1-4 cm long and 2-A mm wlde, 
with strongfy revolute margins; apex obtuse, base ta- 
pering. The upper surface is dark green, somewhat pu- 
bescent when younej, glabrous in older leaves, the 
lower surface is grayish-green and densely tomentose 
with a prominent midrib. Pharmacopeial article consists 
of dry, grayish-green to yellowish-green, brittle, leaves. 
Microscopic 

Transverse section: Upper epidemnis, cetls are tabular 
with slightly thickened walfs and occasional pits, rare 
conical covering trichomes, sto mata are absent; an un- 
derlying hypodermis composed of large, irregularly 
rounded to ovotd cells with thickened antidinal walls, 
one to severa! layers of cel! extending across the .lam¬ 
ina at i n ten/ais, separatlng the one or two-layered pali¬ 


sadę into large, crescent-shaped areas, each with a 
group of spongy mesophyll; lower epidermis, numer- 
ous stomata, masses of multicellular and characteristit, 
thin-walled, unlseriate, extensive!y branched covering 
tnchomes, up to 300 pm in fength, forming dense 
felted masses, with each branch arising from a slightly 
swollen joint and terminating in a single tapering celi; 
glandular trichomes of two types are present on both 
epidermis, morę on the lower epidermis, the majority 
with a short, unicellular stalk and a radiate head com¬ 
posed of eight cells, less abundant with a unicellular 
stalk and a spherical, unicellular or bicellular head. 

® Articles of Botanicał Origin, Foreign Organie Matter 
<561): NMT 5% of stems; NMT 2,0% of other foreign 
matter 

* LOSS OM DRY1NG <731) 

Sample: 1.0 g of finely powdered Rosemary 
Analysis: Dry at 105° for 2 h, 

Acceptance criteria: NMT 10% 

» Articles of Botanicał Origin, Total Ash <561) 

Sample: 2-A g of finely powdered Rosemary 
Acceptance criteria: NMT 9.0% 

» Articles of Botanicał Origin, Aciddnsoluble Ash (561) 
Sample: 2-4 g of finely powdered Rosemary 
Acceptance criteria: NMT 1.5% 

ADDITIONAL REQUIREMENT$ 

« Packaging and Storage: Presen/e in wefl-closed contain- 
ers, protected from Eight and moisture, and storę at 
room temperaturę. 

• Labeling: The Jabd States the Latin binomial and, follow- 

ing the offidal name, the part of the plant contained in 
the artiefe. 

B USP Referemce Standard* (11) 

USP Carnosic Acid RS 

USP Powdered Rosemary Hydrophilic Extract RS 
USP Rosmahnic Add RS 


Powdered Kosemary 

DEF1NIHON 

Powdered Rosemary is Rosemary reduced to powder or very 
fine powder. It contains NLT 2.0% of phenolic diterpenes, 
cakulated as the sum of carnosic acid and carnosol, on 
the dried basis. 

IDENTIFICATION 

o A, Powdered Rosemary meets the requirements for Spe- 
cific Tests , Bo tanie Characteristics. 

® B. Thin-Layer Chromatography 

Standard solution A: 0.5 mg/mL of USP Rosmarinic 
Acid RS In methanof 

Standard solution B: 100 mg/ml of USP Powdered 
Rosemary Hydrophilic Extract RS in methano! 

Sample solution: Sonicate for 1 0 min about 1 g of 
Powdered Rosemary In 10 ml of methano!. Centrifuge, 
and use supernatant. 

Chromatographrc system 
(See Chromatography (62 1), Thin-Layer Chromato- 
graphy.) 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 um (HPTLC plates) 
Application vo!ume: 2 \xl of Standard solution A t 4 jiL 
of Standard solution B, and 8 piL of the Sample solution 
as 8-mm bands 

Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developing solvent system: A mlxture of ethyl ace- 
tatę, formie acid, and water (15:1:1) 

Developing distance: 6 cm 

Derivatlzation reagent A: 5-mg/mL solution of 2-ami- 
noethyl diphenylborinate in ethyl acetate 
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Derivatization reagent B: 50-mg/mL solution of poly- 
ethylene glycol 400 in dichloromethane 
Analysis 

SampJes: Standard solution A , Standard solution B t and 
Sampie solution. Apply the samples as bands to a suita- 
bte high performance thin-layer chromatographic piąte 
(see Chromatography {62])\ and dry in air. Devefop 
the chromatograms in a saturated chamber, remove 
the piąte from the chamber, heat at 100° for 3 min, 
derivatize the piąte while still warm with Derivatization 
reagent A t dry in air, then derivatize with Derimtkation 
reagent B , dry in air, and examine under UV light at 
366 na 

System suitability: The chromatogram of Standard solu* 
tion B exhibits, in the upper-third section, a blue fluo- 
rescent band corresponding to the band due to ros- 
marinie acid in the chromatogram of Standard solution 
A, and a less intense band, right above the band due to 
rosmarimc acid, corresponding to caffeic acid. The 
bands due to rosmarinic acid and caffeic acid are clearly 
separattd. 

Acceptance criteria: The chromatogram of the Sampie 
solution exhibits the folJowing main oands similar in po- 
sittons and colors to the corresponding bands in the 
chromatogram of Standard solution B. A blue fluorescent 
band at an R f corresponding to the rosmarmic acid 
band in Standard solution A ; a band at an R f corre- 
sponding to the caffeic acid; a green band at about the 
middle of the chromatogram and an intense orange 
band in the lower third section of the chromatogram; 
below the green band, the Sampie solution chramato- 
ram exhibits a pattern of charactenstically colored 
ands of Iow intensity (distinction from sagę leaf, 
thyme leaf, holy basil leaf, basil leaf, and oregano leaf). 
The Sampie solution chromatogram does not show a 
pair of major orange bands in the lower-third section 
of the chromatogram (distinction from sagę leaf and 
thyme leaf), a light blue band at an Rf of about one- 
third of the chromatogram (distinction from holy basil 
leaf)* an orange band in the lower-third section of the 
chromatogram and a light blue band at about two- 
thirds of the chromatogram (distinction from basil 
leaf), or a red band rignt above the band due to caf¬ 
feic acid in the upper-third section of the chromato¬ 
gram (distinction from thyme leaf and oregano leaf,) 
[Notę—T his red band is different from the red band, 
at Lhe solvent front, present in Rosemary and other 
leaves due to chforophyll.] 

* C. HPLC 

Analysis; Proceed as directed in the test for Content of 
Phenofic Diterpenes, 

Acceptance criteria: The chromatogram of the Sampie 
solution exhibits the major peak at the retention time 
corresponding to carnosic acid in the chromatogram of 
Standard solution A and an additional peak correspond¬ 
ing to carnosol at a relative retention time of about 
0.64 compared to that of the carnosic acid peak. 

COMPOSITtON 

* Content of Phenolic Diterpenes 

Mobile phase: A mixture of acetonitrrle and a solution 
of 0.5% phosphoric acid in water (65:35) 

[NOTĘ—Proceed under subdued light] 

5olvent: 0,5% phosphoric acid in methanol 
Standard solution A: [NOTĘ—Use efear glasswarej 
0.2 mg/mL of USP Carnosic Acid RS in Solvent. Sonicate 
to dissolve if necessary. 

Sampie solution: 1,0 g of Powdered Rosemary in 
50 mL of methanol Sonicate for 3 h. Before injection, 
pass through a membranę filter of 0.45-uL or nner porę 
srze, discarding the first few ml of the fil tratę. 
Chromatograpnic system 
(See Chromotograpny (621), System Suitability.) 


Modę: LC 

Detector: UV, 230 nm 

Column: 4.6-mm X 25-cm; 5-pm packing LI 

Coiumn temperaturę: 25 ± 1 ° 

Flow ratę: 1.5 mL/min 
Injection volume: 5 pL 
System suitability 
Sampie: Standard solution A 
Suitability reguirements 
Tailing factor: Between 0.90 and 1 30 for the 
carnosic acid peak, Standard solution A 
Reiative standard deviation: NMT 2% determined 
from the carnosic acid peak in repeated injections, 
Standard solution A 
Analysis 

Samples: Standard solution A and Sampie solution 
[Notę —Standard solution A and Sampie solution are sta¬ 
dle for 12 h at room temperaturę.] 

Using the chromatograms of Standard soiution Ą iden- 
tify the retention time of the peaks corresponding to 
carnosic acid and carnosol in the Sampie solution chro¬ 
matogram. [Notę—T he approximate relative retention 
ttmes for the carnosol and carnosic acid peaks are 0.64 
and 1.00, respectively.] 

Caiculate the percentages of carnosic acid and carnosol 
in the portion of Powdered Rosemary taken: 

Result = (rtM x C s x (V/W) xfxl 00 

Tii = peak area of the relevant analyte in the 
Sampie solution chromatogram 
fs = peak area for carnosic acid in the Standard 
solution A chromatogram 

C s - concentration of carnosic acid in Standard 
solution A (mg/mL) 

V == volume of the Sampie soiution (mL) 

W = weight of Powdered Rosemary taken to 
p rep are the Sampie solution (mg) 

F = conversion factor (1.00 for carnosic add and 
0.92 for carnosol) 

Add the percentages of carnosic acid and carnosol. 
Acceptance criteria: NLT 2.0% on the dried basis 

CONTAMINANTS 

* Elemental Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 1,0 pg/g 
Cadmium: NMT 0,5 pg/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 1.0 pg/g 

* Articles of Botanical Oricin, General Method for Pesth 
ade Residues Analysis (56 T): Meets the reguirements 

* MICRO BI AL ENUMERATION TESTS—NUTRITIONAL ANO DlETARY 
Supplements (2021): The total aerobic bacteriai count 
does not exceed 10 s cfu/g, the total combined molds 
and yeasts count does not exceed 10 1 cfu/g, and the 
bile-toierant Gram-negative bactena do not exceed 10 3 
cfu/g. 

* Mjcrobiological Procedures for Absence of Specified Mr- 

CROORGANBSMS—NUTRITIONAL AND DlETARY SUPPLEMENTS 

(2022): Meets the reguirements of the tests for absence 
of Salmonella species and Escherichia ccii 

SPECIFIC TEST5 

* BOTANIC CHARACTERISTTCS 

Macroscopk: Grayish-green to yellowish-green powder 
Microscopic: It shows Tragments of upper epidermal 
celi, polygonal to irregular, with slightly thickened wails 
and occasionai pits, stomata absent; lower epidermal 
cells, with straight or slightfy sinuous walls, numerous 
diacytic stomata, masses of multicellular and character- 
istic, thin-walled, uniseriate, exten5ive)y branched cover- 
ing trichomes, up to 300 pm in length, with each 
branch arising from a sligntly swollen joint and termi- 
nating in a single tapermg celi; glandular trichomes of 
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two types, the majority with a short, uniceliular stalk 
and a radia te head composed of eight cells, less abun- 
da nt with a uniceliular stalk and a spherical, uniceliular 
or bitellular head; glandular trichomes in surface view 
appear as a disk with eight cełls; hypodermrs ceJls with 
distinctly beaded walls; Tibers; vascular tissue* 

* Loss on Drying (731) 

Sample: l*0g of Powdered Rosemary 
Analysis: Dry at 105° for 2 h- 
Acceptance enteria; NMT 10% 

* Articles of Botanical Origin, Total Ash (561) 

Sample: 2-4 g of Powdered Rosemary 
Acceptance criteria: NMT 9.0% 

* Articles of Botanical Oricin, Add-lnsofuhle Ash (561) 

Sample: 2-4 g of Powdered Rosemary 
Acceptance criteria: NMT 1.5% 

ADPETIONAL REQU|REMENT$ 

» Packaging and Storage: Preserve In well-closed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę* 

* Labeling: The iabel states the Latin binomial and, follow- 

ing the official name, the part of the plant from which 
the article was obtained. 

* USP Reference Standards (11) 

USP Carnosic Add RS 

USP Powdered Rosemary Hydrophilic Extract RS 
USP Rosmarinie Add RS 


Rosemary Leaf Dry Agueous Extract 

DEHNmON 

Rosemary Leaf Dry Aqueous Extract is prepared from Rose¬ 
mary by extraction with water. It contains NLT 90% and 
NMT 110% of the labeled amount of rosmarinie add, on 
the dried basis. It may contain suitable added substances 
as carriers* 

IDENTIFICATION 

* A* Thin-Iayer Chrdmatography 

Standard solution A: 0.5 mg/mL of USP Rosmarinie 
Add RS in methanol 

Standard solution B: 100 mg/mL of USP Powdered 
Rosemary Hydrophific Extraet RS in methanot 
Sample solution: 100 mg/mL of Rosemary Leaf Dry 
Agueous Extract in methanol 
Chromatographk system 
(See Chromatograpny (62 1), Thln-Layer Chrom a to- 
graphy.) 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 pm (HPTLC piates) 
Application volume: 2 pL of the Standard solution A t 
and 4pLof the Standard solution B and Sampfe solution 
as 8-mm bands 

Relatlve humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device* 
Devefopjng solvent system: A mixture of ethyl ace¬ 
tale, formie add, and water (15:1:1) 

Developing distance: 6 cm 

Derivatization reagent A: 5-mg/mL solution of 2-ami- 
noethyl diphenylborinate in ethyl acetate 
Denvatization reagent B; 50-mg/mL solution of poły- 
ethyiene glycol 400 in dichloromethane 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sample solution . Appły the sam pies as bands to a suita¬ 
ble high performance thin-layer chromatographic 
piąte, and dry in air. Deyefop the chromatograms in a 


saturated chamber, remove the piąte from the cham- 
ber, heat at 100° for 3 min, derivatize the piąte while 
stilf warm with Derivatization reagent A t dry in air, then 
derivatize with Derivatizotlon reagent B, dry in air, and 
examine under UV light at 366 nm. 

System sultabifity: The chromatogram of Standard so/u- 
tion B shows, in the upper-third section, a blue fluores- 
cent band corresponding to the band due to rosmarinie 
acid in the chromatogram of Standard solution A, and a 
less intense band, right above the band due to ros- 
marinie acid, corresponding to caffeic acid* The bands 
due to rosmarinie acid andcaffeic acid are dearly 
separated. 

Acceptance enteria: The chromatogram of the Sampfe 
solution exhibits the fol łowi ng main bands similar in po- 
sitions and colors to the corresponding bands in the 
chromatogram of Standard solution B. A blue fłuorescent 
band at an corresponding to the rosmarinie add 
band in Standard solution A; a band at an R f corre¬ 
sponding to the caffeic acid; a green band at about the 
middle of the chromatogram and an intense orange 
band in the lower third section of the chromatogram; 
below the green band, the Sample solution chromato- 
ram exhibits a pattern of charactenstically colored 
ands of Iow intensity (distinction from sagę leaf, 
thyme leaf, holy basif leaf, basil leaf, and oregano leaf)* 
The Sample solution chromatogram does not show a 
pair of major orange bands in the lower-third section 
of Ihe chromatogram (distinction from sagę leaf and 
thyme leaf), a ligrit blue band at an R F of about one- 
third of the chromatogram (distinction from holy basil 
leaf), an orange band in the lower-third section of the 
chromatogram and a light blue band at about two- 
thirds of tne chromatogram (distinction from basil 
leaf), or a red band right above the band due to caf- 
fek acid in the upper-third section of the chromato¬ 
gram (distinction from thyme leaf and oregano leaf)* 
[Notę—T his red band i$ different from the red band, 
at the solvent front, present in Rosemary and other 
leaves due to chlorophylL] 

* B, HI>LC 

Analysis: Proceed as directed in the test for C ontent of 
Rosmarinie Add. 

Acceptance criteria; The chromatogram of the Sample 
solution exhibits the major peak at tne retention time 
corresponding to the rosmarinie acid peak in the chro¬ 
matogram of Standard solution 4. it also shows a less 
intense peak corresponding to the Juteolin-3-O-giucuro- 
nide peak 3n the chromatogram of Standard solution B 
and at a reJative retention time of about 0*8 compared 
to the rosmarinie acid peak. 

COMPOSmON 

« CONTENT OF ROSMARINIC ACID 

Mobile phase: A mixture of acetonitrile and a sofution 
of 0.1% trifluoroacetic add in water (32:68) 

Solvent: Methanol and water (1:1) 

Standard solution A: 03 mg/mL of USP Rosmarinie 
Acid RS in Solvent. Sonicate to dissolve if necessary. 

Standard solution B: 10 mg/mL of USP Powdered 
Rosemary Hydrophilic Extract RS in Solvent Sonicate to 
dissolve if necessary. Before injection, pass through a 
membranę filter of 0.45-pL or finer porę stze, discarding 
the first few mL of the filtrate. 

Sample solution: Sonicate for 5 min an amount of 
Rosemary Leaf Dry Agueous Extract equivalent to 15 mg 
of rosmarinie add in 50 ml of Solvent. Before injection, 
pass through a membranę filter of 0*45-uL or finer porę 
size, discaming the first few mL of the filtrate. 

Chromatograpnic system 
(See Chromotograpny (621), System Suitability.) 
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Modę: LC 

Detector: UV, 328 nm 

Column: 4.6-mm x 25-cm; 5-p.m packing LI 

Column temperaturę: 20 ± 1° 

Flow ratę: 1,0 mL/min 
Injection volijme: 5 pL 
System suitability 

Sam pies: Standard solution A and Standard solution B 

Suitability reguirements 

Chromatogram similarity: The chromatogram from 
Standard solution B \s simifar to the reference chro¬ 
matogram proyided with the lot of USP Powdered 
Rosemary Hydrophilic Extract RS being used. 

Tailing facton Between 0.90 and 1.30 for the roś¬ 
ni a rink acid peak, Standard solution A 
Relative standard deviation: NMT 2% determined 
from the rosmarinie add peak in repeated injections. 
Standard solution A 
Analysis 

Sam pies: Standard solution Ą Standard solution B t and 
Sample solution 

Using the chromatograms of Standard solution Ą Stan¬ 
dard solution 8, and the reference chromatogram pro- 
vided with the lot of USP Powdered Rosemary Hydro- 
philic Extract RS beEng used, Identify the retention 
time of the peak corresponding to rosmarinic acid tn 
the Sampfe solution chromatogram. 

Calculate the percentage of rosmarinic acid in the por- 
tion of Rosemary Leaf Dry Agueous Extract taken: 

P - (r u /r*) x (C s /Cu) x 100 

r u = peak area for rosmarinic acid tn the Sample 
solution chromatogram 

r 5 - peak area for rosmarinic acid in Standard 
solution A chromatogram 

Cs - concentration of rosmarinic acid in Standard 
solution A (mg/mL) 

Cu = concentration of Dry Agueous Extract in the 
Sample solution (mg/mL) 

Calculate the percentage of the labeled amount of 
rosmarinic acid in the portion of Rosemary Leaf Dry 
Agueous Extract taken: 

Result ~ (P/L) x 100 

P ~ percentage of rosmarinic actd as determined 
above (%) 

i = labeled amount of rosmarinic acid {%) 
Acceptance criteria: 90%-t'l0Ś6 on the dried basis 

CONTAMINANTS 

• Elemental Hmpuritiłs—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 1.0 pg/g 
Cadmium: NMT 0.5 pg/g 
Lead: NMT 5.0pg/g 
Mercury: NMT 1.0 pg/g 

* Articies of Botanical Grigin, General Method for Pestt 

dde Residues Analysis (561): Meets the requirements 
o Mkrobjal Enumeration Tests—Nutritional and Dietary 
Supplejyients (2021): The totai aerobic bacteria! count 
does not exceed 1CH cfu/g, the total combined molds 
and yeasts count does not exceed 10 3 cfu/g. 
e MiCROBBOLOGłCAŁ PROCEDURES FOR ABSENCE OF 5PECIFEED IVil 
CROORGANISMS—NUTRITIONAL AND DlETARY SUPPIEMENTS 
(2022): Meets the reguirements of the tests for absence 
of Salmonella species and Escherichia coli 


SPECIFIC TESTS 

® LOSS ON DRYJNG (731) 

Sample: 1.0 g of Rosemary Leaf Dry Aqueous Extract 
Analysis: Dry at 1 05° for 2 h< 

Acceptance criteria: NMT 8% 

ADDITiONAL REQUJREMENTS 

s Packaging and Storage: Presen/e in wet I-ci osed contain- 
ers, protected from light, moisture, and oxygen; storę at 
controfled room temperaturę. 

■ Labeling: The label states the Latin bi no miał and, fol Iow- 
ing the official name, the part of the plant from which 
the article was derived. It meets other labeling reguire¬ 
ments in Botanical Extracts (565). 

® USP Reference Standards (11) 

USP Powdered Rosemary Hydrophilic Extract RS 
USP Rosmarinic Acid RS 


(Rutin 



C 2 7H 30 O 1(1 ■ 3H?0 664.56 

3-Rhamnoglucoside of 5,7,3 / ,4 / -tetrahydroxyf[avonoi; 

2-(3,4-Dihydroxyphenyl)“5,7-dihydroxy-4H-chromen-4-one- 
3 - y I 6-O-a- L-rnamno pyra n osy I - B- D -ql u cos i d e 
[250249-75-3]. 

DEFINITION 

Rutin contatns NLT 95.0% and NMT 1 01.0% of rutin 
(C 2 ?H 3 oO! 6 ), calcu la ted on the anhydrous basis. 

IDENTIFICATION 

• A. Infrared Absorptjon (197K) 

* B. Ultraviolet Absorption (197U) 

Analytical wavelength: 210-450 nm 
Sampfe solution: 20 pg/mL of Rutin in methanol Filier 
if necessary. 

Acceptance criteria: The spectrum exhibits two absorp¬ 
tion maxima at 257 nm and 358 nm. The absorptkity 
at the maximum at 358 nm is 30.5-33.0, cakulated on 
the anhydrous basis. 

C. The retention time of the major peak of the Sampfe 
solution corresponds to thal of the Standard solution, as 
obtained rn the test for Quercetin and Other Bela ted 
Compounds. 

AS5AY 

« Procedurę 

Sample: 200 mg of Rutin 
Blank: 20 ml of dimethylformamide 
Titrimetric system 
(S ee Titrim etry (541).) 

Modę: Direct tstration 
Titrant: Tetrabutylammonium hydroxide 
End point detection: Potentiometric 
Analysrs: Dissoive the Sample in 20 mL of dimethyl¬ 
formamide, and titrate with Titrant Perform the Blank 
detemnination and make correctlons if necessary. 
Calculate the percentage of rutin (Cz/HioOre) in the por¬ 
tion of the Sample taken: 

Resuit - {[(l^ - V B ) x M x F]/W} x 100 
V$ = Titrant Yolume consumed by the Sample (mL) 
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V B = Tftremf volume consumed by the Blank (mL) 

M - actual Titrant molarity (mmol/mL) 

F ~ equivalency factor, 305.3 mg/mmol 
W = Sam ple weight (mg) 

Acceptance criteria: 95,0%-101.0% on the anhydrous 
basis 

IMPURITIES 

* Residue on Egnitjon (281): NMT 0.1% 

* LlGHT ABSOftBlNG SUBSTANCES 

Analytkal wavelength: 450-800 nm 
Sampfe solution: Dissolve 0,200 g of Rutin In 40 ml of 
2-propanol. Stir for 15 min, dilute with 2-propano] to 
50.0 mL, and filter 

Acceptance criteria: The absorbance of any substance 
is NMT 0.10. 

* Methanol Bnsollfble Substances 

Sampie: 2,5 q 

Analysis: Shake the Sampfe for 15 min in 50 mL of 
methanol at 20°—25°, FiJ ter under reduced pressure 
through a sintered-gJass fil ter previousfy dried for 1 5 
min at 100M 05°, cooied in a desiccator, and tared. 
Wash the filter three times with 20 ml of methanol. Dry 
the filter for 30 min at 105°, Aljow to cool, and weigh. 
Acceptance criteria: The residue wetghs NMT 75 mg 
(3%)* 

Detete the following: 

*• Heavy Metals, Method U (231): NMT 20pg/g* (onkiaii- 

|an’ 2018 ) 


Change to tead: 

<* Quercetin and Other Related Compgunds 

Solution A: Mix 50 mL of tetrahydrofuran with 950 mL 
of a 15.6 mg/mL solution of monobasic sodium phos- 
phate. Adjust with phosphonc acid to a pH of 3.0, 

Solution B: Mix 400 mL of tetrahydrofuran with 
600 mL of a 15.6 mg/mL solution of monobasic sodium 
ph osp ha te. Adjust with phosphoric add to a pH of 3,0. 

Mobile phase: See Tobie L 


Table 1 


Time 

(mini 

Solution A 

(%) 

Solution B 

(%) 

0 

50 

50 

10 

0 

100 


0 

100 


50 

50 

-52jAUJEKI-_ 

50 

50 


Standard solution A: Transfer 1 0 mg of USP Rutin RS 
into a 10-mL volumetric fiask, add 2 mL of methanol, 
and mix to dissolve. Dilute with Solution B to vo!ume. 

Standard solution B: 20pg/mL of USP Rutin RS in So¬ 
lu tion B, prepa red from the dilution of Standard solution 
A with Solution B 


Standard solution C: 20 pg/mL of USP Quercetin RS in 
Solution B 

Sampie solution: Transfer 100 mg of Rutin into a 
100-mL volumetric fiask, add 20 mL of methanol, and 
mix to dissolve. Dilute with Solution B to volume. 
Chromaiographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 4-mm x 25-cm; 5-pm packing L7 
Column temperaturę: 30 D 
Flow ratę: 1.0 m L/min 
injectfon volume: 20 pL 
System suitability 
Sampie: Standard solution A 
[Notę —The relative retention times for rutin, 
kaempferol 3-rutinoside, isoquerdtroside, and guerce¬ 
tin are 1*0, 14, 1.2, and 2.5, respeotivdy.] 

Suitability requlrements 

Chromatographic simrlarity: The chromatogram 
from Standard solution A is simllar to the reference 
chromatogram provided with the USP Rutin RS belng 
used. 

Resoiution: NLT 1*5, between the rutin and 
kaempferol B-rutinoside peaks 

Analysfs 

Sam pies: Standard solution S, Standard solution C, and 
Sampie solution 

Calculate the percentage of guercetin 1 in the portlon of 
Rutin taken: 

Result = (Wri) x (Q/Cu) x 100 

fu = peak response of guercetin from the Sampfe 
solution 

rs = peak response of quercetin from Standard 
solution C 

Q - concentration of USP Quercetin RS in Standard 
solution C (mg/mL) 

Cu - concentration of Rutin in the Sampie solution 
(mg/mL) 

Calculate Lhe percentage of each Impurity tn the 
portion of Rutin taken: [Notę —DSsregard any impurity 
less than 0.1%*] 

Resuit = (fu/rs) x (Q/Cu) x Fx 100 

r u - peak response of each impurity from the 
Sampfe solution 

rs = peak response of rutin from Standard solution 
B 

Cs - concentration of USP Rutin RS in Standard 
sof u tion B (mg/mL) 

Cu = concentration of Rutin in the Sampie solution 
(mg/mL) 

f = correctlon factor for each Individual impurity 
(see Tobie 2) 

Acceptance criteria: See Tabfe 2. 

2-( 3,4* D ihyd ro xy pheny I)- 3, 5, 7* tri hy drox/-4 H -1 - b en zopy ra n -4-o n e. 
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Table 2 


Na me 

Relative 

Retention 

Time 

Correctioti 

Factor 

(fi 

Acceptance 

Criteria, 

N(V1T 

Kaempferol 

3-rutinoside^ 

Tl 

1 

2.0 

fsoquercttroside b 

1.2 

0.8 

2.0 

Ouercettn 

_ 

_ 

2.0 

Any other impuntv 

_ 

1 

TO 

Total impurities 



4.0 


J 3-[[6-0(6 - De oxy-ot-L-m a nn opy rano syl )-/3' D-g 3 u co py ran osy i]oxy ] -5, 7- 
dl hy d roxy-2-(4- h ydroxy ph enyl) -4 H- 1 - benzo py ran -4-o ne. 
b 2^(3,4-Dihydroxyphenyl)-3-C/^D-glueofu ran osy3oxy)-5,7-dihydraxy-4tf-l - 
benzopyran-4-one, 

SPECIFIC TESTS 

® Water Oetermsnatidn (921), Metfiod /, Metfrod la 
Sampie: 100 mg 
Acceptance criteria: 7.5%-9.5% 

ADDITIONAL REQUI RENIE NT S 

■ PackaCINC and Storage: Preserve in welTdosed, tight, 
light-resistant containers. 

• OSP REFERENCE STANDARD* (11) 

USP Quercetin RS 
USP Rutin RS 


Change to read: 


St. |ohn's Wort *Flowerifiq Top^ WJ 

DEFINITION 


Change to read: 

St. John'$ Wort A Flowerinq TopAipŃG consists of the dned 
fiowerrng tops a au$m °< Hypericum perforatum L. (Fam. 
Hypericaceae), gathered snortly before or d u ring flower- 
ing. it contalns NLT 0.6% of hyperforin (C 35 H 52 O 4 ) and 
NLT 0.04% of the combined tota! of hypericin (CmHtóOb) 
and pseudohypencin (CjoHińOg), on the dned basis. 

31 DENTJIFf CATION 

* A* It meets the regulrements In Spedfic Tests, Botankal 
Characteristics. 


Change to read: 

O B. HPTLC FOR Artjcies of Botanical ORłGIN (203} 
Standard solution A: 0.5 mg/mL of USP Rutin RS in 
methanol 

Standard sotution 8 : 0,5 mg/mL of USP Hyperoside RS 
in methanol 

Standard solution C: 50 mg/mL of USP Powdered St. 
John's Wort Extract RS in methanol, Sonicate for 20 
min, centrrfuge, and use the elear supernatant. 

Sampie solution: FineEy powder 50 g of St. ]ohn's Wort 
A F!owering Top.Auswa Sonicate 1 g In 10 ml of metha¬ 
nol for about 20 min, centrifuge, and use the elear 
supernatant. 

Chromatographlc system 

Adsorbent: Chromatographlc sifica gef mlxture with 
an average particie size of 5 jim (HPTLC plates) 
Application volume: 2 pL, as 8 -mm bands 
Relative humidity: Condition the piąte to a relatlve 
humldity of 33%. 


A Temperature: Ambient, not to exteed 
Developing solvent system: Ethyl acetate, glacial ace- 
tic acid, formie acid, water, and methylene chloride 
( 10 :1*0: 1.0: 1.1: 2.5} 

Developmg di stance: 6 cm 

Derivatizatlon reagent A: S-mg/mL solution of 2-amr- 

noethyl diphenylborinate in ethyl acetate 
Derivatization reagent B: 10-mg/mL solution of poly- 
ethylene glycol 400 in methylene chloride 
Analysis 

Sam pies: Standard sotution A t Standard solution B f 
Standard sotution C, and Sampie sotution 
Apply the Samples as bands, and dry In air. Develop in 
a saturated chamber, remove the piąte from the 
chamber, and dry in air, Heat the piąte at 105° for 3 
min, treat while stitl warm with Derivatizotion reagent 

A, and dry in air. Th en treat with Derivatization reagent 

B, dry in air, and examine under UV light at 365 nm. 
System siiitability: Standard sotution C exhibits, in the 

fower thlrd section, two yellowish-orange fluorescent 
bands corresponding to rutin and hyperoside in Stan¬ 
dard sotution A and Standard solution B , respectively; a 
blue fluorescent band direetty below the hyperoside 
band corresponding to chlorogenic acid; and two red 
fluorescent bands tfue to pseudohyperidn (lower 
and hypericin In the upper thrrd section, The bands due 
to pseudohyperidn and hypericin are clearly separated. 
Acceptance criteria: The Sampie solution exhibrts the 
foliowing: two yellowish-orange fluorescent bands at Rf 
corresponding to rutin and hyperoslde In Standard sotu¬ 
tion A, Standard solution 8 , and Standard solution C; a 
blue fluorescent band dlrectly below the hyperoside 
band corresponding to the chlorogenic acid in Standard 
sotution C; two red fluorescent bands at Rf correspond¬ 
ing to pseudohyperidn and hypericin in Standard solu¬ 
tion C; and two to three yellowish-orange fluorescent 
bands In the middle thlrd section corresponding to sim- 
ilar bands in Standard solution C 

CGMPOSITION 


Change to read: 

« CONTENT OF HYPERICIN AND PSEUDOHYPERICIN 

[Notę —Conduct all sampie preparations with minima! 
exposure to subdued light, and use low-actinic 
glassware.J 

$olvent: Methanol and acetone (1:1) 

Solution A: Phosphoric acid and water (3:997) 
Sotution B: Acetonitrile 
Solution C: Methanol 
Mobile phase: See Table h 


TabEe 1 


Time 

(mini 

Solution A 

Solution B 

(%1 

Solution C 

(W 

O; 

100 

0 

0 

10 

85 

15 

0 

30 

70 

20 

10 

40 

10 

75 

15 

55 

5 

80 

15 

56 

100 

0 

0 

66 

100 

0 

0 


Standard solution A: 2,5 pg/mL of USP Oxybenzone 
RS in Sotvent 

Standard solution B: 1 mg/mL of USP Powdered St. 
john's Wort £xtract RS in Solvent 
Sampie solution: Pulverize 10 g of St. John's Wort 
A Flowering Top.Ausp« Accurately weigh and transfer 
about 1 g to a round-bottom fiask eguipped with a 
condenser and protected from light, add 50 mL of Sol - 
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vent and a magnetic stirrrng bar, and heat at 60° for 2 
h while stirring. Cool to room temperaturę, and pass 
through a fifter paper into a 50-mL volumetric fiask. 
Wash the fiask and the residue on the filter with So/yent, 
and dilute with the washings to volume. Pass the solu- 
tion through a PTFE membrano filter of 0.45-|im or 
finer porę size, and use the filtrate. 

Chromatographrc system 
{See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 270 nm and Vts 588 nm 
Columns 

Guard; Packing LI 

Anafytical: 4.ff-mm x 25-cm; packing LI 
Column temperaturę: 30° 

Flow ratę: 1 m L/min 
Injection volume: 20 ^lL 
System suitability 

Samples: Standard solu tion A (record the peak re- 
sponses at 270 nm) and Standard solution B (record 
the peak responses at 270 and 588 nm) 

Suitability reąuirements 

Chromatogram similarity: The chromatograms of 
Standard solution B are similar to the respective refer- 
ence chromatograms provided with the lot of USP 
Powdered St john's Wort Extract RS being used. 
Column efficiency: NLT 100,000 theoretical plates 
for oxybenzone, Standard solution A 
Taillng factor: NMT 1.5 for oxybenzone, Standard so¬ 
lution A 

Relative standard deviation: NMT 2.0% in replicate 
mjections, Standard solution A 
Analysis 

Samples: Standard solution A and Sample solution 
Measure the areas of the reievant peaks in the Sample 
solution at 270 nm. 

Calcu/ate the combrned total of hyperidn (CjoHuOa) 
and pseudohypericin percentages in the 

portion of St. John's Wort A Flowering TopAi/swp taken: 

Result = (Cdrs) x I(WF) x (V/W) x 100 

Cs = concentration of USP Oxybenzone RS in 
Standard solution A (mg/mL) 
f; = peak area of oxybenzone in Standard solution 
A 

rui/Fi - peak area of hyperidn or pseudo hyperidn in 
the Sample solution dlvlded by their 
respective response factors relative to 
oxybenzone; 1.30 for hypericin and 1.24 for 
pseudohypericin 

V - volume of Lhe Sample solution (ml) 

W = weight of St. john's Wort A Flowering Topał/sno 
taken to prepare the Sample solution (mg) 
Acceptance criteria: NLT 0.04% on the dried basis 

C hangę to read : 

* CONTENT OF HYPERFORIN 

Analysis: Using the chromatograms obtained in the test 
for Content of Hyperidn and Pseudohyperidn , calculate 
the percentage of hyperforin (C 15 H 52 O 4 ) in the portion 
of St. )ohn's Wort A Flowenng Top aus#^ taken: 

Result ^ Cs x (rjrs) x (VIW} x 0/P) x 100 

C 5 - concentration of USP Oxybenzone RS in 
Standard solution A (mcj/mL) 
ru - peak area of hyperfohn in the Sample solution 

rs = peak area of oxybenzone in Standard solution 

A 

V - volume of the Sompfe solution (mL) 

W - weight of St. John's Wort A Fiowering TopAiw*? 
taken to prepare the Sample soiution (mg) 


F = relative response factor for hyperfohn relative 
to oxybenzone, 0.46 

Acceptance criteria: NLT 0.6% on the dried basis 

CONTAMINANTS 

• Articles OF Botanical Origin (561), Limits of &emental 
Impuritiesi Meets the requfrements 

• Articles of Botanical Origin (561), Pestidde Residue 
Analysis : Meets the requirements 

• IMicrobial Enumeration Tests (2021): The total bacterial 
count does not exceed 1CM cfu/g, and the total conv 
bined molds and yeasts count does not exceed 10 2 cfu/ 
9 - 

• Absence of Specified Microorganisms (2022), Test Proce- 

dures , Test for Absence of Salmonella Spedes and Test for 
Absence of Escherichia cola Meets the requirements 

SPECiFJC TESTS 

• Botanical Characteristics 

Macroscopic: The two-edged stem is greenish-yeflow, 
rounded, and has two ribs running longttudinally on 
opposite sides. The plant is adversifo[iate, its leaves are 
sessile, ovoid or elongated, up to 3.5 cm in length, 
smooth-edged, and hairless with translucent perfora- 
tions. The very numerous yellow, short-stemmed, pen- 
tamerous flowers form false umbeis shaped Irkę grapę 
clusters. The five lanceolate and black-dotted sepals are 
about one-half the length of the dark yellow petals, 
which are shaped like slanted ovals and whose edges 
are set with dark red glands. The numerous stamens are 
jorned in three to six bundles (usually three). The ovary 
is surmounted by three styles. Sorne ovanes are already 
devefoped into greenish, elongated, oval triovular cap- 
sules with various degrees of maturity. When thopped, 
the crude plant materiał is distrnguisried by numerous 
yellow to yellowish-brown flower buds and individual 
petals witn dark red glands at the edges. The Irght 
green to brown-green leaf fragments, characterized by 
plicate marcescence, appear stippled when held up to 
the fiqht. The greentsh-yellow or reddish-brown hol Iow 
stem fragments are distinguished by two longitudinal 
edges, 

Microscopic: The stems have elonoated epidermal cells 
with straight beaded, antidinal walls; cuticle smooth; 
frequenl paracytic stoma ta with two smali adjacent epi¬ 
dermal cells; cortex of five to six rows of colfenchyma; 
stele with secondary growth consisting of a compacted 
ring of phloem, with a wide area of lignified xylem and 
smali areas of intraxylary phloem; parenchymatous pith, 
lignified and pitted in older stems; oil glands may occur 
In the cortex and phloem. 

The upper surface of the leaf has poiygonal cells with 
sinuous, slightly beaded, antidinal walls; cells of lower 
surface smaller, with antidinal walls morę wavy, with 
frequent paracytic, sometimes anomocytic, stomata; 
smooth cuticle, thicker on upper surface, straight- 
walled, elongated epidermal cells of veins, occasionalfy 
beaded. Dorsiventral, single palisadę lamina; large oil 
glands equal to depth of spongy mesophylL Mldrib 
containing single, collateral bundle witn a smali area 
of lignified xylem, Tnchomes and caldum oxałate are 
absenl. 

The sepal of the flower has characteristics resembfing 
those of the leaf. Petal, narrow, elongated, thin-walled; 
epidermal cells with straight antidinal walls on the 
outer surface and wavy on the inner surface. Stamen, 
lignified fibrous layer of anther wali; elongated, thin- 
walied cells of fi lament with striated cuticle; subprolate 
pollen grains, about 20 pm in diameter with three 
pores and a smooth exine. Ovary, smali poiygonal cells 
with underlylng oil glands; seed testa, brown, thick- 
walled hexagonal cells. 

* Articles of Botanical Origin (561), Methods of Analysis, 
Foreign Organie Matten NMT 2.0% 
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Change to read: 

• Loss on Dryinc <731) 

Sam ple: 1,0 g of finely powdered St. john's Wort 
A Flowering Topiuw* * 

Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 10% 

ADPBTIONAL REQUIREMENT5 

• PACKACiNG and Storage: Preserve in well-closed contain- 
ers, protected from light and moisture. 

• Labeung: The label States the Latin bmomtaJ and, follow- 
ing the offidal name, the parts of the plant contaEned in 
the article. 

• USP Reference Standards (11) 

USP Hyperoside RS 
USP Oxybenzone RS 
USP Rutin RS 

USP Powdered Sb |ohn's Wort Extract RS 


Change to read: 


*St. John's Wort Flowering Top 

Powder t USP40 


DEFINITJON 


Change to read: 

A St. |ohn's Wort Flowering Top Powder consists of the drEed 
flowering tops of Hypeńcum perforatum L> (Fam. Hyperi- 
eaceae), gathered snortly before or during flowering, and 
auspa w reduced to a fine or a very fine powder. It contains 
NLT 0.6% of hyperforin (C 35 H 52 O 4 ) and NLT 0.04% of the 
combined totaf of hyperidn (CboN^O*) and pseudohyper- 
Idn (C^nHioOęj), on tne dried basEs. 

IDENTIFICATION 

* A. It meets the requirements In Spedfic Tests, Botankal 
Characteristics. 


Derrvatization reagent B: 10-mg/mL solufion of poły- 
ethylene qlycof 400 En methylene chloride 
Analysis 

Sam pies: Standard solution A, Standard solution B, 
Standard solution C, and Sampie solution 
Apply the Samples as bands, and dry in air. Deveiop in 
a saturated chamber, remove the piąte from the 
chamber, and dry In air. Heat the piąte at 105° for 3 
min, treat while still warm with Derivatization reagent 
A, and dry In air, Then treat with Derivatization reagent 
B f dry in air, and examine under UV light at 365 nm. 
System suitability: Standard solution C exhlbits, in the 
lower third seetion, two yel lowish-orange fJuorescent 
bands corres pond ing to rutin and hyperoside in Stan¬ 
dard solution A and Standard solution B t respectively; a 
blue fluorescent band directly below the hyperoside 
band corresponding to chlorogenic acid; and two red 
fluorescent bands due to pseudohypericin (lower Rr) 
and hyperidn in the upper third seetion. The bands due 
to pseudohypericin and hyperidn are dearJy separated. 
Acceptance criteria: The Sample solution exhlbits the 
following: two yellowtsh-orange fluorescent bands at Rf 
corresponding to rutin and hyperoside in Standard solu¬ 
tion A f Standard solution B, and Standard solution C; a 
blue fluorescent band directly below the hyperoside 
band corresponding to the chlorogenic aclcl In Standard 
solution C; two red fluorescent bands at Rr correspond¬ 
ing to pseudohyperlcin and hyperidn in Standard solu¬ 
tion C; and two to three yellowishhorange fJuorescent 
bands In the middle third seetion corresponding to sim- 
ilar bands in Standard solution C. 

eoMRDsmoN 


Change to read: 

* OONTENT OF HYPERIGN AND PSEUDOHYPERiCiN 

[Notę—C onduct all sample preparations with minlmal 
exposure to subdued light, and use low-actinic 
glassware.] 

$olvent: Methanol and acetone (1:1) 

Solution A: Phosphoric acid and water (3:997) 
Solution B: Acetomitrile 
Solution C: Methanol 
Mobile phase: See Tabie h 


Change to read: 

« B. HPTLC FOR ARTtCLES OF BOTANICAL ORIGIN (203) 
Standard solution A: 0,5 mg/mL of USP Rutin RS in 
methanol 

Standard solution B: 0,5 mg/ml of USP Hyperoside RS 
tn methanol 

Standard solution C: 50 mg/mL of USP Powdered St. 
]ohn's Wort Extract RS in methanol Sonicate for 20 
min, centrlfuge, and use the elear supematant. 

Sample solution: SonEcate 1 g of *SL ]ohn's Wort 
Flowering Top Powder A umQ in 10 mL of methanol for 
about 20 min, centrifuge, and use the elear 
supernatant. 

Chromatographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 |xm (HPTLC plates) 
Application yolume: 2 pL, as 8 -mm bands 
Relative humidity: Condition the piąte to a relatiye 
humldity of 33%. 

A Temperature: Ambient, not to exceed 30 °au5wo 
D evetoping solvent system: Ethyl acetate, gladal ate- 
tic acici, formie acid, water, and methylene chloride 
(10:1.0: 1,0: 1.1: 2.5) 

Developing distance: 6 cm 

Derivatlzation reagent A: 5-mg/mL solution of 2-aml- 
noethyl diphenylborlnate in ethyl acetate 


Table 1 


Time 

(mini 

Solution A 

(°/o) 

Solution B 

(%> 

Solution C 
VM 

0 

100 

0 

0 

10 

85 

15 

0 

30 

70 

20 

10 

40 

10 

75 

15 

55 

5 

80 

15 

56 

100 

0 

0 

66 

100 

0 

0 


Standard solution A: 2.5 jig/mL of USP Oxybenzone 
RS in Solvent 

Standard solution B: 1 mg/mL of USP Powdered St 
JohrLs Wort Extract RS in Solyent 
Sample solution: Aecurately weigh about 1 g of *St, 
John's Wort Flowering Top Powd er AUS p 4 o into a round- 
bottom fiask eguipped with a condenser and protected 
from light, add 50 mL of Solvent and a magnetic stir- 
ring bar, and heat at 60° for 2 h while stlrring. Cool to 
room temperaturę, and pass through a filter paper into 
a SG-mL volumetrlc fiask. Wash the fiask and the resi- 
due on the filter with Solvent t and dilute with the wash- 
Ings to yolume. Pass the solution through a PTFE mem¬ 
branę filter of 0.45-pm or flner porę size, and use the 
filtrate. 
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Chromatographk system 

(See Chromatograpny <621), System Suitability.) 

Modę: LC 

Detector: UV 270 nm and Vis 588 nm 
Columns 

Guard: Packing LI 

Analyticaf: 4,6-mm x 25-cm; packing LI 
Column temperatura: 30° 

Flow ratę: 1 mL/min 
Jnjeetion volume: 20 pi 
System suitablHty 

Samples: Standard sotution A (record the peak re- 
sponses at 270 nm) and Standard sotution B (record 
the peak responses at 270 and 588 nm) 

Suitability requirements 

Chromatogram simifarity: The chromatograms of 
Standard solution B are similar to the respective refer- 
ence chromatograms provided with the lot of USP 
Powdered St John's Wort Extract RS being used. 
Column efficiency: NLT 100,000 theoretical plates 
for oxybenzone. Standard sofution A 
Tailing factor: NMT L5 for oxybenzone, Standard so- 
lution A 

Relative standard deviation: NMT 2.0% in replicate 
injections, Standard sofution A 
Analysis 

Samples: Standard sofution A and Sample solution 
Measure the areas of the relevant peaks in the Sample 
sofution at 270 nm. 

Calcuiate the combined total of hyperidn (CioHi^Oe) 
and pseudohyperidn (CjoHićO*) percentages in the 
portion of *SL lohYs Wort Flowering Top PowdeUwwo 
taken: 

Result = (Crfn) x E(r Ut /Fi) x (V7 W) x 100 

Ci = concentration of USP Oxybenzone RS in 
Standard sofution A (mg/mL) 
r$ - peak area of oxybenzone in Standard sofution 
A 

ruJFi = peak area of hyperidn or pseudohypericin in 
the Sample sotution divided by their 
respective response factors relative to 
oxybenzone; 1.30 for hyperidn and 1.24 for 
pseudohyperidn 

V = volume of the Sample solution (ml_) 

W = weigbt of A $t, ]ohn's Wort Flowering Top 
Powder*i/i M G taken to prepare the Sample 
solution (mg) 

Acceptance criteria: NLT 0.04% on the dried basis 

Change to read: 

• CONTENT OF HYPERFORIN 

Analysis: Using the chromatograms obtained in the test 
for Content of Hyperidn and Pseudohyperidn , calcuiate 
the percentage of hyperforin (C 35 H 52 O 4 ) in the portion 
of A St. ]ohn's Wort Flowering Top Powder A usNo taken: 

Result « Cs x (fii/rj) x (V/W) x 0/F) x 1 00 

Cs - concentration of USP Oxybenzone RS in 
Standard solution A (mg/mL) 
fu - peak area of hyperforin in the Sample sofution 

rs - peak area of oxybenzone In Standard sofution 

A 

V - volume of the Sample sofution (mL) 

W = weight of A 5t. John's Wort Flowering Top 
Powder 4 Ł ji^D taken to prepare the Sample 
solution (mg) 

F = relative response factor for hyperforin relative 
to oxybenzone, 0.46 


Acceptance criteria: NLT 0.6% on the dried basis 

CONTAMINANTS 

* Articles of Botanical Origin <561), Limits of Elementaf 

Impurities: Meets the requtrements 

* Articles of Botanical Origin (561), Pestidde Residue 

Analysis : Meets the requirements 

* Microbial Enumeration TE5T5 (2021): The total bacterial 

count does not exceed 10 4 cfu/g, and the total com¬ 
bined molds and yeasts count does not exceed 10 2 cfu/ 
9 - 

* Absence OF Specified Microorganisms (2022), Test Proce - 

dures. Test for Absence of Salmonello Spedes and Test for 
Absence of Escherichfa coli: Meets the reguirements 

SPECIFIC TE5TS 

* Botanical Characteristics 

Macroscopic: Buff to greenish-brown powder with an 
aromatic and balsamie odor 

Microscopic: Elongated and polygonal epidermal cells 
with thEckened and beaded antidinal walis, some ac- 
companied by paracytic (occasionafly anomocytic) sto- 
mata; fragments of leaf and sepal with schizogenous oil 
and pigment glands; narrow, tnin-walled, elongated ep- 
idermal cells with straight and wavy antidinal walfs 
from petal; narrow, lignified vessels with annular or re- 
ticulate thickening; tracheids and tracheidal vesseis with 
lignified, pltted thickening; thick-walled lignified fibers 
with tapering apices and occasional oblique pits; rectan- 
gular, lignified, pitted parenchyma; fibrous layer of an- 
theral wali; pollen grains, 20-25 pm in diameter, with 
smooth exine. 


Change to read: 

* Loss ON Drying (731) 

Sample: 1.0 g of A St. john's Wort Flowering Top 
Powder AU jw£j 

Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria; NMT 10% 

* Articles of Botanical Origin (561), Methods of Analysis, 

Total Ash: NMT 5.0% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storace: Preserve in welhclosed contain- 
ers, protected from light and moisture. 

* Labeling: The label States the Latin binomial and, foliow- 
ing the official name, the parts of the plant source from 
which the article was derived. 

* USP Reference Standards (11) 

USP Hyperoside RS 
USP Oxybenzone RS 
USP Rutin RS 

USP Powdered St John's Wort Extract RS 


Change to read: 


*St. John s Wort Flowering Top Dry 
Extract A mv40 

DEFINITION 


Change to read: 

A 5t John^s Wort Flowering Top Dry Extract Ł uwo is prepared 
from comminuted *dned flowering tops of Hypericum 
erforatum L. (Fam. Hypericaceae), gathered snortly 
efore or d u ring flowering, and auspw extracted with 80% 
methanol or other suitable solvents. It contains NLT 
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90,0% and NMT Tl0.0% of the labeled combined total 
of hyperidn (CioHhO*) and pseudohyperitin (C^M^Og) 
and NIT 90.0% and NMT 110.0% of hyperform 
(CbjHsjOO, on the anhydrous basis. tt may eon tam suita- 
ble added substances. 

IDENTIFICATION 


Change to read: 


m 


A, HPTLC FOR Anncus OF Botanical Oricin (203) 

Standard solution A: 0.5 mg/ml of USP Rutin RS in 
methanol 

Standard solution B: 0.5 mg/mL of USP Hyperoside RS 
in methanol 

Standard solution C: 50 mg/mL of USP Powdered St. 
John'5 Wort Extraet RS in methanol. Sonicate for 20 
min, centrifuge, and use the elear supernatant. 

Sample solution: 50 mg/ml of *51..' 

ExtracUu 5 fvo tn methano 


ohn's Wort Flower- 
, sonicate for 20 


ing Top Diy 

mm, centrifuge, and use the elear supernatant. 

Chroma tog raphic system 
Adsorbent: Chromatographic siliea gel mixture wtth 
an average particie size of 5 pm {HPTLC plates) 
Application volume: 2 pL, as 8-mm bands 
Relative humidity: Condition the piąte to a relative 
humidity of 33%. 

Temperaturę: Ambient, not to exceed 30° 

Developing solvent system: Ethyl acetate, glacial ace- 
tic acta, formie acid, water, and methylene chloride 
(10: 10:1.0: 1,1: 2.5) 

Developing distance: 6 cm 

Derivatrzation reagent A: 5 mg/ml of 2-aminoethyl 
diphenylborinate in ethyl acetate 
Derivatization reagent B: 10 mg/ml of polyethylene 
glycol 400 in methylene chloride 
Anafysis 

Samples: Standard solution A t Standard solution 8, 
Standard solution Q and Sample solution 
Apply the Samples as bands, and dry in air. Devefop in 
a saturated chamber, remove the piąte from the 
chamber, and dry in air. Heat the piąte at 105° for 3 
min, treat while still warm with Derivatization reagent 
A f and dry in air. Th en treat with Denvatization reagent 
8, dry in air, and examine under UV light at *365*^0 


nm. 

System suitability: Standard solution C exhibits, in the 
Tower third section, two yellowish-orange fluorescent 
bands corresponding to rutin and hyperoside in Stan- 
dard solution A and Standard solution B, respectively; a 
blue fJuorescent band directly below the hyperoside 
band corresponding to chlorogenic acid; and two red 
fluorescent bands due to pseuaohypericin (lower fl f ) 
and hyperidn in the upper third section. The bands due 
to pseudohypericin and hyperidn are clearly separated. 

Acceptance criteria: The Sample solution exhibits the 
following: two yellowish-orange fluorescent bands at Rf 
corresponding to rutin and hyperoside in Standard solu- 
thn A, Standard solution 8, and Standard solution C; a 
blue fluorescent band directly betów the hyperoside 
band corresponding to chlorogenic acid in Standard so 
lution C; two red fluorescent bands at Rf corresponding 
to pseudohypertcin and hyperidn in Standard solution C; 
and two to three yellowish-orange fluorescent bands in 
the middle third section corresponding to similar bands 
in Standard solution G 


Change to read: 

« B Thin-Layer Chromatography 
Presence of hyperforin 

Standard solution: 50 rmg/mL of USP Powdered St. 
John's Wort Extract RS in methanol Sonicate for 20 
min, and use the elear supernatant. 


Sample solution: 50 mg/mL of *St john'5 Wort 
Flowering Top Dry EKtracU^Ho in methanol. Sonicate 
for 20 min, and use the elear supernatant. 
Chromatographic system 
(See Chromatography (62 1), Thin-Layer Chromało- 
graphy.) 

Adsorbent: 0,50-mm layer of chromatographic siliea 
gel mlxture 

Application volume: 10 fil 
Developing solvent system: Solvent hexane and 
ethyl acetate (4:1) 

Derivatization reagent: Prepare a solution ton tai n- 
ing 0.38 g of ceric ammonium sulfate and 3.8 g of 
ammonium molybdate in 100 mL of 2 N sulfunc acid. 
Anaiysis 

Samples: Standard solution and Sample solution 
Develop in a saturated chamber until the solvent front 
has moved NLT 18 cm, and dry the piąte in a eurrent 
of air. Treat the piąte with Denvatization reagent, heat 
at 140° for 15 min, and examine under white light. 
Acceptance criteria: The blue zonę due to hyperforin 
at an R f value of about 0.54 in the Sample solution cor* 
responds in color and position to that tn the Standard 
solution , 

COMPOSITION 


Change to read : 

» CONTENT OF HYPERIGN AND PSEUDOHYPERICIN 

[Notę —Conduct at! sample preparations with minima! 
exposure to subdued light, and use low-actinic 
glassware.] 

Solvent: Methanot and acetone (1:1) 

Solution A: Phosphoric acid and water (3:997) 
Solution B: Acetonitrile 
Solution C: Methanol 
Mobile phase: See Table h 


Table I 


Time 

Solution A 
(%> 

Solution B 
<%) 

Solution C 
(%} 

0 

100 

0 

0 

10 

85 

15 

0 

30 

70 

20 

10 

40 

10 

75 

15 

55 

5 

80 

15 

56 

100 

0 

0 

66 

100 

0 

0 


Standard solution A: 2.5 jig/mL of USP Oxybenzone 
RS in Sofvent 

Standard solution B: 1 mg/mL of USP Powdered St. 
]ohn's Wort Extract RS in So/yenf 
Sample solution: 1 mg/ml of *St. ]ohn's Wort Flower- 
ing Top Dry Extract*uim in a mixture of methanol and 
water (9:1). Sonicate to dissolve, pass through a PTFE 
filter of 0.45-pm or finer porę size, and use the filtrate. 
Chromatographic system 
(See Chromatography (621), System Sultability.) 

Modę: IC 

Detector: UV 270 nm and Vis 588 nm 
Columns 

Guard: Packing LI 

Analytical: 4,6-mm x 25-cm; packing LI 
Calumn temperaturę: 30° 

Flow ratę: 1 m L/min 
injection volume: 20 pL 
System suitability 

Samples: Standard solution A (record the peak re- 
sponses at 270 nm) and Standard solution B (record 
the peak responses at 270 and 588 nm) 
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Suitability requtrements 

Chromatogram similarity: The chromatograms of 
Standard solution B are similar to the respective ref er- 
ence chromatograms provided with the lot of USP 
Powdered St. John's Wort Extract RS being used, 
Column efficiency: NLT 100,000 theoretical plates 
for oxybenzone, Standard solution A 
Tailing factor: NMT 1.5 for oxybenzone, Standard sa¬ 
lut ion A 

Relative standard deviation: NMT 2.0% in replicate 
injections, Standard solution A 
Analysis 

Sam pies: Standard solution A and Sample solution 
Measure the areas of the relevant peaks in the Sample 
solution at 270 nm. 

Calculate the percentage of the combined total of 
hypericin (CjoHićOs) and pseudohyperidn (C^oHi&O^) 
in the portion of A St, ]ohn's Wort Flowering Top Dry 
ExtractA[/sMo taken: 

Result = (C 5 /r s ) x Z(r us /F s ) x (V/W) x 100 

Cs = concentradon of USP Oxybenzone RS in 
Standard solution A (mg/mL) 
r* = peak area of oxybenzone in the Standard 
solution A 

ruJfi = peak area of hypericin or pseudohyperidn in 
the Sample solution dMded by their 
respective response factors relative to 
oxybenzone; 1.30 for hypericin and 1.24 for 
pseudohyperidn 

V = volume of the Sample solution (ml) 

W = weight of *$t, John's Wort Flowering Top Dry 
Extracl A 6 isp 4 0 taken to prepare the Sample 
solution (mg) 

^Calculate the percentage of the labeled amount of 
hypericin (C^H^Os) and pseudohyperidn (C 3 oH 16 0?) 
in the portion of St. johms Wort Flowering Top Dry 
Exlract taken: 

Result - (P/O x 100 

P - combined total percentage of hypericin and 
pseudohypericin, as determinecf above (%) 
i = labeled percentage of hypericin and 

pseudohypericin in St. |ohn's Wort Flowering 
Top Dry Ex traci (%)amwa 

Acceptance criteria: 90.0%-110.0% on the anhydrous 
basis 


Change to read: 

■ CONTENT OF HYPERFORIN 

Analysis; Using the chromatograms obtatned in the test 
for Content of Hypericin and Pseudohypericin, calculate 
the percentage of hyperforin (CgsHizO*) in the portion 
of A St. ]ohn's Wort Flowering Top Dry ExtracUuJw 
taken: 

Result = Q x (rufo) x (V/W) x(UF)x^ 00 

Cs - concentration of USP Oxybenzone RS in 
Standard solution A (mg/mL) 
ru ~ peak area of hyperforin in the Sample solution 

rs = peak area of oxybenzone in the Standard 

solution A 

V - vołume of the Sample solution (mL) 

W = weight of A St. |ohn's Wort Flowering Top Dry 
Extract AL (s^ taken to prepare the Sample 
solution (mg) 

F - relative response factor for hyperforin relative 
to that of oxybenzone, 0,46 


^Calculate the percentage of the labeled amount of 
hyperforin (C 35 B 52 O 4 ) in the portion of St, john'5 Wort 
Flowering Top Dry Extract taken: 

Result = (P/i) x 100 

P ~ percentage of hyperforin, as determined 
above (%) 

i = labeled percentage of hyperforin in St. |ohn's 
Wort flowering Top Dry Extracl 
Acceptance criteria: 90,0%-!! 0,0% on the anhydrous 
basis 

CONTAMINANTS 


Oelete the Mlowing: 

•• Heavy Metals (231), Method II: NMT 50 jig/g# i. 

lan- 2018 ) 

* Articles of Botanical Origin (561), Pestkide Residue 
Analysis: Meets the requirements 

* Botanical Ektracts (565), Preparations, General Pharma- 
copeial Reąuirements, Residua! Solvents: Meets the 
requirements 

* Microbial Enumeration Tests (2021): The total bacteriai 
count does not exceed 10 4 cfu/g, and the total com¬ 
bined molds and yeasts count does not exceed 10 3 cfu/ 

9 - 

• Arsence of Specified Microorganisms (2022), Test Proce- 

dures, Test for Ahsence of Salmonella Species and Test for 
Absence of Escherichia coli: Meets the reguirements 

5PECIFIC TESTS 

• Water Determination (921), Method I: NMT 5% 

• Artkles of Botanical Origin (561), Methods of Analysis , 

Total Ash: NMT 7.0% 

• Botanical Ejohacts (565), Preparations, General Phorma- 
copeial Requirements f Residue on Evaporationi Meets the 
reguirements 

ADDITIONAL REQUIREMENTS 
Change to read: 

• Packaging and Storage: Preserve in *wel l-dosed aujwo 
containers, protected frorn light and moisture. 

Change to read: 

* Labeling: The fabel States the Lattn binomial and, follow- 
ing the official name, thepart of the plant from which 
the article was prepared. The label also indicates the con¬ 
tent of hypericin, pseudohypericin, and hyperforin; the 
extracting soivent or solvent mixlure used for prepara- 
tion; and the ratio of the starling crude plant materiał to 
Ł Ory A usNo Extract. The label bears a sta tern en t rndicating 
that "Rare cases of allergic reactions and photosensitivity 
have been reported with the use of St. lohn^s Wort St. 
}ohn'$ Wort interacts with numerous medications. Check 
with your healthcare provider before using 

* USP Referemce Standards (11) 

USP Hyperoside RS 
USP Oxybenzone RS 
USP Rutin RS 

USP Powdered St. John's Wort Extract RS 
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Add the following: 


±St. |ohn's Wort Flowering Top Dry 
Extract Capsules 

DEF1NITION 

St. john '5 Wort Flowering Top Dry Extrael Capsules contain 
St. john'$ Wort Flowering Top Dry Extraęt They contain 
NIT 90% and NMT 110% oł the iabeled amount of 
hypericins, calcu ta Led as the sum of hypericin (CioFhtAł) 
and pseudohypericin (CioHióOg) and NLT 90.0% and 
NMT 110.0% of the Iabeled amount of hyperforin 
(CbsH^O,). 

IDENTIFICATION 

* A. HPTLC FOR ARTICLE5 OF SOTANICAL GRIGIN (203) 
Standard solution A: 0.5 mg/mL of USP Rutin RS in 
methanol 

Standard solution B: 0.5 mg/mL of USP Hyperoside RS 
in methanol 

Standard solution C: 50 mg/mL of USP Powdered St, 
John's Wort Extract RS in methanol. Sonicate for 20 
min, centrifuge, and use Lhe elear supernatanb 
Sample sofution: Transfer a portion of the contents of 
the Capsules, equivalent to 500 mg of St. john's Wort 
Flowering Top Dry Extract, to a conical fiask, add 10 mL 
of methanol, mlx and sonicate for 20 min, centrifuge, 
and use the supernatant 
Chromatographic system 

Adsorbent: Chromatographic sllica gel mixture with 
an average particie size of 5 jum (HPTLC plates) 
Application yolume: 2 uL, as 8-mm bands 
Reiative humidity: Condition the piąte to a relative 
humidity of 33%. 

Temperaturę: Ambient, not to exceed 30* 

Developmg solvent system: Ethyl acetate, glacial ace- 
tic add, formie acid, water, and methylene thloride 
(10: TO: TO; Tl: 2.5) 

Developing distance: 6 cm 

Derivatization reagent A: 5 mg/mL of 2-aminoethyl 
diphenylborinate in ethyl acetate 
Derivatization reagent B: 10 mg/mL of polyethylene 
glycol 400 In metnyłene chlonde 
Analysis 

Samples: Standard solution 4, Standard solution B , 
Standard solution C, and Sample solution 
Apply the Samples as bands, and dry in air. Develop in 
a saturated chamber, remove the piąte from the 
chamber, and dry in air. Heat the piąte al 105* for 3 
min, treat whtle stlll warm with Derivatization reagent 

A, and dry In air, Then treat with Derjyatization reagent 

B, dry in air, and examine under UV fight at 366 nm. 
System suitability: Standard solution C exhibits, in the 

Tower third section, two yellowish-orange fluorescent 
bands corresponding to rutin and hyperoside in Sfon- 
dard solution A and Standard solution B t respectively; a 
blue fluorescent band directly below Lhe hyperoside 
band corresponding to chlorogenic add; and two red 
fluorescent bands due to pseudohypericin (lower R f ) 
and hypericin in the upper third section. The bands due 
to pseudohypericin and hypericin are clearly separated. 
Acceptance critena; The Sample solution exhibits the 
following; two yellowish-orange fluorescent bands at R f 
corresponding to rutin and hyperoside in Standard solu¬ 
tion A , Standard solution 5, and Standard solution C; a 
blue fluorescent band directly below the hyperoside 
band corresponding to chlorogenic acid in Standard so¬ 
fution C; two red fluorescent bands at Rf corresponding 
to pseudohypericin and hypericin in Standard solution C; 
and two to three yellowisn-orange fluorescent bands in 
the middle third section corresponding to simllar bands 
in Standard solution C 


o B. LC 

Analysis: Proceed as directed in the Contenl of Hyper- 
icin, Pseudohypericin, and Hyperforin. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks at the retention tlmes corre¬ 
sponding to the peaks due to hypericin, pseudohyper¬ 
icin, antf hyperforin in the chromatogram of Standard 
solution B. 

5TRENGTH 

# Conteni of Hypericin, Pseudohyrerjon, and Hyperforin 

[Notę—C onduct ail sample preparatlons with minimal 
exposure to subdued fight, and use łow-actinic 
glassw are.] 

5olvent: Methanol and acetone (1:1) 

Solution A: Phosphoric acid and water (3:997) 
Solution B: Acetonitrile 
Solution C: Methanol 
Mobile phase: See Tobie h 


Tahte 1 


Time 

(min) 

Solution A 

(°/<0 

Solution B 

(%) 

Solution C 

(%) 

0 

100 

0 

0 

10 

85 

15 

0 

30 

70 

20 

10 

40 

10 

75 

15 

55 

5 

80 

15 

56 

100 

0 

0 

66 

i 00 

0 

0 


Standard solution A: 2.5 pg/mL of USP Oxybenzone 
RS in Solvent 

Standard solution B: 1 mg/mL of USP Powdered $L 
John's Wort Extract RS in Solvent 
Sample solution: Determine the total weight of 20 
Capsules. Open the Capsules and combine their con¬ 
tents in an appropriate Container, Weigh the empty 
Capsule shelfs and calculate the average fili weignt per 
Capsule. Transfer a portion of the Capsule contents, 
equivalent to 200 mg of St. johrfs Wort Flowering Top 
Dry Extract Into a 200-mL yolumetric fiask, Add 150 mL 
of Solvent and sonicate for 30 mm with occasional shak- 
ing, Cool to room temperatura, dllute to volume with 
Solvent f mix weil, centrifuge. Before injection, pass 
Lhrough a poiytetrafluoroethyiene (PTFE) membranę fil- 
ter of 0.45-pm porę size and use the filtra te, 
Chromatographic system 
(See Chromatograpny (621), System Suitability,) 

Modę: LC 

Detector: UV 270 nm and Vis 588 nm 
Columns 

Guard: Packi ng LI 

Analytical: 4.6-mm x 25-cm; packi ng LI 
Column temperaturę: 30° 

FIow ratę: 1 mL/min 
Injection volume: 20 pL 
System sui ta bil ity 

Samples: Standard solution A (record the peak re- 
sponses at 270 nm) and Standard sofution B (record 
the peak responses at 270 and 588 nm) 

Suitability requirements 

Column efficiency: NLT 100,000 theoretical plates 
for oxybenzone, Standard solution A 
Tailing factor: NMT 1,5 for oxybenzone, Standard so- 
lution A 

Relative standard deviation: NMT 2.0% in replicate 
tnjecfcions, Standard solution A 
Chromatogram similanty: The chromatograms of 
Standard solution B are similar to the respectlve refer- 
ence chromatograms provided with the lot of USP 
Powdered St. John'5 Wort Extract RS being used. 
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Analysts 

Sam pies: Standard solution A t Standard solution 8 and 
Sample solution 

Record the peak responses at 270 nm, Using Ehe chro¬ 
ma tog ram s of Standard solution 8 f and the reference 
chromatogram provided with the lot of USP Paw- 
dered SL John's Wort Extract RS being used, identEfy 
the peaks corresponding to hyperidn, pseudohyper- 
kin, and hyperforin in the Sample soiution. Measure 
the areas of the relevant peaks in the Somple solution 
chrom a tog ram. 

Cafculąte the percenlage of the labeled amount of 
hyperidn (CaoH^Oa) and pseudohypericin (CauH^Oy) 
in the portion of Capsules taken: 

Result = I(Wfi) * * (1 /rj) x (CdCu) x 100 

I(WR) = sum of the peak areas of hyperidn and 

pseudohypericin from the Somple solution 
divided by their respective response factors 
relative to oxybenzone; 1.30 for hyperki n 
and 1.24 for pseudohypericin 
r% = peak area of oxybenzone from Standard 

solution A 

Cs = concentration of USP Oxybenzone RS tn 

Standord solution A (mg/ml) 

Cu = nominał concentration of the to tal hypericins 

content in the Sampte soiution (mg/ml) 
Calculate the percenlage of the labeled amount of 
hyperforin (C^HizO.*) in the portion of Capsules 
taken: 

Result = (rjh) x (C 5 /Cu) * 1/fx IDO 

r L i = peak area of hyperforin from the Somple 
solution 

rs = peak area of oxybenzone from Standard 
solution A 

Cs = concentration of USP Oxybenzone RS in 
Standard solution A (mg/mL) 

Cu ” nominał concentration of hyperforin in the 
Somple solution (mg/mL) 

F - rei a li ve response factor for hyperforin relative 
to oxybenzone, 0.46 

Acceptance criteria: 90.0%-110.0% of the combined 
total of hyperidn and pseudo hyperidn and 
90.0%-11G.Q% of hyperforin 

PERFORMANCE TE5TS 

• Disintccration and DlSSOumoN <2040), Disintegrationi 

Meet the requirements 

• Weight Varjation <2091): Meet the requirements 

CONTAMINANTS 

• Migrobial Enumeration Tests <2021): The total ąęrobic 

bacterial count does not exceed 10 4 cfu/g, and the total 
combined molds and yeasts count does not exceed 10* 
cfu/g. 

■ Absence of SPEOFtED Microorganisms (2022), Test Proce- 
dures. Test for Absence of Salmonello Species and Test for 
Absence of Escherkhia colh Meet the requtrements 

ADDfTIONAL REOUIREMENTS 

• Packaging and Storage: Preserve in well-closed contain- 

ers, protected from light and moisture, and storę at 
room temperaturę. 

• Labeling: The label States the Latin binomial and the offi- 

ciał name. The label States the amount of hypericins (as 
sum of hyperidn and pseudohypericin) and amount of 
hyperforin in mg/Capsule. The label also bears a state- 
ment that rare cases of allergic reactions and photosenst- 
tivity have been reported with the use of St. |ohn'$ Wort 
Ffowering Top Dry Extract, that St. John'* Wort Flowering 
Top Dry Exlract interacts with numerous medkations, 
and that use of the product should be discussed with a 
healthtare provider prior to use. 


• USP Reference Standard* <11) 

USP Hyperoside RS 
USP Oxybenzone RS 
USP Rutin RS 

USP Powdered St. John's Wort Extract RS 


Add the following: 


*St. John's Wort Flowering Top Dry 
Extract Tablets 


DEFINITION 

SI. John'* Wort Flowering Top Dry Extract Tablets eon tai n St 
)ohn's Wort Ffowering Top Dry Extract They contain NLT 
90% and NMT 110% of the labeled amount of hyper- 
idns, calculated as the sum of hyperidn (C^H^Os) and 
pseudohypericin (CmH| 6 0 9 ) and NLT 90.0% and NMT 
110.0% of the labeled amount of hyperforin (CssHsaCW- 

IDENTIFICATION 

• A. HPTLC FOR ARTICLES OF BOTANICAL ORIG1N (203) 
Standard solution A: 0.5 mg/mL of USP Rutin RS in 
methanol 

Standard sofutron B; 0.5 mg/mL of USP Hyperoside RS 
in methanol 

Standard solution C: 50 mg/ml of USP Powdered St. 
John J s Wort Extract RS in methanol. Sonicate for 20 
min, centrifuge, and use the elear supernatanL. 

Sample solution: Transfer a portion of the powdered 
Tablets, equivafent to 500 mg of St. John's Wort Flower¬ 
ing Top Dry Extract, to a conical fiask, add 10 mL of 
methanol, mix and sonicate for 20 min, centrifuge, and 
use the supernatanL 
Chromatographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application voIume: 2pU as S-mm bands 
Relative humidrty: Condition the piąte to a relative 
humidity of 33%. 

Temperaturę: Ambient, not to exceed 3Q g 
Developing solvent system: Ethyl acetate, glacial ace- 
tic aeia, formie acid f water, and methylene chloride 
(10: 1.0: 1.0: U *2.5) 

Developmg drsłance: 6 cm 

Derivatization reagent A: 5 mg/mL of 2-ammoethyl 
diphenylborinate in ethyl acetale 
Denvatization reagent B: 10 mg/rnL of polyelhylene 
glycol 400 in methylene chloride 
Analysis 

Sam pies: Standard solution A t Standard solution B f 
Standard solution C, and Sample solution 
Apply the Samples as bands, and dry in air. Develop in 
a saturated cham ber, remove the piąte from the 
chamber, and dry in air, Heal the piąte at 105° for 3 
min, treat while still warm with Derivatizotion reagent 

A, and dry in air. Then treat with Denvatiżation reagent 

B, dry in air, and examine under UV light at 366 nm. 
System suitability: Standard solution C exhibits, in the 

Tower third seclion, two yellowish-orange fiuorescent 
bands corresponding to rutin and hyperoside in Stan¬ 
dard soiution A and Standard solution B t respectively; a 
blue fiuorescent band directly befow the hyperoside 
band corresponding to chlorogenic acid; and two red 
fiuorescent bands due to pseudohypericin (lower Rr) 
and hypericin in the upper third section. The bands due 
to pseudo hypericin and hypericin are clearly separated. 
Acceptance criteria: The Sample solution exhibits the 
following: two yellowish-orange fiuorescent bands at R f 
corresponding to rutin and hyperoside in Standard solu- 
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tion Ą Standard sołution B, and Standard sofution C; a 
blue fluorescent band directly below the hyperoside 
band corresponding to chlorogenk add in Standard so 
lution C; Lwo red fluorescent bands at R? corresponding 
to pseudohyperidn and hyperkin m Standard sołution C; 
and two to three yellowisn-orange fluorescent bands m 
the middłe third section corresponding to similar bands 
in Standard sołution C 

• B LC 

Analysis: Proceed as directed in the Content of Hyper - 
icin, Pseudohyperidn, and Hyperfęrin, 

Acceptance criteria: The cnromatogram of the Sample 
sołution exhibits peaks at the retention times corre¬ 
sponding to the peaks due to hypericin, pseudohyper- 
icin y and hyperforin in the chromatogram of Standard 
sołution % 

STRENGTH 

* Content of Hypericin, Pseudohyferjcin, and Hyperforin 

[Notę —Conducl all sample preparatrons with minimal 
exposure to subdued light, and use fow-aetinic 
glassware.] 

SoIvent: Methanol and acetone {1:1) 

Sołution A: Phosphork acid and water (3:997) 

Sołution B: Acetonitrile 
Sofution C: Methanol 
Mobile phase: See Tabłe 1 . 


Table 1 


Time 
(min'i 

Sołution A 

P/cO 

Sołution B 

tm 

Sołution C 
(%} 

& 

100 

0 

0 

TO 

85 

15 

0 

30 

70 

20 

10 

40 

10 

75 

15 

55 

5 

80 

15 

56 

100 

0 

0 

66 

100 

0 

0 


Standard sofution A: 2.5 pg/ml of USP Oxybenzone 
RS in Sofvent 

Standard sołution 8: 1 mg/mL of USP Powdered St. 
]ohn's Wort Extract RS in Sołvent 

Sample sołution: Weigh NLT 20 Tablets, detemnine the 
average Tablet weight, and finely powder. Transfer a 
portion of finely powdered Tablets, nominally equiva- 
lent to 200 mg of St. )ohn's Wort Flowering Top Dry 
Extract into a 200-mL volumetric fiask. Ado 150 inL of 
Sołvent and sonkate for 30 min with occasional shak- 
ing. Cool to room temperaturę, drlute to volume with 
ScWen t, mix weII, and centrifuge. Sefore injeetJon, pass 
through a poJytetrafiuoroethylene (PTFE) membranę fil- 
ter of 0,45-pm porę size and use the fti tratę. 
Chromatographic system 
(See Chromatograpny (621}, System Suitability.) 

Modę: LC 

Detector: UV 270 nm and V}s 588 nm 
Columns 

Guard: Packing LI 

Analytical: 4.6-mm x 25-cm; packing LI 
Coiumn temperaturę: 30 G 
Flow ratę: f mL/min 
fnjection vofume: 20 jiL 
System suitability 

Samples: Standard sołution A (record the peak re- 
sponses at 270 nm) and Standard sołution B (record 
tne peak responses at 270 and 588 nm) 

Suitability reguirements 

Coiumn effjdency: NLT 100,000 theoretical plates 
for oxybenzone, Standard sołution A 
Taifing factor: NMT 1.5 for oxybenzone, Standard so- 
łution A 


Relative standard devfation: NMT 2.0% in replicate 
injections, Standard sołution A 
Chromatogram similarity: The chrom atograms of 
Standard sołution B are similar to the respective refer- 
ence chromatograms provided with the lot of USP 
Powdered St John's Wort Extract RS being used. 
Analysis 

Sampies: Standard sołution A, Standard sołution B and 
Sampłe sofution 

Record the peak responses at 270 nm, Using the chro¬ 
matograms of Standard sołution B f and the reference 
chromatogram provided with the lot of USP Pow¬ 
dered St. |ohn's Wort Extract RS being used, identify 
the peaks corresponding to fiyperkin, pseudohyper- 
kin, and hyperforin in tne Sampłe sołution chromato- 
ram. Measure the areas of the relevant peaks tn the 
ample sołution. 

Calculate the percentage of the labeled amount of 
hyperkin (CacH^Oa) and pseudohyperidn (CioHuAj} 
in the portion of Tablets taken: 

Result - UruJfl) * (IM) x ( C s /C ą ) x 100 

I(Wf ( ) - sum of the peak areas of hyperkin and 

pseudohyperidn from the Sampłe sołution 
divided by their respective response Factors 
relative to oxybenzone; L3G for hypericin 
and 1,24 for pseudohyperidn 
r$ - peak area of oxybenzone from Standard 

sołution A 

Cs = concentration of USP Oxybenzone RS in 

Standard sołution A (mg/mL) 

Cu “ nominał concentration of the total hypencins 

content in the Sampłe sołution (mg/mL) 
Calculate the percentage of the labeled amount of 
hyperforin (C^H^O-i) in the portion of Tablets taken: 

Result = Ou/fs) x {Cs/Cu) x 1/Fx 100 

ru - peak area of hyperforin from the Sampłe 
sołution 

rs = peak area of oxybenzone from Standard 
sołution A 

Ci - concentration of USP Oxybenzone RS in 
Standard sołution A (mg/mL) 

Cy - nominał concentration of hyperforin in the 
Sampłe sołution (mg/mL) 

F = relative response factor for hyperforin relative 
to oxybenzone, 0.46 

Acceptance criteria: 90.0%-110.0% of the combined 
total of hyperkin and pseudohyperidn and 
9O ł 0%-TlO.O% of hyperforin 

PERFORMANCE TESTS 

* Disintegration and Dissolution (2040), Disintegratiom 
Me et the requirements 

* Weight Variation (2091): Meet the requifements 

CONTAMINANTS 

* Microbial Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 10 J cfu/g, and the total 
combined molds and yeasts count does not exceed 10 3 
cfu/g, 

* Absence of Specified Microorganisms (2022), Test Proce- 

dures, Test for Absence of Sałmoneiła Spedes and Test for 
Absence of Escherichia coli: Meet the requirements 

ADDITIONAL REQUIREIV1ENT5 

* Packaging and Storage: Preserve in well-closed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

* Labeung: The iabel States the Latin brnomial and the offi- 
cial name. The Iabel States the amount of hypericins (as 
sum of hypericin and pseudohyperidn) and amount of 
hyperform In mg/Tablet. The Iabel also bears a statement 
that rare cases of allergic reactions and photosensitiviLy 














USP40 


Dietary Supplements / Saw Palmetto 7175 


have been reported with the use of St. john's Wort 
Flowering Top Dry Extratt, that St, |ohn's Wort Flowering 
Top Dry Extract interacts with numerous medicaiions, 
and that use of the product should be discussed with a 
healthcare provider prior to use. 

* USP Reference Standard* * (11) 

USP Hyperoside RS 
USP Oxybenzone RS 
USP Rutin RS 

USP Powdered St. )ohn's Wort Extract RS 


SAM e —see S-adenosyl-L-methionine Disulfate 
Tosylate 


Saw Palmetto 


DEFINiTION 

Saw Palmetto consists of partially dried, ripe fruit of Serenoa 
repens (W. Bartram) Sma]! (Fam. Arecaceae) [Serenoa ser- 
ruiotum Schult.; Sabal serrulata (Michx.) Nutt. ex Schult. 

& Schult, f,], It contains NLT 2% (v/w) of volatrle oii, NLT 
7% of lipophillc extract, and NLT 9,0% of total fatty 
aclds, determined on the dried basis. 

IDENTIFICATION 

* A. Thin-Layer Chromatography 

[Notę—P erform the foflowing test under subdued light.] 
Reagent solution: 3.7 mg/mL of 4-bromomethyl- 
7-methoxycoumarin in acetone. Storę this solution in a 
dark place. 

Standard solution: 5.0 g of magnesium stearate in a 
100-mL round-bottom fiask fitted with a reflux con- 
denser. Add 50 ml of ether, 20 mt of 12,5% nitric add, 
and 20 ml of water, and heat until dissolution ts corn- 
plete, Cool, transfer the contents of the fiask to a sepa¬ 
ratory funnel, withdraw, and retain the lower agueous 
phase. Extract the ether phase twice, each time using 
4 mL of water, separating the aqueous phases, Extract 
the combined agueous phases with 15 mL of ether, 
combinlng the ether extracts. Eyaporate to dryness, and 
dry the residue at 105°. Transfer 1 mg of the residue to 
an amber gEass vial fitted with a metal-damped rubber 
cap, Add 10 mg of lithium carbonate, 3 pL of tris- 
[2-(2-methoxyethoxy)ethyi]amine, and 1.0 mg of the 
Reagent solution. Seal the metal-damped rubber cap, in- 
cubate at 105° for 2 h, and cool. 

Sample solution: lO.Og of finely powdered Saw Pal¬ 
metto in a 250-mL round-bottom fiask fitted with a re- 
flux condenser. Add 150 mL of alcohol, and reflux for 1 
h, Cool, filter, wash the residue with alcohol, and dilute 
the combined washings and ffltrate wtth alcohol to 
200.0 mL, Transfer 0.6 mL of this solution to a suitable 
fiask, and evaporate to dryness. To the residue add 
1.0 mL of the Reagent solution. Transfer this solution 
with the aid of a pipet to an amber gJass vial fitted with 
a metal-damped rubber cap, Add 3 pL of tris- 
[2-(2-methoxyethoxy)ethyljamine and 10 mg of lithium 
carbonate to the vial, Seal the metal-damped rubber 
cap, incubate at 105° for 2 h, and cool. 

Blank solution: To 10 mg of lithium carbonate in an 
amber gEass vial fitted with a metal-damped rubber 
cap, add 3 pL of tns-[2-(2-methoxyethoxy)ethyl]amine 
and 1,0 mL of the Reagent solution. Seal the metal- 
damped rubber cap, incubate at 105° for 2 h, and 
cool, 

Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromato- 
graphy .) 


Adsorbent: 0.25-mm layer of chromatographic sllica 
gel mix!ure, typically 20 cm in length (TlC plates) 
Application volume: 2 pL 

Developing solvent system: Cyclohexane, ethyl ace¬ 
tale, and acetic add (70:30:1) 

Analysis 

Samples: Standard solution f Sample solution f and Blank 
solution 

Develop the chromatograrm in the solvent system until 
the soivent front has moved three-fourths of the 
length of the piąte. Remove the piąte from the chro¬ 
matographic chamber, mark the soivent front, and al- 
low the piąte to air-dry, Examine the piąte under long- 
wave Uv light (365 nm), 

Accep tance criteria: The chrom a tog ram of the Sample 
solution exhibits at least two blue fluorescent zones cor- 
responding to similar zon es in the Standard solution , 

The blue fluorescent zones in the Sample solution ap- 
pear above the blue fluorescent zones in the Blank 
solution , 

COMPOSITTON 

* Articles of Botanical Oricin, Yohtile Oii Determinatbn 
(561): NLT 2% (v/w) of oil that solidifies to a white solid 
at room temperaturę 

o CONTENT OF LfPOPHILtC EXTRACT 

Analysis: Transfer 10 g of pulverized Saw Palmetto to a 
250-mL round-bottom fiask fitted with a ref!ux con¬ 
denser, and add 150mL of alcohol. Maintain under re- 
flux for 1 h, Cool, fifter, and wash the residue with 
smali portions of alcohol Combine the filtrate and 
washtngs in a 200-mL volumetric fiask, and dilute with 
alcohoi to volume, Evaporate lOO.OmL of this solution 
to dryness in a rot ary evaporator under yacuum. Add 
40 mL of n-hexane to the residue, stir for 5 min, fllter, 
and collect the filtrate in a round-bottom fiask. Repeat 
the above operation of washing with n-hexane two 
morę times, and combine all of the filtrate* in the same 
fiask, Using a tatary eyaporator, evaporate to dryness. 
Dry the residue at 105° for 2 h. 

Acceptance criteria: The weight of the residue is NLT 
0.35 g (NLT 7%). 

• CONTENT OF FATTY ACJDS 

Internat standard solution: 12 mg/mL of nonadecane 
in hexanes 

Standard stock solution: DissoIve guantities of USP 
Methyf Laurate RS, USP Methyl Oleate RS, USP Methyl 
Myristate RS, USP Methyl Palmitate RS, USP Methyl Li- 
noleate RS, USP Methyl Caproate RS, USP Methyl 
Caprylate RS, USP Methyl Caprate RS, USP Methyl 
Palmitoleate RS, USP Methyl Stearate RS, and USP 
Methyl Linolenate RS in hexanes to obtain concentra- 
tions of each methyl ester as giyen in Table L 


Table 1 


Methyl Ester 

Concentration (mq/mL) 

Methyl laurate 

S 

Methyl oleate 

5 

Methyl myristate 

2 

Methyl palmitate 

2 

Methyl linolea te 

1 

Methyl caproate 

0,4 

Methyl caprylate 

0 4 

Methyl caprate 

0.4 

Methyl palmitoleate 

0.4 

Methyl stearate 

0,4 

Methyl linolenate 

0.4 


Standard solution: Combine 1,0 mL of Intemal Stan¬ 
dard solution with 5.0 mL of the Standard stock solution. 
Sample solution: Pulverlze 50 g of dried Saw Palmetto 
to a moderatefy coarse powder. Transfer 1 g of powder, 


D5 Monographs 


















Monographs 


7176 Saw Palmetto / Dietary Supplements 


USP 40 


accurately weighed, to a 100-mL round-bottom fiask fit- 
ted with a reflux condenser and a magnetic bar, Add 
10 mL of 0,5 N methanollc sodium hydroxsde soiutron 
(20mg/mL of sodium hydroxide in methanol), and re- 
flux, while stirring, for 15 min. Add 5 ml of a 140 mg/ 
ml solution of boron tnfluoride in methanol through 
the condenser Ento the fiask, and refiux for 2 morę min. 
Add 5,0 mL of hexanes through the condenser, and re- 
flux for an additional 1 min. Cool the fiask, remove the 
condenser, add 15 mL of saturated sodium chlonde so¬ 
lution, and 1.0 ml of the Interna! standard solution. 
WhEle the solution is stEII tepid, stopper the fiask and 
shake vigorously. Pipet 1,0 mL of tne upper hexanes 
layer into a glass-stoppered test tubę contaEnlng a smali 
ouantlty of anhydrous sodium sulfate, Filter the solu¬ 
tion, and, if necessary, dilute a vofume of the filtrate 
wtth hexanes to obtain a known volume. [Notę—S torę 
this solution in a refrigerator untif just before use,] 
Chromatographic system 
(See Chromatograpny (621 ), System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Column: 0.25-mm x 30-m fused sEIEca capillary; 0.25- 
firn film of phase Gló coatrng 
Temperatures 
Injector: 250° 

Detector: 300° 

Column: See Tobie 2 . 


Table 2 


Initial 

Temperatura 

n 

Temperaturę 

Ramp 

(Vmin> 

Finał 

Temperatura 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

1 20 

0 

120 

3 

120 

50 

220 

12 


Carrier gas: Helium 
Flow ratę: 1 mL/min 
fnjection size: 1 pL 
System suitability 
Sample: Standard solution 

fNOTE’—See Tobie 3 for the relative retentton times.] 


on 

C) 


Table 3 


Methyl Ester 

Relative 

Retention 

Time 

Methyl caproate 

0.39 

Methyt capryiate 

0,56 

Methvf cap ratę 

0.76 

Mettivl laurate 

0.9^ 

Nonadecane (internal standard) 

1.0 

Methyl myriState 

1.1 

Methyl palmitate 

1.3 

Methyl palmitóleate 

135 

Methyl stearate 

1.65 

Methyl oleate 

1.7 

Methyl Ernoleate 

1.8 

Methyl Einolenate 

2.0 


Suitabifity requtrements 

Resolution: NLT 1.5 between methyf stearate and 
methyl oleate 

Tailing factor: NMT 2.0 for each of the methyl ester 
peaks 

Reiative standard deviation: NMT 5,0% for each of 
the methyl ester peaks 


Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of each fatty add in the por- 
tlon of the Saw Palmetto Laken: 

Result = ( RJR S ) x (Q x V) x (1 /W) x (K,/M rf ) x 100 

Ru - peak response ratio of the relevant methyl 

ester to the interna I standard obtained from 
the Sample solution 

Rs = peak response ratio of the relevant methyl 

ester to the i ntern a I standard obtained from 
the Standard solution 

Q - concentration of the respective methyl ester in 
the Standard stock solution (mg/mL) 

V = yolume of the Standard stock solution used to 
prepare the Standard solution (ml) 

W ~ weignt of Saw Palmetto taken to prepare the 
Sample solution (mg) 

M rJ - molecular weight of the relevant fatty add 

M f2 = molecular weight of the methyl ester of the 

relevant fatty add 

Acceptance criteria: NLT 9.0% for the sum of the per- 
centages of alt the fatty acids, on the dried basis. See 
Table 4 for individual fatty acids. 


Table 4 


Indmdual 

Fattv Acids 

Percentages 

(%) 

Oleić add 

NLT 3.0 

Lauric acid 

NLT 2.0 

MyristEc actd 

NLT 1.2 

Palmitic acid 

NLT 1.0 

LjnoieEc acid 

NLT 0,4 

Cap raić acid 

NLT 0,2 

CaprylEc add 

NLT 0,2 

Capric add 

NLT 0.2 

Stearic acid 

NLT OT 

Ljnolenic acid 

NLT 0.05 

Palmitoleic add 

NLT 0.01 


CONTAM1NANTS 

# Articles of Botanical Origin, Umits of El&nental tmpurh 

ties (561): Meets the requirements 
a Articles of Botanical Origin, Pesticide Residue Analysis 
(561): Meets the requirements 

* Microbial Enumeration Tests (2021): The to tal bacterial 
count does not exeeed 10 4 cfu/g, and the total com- 
bined molds and yeasts counf does not exceed 10 2 cfu/ 

g< 

® Absence of Speofied IVIiCRooRGANiSfvis (2022): lt meets 
the requirements of the test for absence of Salmonella 
spęd es and Eschenchla coli. 

5PEC1FSC TESTS 
o botanical Characterisucs 

Macroscopic: SubspherEcal to ovoid drupes, about 
2-3 cm in length and about 1.5 cm thick, dark brown 
to black with a smooth, duli surface and with large, 
irregular depresstons and ridges caused by sbnnkage on 
drying; remains of style at the sumrmE; base bearing a 
smali depression with the scar of the stalk; epicarp and 
underlying sarcocarp forming a fragile layer that par¬ 
tia lly peels off, revealing the hard, paEe brown layer of 
endocarp surrounding the seed. Seed irregularly spheri- 
cal to ovoid, up to about 1.2 cm in length and 1 cm in 
width, hard, surface finely pitted and reddish brown 
with a paler, raised and membranous area over the ra- 
phe and mi ero pyle; when eut transversely, it shows a 
thin testa, a narrow perisperm, and a large area of 
dense, horny, grayisn-white endosperm. 
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Microscopk: The pulp is covered by a small-celled, 
thin-walled epidermis and consists chief ly of a very 
large-celled, mostly thin-walled parenchyma. The outer- 
most layers contain brown substances; farther inside, 
single cells only with brown contents are scattered in 
the tissue; occasional larcje, thick-walled, rather punc- 
tate stone cells with a wfde lumen are also found. The 
yascular bundles are accompanied by fi bers with cover 
cells (stigmata) containing siliceous sollds attached. The 
innermost layers of the pulp wali consist of almost com- 
pletely thickened f rather punctate, quite irregularly 
shaped stone cells (astrosdereids). The outer layers of 
the seed coat are large-celled, the cells are coarse- 
walled; the middle layers are thin-walled, the cells are 
smalfer; the innermost layers are smafl-celled, flattened. 
Ali cells are fled with a brown substance. On the 
outside, the endosperm exhiblts radial elongated, 
nonpunctate, coarse-walled cells; in the deeper layers, 
Lhe cells are larger, thick-walled, rather coarsely pune¬ 
ta te. The middle tamella is fairfy recognizable. Aleurone 
with protein crystalloids is present in the celi contents. 

* ARTICLES of Botanical OrigjN, Foreign Organie Matter 

{561): NMT 2.0% 

* Loss ON Drying (731) 

Sample: 1.0 g of Saw Palmetto, finely powdered 
Analysis: Dry the Sample at 105 Q for 2 h. 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Totcl Ash (561): NMT 

5.0%, determined on TOg of finely powdered Saw 
Palmetto 

* Articles of Botanical Origin, Acid-lnsoluble Ash (561): 

NMT 1,0% 

ADDITIONAL REQU9R£MENTS 

* Packaging and Storage: Preserve in tight containers, 

protected from light. 

* Labuing; The label States the Latin binomial and, follow- 

ing the offkial name, the part of the plant contained in 
the article. 

* U5P Reference Standards (11) 

USP Methyl Caprate RS 
USP Methyl Caproate RS 
USP Methyl Caprylate RS 
USP Methyl Laurate RS 
USP Methyl Linoieate RS 
USP Methyl Linolenate RS 
USP Methyl Myristate RS 
USP Methyl Oleate RS 
USP Methyl Palmitate RS 
USP Methyl Palmitoleate RS 
USP Methyl Stearate RS 


Powdered Saw Palmetto 


DEFINITION 

Powdered Saw Palmetto is Saw Palmetto reduced to a fine 
or a very fine powder. !t contains NIT 2% (v/w) of vola- 
tile oil, NIT 7% of lipophilic extract, and NLT 9.0% of 
total fatty acids, determined on the dried basis. 

IDENTIFICATION 

* A. Thin-Layer Chromatography 

[NOTĘ—Perform the following test under subdued light.] 

Reagent solution: 3.7 mg/mL of 4-bromomethyl- 
7-methoxycoumarin in acetone. Storę this solution in a 
dark place. 

Standard solution; 5.0 g of magnesium stearate in a 
100-ml_ round-bottom fiask fitted with a reflux eon- 
denser. Add 50 ml of ether, 20 ml of 12.5% nitric acid, 
and 20 ml of water, and heat until dissolution is con> 
plete, Cool, transfer the contents of the fiask to a sepa¬ 
ratory funnel, withdraw, and retain the lower agueous 


phase. Extract the ether phase twice, each time using 
4 mL of water, separating the aqueous phases. Extract 
the combined aqueous phases with 15 mL of ether, 
combining the ether extract$. Evaporate to dryness, and 
dry the residue at 105°. Transfer 1 mg of the residue to 
an amber glass vial fitted with a metal-damped rubber 
cap. Add 10 mg of lithium carbonate, 3 pL of tris- 
[2-(2-methoxyethoxy)ethyf]amine, and 1.0 mg of the 
Reagent solution . Seal the metal-damped rubber cap, in- 
cubate at 105° for 2 h, and cool. 

Sample solution; 10.0 g of Powdered Saw Palmetto in 
a 250-mL round-bottom fiask fitted with a reflux eon- 
denser, Add 150 mL of alcohol, and reflux for 1 h. 

Cool, filter, wash the residue with alcohol, and drlute 
the combined washings and filtrate with alcohol to 
200.0 mL. Transfer 0.6 mL of this solution to a suitable 
fiask, and evaporate to dryness. To the residue add 
1.0 mL of the Reagent solution. Transfer this solution 
with the aid of a pipet to an amber glass vial fitted with 
a metal-damped rubber cap. Add 3 pL of trls- 
[2-(2-methoxyethoxy)ethyl]amine and 10 mg of lithium 
carbonate to the vial. Seal the metal-damped rubber 
cap, ineubate at 105° for 2 h, and cool. Use the cooled 
solution. 

Blank solution: To 10 mg of lithium carbonate in an 
amber glass vial fitted with a metal-damped rubber 
cap, add 3 pL of tris-[2-(2-methoxyethoxy)ethyl]amme 
and 1.0 ml of the Reagent solution. Seal the metal- 
damped rubber cap, ineubate at 105° for 2 h, and 
cool. 

Chromatographic system 

(See Chromatograpliy (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: 0.25-mm layer of chromatographic sflica 
gel mixture, typicafly 20 cm in length (TLC plates) 
Application volume: 2pL 

Developing solvent system: Cydohexane, ethyl ace- 
tate, and acetic acid (70:30:1) 

Analysis 

Samples: Standard solution , Sample solution , and Blank 
solution 

Develop the chromatograms in the solvent system until 
the solvent front has moved three-fourths of the 
length of the piąte. Remove the piąte from the chro- 
matoaraphic cham ber, mark the solvent front, and al- 
low tne piąte to air-dry. Examine the piąte under long* * 
wave UV light (365 nm). 

Acceptance criteria: The chroma tog ram of the Sample 
solution exhibits at ieast two biue fluorescent zones of 
corresponding to similar zones in the Standard solution. 
The blue fluorescent zones in the Sample solution ap- 
pear above the blue fluorescent zones in the Blank 
solution. 

COMFOSmON 

* Articles of Botanical Origin, Volatile Oil Determination 
(561): NLT 2 ml/100 g of oil that solidifies to a white 
solid at room temperaturę 

* CONTENT OF LIPOPHILIC EXTRACT 

Analysis: Transfer 10 g of Powdered Saw Palmetto to a 
250-mL round-bottom fiask fitted with a refiux con- 
denser, and add 150 mL of alcohol. Maintain under re- 
flux for I h. Cool, filier, and wash the residue with 
smali portions of alcohol. Combine the filtrate and 
washings in a 200-mL volumetric fiask, and dilute with 
alcohol to volume. Evaporate 100.0 mL of this solution 
to dryness in a rotary evaporator under vacuum. Add 
40 mL of n-hexane to the residue, stir for 5 min, filter, 
and coliect the filtrate in a round-bottom fiask. Repeat 
the above operation of washing with n-hexane two 
morę times, and combine all of the filtrates in the same 
fiask. Using a rotary evaporator, evaporate to dryness. 
Dry the residue at 105 d for 2 h. 

Acceptance criteria: The weiglit of the residue is NLT 
0.35 g (NLT 7%). 
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* CONTENT OF FATTY ACIDS 

Internal standard solution: 12 mg/mL of nonadecane 
in hexanes. 

Standard stock solution: Dissolve quantities of USP 
Methyl Laurate RS, USP Methyl Oleate RS, USP Methyl 
My m tatę RS, USP Methyl Pa Im i ta te RS, USP Methyl Li¬ 
nolea te RS, USP Methyl Caproate RS, USP Methyl 
Caprylate RS, USP Methyl Caprate RS, USP Methyl 
Palmitoleate RS, USP Methyl Stearate RS, and USP 
Methyl UnoEenate RS in hexanes to obtain concentra- 
tions of each methyl ester as grven In Tobie 1 * 


Tubie 1 


Methyl Ester 

Ccmcentrutton (mq/mt) 

Methvl laurate 

5 

Methyl oleate 

5 

Methyf myristate 

2 

Methyl palmftate 

2 

Methyl linoleate 

1 

Melhvl caproate 

0.4 

Methyl caprylate 

0.4 

Methyl caprate 

0.4 

Methyl palmitoleate 

0.4 

Methyl stearate 

0*4 

Methyl linolenate 

0.4 


Standard sofytion: Combine 1,0 ml of Internal stan¬ 
dard solution with 5.0 ml of Standard stock solution. 
Sample solution: Transfer 1 g of Powdered Saw Pal¬ 
metto, accurately weighed, to a 100-mL round-bottom 
fiask fitted with a reflux condenser and a magnetic bar. 
Add 10 mL of 0.5 N methanolic sodium hydroxide solu¬ 
tion (20 mg/mL of sodium hydroxide in methanol), and 
reflux whiie stirring for 15 min. Add 5 mL of a 140 mg/ 
mL solution of boron trifluoride in methanol through 
the condenser into the fiask, and rehux for 2 morę min. 
Add 5.0 mL of hexanes through the condenser, and re- 
flux for an additional 1 min. Cool the fiask, remove the 
condenser, add 15 mL of saturated sodium chloride so¬ 
lution, and 1*0 mL of the Internal standard solution . 
Whiie the solution is still tepid, stopper the fiask, and 
shake vigorously. Pipet 1.0 mL of the upper hexanes 
layer into a glass-stoppered test tubę contaimng a smali 
cjuantity of anhydrous sodium sulfate. Filter the solu¬ 
tion, and, if necessary, dilute a vofume of the fil tratę 
with hexanes to obtain a known volume, [Notę—S torę 
this solution in a refrigerator until just before use.] 
Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: CC 

Detector: Flame ionization 

Column: 0.25-mm x 30-m fused silica capillary; 0*25- 
pm film of phase G16 coating 
Temperatures 
Injector: 250° 

Detector: 300° 

Column: See Table 2. 


Carrier gas: Helium 
Flow ratę: 1 mL/min 
łnjection size: 1 pi 
System suitability 
Sample: Standard solution 
[NOTĘ—See Table 3 for the relative retention times.] 


Tubie 3 


Methyl Ester 

Re lut i ve 

Retention 

Ttifie 

Methyl caproate 

0*39 

Methyf caprylate 

0*56 

Methyl caprate 

0.76 

Methyl faurate 

0.94 

Nonadecane finternal standard) 

1*0 

Methyl myristate 

1*1 

MeLhyl pa Im! ta te 

1.3 

Methyf palmitoleate 

1*35 

Methyl stearate 

1*65 

Methyl oleate 

1*7 

Methyl finoleate 

1.8 

Methyl tinolenate 

2.0 


Suitability reguirements 

Resolution: NLT 1*5 between methyl stearate and 
methyl oleate 

Tailing factor: NMT 2.0 for each of the methyl ester 
peaks 

Relative standard deviatlon: NMT 5*0% for each of 
the methyl ester peaks 
Analysis 

Samples: Standard solution and Sample solution 
Ca kula te the percentage of each fatty add in the por- 

tion of the Powdered Saw Palmetto taken: 

Result “ (RJRi) x (Ci x 10 x (1/W) x (M r JMa) x 100 

Ru - peak response ratio of the relevant methyl 

ester to the internal standard obtained from 
the Sample solution 

R$ - peak response ratio of the re!evant methyl 

ester to the internal standard obtained from 
the Standard solution 

Ci - concentration of the respective methyl ester in 
the Standard stock solution (mg/mL) 

V - vo!ume of the Standard stock solution used to 
prepare the Standard solution (mL) 

W = weight of Powdered Saw Palmetto taken to 
prepare the Sample solution (mg) 

M f i = molecular weight of the relevant fatty acid 

Hz = molecular weight of the methyl ester of the 
relevant fatty add 

Aoceptance criteria: NLT 9.0% for the sum of the per- 
centages of all the fatty acids on the dried basis. See 
Table 4 for individual fatty acids* 


Table 2 


Inłtlai 

Temperaturę 

n 

Temperaturę 

Ramp 

CVmln) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperatura 

(min) 

120 

0 

120 

3 

120 

50 

220 

12 


Table 4 


lndividual 

Fatty Acids 

Percentages 

Oleić add 

NLT 3.0 

Lauric acid 

NLT 2.0 

M yri Stic acid 

NLT 1.2 

Palmitic add 

NLT 1*0 

Linofeic acid 

NLT 0.4 

Ca d roić acid 

NLT 0.2 

Caorylic add 

NLT 0.2 

Caoric add 

NLT 0.2 

Stearic acid 

NLT 0.1 
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Tahle 4 (Cantinued) 


indiyfduaf 

Percentages 

Fatty Acids 

<%> 

Lino fenie acid 

NLT 0.05 

Palmitoleic acid 

NLT 0.01 


CONTAMINANT5 

* Articles of Botanical Origin, Limits of Elemental Impurl- 

hes<561): Meets the requirements 

* Articles of Botanical Origin, Pestidde Residua Analysis 
(561): Meets the requirements 

* Microbial Enumeration Tests (2021): The total bacterial 
count does not exceed 10 4 cfu/g, and the tota! com- 
bined molds and yeasts count does not exceed 10* cfu/ 
9- 

* Absence of Specified Microorganisms (2022): It meets 
the requirements of the test for absence of Salmonella 
species and Escherichia coli. 

SPECfFKC TESTS 

* Articles of Botanical Origin, Foreign Organie Matter 
(561): NMT 2% 

* Łoss on Drying (731) 

Sample: 1.0 g of Powdered Saw Palmetto 
Analysis: Dry the Sample at 105° for 2 h, 

Acceptance criteria: NMT 12.0% 

* Articles of Botanical Origin, Toto! Asb (561) 

Sample: 1.0 ej of Powdered Saw Palmetto 
Acceptance criteria: NMT 5.0% 

* Articles of Botanical Origin, Acid-lnsoluble Ash (561): 

NMT 1.0% 

ADDITIONAL REQLHREMENTS 

* Packaging and Storage: Preserve in tight containers, 
protected from light 

* Labeung: The label States the Latin binomiaJ and, folfow- 
Ing the offidaf name, the part of the plant source from 
which the artide was derived. 

* USP Reference Standard* (11) 

USP Methyl Caprate RS 
USP Methyl Caproate RS 
USP Methyl Capryiate RS 
USP Methyl Laurate RS 
USP Methyl Linoleate RS 
USP Methyl Linolenate RS 
USP Methyl Myristate RS 
USP Methyl Oleate RS 
USP Methyl Palmitate RS 
USP Methyl Palmitoleate RS 
USP Methyl Stearate RS 


Saw Palmetto Extract 


DEFINIITON 

Saw Palmetto Extract is obtained from commmuted Saw 
Palmetto by extraction with hydroalcoholic mixtures or 
soNent hexane, or by supercritical exŁraction with carbon 
dloxide. The ratio of starting crude plant materiał to Ex- 
tract is from 8.0: 1 to 14.3: 1. The Extract contains NLT 
80.0% of fatty acids, NLT 0.2% of sterols, and NLT 0.1% 
of /Tsitosterol, all on the anhydrous basis. The lipophilie 
Exlract contains NLT 0.15% and NMT 0.35% of long- 
chain aleohols. The hydroalcoholic Extract contains NLT 
0.01% and NMT 0.15% of long-chain aleohols. It con¬ 
tains no added substances. 

IDENTIFICATION 

* A. Gas Chrgmatocraphy 

Analysis: Proceed as directed in Content of Fatty Adds. 

Acceptance criteria: The retention times of the 11 ma¬ 
jor peaks of the Sample solution correspond to those in 


the chrom a to gram of the Standard solution. The ranges 
for ratlos of the concentration of tauric acid to the cbn- 
centration of the respective fatty acid in Extract pre- 
pared using hydroalcoholic mixtures or solvent nexane 
are in Tobie L The ranges for ratios of the concentra¬ 
tion of lauric acid to the concentration of the respective 
fatty acid in Extract prepared by supercritical extraction 
with carbon dioxide are in Tabfe 2. 


Tobie 1 


Fatty Acid 

Minimum 

Ratio 

fV!axirrujm 

Ratlo 

Caprfc 

9.0 

16 

Caproic 

a.5 

24 

Capryfic 

8.5 

17.5 

Linofeic 

5.0 

16 

Lino lenie 

31.5 

55 

Myrfstic 

2.2 

2.8 

Oleić 

0.60 

1*15 

Pal mit Ec 

2,8 

3.9 

Stearic 

14 

26 


Tobie 2 


Fatty Add 

Minimum 

Ratio 

Maximum 

Ratio 

Capric 

9,0 

16 

Capraic 

9,0 

40 

Ca pry i ic 

8.5 

17.5 

Unofete 

4.0 

8.0 

Unolenic 

35 

60 

Myristic 

2.2 

2.8 

Oletc 

0.60 

1.15 

Palmittc 

2,8 

3.9 

Steąrłc 

13 

20 


COMPOS1TION 
* Content of Fatty Acids 

Internal standard solution: 12 mg/mL of nonadecane 
in hexanes 

Standard stock solution: Dissolve quantities of USP 
Methyl Laurate RS, USP Methyl Oleate RS, USP Methyl 
Myristate RS, USP Methyl Palmitate RS, USP Methyl Li- 
noleate RS, USP Methyl Caproate RS, USP Methyl 
Capryiate RS, USP Methyl Caprate RS, USP Mętny! 
Palmitoleate RS, USP Methyl Stearate RS, and USP 
Methyl Unolenate RS in hexanes to obtain concentra- 
tions of each methyl ester as given in Tobie 3. 


Table 3 


Methy) Ester 

Concentration 

(mq/mL) 

Methyl laurate 

5 

Methyl oleate 

5 

Methyl myristate 

2 

Methyl palmitate 

2 

Methyl linoleate 

1 

Methyl caproate 

0.4 

Methyl capryiate 

0,4 

Methyl caprate 

0.4 

Methyl palmitoleate 

0,4 

Methyl stearate 

0,4 

Methyl linolenate 

0.4 


Standard solution: Transfer 1.0 mL of the Interna! stan¬ 
dard solution to 5.0 mL of the Standard stock solution , 
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Sample solutton: Transfer 100 mg of Extract to a pres- 
sure-proof, screw-capped vial, and add 3,0 mL of a so¬ 
lution of sulfuric acia in methanol (5 in 100), Heat at 
100° in an oil bath for 2 h, shaking from time to time. 
Alfow to cool, and add TO mL of the Intemal standard 
solution, 10.0 mL of water, 1 g of sodium chloride, and 
5 mL of hexanes. Shalce well, allow the layers to sepa- 
rate completely, and use the hexanes Jayer, [Notę— 
Storę in a refrigerator until ready to use.] 
Chromatographk system 
{See Chromatograpny {62 1), System Suitabiiity.) 

Modę: CC 

Detector: Fiame ionization 

Column: G.25-mm x 30-m fused srlica capillary; 0.25- 
um film of phase G16 coating 
Temperatures 
Injector: 250° 

Detector: 300° 

Column: See labie 4, 


Table 4 


Inłtial 

Temperaturę 

n 

Temperaturę 

Ramp 

C/mM 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

fmln) 

120 

0 

120 

3 

120 

50 

220 

12 


Carrter gas: Helium 
How ratę: 1 mL/min 
Injectfon volume: 1 pL 
System suitabiiity 
5 ample: Standard solutton 

[Notę—S ee Tobie 5 for the relative retention times.] 


Table 5 


Methyl Ester 

Relatlve 

Retention 

Time 

Methyl caproate 

0.39 

Methyl caprylate 

0.56 

Methyl cap ratę 

0.76 

Methyl laurate 

0,94 

Nonadecane ( interna! standardl 

TO 

Methvl myristate 

Tl 

Methyl palmrtate 

13 

Methyl palmitofeate 

135 

Methyl stearate 

1,65 

Methyl oleate 

1.7 

Methyl linolea te 

1.8 

Methyl linolenate 

2,0 


Suitabiiity reguirements 

Resolution: NLT 1.5 between the methyt stearate and 
methyl oleate peaks 

Tailing factor: NMT 2,0 for each of the methyl ester 
peaks 

Relative standard devlation: NMT 5.0% for each of 
the methyl ester peaks 
Analysis 

Samples: Standard solution and Sampte solution 
Calcu late the percentage of each fatty add in the por- 
tion of Extract taken: 

Resuit = (Rv/Rs) x(QxV)x(VW)x (AWM?) x 100 

Ru = peak response ratio of the relevant methyl 
ester to the internal standard from the 
Sample solution 


- peak response ratio of the relevant methyl 
ester to the internal standard from the 
Standard solution 

Cj - concentration of the respective methyl ester in 
the Standard stock solution (mg/mL) 

V - volume of the Standard stock solution used to 
prepare the Standard solution (mL) 

IV = weight of Extract taken to prepare the Sample 
solution (mg) 

M f i - molecular weight of the relevant fatty add 

Mrj = molecular weight of the methyl ester of the 

relevant fatty add 

Acceptance criteria: NLT 80,0% for the sum of the 
percentages of all the fatty acids, on the anhydrous 
basis 

« CONTENT OF LONC-CHAIN AłCOHOLS AND STEROLS 

Derivatizing solution A: 8is(trimethylsilyl)acetamEde, 
trrmethylsilylimidazole, and trimethyfchlorosilane (3:3:2) 
Derivatizing solution B: Derivatizing solution A, 
bfsftrimefhylsilybtrifluoroacetamide, and pyridine (1:1:1) 
Internal standard solution: 10 mg/mL of eicosanol and 
5 mg/mL of cholesterol in chloroform 
System suitabiiity stock solution A: 2 mg/mL each of 
tetracosanol, octacosanol, USP Hexacosanol RS, and 
triacontanof in chloroform 

System suitabiiity solution A: Mrx 5,0 mL of System 
suitabiiity stock solution A with T .0 mL of the Internal 
standard solution. £vaporate 0,75 mL of this solution to 
dryness using a stream of nitrogen. Dissolve the residue 
in 1.0 mL of Derivatizing solution 8, and allow to stand 
for NLT 15 min at room temperaturę. 

System suitabiiity stock solution B: 2 mg/mL each of 
campesterol, stigmasterol, and USP /TSltosterol RS and 
0.37 mg/mL of stigmastanol 

System suitabiiity solution B: Mix 5.0 ml of 5/jfem 
suitabiiity stock solution 8 with 1.0 mL of the intemal 
standard solution. Evaporate 0.75 ml of this solution to 
dryness using a stream of nitrogen. Dissolve the residue 
in TG mL of Derivatizing solution 8, and allow to stand 
for NLT 15 min at room temperaturę. 

Standard stock solution: 0,75 mg/mL of USP Hex- 
acosanol RS and 1.4 mg/mL of USP /J-Srtosterol RS in 
chloroform 

Standard solution: Mix 5.0 mL of the Standard stock 
solution with TO mL of the Intemal standard solution. 
Evaporate 0,75 mL of this solution to dryness using a 
stream of nitrogen. Dissolve the residue in 1.0 mL of 
Denvatizing solution B, and allow to stand for NLT 15 
min at room temperaturę. 

Sample solution: Transfer 3.35 g of Extract into a 
50-mL round-bottomed fiask. Add TO mL of the Inter¬ 
nal standard solution , and evaporate under vacuum at a 
temperaturę not exceeding 50°. Add 20 mL of a solu¬ 
tion prepared by dissoiving 130 g of potassium hydrox- 
ide in 200 mL of water in a 1000-mL volumetnc fiask, 
and diiute with methanol to volume, Attach a eon- 
denser, and reflux in a bath at 100° for 2 h, Quantita- 
tively transfer this solution to a 25-mL volumetric fiask, 
and diiute with water to volume. Transfer a 3-mL por- 
tion to a cartridge 1 containing dtatomaceous earth ca- 
pable of holding 3 mL of aqueous phase. 

Absorb the solution into the column under vacuum for 
20 min until the column is not cold. Plute the analytes 
from the column with 90 mL of methylene chloride, 
and evaporate the eluate to dryness. Dissolve the resi¬ 
due in 1.0 mL of Derivatizing solution B, and allow to 
stand for NLT 15 min at room temperaturę. 
Chromatographic system 
(See Chromatograpny (621), System Suitabiiity ,) 

Modę: CC 

Detector: Fiame ionization 

Column: 0.2-mm x 25-m capillary; 0.33-pm thickness 
of phase G1 coating 

1 A sultable cartridge h Extrelui NT3 H or an equivalent cartridge. 
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Temperatures 
Injector; 325° 
Detector: 325° 
Column: See Tobie 6. 


Table 6 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

C/min} 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

200 

0 

200 

3 

200 

10 

300 

35 


Carrier gas; Helium 
Flow ratę: 0.5 mL/min 
Make up gas flow: 25 mL/min 
Injection volume: 1 pL 
lojectron type: Split ratio, 1:40 
System suitability 

Samples: System suitability solution A and System suita¬ 
bility solution & 

[Notę—T he relative retention times for tetracosanol, 
hexacosanol, ottacosanol, and tnacontanol are 0.89, 
1.00, 14 5, and 1.36, respectively, System suitability so¬ 
lution A The relative retention times for cholesterol, 
campestero], stigmasterol, /J-sitosteroi, and stlgmasta- 
nol are 0.85, 0.92, 0.95, 1.00, and 1.01, respectlvely, 
System suitability solution R] 

Suitability requrrements 
Resofution: NLT 2 between the /3-s i stos te roi and 
stigmastanol peaks, System suitability solution B 
Column efficiency: NLT 200,000 theoreticaJ pfates 
for the elcosanol peak, System suitability solution A; 
and NLT 1 50,000 theoretical pfates for the cholesterol 
peak, System suitability solution B 
Tailing factor: NMT 2.0 for each relevant peak, Sys¬ 
tem suitability solution A ; and NMT 2.0 for each rele- 
vanl peak, System suitability solution B 
Anafysrs 

Samples: Standard solution and Sample solution 
Identify the signals correspondlng to the relevant 
analytes by comparing tne chromatograms obtalned 
wlth System suitability solution 4 and System suitability 
solution B. 

Separateiy calculate the pereentages of tetra cosanol, 
hexacosanol, octacosanol, and triacontanol, respec- 
tively, in the portion of Extract taken: 

Result = (Ru/Rs) x (Ci x V) x {MW) x 100 

Ru - peak response ratio of the relevant long-chain 
alcohof to the interna! standard from the 
Sample solution 

ffs - peak response ratio of hexacosanol to the 

interna! standard from the Standard solution 
Q ~ concentration of hexacosanol in the Standard 
stock solution (mg/mL) 

V = volume of the Standard stock solution used to 
prepare the Standard solution fmL) 

W - weight of the Extract taken to prepare the 
Sample solution (mg) 

Calculate the total content of long-chaln alcohols as a 
percentage by adding the indMduai pereentages, 
Separateiy calculate the pereentages of campesteroI, 
stigmasterol, /Tsitosterol, and stigmastanol, 
respectively, in the portion of Extract taken: 

Result = (RJBs) x (Cs x V) x (1/1 /V) x 100 

tfu = peak response ratio of the relevant sterol to 
the interna! standard from the Sample 
solution 

Rs = peak response rado of /Tsitosterol to the ‘ 

internat standard from the Standard solution 


Q = concentration of /Tsitosterol in the Standard 
stock solution (mg/mL) 

V - volume of the Standard stock solution used to 
prepare the Standard solution (mL) 

W = weignt of the Extract taken to prepare the 
Sample solution (mg) 

Calculate the total content of sterols as a percentage by 
adding the indlMdua! pereentages. 

Accep tance criteria: NLT 0.2% for the sum of the per- 
centages of all the sterols and NLT 0.1% of jS-sltosterof, 
both on the anhydrous basis. The lipophilic Extract eon- 
tains 04 5%-G.35% of long-chain alcohols, and the 
hydroalcoholic Extract contains G.01%-0.1 5% of long- 
cnain alcohols on the anhydrous basis. 

CONTAMINANT5 


Delete the following: 

** Heavy Metals, Method II (231): NMT 40 jig/g® i- 

ijrs- 2018 ) 

» Botanical Extracts, Pesticide Residues (565): Meets the 
requlrements 

5PECIFIC TESTS 

■ Alcokol Determination, Method II (611) (if present): 
NMT 1% 

* Fats and Fixed Oils, fodine Value (401): 40-50 

* Fats and Fixed Oils, Saponification Vaiue (401): 2TO-250 

o Water Deterjhinatign, Method l (921): NMT 3% is 

found in the hydroalcoholic ExtracL 

ADDITIONAL REQU9REMENTS 

a Packaginc and Storage: Meets the reguirements in Bo¬ 
ta nical Extracts (565), Packaging and Storage 

* Labeling: The label States the Latin binomial and, follow¬ 
ing the official na me, the part of the plant from which 
the artlcle was prepared. The label atso indicates the con¬ 
tent of fatty acids and sterols and the rado of the starting 
crude plant materiał to Extract It meets the requlrements 
in Botanical Extracts (565), Labeling, 

* USP Reference Standard* (11) 

USP Hexacosanol R5 
USP Methyl Caprate RS 
USP Methyl Caproate RS 
USP Methyl Caprylate RS 
USP Methyl Laurate RS 
USP Methyl Linoleate RS 
USP Methyl Llnolenate RS 
USP Methyl Myristate RS 
USP Methyl Ofeate RS 
USP Methyl Pafmitate RS 
USP Methyl Palmitofeate RS 
USP Methyl Stearate RS 
USP /TSitosterol RS 


Saw Palmetto CapsŁsEcs 

DEFINITION 

Saw Palmetto Capsufes contaln Saw Palmetto Extract Cap- 
sules contain NLT 22.0% and NMT 34.0% of lauric add 
In the labeled amount of Saw Palmetto Extract. The ratio 
of the concentrations of lauric acld to caprylic acid is NLT 
8.5 and NMT 17.5. The ratio of the concentrations of 
lauric add to myristic add is NLT 2.2 and NMT 2.8. 

IDENTIFICATION 

o A. The retention times of the peaks for methyl caprate, 
methyl caproate, methyl caprylate, methyl laurate, 
methyl linoleate, methyl llnolenate, methyl myristate, 
methyl oleate, methyl pal mi ta te, methyl palmitoleate, 
and methyl stearate of the Sample solution correspond to 
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those of the Standard solution , as obtained in the test for 
Content of Laurk Add and the Rodos of the C oncentrations 
of Lauric Add to Caprylic Add and Laurk Add to Myristic 
Add. 

■ B. Presence of Sterols 

Dem/atizing stock solution: /V,0-bis(trimethylsily[)- 
acetamide, trimethylsilylfmldazole, and trimethyichloro- 
silane (3:3:2) 

Derivatizing solution: Derivatizing stock solu don, 
bis(trimetbyJsnyl)tnffuoroacetamide, and pyridine (1:1:1) 
Internal standard solution: 10 rrtg/mL of eicosanoE and 
5 mg/ml of cholesterol in chloroform 
Standard stock solution: 0.75 mg/mL of USP Hex- 
acosanol RS and 1.4 mg/ml of USP /3-Sitosterol RS In 
chloroform 

Standard solution: Mix 5.0 ml of Standard stock solu¬ 
tion with I.OmL of the internal standard solution. Evap- 
o ratę 0.75 ml of this solution to dryness using a stream 
of nitrogen. Dissolve the residue in 1.0 mL of Derivati- 
zing solution , and alfow to stand for NLT 15 min at 
room temperaturę. 

System suitability stock solution A: 2 mg/mL each of 
tetracosanol, octacosanol, USP Hexacosanol RS, and 
triacontanol in chloroform 

System suitability solution A: Mix 5.0 mL of System 
suitability stock solution A with I.OmL of Internal stan¬ 
dard solution. Evaporate 0,75 mL of this solution to dry¬ 
ness using a stream of nitrogen, Dissolve the residue in 
1.0 mL of Derivatizing solution , and alfow to stand for 
NLT 15 min at room temperaturę. 

System suitability stock solution B: 2 mg/ml each of 
campesterol, stfgmasterol, and USP /J-Sitosterol RS, and 
037 mg/mL of stigmastanol 

System suitability solution B: Mix 5.0 mL of System 
suitability stock solution fi with 1.0 ml of Internal stan¬ 
dard solution. Evaporate 0,75 mL of this solution to dry¬ 
ness using a stream of nitrogen, Dissolve the residue in 
1,0 mL of Denvatizing solution, and alfow to stand for 
NLT 15 min at room temperaturę. 

/LCholestano! solution: p-chofestanol in chloroform (1 
in 100) 

Sample solution 

Sample: A number of Capsufes, equivalent to 10 g of 
Saw Palmetto Extract 

Open the Capsules, and transfer the shefls and eon- 
tents to a suitable Container. 

Transfer 5 g of the Sample to a 250-mL round-boftom 
fiask, and evaporate in vacuum at a temperaturę of 
NMT 50°. Add 50 mL of a solution prepared by dis- 
solving 130 mg/mL of potassium hydroxide En metha- 
noE and water (4:1). Attach a condenser, and reffux 
En a bath at 100° untif a elear solution is obtained. 
Reflux for an additional 10 min, and cool by adding 
50 mL of water througb the condenser- Transfer to a 
separation funnef, rinsing the fiask with a total of 
50 mL of water m smali portfons. Extract with 80 mL 
of ether, shaking for 30 s, and repeat twice. [Notę —If 
an emuJsion forms, it can be efiminated by adding 
smali quantities of methanol.] Transfer the combined 
ether layers to a separation funnel, and wash with 
successive portions of 50 mL of water until a neutral 
washing is obtained, [Notę — tf an emulsion forms, it 
can be eliminated by adding smali quantities of 
methanol,] Pass the ether extract through filter paper 
containing anhydrous sodium sulfate, wash the filter 
with 30 mL of ether, and evaporate to dryness in vac- 
uum. Dissolve the residue m 2.0 ml of chloroform. 
Extract the sterols using the foJlowlng chromato- 
graphic system- 

Chromatographte extractron system 
Modę: TLC 

Absorbent: Chromatographte piąte coated with 0-25- 
mm silica ge! having an application zonę that was 
previously dipped under 3 cm of a solution prepared 


by dfssolving 13 mg/mL of potassium hydroxide in 
methanol and water (49:1) 

Devefoping solvent system: Hexanes and ether (7:3) 
Application volumes: 200 j.lL of chloroform solution 
containing Capsule residue and 20 pL of /3-C holestanol 
solution 

After the spots have been appfied, alfow the piąte to 
dry, and lieat it to 100° for 1 h before use. The 
piąte can be stored in a desiccator containing cal- 
dum chloride until the time of use. Develop the 
lates until the solvent front has moved 1 7-1 9 cm. 
eep the chamber temperaturę be twe en 15 D and 
20°- Dry the piąte in a current of warm a Ir, then 
spray with an alkaline solution of 2,7-dIchlorofluores- 
cein in alcohof (0.2 in 100). Observe the plafe under 
366-nm wavelength Jight, and identify the bands 
corresponding to the sterols by refem ng to the /3- 
chofestanof spot- Scrape off these bands and transfer 
them to a test tubę. Add 10 mL of warm chloro¬ 
form, and shake for 2 min with the aid of severa! 
gfass beads. Filter the chloroform solution, wash the 
filter with chloroform, and evaporate the combined 
flitrate and washings to dryness in vacuum. Dissolve 
the residue with some drops of anhydrous acetone, 
and evaporate in vacuum. Dry the residue in an 
oven at 105 n for 15 min. Dissolve the residue in 
0.2 ml of Derivatizing solution. Use this resultlng so¬ 
lution as the Sample solution for CC analysis- 
Chromatographic system 
(See Chromatogropny (621), System Suitability.) 

Modę: GC 

Detector: FEame Eonization 
Coiurrm: 0,2-mm x 25-m capillary, coated with a 
0,33-jim thickness of phase G1 
Temperaturę 
Detector: 325° 

Injector: 325° 

Column: See the temperaturo program tabie below. 


Initial 

Temperaturę 

n 

Temperatura 

Ramp 

(7min) 

Finał 

Temperatura 

n 

Hołd Time at 
Finał 

Temperaturę 

(min') 

200 

0 

200 

3 

200 

10 

300 

35 


Carrier gas: Helium 
Flow ratę: 0.5 mL/min 
Make up gas flow: 25 mL/min 
Split ratio: 1:40 
Injection size: 1 pi 
Injection type: Split injection system 
System suitability 

Samples: System suitability solution A and System suita- 
hility solution B 

[NOTĘ—The relative retention times for tetracosanol, 
octacosanol, hexacosanol, and triacontanol are 0-89, 
1.00, 1.15, and 1.36, respective!y. System suitability so¬ 
lution A) and the reiative retention times for choles¬ 
terol, campesterol, stfgmasterol, /Tsitosteroi, and 
stigmastanol are 0.85, 0.92, 0.95, 1.00, and 1.01, re- 
spective3y, System suitability solution fi,] 

Suitability reguirements 

ResoJution: NLT 2 between j3-s i sto sterol and stigmas¬ 
tanol, System suitability solution 6 
Column efficiency: NLT 200,000 theoretlcaE plates 
for the eicosano! peak, System suitability soiutton A; 
and NLT 150,000 theoretical plates for the cholesterol 
peak. System suitability solution B 
Tailing factor: NMT 2-0 for each relevant peak, Sys¬ 
tem suitability solution A ; and NMT 2-0 foreach rele- 
vant peak, System suitability solution B 
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Analysis 

Sam pies: Standard solution and Sampie solution 
Jdentify the signals corresponding to the relevant 
analytes by comparison with the chromatoarams ob- 
tained with System suita bili ty Solutions A and B L 
Acceptance criteria: The Sampie solution exhibils peaks 
for campesterol, /J-sitosterol, and stigmasterol, identified 
by their retendon times relatiye to the /^sitosterol peak 
in the Standard solution , 

STRENGTH 

• CONTENT OF LAURIC ACID AND THE RATIOS OF THE CONCEN- 
TRATIONS OF LAURIC ACID TO CAPRYLIC ACID AND iAURlC 
ACID TO MYRISTIC ACID 

Interna! standard solution: 12 mg/mL of nonadecane 
in hexanes 

Standard stock solution: Dissolye quanddes of USP 
Methyl Laurate RS, USP Methyl Oleate RS, USP Methyl 
Mynstate RS, USP Methyl Palmitate RS, USP Methyl Li- 
noleate RS, USP Methyl Caproate RS, USP Methyl 
Caprylate RS, USP Methyl Caprate RS, USP Methyl 
Palmitoleate RS, USP Methyl Stearate RS, and USP 
Methy] Linolenate RS in hexanes to obtain eoncentra- 
tion of each methyl ester as given in the tabłe below. 


Methyl Ester 

Concentration (mq/mU 

Methyl laurate 

5 

Methyl oleate 

5 

Methyl myristate 

2 

Methyl palmitate 

2 

Methyl linoleate 

I 

Methyl caproate 

0.4 

Methyl caprylate 

0.4 

Methyl caprate 

0.4 

Methyl palmitoleate 

0.4 

Methyl stearate 

0,4 

Methyl linofenate 

0.4 


Standard solution: Add 1,0 ml of Internal standard so¬ 
lution to 5.0 mL of the Standard stock solution, 

Sampie solution: Take a number of Capsules, equiva- 
lent to 1 0 g of Extract, open the Capsules, and transfer 
the shells and contents to a suitable Container, Transfer 
100 mg to a pressure-proof screw-capped vial, and add 
3.0 mL of a solution of sulfuric acid in methanol (5 in 
100). Heat in an oil bath at 100° for 2 h, shaking from 
time to time. Atlow to eool, and add 1.0 mL of Internal 
standard solution, 10.0 mL of water, 1 g of sodium chlo- 
ride, and 5 mL of hexanes. Shake weli, and alfow the 
layers to sępa ratę completely. Use the hexanes fayer. 
[Notę—S torę this solution in a refrigerator unti! use.] 
Chromaiographrc system 
(See Chromatograpny {621}, System Suitabiity.) 

Modę: GC 

Detector: Ffame ionization 

Column: 0,25-mm x 30-m fused silica capilfary, coated 
with a 0.25-pm film of phase Gló 
Temperaturę 
Detector: 300° 

Injector: 250* 

Column: See the temperaturę program table below. 


Initial 

Temperaturo 

(°) 

Temperaturo 

Ramp 

(Ymin) 

Fina! 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

fminl 

120 

0 

120 

3 

120 

50 

220 

12 


Carrier gas: Helium 
Flow ratę: 1 mL/min 
Injection slze: 1 (iL 
System suitabiiity 
Sampie: Standard solution 

[Notę—T he reiative retention times for methyl caproate, 
methyl caprylate, methyl caprate, methyl laurate, 
nonadecane (internal standard), methyl myristate, 
methyl palmitate, methyl palmitoleate, methyl stea¬ 
rate, methyl oleate, methyl linoleate, and methyl lin- 
olenate are about 0,39, 0.56, 0.76, 0.94, 1.0, 1,1, 1.3, 
1.35, 1.65, 1.7, 1.8, and 2.0, respectively.] 

Suitabiiity requirements 

Resolution: NLT 1.5 between the methyl stearate and 
methyl oleate peaks 

Tailing factor: NMT 2,0 for each of the methyl ester 
peaks 

Relative standard deviation: NMT 5.0% for each of 
the methyl ester peaks 
Analysis 

Samples: Standard solution and Sampie solution 
Calculate the percentages of lauric acid, myrisdc acid, 
and caprylic acid in the labeled amount of Saw Pal¬ 
metto Extract in the portion of Capsules talcen: 

Result = (Ru/R 5 ) x (Cs x V/W) x (M,i/M r2 ) x A W /L E x 100 

Ru - rado of the response of the relevant methyl 
ester peak and the internal standard peak 
from the Sampie solution 

R 5 = rafio of the response of the relevanl methyl 
ester peak and the internal standard peak 
from the Standard solution 

C 5 - concentration of the respectlve methyl ester in 
the Standard stock solution (mg/mL) 

V = volume of the Standard stock solution taken to 
p rep are the Standard solution (5.0 mL) 

W - weignt of sampie used to prepare the Sampie 
solution (mg) 

Mn = molecular weight of the relevant fatty add 
M r2 = molecular weight of the methyl ester of the 
reievant fatty add 

Aw = average weight of the Capsule contents (mg/ 

Ca psute) 

Le - labeled amount of Saw Palmetto Extract per 
Capsule (mg/Capsute) 

Using these percentages, calculate the individual ratios 
of the concentration of lauric acid to caprylic acid 
and of lauric add to myristic acid in the portion of 
Capsules faken. 

Acceptance cnteria; 22.0%-34,0% of lauric add in the 
labeled amount of Saw Palmetto Extract. The rado of 
lauric acid to caprylic acid is 8.5-17.5. The ratio of lau- 
ric acid to myristic acid is 2.2-2.S. 

PERFORMANCE TESTS 

* DlSINTEGRATION AND DlSSOLUTlON OF DlETARY SUPPLEMENTS 

(2040): Meet the reguirements for Rupture Test for Soft 
Shell Capsules 

■ Weight Variation of Diet ary Supplements (2091): Meet 
the requirements 

CONTAMSNANTS 

« MICROBIAL Enumehation Tests (2021): The total bacterial 
count does not exceed 10 15 tfu/g, the total combrned 
moJds and yeasts count does not exceed 1000 cfu/g, the 
cotiform count does not exceed 100 cfu/g, and the 
count for enterobactena does not exceed 100 cfu/g, 

® MICROBIAL PROCEDURES FOR ABSENCE OF SPECIFIED MlCHOOR- 
ganisms (2022): Capsules meet the requirements of the 
tests for absence of Salmonella species, Escherichio coli, 
and Staphylococcus aureus . 

ADD1TI0NAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight, light-resistant 

containers. 


D5 Monographs 






















DS Monographs 


7184 Saw Palmetto / Dietaiy Supplements 


USP 40 


■ Iabelłng: The label States the Latin binomia! and, folłow- 
ing the offidal name, the name of article from which the 
Capsufes were prepared. Label it to indicate the amount 
of Extract m mg/Capsule. 

» USP Reference Standards <11) 

USP Hexacosanol RS 
USP Methyf Caprate RS 
USP Methyl Caproate RS 
USP Methyl Caprylate RS 
USP Methyl Laurate RS 
USP Methyl Linoleate RS 
USP Methyf Linolenate RS 
USP Methyl Myristate RS 
USP Methyl Ofeate RS 
USP Methyl PaEmitate RS 
USP Methyl PaJmitoJeate RS 
USP Methyl Stearate RS 
USP /TSitosterol RS 


Northern Schisandra Fruit 


DEFINITION 

Northern Schisandra Fruit consists of the dried ripe fruTts of 
Schisandra chinensis (Turcz.) BaiJI. (Fam. Schisandraeeae) 
coJlected in the fali, It contains NLT 0,40% of schisandrin 
(schisandrol A) on the dried basis; NLT 0,95% of lignans, 
cafculated as the sum of schisandrin, schisandrol B, deox- 
yschisandrin (schisandrin A), and y-schisandrin (schisan- 
drin B) on the dried basis. 

I DENTf FICATBON 

® A, Botanic Gh AR ACTER i STIC S : Meets the requirements in 
Specific Tests For Botanic Characteristics 
* B. Thjn-Layer Chromatography 

Standard solution A: 1.0 mg/mL of USP Schisandrin RS 
in ethanol 

Standard solution B: Sonicate 50 mg/mL of USP 
Schisandra chinensis Fruit Dry Extra.ct RS in alcohol for 
TO min. Centrifuge, and use the supernatant. 

Sample solution: Sonicate 2,5 g of Northern Schisandra 
Fruit, frnely powdered, in 10 mL of alcohof for 10 min. 
Centrifuge, and use the supernatant. 

Chromatographic system 
(See Chromatograpny (621), Thin-tayer Chromato- 
graphy.) 

Adsorbent: Chromatographic sifica gel mixture with 
an average particie srze of 5 pm (HPTLC plates) 
Application volume: 3pL, as 8-mm bands 
Reiative humidity: Condltion the piąte to a relative 
humidity of about 33% using a suitable device. 
Developing solvent system: Toluene, ethyl acetate, 
and glaciaJ acetic acid (23:6:1) 

Deveioping distance: 6 cm 

Derivatization reagent: 10% Suifuric acid in ethanoL 
[NOTĘ—Slowly add suifuric acid to ice-cold ethanol.] 
Analysrs 

SampJes: Standard solution A, Standard solution B , and 
Sample solution 

Apply the Sampies as bands to a suitable HPTLC piąte, 
and dry in air. Develop the chromatograms in a satu- 
rated cham ber, remove the piąte from the cham ber, 
dry, and examine under UV light at 254 nm. Then 
treat the piąte with Deńvatization reaqent f heat at 120° 
for 7 min, and examine under UV llgnt at 366 nm. 
System suitability: Under UV light at 254 nm, the 
chromatogram of Standard solution B exhibits an intense 
band corresponding in R f to the band due to schisan¬ 
drin in the chromatogram of Standard solution A, Stan¬ 
dard solution B aiso exhibits a band due to deoxys- 
chisandrin in the middle of the chromatogram, four or 
five bands between the positions of the bands of 
schisandrin and deoxyschisandnn, In the upper-haff sec- 


tion, Standard solution B exhibits an intense band corre¬ 
sponding to y-schisandrin. 

Acceptance cnteria: Under UV light at 254 nm, the 
Sample solution chromatogram exhibits an intense band 
at an ^ corresponding to the band due to schisandrin 
in the chromatogram of Standard solution A, The 5am- 
ple solution exhibits additional bands corresponding to 
simitar bands in the chromatogram of Standard solution 
6, These include one or two bands below the positron 
of schisandrin; a band due to deoxyschisandrin in the 
middle of the chromatogram; four or five bands be¬ 
tween the positions of the bands of schisandrin and 
deoxyschlsandnn; two or three bands In the upper-half 
section, the most intense band at an Rf corresponding 
to the band of y-schlsandrim Under UV light at 366 nm 
after denvatization, the chromatogram of the Sample 
solution does not exhibit an intense blue fluorescent 
band in the upper-third of the chromatogram. 

O C HPLC 

Analysis: Proceed as directed in Content of Lignans. 
Acceptance criteria: The chromatogram of the Sample 
solution exhibits the most intense peak with a retention 
time corresponding to schisandrin in Standard solution 
A, and the peaks due to schisandrol B, deoxyschlsan- 
drin, and y-schisandrin corresponding to the retention 
times for the same lignans in Standard solution 6. There 
is no principal peak due to deoxyschlsandrin at a rela- 
tive retention time of about 2.1 relative to schisandrin 
(disttnction from Southern Schisandra fruit). 

COMPOSmON 

o Content of Lignans 
Solution A: Water 

Solution B: Acetonitrlle and methanol (1:1) (v/v) 

Mobile phase: See Table L 


Table t 


Time 

(mon) 

Solution A 
(%> 

Solution B 
(%> 

0 

47 

53 

30 

20 

SO 


Standard solution A: 0,06 mg/mL of USP Schisandrin 
RS in methanol 

Standard solution B: 10 mg/mL of USP Schisandra 
chinensis Fruit Dry Extract R5 rn methanol, Before injec- 
tion, pass through a potytetrafluoroethyJene f ii ter of 
0,2-jim porę size, and discard the first portion of the 
fil tratę, 

Sample solution: Transfer about 250 mg of Northern 
Schisandra Fruit, moderately powdered and accurateiy 
weighed, to a 50-mL centrifuge Lube. Add 10.0 mL of 
methanol, and sonicate for 10 min (140 W, 42 kHz). 
Centrifuge, and transfer this solution to a 25-mL volu- 
metric fiask. Repeat this extraction one morę time. 
Combine the extracts in the 25-mL volumetric fiask, Ad- 
just with methanol to volume, and mix. Before Injec- 
tion, pass through a polytetrafiuoroethylene filier of 
0.2-prn porę size, and discard the first portion of the 
filtrate. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę; HPLC 
Detector: UV 251 nm 

Column: 2.1 -mm x 15-em; 1.8-jim pac king LI 
Column temperaturę: 35° 

Flow ratę: 0.3 mL/min 
Injection volume: 3 jiL 
System suitability 

Sampies: Standard solution A and Standard solution B 
[Notę—T he relative retention times of the peaks for 
schisandrin, schisandrol R, deoxyschisandrin, and y- 
schisandrin are 1.00, 1.29, 2.90, and 3.31, 
respectively,] 
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Suitabiiity requrrements 

Chroma tog ram similarity: The chromatogram of 
Standard soluthn 8 ts simtlar to the reference chro- 
matogram provtded with the lot of USP Schisandra 
chinensis Fruit Dry Extract RS belng used. 

Tailing factor: NMT 2,0 for the schisandrin peak, 
Standard soiution A 

Relative standard deviation: NMT 2,0%, determJned 
from the schisandrin peak in repeated injections. 
Standard soiution A 

Resolutron: NIT 1.5 between the schisandrol B peak 
and its folfowing peak, Standard soiution B 

Analysis 

Samples: Standard soiution Ą Standard soiution fi, and 
Sample soiution 

Using the chrom a to gram of Standard soiution A, Stan¬ 
dard soiution 6, and Lhe reference chrom a tog ram pro- 
vided with the Jot of USP Schisandra chinensis Fruit Dry 
Extract RS being used, identify the retention times of 
the peaks corresponding to different lignans in the 
Sample soiution chrom a to gram. 

Calculate the percentages of schisandrin, schisandrol B, 
deoxyschisandnn, and y-schisandrin in the portron of 
Northern Schisandra Fruit taken: 

Result = (fuM) x C$ x (V/W) x F x 100 

fy - peak area of the relevant analyte from the 
Sample soiution 

Cs = peak area of schisandrin from Standard 
soiution A 

Q = concentration of USP Schisandrin R5 in 
Standard soiution A (mg/mL) 

V - vo!ume of the Sample soiution (ml) 

W - weight of Northern Schisandra Fruit taken to 
prepare the Sample soiution (mg) 

F - conversion factor for analytes (1.00 for 

schisandrin, 1.21 for schisandrol B, 1.00 for 
deoxyschisandrin, and 1.23 for y-schisandrin) 
Calculate the content of Ugnans as the sum of the 
percentages of schisandrin, schisandrol B, 
deoxyschisandrin, and y-schisandrin. 

Acceptance criteria 

Schisandrin: NLT 0.40% on the dried basis 
Lignans: NLT 0.95% on Lhe dried basis 

CONTAMJINANTS 

* Elemental Umpurities—Procedures (233) 

Acceptance criteria 
Arsenie: NM i 2,0 pg/g 
Cadmium: NMT 0.3 pg/g 
Lead: NMTS.Opg/g 
Mercury; NMT 0.2 pg/g 

e Articles of Botanical Origin, Pesticide Residue Anaiysis 
(561): Meets the requtrements 

* 1V1icrobial Enumeration Tests (2021): The total aerobic 

bacterial count does not exceed 10 5 cfu/g, the total corm 
btned molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferant GrammegatEve bacteria does not 
exceed 10 3 cfu/g. 

* Absence of Specbfied Microorganisms (2022): Meets the 

reguirements of the tests for the absence of Salmonella 
species and Escherichia coli 

* Articles of Botanical Origin, Test for Aflatoxins (561): 

Meets the reguirements 

SPECIFIC TESTS 
® Botanic characteristics 

Macroscopic: Irregularly spheroidaf or compressed- 
spheroidal, 5-8 mm in diameter; externaljy red, pur- 
plish-red or duli red, shrunken, oily, with soft pulp, 
sometimes externally blackish-red or covered with 
"white frost". One or two seeds: reniform, extemaily 
brownish-yellow, shiny; testa, thin and fragile. Pulp: 


odor, slight; taste, sour. Seeds: odor, aromatlc on crush- 
ing; taste, pungent and slightly bitter. 

Microscopic 

Transverse section: Epidermal cells of pericarp: poły- 
gonai in surface view, oil celis presented scattered; 
mesocarp consisting of 10 or morę layers of paren- 
chymatous cells containing starch granufes, smalf coh 
latera! vascular bundles present and scattered; endo- 
carp consisting of one layer of square parenchymatous 
cells; most outer layer of testa consisting of radia! ly 
elongated stone celts, thick-wailed, with fine and close 
plt canals; beneath showing several layers of stone 
cells, subrounded, tnangular or polygonal with iarger 
pits; a few layers of parenchymatous cells, inner layer 
of testa consisting of smali, slightly th tek-wal! cells; en- 
dospern cells containing oii droplets and aleurone 
grains. Raphe has vascular bundles; oil celi layer eon- 
sists of one layer of rectangular oil cells containing yel- 
lowish-brown oil, with 3-5 layers of smali cells lyinq 
helów. 

* LOSS ON DRYING (731) 

Sample: 2 g of Northern Schisandra Fruit, ftnely 
powdered 

Analysis: Dry the Sample at 105° for 5 h. 

Acceptance criteria: NMT 1 6% 

* Articles of Botanical Origin, Total Ash (561) 

Analysis: 2 g of Northern Schisandra Fruit, finely 
powdered 

Acceptance criteria: NMT 7% 

* Articles of Botanical Origin, Woter-Sofuble Extractives 

(561) 

Analysis: Cold extract!on method 
Acceptance criteria: NMT 35% 

* Articles of Botanical Origin, AicohoTSoiubfe Extractives 

<561) 

Analysis: Cold extraction method 
Acceptance criteria: NMT 40% 

■ Articles of Botanical Origin, Foreign Organie Matter 
(Sól): NMT 1.0% 

ADOmONAL REQUIRESVIŁNTS 

* PackagiNG and Storage: Preserve In welhdosed contain- 

ers, protected from light and moisture, and storę at 
room temperaturę. 

* Labeling: The labę! States the Latin binomial followlng 

the offidat name. 

* USP Reference Standards (11) 

USP Schisandra chinensis Fruit Dry Extract RS 
USP Schisandrin RS 


Northern Schisaradra Fruit Dry Extract 

DEFINITION 

Northern Schisandra Fruit Dry £xtract is prepared from the 
dried npe fruits of Schisandra chinensis (Turcz.) Barii. (Fam. 
Schisandraceae) collected in the fali, by extraction with 
hydroalcoholfc mixtures. It contains NLT 90,0% and NMT 
110.0% of the labeled amount of schisandrin on the dried 
basis; NLT 90.0% and NMT 110.0% of the fabeled 
amount of total lignans, calculated as the sum of schisan¬ 
drin, schisandrol B, schisandrin A (deoxyschisandnn), and 
schisandrin B (y-schisandrin) on the dried basis. 

1DEMT9F9CATION 

° A, HPTLC FOR ARTICLES OF BOTANICAL 0RIGIN (203) 

Standard soiution A: 0.5 mg/mL of USP Schisandrin RS 
in methanoi 

Standard soiution B: Sonicate 1 00 mg/mL of USP 
Schisandra chinensis Fruit Dry Extraci RS in methanoi for 
10 min. Centrifuge and use the supernatant. 

Sample soiution: Sonicate about 250 mg (adjust the 
amount properly, if necessary) of Northern Schisandra 
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fruit Dry Extract in 5 mL of methanol for 10 min, Cen- 
trifuge, and use the supernatant 
Chromatographic system 

Adsorbent: Chromatographic siltca gel mixture with 
an average particie size of 5 pm (HPTLC piates) 
Application volume: 3 pL, as 8-mm bands 
Relative humidity: Condition the piąte to a relative 
hu midi ty of about 33% using a suitable device. 
DeveIoping solvent system: Totuene, ethyl acetate, 
and gjacial acetic acid (23:6:1) 

Developing distance: 6 cm 

Derivatization reagent: 10% Sulfuric add in ethanol. 
[Notę—S lowly add sulfuric add to ice-cofd ethanol] 
Analysis 

Sam pies: Standard solution A, Standard solution B, and 
Sampie solution 

Apply the Samples as bands to a suitable HPTLC piąte, 
and dry in air, Develop the chromatograms in a satu- 
rated chamber, remove the piąte from the chamber, 
alr-dry, and examine under UV light at 254 nm. Then 
treat the piąte with Derivatization reagent, heat at 120° 
for 7 min, and examine under UV light at 366 nm. 
System suitability: Under UV light at 254 nm, Standard 
solution B exhibits an intense band corresponding in R? 
to the band of schisandrin in Standard solution A. Stan¬ 
dard solution B also exhibits a band due to schisandrin A 
in the middle of the chromatogram, and four or five 
bands be twe en the positions of the bands of schisan¬ 
drin and schisandrin A. In the upper-haif section, Stan¬ 
dard solution B exhibits an intense band due to schisan¬ 
drin B. 

Acceptance criteria: Under UV iight at 254 nm, the 
Sampie solution exhibits an intense band at an R p corre¬ 
sponding to the band due to schisandrin [distinction 
from Southern schisandra (Schisandra sphenanthera) 
fruit] in Standard solution A. The Sampie solution exhibits 
addftional bands corresponding in Rf to simifar bands in 
Standard solution 6, including a band due to schisandrin 
A En the middle of the chromatoaram; four or five 
bands between the positions of tne bands of schisan¬ 
drin A and schisandrin; and twa or three bands in the 
upper-haff section, the most intense band due to 
schisandrin B. Under UV light at 3Ć6 nm after deriva- 
tization, the chromatoaram of the Sampie solution does 
not exhibit an intense olue ffuorescent band (distinction 
from Schisandra sphenanthera fruit) in the upper-third of 
the chromatogram. 

• B. HPLC 

Analysis: Proceed as directed in Content of Lignans . 
Acceptance criteria: The chromatogram of tne Sampie 
solution exhibits the most intense peak with a retention 
time corresponding to schisandrin in Standard solution 
A, and the peaks for schisandroi B, schisandrin A, and 
schisandrin B correspond to the retention times for the 
same lignans in Standard solution B , There is no princi- 
pal peak due to schisantherin A at a relative retention 
time of about 2.1 relative to schisandrin (distinction 
from Schisandra sphenanthera fruit). 

COMPOSITION 
o Content of Lignans 

Solution A: Water 

Solution B: AcetonitriEe and methanol (1:1) (v/v) 

Mobile phase: See Tobie L 
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Standard solution A: O.Oó mg/mL of USP Schisandrin 
RS in methanol 


Standard solution B: 10 mg/mL of USP Schisandra 
chinensis Fruit Dry Extract R5 in methanol. Sonicate and 
pass through a polytetrafluoroethylene ftlter of 0,2-jj.m 
porę size. 

Sampie solution: Accurately transfer an amount, eouiw 
alent to 4 mg of total lignans aecording to the labeled 
content, of Northern Schisandra Fruit Dry Extract to a 
50-mL round-bottom centrifuge tubę. Add 10 ml of 
methanol, and sonicate for 10 min (140 W, 42 kHzl 
Centrifuge, and transfer the supernatant to a 25-mL 
volumetric fiask. Repeat the extraction one morę time. 
Combine the extracts in the 25-mL volumetric fiask and 
drlute with methanol to volume, Mix, pass through a 
polytetrafluoroethylene fil ter of 0.2-pm porę size before 
injection, and discard the first portion of the filtrate. 
Chromatographic system 
(See Chromatograpny (621), System Suitability*) 

Modę: UPLC 
Detector: UV 251 nm 

Column: 2.1-mm x 15-cm; 1.8-jim packing LI 
Column temperaturę: 35° 

FIow ratę: 0.3 mL/min 
fnjection volume: 3 pL 
System suitability 

Sampfes: Standard solution A and Standard solution B 

Suitability reguirements 

Chromatogram similarity: The chromatogram of 
Standard solution B is simriar to the reference chro¬ 
matogram provided with the lot of USP Schisandra 
chinensis Fruit Dry Extract RS being used. 

Resolution: NLT 1.5 between the schisandroi B peak 
and its foliowing peak, Standard solution B 
Taiiing factor: NMT 2.0 for the schisandrin peak, 
Standard solution A 

Relative standard deviation: NMT 2.0% for the 
schisandrin peak, Standard solution A 
Analysis 

Samples: Standard solution A, Standard solution B t and 
Sampie solution 

Using the chromatogram of Standard solution A, Stan* 
dard solution 6 , and the reference chromatogram pro- 
vided with the lot of USP Schisandra chinensis Fruit Dry 
Extract RS being used, identify the retention times of 
the peaks corresponding to schisandrin, schisandroi B, 
schisandrin A, and schisandrin B in the Sampie solution . 
[Notę—T he approximate relative retention times of the 
anaiytes are provided in Tobie 2Ą 


Table 2 


Analyte 

Approximate 
Relative Retention 
Time 

ConverMon Factor 

Schisandrin 

1.00 

1,00 

Schisandroi B 

1,29 

1,21 

Schisandrin A 

2.90 

1.00 

Schisandrin B 

331 

T 23 


Separately calculate the percentages of schisandrin, 
schisandroi B, schisandrin A, and schisandrin B in the 
portion of Northern Schisandra Fruit Dry Extract taken: 

Resuit = (rufr 5 ) xQx (V/W) x f x 100 

fu - peak area of the re!evant analyte from the 
Sampie solution 

fs = peak area of schisandrin from Standard 
solution A 

Cs = concentration of USP Schisandrin RS En 
Standard solution A (mg/mL) 

V - volume of the Sampie solution (mL) 

W - weight of Northern Schisandra Fruit Dry 

Extract taken to prepare the Sampie solution 
(mg) 

F - conversion factor for anaiytes (see Tahle 2) 















USP40 


Dietary Supplements / Schisandra 718/ 


Calcu la te the percentage of the labefed amount of 
schisandrin in the portion of Northern Schisandra Fruit 
Dry Extract taken: 

Result = (P/L) x 100 

P ~ content of schisandrin as determined above 

(%) 

L - labeled amount of schisandrin (%) 

Acceptance criteria: 90.0%-11G.0% on the dried 
basis 

Calculate the percentage of the labeled amount of total 
lignans as the sum of schisandrin, schisandrol B, 
schisandrin A, and schisandrin B in the portion of 
Northern Schisandra Fruit Dry Extract taken: 

Result - (P/L) x 100 

P - content of total lignans as determined above 

(%) 

I - labeled amount of total lignans (%) 

Acceptance criteria: 9O.Q%-11Q,0% on the dried basis 

CONTAMINANT5 

* Articles of Botanbcal OfliGiN (561), Pesticide Residue 

Analysis : Meets the requirements 
o Microbial Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 10* cfu/g, the total com- 
bined moids and yeasts count does not exceed 10 3 cfu/ 
g, and the biie-toferant Gram-negative bacterla do not 
exceed 10 3 cfu/g. 

o Absence of Specified Micrdorgamisms (2022), Test Proce- 
dures, Test for Absence of Salmonella Species and Test Proce- 
dures , Test for Absence of Fscherichia coli: Meets the 
requirements 

a Ariicles of Botanicał Origin (561), Test for Aflatoxins: 
Meets the requirements 

SPECIFfC TESTS 
O Loss ON DrYING (731) 

Sample: 2 g of Northern Schisandra Fruit Dry Extract 
Analysis: Dry the Somple at 105° for 5 h. 

Acceptance criteria: NMT 8% 

« ARIICLES OF BOTANECAŁ 0RiGIN (561), Total Ash 

Sampie: 2 g of Northern Schisandra Fruit Dry Extract 
Acceptance criteria: NMT 5% 

ADDITIONAL REQUIREMENT5 

® Packaging and Storace: Preserve in weifdosed contain- 
ers, protected from light and moisture, and storę at con- 
trolled room temperaturę. 

* LABELING: The labef States the Latin binomial foliowing 
the official name of the plant from which the article was 
derived, It meets other fabeling reguirements in Botanicał 
Extracts (565). 

* USP Referencie Standards (11) 

USP Schisandra chinensis Fruit Dry Extract RS 
USP Schisandrin RS 


Northern Schisandira Fruit Powder 

DEFINITION 

Northern Schisandra Fruit Powder consists of dried ripe 
fruits of Schisandra chinensis (Turcz.) BailL (Fam. Scnisan- 
draceae) reduced to a powder or very fine powder. It 
contains NLT 0,40% of schisandrin (schisandrol A) on the 
dried basis; NLT 0,95% of lignans, calculated as the sum 
of schisandrin, schisandrol B, deoxyschisandrin (schisan¬ 
drin A), and y-schisandrin (schisandrin B) on the dried 
basis. 


IDENTIFICATION 
* A. thin-Layer CHROMATOCRAPHY 

Standard solution A: 1,0 ing/ml of USP Schisandrin RS 
in ethanol 

Standard solution B: Sonicate 50 mg/mL of USP 
Schisandra chinensis Fruit Dry Extract RS in alcohol for 
10 min. Gentrifuge, and use the supernatant. 

Sample solution; Sonicate 2.5 g of Northern Schisandra 
Fruit Powder in 10 ml of alcohol for 10 min. Centri- 
fuge, and use the supernatant. 

Chromatographic system 
(See Chromatograpny (62 1), Thin-Layer Chromato- 
giaphy.) 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size or 5 pm (HPTLC plates) 
Application voiume: 3 pL, as 8-mm bands 
Relative humidity: Conditton the piąte to a relative 
humidity of about 33% using a suitable devlce, 
Developing solvent system: Toluene, ethyl acetate, 
and glacial acetlc acid (23:6:1) 

Devefoplng distance: 6 cm 

Derivatization reagent: 10% Sulfuric acid in ethanol. 
[Notę —Slowly adcl sulfuric acid to ice-cold ethanol,] 
Analysis 

Sam pies: Standard solution A, Standard soiution B, and 
Sampie solution 

AppJy the Sampies as bands to a suitable HPTLC piąte, 
and dry in air. Develop the chromatograms in a satu- 
rated cham ber, remove the piąte from the cham ber, 
dry, and examine under UV light at 254 nm. Then 
treat the piąte with Deńvatizatlon reagent , heat at 120° 
for 7 min, and examine under UV light at 366 nm. 
System suitability: Under UV light at 254 nm, the 
chromatografii of Standard soiution B exhibits an intense 
band corresponding m R F to the band due to schisan¬ 
drin in the chromatogram of Standard solution A. Stan¬ 
dard solution B also exhibits a band due to deoxys- 
chisandrin in the middfe of the chromatogram and four 
or flve bands between the positions of the bands of 
schisandrin and deoxyschisandrin. In the upper-half sec- 
tion Standard soiution B exhihits an intense band corre¬ 
sponding to y-schisandrin. 

Acceptance criteria: Under UV light at 254 nm, the 
Sample soiution chromatogram exhibits an intense band 
at an R F corresponding to the band due to schisandrin 
in the chromatogram of Standard solution A. The 5crm- 
ple solution exhibits additional bands corresponding to 
similar bands in the chromatogram of Standard soiution 
B. TNese include one or two bands below the position 
of schisandrin; a band due to deoxyschfsandrin in the 
middle of the chromatogram; four or five bands be¬ 
tween the positions of the bands of schisandrin and 
deoxyschisandrin; two or three bands in the upper-half 
section, the most intense band at an R f corresponding 
to the band of y-schisandrin. Under UV light at 366 nm 
after derivatizatfon, the chromatogram of the Sample 
solution does not exhibit an intense blue fluorescent 
band in the upper-third of the chromatogram. 

* 13. HPLC 

Analysis: Proceed as directed in Content of Lignans , 
Acceptance criteria: The chromatogram of the Sample 
solution exhibits the most intense peak with a retention 
time corresponding to schisandrin in Standard soiution 
Ą and the peaks due to schisandrol B, deoxyschisan- 
drin, and y-schisandrin corresponding to the retention 
times for the same lignans in Standard soiution B ♦ There 
is no pnndpal peak due to schisandrin A at a relative 
retention time of about 2.1 refative to schisandrin (dis- 
tinction from Northern Schisandra Fruit). 
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composition 

* COMTENT OF LlCNANS 

Solution A: Water 

Solution B: Acetonitrile and methanol (1:1) (v/v) 
Mobile phase: See Tobie 1. 
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Standard solution A: 0*06 mg/mL of USP Schisandrin 
RS in methanol 

Standard solution B: 10 mg/mL of USP Schisandra 
chinensh Fruit Dry Extract RS in methanol. Before injec¬ 
tion, pass througn a polytetrafluoroethylene fiiter of 
Q*2-pm porę si ze, and drscard the first portion of the 
frltrate. 

Sample solution: Transfer about 250 mg of Northern 
Schisandra Fruit Powder, accurately weighed, to a 
50-mL centrifuge tubę. Add 10.0 mL of methanol and 
sonicate for 10 min (140 W, 42 kHz), Centrifuge, and 
transfer this solution to a 25-mL yolumetric fiask. Re- 
peat this extraction one morę tinne, Combtne the ex- 
tracts in the 25-mL volumetric fiask. Adjust with metha¬ 
nol to vo!ume, and mix. Before injection, pass through 
a polytetrafluoroethylene fil ter of 0,2-pm porę size, and 
discard the first portion of the filtrate. 
Chromatographic system 
(See Chromatography (621), System Suitabiiity.) 

Modę: UPLC 
Detector: UV 251 nm 

Column: 2.1-mm x 15-cm; 1,8-pm packing LI 
Column temperaturę: 35° 

Flow ratę: 03 mL/min 
Injection volume: 3 pL 
System suitabiiity 

Sampies: Standard solution A and Standard solution 8 
[NOTĘ—The relative retention times of the peaks for 
schisandrin, schisandrol B, deoxyschisandrin, and y- 
schisandrin are about 1,00, 1.29, 2,90, 331, 
respectiyefy.J 
Suitabiiity reguirements 

Chromatogram similarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Schisandra 
chinensh Fruit Dry £xtract RS being used. 

Taili ng factor: NMT 2,0 for the schisandrin peak, 
Standard solution A 

Relative standard deviation: NMT 2.0%, determined 
from the schisandrin peak in repeated snjections. 
Standard solution A 

Resolution: NLT 1,5 between the schisandrol B peak 
and its following peak. Standard solution B 
Anaiysis 

Samples; Standard solution Ą Standard solution B t and 
Sample solution 

Using the chromatogram of Standard solution A , Stan¬ 
dard solution B , and the reference chromatogram pro- 
vided with the lot of USP Schisandra chinensts Fruit Dry 
Extract RS being used, identify the retention times of 
the peaks corresponding to different lignans in the 
Sample solution chromatogram. 

Cafculate the percentages of schisandrin, schisandrol B, 
deoxyschisandrin, andy-schisandrin in the portion of 
Powder taken: 

Result = (ru/rs) x C s x {VIW) x f x 100 

ru - peak area of the re!evant analyte from the 
Sample solution 

r$ = peak area of schisandrin from Standard 
solution 4 


Q - concentration of USP Schisandrin RS in 
Standard solution A (mg/mL) 

V = volume of the Sample solution (mL) 

W = weight of Powder taken to prepare the Sample 

solution (mg) 

F - conversion factor for analyte (1.00 for 

schisandrin, 1.21 for schisandrol B, 1.00 for 
deoxyschisandrin, and 1,23 for y-schisandrin) 
Calculate the eon tent of lignans as the sum of the 
percentages of schisandrin, schisandrol B, 
deoxyschisandrin, and y-schisandrin. 

Acceptanee criteria 

Schisandrin: NLT 0.40% on the dried basis 
Lignans: NLT 0.95% on the dried basis 

CONTAMINANT5 

* Elemental Impurities—Procedur es (233) 

Acceptanee criteria 
Arsenie: NMT 2,0 ftg/g 
Cadmlum: NMT 03pg/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 0.2pg/g 

* ARTICLES of Botanical Origin, Pestidde Residue Anaiysis 
(561): Meets the requirements 

* Microbial Enumeration Tests (2021): The totai aerobic 
bacteriai count does not exceed 10 5 cfu/g, the totai com- 
btned molds and yeasts count does not exceed 10 5 cfu/ 
g, and the bife-tolerant Gram-negative bacteria does not 
exceed TO 3 cfu/g, 

* Absence OF SPEOFIEO Microorcanisiws <2022): Meets the 

requirements of the tests for the absence of Salmonella 
species and Escherkhia coli 

* Articles OF Botanical Origin, Test for Afiatoxins <561): 

Meets the requirements 

5PECIF1C TESTS 

* Botanic Characteristics 

Macroscopic: Dark purple in color 
Mrcroseopic: Stone cefis of epidermis of testa polygonal 
or eiongated-polygonal in sunące view, 18-50 pm in 
diameter, walis tmckened with very fine and close pit 
canals, lumina containing dark brown contents. Stone 
celis of the inner layers of testa polygonal, subrounded 
or irregular, NMT 83 pm in diameter, wails slightly 
thickened, with relatively large pits. Epidermal celfs of 
pericarp; polygonal in surfate view, anticlinal walis 
slightly beaded, with cu Licie striatlons (unlike Schisandra 
sphenanthera f where anticlinal walis are not beaded) 
scattered with oil celis. Celis of the mesocarp are shriv- 
eled, containing dark brown contents and starch gran- 
ules. 

■ l_oss ON DRYING (731) 

Sample: 2 g of Powder, finely powdered 
Anaiysis: Dry the Sample at 105° for 5 h, 

Acceptanee criteria: NMT 16% 

* Articles of Botanical Origin, Totai Ash <561) 

Anaiysis: 2 g of Powder, fineiy powdered 
Acceptanee criteria: NMT 7% 

* Articles of Botanical Origin, Water-Soluble Extractives 
(561) 

Anaiysis: Coid extraction method 
Acceptanee criteria: NMT 35% 

* Articles of Botanical Origin, Afcohol-Soluble Extractives 
(561) 

Anaiysis: Coid extraction method 
Acceptanee criteria: NMT 40% 

ADDITIONAL REQU1REMENT5 

* Packacing and Storage: Preser/e in well-closed contain- 
ers, proteeted from light and moisture, and storę at 
room temperaturę. 

* Labeling: The la bel States the Latln binomial following 
the offidal name. 









USP 40 


Dietary Supplements / Schizochytrium 7189 


» USP Reference Standards (11) 

USP Schisandro chinensis Fruit Dry Extract RS 
USP Schisandrm RS 


SchEzochytrSiam OBI 

DEFINITION 

Schizochytrium Oil h obtained by fermentation and extrac- 
tion of algae of the genus Schizochytrium and eon tai ns 
docosahexaenoic acid (DHA; C 22 H 32 O 2 ) (C22:6 n-3) as the 
major polyunsaturated fatty add eomponent It may con- 
tain eicosapentaenoic acid (EPA; C 20 H 30 O 2 ) (C20:5 n-3), 
docosapentaenoic acid (DPA; C 22 H 34 O 2 ) (C22:5 n-ó), 
arachidonic add (C 20 H 32 O 2 ) (C20:4 n- 6 ), and dihomo 
gamma linoJenic acid (C 20 H 34 O 2 ) (C20;3 n-ó) as the minor 
polyunsaturated fatty acid components. DHA content may 
be standardized with other appropriate oils. Suitable anti- 
oxidants in appropriate concentrations may be added. 

IDENTIFICATION 

* A, Iohg Chain Unsaturated Fatty Acid Profile: Pro- 

ceed as directed in Fats and Fjxed Oifs (401), Omega-3 
Fotty Acids Determination and Profile. 

Analysis 

Samples: Standard Solution 2a, Standard Solution 2b, 
and Test Solution 1 

Calcuiate the area percentage for dihomo gamma li- 
nolenic acid, arachidonic acid, and docosapentaenoic 
acid as methyf ester in Test Solution 1: 

Result = (ru/rj) x 100 

ru - peak response of each individua! fatty acid as 
methyl ester 

ty - sum of the responses of all the peaks, except 
the soNent and butylated hydroxytoluene 
peaks 

Acceptance criteria: The retention times of the peaks 
of the docosahexaenoic acid methyf ester and the eico¬ 
sapentaenoic acid methyl ester of Test Solution 1 corre- 
spond to those of Standard Solution 2a and Standard 
Solution 2b, respectively, as obtained in the test for Con* 
tent of DFIA and EPA. The area percentages for the 
methyl esters of dihomo gamma linolenEc acid, 
arachidonic acid, and docosapentaenoic acid from the 
chroma tog ram of Test Solution 1 meet Acceptance Crite- 
ria l f II, III , or IV \n Table L 

COMPOSITION 
® Content of DHA and EPA 

Analysis: Proceed as directed in Fats and Fixed Olls 
(401); Omega-3 Fatty Acids Determination and Profile. 

Use Analysis (for triglycerides). 

Acceptance criteria: Meets the acceptance crśterla for 
DHA and EPA in Tobie 1 


IMPURITIES 
• Limit of Arsenic 

[Notę— For the preparation of all agueous Solutions and 
for the rinsing of glass, polytef, and plastic ve$$el$ 
before use, use water that nas been passed through a 
strong-add, strong-base, mixed-bed ion-exchange resin 
before use. Select all reagents to have as Iow a content 
of arsenic as practicable, and storę all reagent Solutions 
in containers of borosilicate glass. Cleanse glass, polytef, 
and pfastic vessels before use by soaking in warm 8 N 
nitrie acid for 30 min and by rinsing with deionized 
water.] 

Solution A: Transfer 1 g of ultrapure palladium metal to 
a Teflon beaker. Add 20 ml of water and 10 ml of ni- 
tric acid, and warm on a hot piąte to dissoJve. Allow 
the solution to cool to room temperaturę, transfer it to 
a 100-mL volumetnc fiask, and dilute with deionized 
water to volume. 

Solution B: Transfer 1 g of ultrapure magnesium nitrate 
to a Teflon beaker. Ado 40 mL of water and 1 mL of 
nitrie acid, and warm on a hot piąte to dissolve the 
solids. Allow the solution to cool to room temperaturę, 
transfer It to a 100-mL volumetric fiask, and dilute with 
deionized water to volume. 

Solution C: Solution A, Solution B , and 2% nitrie acid 
(3:2:5), A voiume of 5 pL provides 0.015 mg of palla* 
dium and 0.01 mg of magnesium nitrate. 

Blank: Nitrie add and water (1:19) 

Standard stodc solution: Transfer 10,0 mL of Standard 
Arsenic Solution, prepared as directed in Arsenic (211), 
to a 1 OG-mL volumętne fiask. Add 40 mL of water and 
5 ml of nitrie add, and dilute with water to volume. 
This solution contains 0.10 pg/mL of arsenic. 

Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain concentrations of 0 . 002 , 

0,005, 0.010, 0.025, and 0.050 pg/mL of arsenic. 
Sample solution: For preparation of the Sample solu¬ 
tion, use a microwave oven with a magnetron fre- 
guency of 2455 MHz and a selectable output power of 
0-950 W in 1% inerements, eguipped with advanced 
composite yessels with 100-mL polytef liners. Use rup- 
ture membranes to vent vesse!s should the pressure ex- 
ceed 125 psi. The vessels fit into a turntable, and each 
vessel can be vented into an overf!ow Container. Eguip 
the microwave oven with an exhaust tubę to ventilate 
fumes. [Caution —Wear proper eye protection and pro- 
tective clothing and gloves.j Transfer approximately 
500 mg of Schizochytrium Oil, weighed to the nearest 
0.1 mg, to a Teflon digestion vessei liner, Prepare sam¬ 
ples in duplicate. Add 15 mL of nitrie acid, and swirl 
gently. Cover the vessels with lids, leaving the vent fit- 
ting off. Predigest overnight under a hood. Place the 
rupture membranę in the vent fitting, and tighten the 
iid. Place ali vessets on the microwave oven turntable. 
Connect the vent tubes to the vent trap, and connect 
the pressure-sensing fine to the appropriate vessd. Initi- 
ate a two-stage digestion procedurę by heating the mi- 
crowave at 15% power for 15 min, followed by 25% 
power for 45 min. Remove the turntable of vesseis from 


Table 1 


Fatty 

Add 

Reiative 

Retention 

Time 

Shorthand 

Notation 

Acceptance 
Criteria 1 

Limit (area %) 

Acceptance 
Criteria II (for 
articłes labeled 
as Typa IA) 
Limit (area %) 

Acceptance 
Criteria III (for 
articles labeled 
as Type 11) 
Limit (area °/o> 

Acceptance 
Criteria IV (for 
articles labeled 
as Type III) 
Limit (area %) 

Dihomo aammatlnolenic acid 

0.71 

20:3 n-6 

NMT 2.6 

NMT 1.0 

NMT DO 

NMT 1.0 

Arachidonic acid 

0.73 

20:4 n-6 

NMT 1.3 

NMT 3,5 

NMT 3.5 

NMT 3.5 

EicosaDentaenoic acid (EPA) 

0.79 

20:5 n-3 

NMT 3.9* 

NMT 3,5= 

NLT 10.0" 

NMT 20.0-* 

Docosapemaenoic acid fDPA) 

0.94 

22:5 n-6 

NMT 16.5 

NMT 25.0 

NMT 3.5 

NMT 6.0 

Doco5ahexaenoic add (DHA) 

1.00 

22:6 n-3 

NLT 30.0* 

NLT 35.0 1 

NLT 20,0 

NLT 35.0* 


•'Limit is expressed as w/w%. 
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the oven, and allow the vessels to cool to room tem¬ 
peraturę. [Notę—A cool water bath may be used to 
speed the cooling procesu] Vent the vessels when they 
reach room temperaturę. Remove the lids, and slowly 
add 2 ml of hydrogen peroxide to each. Allow the re- 
actions to subsidą and seal the vessels. Return the ves- 
sels on the turntable to the microwave oven, and heat 
for an additional 15 min at 30% power. Remove the 
vessels from the oven, and allow them to coo! to room 
temperaturę. Transfer the cooled digests to 25-mL volu- 
metric flasks, and dilute with water to volume. 

Analysis: Program the graphite furnace as follows. Dry 
at 115°, using a 1-s ramp, a 65-s hołd, and an argon 
flow of 300 mL/min; char the sample at 1000°, using a 
1-s ramp, a 20-s hołd, and an airflow of 300 mL/min; 
cool down, and purge the air from the furnace for 10 s, 
using a 20° set temperaturę and an argon flow of 
300 mL/min; atomize at 2400°, using a 0-s ramp and a 
5-s hołd with the argon flow stopped; and dean out at 
2600° with a 1-s ramp and a 5-s no!d. Separately inject 
equal volumes (20 pL) of the Standard Solutions, the 
Sampie solution, and the Blank, followed by an injection 
of 5 uL of Sofution C for each of the sampfes, into the 
graphite tubę of a suitable graphite furnace atomie ab* 
sorption spectrometer eguipped with a hollow-cathode 
lamp for arsenie. Determine the peak area af the arsenie 
emission linę at 193.7 nm, corrected for background 
absorption. Plot the corrected peak areas of the Stan¬ 
dard Solutions versus their contents of arsenie, in pq/mL, 
and calculate the regression linę best fitting the potnts. 
Determine the concentration, C, in pg/mL, of arsenie in 
each mL of the Sample solution by interpolation from 
the regression linę. 

Calculate the content of arsenie in the portion of 
Schizochytrium OH taken: 

Result = (C/W)x 25 

C = concentration as obtained above 
W = weight of Schizochytrium Oil taken to prepare 
the Sample solution (g) 

Acceptance criteria: NMT 0,1 pg/g 

* Limit of Lead 

[Notę—F or the preparation of aII aqueous Solutions and 
for the rinsing of glass, polytef, and plastic vesseis 
before use, use water that nas been passed through a 
strong-atid, strong-base, mixed-bed ion-exchange resin 
before use. Select alf reagents to have as Iow a content 
of lead as practicable, and storę all reagent Solutions in 
containers of borosilkate glass. Cleanse gJass, polytef, 
and plastic vessels before use by soaking in warm 8 N 
nitric add for 30 min and by rinsing with deionized 
water.] 

Solution A: 10 g of ultrapure monobasic ammonium 
phosphate in 1 mL of nitric acid and 40 mL of water to 
dissolve the phosphate. Dilute with deionized water to 
100 mL 

Solution B: Transfer 1 q of ultrapure magnesium nitrate 
to a Teflon beaker. Add 40 mL of water and 1 mL of 
nitric acid, and warm on a hot piąte to dissolve the 
solids, Allow the sofution to cool to room temperaturę, 
transfer it to a 100-mL volumetric fiask, and dilute with 
deionized water to volume. 

Solution C: Solution A, Sofution B t and 2% nitric acid 
(2:1 ;2). A volume of 5 pL provrdes 0.2 mg of phosphate 
plus 0.01 mg of magnesium nitrate. 

Blank: Nitric acid and water (] :19} 

Standard stock solution: Transfer 10.0 mL of lead ni¬ 
trate stock solution TS to a 100-mL volumetric fiask, 
add 40 ml of water and 5 mL of nitric acid, and dilute 
with water to volume. Transfer 1.0 mL of this solution 
to a second 100-mL volumetric fiask, add 50 mL of 
water and 1 mL of nitric acid, and dilute with water to 
volume. This solution contains 0.1 G pg/mL of lead. Ł 


Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain concentrations of 0.002, 

0.005, 0.010, 0.025, and 0.050 pg/mL of lead. 

Sample solution: Prepare as directed for Sample solu¬ 
tion in the test for Limit of Arsenie . 

Analysis: Program the graphite furnace as follows. Dry 
at 120°, using a 1-s ramp, a 55-s hołd, and an argon 
flow of 300 mL/min; char the sample at 850°, using a 
1-s ramp, a 30-s hołd, and an airflow of 300ml/mm; 
cool down, and purge the air from the furnace for 10 s, 
using a 20* set temperaturę and an argon flow of 
300 mL/min; atomize at 2100°, using a 0-s ramp and a 
5-s hoJd with the argon flow stopped; and dean out at 
2600° with a 1-s ramp and a 5-s hołd. Separately inject 
equal vofumes (20 pL) of the Standard Solutions , the 
Sampie solution , and the Blank , followed by an injection 
of 5 pL of Solution C for each of the sampfes, into the 
graphite tubę of a suitable graphite furnace atomie ab¬ 
sorption spectrometer equipped with a hollow-cathode 
lamp for lead. Determine the peak area at the lead 
emisslon linę at 283.3 nm, corrected for background 
absorption. Plot the corrected peak areas of the 
dard Solutions versu$ their contents of lead, In pg/mL, 
and calculate the regression linę best fitting the points. 
Determine the concentration, C, in pg/mL, of lead in 
each mL of the Sample solution by interpolation from 
the regression linę. 

Calculate the content of lead in the portion of 
Schizochytrium Oil taken: 

Result = (C/W) x 25 

C - concentration, as obtained above 
W = weight of Schizochytrium Oil taken to prepare 
the Sample solution (g) 

Acceptance criterla: NMT 0.1 pg/g 

* Limit of Cadmium 

[Notę—F or the preparation of all agueous Solutions and 
for the rinsing of glass, polytef, and plastic vessels 
before use, use water thal nas been passed through a 
strong-acid, strong-base, mixed-bed ion-exchange resin 
before use. Select all reagents to have as Iow a content 
of cadmium as practicabTe, and storę alf reagent Solu¬ 
tions rn containers of borosilicate glass. Cfeanse glass, 
polytef, and plastic vesseis before use by soaking in 
warm 8 N nitric acid for 30 min and by rinsing with 
deionized water.] 

Solution A: 10 g of ultrapure monobasic ammonium 
phosphate in 40 mL of water and 1 mL of nitric add to 
dissolve the phosphate. Dilute with deionized water to 
100 mL. 

Solution B: Transfer 1 g of ultrapure magnesium nitrate 
to a Teflon beaker. Add 40 mL of water and 1 mL of 
nitric acid, and warm on a hot piąte to dissolve the 
solids. Allow the solution to cool to room temperaturę, 
transfer it to a 100-mL volumefric fiask, and dilute with 
deionized water to volume. 

Sofution C: Solution A, Solution B, and 2% nitric acid to 
volume (2:1:2). A volume of 5 pL provides 0.2 mg of 
phosphate and 0.01 mg of magnesium nitrate. 

Blank: Nitric acid and water (1:19) 

Standard stock solution A: 0.1372 mg/mL of cadmium 
nitrate 

Standard stock solution B: Standard stock sofution A, 
nitric acid, and water (2:1:97). This solution contains 
0.10 pg/mL of cadmium. [Notę—B efore makeup to finał 
volume, dissolve in a portion of water and nitric acid.] 
Standard Solutions: Dilute Standard stock solution B 
with the Blank to obtain concentrations of 0.002, 

0.005, 0.010, 0.025, and 0.050 pg/mL of cadmium, 
Sample solution: Prepare as directed for Sample solu¬ 
tion in the test for Limit of Arsenie. 

Analysis: Program the graphite furnace as follows. Dry 
at 12G Q , using a 1-s ramp, a 55-s hołd, and an argon 
flow of 300 mL/min; char the sample at 850°, using a 
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1-s ramp, a 30-s hołd, and an airflow of 300 mL/min; 
cool down, and purge the air from Ehe furnaee for 10 s, 
using a 20" set temperaturę and an argon fiow of 
300 mL/min; atomize at 2400°, using a 0-s ramp and a 
S-s hołd with the argon flow stoppea; and clean out at 
2600° with a 1-s ramp and a 5-s hołd. Separately inject 
equa! volumes (20 pL) of the Standard Solutions the 
Sampie solu don, and the Blank, followed by an injection 
of 5 piL of Solution C for each of the sarn pies, into the 
grapnite tubę of a suitable graphite furnace atomie ab- 
sorption spectrometer egutpped with a hoilow-cathode 
lamp for cadmium. Determine the peak area at the cad- 
mium emission linę at 228.8 nm, corrected for back- 
ground absorption, Plot the corrected peak areas of the 
Standard Solutions versus their contents of cadmium, In 
pg/mL, and calculate the regression linę best fitting the 
points. Determine the concentration, C, in pg/mL, of 
cadmium in each mL of the Sampie solution by interpo- 
lation from the regression linę. 

Calculate the content of cadmium in the portion of 
Schizochytrium Oil taken: 

Result = (C/W) x 25 

C - concentration, as obtained above 
W - weight of Schizochytrium Oil taken to prepare 
the Sampie solution (g) 

Acceptance errteria: NMT 0.1 jtg/g 

LlMJT OF MERCURY 

Sampie solution: Prepare as dlrected for the Sampie so¬ 
lution En the test for Limit of Arsenie, combining the two 
dupltcate cooled digests into 1.0 mL of Potassium Per- 
manganate Solution (see Mercury (261), Method ila and 
Method lit , Reagents ). 

Analysis: Proceed as directecl for Mercury (261), Method 
Ila and Method Itb, except use a 5 fon dard Mercury Solu¬ 
tion with the equivalent of OJ pg/mL of mercury. 
Acceptance criteria: NMT 0 J pg/g 

SPECIHC TESTS 

a Fats and Fixed Oils (401), Anisidine Value: NMT 20.0 

* Fats and Fixep Oils (401), Atid Value: The free fatty 
adds in 10 g reguire NMT 1.42mL of 0 J N sodium hy- 
droxide for neutralization. 

® Fats and Fixed Oils (401), Peroxide Value: NMT 5.0 

* Fats and Fixed Oils (401), Total Oxidation Value: NMT 
26, calcuJated: 

Result = (2 x PV) + AV 

PV = peroxide value 
AV - anisidine value 

& Fats and Fixed Oils (401), Unsaponifiable Matten NMT 
4.5% 

ADDiTDONAL REQUIREMENTS 

• Packagsng and Storage: Preserve in tight, light-resistant 
containers, and avoid exposure to exeessive heaL 

• Labeling: The label States the content of docosahexae- 
noic acid in mg/g and eicosapentaenoic acid in mg/g If 
its content is NLT 10%. It also States the name and con¬ 
centration of any added antioxidant. ArUcles intended to 
meet Acceptance Criteria II, III, or IV are labeled as Type 
1A, Type II, or Type HI, respectively. 


* USP reference standards (11) 

USP Docosahexaenoic Acid Ethyl Ester RS 
USP Eicosapentaenoic Acid Ethyl Ester RS 
USP Methyl Tricosanoate RS 


Schizochytrium Oil Capsules 

DEFINITION 

Schizochytrium Oil Capsules are prepared from Schizochy¬ 
trium Oil and contain NLT 95.0% and NMT 105.0% of 
the labeled amount of docosahexaenoic acid (DHA; 
C 22 H 32 O 1 ) (C22:6 n-3). 

IDENT1FICATEON 

* Loimg Chain Unsaturated Fatty Acid Profile: Proceed 

as directed under Strength, Content of DHA. 

Analysis 

Samples: Standard Solution 2a , Standard Solution 2h , 
and Test solution I 

Calculate the area pereentage for each fatty acid as 
methyl ester in Test solution 1: 

Result = (fu/rf) x 100 

fu ~ peak response of each indMdual fatty acid as 
methyl ester 

r T = sum or the responses of all the peaks, except 
the sofvent and butylated hydroxytoiuene 
peaks 

Acceptance criteria: The retention times of the peaks 
of the docosahexaenoic acid methyl ester and the 
eicosapentanoic acid methyl ester of Test solution J cor- 
respond to those of the docosahexaenoic acid methyl 
ester and eicosapentaenoic acid methyl ester peaks 
from Standard Solution 2a and Standard Solution 2b t re- 
specti vely, as obtained in the test for Fats and Fixed Oils 
(401), O mego-3 Fatty Adds Determination and Profile , 
Content of FPA and DHA. The area pereentage for the 
methyl esters of the fatty acids from the chromatografu 
of Test solution 1 En the test for Content of EPA and DHA 
meet the requirements for each fatty acid shown in the 
table below. 


Fatty 

Acid 

Relative 

Retention 

Time 

Short- 

hand 

Notatian 

Lower 
Limit 
(Area °/<0 

Upper 
Limit 
(Area %) 

D i homo 
gammali- 
nolenic 
ad ci 

0.71 

20:3 n-6 

T.7 

23 

Arach ido nic 
add 

0.73 

20:4 n-ó 

0.6 

13 

Eicosapen- 
taenofc 
acid (EPA) 

0.79 

20:5 n-3 

13 

3.9 

Docosapenta 
enoic add 
fDPAn-6) 

0.94 

22:5 n-6 

10.5 

16.5 

Doco$ahex- 
aenoic 
acid (DHA) 

1.00 

22:6 n-3 

30.0 

40.0 


STRENGTH 
* Content of DHA 

Test solution 1 and Test solution 2: Weigh NLT 10 
Capsules in a tared weighing bottle. With a shaip blade 
or other appropriate means, earefutly o pen the Cap- 
sules, without loss of the shell materiał, and transfer the 
combined Capsule contents to a 1 00-mL beaker. Re- 
move any adhering substance from the emptied Cap- 
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sules by washing with several smali portions of isooc- 
tane. Discard the washings, and allow the empty 
Capsules to dry In a current of dry air until the isooc- 
tane is compietely evaporaled. Weigh the empty Cap¬ 
sules in the originaJ tared weighing bottle, and cafcuiate 
the average fili weight (AFW) of schizochytrium ofl per 
Capsule. Proceed with the content of Capsules as di¬ 
rected m the 4na/ys/s. 

Analysis: Proceed as directed in Fats and Fixed Olls 
<401}, Omega-3 Fatty Acids Determination and Profile , 
Content of EPA and DHA, 

Calcu [ate the percentage of the labeled amount of do- 
cosahexaenoic acid (DHA) in the Capsules fcaken: 

Result — R x AFW/L 

R = percentage of DHA in the portion of oit taken 
from the Capsules 

AFW = averaqe fili weight of the Capsules taken (mg) 

L = the labeled amount of DHA (mg/Capsule) 
Acceptance criteria: NLT 95.0% and NMT 105*0% of 
the labeled amount of DHA 

PERFORMANCE TEST5 

o 0I5INTEGRATIGN AND DlSSOLUTtON DF DlETARY SUPPLEMENTS 

(2040); Meet the requirements of the Rupture Test for 
Soft Shell Capsules 

a Weight Variation of Dietary Supplements (2091): Meet 
the reguirements 

IMPURIT1ES 
* LIMIT OF Arsenic 

[Notę—F or the preparation of atl aqueous Solutions and 
for the rinsing of glass, polytef, and plastic vessels 
before use, use water that bas been passed through a 
strong-acid, stron g-base, mixed-bed ion-exchange resin 
before use. SeEect alf reagents to have as Iow a content 
of arsenie as practicable, and storę all reagent Solutions 
in contalners of borosillcate glass. Cleanse glass, poiytef, 
and plastic yessels before use by soaking in warm 8 N 
nitric acid for 30 min and by rinsing with deionized 
water,] 

Solution A: Transfer 1 g of ultrapure palladium metal 
into a Teflon beaker. Add 20 mL of water and 10 mL of 
nitric acid, and warm on a hot piąte to dissolye. Allow 
the solution to cool to room temperaturę, transfer it 
into a 100-mL yolumetric fiask, and difute with deion¬ 
ized water to volume, 

Solution B: Transfer 1 g of ultrapure magnesium nitra te 
into a Teflon beaker. Add 40 ml of water and 1 ml of 
nitric acid, and warm on a hot piąte to dissolve the 
solids* Allow the solution to cool to room temperaturę, 
transfer it into a 100-mL yolumetric fiask, and dilute 
with deionized water to volume. 

Solution C: Solution A, Solution B f and 2% nitric acid 
(3:2:5). A volume of 5 pL proyides 0.015 mg of palla¬ 
dium and 0*01 mg of magnesium nitra te. 

Blank: Nitric acid and water (1:19) 

Standard stock solution: Transfer 10.0 mL of Standard 
Arsenie Solution , prepared as directed in Arsenie (21 1), 
to a 100-mL yolumetric fiask. Add 40 mL of water and 
5 mL of nitric acid, and dilute with water to yolume* 

This solution contains 0.10gg/mL of arsenie. 

Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain concentrations of 0.002, 

0.005, 0.010, 0.025, and 0,050 pg/mL of arsenie. 

Sample solution: For preparation of the Sample solu¬ 
tion , use a microwaye oven with a magnetron fre- 
quency of 2455 MHz and a seiectable output power of 
0-950 watts in 1% inerements, eguipped with ad- 
yanced composite yessels with 100-mL polytef liners. 

Use rupture membranes to yent vessefs should the pres- 
sure exceed 125 psi. The yęssels fit into a turntable, and 
each yessel can be yented into an overflow Container. 


Equip the microwaye oven with an exhaust tubę to 
yentilate fu mes. [Caution —Wear proper eye protectlon 
and protectiye clothing and gloves.] 

Transfer approximatdy 500 mg of schizochytrium oil 
from Capsules, weighed to the nearest 0.1 mg, Into a 
Teflon digestion yessel liner* Prepare samples in dupli- 
cate. Add 15 mL of nitric acid, and świr! gently. Cover 
the yessels with lids, leaying the vent fitting off. Predb 
est overnighf under a hood. Place the rupture mem- 
rane in the vent fitting, and tighten the lid. Place ail 
yessels on the microwaye oven turntable* Connect the 
vent tubes to the vent trap, and connect the pressure- 
sensing linę to the appropriate yessel. initrate a two- 
stage digestion procedurę by heating the microwaye 
at 15% power for 1 5 min, followed by 25% power for 
45 min. Remove the turntable of yessels from the 
oven, and allow the yessels to cool to room tempera¬ 
turę* [Notę—A cool water bath may be used to speed 
the cooling process.] Vent the yessels when they reach 
room temperaturę, Remove the lids, and slowly add 
2 mL of 30% hydrogen peroxide Lo each. Allow the 
reactions to subside, and seal the yessels. Return the 
yessels on the turntable to the microwaye oven, and 
heat for an additional 15 min at 30% power. Remove 
the yesseis from the oven, and allow tnern to cool to 
room temperaturę. Transfer the cooled digests into 
25-mL yolumetric flasks, and dilute with water to 
yolume. 

Analysis: Program the graphite furnace as follows. Dry 
at 115°, using a 1-s ramp, a 65-s hołd, and an argon 
flow of 300 mL/min; char the sample at 1000°, using a 
1-s ramp, a 20-s hołd, and an airflow of 300 mL/min; 
cool down, and purge the air from the furnace for 10 s, 
using a 20 D set temperaturo and an argon flow of 
300 mL/min; atomize at 2400°, using a G-s ramp and a 
5-s hołd with the argon flow stopped; and clean out at 
2600° with a 1-s ramp and a 5-s hołd. Separately inject 
equal vofumes (20 (iL) of the Standard Solutions the 
Sample solution, and the Blank, followed by an injection 
of 5 pL of Solution C for each of the samples, into the 
graphite tubę of a suitable graphite furnace atomie ab- 
sorption spectrometer eguipped with a holfow-cathode 
lamp for arsenie. Determine the peak area at the arsenie 
emission linę at 1 93*7 nm, corrected for background 
absorption* Piot the corrected peak areas of the Stan- 
dard Solutions versus their contents of arsenie, in irg/mL, 
and caiculate the regression linę best fitting the points* 
Determine the concentration, C, in pg/mL, of arsenie in 
each mL of the Sample solution by Snterpofation from 
the regression linę. 

Caiculate the content of arsenie in the portion of Cap¬ 
sules taken: 

Result = (CIW) x 25 

C - concentration as obtained above 
W - weight of Capsufe content taken to prepare 
the Sample solution (g) 

Acceptance criterra: NMT 0,1 j.ig/g 

o Limit of Lead 

[Notę —For the preparation of ail agueous Solutions and 
for the rinsing of gtass, polytef, and plastic yessels 
before use, use water that nas been passed through a 
strong-add, strong-base, mixed-bed ion-exchange resin 
before use* Select all reagents to have as iow a content 
of lead as practicable, and storę alf reagent Solutions in 
contarners of borosilicate glass. Cfeanse glass, pofytef, 
and plastic yessels before use by soaking in warm 8 Ń 
nitric add for 30 min and by rinsing with deionized 
water*] 

Solution A: 10 g of ultrapure monobaslc ammontum 
phosphate in 1 mL of nitric acid and 40 mL of water to 
dissolve the phosphate. Dilute with deionized water to 
100 mL 
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Sotution B: Ig of ultrapure magnesium nitrate En a 
Teflon beaker. Add 40 mL of water and 1 mL of nitric 
add, and warm on a hot piąte to dissolve the sofids. 
Atlow the solution to cool to room temperaturę, trans¬ 
fer it to a 100-mL volumetric fiask, and dilute with 
deionized water to volume, 

Solution C: Solution A, Solution B, and 2% nitric acid 
(2:1:2). A volume of 5 pL provides 0.2 mg of phosphate 
p[us 0.01 mg of magnesium nitrate. 

Blank: Nitric acid and water (1:19) 

Standard stock solution: Transfer 10,0 ml of lead ni¬ 
trate stock solution TS to a 100-mL volumetric fiask. 

Add 40 mL of water and 5 mL of nitric add, and dilute 
with water to volume. Transfer 1.0 ml of this solution 
to a second 100-mL volumetric fiask, add 50 mL of 
water and 1 ml of nitric acid, and dilute with water to 
volume. ThEs solution contains 040 pg/mL of lead. 
Standard Solutions: Dilute the Standard stock solution 
with the Blank to obtain co ncentra trans of 0.002, 

0.005, 0.010, 0.025, and 0.050 pg/mL of lead. 

Sample solution: Prepare as directed for Sampfe solu- 
tion in the test for Limit of Arsenie. 

Anaiysis: Program the graphite furnace as follows. Dry 
at 120°, using a 1-s ramp, a 55-s hołd, and an argon 
ffow of 300 mL/min; char the sample at 850*, using a 
1-s ramp, a 30-s hołd, and an airflow of 300 mL/min; 
cool down, and purge the air from the furnace for 10 s, 
using a 20° set temperaturę and an argon flow of 
300 mL/min; atomize at 2100°, using a 0-s ramp and a 
5-s hołd with the argon flow stopped; and clean out at 
2600° with a 1 -s ramp and a 5-s hołd, Separately inject 
equal yolumes (20 pL) of the Standard Solutions, the 
Sample solution, and the Blank , followed by an injection 
of 5 ul of Solution C for each of the sampfes, into the 
graphite tubę of a suita ble graphite furnace atomie ab- 
sorption spectrometer eguipped with a hoilow-cathode 
lamp for lead. Determine the peak area at the lead 
emrssion linę at 283.3 nm, corrected for background 
absorptlon. Plot the corrected peak areas of the Stan¬ 
dard Solutions versus therr contents of lead, In pg/mL, 
and calculate the regression linę best fitting the points. 
Determine the concentration, C, in pg/mL, of lead in 
each mL of the Sample solution by interpolation from 
the regression linę. 

Calculate the content of lead in the portion of Capsules 
taken: 

Result = (C/W) x 25 

C = concentration, as obtained above 
W = werght of Ca psute content taken to prepare 
the Sample solution (g) 

Acceptance criteria: NMT 0.1 pg/g 

• Limit of Cadmium 

[Notę—F or the preparation of all aqueous Solutions and 
for the jinsEng of glass, polytef, and plastic vessels 
before use, use water that has been passed through a 
strong-acid, strong-base, mixed-bed 3on-exchange resin 
before use. Setect all reagents to have as Iow a content 
of cadmium as practicabTe, and storę alf reagent solu- 
tions in containers of borosilicate glass. Cleanse glass, 
polytef, and plastic vesse!s before use by soaking In 
warm 8 N nitric acid for 30 min and by rinsing with 
deionized water.] 

Solution A: 10 g of ultrapure monobasic ammonium 
phosphate in 40 mL of water and 1 mL of nitric acid to 
dissolve the phosphate. Dilute with deionized water to 
100 mL 

Solution B: Transfer 1 g of ultrapure magnesium nitrate 
to a Teflon beaker. Add 40 mL of water and 1 mL of 
nitric add, and warm on a hot piąte to dissofve the 
solids. AIJow the solution to cool to room temperaturę, 
transfer it to a 100-mL volumetnc fiask, and dilute with 
deionized water to volume. 


Solution C: Solution A t Sotution B f and 2% nitric acid to 
vo!ume (2:1:2). A vo!ume of 5 pL proyides 0.2 mg of 
phosphate and 0.01 mg of magnesium nitrate. 

Blank: Nitric acid and water (1:19) 

Standard stock solution A: 04 372 mg/mL of cadmium 
nitrate 

Standard stock solution B: Standard stock solution A, 
nitric acid, and water (2:1:97). This solution contains 
O.IOpg/mL of cadmium. [Notę —Before makeup to finał 
volume, dissolve in a portion of water and nitric acid.] 
Standard Solutions: Dilute Standard stock solution B 
with the Blank to obtain concentrations of 0.002, 

0.005, 0.010, 0.025, and 0.050 pg/mL of cadmium. 
Sample solution: Prepare as directed for Sample solu¬ 
tion in the test for Limit of Arsenie . 

Anaiysis: Program the graphite furnace as follows, Dry 
at 120°, using a 1-s ramp, a 55-s hołd, and an argon 
flow of 300 mL/min; char the sample at 850°, using a 
1-s ramp, a 30-s hołd, and an airflow of 300 mL/mfn; 
cool down, and purge the air from the furnace for 10 s, 
using a 20° set temperaturę and an argon flow of 
300 mL/min; atomize at 2400°, using a 0-s ramp and a 
5-s hołd with the argon flow stopped; and efean out at 
2600* with a 1-s ramp and a 5-s hołd. Separately inject 
equal volumes (20 pL) of the Standard Solutions, the 
Sample solution, and the Blank , followed by an injection 
of 5 uL of Solution C for each of the sampfes, into the 
graphite tubę of a suitabie graphite furnace atomie ab- 
sorption spectrometer equipped with a hoilow-cathode 
lamp for cadmium. Determine the peak area at the cad- 
mrum emissfon linę at 228.8 nm, corrected for back¬ 
ground absorption. Plot the corrected peak areas of the 
Standard Solutions versus their contents of cadmium, in 
pg/mL, and calculate the regression linę best fitting the 
points. Determine the concentration, C, in pg/mL, of 
cadmium in each mL of the Sample solution by interpo¬ 
lation from the regression iine. 

Calculate the content of cadmium in the Capsules 
taken: 

Result - (C/W) x 25 

C - concentration, as obtained above 
W - weight of Ca psute content taken to prepare 
the Sample solution (g) 

Acceptance criteria: NMT 0.1 pg/g 

* Limit of Mercury 

Proceed as directed for Mercury (261), Method lla and 
Method llb , except use a Standard Mercury Solution hav- 
ing the equivalent of 04 pg/mL of mercury. 

Sample solution: Prepare as directed for the Sample so- 
lution in the test for Limit of Arsenie, combining the two 
duplicate cooled digests into 1.0 mL of Potassium Per- 
manganate Solution. 

Acceptance criteria: NMT 04 pg/g 

SPECIFIC TEST5 

■ Fats and Fixed Oils, Anisidine Value (401): NMT 20.0, 
determined on the contents of the Capsules 

* Fats and Fiked Oils, Add Vaiue (401): The free fatty 
acids rn 10 g reguire for neutralization NMT 1.42 mL of 
0.1 N sodium hydroxide. 

* Fats and Fixed Oils, Peroxide S/aiue (401): NMT 5.0, de¬ 
termined on the contents of the Capsules 

« Fats and Fixed Oils, Total Oxidatbn Value (TOTOX) 

(401): NMT 26 (determined on the contents of the 
Capsules), calculated as: 

Result = (2x PV) + AV 

PV ~ peroxide vaiue 
AV - anisidine value 

« Fats and Fijłed Oils, Unsaponifiahle Matter (401): NMT 
4.5%, determined on the contents of the Capsules 
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ADD1TIONAL REQUIREMENT5 

* Packaging and Storage; Freserve in tight, light-resistant 
containers, and avoid exposure to exeessive heat. 

* Labeling: The label states the content of docosahexae- 
noic add in mg/Capsule. tt also States the name and 
concentration of any added antioxrdant. 

* USP Reference Standards (11) 

USP Docosahexaenoic Add Ethyl Ester RS 
USP Ekosapentaenoic Acid Ethyl Ester RS 
USP Methyl Tricosanoate RS 


Seienomethionine 


Change to read: 


Anaiysis 

Sampies: Standard solution and Sampie solution 
CalcuJate the percentage of selenomethionine 
(C^HnNO^Se) in the portion of Selenomethfonine 
taken; 

Resuit = (r u lr$) x (Q/Oj) x 100 

r u = peak response from the Sampie sofution 

r$ ~ peak response from the Standard solution 

Q = concentration of USP Seienomethionine RS in 
the Standard solution (mg/mL) 

Cu = concentration of Seienomethionine in the 
Sampie solution (mg/mL) 

Acceptance criteria: 97.0%-103.0% on the as-is basis 

IMPURIT1E5 


Delete the following: 



EąSnNOaSe. 1964 i 

Butanoic acid, 2-amino-4-(methylseleno)-, (5)-; 

(5)-2-AminG-4-(methylseleny3)butyric add # [321 1 -76-5].* {E rr 

l-Apr’ 2016 ) 

DEFINITION 

Seienomethionine contains NLT 97.0% and NMT 103.0% of 
seienomethionine (C 5 HnN0 2 Se) and contains NLT 39.0% 
and NMT 41.0% of selenlum (Se), calculated on the as-is 
basis. 


IDENTI RC ATION 
® A. iNFRARED ABSORPTION (197K) 



ASSAY 
o PROCEDURĘ 

Mobile phase: 6.8 g/L of monobasic potassium phos- 
phate in water. Adjust with phosphonc acid to a pH of 
2.75 ± 0.25. 

System suitability solution: 0.16 mg/mL of USP Seie¬ 
nomethionine RS and 0.8 mg/mL of USP L-Methionine 
RS In Mobile phase 

Standard solution: 0.16 mg/mL of USP Seienomethio¬ 
nine RS in Mobile phase 

Sampie solution: 0.1 6 mg/mL of Seienomethionine in 
Mobile phase with sonication. Pass through a membranę 
filter of 0.45-j.mn porę ssze. 

Chromatographic system 
(See Ch rosn a tog ropny (621), System Suitability.) 

Modę: LC 

Detector: UV 220 nm 

Column: 4.6-mm x 25-cm; packing LI with polar end- 
capping 

Flow ratę: 1 ml/min 
Injection size: 20 pi 
System suitability 
Sampie: System suitability solution 
[NOTĘ—The relative retention times for methionine and 
seienomethionine are 0.8 and 1.0, respectively.] 
Suitability reguirements 
Resolution: NLT 3.0 between methionine and 
seienomethionine 

Tailing factor: NMT 2.0 for the seienomethionine 
peak 

Relative standard deviation: NMT 2.0% for the se¬ 
ienomethionine peak 


* * Heaw Metals, Method i (231): NMT 20 ppm® (oim *n- 

|an-Z 018 J 

* Limit of Sodium 

Standard stock solution: 1 0 pg/ml of sodium from so- 
dium chloride, previous3y dried at 105 a for 2 h 
Standard Solutions: 0.2, 0.5, and 1.0 ug/mL of so¬ 
dium. Pipet 2.0, 5.0, and 10.0 ml of Standard stock so¬ 
lution into separate 100-mL volumetric flasks. To each 
fiask add 2.0 mL of potassium chloride solution (1 in 5) 
and 1.0 ml of hydrochlonc acid, and dilute with water 
to voJume. 

Sampie solution: Transfer 100 mg of Seienomethionine 
to a 100-mL volumetric fiask, add 2.0 mL of potassium 
chloride solution (1 in 5) and 1.0 ml of hydrochlonc 
acid, and dilute with water to volume. 

Instrumental eonditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelenqth: 589 nm 
Lamp: Sodium holTow-cathode 
Flame: Air-acetyfene 
Analysis 

Sampies: Standard Solutions and Sampie solution 
Determine the absorbances of the Solutions. Plot the 
absorbances of the Standard Solutions versus their 
concentrations (pg/mL of sodium), and dra w the 
straiaht linę best fitting the pfotted points. From the 
graph so obtained, determine the concentration of 
sodium, C Na (pg/mL), in the Sampie solution. 

Calculate the percentage of sodium in the portion of 
Seienomethionine taken: 

Resuit - (CnJCsa) x Fx 100 

C Wo - concentration of sodium tn the Sampie solution 
(pg/mL), determined from the regression linę 
Cs* - concentration of Seienomethionine In the 
Sampie solution (mg/mL) 

F - tonversion factor, 0.001 mg/pg 
Acceptance criteria: NMT 0.1% 

* Chromatographic Purity 

Standard solution A: Transfer 50 mg of USP Seieno¬ 
methionine RS to a 10-mL volumetric fiask, add 2 mL of 
water, warm to dissolve if necessary, and dilute with 
methanol to volume. 

Standard solution B: Transfer 1 .0 mL of Standard solu- 
tion A to a 100-mL Yolumetric fiask, and dilute with 
methanol to voiume, 

Sampie solution: Transfer 50 mq of Seienomethionine 
to a 10-mL volumetric fiask, add 2 ml of water, warm 
to dissolve if necessary, and dilute with methanol to 
volume. 
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Chromatographk system 

(See Chromatograpny {621), System Suitability.) 

Modę: TLC 

Absorbent: 0.25-mm layer of chromatographic sfllca 
gel mixture 

Application voiume: 1 0 pL 

DeveIoping solvent: Butanol, glacial acetic acid, and 
water (4:1:1) 

Spray reagent: 2 mg/mL of ninhydrin Sn aieohol 
Anaiysis 

Samples: Standard solution A t Standard salut ton B, and 
Sampfe solution 

Proceed as directed for Chromatography {621), Thin- 
Layer Chroma tog raphy. Al Iow the spots to dry, and 
devetop the chro mato gram tn the Developing solvent 
until the sofvent front nas moved three-fourths of the 
length of the piąte. Remove the piąte from the deveh 
oping chamber, mark the soJvent front, and alfow the 
solvent to eyaporate* Locate the spots on the piąte 
by spraying with Spray reagent and drying Et at 110° 
for 10 min. 

Acceptance criteria: NMT 1.0%. The R V value of the 
prindpal spot of the Sample solution corresponds to that 
of Standard solution A; and no spot, other than the 
prindpal spot of the Sample solution, is lamer or morę 
intense than the prindpal spot of Standom solution B . 

SPECIFIC TESTS 

« Optical Rotation, Specific Rotation (781S) 

Sampfe solution: 10 mg/mL in 1 N hydrochloric acid 
Acceptance criteria: +17.0° to +19.5° 

o CONTENT OF SELENIUM 

[Caution—S elenium is toxic; handle it with carej 
Standard stock solution: Dissolve 1 g of metalik sele¬ 
nium in a minimum volume of nitric add. Evaporate to 
dryness, add 2 ml of water, and evaporate to dryness* 
Repeat the addition of water and evaporation to dry- 
ness three times. Dissolve the residue in 3 N hydrochlo- 
ric add, transfer to a 10GO-mL volumetric fiask, and di- 
lute with 3 N hydrochloric add to volume< This solution 
contains 1000 jig/mL of selenium. 

Standard Solutions: 20, 50, and IGOug/mL of sele¬ 
nium. Pipet 2.0, 5.0, and 1 0,0 mL of Standard stock so¬ 
lution into separata 100-mL vofumetric ffasks. Dilute the 
contents of each fiask with water to yolume. 

Sample solution: 0.125 mg/mL of Selenomethionine in 
water 

Instrumentai conditions 

(See Atomie Absorption Spectroscopy (852)0 
Modę: Atomie absorption spectrophotometry 
Analytrcal wavefength: 196 nm 
Lamp: Selenium hollow-cathode 
Flame: Air-acetylene 
Blank: Water 
Anaiysis 

Samples: Standard Solutions and Sampfe solution 
Defermine the absorbances of the Solutions. Plot the 
absorbances of the Standard Solutions yersus their 
concentrations (pg/inL of selenium), and draw the 
stralght linę best fitting the plotted points. From the 
grapn so obtained, determine the concentration of 
selenium, (pg/mL), in the Sample solution , 

Calculate the percentage of selenium in the portion of 
Selenomethionine taken: 

Result = (CWCm) x F x 100 

Cse = concentration of selenium in the Sample 
solution (jig/mL), determined from the 
regressionline 

Cu ~ concentration of Selenomethionine in the 
Sample solution (mg/mL) 

F - conversion factor, 0.001 mg/jug 


Acceptance criteria: 39.0%~41.0% on the as-is basis 

ADDITIONAL REQU3REMENT5 

■ PACKAGfNc AND Storage; Preserve in weli-ciosed 
containers. 

• USP Reference Standard* (11) 

USP L-Methionine RS 
USP Selenomethionine RS 


Serirae —see Serine General Monographs 


Siberian Cinserag —see Eleuthero 


Slippery Efim —see Elm General Monographs 


Sodium Ascorbate —see Sodium Ascorbate 
General Monographs 


Add the foHowing: 


^Sodium Ferrous Citrate 



CuHmFeNa.jOi-1 526.00 

Tetrasodium biscitrato iron (I!) [43160-25-4]. 

DEEINITION 

Sodium Ferrous Citrate contains NLT 10,0% and NMT 
11 .0% of iron (Fe), calcu la Łed on th e as- is basis. 

IDENTIFICATION 

* A, Sodium 

Sample: Ignile 3 g of Sodium Ferrous Citrate at 
5QG a -600 y for 3 h. 

Acceptance criteria: The residue obtained from the ig- 
nilion imparts an intense yellow color to a nonluminous 
flame. 

* B. Identification Tests—General (191), Chemical Identifi¬ 
cation Tests, Iron i, 4., Ferrous salts: A solution of 10mg/ 
mL of Sodium Ferrous Citrate tn 5% hydrochloric add 
meets the requirements. 

* C Citrate 

Sample: 0.5 g of Sodium Ferrous Citrate 
Anaiysis: Transfer the Sample to an appropriate Con¬ 
tainer, Add 5 mL of water and 10 mL of 4% potassium 
hydroxide solution. Heat the solution in a water bath 
for 10 min while stirring welL AIJow the solution to cooi 
to room temperaturę and filier*. Neutralize a portion of 
the fil tratę with 50% acetic acid, add an excessive 
amount of 7.5% calcium chloride solution and boil. A 
white crystalline precipitate is formed. Collect the 
precipitate, 

Acceptance criteria: The precipitate formed does not 
dissolye upon addition of 4% sodium hydroxide solu- 
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tion; the predpitate does dtssolve in 25% hydrochloric 
ad d sol u tion* 

* D. COMPLEX SAIT OF FERROUS IRON AND CrTRIC ACIDS 

Sample solution: 10 mg/mL of Sodium Ferrous Citrate 
Analysis: Add 2 mL of stronger ammonia water to 5mL 
of the Sample solution, 

Acceptance criteria: A red-brown color develops with 
no precipitation. 

A5SAY 

* CONTENT OF IRON 

Sample: 1 g of Sodium Ferrous Citrate 
Blank: Proceed as directed in the Ano/ys/s without the 
Sample. 

Titrimetric system 
(See Titrimetry (541 ).) 

Modę: Direct titration 
Titrant: 0.1 N sodium thiosulfate VS 
Endpoint detection: Visual 
Analysis: Transfer the Sample to a fiask with a ground- 
glass stop per. Carefully add 25 mL of 5% sulfunc add 
and 2 mL of nitric add to the fiask, and boi! the mix- 
turę for 10 min, Allow the mixture to cool to room 
temperaturę. Add 20 mL of water and 4 g of potassium 
iodide, and immediately stopper the fiask tightly. Atlow 
the mixturę to stand in the dark for 15 min, then add 
100 ml of water. Utratę the liberated iodme with 77- 
trant (indkator: starch T5)* Perform a blank 
determination. 

Calcu la te the percentage of iron (Fe) in the portion of 
the Sample taken: 

Result = {[(V s - Vft) x N x F\/W} x 100 

IA = Titrant vo!ume consumed by the Sample (ml) 

= Titrant volume consumed by the Blank (mL) 

N == actual Tttrant normality (mEq/mL) 

F - equivalency factor, 55.85 mg/mEq 
W ~ Sample weight (mg) 

Acceptance criteria: 10.0%-11,0% on the as-is basis 

IMPURITJES 

* Chlor idę and Sulfate (221), Cbloride 

Standard solution: 0/10 mL of 0.020 N hydrochloric 
acid 

Sample: 73 mg of Sodium Ferrous Citrate 
Acceptance criteria: NMT 0.1% 

* Chlor ide and Sulfate (221), Sulfate 

Standard solution: 1.0 mL of 0.20 N sulfuric acid 
Sample: 200 mg of Sodium Ferrous Citrate 
Acceptance criteria: NMT 0,5% 

* Ferric Iron 

Sample: 2.0 g of Sodium Ferrous Citrate 
Anafysis: Transfer the Sample to an appropriate fiask 
with a ground-glass stopper, dissolve in 5 mL of hydro- 
chloric add, and dilute with water to 30 mL. Add 4 g of 
potassium iodide and close the fiask with the stopper. 
Allow the mixture to stand in the dark for 15 min. Add 
2 mL of starch T5, and mix welL 
Acceptance criteria: A color devefops and disappears 
upon addition of 1.0 mL of 0.1 N sodium thiosulfate V5 
to the solution. 

* ELEMENTAL iMPURmES —Procedures (233) 

Acceptance criteria 
Arsenie: NMT 4.0pg/g 
Lead: NMTlOpg/g 
Mercury: NMT 3.0pg/g 

SPECIFIC TESTS 

* Tartrate 

Sample: 1.0 g of Sodium Ferrous Citrate 
Analysis: Transfer the Sample into an appropriate Con¬ 
tainer. Carefully add 5 mL of water ano 10 mL of 6.7% 
(w/v) potassium hydroxide solution, Heat the mixture in 
a water bath for 10 min whtle stirring well. Allow the 
mixture to cool to room temperaturę and filter. To 5 mL 


of the filtrate, add 25% acetic acid solution to make the 
mbeture weakly acidic, and 2 ml of acetic acid. Allow 
the solution to stand for 24 h* 

Acceptance criteria: No white, crystalline predpitate is 
formed. 

ADDITION AL REQUIREMENTS 

» Packacinc and Storage; Preserve in well-dosed 
containers. 

• Labeling: Label it to indicale that it is not to be used if it 
is coated with brownish yellow basie ferric sulfate. 


Powdered Soy l$oflavones Extract 

DEFINITION 

Powdered Soy isoflavones Extract is prepared from the seeds 
of Glycine max Merr* (Fam. Fabaceae) by extraction with 
water or hydroalcoholic mixtures* It contains NLT 90.0% 
and NMT 110.0% of the labeled amount of isoftavones, 
ca kula ted on the dried basis as the sum of daidzin, glyci- 
tin, genistin, and one or morę of the following isofla- 
vones: malonyl daidzin, malonyl glycitin, malonyl genistin, 
acetyl daidzin, acetyl glycitin, acetyl genistin, daidzein, 
glycitein, and genistein. 

IDENTIFICATION 

• A. HPLC Identification Test 

Analysis: Proceed as directed in the test for Content of 
lsoftavones * 

Acceptance criteria: The retention times of the daidzin, 
glycitin, and genistin peaks from the Sample solution 
correspond to those of Standard Solutions A-E. 

eoMPOsmoN 

* Content of Isoflavone$ 

Diluent: Acetonitrile and water (2:3) 

Internal standard solution: 2.0 mg/mL USP Apigenin 
RS in dimethyl sulfoxide. [NOTĘ—This solution is stable 
for 6 months when stored in a tightly closed, light- 
resistant glass Container at room temperaturę,] 

System suitability solution 1: Transfer 1 g of USP 
Defatted Powdered Soy RS to a centrifuge tubę, fitted 
with PTFE or polyethylene-lined screw caps. Add the 
following in exact volumes: 0.5 mL of Internal standard 
solution , 10 mL of acetonitrile (swirl to dlsperse), and 
6.0 mL of water* Cap, shake on an orbita! or wrist-ac- 
tion shaker for 60 min, add 8.5 mL of water, and centri¬ 
fuge, Pass a portion of the supernatant through a hy- 
drophilic propylene or PVDF membranę having a 0*45- 
jim or finer porę size, discardmg the first 5 mL of 
filtrate* 

System suitability solution 2: Heat 1 g of USP Defatted 
Powdered Soy RS in a shallow porcelain drsh at 120" for 
120 min, and transfer to a centrifuge tubę, fitted with 
PTFE or polyethylene-lined screw caps, Add the follow¬ 
ing in exact vofumes: 0.5 mL of Interna! standard solu - 
tion t 10 mL of acetonitrile (swiri to disperse), and 
6*0 mL of water* Cap, shake on an orbita! or wrist-ac- 
tion shaker for 60 min, add 8.5 mL of water, and centri¬ 
fuge, Pass a portion of the supernatant through a hy- 
drophilic propylene or PVDF membranę having a 0,45- 
jim or finer porę size, discarding the first 5 mL of fil¬ 
trate, 

[NOTĘ— Standard stock solution and Standard Solutions 
A-E are stable for 2 months when stored in a tightly 
cfosed, light-resistant glass Container at room 
temperaturę.] 

Standard stock solution: Contains the following in di- 
methyi sulfoxide: 2.0 mg/mL of USP Daidzin RS, 

0.5 mg/mL of USP Glycitin RS, 2.0 mg/mL of USP 
Genistin RS, 0.2 mg/mL of USP Daidzein RS, 0,2 mg/mL 





USP40 


Dietary Supplements / Soy lsoflavones 7197 


of USP Glycitdn RS, and 0,2 mg/ml of USP Genjstein 
RS 

Standard solution Ar Add 0.5 mL of Standard stock so¬ 
lution and 0.5 mL of InternaI standard solution to a 
25-mL vo!umetnc fiask, and dilute with Diluent to 
yolume. 

Standard solution B: Add 1.0 mL of Standard stock so¬ 
lution and 0.5 mL of Internal standard solution to a 
25-mL yolumetric fiask, and dilute with Diluent to 
volume. 

Standard solution C: Add 1,5 mL of Standard stock so¬ 
lution and 0.5 ml of internat standard solution to a 
25-mL volumetrk fiask, and dilute with Diluent to 
volume. 

Standard solution D: Add 2,0 mL of Standard stock so¬ 
lution and 0.5 mL of Internal standard solution to a 
25-mL volumetrk fiask, and dilute with Diluent to 
volume. 

Standard solution E: Add 2.5 ml of Standard stock so¬ 
lution and 0.5 mL of Interna! standard solution to a 
25-mL volumetric fiask, and dilute with Diluent to 
yolume. 

Sample solution: Transfer a quantity of Powdered Soy 
tsoflavones Extract, equivatent to NMT 5 mg of isofla- 
vones, to a 30-mL giass centrifuge tubę, fitted with a 
PTFE or polyethylene-lined screw cap, Add the following 
in exact voiumes: 0.5 mL of Internal standard solution, 

10 ml of acetonitrile (swirl to disperse), and 6.0 mL of 
water, Cap, shake on an orbita! or wrist-action shaker 
for 60 min, add 8.5 mL of water, and centrifuge. Pass a 
portion of the supernatant through a hydrophilic pro- 
pylene or PVDF membranę having a 0.45-pm or finer 
porę stze, discarding the first 5 ml of filtra te. [Notę— Do 
not use nylon filters. Analyze samples containing signifh 
cant amounts of acetyl and/or malonyl isof!avones 
within 4 h of preparation,] 

Solution Ar 0.05% phospnoric add tn water 
Solution B: Acetonitriie 
Mobile phase: See Table ?, 


Table 1 


Time 

Solution A 

Solution B 

(min) 

f%) 

<%) 

0 

90 

10 

60 

70 

30 

60.S 

10 

90 

63,5 

10 

90 

64 

90 

10 

74 

90 

10 


Chromatographic system 
(See Chromatograpny (62 1), System Suita bil i ty.) 

Moder IC 

Detectorr UV 260 nm 

Column: 3.0-mm x 25-cm; 5-pnn packing LI 

Column temperaturę: 40° 

Flow ratę: 0.65 mL/min 
Iniection sizer 5 pL 

[NOTĘ—System suitability 1 and System suitability 2 must 

both be met,] 

System suitability 1 
Sample: Standard solution C 
Suitability reąuirements 

Chromatogram similarity: The chromatogram from 
Standard solution C is similar to the refence chromato¬ 
gram provided with the lot of USP reference standard 
being used for the isoffavones mentioned. 

Tailtng factor: NLT 0.8 and NMT 1.2 for the daidzin 
peak 

Relative standard deviation: NMT 2.0% for the 
genistin peak 


System suitability 2 

Samples: System suitability solution i and System suita¬ 
biiity solution 2 

Suitability requirements 

Chromatogram similarity: The chromatograms from 
System suitability solution 1 and System suitability solu¬ 
tion 2 are similar to those provided with the lot of 
USP Defatted Powdered Soy RS being used. 
Resolution: NLT 1.0 between the acetyl glycitin and 
malonyl genistin peaks, and NLT 2.0 between any 
other consecutive pair of isoflavone peaks 
An a łysi s 

Samples: Standard Solutions A-E and Sample solution 
Measure the peak areas of the anafytes and the internal 
standard. Determine the ratio of the peak areas of 
each analyte to the internal standard peak area. Plot 
the ratios of the relevant peak responses versus the 
concentrations, in mq/mL, of each analyte obtained 
from the Standard Solutions A-E f and determine the re¬ 
gres sion linę by least-sauares analysis. The correlation 
toefficient for each of me regression lines is NLT 
0.999. From the graphs so obtained, determine the 
concentration, C, In mg/mL, of the reievant analyte in 
the Sample solution. 

Separately calculate the percentages of daidzin, glycitin, 
and genistin, and of daidzein, gFydtein, and genistein, 
if present, in the portion of Powdered Soy Isoflavones 
Extract taken: 


Result s (C/W) x Vx 100 

C = concentration of each isoflavone as 

determined above, for the Sample solution 
(mg/mL) 

W = weight of Powdered Soy lsoflavones Extract 
taken to prepare the Sample solution (mg) 

V = finał solution volume of the Sample solution 

(mL) 

Identify the peaks of malonyl daidzin, malonyl glycitin, 
acetyl daidzin, acetyl glycitin, malonyl genistin, and 
acetyl genistin by comparison with the reference 
chromatograms provided with USP Defatted Powdered 
Soy RS and by tne difference tn peak abundance 
between System suitability solution l and System 
suitability solution 2. [NOTĘ—Malonyl derivates are con- 
verted into acetyl derivatives by heat. Maionyl derka- 
tives are morę abundant in System suitability solution I 
and acteyl derivatfves are morę abundant in System 
suitability solution 2.] From the graphs obtained for 
daidzin, glycitin, and genistin, determine the corre- 
sponding concentration, C, In mq/mL, of the malonyl 
and acetyl derivatives, if present, in the Sample 
solution . 

Separately calculate the percentages of malonyl daidzin, 
acetyl daidzin, malonyl glycitin, acetyl glycitin, malonyl 
genistin, and acetyl genistin in the portion of Pow- 
aered Soy lsofiavones Extract taken: 

Result = (QW)x VxFx 100 

C = concentration of each isoflavone as 

determined above, for the Sample solution 
(mg/mL) 

W ~ weight of Powdered Soy lsoflavones Extract 
taken to prepare the Sample solution (mg) 

V - finał solution volume of the Sample solution 

(mL) 

F - conversion factor: malonyl daidzin, 1.207; 
acetyl daidzin, 1.101; malonyl glycitin, 

1.193; acetyl glycitin, 1.094; mafonyl 
genistin, 1.199; and acetyl genistin, 1.097 
Calculate the percentage of isoflavones in the portion of 
the Powdered Soy lsoflavones Extract taken (P) by 
addino the percentages calculated for all analytes 
present. 
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Calculate the percentage of the labeled amount of 
isoflayones in the portion of the Powdered Soy 
lsoflavones Extract taken: 

Result = (P/L) x 100 

P = sum of the individual percentages of each 

isoflavone in the Powdered Soy Isof3avones 
Extract taken, as calculated above {%) 

L - labeled amount of isaflavones In the 

Powdered Soy lsoflavones Extract (%) 
Acceptance criteria: 90,0%=110.0% on the dried basis 

CONTAMINANTS 


Delete the fotłowing: 

# * Heavy Metals, Method li (231); NMT IGpg/g* (Gffteial 

|fln-2Q10J 

* Articles of Botanical Ohigin, Test for Afiatoxins (561): 

Meets the reguirements 

* Mecrobial Enumeration Tests (2021): The total aerobtc 

microbial count is MMT 10“ cfu/g, and the total com- 
bined rnofds and yeasts count is NMT 10* cfu/g. 

® Absence of Specified Microokganisms (2022): It meets 
the requirements of the tests for absence of Salmonella 
species and Escherichia coli 

SPECIFfiC TESTS 

* Loss ON Drying (731): Dry 1 g at 130° for 2 h: it ioses 

NMT 7.0% of its weight. 

* Other Requirements: It meets the reguirements for Resid¬ 

ua! Solvents and Pestkide Residues in Botanical Extracts 
(565). 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight, iight-resistant 
containers, and storę at controJled room temperaturę. 

® Labeling: The tabel States the Latin binomial and, follow- 
ing the offidal name, the part of the plant from which 
the article was prepared. The la bel also indlcates the con- 
tent of isoflavones. It meets other labeling reguirements 
in Botankai Extracts (565). 

® USP Reference Standards (11) 

USP Apigenin RS 
USP Daidzein RS 
USP Daidzin RS 

USP Defatted Powdered Soy RS 
USP Genistein RS 
USP Genistin RS 
USP Glycitein RS 
USP Glycitin RS 


Soy Isoflayones CapsiiiBes 

DEFINITION 

Soy Isoflayones Capsules contain Powdered Soy Isoflayones 
Extract Capsules contain NLT 90.0% and NMT 110.0% 
of the labeled amount of Extract, represented by the sum 
of the content of the isoflayones daidzin, glycitin, genis¬ 
tin, and one or morę of the followlng isoflayones: malonyl 
daidzin, malonyl glycitin, mafonyl genistin, acetyl daidzin, 
acetyl glycitin, acetyl genistin, daidzein, glycitein, and 
genistein, 

IDENTIFICATION 

* The retention times of the daidzin, glycitin, and genistin 
peaks in the chroma tog ram of the Sample solution corre- 
spond to those of Standard Solutions A-E, as obtained in 
the test for Content of !soflavones. 


STRENGTH 

o Content of Isoflayones 

Diluent: Acetonitrile and water (2:3) 

Interna! standard solution: 2.0 mg/mL of USP 
Apigenin RS in dimethyl sulfoxide. [Notę—T his solution 
is stadle for 6 months when stored in a tightly closed, 
light-resistant glass Container at room temperaturę.] 
Malonyl/Acetyl isoflayones retention times check solu¬ 
tion 1: Heat 1 g of USP Defatted Powdered Soy RS in 
a shallow porcelain dish at 120° for 120 min, and trans¬ 
fer to a centrifuge tubę, fitted with PTFE or polyethyl- 
ene-lined screw cap, Add the foIłowing in exact 
yolumes: 0.5 mL of Interna! standard solution , 10 ml of 
acetonitriie (swirl to disperse), and 6.0 ml of water. 

Cap, shake on an orbital or wrist-action shaker for 60 
min, add 8.5 ml of water, mix, and centrifuge. Pass a 
portion of the supernatant through a hydrophilic pro- 
pyfene or PVDF membranę of 0.45-pm or finer porę 
size, discarding the flrst 5 mL of fiftrate. 

Malonyl/Acetyl isoflavones retention times check solu¬ 
tion 2: Transfer 1 g of USP Defatted Powdered Soy RS 
to a centrifuge tubę, fitted with PTFE or polyethylene* 
iined screw cap. Add the followlng in exact volumes: 

0,5 ml of Interna! standard solution , 10 mL of acetoni- 
trile (swirl to disperse), and 6.0 ml of water. Cap, shake 
on an orbital or wrist-action shaker for 60 min, add 
8.5 ml of water, mix, and centrifuge. Pass a portion of 
the supernatant through a hydropnilrc propylene or 
PVDF membranę of O.TS-pm or finer porę size, discard¬ 
ing the first 5 mL of fil tratę. 

[NOTĘ—Ali Standard Solutions and Standard stock Solutions 
are stable for 2 months when stored in a tightly closed, 
llght-resistant glass Container at room temperaturę.] 
Standard stock solution: Contalns the followlng In di¬ 
methyl sulfoxide: 2.0 mg/mL of USP Daidzin RS, 

0.5 mg/mL of USP Glycitin RS, and 2.0 mg/mL of USP 
Genistin RS, 0.2 mg/mL of USP Daidzein RS, 0.2 mg/mL 
of USP Glycitein RS, and 0.2 mg/mL of USP Genistein 
RS 

Standard solution A: Add 0.5 mL of Standard stock so¬ 
lution and 0.5 mL of fnternal standard solution to a 
25-mL volumetrlc fiask, and dilute with Diluent to 
yolurne. 

Standard solution B: Add 1.0 mL of Standard stock so¬ 
lution and 0.5 mL of InternaI standard solution to a 
25-mL yolumetric fiask, and dilute with Diluent to 
volume. 

Standard solution C: Add 1.5 mL of Standard stock so¬ 
lution and 0.5 mL of Internai standard solution to a 
25-mL yolumetric fiask, and dilute with Diluent to 
volume. 

Standard solution D: Add 2.0 mL of Standard stock so- 
luthn and 0.S ml of fnternal standard solution to a 
25-mL volumetric fiask, and dilute with Diluent to 
yolume. 

Standard solution E: Add 2.5 mL of Standard stock so¬ 
lution and 0.5 mL of Interna! standard solution to a 
25’mL yolumetric fiask, and dilute with Diluent to 
volume. 

Sample solution 

Hard-gelatin Capules: Weigh and finely powder the 
content of NLT 20 Capsules. Transfer an accurately 
weighed guantlty of the powder, equivaient to NMT 
5 mg of isoflayones, to a suitable glass centrifuge tubę, 
fitted with PTFE or polyethylene-lined screw cap. 
Soft-gelatin Capsules: Weigh and homogenlze NLT 
20 Capsules. Transfer an accurately weighed quantity 
of the mixture, equivalent to NMT 5 mg of Isoflayones, 
to a suitable glass centrifuge tubę, fitted with PTFE or 
polyethylene-lined screw cap. 

Add the foliowing In exact yolumes to the centrifuge 
tubę: 0.5 mL of internal standard solution , 10 mL of ac¬ 
etonitriie (swirl to disperse), and 6.0 mL of water. Cap, 
shake on an orbital or wrist-action shaker for 60 min, 
add 8.5 mL of water, mix, and centrifuge. Pass a por- 
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tion of the supematant through a hydrophilic propyl- 
ene or PVDF membranę of 0.45-pm or finer porę size, 
discarding the first 5 mL of ftllrate. [Notę—D o not use 
nylon fiiters. Analyze samples containing slgnificant 
amounts of acetyl and/or malonyl isoffavones within 4 
h of preparation.] 

Solution A: 0.05% phosphoric add in water 

Solution B: Acetonitrile 

Mobife phase: See the gradient table below. 


da idzin, acetyl glycitin, malonyl genistin, and acetyl 
genistin in the chromatograms of the Malonyl/Acetyl 
isoflavones ret en tion time s check Solutions by compari- 
son with the Reference Chromatograms providea 
with the USP Defatted Powdered Soy RS. From the 
graphs obtained for daidzin, glycitin and genistin, de- 
termine the concentration, C, in mg/mL, of the corre- 
sponding malonyl and acetyl denvatives, if present, in 
tne Sample solution : 


Time 

{min) 

Solution A 
(%1 

Solution B 

(%> 

0 

90 

10 

60 

70 

30 

60.5 

10 

90 

63.5 

10 

90 

64 

90 

10 

74 

90 

10 


Chromatographte system 

(See Chromatogropny {62 1), System Suitahifity.) 

Modę: LC 

Deteotor: UV 260 nm 

Column: 3.0-mm x 25-cm; 5-jim packing LI 

Column temperaturę: 40° 

Flow ratę: 0,65 mL/rnin 

Injection size: 5 pL 
System suitability 

Samples: Standard solution C, Malonyl/Acetyl isofla - 
vones retention times check solution 7 , and Malonyl/Ace- 
tyl i$oflavone$ retention times check solution 2 

Suitability regmrements 

Chromatogram similarity: The chromatograms ob- 
tained from Standard solution C, Malonyl/Acetyl isofla- 
vones retention times check solution 7, and Malonyl/ 
Acetyl isoflavones retention times check solution 2 are 
similar to the Reference chromatograms provided 
with the USP Defatted Powdered Soy RS. 

Taifing factor: NLT 0.8 and NMT 1.2 for the daidzin 
peak, Standard solution C 

Relath/e standard deviatfon: NMT 2.0%, for the 
genistin peak, in repeated injections, Standard solution 

Resolution: NLT 1.0 between acetyl glydtin and 
malonyl genistin, and NLT 2.0 between any other 
consecutive pair of isoflavone peaks, Malonyl/Acetyl 
isofiavones retention times check solution 2 

Analysis 

Samples: Standard solution A, Standard solution B, 
Standard solution C, Standard solution D, Standard solu¬ 
tion £, Malonyl/Acetyl isoflavones retention times check 
solution 1, Malonyl/Acetyl hofłavones retention times 
check solution 2, and Sample solution 
fdentify the peaks of daidzin, glycitin, genistin, 
daldzem, glycitein, and genistein In the chromato¬ 
grams of Standard Solutions A-E by comparison with 
the Reference Standard Chromatogram provided with 
the appropriate USP Reference Standard used. Meas- 
ure tne peak areas of the analytes and the internal 
standaro peaks. Determine the rado of the peak areas 
of each analyte to the Internal standard peak areas. 
Plot the ratios of the relevant peak responses versus 
the concentrations, in mg/mL, of each analyte ob¬ 
tained from Standard Solutions A-E f and determine 
the regresslon Nne by least-squares analysis. The cor- 
rdation eoefficient for each of the regression lines is 
NLT 0.999. From the graphs obtained, determine the 
concentration, C, in mg/mL, of daidzin, glycitin, and 
genistin, in addition to daidzein, glycitein, and genis¬ 
tein, if present, in the Sample solution . Identify tne 
peaks of malonyl daidzin, malonyl glycitin, acetyl 


Result = C 0 x F 

Co = concentration obtained from the relevant 
graph (mg/mL) 

F = conversion factor for each analyte (1.207 for 
malonyl daidzin, 1.101 for acetyl daidzin, 
1,193 for malonyl glycitin, 1.094 for acetyl 
glycitin, 1.199 for malonyl genistin, and 
1.097 for acetyl genistin) 

Calculate Lhe guantity, T, in mg, of total isoflavones in 
the portlon of Capsules eon ten ts taken: 

Result = V x C T 

V = finał volume of the Sample solution (mL) 

Ct = sum of concentrations (C) (mg/mL) of afl 
relevant isoflavones 

Calculate the percentage of Powdered Soy lsoflavone$ 
Extract with respect to the la bel claim: 

Resutt = Tx (Am/W) x (100/U) x (100/L) 

T = content of total isoflavones in the portion of 
Capsules contents taken (mg) 

Awt = average weight of Capsules contents (mg/ 
Capsule) 

W = weight of the portion of Capsules contents 
taken (mg) 

U - content of total isoffavones, mg, in TOG mg of 
the Extract used to prepare tne Capsules 
L - amount of Extract per Capsule according to 
label claim (mg/Capsule) 

Acceptance criteria: NLT 90.0% and NMT 110.0% of 
the labeled amount of Extract, represented by the sum 
of the content of the isoflavones daidzin, glycitin, genis¬ 
tin and one or morę of the following isoflavones: 
malonyl daidzin, malonyl glycitin, malonyl genistin, ace¬ 
tyl daidzin, acetyl glycitin, acetyl genistin, daidzern, 
glycitein, and genistein 

PERFORMANCE TESTS 

* DlSINTEGRATION AND DlSSOUfTlON OF DIETARY SUPPUMENT5 

(2040); Meet the requirements for Disintegration 

* Weight Variation of Dietary Supplements'{2091): Meet 

the requirements 

CONTAMINANTS 

* Microbial Enumeration Tests (2021): The total aerobic 

microbial count is NMT 10' 1 cfu/g; and the total conv 
bined molds and yeasts count is NMT 10 1 cfu/g. 

® Absence of Specifieo Microorganisms (2022): Capsules 
meet the requirements of the tests for absence of Salmo¬ 
nella species and Escherkhio coli , 

ADDITIONAL REQUIREMENT5 

o Packaging and Storage: Preserve in tight, light-resistant 
containers, and storę at room temperaturę. 

* Labeling: The label States the Latin binomial and, follow¬ 

ing the official name, the article from which the Capsules 
were prepared. Label it to indrcate the amount of Extract, 
in mg, per Capsule. Label it to indicate the percentage of 
isofIavones in the Extract used to prepare the Capsules. 
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® USP reference standard* (11) 
USP Apigenin RS 
USP Daidzein RS 
USP Daidzin RS 

USP Defatted Powdered Soy RS 
USP Cenistein RS 
USP Genistin RS 
USP Glydtein RS 
USP Glydtin RS 


Soy isofE^TOOTes Tafblets 

DEFINITBON 

Soy lsoflavones Tablets contain Powdered Soy lsoflavones 
ExtracL Tablets contain NLT 90.0% and NMT 110.0% of 
the labeted amount of Extract, represented by the sum of 
the content of the isoflavones daidzin, glydtin, genistin 
and one or morę of the following isof!avones: malonyl 
daidzin, malonyl glydtin, malonyl genistin, acetyl daidzin, 
acetyl glycitin, acetyl genistin, daidzein, glydtein, and 
gen js tein. 

IDENTIFICATION 

« The retention times of the daidzin, glydtin, and genistin 
peaks in the chromatogram of the Sample solutton corre- 
spond to those of Standard Solutions A-E t as obtalned En 
tne test for Content of lsoftavones. 

STRENGTH 

® Content of Isofuwones 

Diluent: Acetonitriie and water (2:3) 

Interna! standard solution: 2.0 mg/ml of USP 
Apigenin RS in dimethyl sulfoxide. [Notę—T his soiution 
Es stable for 6 months when stored in a fcightly closed, 
light-resistant glass Container at room temperaturę.] 
Malonyl/Acety) isoflavones retention times check solu¬ 
tfon 1: Heat 1 g of USP Defatted Powdered Soy RS in 
a shallow porcelain djsh at 120° for 120 min, and trans¬ 
fer to a centnfuge tubę, fitted with PTFE or polyethyl- 
ene-llned screw cap. Add the following In exact 
volumes: 0.5 ml of Internai standard solution , 10 ml of 
aceton i tri le (swirl to dlsperse), and 6.0 mL of water. 

Cap, shake on an orbital or wrist-action shaker for 60 
min, add 8.5 mL of water, mix, and centnfuge. Pass a 
portion of the supernatant through a hydrophilic pro- 
pylene or PVDF membrano of 0.45-pm or finer porę 
size, discarding the first 5 mL of filtra te. 

Mafonyl/AcetyT isoflavones retention Efmes check solu¬ 
tfon 2: Transfer 1 g of USP Defatted Powdered Soy RS 
to a centnfuge tubę, fitted with PTFE or pofyethylene- 
lined screw cap. Add the following in exact volumes: 

0.5 mL of Internal standard solution, 1 0 mL of acetoni- 
trile (swrrl to disperse), and 6.0 mL of water. Cap, shake 
on an orbital or wrist-action shaker for 60 min, add 
8.5 ml of water, mix, and centnfuge. Pass a portion of 
the supernatant through a hydrophilic propyfene or 
PVDF membranę of 0.45-jim or finer porę size, discard¬ 
ing the first 5 mL of filtrate. 

[NoTE—Ali Standard Solutions and Standard stock Solutions 
are stable for 2 months when stored in a tightly closed, 
light-resistant glass Container at room temperaturo.] 
Standard stock solutton: Contains the following in di¬ 
methyl suffoxide: 2.0 mg/ml of USP Daidzin RS, 

0.5 mg/mL of USP Glydtin RS, 2.0 mg/mL of USP 
Genistin RS, 0.2 mg/mL of USP Daidzeln RS, 0.2 mg/mL 
of USP Glydtein RS, and 0.2 mg/ml of USP Genistein 
RS 

Standard solution A: Add 0.5 ml of Standard stock so¬ 
lu tion and 0.5 ml of Internal standard solution to a 
25-mL volumetric fiask, and dii Ute with Diluent to 
volume. 


Standard solution B: Add 1.0 mL of Standard stock so¬ 
lution and 0.5 mLof internal standard solution to a 
25-mL volumetric fiask, and di lute with Diluent to 
vo!ume. 

Standard solutton C: Add 1.5 ml of Standard stock so¬ 
lution and 0.5 ml of Interna! standard solution to a 
25-mL yolumetric fiask, and dilute with Diluent to 
volume. 

Standard solution D: Add 2.0 mL of Standard stock so¬ 
lution and 0.5 ml of internal standard solution to a 
25-ml volumetric fiask, and dilute with Diluent to 
volume. 

Standard solution E: Add 2.5 mL of Standard stock so¬ 
iution and 0.5 mL of internal standard solution to a 
25-ml volumetric fiask, and dilute with Diluent to 
vo lunie. 

Sample solution: Accurately weigh and finely powder 
NLT 20 Tablets. Transfer an accurately weighed quantlty 
of the powder, equivatent to NMT 5 mg of isoflavones, 
to a 30-mL glass centnfuge tubę, fitted with a PTFE or 
polyethylenedined screw cap. Add the following in ex- 
act vofumes: 0.5 ml of Internal standard solution , 10 mL 
of acetonitriie (swirl to disperse), and 6.0 ml of water. 
Cap, shake on an orbital or wrist-action shaker for 60 
min, add 8,5 ml of water, mix, and centrifuge. Pass a 
portion of the supernatant through a hydrophilic pro- 
pylene or PVDF membranę of 0.45-j.im or finer porę 
size, discarding the first 5 mL of filtrate. [Notę —Do not 
use nylon filters. Analyze sam pies containing signiflcant 
amounts of acetyl and/or malonyl lsoflavones within 4 h 
of preparation.] 

Solution A: 0.05% phosphorlc acid in water 

Solution B: Acetonitriie 

Mobile phase: See the gradient table below. 


Time 

(min') 

Solution A 

m 

Solution B 

(%) 

0 

90 

10 

60 

70 

30 

60.5 

10 

90 

63.5 

10 

90 

64 

90 

10 

74 

90 

10 


Chromatographk system 

(See Chromatogropny (62 1), System Suita bility.) 

Modę: LC 

Detector: UV 260 nrn 

Column: 3.0-mm x 25-cm; 5-pm padcing LI 

Column temperaturę: 40° 

Flow ratę: 0.65 mL/min 
fnjection size: 5 jiL 
System suitability 

Sam pies: Standard solution C, Malonyl/Acetyl isofla- 
vones retention times check solution 7, and Malonyl/Ace¬ 
tyl isoflavones retention times check solution 2 

SuitabNity requirements 

Chromatogram srmilarity: The chromatograms ob¬ 
talned from Standard solution C, Malonyl/Acetyl isofio- 
vones retention times check soiution 1 , and Malonyl/ 
Acetyl isoflavones retention times check solution 2 are 
simifar to the Reference Chromatograms provided 
with the USP Defatted Powdered Soy RS. 

Tarting factor: NLT 0.8 and NMT 1.2 for the daidzin 
peak, Standard solution C 

Relatwe standard deviation: NMT 2.0%, for the 
genistin peak, in repeated injections, Standard soiution 

Resolution: NLT 1.0 between acetyl glycitin and 
malonyl genistin, and NLT 2.0 between any other 
consecutke palr of isoflavone peaks, Maionyl/Acetyl 
isoflavone s retention times check solution 2 
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Analysis 

Samples: Standard solution Ą Standard solution B, 
Standard solution Q Standard solution D, Standard solu¬ 
tion E, Malonyl/Acetyl isoflavones retention times check 
solution I, Malonyl/Acetyl isoflavones retention times 
check solution 2, and Sample solution 
Identify the peaks of daidzin, glycitin, genistin, 
daidzein, glycitein, and genistein in tne chromato- 
grams of Standard Solutions A-E by comparison with 
the Reference Standard Chromatogram provided with 
the appropriate USP Reference Standard used. Meas~ 
ure the peak areas of the analytes and the mternal 
standard peaks. Determine the ratio of the peak areas 
of each analyte to the interna! standard peak areas. 
Plot the ratios of the relevant peak responses versus 
the concentrations, in mg/mL, of each analyte ob- 
tained from Standard Solutions A-E, and determine 
the regression linę by least-sguares analysis, The tor- 
relatlon coefficient for each of the regression lines is 
NLT 0.999. From the graplis obtained, determine the 
concentration, C, in mg/mL, of daidzin, glycitin, and 
genistin, in addition to daidzein, glyctteln, and genis¬ 
tein, if present, in the Sample solution. Identify tne 
peaks of malgnyl daidzin, malonyl glycitin, acetyl 
dardztn, acetyl glycitin, malonyl genistin, and acetyl 
genistin in the chromatograms of the Malonyl/Acetyl 
tsoflavones retention times check Solutions by compari- 
son with the Reference Chromatograms provided 
with the USP Defatted Powdered Soy RS. From the 
graphs obtained for daidzin, glycitin, and genistin, 
determine the concentration, C, in mg/mL, of the 
corresponding malonyl and acetyl derivatrves, if pres¬ 
ent, in the Sample sofution : 

Result = C, x F 


C, - concentration obtained from the relevant 
graph (mg/mL) 

F = conversion factor for each analyte (1.207 for 
malonyl daidzin, 1.101 for acetyl daidzin, 

1.1 93 for malonyl glycitin, 1.094 for acetyl 
glycitin, U 99 for malonyl genistin, and 
1.097 for acetyl genistin) 

Calculate the guantity, T, in mg, of fotal isoflavones in the 
portion of Tablets taken: 

Result = V x Ct 

V = finał volume of the Sample solution (mL) 

Cr - sum of concentrations (C) (mg/mL) of all 
relevant isoflavones 

Calculate the percentage of Powdered Soy lsoflavones 
£xtract with respect to the labej claim: 

Result = T x (Awr/W) x (1 00/Le) x (100 /L) 

T = content of total isoflavones in the portion of 
Tablets taken (mg) 

Awt = average weight of Tablets (mg/Tablet) 

W = weight of the portion of Tablets taken (mg) 

L t = content of total isoflavones, mg, in 100 mg of 
the Extract used to prepare the Tablets 
L = amount of Extract per Tablet according to 
tabel claim (mg/Tablet) 

Acceptance criteria; NLT 90.0% and NMT 110.0% of 
the labeled amount of Extract, represented by the sum 
of the content of the isoftavones daidzin, gfycttin, genis¬ 
tin and one or morę of the foilowing isoflavones: 
malonyl daidzin, malonyl glycitin, malonyl genistin, ace¬ 
tyl daidzin, acetyl glycitin, acetyl genistin, daidzein, 
glydtein, and genistein 

PERFORMANCE TESTS 

■ Disintecratign and Dissolution of Dietary Supplements 

(2040): Meel the reguirements for Disintegration 


® Weight Variation of Dietary Supplements (2091): Meet 
the requirements 

CONTAMINANTS 

* Mtc robi al Enumeration Tests (2021): The total aerobic 

mtcrobial count is NMT 10 4 cfu/g; and the total com- 
bined molds and yeasts count is NMT 10 3 cfu/g, 

* Absence of Specified Microorganisms (2022): Tablets 
meet the reguirements of the tests for absence of Salmo¬ 
nella spedes and Escherichia coli 

ADDITION AL REQUIREMENTS 

* Packaging and STORAGE: Preserve in tight, light resistant 
containers, and storę at room temperaturę, 

* Labeling: The tabel States the Latin binomial and, follow- 
ing the offlcial name, the article from which the Tablets 
were prepared. Label it to indicate the amount of Extract, 
in mg, per Tablet. Label it to indicate the content, in 
percentage, of isoflavones in the Extract used to prepare 
the Tablets. 

* USP Reference Standards (11) 

USP Apigenin RS 
USP Daidzein RS 
USP Daidzin RS 

USP Defatted Powdered Soy RS 
USP Genistein RS 
USP Genistin RS 
USP Clycitein RS 
USP Glycitin RS 


Spirulina 

DEF1NITION 

Spirulina consists of the dried, whole, blue-green microafgae 
Arthrospiro platensis (Nordstedt) Gomont, synonym Spiru¬ 
lina platensis (Nordstedt) Geitler; Arthrospiro maxima 
Setchell & Gardner, synonym Spirulina maximo (Setchell & 
Gardner) Geitler in Rabenhorst (illegitimate); or Arthrospiro 
fusiformis (Voronichin) j. Komarek & ).W.G. Lund, syno¬ 
nym Spirulina fusiformis Voronichin. 

IDENTIFICATION 

* A. Spirulina meets the recjuirements in Spedfic Tests, 

Descrfption for Macmscopic and Microscopic characteristics. 

* B. Fatty Acids Profile 

Methyl oleate solution; 1 mg/mL of USP Methyl Ofe- 
ate RS in n-heptane 

Standard solution: Dissolve quantities of USP Methyl 
Pafmitate RS, USP Methyl Palmitoleate RS, USP Methyl 
Stearate RS, USP Methyl Oleate RS, USP Methyl Lś- 
noleate RS, USP Methyl Unolenate RS (methyl alpha lin- 
oienate), and methyl gamma linolenate (obtained com- 
mercially) in n-heptane to obtain concentrations of each 
methyl ester as given in Table 1. 


Table t 


Methyl Ester 

Relative 

Retention 

Time 

Concentration 

Cma/mU 

Methyl palmitate 

0.76 

0.8 

Methyl palmitoleate 

0.79 

0.8 

Methvl stearate 

0.97 

0.8 

Methyl oleate 

1.00 

0.8 

Methyl linolea te 

1.06 

0.8 

Methyl pamma linolenate 

1.12 

0.8 

Methyl alpha linolenate 

7,18 

0.8 


Sample solution: Transfer about 100 mg of Spirulina to 
a 50-mL round-bottom fiask, fitted with a water-cooled 
reflux condenser and a magnetic stir bar. Add 100 mg 
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of pyrogaJlic add, 10 ml of 0.5 N methanolic sodium 
hydroxide solution (20 mq/mL of sodium hydroxide in 
methanol), and heat the fiask while stirring under reflux 
for 15 min. Add 5 ml of 14% boron trifluoride-metha- 
nol throuph the reflux condenser Into the fiask, and 
continue boiling for 2 morę min. Add 5,0 mL of rrhep- 
tane through the condenser, and continue boifing for 
an additional 1 min. Cool the fiask, remove the con¬ 
denser, and add 1 5 mL of saturated sodium chloride 
solution. While the solution is still tepid, insert a stopper 
into the fiask, shake vigorousty, and allow the layers te 
separate. Add sufficient saturated sodium chloride solu¬ 
tion to bring the upper n-heptane layer up into fhe 
neck of the fiask. Transfer the n-heptane fayer into a 
suitable Container, add a smalt guantity of anhydrous 
sodium sulfate (previously washed with n-heptane), and 
shake. [Notę —Fatty acids methyl esters should be ana- 
fyzed as soon as possible. They may be kept in an at- 
mosphere of nitrogen at 2° for 24 h.] 

Blank: Use n-heptane. 

Chromatographic system 
(See Chromatography {62 1), System Suitability.) 

Modę: CC 

Detector: Flame ionization 

Coiumn: 0.25-mm x 30-m fused silica capillary; 0.25- 
pm film of phase G16 coating 
Temperatures 
Injector: 220 c 
Detector: 2ó0 u 
Column: See Table 2. 


Table 2 


initial 

Tempera¬ 

turę 

n 

Hoid 
Time 
at 170 c 
(mini 

Tempera¬ 

turę 

Ramp 

{°/min} 

Finał 

Tempera¬ 

turę 

n 

Hołd 
Time at 
Finał 

Tempera¬ 

turę 

(mini 

170 

2 

5 

240 

5 


Carrier gas: Helium 
Flow ratę: 1 mL/min 

Split ratio: 100:1. [Notę —If necessary, adjust the Split 
ratio and/or sample dilution to obtain a tailing factor 
of 0.8-1.5 for the fatty add methyl ester peaks.] 

Injeetion volume: 1 jliL 
System suitability 

Sampfes: Methyl oleate solution and Standard solution 

Suitability requirements 

Resokition: NLT 1.5 between methyl stearate and 
methyl oleate peaks 

Relatrve standard deviation: NMT ó.0% for the peak 
responses of each of the methyl palmitate and methyl 
stearate peaks for repllcate injections; NMT 1.0% for 
the peak response ratio of the methyl palmitate to 
methyl stearate peaks for repllcate injections 
Analysis 

Sam pies: Methyl oleate solution , Standard solution, 
Sample solution, and Blank 

Identify the fatty add ester peaks in the chromatogram 
of fhe Sample solution based on the relative retention 
times given in Tabfe 1 and by comparison to the chn> 
matograms of the Methyl oleate solution and the Stan¬ 
dard solution . Measure the peak response for all of the 
fatty acid ester peaks in the chromatogram from the 
Sample solution. 

Calculate the percentage of each fatty add component 
in the portion of Spirulina taken: 

Re suit = (A/B) x 100 

A = peak response of lndividual fatty add ester 
from the Sample solution 


B - sum of responses of all peaks, excluding the 
solvent, from the Sample solution 
Acceptance criteria: See Tobie 3 for indMdual fatty 
adas. 


Table 3 


Fatty Acids 

Percentage of Total 

_ 

Palmitrc acid 

35-60 

Palmitoelic acid 

2-8 

Stearic acid 

1-5 

Oteic add 

1-7 

Linolek add 

13-25 

Gamma finolenic add 

13-27 

Alpha linolenic add 

<0.5 


» C HPLC FOR CHLOROPHYLL A 

Analysis: Proceed as directed in the test for Content of 
Beta Carotene and Total Carotenoids , except analyze the 
Sample solution and Standard solution at 432 nm, 

Acceptance criteria: The major peak in the Sample so 
lutbn chromatogram is due to cnlorophyll A, at a rela- 
tive retention time of about 0,8 to the peak of aW-trans- 
beta carotene. 

a P, HPLC for Carotenoids 

Analysis: Proceed as directed in the test for Content of 
Beta Carotene and Total Carotenoids. 

Acceptance criteria: The major peak from the Sample 
solution corresponds to that of alhtrans-beta carotene 
from the Standard solution. The Sample solution chro¬ 
matogram exhibits additional peaks due to oscillol 
rhamnoside, myxol rhamnoside, zeaxanthin, allox- 
anthin, echinenone, beta cryptoxanthin, and ds-isomers 
of beta carotene as shown in Tobie 5. [Notę —The ds- 
beta carotene peaks may partia!ly be resolved from the 
albtnms-befa carotene peak,] 

COMPOSITiOM 

* Content of Beta Carotene and Total Carotenoids 

[Notę —It is important to have all giassware ready before 
starting the test. Minimize exposure of the Standard so¬ 
lution and Sample solution to light. Proceed under sub- 
dued light using low-actinic giassware at a room tem¬ 
peraturę not to exceed 25°. The Standard solution and 
Sample solution are stable for 12 h,] 

Solution A: A mixture of a solution of 0.05% butylated 
hydroxytoluene in methanof and water (9:1). Allow the 
mixture to eguilibrate to room temperaturę before ad- 
justing to finał volume with the solution of 0.05% bu¬ 
tylated hydroxytoluene in methanol. 

Solution B: A mixture of a solution of 0.05% butylated 
hydroxytoluene in methanol and methylene chloride 
(88:12). Allow the mixture to equilibrate to room tem¬ 
peraturę before adjusting to finał volume with the solu¬ 
tion of 0,05% butylated hydroxytoluene in methanol. 

Mobile phase: See Table 4. 


Table 4 


Time 

Solution A 

Solution B 

fminł 


CM 

0 

95 

5 

TO 

95 

5 

2.5 

0 

100 

10.75 

0 

100 

11.00 

95 

5 

16 

95 

5 


Diluent: 50 pg/ml of butylated hydroxytoluene in 
methanol 
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Standard stock soiution: 500 gg/mL of USP Beta Caro¬ 
tene RS in methylene chloride. [Notę—P repare fresh at 
the time of use, and minimize the time before it is used 
to prepare the Standard solu don.] 

Standard soiution: 2,5 (ig/mL of USP Beta Carotene RS 
in Diluent from Standard stodr soiution. 

Determine the concentration of the Standard soiution as 
follows. 

Instrumental conditions 

(See Ultravioiet-Visih(e Spectroscopy (857),) 

Modę: Vi$ibie 

Analytical wavelength: 450 nm 
Celi path: 1 cm 
Blank: Diluent 

Take three measurements using three different portions 
of the Standard soiution . 

Calculate the concentration of beta carotene (pg/mL) 
in the Standard soiution: 

Cs ^ (A/F) x (P/100) 

A - ayerage absorbance of the three portions of 
Standard soiution 

f = one thousandth of the absorptivity value of 

beta carotene in Diluent, 0 25 mL.< pg^ ■cm ił 
P ~ percentage of beta carotene relative to total 
carotenoids in the Standard soiution as 
determined befow in the Anafysis 
Sample soiution: [Notę— It may be necessary to grind 
Spirulina into a fine powder using a pestie and mortar 
for the extraction to be exhaustive.] 

Transfer about 30 mg of Spirulina, accurately weighed, 
into a centrifuge tubą aad 3 ml of dimethyl sufroxide, 
and a few glass beads. Mix on a vortex mixer to dis- 
perse the sample. For 15 min, repeat the process of 
immersirig in a water bath maintained at a tempera¬ 
turę of 45° and mixlng on a vortex mixer. Remove the 
lube from the water bath, and centrifuge at about 
4000 rpm for 3 min. Transfer the supernatant to a 
25-mL volumetric fiask. To the residue, add 3 ml of 
methanol, mix on a vortex mixer, centrifuge at about 
4000 rpm for 3 min, and transfer the supernatant to 
the volumetric fiask. Repeat until the last methanol ex- 
tract is colorless. Dilute with methanol to volume, and 
mix, If partides are stiil present in the fina! extract, 
centrifuge a portion at about 4000 rpm for 3 min, anc 
use the supernatant, 

Chromatographic system 
(See Chramatography (621), System Suitability.) 

Modę: LC 

Detector: UV 476 nm 
Cofumns 

Guard: 2,0-mm x 4-cm; 5-pm, 300 A, paęking LI 
Analytical: 2.0-mm x 15-cm; 5-pm, 300 A, packing 

Column temperaturę: 25° 

Flow ratę: 0,5 mL/min 
Injection volume: 50 pL 
System suitablllty 
Sample: Standard soiution 
Suitablllty reguirements 

Inject the Standard soiution repeatedly (about 2-3 
times) until a consistent retention time, within ± 0.2 
min, is obtained. 

Relative standard deviation: NMT 2,0% for beta 
carotene peak 
Analysis 

Sam pies: Standard soiution and Sample soiution 
Using the chromatogram of the Standard soiution , iden- 
tify the peak corresponding to alJ-frons-beta carotene 
in the Sampie soiution chromatogram. Identify the 
peaks corresponding to oscillol rhamnoside, myxo! 
rhamnoside, zeaxanthin, alloxanthin, echinenone, beta 
cryptoxanthin, and cis -isomers of beta carotene tn the 


Sampie soiution using Lhe relative retention times pro 
vided in Table 5, 


labie 5 


Carotenoids 

Rdative 

Retention 

Time 

Oscillol rhamnoside 

0.15 

Myxol rhamnoside 

0,19 

Zeaxanthin 

0.29 

Alloxanthin 

0.53 

Echinenone 

0.60 

Beta crvptoxanthin 

0.64 

A]l-t ram -beta carotene 

1.00 

9-ris-Beta carotene 

1.02 

1 3-e/s-Beta carotene 

1 04 


The ris-beta carotene peaks may partialiy be resolved 
from the all-trons-beta carotene peak. In this case, 
peak integration should be done as a single peak that 
mcludes all the isomer peaks. 

Caicuiate the percentage (P) of beta carotene (sum of 
all the beta carotene isomers) relative to total carote¬ 
noids tn the Standard soiution: 

P = (rofr T ) x 100 

Cu - peak response of beta carotene from the 
Standard soiution 

rj - sum of peak responses of all carotenoids 
detected from the Standard soiution , 
induding that of beta carotene 
Calculate the percentage of beta carotene in the 
portion of Spirulina taken: 

Result = (ru/rs) x Q x ( V/W) x 100 

r u = peak response of beta carotene from the 
Sample soiution 

n - peak response of beta carotene from the 
Standard soiution 

Q - concentration of beta carotene in the Standard 
soiution , as determined above under 
Standard soiution (pg/mL) 

V = finał volume of Sample soiution (mL) 

W - weight of Spirulina used to prepare the 
Sample soiution (pg) 

Calculate the percentage of total carotenoids in the 
portion of Spirulina ta"ken: 

Result = (Ir u /o) x Cs x (V/W) x 100 

Lru - sum of peak responses for alf carotenoids from 
the Sample soiution 

0 - peak response of beta carotene from the 

Standard soiution 

Q = concentration of beta carotene in the Standard 
soiution , as determined above under 
Standard soiution (pg/mL) 

V = finał volume of Sample soiution (mL) 

W - weight of Spirulina used to prepare the 
Sample soiution (pg) 

Acceptance criteria: NLT 0,15% of beta carotene and 
NLT 0.35% of total carotenoids, both calcufated on the 
drted basis 

• CONTENT OF C-PHYCOCYANIN 

Buffer soiution: Prepare a soiution having a pH of 7, 
containing 1 3,9 g/L of monobasic sodium phosphate, 
26.81 g/L of dibasic sodium phosphate, and 0.05% of 
sodium azide. 

Sample soiution: Transfer about 100 mg of Spirulina, 
accurately weighed, into a centrifuge tubę, and add 
25,0 mL of Buffer soiution. Cap the tubę, mix weil on a 
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vortex mixer for 1 min, cover to protect from iight, and 
storę in a refrigerator overnight (16-24 h). After over- 
night refrigerator storage, mix the tubę on a vortex 
rmxer for 1 min, and centrifuge at 3500 rpm for 4 min 
in a refrigerated centrifuge (10°). MIx agatn on a vortex 
mixer for 1 min, and centrifuge at 3500 rpm for 6 min 
in a refrigerated centrifuge, Use the supernatant, 
fnstrumental conditions 
(See Ultraviolet-Visible Spectroscopy (857},) 

Modę: Visible 

Analytical wavelengths: 620 nm and 650 nm 
Celi path: 1 cm 
Blank: Buffer solution 

Analysis: Measure the absorbance of the Sample solu¬ 
tion at 620 nm and 650 nm using Buffer solution as 
Blank. 

Calcu late the percentage of C-phycocyanin in the por- 
tion of Spirulina taken: 

Result = 2 o*m x 0.1 757 - Assonm x 0.1185) x (V/W) x 
100 

Amo nm - absorbance at 620 nm 
Assomn = absorbance at 650 nm 
V - volume of Sample solution (mL) 

W = weight of Spirulina taken to prepare the 
Sample solution (mg) 

Acceptance criteria: NLT 6,0%, calculated on the dried 
basis 

* Cowtent of Protein 

Sample: 100 mg of Spirulina 

Analysis: Proceed as directed in Nitrogen Determination 
(461), and multiply the nitrogen content by 6.25, 
Acceptance criteria: NLT 50.0%, calculated on the 
dried basis 

CONTAM1NAKTS 

• Limit of Microcystins 

Use a commercial ELISA kit with cross reactivity for 
microcystin LR and other microcystins, suitable to de- 
tect microcystin LR at a concentration of 0.5 nq/mL* 

Kris typicaJly consist of antibody-coated test tubes or 
microplates, microcystin-horseradish peroxidase conju- 
gate solution, a buffer diluent, and a substrate for per- 
oxidase color developmentT 
Solvent: A mixture of methanol and water (75:25) 
Standard solution A: A 3-ng/mL solution of microcys- 
tin-LR 

Standard solution B: A 0,5-ng/mL solution of micro- 
cystin-LR 
Blank: Water 

Sample solution: Homogenize for 3 min 3,0 g of Spiru¬ 
lina, accurately weighed, in 20.0 mL of Solvent. Transfer 
the mixture to a Teflon centrifuge tubę, and centrifuge 
at 4500 rpm for 10 min. Transfer the supernatant into a 
glass fiask, Add 10*0 mL of Sofvent to the homogentzer, 
and homogenize the residue for 30 s. Transfer tne solu¬ 
tion to the centrifuge tubę, mix, and centrifuge at 4500 
rpm for 10 min. Combine the supernatants, and mix. 
Dilute with water (1 in 100), 

System suitability 

Samples: Standard solution Ą Standard solution B t and 
Blank 

System suitability requlrement 
Perform the ELJSA determination according to the di- 
rections of the commercial kit manufacturer. 


Sensitivity: Color is developed with both the Blank 
and Standard solution 8. The color developed with the 
Blank is darker than the color developed with Stan¬ 
dard solution B, and the color developed with Stan¬ 
dard solution A is lighter than the color developed 
with Standard solution B. 

Analysis 

Samples: Standard solution B and Sample solution 
Acceptance criteria: NMT 0,5 pg/g as microcystin IR, 
indicated by a darker color devefoped for the Sample 
solution compared to that developed for Standard solu¬ 
tion £L 

* ELEMENTAL CONTAMtNANTS 

Analysis: Proceed as directed in Elemental Impuńties— 
Procedures (233). 

Acceptance criteria 
Arsenie: NMT 0.5 pg/g 
Cadmtum: NMT 0,2 pg/g 
Lead: NMT 0.2 pg/g 
Mercury: NMT 0.025 pg/g 

* Articles of Botanical Origin, Pesticide Residue Analysis 

(561): Meets the reguirements 

* Microbial Enumeration Tests (2021): The total aerobic 

baeterial count does not exceed 10* cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 ł cfu/ 
g, and the bile-toferant Cram-negative bacteria does not 
exceed 1 0 3 - cfu/g. [NOTĘ—When the total combined 
moids and yeasts count is expected to exceed the accep¬ 
tance criteria due to bacteria growth, Sabouraud Dextrose 
Agar containing antibiotics may be used.] 

* Absence of Specified Microorganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

SPECIFIC TESTS 

* Description 

Macroscopic characteristlcs: Spirulina occurs as a ftne, 
uniform powder, folue-green to green in color. 
Microscopic characteristlcs: Spirulina is a microscopic, 
filamentous, multicelluiar blue-green microalgae* When 
fresh, filaments may appear as tightly coiled, relaxed 
helrcal coils. Straignt filaments of Spirulina may also be 
observed in cultures that have been under continuous 
cultivation for morę than 1 year. Under high magnifica- 
tion, filaments show a typical prokaryotic struciure 
without the presence of mtracellular organelles other 
than gas vesides. Filaments have a diameter of 6-10 
pm and a length of 100-400 pm and may reach 1 mm 
if grown undisturbed. Spirulina filaments are broken 
when Spirulina is harvested and dried into roughly uni¬ 
form partides, 6-10 pm in diameter, and 20-60 pm in 
length* 

* LOSS ON DRYING (731) 

Sample: 2 g of Spirulina 

Analysis: Dry the Sample at 105° for 3 h. 

Acceptance criteria: NMT 10% 

* Articles of Botanical Origin, Total Ash (561): NMT 

15% 

ADDmONAL REQU1REMENTS 

* Packaging and Storage: Preserve tn well-dosed contain- 

ers, under nitrogen, protected from light and moisture, 
and storę at room temperaturę, 

* Labeling: The label States the Latin binonmal and the offh 

ciał name. 


1 Suiuible kiu are available from £nviroLogix, 500 Riverside Industrial Parkway 
Portland, Maine, 04103, USA (www.envirDfogix.com)* 
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* USP Reference Standard; {1 T> 

USP Beta Carotene RS 
USP Methyl Linoleate RS 
USP Methyl Linolenate RS 
USP Methyl Oleate RS 
USP Methyl Palmitate RS 
USP Methyl Palmitoleate RS 
USP Methyl Stearate RS 


Spirulina Tablets 

DEFINITION 

Spirulina Tablets are prepared from Spirulina, It contarns 
NLT 100% of the labeled amount of spirulina, represented 
by a content of beta carotene of NLT 0,15% of tne la- 
beled amount of spirulina, a content of total carotenoids 
of NLT 035% of the labeled amount of spirulina, and a 
content of C-phycocyanin of NLT 6.0% of the labeled 
amount of spirulina, 

IDENTIFICATION 

* A. Fatty Acids Profile 

Methyl oleate solution: 1 mg/mL of USP Methyl Ole¬ 
ate RS in n-heptane 

Standard solution: Di$solve guantities of USP Methyl 
Palmitate RS, USP Methyl Palmitoleate RS, USP Mętny! 
Stearate RS, USP Methyf Oleate RS, USP Methyl Li- 
noleate RS, USP Methyl Linolenate RS (methyl afpha tin- 
olenate), and methyl gamma linolenate (obtained com- 
mercially) in n-heptane to obtain concentrations of eadi 
methyl ester as given in Tobie h 


labie 1 


Methyl Ester 

Relative 

Retention 

Time 

Concentration 

(mq/mU 

Methyl paŁmrtate 

0.76 

0.8 

Methyl palmitoteate 

0,79 

0.8 

Methyl stearate 

0.97 

0.8 

Methyl oleate 

1.00 

0.8 

Methyl linolea te 

1.06 

0.8 

Methyl qamma linolenate 

1,12 

0.8 

Methyl alpha linolenate 

11 S 

0.8 


Sample solution: Weigh and finely powder NLT 20 
Tablets, Transfer an amount of the powder, equivatent 
to about 100 mg of spirulina, to a 50-mL round-bottom 
fiask, fitted with a water-cooled reflux condenser and a 
magnetic stir bar. Add 100 mg of pyrogallic add, 10 mL 
of 03 N methanolic sodium hydroxide solution (20 mg/ 
mL of sodium hydroxide in methanof), and heat the 
fiask while stirring and under reflux for 15 min. Add 
S mL of a solution of 14% boron trifluoride-methanol 
through the reflux condenser into the fiask, and eon* * 
tinue ooiling for 2 morę min, Add 5,0 mL of n-heptane 
through the condenser, and eontinue boiling for an ad- 
ditional 1 min. Cool the fiask, remove the condenser, 
and add 15 ml of saturated sodium chloride solution. 
While the solution is stilf tepid, insert a stopper into the 
fiask, shake vigorously, and aliow the layers to separate. 
Add sufficient saturated sodium chloride solution to 
bring the upper n-heptane layer up into the neck of the 
fiask. Transfer the mheptane layer into a suitabie Con¬ 
tainer, add a smali quantity of anhydrous sodium sul- 
fate (previously washed with n-heptane), and shake. 
[Notę—F atty acids methyl esters should be analyzed as 
soon as possible. They may be kept in an atmosphere 
of nitrogen at 2° for 24 h.j 


Blank: Use n-heptane. 

Chromatographic system 
(See Chromatography {6 21), System Suitability,) 

Modę: GC 

Detector; Flame ronization 

Column: 0.25-mm x 30-m fused stlica capilfary; 0.25- 
pm film of phase G16 coating 
Temperatures 
Injector: 22Q C 
Detector; 260° 

Column: See Tobie 2. 


Table 2 


Initlal 

Tempera¬ 

turę 

C) 

Hołd 
Time 
at 170 c 
fminl 

Tempera¬ 

turę 

Ramp 

(‘/min) 

Finał 

Tempera¬ 

turę 

n 

Hołd 
Time at 
Finał 
Tempera¬ 
turę 
(mini 

170 

2 

5 

240 

5 


Carrier gas: Helium 
Flow ratę: 1 mL/min 

Split ratio: 100:1. [NOTĘ— If necessary, adjust the Split 
ratio and/or sample dilution to obtain a tai ling factor 
of 0.8-13 for the fatty add methyl ester peafc.] 
Injection volume: 1 (iL 
System suitability 

Samples: Methyl oleate solution and Standard solution 
Suitability regurrements 

Re solution: NLT 1 3 between methyl stearate and 
methyl oleate peaks 

Re!ative standard deviation: NMT 6,0% for the peak 
responses of each of the methyl palmitate and methyl 
stearate peaks for replrcate injections; NMT 1.0% for 
the peak response ratio of the methyl palmitate to 
methyl stearate peaks in repJicate injectiorrs 
Analysis 

Sam pies: Methyl oleate solution, Standard solution, 
Sample solution , and Blank 

Identify the fatty add ester peaks in the chromatogram 
of the Sample solution based on the relath/e retention 
times provided in Table 1 and by comparison to the 
chromatograms of the Methyl oleate solution and the 
Standard solution . Measure the peak response for all of 
the fatty add ester peaks from the Sample solution. 
Calculate the percentage of each fatty add component 
in the portion of Tablets taken: 

Result = (A/B) x 100 

A - peak response of individual fatty acid ester 
from tne Sample solution 

B ~ sum of responses of all peaks, exduding the 
solvent, from the Sample solution 
Acceptance criteria: See Table 3 for indMdual fatty 
acids. 


Table B 


Fattv Acids 

Percentage of Total 

(%> 

Palmitic acid 

35-60 

Palmitoelic add 

2-8 

Stearic acid 

13 

Oleić add 

1-7 

Linofeic acid 

T 3-25 

Gamma Knolenic acid 

13-27 

Alpha linolenic acid 

<0.5 
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* B. HPLC FOR Chlorophyli A 

Analysis: Proceed as directed in the test for Content of 
Beta Carotene and Total Carotenoids, except analyze the 
Sampfe solution and Standard solution at 432 nm. 

Acceptance criteria: The major peak in the Sample so¬ 
lu tion chromatogram is due to cnlorophyd A, at a rela- 
tive retention time of about 0.8 to the peak of a\\-trans- 
beta carotene. 

* C. HPLC for Carotenoids 

Analysis: Proceed as directed in the test for Content of 
Beta Carotene and Totat Carotenoids. 

Acceptance criteria: The major peak from the Sample 
solution corresponds to that of alhfram-beta carotene 
from the Standard solution. The Sample solution chro¬ 
matogram exhibits addiltonal peaks due to osdllol 
rhamnoside, myxol rhamnoside, zeaxanthin, allox- 
anthin, echinenone, beta ciyptoxanthin, and ds-isomers 
of beta carotene as shown in Tobie 5. [NoTE—The cis- 
beta carotene peaks may partia! ly be resolved from the 
all-trom-beta carotene peak.] 

STRENGTH 

* CONTENT OF BETA CAROTENE AND TOTAL CAROTENOIDS 

[Notę —It is Important to have all glassware ready before 
starting the test. Minimize exposure of the Standard so¬ 
lution and Sample solution to light. Proceed under sub- 
dued light using low-actinic glassware at a room tem¬ 
peraturę not to exceed 25°. The Standard solution and 
Sample solution are stable for 12 h.] 

Solution A: A mixture of a solution of 0.05% butylated 
hydroxytoluene in methano! and water (9:1). Allow the 
mixture to equilibrate to room temperaturę before ad- 
justing to ffnaf volume with the solution of 0,05% bu- 
tylated hydroxytoluene in methanol. 

Solution B: A mixture of a soiution of 0.05% butylated 
hydroxyto)uene in methanoł and methylene chlortde 
(88:12), Allow the mixture to equilibrate to room tem¬ 
peraturę before adjusting to finał volume with the solu¬ 
tion of 0.05% butylated hydroxytoluene in methanol. 

Mobile phase: See labie A. 


Table 4 


Time 

(min 1 ) 

Solution A 

t%1 

Solution B 
(W 

0 

95 

5 

TO 

95 

5 

2.5 

0 

100 

10.75 

0 

100 

IT00 

95 

5 

16 

95 

5 


Diluent: SGpg/mL of butylated hydroxytoluene in 
methanol 

Standard stock solution: 500 pg/mL of USP Beta Caro¬ 
tene RS in methylene chloride. [Notę —Prepare fresh at 
the time of use, and minimize the time before it is used 
to prepare the Standard solution.] 

Standard solution: 2.5 pg/mL of USP Beta Carotene RS 
in Diluent from Standard stock solution . 

Determine the concentration of the Standard solution as 
folfows. 

instrumentai conditions 

(See Ultraviolet-Visible Spectroscopy (SS7).) 

Modę: Visible 

Analytical wavelength: 450 nm 
Celi path: 1 cm 
Blank: Diluent 

Take three measurements using three dtfferent portiors 
of the Standard solution . 

Ca kul a te the concentration of beta carotene (pg/mL) 
in the Standard solution . 


A = average absorbance of the three portions of 
Standard solution 

F = one thousandth of the absorptivity value of 

beta carotene in Diluent, 0.25 ml * pg 1 - cm 1 
P = percentage of beta carotene relative to total 
carotenoids in the Standard solution as 
determined below in the Analysis 
Sample solution: Weigh and flnely powder NIT 20 
Tabiets. Transfer an accurately weigned amount of the 
powder, equivalent to about 30 mg of spirulina, into a 
centrifuge tubę, add 3 ml of dimethyl suJfoxide, and a 
few glass beads. Mix on a vortex mixer to disperse the 
sample. For T5 min, repeat the process of immersing in 
a water bath maintained at a temperaturę of 45° and 
mixing on a vortex mixer. Remove the tubę from the 
water bath, and centrifuge at about 4000 rpm for 3 
min. Transfer the supernatant to a 25-ml volumetric 
fiask. To the residue add 3 mL of methanol, mix on a 
vortex mixer, centrifuge at about 4000 rpm for 3 min, 
and transfer the supernatant to the volumetric fiask. Re¬ 
peat until the last methanol extract is colorless. Dilute 
with methanof to vofume, and mlx. If particles are stllt 
present in the fina) extract, centrifuge a portion at 
about 4000 rpm for 3 min, and use the supernatant. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LĆ 

Detector: UV 476 nm 
Columns 

Guard: 2,0-mm x 4-cm; 5-pm, 300 A, packing LI 
Analytical: 2,0-mm x 15-cm; 5-pm, 300 A, packing 

Column temperaturę: 25° 

Flow ratę: 0.5 mL/min 
Injection volume: 50 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Inject the Standard solution repeatedly (about 2-3 
times) until a consistent retention time, within ± 0.2 
min, is obtarned. 

Relative standard deviation: NMT 2.0% for beta 
carotene peak 
Analysis 

Samples: Standard solution and Sample solution 
Using the chromatogram of the Standard solution , iden- 
tify the peak corresponding to all-trans-beta carotene 
in the Sample solution chromatogram. Identify the 
peaks corresponding to oseiflol rhamnoside, myxol 
rhamnoside, zeaxanthin, alloxanthin, echinenone, beta 
cryptoxanthin, and c/s-isomers of beta carotene from 
the Sample solution using the relative retention times 
provided in Tobie 5. 


Tobie 5 


Carotenoids 

Relative 

Retention 

Time 

OściIIo! rhamnoside 

0.15 

Mvxol rhamnoside 

0.19 

Zeaxanlhin 

0.29 

A!loxanthin 

0.53 

Echinenone 

0.60 

Beta crvptoxanthin 

0.64 

Ali- trans-h eta carotene 

1.00 

9-ds-Beta carotene 

1.02 

1 3-ds-Bela carotene 

1.04 


The c/s-beta carotene peaks may partially be resolved 
from the alhtrans-beta carotene peak. In this case, 
peak integration should be done as a single peak that 
includes all the isomer peaks. 


C s = (A/F) x (P/100) 
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Calculate the percentage (P) of beta carotene (sum of 
all the beta carotene isomers) relative to total carote¬ 
noids in the Standard solution: 

P=(ru/r r )x 100 

r u = peak response of beta carotene from the 
Standard solution 

tj - sum of peak responses of all carotenoids 
detected from the Standard solution i, 
induding that of beta carotene 
Calculate the percentage of beta carotene in spirulina 
present in the portion of Tablets taken: 

Result - (r u /n) x C s x (1//W) x 100 

fo = peak response of beta carotene from the 
Sample solution 

r% - peak response of beta carotene from the 
Standard solution 

Cs = concentration of beta carotene in the Standard 
solution , as determined above under 
Standard solution (pg/ml) 

V - finał voIume of SampTe solution (ml) 

W - labeled amount of spirulina in the portion of 
Tablets taken to prepare the Sample solution 

(pg) 

Calculate the percentage of total carotenoids in the 
labeled amount of spirulina in the portion of Tablets 
taken: 

Result = (Zrulrs) x C s x ( V/W) x 100 

Iro - sum of peak responses for ałl carotenoids from 
the Sample solution 

r s = peak response for beta carotene from the 
Standard solution 

Cs - concentration of beta carotene in the Standard 
solution , as determined above under 
Standard solution (pg/mL) 

V - finał voiume of Sample solution (mL) 

W = labeled amount of spirulina present in the 
portion of Tablets taken to prepare the 
Sample solution (pg) 

Aeceptance criteria: NLT 04 5% of beta carotene and 
NLT 0.35% of total carotenoids, of the labeled amount 
of spirulina 

* CONTENT OF C-PHYCOCYANIN 

Buffet solution: Prepare a solution having a pH of 7, 
confaining 13.9 g/L of monobask sodium phosphate, 
26,81 g/L of dibasic sodium phosphate, and 0.05% of 
sodium azide. 

Sample solution: Transfer a portion of powdered Tab¬ 
lets, equivalent to 100 mg of spirulina, accurateiy 
weighed, into a centrifuge tubę, and add 25.0 mL of 
Buffer solution. Cap the tubę, mix well on a vortex 
mixer for 1 min, cover to protect from Ifght, and storę 
in a refrigerator overnight (16-24 h). After ovemight 
refrigerator storage, mix the tubę on a vortex mixer for 
1 min, and centnfuge at 3500 rpm for 4 min in a re* 
frigerated centnfuge (10°). Mix again on a vortex mixer 
for 1 min, and centrifuge at 3500 rpm for 6 min in a 
refrigerated centrifuge. Use the supematant, 
Instrumental conditions 
(See Ultrovioiet-Visible Spectroscopy (857),) 

Modę: Visible 

Analytical wavefengths: 620 nm and 650 nm 
Celi path: 1 cm 
Blank: Buffer solution 

Analysis: Measure the absorbance of the Sample solu¬ 
tion at 620 nm and 650 nm using Buffer solution as the 
Blank. 


Calculate the percentage of C-phycocyanin in spirulina 
present in the portion of Tablets taken: 

Result = (Am o™ x 04 757 - TW™ x 04185) x ( V/W) x 
100 

A®:onm = absorbance at 620 nm 
A6sonm - absorbance at 650 nm 
V = volume of Sample solution (mL) 

W = labeled amount of spirulina in the portion of 
Tablets taken to prepare the Sample solution 
(mg) 

Aeceptance criteria: NLT 6.0% of the labeled amount 
of spirulina 

■ CONTENT OF PROTEIN 

Sample: A portion of powdered Tablets equivalent to 
100 mg of spirulina 

Analysis: Proceed as directed in Nitrogen Determination 
(461), and multiply the nitrogen content by 6,25. 
Aeceptance criteria: NIT 50,0% of the labeled amount 
of spirulina 

PERFORMANCE TESTS 

* Weicht Variatlon (2091): Meet the requirements 

CONTAMtNANTS 

* Limit of Microcystins 

Use a commerdal ELISA kit with cross reactivitv for 
microcystin LR and other microcystins, suitable to de- 
tect microcystin LR at a concentration of 0.5 ng/ml. 

Kits typicaily consist of antibody-coated test tubes or 
micropiates, rnkrocystin-horseradrsh peroxidase conju- 
gate solution, a buffer diluent, and a substrate for per- 
oxidase color developmentJ 

Solvent: A mixture of methanol and water (75:25) 
Standard solution A: A 3-ng/mL solution of microcys- 
tfn-LR 

Standard solution B: A 0.5-ng/mL solution of micro- 
cystin-LR 
Blank: Water 

Sample solution: Homogenize for 3 min a portion of 
powdered Tablets, equivalent to 3,0 g of the labeled 
amount of spirulina, accurateiy weighed, In 20,0 mL of 
Solvent. Transfer the mixture to a Teflon centrifuge tubę, 
and centrifuge at 4500 rpm for 10 min. Transfer the 
supernatant into a glass fiask. Add 10.0 mL of Sofvent to 
the homogenizer, and homogenize the residue for 30 s. 
Transfer the solution to the centrifuge tubę, mix, and 
centrifuge at 4500 rpm for 10 min. Combine the 
supematants, and mix. Dilute with water (1 in 100), 
System suitabilrty 

5am pies: Standard solution A f Standard solution B t and 
Blank 

System suitabifity reguirement 
Perform the ELISA determination according to the di- 
rections of the commerdal kit manufacturer. 
Sensitivity: Coior is developed with both the Blank 
and Standard solution 8. The color developed with the 
Blank is darker than the color devefoped with Stan¬ 
dard solution B f and the color deve!oped with Stan¬ 
dard solution A is Jighter than the color developed 
with Standard solution B. 

Analysis 

Sam pies: Standard solution B and Sampfe solution 
Aeceptance criteria: NMT 0.5 pg/g as microcystin LR, 
indicated by a darker color devefoped for the Sample 
solution compared to that deveioped for the Standard 
solution B. 

* Elemental Contaminants in Dietary Supplements 

(2232): Meet the reguirements 

* Articies of Botanical Orjcin, Pesticide Residue Analysis 

(561): Meet the reguirements 


1 Suitable kits are availabte from ErwiroLogix r 500 Riverside Industrial Parkway, 
Portland, Malne, 04103, USA (www.envirQiogix.com). 
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■ NIicrobial Enumeration Tests <2021): The total aerobic 
bactenaJ count does not exceed 5 x 10 łl cfu/g, and the 
total combi ned molds and yeasts count does not exceed 
10* cfu/g. [Notę—W hen the total combined molds and 
yeasts count is expeeted to exceed the acceptance crite- 
ria due to bacteria growth, Sabouraud Dextrose Agar eon- 
taining antrbiotics may be used.] 

* Absence of Specified Microorganisms (2022): Meet the 
regulrements of the tests for absence of Salmonella spe- 
cies and Escherkhia coli in 10 g 

ADDJTIONAL REQUIREMENT5 

* Packaging and Storage: Preserye in well-closed contain- 
ers, protected from fight and moisture, and storę at 
room temperaturę. 

* Łabeung; The label States the Latin binomial and, follow* 
ing the officfal na me, the artide from which the Tablets 
were prepared, The label also indicates the amount, in 
mg/Tablet, of spirulina. Label Tablets to indicate the con- 
tent, in percentage, of beta carotene, total carotenoids, 
and C-phycocyanin in the spirulina used to prepare the 
Tablets. 

* USP Reference Standards (11) 

USP Beta Carotene RS 
USP Methyl Linolea te RS 
USP Methyl Linolenate RS 
USP Methyl Oleate RS 
USP Methyl Palmitate RS 
USP Methyl Palmitoleate RS 
USP Methyl Stearate RS 


Sting ing Nettle 

DEFINiTION 

Stingrng Nettle consists of dried roots and rhizomes of Ur- 
tica aioica L, subsp. dioica (Fam. Urtieaceae), and may 
contain Urtica urens L v known in commerce as dwart net¬ 
tle, as a minor component. li contafns NLT 0,8% of total 
amino aeids, NLT 0.05% of /J-sitosterol (C 29 H 50 O), and 
NLT 3 pg/g of scopoletin (CiaHsO.i), cakulated on the 
dried basis. 

IDENTIFICATION 

• A. thin-Layer chromatographic Identification Test 

Standard solution: 0.03 mg/mL of USP Scopoletin RS 
and 0.5 mg/mL of USP jS-Sitosterol R$ in methanol 
Sample solution: Extract 1 g of powder by refluxtng 
with 10 mL of a solution eon taining toluene, ethyl ace- 
tatę, and methanol (7:2:1) for 15 min, cool, and filier. 
Evaporate the filtrate to dryness under reduced pressure 
at less than 40°, and dissofve the residue in 2 mL of the 
mixture containing toluene, ethyl acetate, and 
methanol. 

Chromatographic system 

(See Chromatograpny (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: 0.50-mm layer of chromatographic srliea 
gel mixture 

Application vofume: 20 pL for the Sample solution ; 

10 jiL for the Standard solution 
Devetopmg solvent system: Diethyl ether and metha- 
noi (9:1) 

Spray reagent: 85% phosphoric add, 10% vani!lin in 
96% ethanol, and water (4.5: 1: 4.5) 

Analysis 

Sampłes: Standard solution and Sample solution 
Develop the piąte and examine under UV light at 365 
nm. Spray tne piąte with Spray reagent , heat between 
100 c ano 105° for 10 min, and examine under 
daylight. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits a vioJet-red zonę corresponding to p- 


sitosterol at the same value as / 3 -sitosterol in the 
Standard solution , weakly visible zones above and below 
/Tsitosterol, and a violet~red zonę corresponding to fl- 
sitosterolgiucoside, 

COMPOSITION 

* CONTENT OF fl-SlTOSTEROL 

Derivatfzing reagent: A solution containing eoual 
volumes (1:1:1) of 8 STFA [iy, 0-bis(tri methylsilyIjtri- 
fluoroacetamlde], anhydrous pyridme, and a mixture of 
BSA [N,0-(trimethylsilyl)acetamide], TMS! (W-trimethyJ- 
silylimidazole), and TMCS {trlmethylchlorosllane) (3:3:2) 
Internal standard solution: 10 mg/mL of cholesterol in 
chloroform 

Standard solution: Dissolve 50,0 mg of USP /SLsitostero! 
RS in 2 ml of chloroform, add 1.0 ml of InternoI stan¬ 
dard solution , and dii u te with chloroform to 5 mL. Dry 
0.5 mL under reduced pressure, and add 1 mL of Deriv- 
otlzlng reagen t 

Sample solution: Transfer 50.0 g of finely powdered 
Sting ing Nettle to a Soxhlet apparatus, add chloroform, 
and extract for 6 h. The volume of chloroform used is 
at ieast twice the voiume of the thimble with an appro- 
priately sized fiask. Dry the solvent under reduced pres¬ 
sure, add 1.0 mL of Internal standard solution, and dilute 
with chloroform to 10 mL. Transfer 0.5 mL of this solu¬ 
tion to a 10-mL round-bottom fiask, dry the solvent 
under reduced pressure, and add 0.5 mL of Derivatizing 
reagent 

Chromatographic system 

(See Chromatograpny (621), System Suita bili ty.) 

Modę: CC 

Detector: Flame ionization 

Column: 0.20-mm x 25-m fused-silka capillary; 0.35- 
jim film of phase G 2 coating 
Temperaturę 
Injector: 325° 

Detector: 325° 

Coiumn; 300°, for 60 min 
Carrier gas: Helium 
Flow ratę: 0.5 rnL/min 
Injection size: 1 pL 
System suitabifrty 
Sample: Standard solution 
Suitability reguirements 
Tailing factor: NMT 2.0 for each sterol peak 
Relative standard devfation; NMT 5.0% determined 
from each sterol peak 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of /J-sitosterot in the portion 
of Stinging Nettle taken: 

Result = (IWRs) x (WdWJ) x 100 

Ru = peak response ratio of /i-sitosterol to Lhe 

internal standard from the Sample solution 
Rs - peak response ratio of /J-sitosterol to the 

internal standard from the Standard solution 
Wi - werght of USP /3-sitosterol RS used to prepare 
the Standard solution (mg) 

Wu - weight of Stinging Nettle taken to prepare the 
Sample solution (mg) 

Acceptance criteria: NLT 0.05% on the dned basis 

* Content of Scopoletin 

Solution A: Water 
Solution B: Methanol 
Mobile phase: See Tobie h 


Table 1 


Time 

(min) 

Solution A 
(%> 

Solution S 
(%) 

0 

75 

25 

1 

60 

40 
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Tabfe 1 ( Conlinued ) 


Time 

(min) 

Solution A 
< B /<0 

Solution B 

8 

60 

40 

10 

0 

100 

15 

0 

100 

20 

75 

25 

30 

75 

25 


Standard solution: 0,02 pg/mL of USP Scopoletin RS in 
methanoi 

5ample stock solution: Extract 160 mg of fmefy pow- 
dered Stinging Nettle rn each mL of methanoL Place in 
an ultrasonic bath for 25 min, and centrifuge. 

Sampie solution: Sampfe stock solution diluted with 
methanoi 1 in 20 
Chromatographic system 
(See Chromatography {621}, System Sultability.) 

Modę: LC 

Detector: Fluorescence detector; set at an exdtation 
wavelength of 366 nm and an emrssion wavelenqth of 
420 nm 

Coiumn: 4,6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
fnjection srze: lOpl 
System sultability 
Sampie: Standard solution 
Sultability requirements 

Capacity factor (W): NLT 5 determined from the sco- 
pofetin peak 

Taiftng factor: NMT 2.0 for the scopoletin peak 
Relative standard deviation: NMT 5,0% 

Anafysis 

Samples: Standard solution and Sampie solution 
Measure the peak responses for scopoletin, 

Calculate the content of scopoletin (C 10 HfjQ 4 ), in pg/g, 
in the portion of Stinging Nettle taken: 

Result = (f v /fy) x Q x (V/W) x D 

tu - peak area of scopoletin from the Sampie 
solution 

r$ = peak area of scopoletin from the Standard 
solution 

C s - concentration of USP Scopoletin RS in the 
Standard solution (pg/mL) 

^ = volume of the Sampie stock solution (mL) 

W - weight of Stinging Nettle taken to prepare the 
Sampie solution (g) 

D = dflution factor to prepare the Sampie solution 
from the Sampie stock solution 
Acceptance criteria: NLT 3 pg/g on the dned basis 
• Content of Total Amino Acids 

Buffer: Mix 5.40 g of anhydrous sodium acetate, 

0,3 mL of glacial acetrc add, and water to a finał vol- 
unie of lOOmL. Adjust to pH 5.5, 

Reagent solution: Soiution containing 1.00 g of 
ninnydrin, 150 mg of hydrindantin, and 37,5 mL of pro- 
pylene glycoL Adjust with Buffer to 50.0 mL. [Notę— 
Prepare the Reagent solution daily.] 

Standard soiution: 20 pg/mL each of USP Glutamic 
Acid RS and USP Aspartic Add RS in water 
Sampfe solution: Finely powder Stinging Nettle, and 
transfer 1.0 g of it to 80 mL of water. Place in an ultra- 
sonie bath for 25 min, and centrifuge. Transfer the su- 
pernatant to a 100-mL volumetnc fiask, dilute with 
water to volume, and filten 
Blank: Water 
Instrumental conditions 
(See Ultraviotet-Visibfe Spectroscopy (857).) 


Modę: Visible 

Analytical wavelength: 570 nm 

Celi: 1 cm 
Analysis 

Samples: Standard solution , Sampie solution , and Blank 

Transfer 5.0 mL of the Standard solution , Sampie solu¬ 
tion , and Blank to sępa ratę 50-mL yolumetric ffasks. 
Add 5,0 mL of Reagent solution to each fiask, Heat in a 
boilrng water bath for 30 min, cool, and adjust with a 
mixture of ethanoi and water ( 1 : 1 ) to volume. 

Calculate the percentage of total amino acids in the 
portion of Stinging Nettle taken: 


Result = {AutA s ) x Q x (V/W) x f x 100 

Au = absorbance of the Sampie solution 
- absorbance of the Standard solution 
Q = sum of the concentration of USP Glutamic 
Add RS and USP Aspartic Acid RS in the 
Standard solution (pg/mL) 

V - volume of the Sampie solution , 100 mL 

W = amount of Stinging Nettle taken to prepare 

the Sampie solution (mg) 
f = unit conversion factor, 0.001 mg/pg 
Accep tance criteria: NLT 0.8% on the dried basis 

CONTAMINANT5 

* Articles of Botanical O ki gin, Pesticide Residues (561): 

Meets the reguirements 

* Microbial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 10 6 cfu/g, the total 
combined molds and yeasts count does not exceed IG 4 
cfu/g, and the bile-tolerant Gram-negative bacteria count 
does not exceed 10 5 cfu/g. 

* Absence of SPECtFiEO Microorganisms (2022): It meets 
the requirement$ of the tests for absence of Salmonella 
spedes and Escherichh coli 


SPECIFIC TESTS 
* Botanic characteristics 

Macroscopic: The rhizome is irregularly bent, about 
3-10 mm thlck, and light gray-brown on the outside; 
thin roots spring from the knotty bulges of a lengthwise 
furrow. A transverse cut of the rnizome shows it is fi- 
brous, light yeJlowisb white, and usually has a smali 
medulia cave. The roots are often very long, usually 
0,5-2 mm thlck, light yeflow-brown on the outside, and 
contain some deep longjtudinal furrows; a transverse 
cut shows a pale and atmost pure-whlte color, 
Mrcroscopic: The transverse section of the rhizome and 
root shows the foliowi ng characteristics. The rhizome 
has a narrow cork composed of brown, thin-walled 
cells, a few rows of tangentially elongated cortical pa¬ 
renchyma, and a perieyefic region with numerous ribers 
occurring singly or, morę freguentiy, in smali groups. 
Fibers are much elongated with very thick ano lignified 
walls. Some cells of the pericyde and outer part of sec- 
ondary phioem contain large globular compound erys- 
tals of ealcium oxalate. The vascular cambial region is 
dtstinct and continuous with narrow radial groups of 
vascular tissue separated by wide medullary rays. The 
secondary phioem is mainfy parenchymatous with 
groups of thin-walled sieve tissue, The xylem is dense 
and completely lignified, containing scattered vessels, 
isofated or in smali groups, associated with moderately 
thickened xylem parenchyma cells and numerous 
thicker-walled xylem fibers with slit-shaped plts. Individ- 
ual ves$els have fatrly large, closely arranged, bordered 
pits, while the adiacent parenchyma has simple or bor¬ 
dered plts. Medullary rays indicate altematmg areas of 
lignified and unlignified cells, appearing as tangential 
bands between the vascu!ar bundles, each composed of 
5 or 6 layers of cells; the lignified cells have moderately 
thickened wałls with simple pits. The pith is composecf 
of rounded, unlignified parenchyma, collapsed in the 
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central part to form a cavity. Maturę roots show a thin 
cork, narrow phetloderm, and secondary phioem and 
xylem with alternating areas of lignifted and unligmfied 
parenchyma in the wide medullary rays, similar to that 
found in the rhizome. 

* Articles Of Botanical Origin, Foreign Organie Matter 
<561): NMT 2.0% 

* Articles of Botanical Origin, Total Ash <561): NMT 

10% 

* Loss ON DryiNG <731) Dry 1.0 g of Stinging Nettle, fineJy 

powdered, at 105° for 2 n: it loses NMT 1 2 . 0 % of Its 
weight. 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers, 
protected from light. Storę at controllea room 
temperaturo. 

* Laseling: The labę! States the Latin binomial and, folio w- 
ing the official name, the parts of the plant contained in 
the article. 

* USP Referenci Standard* (11) 

USP Aspartie Add RS 
USP Glutamic Acid RS 
USP Scopoletin RS 
USP /3-Sitosterol RS 


Powdered Stinging Nettle 

DERNmON 

Powdered Stinging Nettle is Stinging Nettle reduced to a 
fine or very fine powder. It contains NIT 0.8% of total 
amino adds, NLT 0.05% of /J-sitosterof (C 29 H 50 O), and 
NLT 3 |.Lg/g of scopoletin (CioNgO-i), cafculated on the 
dried basis. 

IDENTIFICATION 

* A. Thin-Layer Chromatographic Identification Test 

Standard solution: 0.05 mg/mL of USP Scopoletin RS 
and 0.5 mg/mL of USP /TSitosterol RS in methanol 
Sample solution: Extract 1 g of Powdered Stinging 
Nettle by refluxing with 10 mL of a solution containing 
toluene, ethy! acetate, and methanol (7:2:1) for 15 mir, 
cooi, and filter. Evaporate the filtrate to dryness under 
reduced pressure at less than 40°, and dissoh/e the resi- 
due in 2 mL of the mixture containing toJuene, ethyl 
acetate, and methanol. 

Chromatographk system 
(See Chromatograpny {62^), Thin-Layer Chromało - 
graphy.) 

Adsorbent: 0,5Q-mm layer of chromatographic sińca 
gel mixture 

Application volume: 20 pL for the Sample solution; 

10 f.tL for the Standard solution 
Developing solvent system: Diethyl ether and metha- 
no! (9:1) 

Spray reagent: 85% phosphonc acid, 10% yanillin in 
96% ethanol, and water (4.5:1:4.5) 

Analysis 

Samples: Standard solution and Sample solution 
Develop the piąte and examine under UV light at 365 
nm, Spray the piąte with Spray reagent , heat between 
100 ° ano 105° for 10 min, and examine under 
daylight. 

Acceptance criteria: The chroma tog ram of the Sample 
solution exhibits a violet-red zonę corresponding to /T 
sitosterol at the same f? f value as /Tsitosterol of the 
Standard solution , weakly visible zones above and below 
/ 3 -sitosterol, and a violet-red zonę corresponding to /T 
srtóstefoiglucoside. 


COMPOSITION 
® Content of /3-Sitosterol 

Derivatizing reagent: A solution containing eaual 
volumes (1:1:1) of BSTFA [N^O-bisttnmethyrsilyhtri- 
fluoroacetamide], anhydrous pyridine, and a mixture of 
BSA [N,Q-(trimethylsilyl)acetamide], TMŚI (N-triinethyl- 
siiylimidazole), and TMCS (tnmethylchlorosilane) (3:3:2) 
Internal standard solution: 10 mg/mL of cholesterol in 
chloroform 

Standard solution: Dtssofve 50.0 mg of USP /3-sitosterol 
RS in 2 ml of chloroform, add 1.0 ml of Internal stan¬ 
dard solution, and dilute to 5 mL with chloroform. Dry 
0.5 mL under reduced pressure, and add 1 mL of Deriv- 
atizing reagent, 

Sample solution: Transfer 50.0 g of Powdered Stinging 
Nettle to a Soxhlet apparatus, aod chloroform, ano ex- 
tract for 6 h. The volume of chloroform used is at least 
twice the volume of the thimble with an appropriateiy 
sized fiask, Dry the solvent under reduced pressure, add 
1.0 mL of Internal standard solution , and dilute with 
chloroform to 10 mL, Transfer 0.5 mL of this solution to 
a 10-mL round-bottom fiask, dry the solvent under re¬ 
duced pressure, and add 0.5 mL of Derivatizing reagent 
Chromatographic system 
(See Chramatograpny (621), System Suita bili ty.) 

Modę: GC 

Detector: Flame ionization 

Cofumn: 0.20-mm x 25-m fused-sifica capillary; 0.35- 
pm film of phase G2 coating 
Temperaturo 
Injector: 325° 

Detector: 325° 

Column: 300°, for 60 min 
Carrier gas: Helium 
Flow ratę: 0,5 mL/min 
Injection size: 1 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Tailing factor: NMT 2,0 for each sterol peak 
Relative standard deviatlon: NMT 5.0% determined 
from each sterol peak 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of /3-sitosterol in the portion 
of Powdered Stinging Nettle taken: 

Result-(R [; /R s )x{kV f J /kVu)x 100 

Ru - peak response ratio of / 3 -sttosterol to the 

internal standard from the Sample solution 
R% - peak response ratio of /3-sitosterol to the 

internal standard from the Standard solution 
Ws = weight of USP /3-sitosterol RS used to prepare 
the Standard solution (mg) 

W u = weight of Powdered Stinging Nettle taken to 
prepare the Sample solution (mg) 

Acceptance criterfa: NLT 0.05% on the dried basis 

* Content of Scopoletin 

Solution A: Water 
Sofution B: Methanol 
Mobile phase: See Table 7. 


Table 1 
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Standard solution; 0.02 pg/mL of USP Scopoletin RS in 
methanol 

Sample stock solution: 160 mg of Powdered Stinging 
Nettle in each mL of methanol. Place in an ultrasonic 
bath for 25 min, and centrifuge. 

Sample solution: Sample stoS solution diluted with 
methanol 1 in 20 
Ghromatographic system 
(See Chromotograpny {621), System Suita bili ty.) 

Modę: LC 

Detector: Fluorescence detector; set at an exdtation 
waveiength of 366 nm and an emission wavelenqth of 
420 nm 

Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
Injection size: 10 pL 
System suitability 
Sample: Standard sofution 
Suitability requirements 

Capacity factor (k'): NLT 5 determined from the sco- 
pofetin peak 

Tailing factor: NMT 2,0 for the scopoletin peak 
Relatfye standard deviatron: NMT 5.0% 

Analysis 

Sampies: Standard solution and Sample solution 
Measure the peak responses for scopoletin. 

Calculate the content of scopoletin (CiaHeO^), in pg/g, 
in the portion of Powdered Stinging Nettle taken: 

Result - (ru/n) x Cs x (V/W) x D 

ry - peak area of scopoletin from the Sample 
solution 

r% = peak area of scopoletin from the Standard 
solution 

Cs - concentration of USP Scopoletin RS in the 
Standard sofution (pg/mL) 

V ~ volume of the Sample stock solution (mL) 

W = weight of Powdered Stinging Nettle taken to 
prepare the Sample stock solution (g) 

D = dilution factor to prepare the Sample solution 
from the Sample stock solution 
Acceptance criteria; NLT 3 pg/g on the dried basis 
• Content of Total Amino Acids 

Buffer: Mix 5.40 g of anhydrous sodium acetate, 

0.3 mL of glacial acetic add, and water to a finał vol- 
ume of 100 ml. Adjust to pH 5.5. 

Reagent solution: Solution containing 1,00 g of 
ninnydrtn, 150 mg of hydnndantin, and 37.5 mL of pro- 
pylene glycol. Ad|ust with Buffer to 50.0 mL. [NOTĘ— 
Prepare tne Reagent solution daily.] 

Standard solution: 20 pg/mL each of USP Glutamic 
Acid RS and USP Aspartic Acid RS, in water 
Sample solution: Transfer 1.0 g of Powdered Stinging 
Nettle to 80 mL of water. Place in an ultrasonic bath for 
25 min, and centrifuge. Transfer the supernatant to a 
TOO-mL yolumetric ffask, dilute with water to volume, 
and filter. 

Blank: Water 
Instrumental conditions 
(See Ultravioiet*Vi$ible Spectroscopy (857).) 

Modę: Yisible 

Analytkal wavefength: 570 nm 
Celi: 1 cm 
Analysis 

Sampies; Standard solution , Sample solution , and Blank 
Transfer 5.0 mL of the Standard solution , Sample solu¬ 
tion , and Blank to separate 50-mL volumetric flasks. 

Add 5.0 ml of Reagent solution to each fiask. Heat in a 
boiling water bath for 30 min, tool, and adjust with a 
mixture of ethanol and water ( 1 : 1 ) to volume. 

Calculate the percentage of total amino acids in the 
portion of Powdered Stinging Nettle taken: 

Result = (AJA,) x C s x (V/W) xFx 100 


A u = absorbance from the Sample solution 
= absorbance from the Standard solution 
Cs - sum of the concentration of USP Glutamic 
Acid RS and USP Aspartic Acid RS in the 
Standard solution (pg/mL) 

V - votume of the 5omp/e solution , 100 mL 

W = amount of Powdered Stinging Nettle taken to 

prepare the Sample solutton (mg) 

F - unit conversion factor, 0.001 mg/jug 
Accep tance criteria: NLT 0,8% on the dried basis 


CONTAMINANTS 

* Articles of Botanical Origin, Pesticide Residues (561): 

Meets the requirements 

* Microbjal Enumerahon Tests (2021): The total aerobic 
microbial count does not exceed 10 6 cfu/g, the total 
combined moids and yeasts count does not exceed 10 4 
cfu/g, and the bile-tolerant Gram-negative bacteria count 
does not exceed IG* cfu/g, 

* Absence of Sfecjfied Microorcanisms (2022): It meets 
the requirements of the tests for absence of Salmonella 
species and Escherichia coli . 

SPECIFIC TESTS 

* BOTANIC CHARACTERISnCS 

Macroscopic: The powder is yellowish to brownish 
gray. 

Microscopic: Under a microscope using chlorai hydrate 
solution, it shows severa3 fragments of net and pitted 
vessels with a strongly varyinq diameter, usually 5CM50 
pm. Few, tf any, pitted bast flbers are present Clearly 
pitted wood fibers, 200^800 pm in length, and thin- 
walled parenchyma cells, sometimes containing com- 
pounded calcium oxalate crystals and occasionally with 
single crystals and fragments of cork consistmg of fiat* 
shaped, thin-walled cells, are also present, 

* AmcLES OF Botanical Origin, Foreign Organie Matter 

(561): NMT 2,0% 

* Articles of Botanical Origin, Total Ash (561): NMT 

10 % 


ADDITIONAL REQUIREM E NTS 

* Packagimg ano Storage: Preserve in tight containers, 
protected from lig ht and excessive heat. 

■ Labeling: The labę! States the Latin binomial and, follow- 
ing the official name, the parts of the plant contained in 
the article, 

• USP reference Standards (11) 

USP Aspartic Add RS 
USP Glutamic Acid RS 
USP Scopoletin RS 
USP /TSitosterol RS 


Powdered Stinging Nettle Extract 

DEFINITION 

Powdered Stinging Nettle Extract is prepared from cornmi- 
nuted Stinging Nettle with 60% alcohol or other suitable 
solvents. It contains NLT 5.0% of total amino acids, NLT 
0.1% of /Lsitosterof (C^HsoO), and NLT 30pg/q of sco¬ 
poletin (Ci D Hb0.i). The ratio of the starting crude plant 
materia! to Powdered Extract is 10:1. 


zr 

xr> 


IDENTIFICATION 

• A, Thiim-Layer Chromatographic Identification Test 
Standard solution; 0,05 mg/mL of USP Scopoletin RS 
and 0.5 mg/mL of USP d-Sitosterol RS in methanol 
Sample solution: DissoW 0.6 g of Powdered Extract, in 
a mixture of toluene, ethyl acetate, and methanol 
(7:2:1). Filter, and dry under reduced pressure at a tem¬ 
peraturę belo w 40°. Dissotve the residue in 2.0 ml of 
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the mixture containing toluene, ethyl acetate, and 

methanoL 

Chromatographic system 

(See Chromatography (621), Thin-iayer Chromato¬ 
graphy.) 

Adsorbent; 0.50-mm iayer of chromatographic srlrca 
gel mixture 

Application volijme: 20 jiL for the Sample solution; 

10 pL for the Standard solution 
Developinq solvent system: Diethyl efher and metha- 
no! (9:1) 

Spray reagent: 85% phosphoric add, 10% vaniflin in 
96% ethanol, and water (4.5: 1 :4.5) 

Anafysis 

Sam pies: Standard solution and Sarnple solution 
Proeeed as directed in the chapter. Examine the plates 
under UV light at 365 nm. Spray the piąte with 10 ml 
of Spray reagent , heat between 1 00 a and 105° for 10 
min, and examine under daylight. 

Acceptance criteria: The chroma tog ram of the Sample 
solution exhibits a vio!et-red zonę corresponding to p- 
sitosterol at the same Rf value as /3-sitosterol from the 
Standard solution , weakly visible zones above and below 
/J-sitosteroJ, and a violet-red zonę corresponding to fi- 
srtosterolglucoside. 

* B. Gas Chromatography Identification Test 

Analysis: Proeeed as directed in the test for Content of 
p-Sitosterol. 

Acceptance criteria: The retention time of /Tsitosterol 
of the Sample solution corresponds to that of the Stan¬ 
dard solution . 

* C. HPLC Identification Test 

Analysis: Proeeed as directed in the test for Content of 
Scopoietin , 

Acceptance criteria: The retention time of scopoietin of 
the Sample solution corresponds to that of the Stondard 
solution. 

COMPOSmON 

* Content of /TSitosterol 

Derivatizing reagent: A solution containing eąua! 
volumes (1:1:1) of BSTFA [N^O-bisftnmethylsilyljtn- 
fluoroacetamide], anhydrous pyridine, and a mixture of 
BSA [fyO^trimethylsilyOacetamrde], TMS1 (A/-tri m ethyl- 
siiylimidazole), and TMCS (trimethylchlorosilane) (3:3:2) 
Interna! standard solution: 10 mg/ml of cholesterol in 
chloroform 

Standard soiution: Dtssolve 50.0 mg of USP /J-Sitosterol 
RS in 2 mL of chloroform, add 1.0 mL of Internal storn 
dard solution, and dilute to 5 mL with chloroform. Dry 
0.5 mL under reduced pressure, and add 1 mL of Deriv* 
atizing reagent . 

Sample solution: Transfer 20.0 a of Powdered Extract 
to a Soxhlet apparatus, treat with chloroform, and ex- 
tract for 6 h. The volume of chloroform used is at least 
twice the volume of the thimble with an appropriately 
sized fiask. Dry the so1vent under reduced pressure, add 
1.0 mL of Internal standard solution, and dilute with 
chloroform to 10 mL. Transfer 0.5 mL of this solution to 
a 10-mL round-bottom fiask, dry the soivent under re¬ 
duced pressure, and add 0.5 mL of Derwotizing reagent. 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Cotumn: 0.20-mm x 25-m fused-silica capillary; 0.35- 
pm film of phase G2 coating 


Temperaturo 

Injector: 325° 

Detector: 325° 

Column: 300°, for 60 min 
Carrier gas: Helium 
Flow ratę: 0.5 mL/min 
tnjection size: 1 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Tailing factor: NMT 2.0 for each sterol peak 
Relative standard deviation: NMT 5.0% determined 
from each sterol peak 
Anafysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of /3-sitosterol in the portion 
of Powdered Extract taken: 

Result - (RufRi) x (W$fWu) x 100 

Ru = peak response ratio of /3-sitosterol to the 

interna) standard from the Sample solution 
= peak response ratlo of ^-sitosterol to the 
internal standard from the Standard soiution 
l¥ s = weight of USP /3-Sitosterol RS used to prepare 
the Standard soiution (mg) 

Wu = weight of Powdered Extract rn the Sample 
solution (mg) 

Acceptance criteria: NLT 0.1% 

» Content of Scopoietin 
Solution A: Water 
Solution B: Methanol 
Mobile phase: See Table I. 


Table 1 
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Standard solution: 0.02 pg/mL of USP Scopoietin RS in 
methanol 

Sample stock soiution: 8 mg/ml of Powdered Extract 
in methanol. Place in an ultrasonic bath for 25 min, 
and centrifuge. 

Sample solution: Sample stock solution diiuted with 
methanol 1 in 20 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: Fluorescence; set at an excitation wave- 
length of 366 nm and an emission wavelength of 420 
nm 

Column: 4,6-mm x 25-cm; packing LI 
flow ratę: 1 mL/mrn 
Injection size: lOpL 
System suitability 
Sample: Standard solution 
Suitability reguirements 

Capacity factor (k'): NLT 5 determined from the sco- 
poletfn peak 

Tailing factor: NMT 2.0 for the scopoietin peak 
Relative standard deviation: NMT 5.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak responses for scopoietin. 
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Calculate the content of scopoletin (CmMaC^), in pg/g, 
in the portion of Powdered Extraet taken; 

Result = (Wr s ) x (Q/C v ) 

ru - peak area of scopoletin from the Sample 
solution 

r* = peak area of scopoletin from the Standard 
solution 

Q = concentration of USP Scopoietin RS in the 
Standard solution (pg/mL) 

Cu - concentration of Powdered Extract in the 
Sample solution (g/mL) 

Acceptance crfteria: NLT 30 pg/g 

* Content of Total Amino Acids 

Buffer: Mix 5,40 g of anhydrous sodium acetate, 

0.3 mL of glacial acetic acid, and water to a finał vol- 
ume of 100 mL Adjust to pH 5.5* 

Reagent solution: Solution containing 1.00 g of 
ninnydrin, 150 mg of hydnndantin, and 37*5 mL of pro- 
pylene giycoL Adjust with Buffer to 50.0 mL. [NOTĘ— 
Prepare the Reagent solution daify.l 
Standard solution: 20 pg/mL eacn of USP Glutamic 
Acid RS and USP Aspartic Add RS in water 
Sample solution: DissoNe 50 mg of Powdered Extract 
in 80 mL of water, shake for 10 min, dilute with water 
to 100 ml, and filter* 

Blank: Water 
Instrumental conditions 
(See Ultroviolet-Visible Spectroscopy (857)*) 

Modę: Visible 

Analytical wavelength: 570 nm 
Celi: 1 cm 
Analysls 

Sam pies: Standard solution, Sample solution, and Blank 
Transfer 5.0 mL of the Standard solution , Sample solu¬ 
tion, and Blank to separate 50*mL volumetnc flasks. 

Add 5*0 mL of Reagent solution to each fiask. Heat in a 
boiling water bath for 30 min, cool, and adjust with a 
mhcture of ethanol and water (1:1) to volume. 

Calculate the percentage of total amino acids in the 
portion of Powdered Extract taken: 

Result = (Au/As) x (Q/C u ) x 100 

A u “ absorbance of the Sample solution 
“ absorbance of the Standard solution 
Cs ~ sum of the concentration of USP Glutamic 
Acid RS and USP Aspartic Acid RS in the 
Standard solution (mg/mL) 

Cu - concentration of Powaered Extract in the 
Sample solution (mg/mL) 

Acceptance criteria: NLT 5*0% 

CONTAMINANTS 

* Articles of Botanical Origin, Pesticide Residues (561): 
Meets the reguirements 

* Alcohol Determination, Method 11(611): NMT 1.0%, if 
present 

* Microbial Enumeratidn Tests (2021): The total aerobic 
microbtaJ count does not exceed IG 3 cfu/g, and the total 
combined molds and yeasts count does not exceed 10 2 
cfu/g* 

* ABSENCE OF Specified Microorganisms (2022): It meets 

the requirements of the tests for absence of Salmonella 
species and Escherichia coli * 

SPECIFIC TESTS 

* Loss ON Dryinc (731): Dry 1 *0 g of Powdered Extract at 

105° for 2 h: it loses NMT 8*0% of its weight 

* Articles of Botanical Origin, Total Ash (561): NMT 

20 . 0 % 


ADD1TIONAL REQUIREM£NTS 

* Packacing and Storage: Presen/e in tight containers, 
protected from light. Storę at contrafled room 
temperaturę. 

* Labeling: The iabel States the official name of the artide, 
the Latin binomial, and, foilowing the official name, the 
part of the plant from which the artide was prepared. 
Label it to indicate the content of total amino acids, p- 
sitosterol, scopoletin, the extracting solvent used for 
preparation, and the rado of Ehe starting crude plant ma¬ 
teriał to Powdered ExtracL 

* USP Reference Standards (11) 

USP Aspartic Acid RS 
USP Glutamic Acid RS 
USP Scopoletin RS 
USP /3-Sitosterol RS 


Thiamine Hydrochloride— see Thiamine 
Hydrochloride General Monographs 


Thiamine Hydrochloride Orał 
Solution— see Thiamine Hydrochloride Orał 
Solution General Monographs 


Thiamine Hydrochloride Tabiets— see 

Thiamine Hydrochloride Tabiets General 
Monographs 


Thiamine Mononitrate— see Thiamine 
Mononitrate General Monographs 


Thiamine Mononitrate Orał Solution— 

see Thiamine Mononitrate Orał Solution 
General Monographs 


Threonine— see Threonine General 
Monographs 


Tienchi Ginseng Root and Rhizome 

DEFINITION 

Henchi Ginseng Root and Rhizome comists of the dned 
roots and rhizomes of Panax notoginseng (Burkill) F.H, 
Chen ex CY. Wu & K.M* Feng (Fam. Araliaceae) collected 
before flowering in autumn. It contains NLT 5.0% of total 
ginsenosides cakulated on the dned basis as the sum of 
notoginsenoside R1 (C^HeoOia), ginsenoside Rgl 
{C^HkOm), ginsenoside Re (GaHs^Oia), ginsenoside Rbl 
(Ć 54 H 920 ^ 3 ), and ginsenoside Rd ^ab^Cha)- 

IDENTIFICATION 

* A. It meets the reąuirements in Specifk Tests for Botanic 
Characteristks. 
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i B. Thjn-Layer Chromatography 

Standard solution A: 0.5 mg/mL of USP Ginsenoside 
Rgl RS in methanol 

Standard solution B; 10 mg/mL of USP Panax notogin- 
seng Root and Rhizome Dry Extract RS in methanol 
Sonicate for about 10 min, centrifuge, and use the 
supernatant. 

Sample solution: Sonicate about 0.2 g of Tiencht Gin- 
seng Root and Rhizome, finely powdered, in 5 mL of 
methanol for 20 min. Centrifuge, and use the superna¬ 
tant. [Notę —The Sampte solution is stable for 6 h at 
room temperaturę.] 

Chromatographic system 
(See Chromatography {621), Thin-Layer Chromato¬ 
graphy .) 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size ot 5 pm (HPTLC plates) 
Application volume: 4 pL, as B-mm ba nas 
Relative humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developmg solvent system: A mixture of dichloro- 
methane, dehydrated alcohol, and water (70: 45: 6.5) 
Developing distance: 6-8 cm 
Derivatization reagent: A solution of 10% sulfuric 
acid in alcohol Prepare fresh. Keep alcohol cold over 
ice. Carefully and gradually add sulfuric add. 

Analysis 

Samples: Standard solution A, Standard solution B, and 
Sample solution 

Apply the Sampfes as bands to a suitable HPTLC piąte, 
and dry in air Develop the ehromatograms in a satu- 
rated cham ber, remove the piąte from the cham ber, 
and dry. Treat with Derwatization reagent , heatat 105° 
for $-40 min, and examine immediately under visib!e 
light and UV fight at 366 nm. 

System suitability 

Under visible Iląht: The chromatogram of Standard 
solution B exhfbits five main reddish-yiofet bands In the 
following order with inoreasing R f : a band in the 
lower-third section of the chromatogram due to grnse- 
noside Rbl; three less intense bands dearly separated 
in the middle-third section of the chromatogram—The 
lower due to gmsenoside Rd, the rmddle due to gtnse- 
noside Re, and the upper due to notoginsenoside R1; 
and a band at an Rf corresponding to the ginsenoside 
Rai band in the chromatogram of Standard solution A. 
The two most intense bands in the chromatogram are 
those of ginsenoside Rbl and ginsenoside Rgl. 

Under UV light at 366 nm: The chromatogram of 
Standard solution B exhibits bands in the foliowing or¬ 
der with increasing Rr\ a blue fluorescent band in the 
lower-third section of the chromatogram due to ginse¬ 
noside Rbl; three less intense bands clearly separated 
in the middle-third section of the chromatogram—the 
lower due to ginsenoside Rd, the middle due to ginse¬ 
noside Re, and the upper due to notoginsenoside R1 
(the band due to ginsenoside Rd is blue fluorescent, 
while the other two bands are pinkish-yiolet); and a 
pinkish-yiolet band at an Rf corresponding to the gin¬ 
senoside Rgl band in the chromatogram of Standard 
solution A . The two most intense bands in the chro- 
matoaram are those of ginsenoside Rbl and ainseno- 
side Rgl. 

Acceptance crlteria 

Under yisible light: The chromatogram of the Sample 
solution exhibits five main reddish-yiofet bands corre¬ 
sponding in Rf to srmilar bands in the chromatogram 
of Standard solution B. These bands appear in the fol 
lowing order of increasing a band in the lower- 
third section of the chromatogram due to ginsenoside 
Rbl; three less intense bands clearfy separated in the 
middle-third section of the chromatogram due to gin¬ 
senoside Rd, ginsenoside Re, and notoginsenoside R1, 
respectively; and a band at an Rf corresponding to the 


ginsenoside Rgl band in the chromatogram of Stan¬ 
dard solution A. The two most intense bands in the 
chromatogram are those of ginsenoside Rbl and gin¬ 
senoside figi, 

Under UV light at 366 nm: The chromatogram of the 
Sample solution exhibits the fol łowi ng bands, with in¬ 
creasing Rf, corresponding to similar bands in the 
chromatogram of Standard solution B: a blue fluores¬ 
cent bana in the lower-third section of the chromato¬ 
gram due to ginsenoside Rbl; three less intense bands 
clearly separated in the middle-third section of the 
chromatogram due to ginsenoside Rd, ginsenoside Re, 
and notoginsenoside Rl, respectrvely (tne band due to 

E insenoside Rd is blue fluorescent, whife the other two 
ands are pinkish-violet); and a pinkish-yiolet band at 
an Rf corresponding to the ginsenoside Rgl band in 
the chromatogram of Standard solution A , The two 
most intense bands in the chromatogram are those of 
ginsenoside Rbl and ginsenoside Rgl. 

* C. UHPLC 

Analysis: Proceed as directed in Content of Ginsenosides. 
Acceptance criteria: The chromatogram of the Sampte 
solution exhibits peaks at the retention times corre¬ 
sponding to the peaks due to notoginsenoside Rl, gin¬ 
senoside Rgl, ginsenoside Re, ginsenoside Rbl, and 
ginsenoside Rd in the chromatogram of Standard solu¬ 
tion B, The two most intense peaks in the chromato¬ 
gram are those of ginsenoside Rgl and ginsenoside 
Rbl. The content of notoginsenoside Rl is NLT 0.6% as 
determined in the Composition. 

COMPOSITION 
' Content of Ginsenosides 

Solution A: 0.03% phosphoric acid in water (v/v) 
Solution B: Acetonitrile 
Mobile phase; See Table 1, 


Table 1 


Time 

Solution A 

Solution B 

{mini 

C%) 

(%) 

0 

83 

17 

2,4 

80 

20 

3.5 

70 

30 

4.2 

69 

31 

5.0 

58 

42 

5.1 

0 

100 

6.0 

0 

100 

6.1 

83 

17 

7.5 

83 

17 


Solvent: Methanol and water (7:3) 

Standard solution A: 0,0 4 mg/mL of USP Ginsenoside 
Rgl RS in methanol 

Standard solution B: 3,0 mg/mL of USP Panax notogin- 
seng Root and Rhizome Dry Extract RS in SoivenL Soni¬ 
cate for about 10 min, centrifuge, and use the superna¬ 
tant. Before injection, pass through a 
polytetrafluoroethylene (PTFE) fliter of 0,2-jim porę size, 
and diseard the first portion of the filtrate, 

Sample solution: Transfer 0,3 g of Tienchi Ginseng 
Root and Rhizome (capable of passing through a 
250-pm sieve), accurately weighed, to a 50-mL centri¬ 
fuge tubę. Add 10 mL of Solvent, and sonicate for 10 
mm. Centrifuge, and transfer the supernatant to a 
25-mL yolumetric fiask, Repeat this extraction two morę 
times, each with 5 mL of Solvent Combine the extracts 
in a yolumetric fiask, dilute with Solvent to volume, and 
mix. Before injection, pass through a PTFE filter of 0.2- 
pm porę size, and diseard the first portion of the fil¬ 
tra te. [Notę—T he Sample solution is stable for 24 h at 
room temperaturę.] 
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Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: UHPLC 
Detector: UV 203 nm 

Column; 2.1 -mm x 5~ęm; 1.7-pm packing LI (similar 
to Kinetex™ CIS 100 A) 

Column temperatura: 30 ± 1° 

Flow ratę: 0.8 mL/min 
Injection volume: 5 pL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability requirements 

Chromatogram similarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Panax 
notoginseng Root and Rhizome Dry Extract RS being 
usetf 

Taifing factor: NMT 2.0 for the ginsenoside 
Rq1 peak, Standard solution A 

ReTative standard deviation: NMT 2.0%, determmed 
from the ginsenoside Rgl peak in repeated injections, 
Standard solution A 

Resolution: NLT 1.5 between the ginsenoside Rgl 
and ginsenoside Re peaks, Standard solution B 
Analysis 

Sampfes: Standard solution A, Standard solution B, and 
Sample solution 

Using the chromatograms of Standard solution A, Stan¬ 
dard solution B, and the reference chromatogram pro- 
vided with the lot of USP Panax notoginseng Root and 
Rhizome Dry Extract RS being used, identify the reten- 
tion times of the peaks correspondmg to relevant gin- 
senosides in the Sample solution. 

Separately calculate the percentage of eath of the gin- 
senosides in the portion of Tienchi Cinseng Root and 
Rhizome taken: 

Result = (ru/n) x C 5 x (V/W) x F x 100 

fu - peak area of the relevant anałyte from the 
Sample solution 

Cs - peak area of ginsenoside Rgl from Standard 
solution A 

Cs - concentration of USP Ginsenoside Rgl RS in 
Standard solution A (mg/mL) 

V - volume of the Sample solution (mL) 

IV - weight of Tienchi Cinseng Root and Rhizome 
taken to prepare the Sample solution (mg) 

F - conversion factor for analytes (see Tobie 2) 


Table 2 


Analvte 

Corwersion 

Factor 

Notopinsenoside R1 

1.09 

Ginsenoside Rq1 

1.00 

Ginsenoside Re 

1.02 

Ginsenoside Rbl 

1.26 

Ginsenoside Rd 

1.03 


Calculate the content of ginsenosides as the sum of the 
percentages of notoginsenoside R1, ginsenoside Rgl, 
ginsenoside Re, ginsenoside Rbl, and ginsenoside Rd, 
Acceptance criteria: NLT 5.0% on the dried basis 

CONTAMSNANT5 

* Ełememtal Impurities—Proceoures (233) 

Acceptance criteria 
Arsenie: NMT 3.0jig/g 
Cadmium: NMT 1.0 pg/g 
Lead: NMT 5.0pg/g 
Mercury: NMT 0.2jig/g 

• Articles of Botanical Origin, General Method for Pesti- 

dde Residues Analysis (561): Meets the reguirements 


■ Mecrobial Enumerateon Tests (2021): The total aerobic 
bacterial count does not exceed 10 5 cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-tolerant Gram-negative bacterfa do not 
exceed 10 1 cfu/g. 

> Absence of Specired Microorganisms (2022): Meets the 
requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

e Articles of Botanical ORIGIN, Test for AfIatoxins (561): 
Meets the requirements 

SPECIFfC TESTS 

* BOTANIC CHARACTERJSTICS 

Macroscop ic 

Root: Subconical or cyiindrical; 1-6 cm tong, 1-4 cm 
in diameter; externally grayish-brown or grayi$h-y el¬ 
fów; showing interrupted iongitudinal wrinkles, scars of 
rootlets, anefsear of the stem at the apex surrounded 
by irregular-shaped protrusions; texture heavy and 
compact, fracture qrayish-qreen, yeflowish-areen or 
grayish-white 

Rootlets: Cyiindrical or conical, 2-6 cm long, the up- 
per end 0.8 cm in diameter, the łower end 0,3 cm m 
diameter 

Rhizomes: Irregular lumps; showing several stem scars 
and annulations; fracture grayish-green or grayish- 
white in the center and deep green or gray at the 
margin 
Microscopic 

Transverse section: Cork consisting of several rows of 
radiatly arranged, thin-walled cells; phelloderm narrow; 
layers of parenchyma cells, cluster crystals of calcium 
Gxalate rare and mostly distributed in parenchyma 
close to cork; phioem parenchyma showing resin 
canals containing yellow-brown masses; cambium in a 
ring sometimes undulant; and xylem broad, vessels 
1-2 rows in graups, arranged radially 
Acceptance criteria: Meets the reguirements 

* Articles of Botanical Origin, Roreign Organie Matter 

(561): NMT 2.0% 

* ARTICLES OF BOTANICAL Oricin, Alcohol-Soluble Extractives f 

Method 2 (561): NLT 16.0% 

* Articles of Botanical Origin, Woter-Soluble Extractives, 

Method 2 (561): NLT 26.0% 

* Loss ON Drying (731) 

Sample: l.Og of Tienchi Cinseng Root and Rhizome, 
finely powdered 

Analysis: Dry the Sample at 105° for 2 h. 

Acceptance criteria: NMT 14% 

* Articles of Botanical Origin, Total Ash (561) 

Analysis: 4,0 g of Tienchi Cinseng Root and Rhizome, 
finely powdered 
Acceptance criteria: NMT 6% 

* Articles of Botanical Origin, Aciddnsoluble Ash (561) 

Analysis: 4.0 g of Tienchi Cinseng Root and Rhizome, 
finely powdered 

Acceptance criteria: NMT 3,0% 

ADDJTIONAL REQUIREMENTS 

* Packaginc and Storage: Preserve in well-dosed contain- 

ers, protected from light and moi stu re, and storę a t 
room temperaturę. 

* Labeling: The label States the Latin binomial and, follow- 

ing the official name, the parts of the plant from which 
the article was derived. 
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• USP REFERENCE STANDARDS (11) 

USP Aflatoxins RS 
USP Ginsenoside Rgl RS 

USP Panax notoginseng Root and Rhizome Dry Extract RS 


Tienchi Ginseng Root and Rhizome 
Powder 


DEFINiTION 

Tienchi Ginseng Root and Rhizome Powder consists of the 
dried roots and rhizomes of Panax notoginseng (Burkill) F. 
H. Chen ex C.Y, Wu & K.M. Feng (Fam. Araiiaceae), col- 
lected before flowering in autumn and reduced to a pow¬ 
der. it contains NIT 5.0% of ginsenosides calculated on 
the dried basis as the sum of notoginsenoside R1 
(C^HaoOia), ginsenoside Rgl (CuhtaOn), ginsenoside Re 
(C^Hs^Ots), ginsenoside Rbl (CmH^ 0 23 ), and ginsenoside 
Rd (G^HajOi*), 



IDENTIFICATION 

* A, It meets the reguirements in Spetifk Tests for Botanic 

Choracteństics. 

* B, Thin Layer Chromatography 

Standard solution A: 0.5 mg/mL of USP Ginsenoside 
Rgl RS in methanol 

Standard solution B: 10 mg/mL of USP Panax notogin¬ 
seng Root and Rhizome Dry Extract RS in methanol, 
Sonicate for about 10 min, centrrfuge, and use the 
supernatant 

Sample solution: Sonicate about 0.2 g of Powder, 
fi nety powdered, in 5 mL of methanol for 20 min. Cen- 
trifuge, and use the supernatant, [NOTĘ—The Sample so¬ 
lution is stable for 6 h at room temperaturę.] 
Chromatographic system 
(See Chroma tog ropny (621), Thin-Layer Chromato - 
graphy.) 

Adsorbent; Chromatographic silica gel mixture with 
an average particie size of 5 pm (HPTLC plates) 
Application voIume: 4j.iL, as 8-mm bands 
Relalive humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Deveioping solvent system: A mixture of dichloro- 
methane, dehydrated alcohol, and water (70: 45: 6.5) 
Developing distanee: 6-8 cm 
DenvatizatIon reagent: A solution of 10% sulfuric 
acid in alcohol. Prepare fresh. Keep alcohol cotd over 
ice. Carefully and gradually add sulfuric acid, 

Analysis 

Samples: Standard solution A, Standard solution B f and 
Sample solution 

AppEy the Samples as bands to a suitabte HPTLC piąte, 
and dry in air. DeveEop the chromatograms in a satu- 
rated chamber, remove the piąte from the cham ber, 
and dry. Treat with Derivatization reagent, heat at 105^ 
for 5-10 min, and examme immediately under visible 
light and UV light at 366 nm, 

System suitabrlrty 

Under vtsible light: The chromatogram of Standard 
solution B exhibits five main reddish-vioiet bands in the 
following order with increasing Rp. a band in the 
lower-third section of the chromatogram due to ginse¬ 
noside Rbl; three less intense bands clearJy separated 
in the middle4hird section of the chromatogram—the 
lower due to ginsenoside Rd, the middle due to ginse¬ 
noside Re, ano the upper due to notoginsenoside Rl; 
and a band at an Rr corresponding to the ginsenoside 
Rgl band in the chromatoaram of Standard solution A. 
The two most intense bands in the chromatogram are 
those of ginsenoside Rbl and ginsenoside Rgl. 

Under UV light at 366 nm: The chromatogram bf 
Standard solution B exhibits bands in the foliowing or¬ 


der with increasing R f : a blue fiuorescent band in the 
lower-third section of the chromatogram due to ginse¬ 
noside Rbl; three less intense bands cleariy separated 
in the middle-third section of the chromatogram—the 
lower due to ginsenoside Rd, the middle due to ginse¬ 
noside Re, and the upper due to notoginsenoside Rl 
(the band due to ginsenoside Rd is blue fiuorescent, 
while the other two bands are pinkish-vioIet); and a 
pinkish-violet band at an R f corresponding to the gin¬ 
senoside Rgl band In the chromatogram of Standard 
solution A, The two most intense bands in the chro¬ 
matogram are those of ginsenoside Rbl and ginseno¬ 
side Rgl. 

Acceptance criteria 

Under visib(e light: The chromatogram of the Sample 
solution exhibrts five main reddishwiolet bands corre¬ 
sponding in ^ to simtlar bands tn the chromatogram 
of Standard solution B. These bands appear in the fol¬ 
iowi ng order of increasing R f : a band in the lower- 
third section of the chromatogram due to ginsenoside 
Rbl; three less intense bands cleariy separated in the 
middle-third section of the chromatogram due to gin¬ 
senoside Rd, ginsenoside Re, and notoginsenoside Rl, 
respectively; and a band at an Rf corresponding to the 
ginsenoside Rgl band in the chromatogram of Stan¬ 
dard solution A. The two most intense bands in the 
chromatogram are those of ginsenoside Rbl and gin¬ 
senoside Rai. 

Under UV light at 366 nm: The chromatogram of the 
Sample solution exhibits the following bands, with in¬ 
creasing R fl corresponding to similar bands in the 
chromatogram of Standard solution B: a blue fluores- 
cent band in the lower-third section of the chromato¬ 
gram due to ginsenoside Rbl; three less intense bands 
cleariy separated in the middle-third section of the 
chromatogram due to ginsenoside Rd, ginsenoside Re, 
and notoginsenoside Rl, respectively (tne band due to 
ginsenoside Rd is blue fiuorescent, whlle the other two 
bands are pinkishwiolet); and a pinkish-violet band at 
an Rr corresponding to the ginsenoside Rgl band in 
the chromatogram of Standard solution A The two 
most intense bands In the chromatogram are those of 
ginsenoside Rbl and ginsenoside Rgl. 

* C. UHPLC 

Analysis: Proceed as directed in Content of Ginsenosides , 
Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks at the retention limes corre¬ 
sponding to the peaks due to notoginsenoside Rl, gin¬ 
senoside Rgl, ginsenoside Re, ginsenoside Rbl, and 
ginsenoside Rdof Standard solution B . The two most 
intense peaks tn the chromatogram are those of ginse¬ 
noside Rgl and ginsenoside Rbl. The content of 
notoginsenoside Rl is NLT 0.6% as determined in the 
Composition. 

COMPOSITION 

* Content of Ginsenosides 

Solution A: 0,03% Phosphoric acid in water (v/v) 
Solution B: Aceto n itri te 
Mobile phase: See Tobie 7. 


Table 1 


Time 

(min) 

Solution A 

Solution B 

0 

_ 

83 

17 

2.4 

80 

20 

3,5 

70 

30 

4.2 

69 

31 

5,0 

58 

42 

5,1 

9 

100 

6,0 

0 

100 
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Tablc 1 (Continued) 


Time 

(min) 

Solution A 

(%) 

Solution B 

(%> 

6,1 

83 

17 

7.5 

83 

17 


Solyent; Methanol and water (7:3) 

Standard solution A: 0.04 mg/mL of USP Ginsenoside 
Rgl RS in methanol 

Standard solution B: 3.0 mg/mL of USP Ponax notogin- 
seng Root and Rhizome Dry Extract RS in SoivenL Soni- 
cate for about 10 min, centrifuge, and use the superna- 
tant. Before injection, pass through a 
po]ytetrafluoroethylene (PTFE) frlter of 0.2-pm porę size, 
and discard the first portion of the filtrate. 

Sam ple solution: Tra nsfer 0.3 g of Powder (capable of 
passfng through a 250-pm sieve), accurately weighed, 
to a 50-mL centrifuge tubę. Add 10 mL of 5o/vent, and 
sonicate for 10 min. Centrifuge, and transfer the super- 
natant to a 25-mL volumetric fiask. Repeat this extrac- 
tion two morę bmes, each with 5 mL of SolvenL Com- 
bine the extracts in a volumetric fiask, dilute with 
Solvent to volume, and mix. Before injection, pass 
through a PTFE filter of 0,2-pm porę size, and discard 
the first portion of the filtrate. [Notę—T he Sampie so/u- 
tian is stabie for 24 h at room temperaturę.] 
Chromatographic system 
(See Chromotography (62 1), System Suitability ..) 

Modę: UHPLC 
Detector: UV 203 nm 

Column: 2.1*mm x 5-ęm; 1.7-pm packing 11 (similar 
to Kmetex™ Cl 8 100 A) 

Column temperaturę: 30 ± 1° 

Flow ratę: 0.8 mL/min 
Injection volume: 5 pL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability requirements 

Chromatografii simllarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Ponax 
notoginseng Root and Rhizome Dry Extract RS being 
usecT 

Tailing factor: NMT 2.0 for the ginsenoside 
Rgl peak, Standard solution A 
Refatiye standard devration: NMT 2.0%, determined 
from the ginsenoside Rgl peak in repeated injęcttons, 
Standard solution A 

Re solution: NLT 1.5 between the ginsenoside Rgl 
and ginsenoside Re peaks, Standard solution B 
Analysis 

Samples: Standard solution A, Standard solution B t and 
Sampie solution 

Using the chromatoarams of Standard solution A , 5fon- 
dard solution B t ana the reference chromatogram pro- 
vided with the lot of USP Ponax notoginseng Root and 
Rhizome Dry Extract RS being used, identify the reten- 
tion times of the peaks corresponding to relevant gin- 
senosides in the Sampie solution. 

Separately cafculate the percentage of each of the gin- 
senosides in the portion of Powder taken: 

Resuft = (rufrs) X C 5 x (V/W) xFx 100 


labie 2 


Analyte 

Corwersion 

Factor 

Notoainienoside R1 

1.09 

Ginsenoside Rai 

1.00 

Ginsenoside Re 

1.02 

Ginsenoside Rbl 

1.26 

Ginsenoside Rd 

1.03 


Calculate the content of ginsenosides as the sum of the 
percentages of notoginsenoside R1, ginsenoside Rgl, 
ginsenoside Re, ginsenoside Rbl, and ginsenoside Rd, 
Acceptance criteria: NLT 5.0% on the dried basis 

CONTAMINANTS 

* Elemental Impurities—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 3,0 pg/g 
Cadmlum: NMT 1.0 pg/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 0.2 pg/g 

* Articles of Botanical Origin, General Method for Pesti- 

tide Residues Analysis (561): Meets the reguirements 

* Microbial Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 10 s cfu/g, the total com- 
bined molds and yeasts count does not exceed 10 3 cfu/ 
g, and the bile-toferant Gram-negative bacteria do not 
exceed 10 3 cfu/g. 

* Assence of Specified MiCROORGANisivi5 (2022): Meets the 

requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

* Articles of Botanical Origin, Test for Aflatoxins (561): 

Meets the requirement$ 

5FECIFIC TESTS 

* Botawic Characteristics 

Macroscopic: Grayish-yellow in color 
Mkroscopk: Fragments of cork cells; fragments of pa- 
renchyma cells, crystals of calcium oxalate clusters rare; 
fragments of secretory ducts containing yellow secre- 
tions; vessels, scalariform, reticulated and spiral, 15-55 
pm in diameter; starch granules fairly abundant, srmple 
granules spherital, semispherical or rou n d-po ly go na I, 
5-40 pm in diameter; compound granules of 2-10 or 
morę components; showing a blacT, cross shape when 
examined under a polariztng microscope 
Acceptance criteria: Meets the reąuirements 

* Articles of Botanical Origin, Foreign Organie Matter 
<561): NMT 2.0% 

* Articles of Botanical Origin, Alcohol-Soluble Extractives t 

Method 2 (561): NLT 16.0% 

* Articles of Botanical Origin, Water-Soluble Extractives f 

Method 2 (561): NLT 26.0% 

* LOSS ON DRVING (731) 

Sampie: 1.0 g of Powder, finely powdered 
Analysis: Dry the Sampie at 105° for 2 h, 

Acceptance criteria: NMT 1 4% 

■ Articles of Botanical Origin, Total Ash (561) 

Analysis: 4.0 g of Powder, finely powdered 
Acceptance criteria: NMT 6% 

* Articles of Botanical Origin, Acid-fnsoiuble Ash (561) 

Analysis: 4.0 g of Powder, finely powdered 
Acceptance criteria: NMT 3.0% 


r u = peak area of the relevant analyte from the 
Sampie solution 

n - peak area of ginsenoside Rgl from Standard 
solution A 

Cs - concentration of USP Ginsenoside Rgl RS in 
Standard solution A (mg/mL) 

V - volume of the Somple solution (mL) 

W - weight of Powder taken to prepare the Sampie 

solution (mg) 

F - conversion factor for analytes (see Tobie 2) 


ADDITIONAL REQU1REMENT5 

» Packaging and Storage: Preserve in well-closed contain- 
ers, protected from light and moisture, and storę at 
room temperaturę. 

• LabeunG: The la bel States the Latln bi nom tal and, folio w- 
ing the offfcial name, the parts of the plant contamed in 
the article. 
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* USP Reference Standards <11} 

USP Aflatoxins RS 
USP Ginsenoside Rgl RS 

USP Panox notoginseng Root and Rhizome Dry Extract RS 


Add the fotlawlng: 


‘Tienehi Ginseng Root and Rhizome 
Powder Capsuies 

DEFINITION 

Tienehi Ginseng Root and Rhizome Powder Capsuies contain 
Tienehi Ginseng Root and Rhizome Powder. They contain 
NIT 5.0% of ginsenosides calćdlated as the sum of 
notoginsenoside R1 (C^HaoOis), ginsenoside Rgl 
(C^H/zGu), ginsenoside Re (CtaHazOnO, ginsenoside Rbl 
(C^HwOzj)# and ginsenoside Rd (C48H e zGi e ) from the la- 
beled amount of Tienehi Ginseng Root and Rhizome 
Powder, 

IDENTIFICATION 

* A. HPTLC for AftnciES of Botanical Origjn (203) 
Standard sofution A: 0.5 mg/mL of USP Ginsenoside 
Rgl RS in methanol 

Standard solution B: 5 mg/mL of USP Panax notogin¬ 
seng Root and Rhizome Dry Extract RS in methanol 
Sonkate for about 10 min, centrifuge, and use the 
supernatant. 

Sample sofution; Transfer a finely powdered portion of 
the contents of the Capsuies, equivalent to 04 g of 
Tienehi Ginseng Root and Rhizome Powder, to a suita- 
bie Container, add lO.OmL of methanol, and sonicate 
for 20 min. Centrifuge, and use the supernatant. 
Chromatographk system 

Adsorbent: Chromatographk: silica gel mixture with 
an average particie size of 5 jum (HPTLC plates) 
Application vo!ume; 4 pi, as 8-mm bands 
Relative humidity; Condition the piąte to a relative 
humidity of about 33% ustng a suitable device. 
Developing solvent system: A mixture of dichloro- 
methane, dehydrated aicohol, and water (70: 45: 6.5) 
Devdopinęf distance; 6 cm 

Deriyatization reagent: 10% sulfuric add in atcohol. 
Prepare fresh. Keep aicohol cold over tce. Carefully and 
gradually add sulfuric add, 

Analysis 

Samples: Standard solution A, Standard solution B, and 
Sampfe solution 

Appiy the Samples as bands to a suitable HPTLC piąte, 
and dry in air. Develop in a saturated cham ber, re- 
move the piąte from the ehamber, and dry in air, Treat 
the piąte willi Deriyatization reagent , heatat 105 for 
5 mm, and examine immedlately under visible light 
and UV light al 366 nm, 

System suitabillty 

Under vtstble light: The chromatogram of Standard 
sofution B exhibits five main reddish-violet bands. A 
band in the upper-half section corresponding in R? to 
the band of ginsenoside Rgl in Standard solution A ; a 
band in the lower-third section of the chromatogram 
due to ginsenoside Rbl; three less intense bands 
dearly separated between the bands of ginsenoside 
Rgl and ginsenoside Rbl—the lower band due to qin- 
senoside Rd, the middle due to ginsenoside Re, and 
the upper due to notoginsenoside R1 . The two most 
intense bands in the chromatogram are those of ginse¬ 
noside Rbl and ginsenoside Rgl. 

Under UV light at 366 nm: The chromatogram. of 
Standard solution Bexhibits a pinkish-violet band at an 
R f . corresponding to the ginsenoside Rgl band in the 


chromatogram of Standard solution A; a blue fluores¬ 
cent bancTin the lower-third section of the chromato- 
gram due to ginsenoside Rbl; three less intense bands 
clearfy separated between the bands of ginsenoside 
Rgl and ginsenoside Rbl “the lower due to ginseno- 
stde Rd, tne middle due to ginsenoside Re, and the 
upper due to notoginsenoside R1 (the band due to 
ginsenoside Rd is blue fluorescent, while the other two 
bands are pinkish-violet). The two most intense bands 
in the chromatogram are those of ginsenoside Rbl 
and ginsenoside Rgl. 

Acceptance oriteria 

Under vislble light: The chromatogram of the Sample 
solution exhibits frve main reddish-viofet bands corre¬ 
sponding in R f to simiiar bands in the chromatogram 
of Standard solution B: a band in the upper-half section 
corresponding in R f to the band of ginsenoside Rg l in 
Standard solution A; a band in the lower-third section 
of the chromatogram due to ginsenoside Rbl; three 
less intense bands dearly separated between the bands 
of ginsenoside Rgl and ginsenoside Rbl—the lower 
band due to ginsenoside Rd, the middle due to ginse¬ 
noside Re, and the upper due to notoginsenoside R1. 
The two most intense bands in the chromatogram are 
those of ginsenoside Rbl and ginsenoside Rgl. 

Under UV light at 366 nm: Tne chromatogram of the 
Sample solution exhibits the bands corresponding in R f 
to simiiar bands in the chromatogram of Standard so¬ 
lution B: a pinkish-vio!et band at an R f corresponding 
to the ginsenoside Rgl band in the chromatogram of 
Standard solution A; a blue fluorescent band in the 
lower-third section of the chromatogram due to ginse¬ 
noside Rbl; three less intense bands dearly separated 
between the bands of ginsenoside Rgl and ginseno¬ 
side Rb l—the lower due to ginsenoside Rd, the mid¬ 
dle due to ginsenoside Re y and the upper due to 
notoginsenoside R1 (the band due to ginsenoside Rd 
is blue fluorescent, while the other two bands are 
pinkislwiolet). The two most intense bands in the 
chromatogram are those of ginsenoside Rbl and gin¬ 
senoside Rgl. 

* B. LC ' ' 

Analysis; Proceed as directed in the test for Content of 
Ginsenosides. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks at the retention times corre¬ 
sponding to the peaks due to notoginsenoside R1, gin¬ 
senoside Rgl, ginsenoside Re, ginsenoside Rbl, ancf 
ginsenoside Ra in the chromatogram of Standard solu¬ 
tion B. The two most intense peaks in the chromato¬ 
gram are those of ginsenoside Rgl and ginsenoside 
Rbl. 

5TRENGTH 

• Content of Ginsenosides 

Extraction solvent; Methanol and water (7:3) 

Sofution A: 0,03% phosphoric add in water (v/v) 
Solution B: Acetonitrile 
Mobile phase: See Tobie I. 


Table 1 


Time 

fmlri^ 

Solution A 

( a M 

Solution B 
(%1 

0 

83 

17 

2.4 

80 

20 

3-5 

70 

30 

4.2 

69 

31 

5.0 

58 

42 

5,1 

0 

100 

6.0 

0 

100 

6,1 

83 

17 

m 

83 

17 
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Standard solution A; 0.04 mg/mL of USP Ginsenoside 
Rgl RS in methanol. Sonicate to drssolve, if necessary. 
Standard solution B: 3.0 mg/mL of USP Panax notogin- 
seng Root and Rhizome Dry Extraet RS in Extraction sol- 
vent. Sonicate for about 10 min, centrifuge, and use the 
supernalant. Before injection, pass through a polytetra* 
fluoroethylene (PTFE) membranę fifter of0.2-|jm porę 
size, and discard the first portion of the filtra te. 

Sample solution: Determme the total weight of 20 
Capsuies* Open the Capsuies and combine their eon- 
tents in an appropriate Container. Weigh the empty 
Capsule shelis and calculate the average fili weignt per 
Capsule* Thoroughiy mix and finely powder the con- 
tents of the Capsules* Transfer a portion of the Capsule 
contents, equivafent to 0,3 g of Tiench] Ginseng Root 
and Rhizome Powder to a 50-mL centrifuge tubę. Add 
10 mL of Extraction solvent t and sonicate for 20 min. 
Centrifuge, and transfer the supernatant to a 25-mL 
volumetric fiask, Repeat this extraction with 10 mL of 
Extracthn solvent t and sonicate for 10 min, Combine 
the extracts in a volumetric fiask, dii u te with Extraction 
sdlyent to vo!ume, and mix. Before injection, pass 
through a PTFE membranę filier of 0.2-pm porę size, 
and discard the first portion of the filtrate* 
Chromatographk system 
(See Chmmotography { 621), System Suitabllity.) 

Modę: LC 

Detector: UV 203 nm 

Coiumn: 2.1-mm x 5-cm; 1,7-pm packing LI 
Colurrm temperaturę: 30° 

Flow ratę: 0.8 mL/min 
Injection volume: 5 pL 
System suitabifity 

Sampies: Standard solution A and Standard solution B 

Suitabllity reąuirements 

Chromatogram simifarity: The chromatogram of 
Standard solution B is slmilar to the reference chro¬ 
matogram provided with the lot of USP Panax 
notoginseng Root and Rhizome Dry Extract RS being 
used. 

Resolutron: NLT 1.5 between the ginsenoside Rgl 
and ginsenoside Re peaks, Standard solution B 
Relative standard deviation: MMT 2.0%, determined 
from the ginsenoside Rgl peak in repeated injections, 
Standard solution A 
Analysts 

Sampies: Standard solution A f Standard solution B t and 
Sample solution 

Using the chromatograms of Standard solution A, Stan¬ 
dard solution B, and the reference chromatogram pro- 
vided with the lot of USP Panax notoginseng Root and 
Rhizome Dry Extract RS being used, identify the peaks 
corresponding to notoginsenoside Rl, ginsenoside 
Rgl, ginsenoside Re, ginsenoside Rbl, and ginsenoside 
Rd in the Sample solution chromatogram, Measure the 
areas of the analyte peaks. 

Separately calculate the ąuantity, in mg, of notoginse¬ 
noside R1, ginsenoside Rgl, ginsenoside Re, pinseno- 
side Rbl, and ginsenoside Rd, in each Capsufe: 

Resuk - (rjr s ) x Q x V x F x (WJW) 

ru - peak area of the relevant analyte from the 
Sample solution 

r* = peak area of ginsenoside Rgl from Standard 
solution A 

Cs = concentration of USP Ginsenoside Rgl RS in 
Standard solution A (mg/mt) 

V - volume of the sofyent La"ken for preparation of 
the Sample solution (mL) 

F - response factor for analytes {see Tobie 2) 

W^ - average Capsule fili weight (mg) 

W = weight of the sample ta!<en for preparation of 
the Sample solution (mg) 


Table 2 


Analyte 

Response 

Factor 

Notoginsenoside Rl 

1.09 

Ginsenoside Rgl 

i.00 

Ginsenoside Re 

1.02 

Ginsenoside Rbl 

1,26 

Ginsenoside Rd 

1.03 


Calculate the percentage of ginsenosides, as the sum of 
notoginsenoside Rl, ginsenoside Rgl, ginsenoside Re, 
ginsenoside Rbl, ancfginsenoside Rd, of the labeled 
amount of Tiench i Ginseng Root and Rhizome Powder 
in each Capsule: 

Result = (1QJL) x 100 

XQ f = sum of the guanttties of ginsenosides as 
determined above (mg) 

i = labeied amount of Tienchi Ginseng Root and 
Rhizome Powder (mg) 

Acceptance critena: NLT 5*0% 

PERFORMANCE TESTS 

• Disintegration and DissoumoN (2040), Disintegration: 
Meet the reąuirements 

« Weight Variation (2091): Meet the reąuirements 

CONTAMINANTS 

* Microbial Enumeration TESTS (2021): The total aerobtc 
bactenal count does not exceed 10 4 cfu/g, and the total 
combined mofds and yeasts counl does not exceed 10* 
cfu/g. 

• Absence OF SpECłFiED Microorcaimisms (2022), Test Proce- 
dures, Test for Absence of Salmonella Species and Test for 
Absence of Eschenchia coli: Meet the reąuirements 

ADD1TIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in welkdosed contain- 
ers, protected from iight and moisture, and storę at 
room temperaturę. 

* Labeling: The label States the Latin binomiai and the offi- 
cial name, The labeł States the amount of Tienchi Gin¬ 
seng Root and Rhizome Powder in mg/Capsule. 

♦ USP Reference Standard* (11) 

USP Ginsenoside Rgl RS 

USP Ponax notoginseng Root and Rhizome Dry Exlracl RS 

AUSP40 


Add the following: 


-Tienchi Ginseng Root and Rhizome 
Powder Tablets 


DEFINITION 

Tienchi Ginseng Root and Rhizome Powder Tablets contain 
Tienchi Ginseng Root and Rhizome Powder. They contain 
NLT 5.0% of ginsenosides cakulated as the sum of 
notoginsenoside Rl {C t7 H S oQisX ginsenoside Rg l 
(CijhbjOi*!), ginsenoside Re {OaHLOjs), ginsenoside Rbl 
(C^HtuOn), and ginsenoside Rd (C^H^Ois) from the fa- 
beled amount of Tienchi Ginseng Root and Rhizome 
Powder. 

IDENTIFICATION 

* A. HPTŁC FOR Articles of Botanical Origin (203) 
Standard solution A: 0*5 mg/mL of USP Ginsenoside 
Rg l RS in methanot 
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Standard solution B: 5 mg/mL of USP Panax notogin- 
seng Root and Rhizome Dry Extract RS in met ha mol, 
Sonicate for about 10 min, centrifuge, and use the 
supernatant 

Sam ple solution: Transfer a portion of the finely pow- 
dered Tablets, equivaient to 0.4 g of Tienchi Ginseng 
Root and Rhizome Powder, to a suitable Container, add 
10.0 mL of methanol, and sonicate for 20 min, Centri- 
fuge and use the supernatant 

Chromatographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size ot 5 Jim (HPTLC plates) 
Application volume: 4 pl t as 8-mm bands 
Relatiye humidity: Condition the piąte to a relative 
humidity of about 33% using a suitable device. 
Developing solvent system: A mixture of dichloro- 
methaną dehydrated alcohol, and water (70: 45: 6.5} 
Developing distance: 6 cm 

Derivatization reagent: 10% sulfuric acid in alcohol. 
Prepare fresh. Keep alcohoi cold over ice. Carefully and 
gradually add sulfuric add, 

Analysis 

Sampies: Standard solution A f Standard solution B f and 
Sampie solution 

Apply the Sampies as bands to a suitable HPTLC piąte, 
and dry in air, Deve!cp in a saturated chamber, re- 
move the piąte from the chamber, and dry in air, Treat 
the piąte with Derivatization reagent, heat at 105 Q for 
5 min, and examine immediately under visible light 
and UV light at 366 nm. 

System suftability 

Under visible light: The chromatogram of Standard 
solution B exhibits five main reddish-yiolet bands, A 
band in the upper-half section corresponding in Rr to 
Ihe band of ginsenoside Rgl in Standard solution A; a 
band in the lower-third section of the chromatogram 
due to ginsenoside Rbl; three less intense bands 
dearly separated between the bands of ginsenoside 
Rgl and ginsenoside Rbl—the iower band due to gin¬ 
senoside Rcl, the middle due to ginsenoside Re, and 
the upper due to notoginsenoside R1, The two most 
intense bands in the chromatogram are those of ginse- 
nostde Rbl and ginsenoside Rgl, 

Under UV light at 366 nm: The chromatogram of 
Standard solution B exhfbits a pinkish-vtolet band at an 
Rf corresponding to the ginsenoside Rgl band in the 
chromatogram of Standard solution A ; a blue fluores- 
cent bano in the lower-third section of the chromato¬ 
gram due to ginsenoside Rbl; three less intense bands 
dearly separated between the bands of ginsenoside 
Rgl and ginsenoside Rbl—the Iower due to ginseno¬ 
side Rd, the middle due to ginsenoside Re, and the 
upper due to notoginsenoside R1 (the band due to 
ginsenoside Rd is blue fluorescent, whiie the other two 
Bands are pinkish-violet), The two most intense bands 
in the chromatogram are those of ginsenoside Rbl 
and ginsenoside Rgl. 

Acceptanee crlteria 

Unełer visible light: The chromatogram of the Sampie 
solution exhibits five main reddi$h-violet bands corre¬ 
sponding in Rr to similar bands In the chromatogram 
of Standard solution B: a band in the upper-half section 
corresponding in R? to the band of ginsenoside Rgl in 
Standard soki Ilon A; a band in the lower-third section 
of the chromatogram due to ginsenoside Rbl; three 
less intense bands dearly separated between the bands 
of ginsenoside Rgl and ginsenoside Rbl—the Iower 
band due to ginsenoside Rd, the middle due to ginse¬ 
noside Re, and the upper due to notoginsenoside R1. 
The two most intense bands In the chromatogram are 
those of ginsenoside Rbl and ginsenoside Rgl. 


Under UV light at 366 nm: The chromatogram of the 
Sampie solution exhibits the bands corresponding in Rf 
to similar bands in the chromatogram of Standard so- 
lutlon B\ a pinkish-violet band at an R f corresponding 
to the ginsenoside Rgl band in the chromatogram of 
Standard solution A; a blue fluorescent band in the 
lower-third section of the chromatogram due to ginse¬ 
noside Rbl; three less intense bands dearly separated 
between the bands of ginsenoside Rgl and ginseno¬ 
side Rbl—the Iower due to ginsenoside Rd, the mid¬ 
dle due to ginsenoside Re, and the upper due to 
notoginsenoside R1 (the band due to ginsenoside Rd 
is blue fluorescent, whiie the other two bands are 
pinkislwiolet), The two most Intense bands in the 
chromatogram are those of ginsenoside Rbl and gin¬ 
senoside Rql. 

* B. LC 

Analysis: Proceed as directed in the test for Content of 
Ginsenosldes. 

Acceptance crlteria: The chromatogram of the Sampie 
solution exhibits peaks at the re tent i on U mes corre¬ 
sponding to the peaks due to notoginsenoside Rl, gin¬ 
senoside Rgl, ginsenoside Re, ginsenoside Rbl, and 
ginsenoside Rd in the chromatogram of Standard solu¬ 
tion B. The two most intense peaks in the chromato¬ 
gram are those of ginsenoside Rgl and ginsenoside 
Rbl. 

STRENGTH 

* CONTENT OF GlNSENOSIDES 

Extraction solvent: Methanol and water (7:3) 

Solution A: 0.03% phosphonc add in water (v/v) 
Solution B: AcetonitrEle 
Mobile phase: See Tobie 1. 


labie 1 


Time 

Solution A 

Solution B 

(min) 

mi 


0 

BI 

17 

2,4 

80 

20 

3.5 

70 

30 

4,2 

69 

31 

5.0 

58 

42 

51 

0 

100 

6,0 

0 

100 

6,1 

83 

17 

7,5 

83 

17 


Standard solution A: 0.04 mg/mL of USP Ginsenoside 
Rgl RS in methanol, Sonicate to disso!ve, if necessary. 

Standard solution S: 2.0 mg/mL of USP Panax notogin- 
seng Root and Rhizome Dry Extract RS in Extroction sol- 
vent. Sonicate for about 10 min, cenlrifuge, and use the 
supernatant. Before injection, pass through a polytetra- 
fluoroethylene (PTFE) membranę filter of 0.2-jam porę 
size and discard the first portion of the filtrate. 

Sampie solution: Weigh NLT 20 Tablets, determine the 
average Tablet weight, and finely powder. Transfer a 
portion of finely powdered Tablets, equivalent to 0,3 g 
of Tienchi Ginseng Root and Rhizome Powder to a 
50-mL centrifuge tubę, Add 10 mL of Extraction sofvent, 
and sonicate for 20 min, Centrifuge, and transfer the 
supernatant to a 25-mL yolumetric fiask, Repeat this ex- 
traction with 10 mL of Extraction solyęnt, and sonicate 
for 10 min. Combine the extracts in a volumetric fiask, 
diiute with Extraction solvent to vofume, and mix. Before 
fnjection, pass through a PTFE membranę filter of 0.2- 
|im porę size, and discard the first portion of the 
filtrate. 
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Chroma tog raphic system 

{See Chromatography (621), System Suitability) 

Modę: LC 

Detector: UV 203 nm 

Column: 2.1 -mm x 5-cm; 1.7-pm packing LI 
Column temperaturę: BO' 3 
Flow ratę: 0.8 niL/min 
fnjection volume: 5 uL 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability reguirements 

Chromatogram similarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Panox 
notoginseng Root and Rhizome Dry Extract RS being 
usetf 

Resolution: NLT 1,5 between the ginsenoside Rgl 
and ginsenoside Re peaks, Standard solution B 
Relative standard deviatton: NMT 2.0%, determined 
from the ginsenoside Rgl peak in repeated injettions. 
Standard solution A 
Anaiysis 

Samples: Standard solution A f Standard solution B f and 
Sample solution 

Using the thromatograrm of Standard solution A, Stan¬ 
dard solution B, and the reference chromatogram pro- 
vided with the lot of USP Panax notoginseng Root and 
Rhizome Dry £xtract RS being used, identify the peaks 
corresponding to notoginsenoside FU, ginsenoside 
Rgl, ginsenoside Re, ginsenoside Rbl, and ginsenoside 
Ra in the Sample solution l 

Separately caEculate the guantity, in mg, of notoginse¬ 
noside R1, ginsenoside Rgl, ginsenoside Re, ginseno¬ 
side Rbl , and ginsenoside Rdin each Tablet: 

Result = (ruĘ) xQxVxfx (WJW) 

r 0 - peak area of the relevant analyte from the 
Sample solution 

r$ = peak area of ginsenoside Rgl from Standard 
solution A 

Q - concentration of USP Ginsenoside Rgl RS in 
Standard solution A (mq/mL) 

V = volume of the solvent taken for preparation of 
the Sample solution (mL) 

F ~ response łactor for analytes (see Tahle 2) 

Woy - average Tablet weight (mg) 

W = weight of the sample taken for preparation of 
the Sample solution (mg) 


Tabte 2 


Analyte 

Response 

Factor 

Notooinsenoside Rl 

1.09 

Ginsenoside Rql 

1.00 

Ginsenoside Re 

1.02 

Ginsenoside Rbl 

1.26 

Ginsenoside Rd 

1.03 


Calcuiate the percentage of ginsenosides, as the sum of 
notoginsenoside Rl, ginsenoside Rgl, ginsenoside Re, 
ginsenoside Rbl, and ginsenoside Rd, of the labeled 
amount of Tienchi Ginseng Root and Rhizome Powder 
in each Tablet: 

Result = (IQ r /0 x 100 

LQs - sum of the guantities of ginsenosides as 
determined above (mg) 

i = labeled amount of Tienchi Ginseng Root and 
Rhizome Powder (mg) 


Acceptance criteria: NLT 5.0% 

PERFORMANCE TE5T5 

* DłSlNTECRATlON AND DISSOLUTION (2040), Disintegration: 

Meet the reguirements 

* Weight Vartation (2091): Meet the reguirements 

CONTAMINANTS 

* M KROBI AL EnumeraTIOn Tests (2021): The total aerobic 

bacterlaJ count does not exceed 10 4 cfu/g, and the total 
combined molds and yeasts count does not exceed 10* 
cfu/g. 

* Absence of Specified Microorganisms (2022), Tesf Proce 

dures , Test for Absence of Salmonello Spec/es and Test for 
Absence of Escherichia coli: Meets the requirements 

ADDITIONAl REQUIREMENTS 

* Packaging and Storage: Preserve in well-dosed contain- 

ers, protected from light and moisture, and storę at 
room temperaturo. 

* Labeung: The label States the Latin binomial and the offi- 

ciał name. The label States the amount of Tienchi Gin¬ 
seng Root and Rhizome Powder in mg/Tablet. 

* USP Reference Standards (11) 

USP Ginsenoside Rgl RS 

USP Panax notoginseng Root and Rhizome Dry Extract RS 

AUSP40 


Tienchi Ginseng Root and Rhizome Dry 
Ex£ract 


DEFINITION 

Tienchi Ginseng Root and Rhizome Dry Extract is prepared 
from the dried roots and rhizomes of Panax notoginseng 
(Burkili) RH. Chen ex C.Y. Wu & K.M. Feng (Fam. 
Araliaceae), cotlected before f Iowę ring in autumn, by ex~ 
traction with hydroaicoholic mixtures. It contains NLT 
90.0%-110.0% of the labeled amount of ginsenosides 
calculated on the dried basts as the sum of notoginseno- 
side Rl (C^HsoOtb), ginsenoside Rgl (C^H^Gm), ginseno¬ 
side Re (C« 8 H h O, b ), ginsenoside Rbl (C^HgzCbs), and gin¬ 
senoside Rd (GiaHs^Oie), 

IDENTIFICATION 
® A. Thin-Layer Chromatography 

Standard solution A: 0.5 mg/mL of USP Ginsenoside 
Rgl RS in methanol 

Standard solution B: 10 mg/mL of USP Panax notogin¬ 
seng Root and Rhizome Dry Extract RS in methanol. 
Sonicate for about 10 min, centrifuge, and use the 
supematant. 

Sample solution: Sonicate about 50 mg of Dry Extract, 
finely powdered, in 5 mL of methanol for TO min. Cen- 
trifuge, and use the supematant. [Notę—T he Sample so¬ 
lution is stable for 6 h at room temperaturę.] 
Chromatographk system 
(See Chromatography (621), Thin-Layer Chromato- 
graphy.) 

Adsorbent: Chromatographic siiica gel mixture with 
an average particie size oi 5 pm (HPTLC plates) 
Application volume: 4 pL, as 8-mm bands. 

Relative humrdity: Condition the piąte to a reiative 
humidlty of about 33% using a suitable device. 
Developmg solvent system: A mixture of dfchloro- 
methane, dehydrated alcohol, and water (70: 45: 6.5) 
Peyefoping distance: 6-8 cm 
Derivatization reagent: A solution of 10% sulfunc 
acid in alcohol. Prepare fresh. Keep alcohol coid over 
!ce. Carefully and gradualiy add sulfuric acid. 

Anaiysis 

Samples: Standard solution A, Standard solution B f and 
Sample solution 


DS Monographs 
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Apply fhe Somples as bands to a suitable HPTLC piąte, 
ana dry in atr. Develop the chroinatograms in a satu- 
rated thamber, remove the piąte from the chamber, 
and dry. Treat with Derivatizotion reagent, heat at 105° 
for 5-10 min, and examine immedtately under visible 
light and UV light at 366 nm. 

System su rtability 

Under vislble light: The chromatogram of Standard 
solution B exhibits five main reddish-violet bands in the 
following order with increasing Rn a band in the 
lower-third section of the chromatogram due to ginse- 
noside Rbl; three less intense bands clearly separated 
in the middle-third section of the chromatogram—the 
lower due to ginsenoside Rd, the middle due to ginse- 
noslde Re, and the upper due to notoginsenoside Rl; 
and a band at an Rf corresponding to the ginsenoside 
Rgl band in the chromatogram of Standard solution A 
The two most intense bands in the chromatogram are 
those of ginsenoside Rbl and ginsenoside Rgl. 

Under UV light at 366 nm: The chromatogram of 
Standard solution B exhibits bands in the folfowing or¬ 
der with increasing Rn a blue fluorescent band in the 
lower-third section of the chromatogram due to ginse* 
noside Rbl; three less intense bands clearly separated 
in the middle-third section of the chromatogram—the 
lower due to ginsenoside Rd, the middle due to ginse¬ 
noside Re, and the upper due to notoginsenoside R1 
(the band due to ginsenoside Rd is blue fluorescent, 
while the otlier two bands are pinkishwiolet); and a 
pinkish-violet band at an R F corresponding to the gin¬ 
senoside Rai band in the chromatogram of Standard 
solution A. The two most intense bands in the chro¬ 
matogram are those of ginsenoside Rbl and ginseno¬ 
side Rgl* 

Acceptance criteria 

Under vislble light: The chromatogram of the Sampfe 
solution exhiblts five main reddish-violet bands corre- 
sponding In Rf to similar bands in the chromatogram 
of Standard solution B. These bands appear in the fol¬ 
iowi ng order of increasing a band in the lower- 
third section of the chromatogram due to ginsenoside 
Rbl; three less intense bands clearly separated in the 
middle-third section of the chromatogram due to gin¬ 
senoside Rd, ginsenoside Re, and notoginsenoside Ki, 
respectively; and a band at an Rf corresponding to the 
ginsenoside Rgl band in the chromatogram of Stan¬ 
dard solution A. The two most intense bands in the 
chromatogram are those of ginsenoside Rbl and gin¬ 
senoside Rgl * 

Under UV light at 366 nm: The chromatogram of the 
Sample solution exhtbits the following bands, with in¬ 
creasing corresponding to similar bands in the 
chromatogram of Standard solution B: a blue fluores¬ 
cent bancfin the lower-third section of the chromato¬ 
gram due to ginsenoside Rbl; three less intense bands 
clearly separated in the middle-third section of the 
chromatogram due to ginsenoside Rd, ginsenoside Re, 
and notoginsenoside Rl, respectively (tne band due to 
ginsenoside Rd is blue fluorescent, while the other two 
bands are pinkishwiolet); and a pinkish-violet band at 
an Rf corresponding to the ginsenoside Rgl band in 
the chromatogram of Standard solution A. The two 
most intense bands in the chromatogram are those of 
ginsenoside Rbl and ginsenoside Rgl. 

B. UHPLC 

Analysis: Proceed as directed in Co ntent of Ginsenosides. 
Acceptance criteria: The chromatogram of the Sampfe 
solution exhibits peaks at the retention times corre¬ 
sponding to the peaks due to notoginsenoside Rl, gin¬ 
senoside Rgl, ginsenoside Re, ginsenoside Rbl, ana 
ginsenoside Rdin the chromatogram of Standard solu * 
don B. The two most intense peaks in the chromato¬ 
gram are those of ginsenoside Rgl and ginsenoside 
Rbl. The content of notoginsenoside Rl is NLT 0.6% as 
determined in the Composition. 


COMPOSITION 
* CONTENT OF ClNSENOSIOES 

Solution A: 0.03% phosphoric add in water (v/v) 
Solution B: Acetonitrile 
Mobile phase: See Tobie L 


Tabte 1 


Time 

Solution A 

5olu£ton B 

(mim 

(%> 

{%) 

0 

83 

17 

2A 

ao 

20 

3.5 

70 

30 

42 

69 

31 

5.0 

58 

42 

5.1 

0 

100 

6.0 

0 

100 

6.1 

83 

17 

7.5 

83 

17 


Solvent: Methanol and water (7:3) 

Standard solution A: 0.04 mg/mL of USP Ginsenoside 
Rgl RS in methanol 

Standard solution B: 3*0 mg/mL of USP Ponox notogin- 
seng Root and Rhizome Drytxtract RS in Solvent Soni- 
cate for about 10 min, centrifuge, and use the superna- 
tant. Before injection, pass through a 
polytetrafluoroethylene (PTFE) filter of Q t 2-|.Lm porę size, 
and discard the first portion of the fil tratę. 

Sample solution: Transfer 75 mg of Dry Extract (capa- 
ble of passing through a 250-pm sieve), accurately 
weighed, to a 50-mL centrifuge tubę* Add 10 ml of 
So/Yent, and sonicate for 10 min. Centrifuge, and trans¬ 
fer the supernatant to a 25-mL volumetric fiask. Repeat 
this extraction two morę times, each with 5 ml of Sol- 
vent. Combine the extracts in the volumetnc fiask, di- 
lute with Sofvent to volume, and mix. Before injection, 
pass through a PTFE filter of 0.2-|im porę size, and dis¬ 
card the first portion of the filtra te. [Notę—T he Sample 
solution is stanie for 24 h at room temperaturę.] 
Chromatographic system 
(See Chromatogropny (621), System Suitability.) 

Modę: UHPLC 
Detector: UV 203 nm 

Column; 2.1-mm x 5-ęm; 1.7-pm packing LI (similar 
to Kinetex™ Cl 8 100 A) 

Column temperaturę: 30 ± 1° 

Flow ratę: 0*8 mL/min 
Injection volume: 5 pL 
System suitability 

S ample s: Standard solution A and Standard solution B 
Suitability reąulrements 

Chromatogram similarity: The chromatogram of 
Standard solution B i$ similar to the reference chro¬ 
matogram proYided with the lot of USP Panax 
notoginseng Root and Rhizome Dry £xtract RS being 
usedT 

Tailing factor: NMT 2.0 for the ginsenoside 
Rgl peak, Standard solution A 
ReTative standard deviation: NMT 2.0%, determined 
from the ginsenoside Rgl peak in repeated injections, 
Standard solution A 

Resolution: NLT 1.5 between the ginsenoside Rgl 
and ginsenoside Re peaks, Standard solution B 

Analysis 

Samples: Stondard solution A, Standard solution B, and 
Sample solution 

Using the ehromatograms of Standard solution A, Stan¬ 
dard solution B t and the reference chromatogram pro- 
vided with the lot of USP Panax notoginseng Root and 
Rhizome Dry Extract RS being used, identify the reten¬ 
tion times of the peaks corresponding to relevant gtn- 
senosides in the Sample solution chromatogram. 
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Separatefy cafculate the percentage of each of the gin- 
senosides in the portion of Dry Extract taken: 

Resuit = (rufrs) x (Cs/ Cu) xfx 100 

ru - peak area of the reJevant analyte from the 
Sample solution 

r 5 = peak area of ginsenoside Rgl from Standard 
solution A 

Cs = concentratlon of USP Ginsenoside Rgl RS in 
Standard solution A (mg/mL) 

Cu = concentration of Dry Extract in the Sample 
solution (mg/ml) 

F - eoiwersion factor for analytes (see Tobie 2) 


Table 2 


Analyte 

Conver$ion 

Factor 

Notoginsenoside Rl 

1.09 

Ginsenoside Rq1 

1.00 

Ginsenoside Re 

1.02 

Ginsenoside Rb] 

1.26 

Ginsenoside Rd 

1.03 


Calcu la te the eon tent of ginsenosides as the sum of the 
percentages of notoginsenoside Rl, ginsenoside Rgl, 
ginsenoside Re, ginsenoside Rbl, and ginsenoside Rd. 
Calcufate the percentage of the labeled amount of 
ginsenosides in the portion of Dry Extract taken; 

Resuit = (P/L) x 100 

P = content of qinsenosides as determlned above 

(%) 

L - labeled amount of ginsenosides (%) 

Acceptance criteria: 90,0%-11G.0% of the labeled 
amount of ginsenosides calculated on the dried basis 

CONTAMINANTS 

® Articles of Botanical Origin, General Method for Pesti - 
ode Residues Analysis (561): Meets the requirements 
® SV9lCR08lAL Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed TG* 1 cfu/g, the total com- 
bined molds and yeasts count does not exteed 10 3 cfu/ 
g, and the bile-toferant Gram-negative bacteria do not 
exceed 10 3 cfu/g. 

o Absence of Specified Microorganisms (2022); Meets the 
reguirements of the tests for absence of Salmonello spe- 
des and Escherkhla coli 

* Articles of Botanical Origin, Test for Aflatoxins (561): 

Meets the requirements 

SPECIHC TE5T5 
O Loss ON Orying (731) 

Sample: TO g of Dry Extract, flnely powdered 
Analysis: Dry the Sample at 105° tor 2 h. 

Acceptance criteria: NMT 5% 

ADDITIONAL REQUIREMENT$ 

* Packaging and Storage: Preserve in well-closed contam- 
ers, protected from Ifghl and moisture, and storę at 
room temperaturę. 

« Labeling: The label States the Latin binomial and, follow- 
ing the official name, the parts of the plant from which 
the article was prepared, 

* USP Reference Standarps (11) 

USP Afiatodns RS 
USP Ginsenoside Rgl RS 

USP Panax notogmseng Root and Rhizome Dry Extract RS 


Add the fotfowing: 


^Tienchi Ginseng Root and Rhizome Dry 
Extract Capsules 

DEFINITION 

Tienchi Ginseng Root and Rhizome Dry Bctratt Capsules 
contain Tienchi Ginseng Root and Rhizome Dry Extract. 
They contain NLT 90,0% and NMT 110.0% of the tabeled 
amount of ginsenosides calculated as the sum of notogin- 
senoside R1 (C^HeoOrOr ginsenoside Rgl (Ci^H^Oh), gin¬ 
senoside Re (CjeHtj^Oig), ginsenoside Roi (C^H^Ozi), and 
ginsenoside Rd (C^H^Otu), 

IDENTIFICATION 

* A. HPTLC for Articles of Botanical Origin (203) 
Standard solution A: 0.5 mg/ml of USP Ginsenoside 
Rgl RS in methano! 

Standard solution B: 5 mg/mL of USP Panax notogim 
seng Root and Rhizome Dry ExtracL RS in methanol 
SonicaLe for about 10 min, centrifuge, and use the 
supernatant. 

Sampfe solution: Transfer a portion of the eon Len ts of 
the Capsules, equivalent to 50 mg of Tienchi Ginseng 
Root and Rhizome Dry Extract, to a conical fiask, add 
10 ml of methanol, mlx and sonicate for 20 min, cen- 
trifuge, and use the supernatant. 

Chromatographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie slze of 5 pm (HPTLC plates) 
Application volume: 4 pi, as 8-mm banos 
Relative humidity; Condition the piąte to a relative 
humidity of about 33% using a suitable dpyice. 
Developing solvent system: A mixture of d ich loro- 
methane, dehydratea alcohol, and water (70: 45: 6,5) 
Deveioping distance: 6 cm 

Derivatrzation reagent: 10% suffuric add in alcohol. 
Prepare fresh. Keep alcohol cold over ice. Carefuily and 
gradually add suffuric add. 

Analysis 

Sam pies: Standard solution A, Standard solution B, and 
Sample solution 

Apply the Samples as bands to a suitabie HPTLC piąte, 
and dry in air Devetop the chromatograms in a satu- 
rated chamber, remove the piąte from the chamher, 
and dry. Treat with Derivatiiatbn reagent, heat at 1 05° 
for 5-10 min, and examine immediately under visibfe 
light and UV light at 366 nm. 

System suitability 

Under vrsible light: The chromatografii of Standard 
solution B exhlbits fiyę main reddishwiolet bands. A 
band fn the upper-half section corresponding in Rf to 
the band of ginsenoside Rgl in Standard solution A; a 
band in the lower-thlrd section of the chroma togram 
due to ginsenoside Rbl; three less intense bands 
clearly separated between the bands of ginsenoside 
Rgl and ginsenoside Rbl—the lower band due to gin¬ 
senoside Rd, the middle due to ginsenoside Re, and 
the upper due to notoginsenosidfe Rl. The two most 
intense bands in the chromatogram are those of ginse¬ 
noside Rbl and ginsenoside Rgl. 

Under UV light at 366 nm: The chromatogram of 
Standard solution B exhibits a pinkishwiolet oand at an 
Rf corresponding to the ginsenoside Rgl band in the 
chromatogram of Standard solution A; a blue fluores- 
cent ban a in the lower-third section of the chromato- 
gram due to ginsenoside Rbl; three less intense bands 
clearly separated between the bands of ginsenoside 
Rgl and ginsenoside Rbl^—the lower due to ginseno¬ 
side Rd, tne middle due to ginsenoside Re y and the 
upper due to notoginsenoside Rl (the band due to 
insenoslde Rd is blue fluorescent, while the other two 
ands are pinkish-violet). The two most intense bands 
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in the chromatogram are those of ginsenoside Rbl 
and ginsenoside Rgl, 

Acceptance cr i ter i a 

Under wsibfe light: The chromatogram of the Sampfe 
solution exhibits five mam reddishwiolet bands corre¬ 
sponding in R f to similar bands in the chromatogram 
of Standard solution B: a band in the upper-half section 
corresponding in Rf lo the band of ginsenoside Rgl Ir 
Standard solution A; a band in the fower-third section 
of the chromatogram due to ginsenoside Rbl; three 
less intense bands dearly separated between the bands 
of ginsenoside Rgl and ginsenoside Rbl—the lower 
band due to ginsenoside Rd, the middle one due to 
ginsenoside Re, and the upper due to notogrnsenoside 
Rl. The two most intense bands in the chromatograrr 
are those of ginsenoside Rbl and ginsenoside Rgl. 
Under UV light at 366 nm: The cnromalogram of the 
Sample solution exhibits the bands corresponding in R f 
to similar bands in the chromatogram of Standard so¬ 
lu Uon 8: a pinkishwiolet band at an Rf corresponding 
to the ginsenoside Rgl band In the chromatogram of 
Standard solution m; a blue fluorescent band in the 
lower-thlrd section of the chromatogram due to ginse- 
nostde Rbl; three less intense bands dearly separated 
between the bands of ginsenoside Rgl ancl ginseno¬ 
side Rb]—the lower due to ginsenoside Rd, the mid- 
dle due to ginsenoside Re, and the upper due to 
notogrnsenoside R1 {the band due to ginsenoside Rd 
is blue fluorescent, while the other two bands are 
pinkish-violet). The two most Intense bands In the 
chromatogram are those of ginsenoside Rbl and gin¬ 
senoside Rgl. 

* B LC 

Analysis: Proceed as directed In the test for Content of 
Ginsenpsides. 

Acceptance criteria: The chromatogram of the Sample 
solution exhibits peaks at the retention times corre¬ 
sponding to the peaks due to notogrnsenoside Rl, gin¬ 
senoside Rgl, ginsenoside Re, ginsenoside Rbl, ano 
ginsenoside Rd in the chromatogram of Standard solu - 
tion B. The Iwo most intense peaks in the chromato¬ 
gram are those of ginsenoside Rgl and ginsenoside 
Rbl. 

STRENGTH 

« CONTENT OF GlNSENOStDES 

Extraction solvent: Methanof and water (7:3) 

Solution A: 0.03% phosphoric acid in water (v/v) 
Solution B: AcetonitriJe 
Mobile phase: See Tobie ?. 


Table 1 


Time 

(min) 

Solution A 
<%ł 

Solution B 

0 

83 

17 

2 A 

80 

20 

3.5 

70 

30 

4.2 

69 

31 

5.0 

58 

42 

5.1 

0 

100 

6.0 

0 

100 

6.1 

83 

17 

7.5 

83 

17 


Standard solution A: 0,04 mg/mL of USP Ginsenoside 
Rgl RS rn methanoL Sonicate to dissolve, if necessary. 

Standard solution B: 3.0 mg/mL of USP Panax notogin- 
seng Root and Rhizome Dry Extract RS in Extraction sol- 
vent Sonicate for about 10 min, centrifuge, and use the 
supernatant. Sefore injectlon, pass through a polytetra- 
fluoroethylene fPTFE) membranę fifter of 0.2-pm porę 
size and discard the first portion of the filtrate. 


Sample solution: Determine the total weight of 20 
Capsules. Open the Capsules and combine thelr con- 
tents in an appropriate Container. Weigh the empty 
Capsufe shelfs and caiculate the average fili weight per 
Capsule. Transfer a portion of the Capsule contents, 
equivalent to 35 mg of ginsenosides (sum of notoginse- 
noside Rl, ginsenoside Rgl, ginsenoside Re, ginseno¬ 
side Rbl, and ginsenoside Rd) into a 25-mL volumetric 
fiask, Add 20 mL of Extractian solvent, and sonicate for 
30 min witli occasional shaking. Cool to room tempera¬ 
turę, dllute with Extraction solvent to vo!ume, mix well, 
and centrffuge. Before injection, pass through a PTFE 
membranę fiJter of 0.2-pm porę size and discard the 
first portion of the filtrate. 

Chromatographic system 
(See Chromatograpny (621), System Suitability ,) 

Modę: LC 

Detector: UV 203 nm 

Colurnn: 2,1 -mm x 5-cm; 1,7-j.im packing U 
Column temperaturę; 30* 

Flow ratę: 0.8 mL/min 
Injectron volume: 5 pi 
System suitability 

Samples: Standard solution A and Standard solution B 

Suitability reguirements 

Chromatogram slmilarity: The chromatogram of 
Standard solution B es similar to the reference chro¬ 
matogram provided with the lot of USP Ponax 
notogtnseng Root and Rhizome Dry Extrac! RS being 
used, 

Resolution: NLT 1.5 between the ginsenoside Rgl 
and ginsenoside Re peaks, Standard solution B 
Relative standard deviaEion: NMT 2.0%, determined 
from the ginsenoside Rgl peak in repeated Injections, 
Standard solution A 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sample solution 

Using the chromatograms of Standard solution Ą Stan¬ 
dard solution B, and the reference chromatogram pro- 
vided with the lot of USP Panax notoginseng Root and 
Rhizome Dry Extract RS being used, identify the peaks 
corresponding to notocjinsenoside Rl, ginsenoside 
Rgl, ginsenoside Re, ginsenoside Rbl, and ginsenoside 
Rd in the Sample solution chromatogram, Measure the 
areas of the analyte peaks. 

Separately caiculate the guantity, In mg, of notoginse- 
noside Rl, ginsenoside Rgl, ginsenoside Re, ginseno¬ 
side Rbl, and ginsenoside Rd in each Capsule: 

Result = (r^M) x G x V x f x (WJW) 

rv ~ peak area of the refęvant analyte from the 
Sample solution 

Cs = peak area of ginsenoside Rgl from Standard 
solution A 

Ci = concentration of USP Ginsenoside Rgl RS in 
Standard solution A (mg/mL) 

V = volume of the solvent taken for preparatlon of 
the Sample solution (mL) 

f - response ractor for analytes (see Tobie 2) 

Wav - average fili weight per Capsule (mg) 

W - weight of the sample taken for preparation of 
the Sample solution (mg) 


Table 2 


Analyte 

Rejtponse 

Factor 

Notoninsenoside Rl 

1.09 

Ginsenoside Rql 

1.00 

Ginsenoside Re 

1.02 

Ginsenoside Rbl 

1.26 

Ginsenoside Rd 

1.03 
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CalcuJate the percentage of the labeled amount of 
ginsenosides, as the sum of notoginsenoside Rl, 
ginsenoside Rgl, ginsenoside Re, ginsenoside Rbl, and 
ginsenoside Ra, in each Capsule: 

Result - (ZQ,/L) x 100 

= sum ot the auantities of ginsenosides as 
detemnined above (mg) 

L = labeled amount of ginsenosides (mg) 

Acceptance eriteria: 90.0%-l 10.0% 

PERFORMANCE TESTS 

* DłSiNTEGRATiON and Dissolution (2040), Disintegrotlon: 

Meet the requirements 

* Weight Variation (2091): Meel the requirements 

CONTAMINANT5 

* Microbial Enumeration Tests ( 2021 >: The total aerobic 

bactenal count does not exceed 10 F cfu/g, and the total 
combined molds and yeasts count does not exceed 10 3 
cfu/g. 

* Absence of Specified MiCROORGANiSMS (2022), Test Proce - 

dures f Test for Ahsence ot Salmonella Spęd es and Test for 
Absence of Escherichia coli: Me et the requirements 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preseiw in well-closed contain- 

ers, protected from light and moi stu re, and storę at 
room temperaturę. 

* Labeling: The labef States the latrn binomial and the offi- 

cial name. The labef States the amount of ginsenosides as 
the sum of notoginsenoside Rl, ginsenoside Rgl, ginse¬ 
noside Re, ginsenoside Rbl, and ginsenoside Rd; and the 
amount of Tienchi Cinseng Root and Rhizome Dry Ex- 
Iract in mg/Capsule* * 

* USP Reference Standard* (11) 

USP Ginsenoside Rg l RS 

USP PanoK notoginseng Root and Rhizome Dry Extract RS 

AUSP40 


Add the foftowing: 


^Tienchi Ginseng Root and Rhizome Dry 
Extract Tahlets 


DEF1NITSON 

Tienchi Ginseng Root and Rhizome Dry Extract Tablets eon- 
tain Tienchi Ginseng Root and Rhizome Dry ExtracL They 
contain NIT 90.0% and NMT 110.0% of the labeled 
amount of ginsenosides calculated as the sum of notogin¬ 
senoside Rl (Ci/H^jO™), ginsenoside Rgl (C^H 72 Gi^ 9 >n- 
senoside Re (C^H^Oig), ginsenoside Rbl {C^H^Oza), and 
ginsenoside Rd (C^H^Oib)* 

IDENTIFICATION 

* A, HPTLC FOR Articles of Botanical Origin (203) 

Standard solution A: 0,5 mg/mL of USP Ginsenoside 
Rgl RS in mediano! 

Standard solution B: 5 mg/mL of USP Ponax nofogin - 
seng Root and Rhizome Dry Extract RS in methanoT. 
Sonicate for a bont 10 min, cenlrifuge, and use the 
supernatant 

Sam ple solution: Transfer a portion of the powdered 
Tablets, equivalent to 50 mg of Tienchi Ginseng Root 
and Rhizome Dry Extract, to a conical fiask, add 1 0 mL 
of methanol, mix and sonicate for 20 min, centrifuge, 
and filter, 


Chromatographk system 

Adsorbent: Chromatographic silica gel mrxture with 
an average particie size of 5 pm (HPTLC plates) 
Application volmne: 4 jliL, as 8-mm bands 
Reiative humidity: Condition the pfate to a relative 
humidity of about 33% using a suitable device, 
Developmg solvent system: A mixture of dithloro- 
methane, dehydratea alcohol, and water (70: 45: 6.5) 
Developing distance: 6 cm 

Derivatization reagent: 10% sulfuric add in alcohoL 
Prepare fresh. Keep alcohol cold over ice. Carefully and 
graduaily add sulfuric acid. 

Analysis 

Sampfes: Standard solution A f Standard solution 8, and 
Somple solution 

Apply the Samples as bands to a suitable HPTLC piąte, 
and dry in air. Develop the chroma tog rams in a satu- 
rated chamber, remove the piąte from the chamber, 
and dry. Treat with DenvatUation reagent , heat at 105* 
for 5-10 min, and examine immediately under vislble 
Itght and UV light ai 366 nm. 

System suitabiiity 

Under visibie light: The chromatogram of Standard 
solution B exhibits five main reddish-violet bands. A 
band in the upper-half section corresponding in Rf to 
the band of ginsenoside Rgl in Standard solution A; a 
band in the lower-third section of the chromatogram 
due to ginsenoside Rbl; three less intense bands 
clearly separated between the bands of ginsenoside 
Rgl and ginsenoside Rbl—the lower band due to gin- 
senoside Rd, the middle due to ginsenoside Re, and 
the upper due to notoginsenoside R1. The two most 
intense bands in the chromatogram are those of ginse¬ 
noside Rbl and ginsenoside Rgl. 

Under UV light at 366 nm: The chromatogram of 
Standard solution B exhibits a pinkishMolet band at an 
Rf corresponding to the ginsenoside Rgl band in the 
chromatogram of Standard solution A; a blue fluores- 
cent banefin the lower-third section of the chromato¬ 
gram due to ginsenoside Rbl; three less intense bands 
clearly separated between the bands of ginsenoside 
Rgl and ginsenoside Rbl—the lower due to grnseno- 
side Rd, the middle due to ginsenoside Re, and the 
upper due to notoginsenoside R1 (the band due to 
ginsenoside Rd is blue fluorescent, while the other two 
bands are pinkish-vio!et), The two most intense bands 
in the chromatogram are those of ginsenoside Rbl 
and ginsenoside Rgl. 

Acceptance eriteria 

Under visible light: The chromatogram of the Somple 
solution exhibits five main reddish-violet bands corre- 
in Rf to similar bands in the chromatogram 


of Standard solution B: a band in the upper-half section 
corresponding in Rf to the band of ginsenoside Rgl in 
Standard solution A ; a band in the lower-third section 
of the chromatogram due to ginsenoside Rbl; three 
less intense bands clearly separated between the bands 
of ginsenoside Rgl and ginsenoside Rbl—the lower 
band due to ginsenoside Rd, the middle one due to 
ginsenoside Re, and the upper due to notoginsenoside 
R1. The two most intense bands in the chromatogram 
are those of ginsenoside Rbl and ginsenoside Rgl. 

Under UV light at 366 nm: The chromatogram of the 
Somple solution exhibits the bands corresponding in Rf 
to similar bands in the chromatogram of Standard so¬ 
lution B: a pinkish-violet band at an Rf corresponding 
to the ginsenoside Rgl band in the chromatogram of 
Standard solution A; a blue fluorescent band in the 
lower-third section of the chromatogram due to ginse¬ 
noside Rbl; three less intense bands clearly separated 
between the bands of ginsenoside Rgl and ginseno¬ 
side Rbl “the lower due to ginsenoside Rd, the mid¬ 
dle due to ginsenoside Re, and the upper due Lo 
notoginsenoside R1 (the band due to ginsenoside Rd 
is blue fluorescent, while the other two bands are 
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pinkish-yiolet)* The two most intense bands in the 
chromatografu are those of ginsenoside Rb I and gin¬ 
senoside Rgl. 

« B LC 

Analysis: Proceed as directed in the test for Conleni of 
Ginsenosides. 

Acceptance criteria: The chromatogram of the Sample 
solution exhlbits peaks at the retention times corre- 
sponding to the peaks due Lo notoginsenoside Rl, gin¬ 
senoside Rgl, ginsenoside Re, ginsenoside Rbl, anti 
ginsenoside Rd in the chromatogram of Standard soiu- 
tion B * The two most intense peaks in the chromato¬ 
gram are those of ginsenoside Rgl and ginsenoside 
Rbl. 

5TRENGTH 

* Gontent of Ginsenosides 

Extraction solvent: Methanol and water (7:3) 

Solution A: 0,03% phosphoric acid in water (v/v) 
Solution B; Acetonitriie 
Mobile phase: See Tabfe L 


Jable 1 


Time 

(mini 

Solution A 
(%) 

Solution B 
(%> 

0 

83 

17 

2.4 

80 

20 

3.5 

70 

30 

4.2 

69 

31 

5.0 

58 

42 

5.1 

0 

100 

6,0 

0 

100 

6.1 

83 

17 

7,5 

83 

17 


Standard solution A: 0.04 mg/mL of USP Ginsenoside 
Rgl RS in methanol. Sonicate to dissolve, if necessary. 
Standard solution B: 3.0 mg/mL of USP Panax notogin- 
seng Root and Rhizome Dry Extract RS in Extracthn sol- 
vent. Sonicate for about 10 min, centnfuge, and use the 
supernatant. Before injection, pass through a polytetra- 
Nuoroethylene (PTFE) membranę filier of 0.2-pm porę 
size and cliscard the first portion of the fil tratę, 

Sample solution: Weigh NLT 20 Tablets, determine the 
average Tablet weight, and finely powder. Transfer a 
portion of finely powdered Tablets, nomrnaljy equiva- 
lent to 35 mg of ginsenosides (sum of notoginsenoside 
Rl, ginsenoside Rgl, ginsenoside Re, ginsenoside Rbl, 
and ginsenoside Rd) into a 25-mL volumetric fiask* Add 
20 mL of Extraction solvent, and sonicate for 30 min 
with occasional shaking. Cool to room temperaturę, di’ 
lute with Extraction solvent to volume, mix weil, centn¬ 
fuge, pass the supernatant through a PTFE membranę 
fil ter of 0.2-pm porę size, and discard the first portion 
of the filtra te. 

Chromatographlc system 
(See Chromatograpny (621), System Suita bil i ty.) 

Modę: LC 

Detector: UV 203 nm 

Column: 2.hmm x 5-cm; 1.7-pm packing LI 
Column temperaturę: 30° 

Flow ratę: 0.8 mL/mm 
injection volume: 5 pL 
System suitabillty 

Sam pies: Standard solution A and Standard solution B 
Suitabillty reguirements 

Chromatogram similarity: The chromatogram of 
Standard solution B is stmilar to the reference chro¬ 
matogram provided with the lot of USP Panax 
notoginseng Root and Rhizome Dry 8xtract RS betng 
usecL 

Resolution: NLT 1.5 between the ginsenoside Rgl 
and ginsenoside Re peaks, Standard solution B 


Relative standard deviation: NMT 2.0%, determined 
from the ginsenoside Rgl peak in repeated injections, 
Standard solution A 
Analysis 

Sam pies: Standard solution A, Standard solution R, and 
Sample solution 

Using the chromatograms of Standard solution A, Stan¬ 
dard solution B, and the reference chromatogram pro- 
vided with the lot of USP Panox notoginseng Rool and 
Rhizome Dry £xtract RS being used, identify the peaks 
corresponding to notoginsenoside Rl, ginsenoside 
Rgl, ginsenoside Re, ginsenoside Rbl, and ginsenoside 
Rd in the Sample solution chromatogram. Measure the 
areas of the analyte peaks. 

Separateiy calculate the quantity, in mg, of notoginse¬ 
noside Rl, ginsenoside Rgl, ginsenoside Re, ginseno¬ 
side Rbl, and ginsenoside Rd in each Tablet: 

Result = (rtz/rs) x Qx Vx Fx (WJW) 

ru = peak area of the relevant analyte from the 
Sample Solution 

n = peak area of ginsenoside Rgl from Standard 
solution A 

Cs - concentration of USP Ginsenoside Rgl RS in 
Standard solution A (mg/mL) 

V = ygjume of the soiyent taken for preparation of 
the Sample solution (mL) 

F = response factor for analytes ($ee Tobie 2) 

W av - average Tablet weight (mg) 

W - weight of the sample taken for preparation of 
the Sample solution (mg) 


Tabte 2 


Analyte 

Response 

Factor 

Notoainsenoside Rl 

1 .09 

Ginsenoside Rai 

1.00 

Ginsenoside Re 

1*02 

Ginsenoside Rbl 

1.26 

Ginsenoside Rd 

1.03 


Calcufate the percentage of the labeled amount of 
ginsenosides, as the sum of notoginsenoside Rl, 
ginsenoside Rgl, ginsenoside Re, ginsenoside Rbl, and 
ginsenoside Ra, In each Tablet: 

Result = (ZQJL) x 100 

I Q t - sum of the auantities of ginsenosides as 

determined above (mg) 

L - labeled amount of ginsenosides (mg) 
Acceptance criteria: 90.0%-l 1 0*0% 

PERFORMANCE TESTS 

* Disintegration and Dissolution (2040), Disintegration: 
Meet the requirements 

* Weight Variation (2091): Meet the requirements 

CONTAMINANTS 

® Microbial Enumeration Tests (2021): The total aerobic 
bacteriał count does not exceed 10* cfu/g, and the total 
combined moids and yeasfs count does not exceed 10* 
cfu/g. 

* Absence of Specified MiCROORGANlSWfS (2022), Test Proce- 

dures , Test for Absence of Salmonella Species and Tesf for 
Absence of Escherichia coli: Meet the reguirements 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in weil-dosed contain- 
ers, protected from light and moisture, and storę at 
room temperaturo. 

* Labelinc: The label States the Latin blnomial and the offf- 
dal name. The label States the amount of ginsenosides, 
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as the sum of notoginsenoside Rl, ginsenoside Rgl, gin- 
senoside Re, ginsenoside Rbl, and ginsenoside Rd; and 
the amount of Tienchi Ginseng Root and Rhizome Dry 
Extract in mg/Tablet 

• USP Reference Standard* (11) 

USP Ginsenoside Rgl RS 

USP Panax notoginseng Root and Rhizome Dry £xtract RS 

A.USP40 


Tryptophan —see Tryptophan General 
Monographs 


5-Hydroxy-Ł-tryptophan 


HO 



C 1t H 12 N20j 220.23 

(5>2-Amino-3-(5-hydroxy-1 tf-indoL3-yl)propanołc acid 
[4350-09-8]. 

DEFINITION 

5-Hydroxy-L-tryptophan contains NLT 98.5% and NMT 
101.5% of 5-hydroxy-L-tryptophan (CnH ]2 N 2 G z ), calcu- 
lated on the dned basis. 

HDENTIF9CAT90N 

* A. INFRARED ABSORFTION (197K) 

ASSAY 

* Procedurę 

S ie: 200 mg of 5-Hydroxy-L-tryptophan 

: Mix 3 mL of formie acid and 50 ml of giacia! 
acetic acid. 

Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0.1 N perchloric acid VS 
Endpoint detection: Potentiometric 
Analysis 

Samples: Sample and Blank 

Dissolve the Sample in a mixture of 3 mL of formie acid 
and 50 mL of glacraf acetic acid, and titratę with the 
Titrant Perform a Blank titration, and make any neces- 
sary correction. 

Calculate the percentage of 5-hydroxy-L-tryptophan 
(ChHi 2 N 2 0 3 ) in the Sample taken: 

Result = {[(Vs- V B ) x N x n/m x 100 

l/s - Titrant volume consumed by the Sample (mL) 

14 = Titrant volume consumed by the Blank (ml) 

N ~ actual normaiity of the Titrant (mEq/mL) 

F = equivalency factor, 220.2 mg/mEq 

W - Sample weight (mg) 

Acceptance criteria: 98,5%-! 01.5% on the dried basis 

impur[tie5 

• RESIDUE ON 1CNITION (281): NMT 0.2% 

« Chloride and Sulfate, Chloride (221) 

Standard solu tron: 0.50 mL of 0.020 N hydrochlonc 
acid 


Sample: 0.73 g of 5-Hydroxy-L-tryptophan 
Acceptance criteria: NMT 0.05% 

* Chloride and Sulfate, Sulfate (221) 

Standard solution: 0.10 mL of 0.020 N sulfuric acid 
Sample: 0.33 g of 5-Hydroxy-t-tryptophan 
Acceptance criteria: NMT 0.03% 

Deiete the folfowing; 

# * Heavy Metals, Method If (231): NMT 10 jug/g* (DfRcia! V 

Jan-2018) 

a 0RGANIC SMPUMTIES 

Solution A: 1 mL/L of trifJuoroacetic acid in water 
Solution B: 1 mL/L of tnfluoroacetic acid in a mixture 
of acetonitrile and water (80:20) 

Mobile phase: See Table 1. 


Table 1 


Time 

(min) 

Solution A 

( 0 /<o 

Solution B 
(%> 

0 

95 

5 

2 

95 

5 

37 

35 

65 

42 


100 

47 

0 

100 

50 

95 

5 

60 

95 

5 


Standard solution: 1.0 fig/mL of USP 5-Hydroxy-L-tryp- 
tophan RS and 50 pg/mL of USP i-Tryptophan RS in 
water 

Sample solution: 10.0 mg/mL of 5-Hydroxy-i-trypto¬ 
phan in water 
Chromatographic system 
(See Chromatograpny {62 1), System Su i ta bil i ty.) 

Modę: LC 

Detector: UV 220 nm 
Column: 4.6-mm x 25-cm; 5-pm packing L i 
Column temperaturo: 30 Q 
Flow ratę: 1 m L/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 

[Notę—T he relative retention times for 5-hydroxy-L- 
tryptophan and L-tryptophan are 1.0 and 1.6, 
respectively,j 
Suitability reąuirements 

Relative standard deviation: NMT 5.0% for the 
5-hydroxy“i“tryptophan and L-tryptophan peaks 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of each unspecified impurity 
in the portion of 5-Hydroxy-L-tryptophan taken: 

Result - (ru/rs) x (Cj jC u ) x 100 

ru - peak response of each unspecified impurity 
from the Sample solution 

fs = peak response of 5-hydroxy-i-t ryp tophan from 
the Standard solution 

Q = concentration of USP 5-Mydroxy-L-tryptophan 
RS in the Standard solution (pg/mL) 

Cu = concentration of 5-Hydroxy-L-tryptophan in 
the Sample solution (pg/mL) 

Calculate the percentage of tryptophan in the portion 
of 5-Hydroxy-L-tryptophan taken: 

Result - (fu/rs) x (Cj/G) x 100 

ru - peak response of tryptophan from the Sample 
solution 

r$ - peak response of tryptophan from the 
Standard solution 
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Cs = concentration of USP L-Tryptophan RS in the 
Standard solution (pg/mL) 

Co - concentration of 54-iydroxy-L-trypEophan in 
the Sample solution (pg/mL) 

Acceptance criteria 

Total Impurities 1: NMT 0.01% of the total impurities 
eluting prior to the 5-hydroxy-L-tryptophan peak 
Total impurities 2: NMT 0.03% of the total impurities 
eluting after the 5-hydroxyT4ryptophan peak. [Notę— 
Exdude the peak for tryptophan*] 

Tryptophan: NMT 0.5% 

5PECIFIC TESTS 

* Optical Rotatłon, Spedfic Rotation (781) 

Sample solution: 10 mg/mL in water 
Acceptance criteria: -30.0° to -38.0° 

* PU (791) 

Sample solution: 10 mg/mL in water 
Acceptance criteria: 4.0-6.0 

* Loss ON Drying (731) 

Anaiysis: Dry at 105° for 3 h. 

Acceptance criteria: NMT 2.0% 

ADDITIONAL REąUIREMENTS 

o Packaging ano Storage: Preserve in we.ll-closed 
containers* 

* USP Reference Standard* (11) 

USP 5-Hydroxy-i-tryptophan RS 
USP L-Tryptophan RS 


Turmeric 


PEFINITION 


C hangę to read: 

Turmeric is the dried rhizome of Curcuma longa l., afso 
known as C domestica Val. (Fam. Zingiberaceae). It is 
commonly known as Curcuma, Curcum, Haridra, and In¬ 
dian Saffron. It contains NIT 3.0% of curcuminoids, calcu- 
Eated on the ^anhydrousA^o basls. 

IDENTIFICATION 



Detete the foftowing: 

** A. THIN-LAYER chromatography 

Standard solution: 0.2 mg/mL of USP Curcuminoids RS 
in acetone 

Sample solution: Pulverize about 5 g of Turmeric* 
Transfer about 0.2 g of the pulverized sample to a test 
tubę, add 3 ml of acetone, sonicate for 30 min, and 
centrifuge. Use the supematant 
Adsorbent: 0.25-mm layer of chromatographic silica 
gel mixture, typlcally 20 cm long (TLC ptates) 
Application volume: 10 pL, as bands 
Developing solvent system: Chloroform, methanol, 
and formie acid (96:4:1) 

Anaiysis 

Samples; Standard solution and Sample solution 
Apply the Samples as bands (see Chromatography 
(621». Use a salurated chamber. Deveiop the chro¬ 
ma tograms until the so!vent front has moved up about 
threeTourths of Ehe length of the piąte. Remove the 
piąte froni the cham ber, dry, and examine under 
white light and under UV light at 365 nm. 

Acceptance criteria: The Sample solution chromato- 
gram shows yellowish-brown bands due to bisdesmeth- 
oxycurcumin, desmethoxycurcumin, and curcumin. at Rt 
vafues of about 0.4, 0.6, and 0.7, respectiveiy, corre- 


sponding in posltion and color to those obtained with 
the Standard solution. ±usm 

Add the following: 

** A* HPTLC for Articles of Botanical Origin (203) 
Standard solution: 1 mg/mL of USP Curcuminoids RS 
in methanol 

Sample solution: Suspend about 200 mg of Turmeric, 
finely powdered, in 3 mL of methanol, and sonicate for 
10 min. Centrifuge or fiiter, and use the supernatant or 
the filtra te. 

Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie si ze of 5 pm (HPTLC piąte) 1 
Application voiume: 2 pL each of the Standard solu¬ 
tion and the Sample solution as 8-mm bands 
Relative humidity: Condition the piąte Lo a relątiye 
humldity of 33%. 

Temperaturę: Ambient, not to exceed 30 D 
Developmg solvent system: Toluene and glacial ace- 
tic add (4:1) 

Developing distance: 6 cm 

Derivatization reagent: 85 mL of ice-coid methanol 
combined with 10 ml of glacial acetic acid, 5 mL of 
suifuric acid, and 0,5 mL of p-anisaldehyde 
Anaiysis 

Samples: Standard solution and Sample solution 
Apply the Samples as bands and dry in air. Develop in a 
salurated cham ber and dry in air. Treat with Deriva- 
tizotion reagent , beat at IGCH for 3 min, and examine 
under long-wave UV light (365 nm) and under white 
light* 

System suitabilrty: Under long-wave UV light (365 
nm), the derivatized chromatogram of the Standard so¬ 
lution exhrbits, in its lower half, three bands in the order 
of inereasing R F : an orange band due to bisdesmethoxy- 
curcumin, an orange band due Lo desmethoxycurcu- 
min, and the red band due to curcumin. Under white 
light, the Lwo lower bands appear orange, while the 
topmost band is reddish-pmic 
Acceptance criteria: Under long-wave UV light (365 
nm), the derivatized chromatogram of the Sample solu¬ 
tion dispłays two orange bands and one red band, simi- 
lar in position and color to those observed in the Stan¬ 
dard solution * At the bottam part of the upper half of 
the piąte, two purpie bands are seen* Under white 
light, two orange bands and a darker red band are seen 
coinddent with the bands due to bisdesmethoxycurcu- 
min, desmethoxycurcumin, and curcumin in the Stan¬ 
dard solution, in the order of inereasing In the upper 
half of the piąte, the lower of the two bands appears 
purple, while the upper band is brown. No bands ap¬ 
pear in the topmost quarter of the piąte, whieb is char- 
acteristic of Curcuma zanthorrhiza Roxb. and Curcuma 
aromatica Salisb. These confounders, and occasiona! 
adulterants, of Turmeric also lack the lower orange 
band corresponding to bisdesrnethoxycurcumin, Addi- 
tional weak bands may be observed in the Sample solu¬ 
tion under elther illuminatśon condition .ausmo 


Detete the following: 

B* The retention times of the peaks for curcumin, des- 
m eth o xy curcumin, and bisdesmethoxycurcumin of the 
Sample solution chromatogram correspond to those of the 
Standard solution for the appropriate USP Reference Stan¬ 
dard, as obtained En the test for C ontent of Curcuminoids. 

AUSP40 

1 SuiŁabJe commerdally avałlabfe plates are HPTLC Silica Cel 60 from EMO 
Millipore (e g.. Part No 1 05642 0001). 
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Add the foltowłng: 

B, HPŁC 

Analysis; Proteed as directed in the test for Content of 
Curcuminoids. 

Acceptance ćHtęria: The retention times of the peaks 
for curcumin, desmethoxycurcumin, and bisdesmeth- 
oxycurcurmn of the Sample solution correspond to those 
of Standard solution A and Standard solution B. AU sp 4 o 

COMPOSITIOK 


C hangę to read: 

* Content of Curcuminoids 

Mobile phase: Tetrahydrofuran and 1 mg/mL of citric 
acid in water (4:6) 

Standard solution A; 40 pg/mL of USP Curcuminoids 
RS in Mobile phase 

^Standard solution B: A compostte solution containing 
40 pg/mL of USP Curcumin RS, 10 pg/mL of USP Des* 
methoxycurcumm RS, and 2.0 pg/mL of USP Bisdes- 
methoxycuramim RS in Mobile phase. Use son kation if 
necessary. Before injection, pass through a filter of 
0,45-pm porę size, and discard the tnitial 10 mL of the 
filtra te. auspio 

Sample stock solution: Pulverize about 5.0 g of Tur¬ 
meric. Transfer about 0.5 g of the pu!venzed$ample to 
a 50-mL volumetric fiask, add S0 mL of acetone, and 
sonicate for 30 min, Dilule with acetone to volume, 
mix, and centrifuge* 

Sample solution: Transfer 5 mL of the Sample stock sa- 
fution to a 50-mL volumetric fiask, dilute with Mobile 
phase to volume, and mrx. * Before injection, pass 
through a filter of 0.45-pm porę size, and discard the 
initial 10 mL of the fiitrafe^tói^# 

Chrom a tog rap hic system 
(See Chromotography <621), System Suitability.) 

Modę: LC 

Detector: A Vt$Ausm 420 nm 
Column: 4.6-mm x 20-cm; 5-pm packing LI 
Flow ratę: 1 mL/min 
Injection voiume: 20 pL 
System suitabrlity 

Sam pies: Standard solution A *and Standard solution 
Bauspig 

[Notę —The relative retention times for the curcumin, 
desmethoxycurcumin, and bisdesmethoxycurcumin 
peaks are 1.0, 1.2, and 1.4, respectivefy.] 

Suitability reąuirements 

Chromatogram similarity: The chromatogram of 
Standard solution A is similar to the reference chro¬ 
matogram provided with USP Curcuminoids RS. 
Resolution; NLT 2.0 between the curcumin and des- 
methoxycurcumin peaks and the desmethoxycurcu¬ 
min and bisdesmethoxycurcumin peaks, A Standard 
solution Bauswo 

Tailing factor: NMT 1.5 for bisdesmethoxycurcumin, 
desmethoxycurcumin, and curcumin peaks, A Standard 
solution B ALI5F 4 o 

Relative standard deviation: NMT 2.0% for the des- 
methoxycurcumin peak, in repeated injections, A Stan¬ 
dard sofution Bausno 
Analysis 

Samples; * A uwo Standard solution B a ausnq and Sample 
solution 

Caiculate the percentages of curcumin, desmethoxycur¬ 
cumin, and bisdesmethoxycurcumin in the portion of 
Turmeric taken: 

Resuit = (rJh) x Cj x (V/W) x D x 100 


Cu - A peak area of the relevant anafyteAusrcfl from 
the Sample solution 

rs = A peak area of the relevant analyte from 
Standard solution Baiww 

Q - concentration of A the relevant analyte in 
Standard solution Bausmo (mg/mL) j 
V - volume of the Sample stock solution (mL) 

W = weight of Turmeric used to prepare the 

Sample stock solution (mq) 

D - dilution factor to obtain the Sample solution 
from the Sample stock solution , *1 
Acceptance criteria: NLT 3.0% as the sum of cureu- 
min, desmethoxycurcumm, and bisdesmethoxycurcu- 
min on the ^anhydrouSius^ basis 

CONTAMINANTS 

* Articles OF Botanical Origin <561), Limits of Elemental 

Impurlties: Meets the reąuirements 

* Artkcles of Bota nic al Origin (561), Pesttcide Residue 
Analysis: Meets the reąuirements 

* Articles of Botanical Origin (561), Test for Aflatoxins: 

Meets the reąuirements 

■ M Krobi al Enumeration Tests (2021): The total aerobic 
bacterial count does not exceed 10 5 cfu/g, the total tom- 
bined molds and yeasts count does not exceed 10 3 cfu/ 

, and the biie-toferant Gram-negative bacterial count 
oes not exceed 10 3 cfu/g. 

* AB5ENCE OF 5PECIF1ED MlCROORGANISMS (2022), Test PrOCB - 
dures , Test for Absence of Salmonello Spedes and Test for 
Absence of Escherkhio coli : Meets the reąuirements 

SPECIFIC TESTS 

* Botanical Characteristics 

Macroscopic: Turmeric occurs as cvate, obiong, or 
pear-shaped primary rhizomes, aiso known as bulb or 
round turmeric, about 3 cm in diameter and 4-5 cm 
tang and showing transverse annular leaf scars, and as 
cylindrical, sometimes short-branched secondary rhi¬ 
zomes, aiso known as finger or tang turmeric, about 
1 cm in diameter and 2-7 cm long and showing scars 
of lateral branches. The cured and dried turmeric of 
commerce is bright yellow to duli yeliow in appearance, 
with a rough or polished surface and a characteristic 
aromatic odor. The texture is hard and uneasily broken, 
and the fracture is smooth and finely granular. Inter* 
nalfy it is orange-yeilow lo orange, showing a ęortex 
separated from a central cylinder by a distinct 
endodermis. 

Microscopic: Transverse section of rhizome shows a 
row of thin-walled, flattened epiderma! celis; a few iay- 
ers of thin-walled, brick-shaped parenchyma celis of the 
cork; a broad cortex consisting of multiple layers of 
thin-walled parenchyma celis showing scattered vascular 
bundles; a thin iayer of obiong celis of the endodermis; 
pericyde consisting of one to two rows of parenchyma 
celis; and a pith consisting of parenchyma celis showing 
scattered vascu!ar bundles, most of them forming dis- 
continuous rings near the endodermis and fewer in- 
ward. The vascular bundles are of the collateral type; 
the yessels have mainly spiral thickening, and a few 
have reticulate and annular thickening. Scattered 
throughout the parenchyma of the pith and cortex are 
oleoresin celis containing oit and scattered partides of 
an orange-yellow pigment, and prisms of cafcium oxa- 
late, which are usually obscured due to the bright yel¬ 
low color of the pigment content. The parenchyma 
celis are fuli of starch granules, 15-30 pm in size, and 
fiat or disk shaped, Basi fibers are absenb 

* Articles of Botanical Origin (561), Methods of Analysis ,, 

Volatiie Oil Determination : NLT 3.0 mL/100 g 

* Articles of Botanical Origin <561}, Methods of Analysis, 

Foreign Organie Matten NMT 2.0% 

* Articles of Botanical Origin (561), Methods of Analysis, 
Alcahoi-Soluble Extractives , Method 2: NLT 100 mg/g 
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« Articles of Botanical Origin (561), Methods of Analysis, 
Water-Soluble Extroctives , Method 2 : NLT 9.0% 
a WATER Determination (927), Method l Method Ia: NMT 

10% 

• Articles of Botanical Origin <561), Methods of Analysis, 

TotalAsh: NMT 7.0% 

* Articles of Botanical Origin <561), Methods of Analysis, 
Acid-lnsolubie Ash: NMT 1,0% 

ADDITIONAL REQUIftEMENTS 

* Packaging and Storage: Preserve in well-closed contain- 
ers. Protect from Irght and moisture, and storę at room 
temperaturę. 

• Labeling: The la bet States the Latin binomfal and, follow- 
ing the official name, the part of the plant contained in 
the artide, 

« USP reference standards (11) 

USP Bisdesmethoxycurcumin RS 
USP Curcumin RS 
USP Curcuminoids RS 
USP De 5 methoxycurcumin RS 


Powdered Turmeric 


DEFINITION 


Change to read: 

Powdered Turmeric is Turmeric reduced to a flne or very 
fine powder. It contains NIT 3.0% of curcuminoids, calcu- 
lated on the A anhydrous A ^ W0 basis. 

IDENTIFICATION 


Oefete the folfowing: 

A. Thin-Layer Chromatografmy 

Standard solution: 0.2 mg/mL of USP Curcuminoids RS 
in acetone 

Sample solution: Transfer about 0.2 g of Powdered Tur¬ 
meric to a test tubę, add 3 ml of acetone, somcate for 
30 min, and centrifuge, Use the supernatant. 
Adsorbent: 0,25-mm layer of tbromatographic silica 
gel mixture, typically 20 cm long (TLC plates) 
Application volume: lOjiL, as bands 
Developing solvent system: Chloroform, methanol, 
and formie add (96:4:1) 

Analysis 

Samples: Standard solution and Sample solution 
Apply the Samples as bands (see Chromatography 
(621)). Use a saturated cbamber, Develop the chro- 
matograms untll the solvenl front has moved up about 
three-fourths of the length of the piąte. Remove the 
piąte from the cbamber, dry, and examine under 
while light and under UV light at 365 nni 
Acceptance criteria: The Sample solution chromato- 
gram shows yeltowislvbrown bands due to bisdesmeth- 
oxycurcumin, desmethQxycurcumin, and curcumin af 
vafues of about 0,4, 0,6, and 0,7, respectively, corre- 
sponding in position and color to those obtained with 
Lne Standard solution ,auspio 

Add the folfowing: 

** A, HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203) 
Standard solution: 1 mg/mL of USP Curcuminoids RS 
in methanol 

Sample solution: Suspend about 200 mg of Powdered 
Turmeric in 3 ml of methanol, and sonicate for 10 min. 


Centrifuae or fil ter, and use the supernatant or the 
filtrate, 

Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie size of 5 pm (HPTLC piąte) 1 
Application volume: 2 fiL each of the Standard solu- 
tion and the Sample solution as 8-mm bands 
Relative humidity: Condjtion the piąte to a relative 
humidity of 33%. 

Temperaturę: Ambient, not to exceed 30 : 

Developing solvent system: Toluene and glacial ace- 
tic add (4:1) 

Developing distance: 6 cm 

Derivatization reagent: 85 ml of ice-cold methanol 
combined with 1 0 ml of glacial acetic add, 5 mL of 
sulfuric add, and 0.5 mL of p-anisaldehyde 

Analysis 

Samples: Standard solution and Sample sofution 
Apply the Samples as bands and dry in air, Develop in a 
saturated cham ber and dry in air, Treat with Deriva- 
tization reagent , heat at 100° for 3 min, and examJne 
under long-wave UV light (365 nm) and under whtte 
light. 

System suitability: Under long-wave UV light (365 
nm), the derivatized chrom a t ogram of the Standard so¬ 
lution exhibits, in its lower half, three bands in the order 
of inereasing Rfi an orange band due to bisdesmethoxy- 
curcumin, an orange band due to desmethoxycurcu- 
mtn, and the red band due to curcumin, Under white 
light, the two lower bands appear orange, while the 
topmost band is reddish-pink. 

Acceptance criteria: Under long-wave UV light (365 
nm), the derivatized chromaLogram of the Sample solu¬ 
tion displays two orange bands and one red band, simi- 
lar in position and color to those obsen/ed in the Stan¬ 
dard solution. At the bottom part of the upper half of 
the piąte, two purple bands are seen, Under wbite 
light, two orange bands and a darker red band are seen 
cotnddenl wilh the bands due to bisdesmethoxycurcu- 
min, desmethoxycurcumin, and curcumin in the Stan¬ 
dard solution, in the order of inereasing R f . In the upper 
half of the piąte, the lower of the two bands appears 
purple, while the upper band ts brown. No bands ap¬ 
pear in the topmost guartęr of the piąte, whlch is char- 
acleristic of Curcuma zanthorrhiza Roxb, and Curcuma 
aromotka Salisb, These confounders, and occasional 
aduiterants, of Powdered Turmeric aha lack the lower 
orange band corresponding to bisdesmethoxycurcumin, 
Additional weak bands may be observed in the Sample 
solution under either illu mina tion condition, A ^o 


Detete the folfowing: 

** B. The retention times of the peaks for curcumin, des- 
methoxycurcumin, and bisdesmethoxycurcumin of the 
Sample solution chroma togram correspond to those of the 
Standard solution for the appropriate USP Reference Stan¬ 
dard, as obtained in the test for Content of Curcuminoids , 

AUSN0 

Add the folfowing: 

a; b, hplc 

Analysis: Proceed as directed in the test for Content of 
Curcuminoids. 

Acceptance criteria: The retention Limes of the peaks 
for curcumin, desmethoxycurcumin, and bisdesmeth- 
oxycurcumin of the Sample solution correspond to those 
of Standard solution A and Standard solution 

* SuiiiibJe commerdalty aveii labie piałeś are HPTLC Siltca Gel 60 F 25 J from 

EMD Millipore (e.g.. Psrl No. 1.05642.0001), 
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COMPOSITION 


Change to read: 

* CONTENT OF CURCUMINOIPS 

Mobile phase: Tetrahydrofuran and 1 mg/ml of crtric 
add in water (4:6) 

Standard solution A: 40 pg/ml of USP Corcuminoids 
RS in Mobile phase 

^Standard solution 8: A composite solution contatninq 
40 pg/mL of USP Curcumin RS, 10 pg/mL of USP Des~ w 
melhoxycurcumm RS, and 2.0 pg/mL of USP Bisdes- 
methoxycureumin RS in Mobile phase . Use somtation if 
necessary, Before injection, pass through a filier of 
0.45-pm porę size, and discard the initiai 10 mL of the 
filtra te. ausno 

Sample stock solution: Transfer about 0.5 g of Pow- 
dered Turmeric, accurately weighed, to a 50-mL volu- 
metric fiask, add 30 mL of acetone, and sonicate for 30 
min, Dilute with acetone to volume, mix, and 
centrifuge. 

Sample solution: Transfer 5.0 mL of the Sample stock 
solution to a 50-mL volumetric fiask. Dilute with Mobile 
phase to volume, and mix. ^Before injection, pass 
through a filter of 0.45-jim porę $Śze, and discard the 
initiai 10 mL of the filtratem## 

Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: *Vis awmo 420 nm 
Column: 4,ó-mm x 20-cm; 5-pm packing LI 
Flow ratę: KO mL/min 
Injection volume: 20 pL 
System suitability 

Samples: Standard solution A *and Standard solution 
Pausmo 

[Notę —The relative retention times for the curcumin, 
desmethoxycurcumm, and bisdesmethoxycurcumin 
peaks are ] .0, 1,2, and 1 A, respectiveiy.] 

Suitability requirements 

Chromatogram similarity: The chromatogram of 
Standard solution A is simjlar to the reference chro¬ 
matogram prowded with USP Corcuminoids RS, 
Resolution: NLT 2,0 between curcumin and des- 
methoxycurcurmn peaks and desmethoxycurcumin 
and bisdesmethoxycurcumin peaks, * Standard solu - 
lion fłttjsMo 

Tailing factor; NMT 1,5 for bisdesmethoxycurcumin, 
desmethoxycurcumin, and curcumin peaks, A Standard 
solution B Al/SP4 o 

Reiative standard deviation: NMT 2.0% for the des- 
rnethoxycurcumm peak, m replicate injections, *Sron- 
dard sofution Bauino 
Analysis 

Samples: a avwq Standard solution B a ausno and Sample 
solution 

Cakulate the percentages of curcumin, desmethoxycur- 
cumin, and bisdesmethoxycorcumin tn the portion of 
Powdered Turmeric taken: 

Result = (rJn) x Q x (V/W) x O x 100 

Tu = A peak area of the relevant analyte A t/^o from 
the Sample solution 

n = *peak area of the relevanl analyte from 
Standard solution 


C s - concentration of the *relevant analyte in 
Standard solution B A usp 4 q (mg/mL) 

V = volume of the Sample stock solution (ml) 

W ss weight of Powdered Turmeric used to prepare 

the Sample stock solution (mg) 

D = dilution factor to obtain the Sample solution 
from the Sample stock solution, *10 Ays ™ 
Acceptance criteria: NLT 3.0% as the sum of curcu¬ 
min, desmethoxycurcumin, and bisdesmethoKycurcu- 
min *on the anhydrous basis ACW 0 

CONTAMINANTS 

* Articles OF Botanical Origin (561), Limits of Elemental 

Impurities : Meets the requirements 

* Articles of Botanical Oricin (561), Pesticide Residue 
Analysis: Meets the reguirements 

* Articles of Botanical Oricin (561), Test for Aflatoxins: 

Meets the reguirements 

* Microbial Enuiweration Tests (2021): The total aerobic 
baclerial count does not exceed 10* cfu/g, the total com- 
bined molds and yeasts count does not exceed 10* cfu/ 
g, and the biłe-tolerant Gram-negative bacterial count 
does not exceed 10 3 cfu/g. 

* Absence of Specified Microorganisms (2022), Test Proce- 

dures, Test for Absence of Salmonella Spedes and Test for 
Absence of Escherlchia coli: Meets the requirements 

SPECIFIC TESTS 

* Botanical Cbaracteristics: Powdered Turmeric is deep 
yellow in color with a characteristic aromatic odor. Under 
a microscope, Powdered Turmeric reveals thin-walled pa- 
renthyma celfs containing starch granules, 15-30 jam in 
size, fiat or drsk-shaped, gelatinized or ungelatinized; oil 
cells fuli of oil and scattered partides of orange-yellow 
pigments; prisms of cafcium oxalate, usually obscured 
due to the bright yellow color of the pigment content, 
detected as bright orange prisms under a polarizing mi¬ 
croscope; fragments of spiral vessels and a few reticulate 
and annuJar vessel$; fragments of epidermal and cork 
cells; starch granules; scattered unitellular nongJandular 
trichomes; and the absence of hast fibers. 

* Articles of Botanical Oricin (561), Methods of Analysis, 

Volatile Oil Determination: NLT 3.0 mL /100 g 

Detete the foitowłng: 

Articles of Botanical Oricin (561), Foreign Organie 
Matter. NMT 2.0% A u^ 

9 Articles of Botanical Oricin (561), Methods of Analysis, 
AkohoFSoluble Extractives, Method 2: NLT 100 mg/g 

* Articles of Botanical Origin (561), Methods of Analysis, 

Water-Solubie Extractives, Method 2: NLT 9.0% 

* Water Determination (921), Method i, Method la: NMT 

10 % 

■ Articles of Botanical Oricin (561), Methods of Analysis, 
Total Ash: NMT 7.0% 

* Articles of Botanical Origin (561), Methods of Analysis, 
Acid-lnsoluble Ash: NMT 1.0% 

ADDITIONAL REQUIRE(VTENTS 

* Packacing ano Storace: Preserve in well-closed contain* 
ers, Protect from light and moisture, and stare a i room 
temperaturę. 

* Labeung: The label States the Latin binomial and, follow- 
ing the official name, the part of the plant contained in 
the artide. 
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e USP REFERENCE standards (11) 

U5P Blsdesmethoxycurcumin RS 
USP Curcumin RS 
USP Curcuminoids RS 
USP Desmethoxycurcurmn RS 


Powdered Turmeric Extract 


DEFINITION 


C hangę to read: 

Powdered Turmeric Extract is prepared from the puiverized 
rhizomes of Curcuma longo L (Fam. Zingiberaceae), using 
acetone, methanol, or other suitable solvents. It contains 
NLT 20% of a ausp 4 o curcuminoids, calcu! ated on the dried 
basis. It may contafn other added substances. 

IDENTIFICATION 


Deiete the foltowing: 

** A. ThinLayer Chromatography 

Standard solution: 0,2 mg/mL of USP Curcuminoids RS 
in acetone 

Sample solution: 10 mg/mL of Powdered Turmeric Ex- 
tracl in acetone 

Adsorbent: 0,25-mm layer of chromatographic silica 
gel mixture, typically 20 cm long (TLC plates) 
Application voiume: IQpL, as bands 
Developing solvent system: Chloroform, methanol, 
and formie add (96:4:1) 

Analysis 

Samples: Standard solution and Sample solution 
Apply the samples as bands Lo a suitable thin-layer 
chromatographic piąte (see Chromatography (621}, 
Thin-ioyer Chromatography). Use a safurateo chamber 
Develop the chromatograms until the solvent front has 
moved up aboui three-fourths of the fength of the 
piąte. Remove the piąte from the chamber, dry, and 
examine in daylight and under UV light at 365 nm. 
Acceptance criteria: The Sample solution chroma to- 
gram shows yellowish-brown bands due to blsdesmeth- 
oxyajrcumin, desmethoxycurtumin, and curcumin at Rf 
values of about 0.4, 0.6, and 0.7, respectively, corre¬ 
spond ing in position and color to those obtained from 
tne Standard solution. A u$m& 

Add the fol łowing: 

A. HPTLC FOR ARTICLES OF BoTANICAL ORIGftN (203) 
Standard solution: 1 mg/mL of USP Curcuminoids RS 
in methanol 

Sample solution: 50 mg/mL of Powdered Turmeric Ex- 
tract in methanol. Sonicate to disperse, centrifuge or 
filter, and use the supernatant or the filtrate. 
Chromatographic system 

Adsorbent: Chromatographic silica gel with an aver- 
age particie stze of 5 (HPTLC piąte}* 

Application volume: 2 pL each óf the Standard solu- 
tion and the Sample solution as 8-mm bands 
Relative humidity: Condition the piąte to a relatwe 
humidity of 33%. 

Temperaturę: Ambient, not to exceed 30 rt 
Developing solvent system: Toluene and glacial ace- 
tic add (4:1) 

' Suilabie commercially availabie plates are HPTLC Siltca Gel 60 Fj J 4 from 
EMO Millipore (e>g v Part No, 1,05642,0001). 


Developing distance: ó cm 

Deiwatization reagent: 85 ml of ice-coid methanol 
combined with 10 mL of glacial acetic acid, 5 mL of 
sulfuric acid, and 0,5 mL of p-anisaldehyde 

Analysis 

Samples: Standard solution and Sample solution 
Apply the Samples as bands and dry in air, Deve!op in a 
saturated chamber and dry En air. Treat with Deriva- 
tization reagent , heat at 100 for 3 min, and examine 
under long-wave UV light (365 nm) and under white 
light. 

System suitabflity: Under long-wave UV light (365 
nm), tHe derivatized chromatogram of the Standard so¬ 
lution exhibits, in its lower half, Lhree bands in the order 
of inereasing Rf: an orange band due to bisdesmethoxy~ 
curcumin, an orange band due to desmethoxycurcu- 
min, and the red band due to curcumin, Under white 
light, the two lower bands appear orange, while the 
topmost band is reddish-pinlc 

Acceptance criteria: Under long-wave UV light (365 
nm), the denvatized chromatogram of the Sample solu - 
tion display s two orange bands and one red band, sirni- 
lar in position and color to those observed in the Stan¬ 
dard solution 2 At the bottom part of the upper half of 
the piąte, two purple bands are seen, Under white 
light, two orange bands and a darker red band are seen 
coincident with the bands due to bisdesmethoxycurcU“ 
min, desmethoxycurcumin, and curcumin in the Stan¬ 
dard soluiion t in Lhe order of inereasing Rf. In the upper 
half of the piąte, the lower of the two bands appears 
purple, while the upper band is brown. No bands ap¬ 
pear in the topmost quarter of the piąte, which is ehar- 
acteristic of Curcuma zanthorrhiza Roxb. and Curcuma 
aromatica Salisb. These confounders, and occasional 
adulterants, of Powdered Turmeric Extract also iack the 
lower orange band corresponding to bEsdesmethoxycur- 
cumin. Additiona! weak bands may be observed in the 
Sample solution under either illumination condition. AW ^ 

Bele te the foiiowing: 

B. The retention times of the peaks for curcumin, des- 
methoxycurcumin, and bisdesmethoxycurcumin of the 
Sample solution chromatogram correspond to those of the 
Standard solution for the appropriate USP Reference Stan¬ 
dard, as obtained in the test for Content of Curcuminoids. 

AUSN0 

Add the foltowing: 

B. HPLC 

Analysis: Froceed as directed in the test for Content of 
Curcuminoids. 

Acceptance criteria: The retention times of the peaks 
for curcumin, desmethoxycurcumin, and bisdesmeth- 
oxycurcumin of the Sample solution correspond to those 
of Standard solution A and Standard solution 

COMPO50TSON 


C hangę to read: 

o Content of Curcuminoids 

Mobile phase: Tetrahydrofuran and 1 mg/mL of dtric 
acid in water (4:6) 

A Awm 

Standard solution A: 40 fig/mL of USP Curcuminoids 
RS in Mobile phase 

^Standard solution B: A composite solution containing 
40 pg/mL of USP Curcumin RS, 10 pg/mL of USP Des- 
methoxycurcumin RS, and 2,0 pg/ml. of USP Bisdes- 
methoxycurcumin RS in Mobile phase. Use sonication if 
necessary. Before injectEon, pass through a filter of 
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0,45-jim porę size, and discard the initial 10 mL of the 
filtrate. 

Sample stock sofution: Transfer about 100 mg of Pow¬ 
dered Turmeric Extract, accurately weighed, Lo a 50-mL 
yoiumetric fiask, add 30 ml of acetone, and sonicate fo r 
30 min. Dilute with acetone to vo!ume, mix, and 
centrifuge. 

Sample solution: Transfer 5.0 mL of the Sample stock 
solution to a 50-mL vo!umetrjc fiask. Dilute with Mobile 
phase to volume, and mlx. Before injection, pass 
through a f liter of 0.45-um porę size, and discard the 
initial TO mL of the filtrate^usm 
Chromatographic system 
(See Chmmatograpny (621X System Suitability.) 

Modę: LC 

Detector: A Vis ausno 420 nm 
Colurnn: 4,6-mnn x 20-cm; 5-pm pacldng LI 
Flow ratę: 1.0 mL/min 
Injectlon volume: 20 pL 
System suita bility 

Samples: Standard solution A A and Standard sofution 

Bausp40 

[NOTĘ—The relative refention times for the cufcumin, 
desmethoxycurcumin, and bisdesmethoxycurcumEn 
peaks are 1.0, 1.2, and 1,4, respectivefy.j 

Suitability requlrements 

Chromatogram slmilarity: The chromatogram of 
Standard solution A is similar to the reference chro¬ 
matogram provlded with USP Curcuminoids RS, 
Resolution: NLT 2,0 between curcumin and des- 
methoxycurcumin peaks and desmethoxycurcumin 
and btsdesmethoxycurcumin peaks, ^Standard solu¬ 
tion B±jsp 40 

Tai ling factor: NMT 1,5 for bisdesmethoxyeurcumin, 
desmethoxycurcumin, and curcumin peaks, * Standom 
solution Bausho 

Relative standard deviation: NMT 2.0% for the des- 
methoxycurcumin peak, in replicate injections, 
dard sofution B A usp 40 
Analysis 

Samples: Standard solution B a ±usp 4 o and Sample 

solution 

^Calculate the percentages of curcumin, desmethoxy- 
curcumin, and bisdesmethoxycurcumin in the portion 
of Powdered Turmeric Extract taken: 

Result - (ó,M) x G x (7/140 x O x 100 

ru - peak area of the relevant analyte from the 
Sample solution 

r s = peak area of the retevant anafyte from 
Standard solution B 

Q - concentration of the relevant analyte in 
Standard solution B (mg/mL) 

V - volume of the Sample stock solution (mL) 

W - weight of Powdered Turmeric Extract used to 
prepare the Sample stock solution (mg) 

D = dilution factor to obtatn the Sample solution 
from the Sample stock solution , 1 Oiuj/Mo 
Add the percentages due to curcumin, 
desmethoxycurcumin, and bisdesmethoxycurcumin. 
Acceptance criteria: NLT 20% on the dried basis 

CONTAMINANTS 


Delete the following: 

# * Heaw Metals (231), Method Ul: NMT 20 ppm* tOMidiil T 

jian 201 S> 

* ARTICLES of Botanical Origin (561), Pesticide Residue 
Analysisi Meets the reguirements 

* Botanical Extracts (565), Preparations , General Pharma- 
copeial Requirements t Residual Solvents: Meets the * 
reguirements 


® Artigles of Botanical Origin (561), Test for Aflatoxins: 
Meets the reguirements 

® Microbial ENUMERATiON TESTS (2021): The totaf aerobic 
bacterlal count does not exceed 10 4 cfu/g, and the total 
combined molds and yeasts count does not exceed 10 3 
cfu/g, 

■ Absence of Specified Microorganisms (2022), Test Proce - 
dures, Test for Absence of Salmonella Species and Test for 
Absence of Escherichia coli: Meets the requirements 

SPEtiFIC TESTS 
6 LOSS ON DRYING (731) 

Sample: 1*0 g of Powdered Turmeric Extract 
Analysis: Dry the Sample at 105 Q for 2 h. 

Acceptance criteria: NMT 7.0% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in weli-closed contain- 
ers> Protect from light and moisture, and storę at con- 
trolled room temperaturę. 

* Labeling: The label States the Latin binomial and, follow- 

mg the official name, the part of the plant from which 
the article was prepared, It meets other labeling reguire¬ 
ments in Botanfcal Extracts (565), 

* USP Reference Standards (11) 

USP Bisdesmethoxycurcumin RS 
USP Curcumin RS 
USP Curcuminoids RS 
USP Desmethoxycurcumm RS 


Tyrosine —see Tyrosine General Monographs 


Ubidecarenone 



CssHsoCU 863.34 

2,5-Cydohexadiene-1,4-dione, 2-[(2£,65,105,145,1 85,225, 
26£,30£34£)-3,7,11,15,1 9,23,27,31,35,39-decamethyl- 
2,6,10,14,18,22,26,30,34,3S4etracontadecaenylI-5,6- 
d imethoxy- 3-methy I; 

2-[(o//-5)-3,7,11,15,19,23,27,31,35,39-Decamethyl-2 / ó, 

10,14,18 / 22,26 / 30 / 34,38-tetracontadecaeny!)-5,6- 
dimethoxy-3-m ethyhp“benzoq u inone [303-98-0]. 

DEFINITION 

Ubidecarenone (Coenzyme Qi 0 ) contains NLT 98.0% and 
NMT 101.0% of ubidecarenone (C^HaoCh), caleulated on 
the anhydrous basis, 

IDENTIFICATION 
® A, iNFRARED A&SORPTION (197K) 

• B. 

Analysis: Dissolve 50 mg of Ubidecarenone in 1 mL of 
ethyl ether, and add 10 mL of dehydrated alcohoL To 
2 mL of this solution add 3 mL of dehydrated alcohol 
and 2 mL of dimethyl malonate, Add 1 mL of potasslum 
hydroxide solution (1 in 5) dropwise. 

Acceptance criteria: A blue color appears. 

ASSAY 
o Procedurę 

Mobile phase: Methanol and dehydrated alcohol 
(65:35) 

System suitability solution: 0.5 mg/mL each of USP 
Ubidecarenone RS and USP Ubidecarenone Related 
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Compound A RS in dehydrated alcohol. Heat at 50° for 
2 min, ]f necessary, for complete dissolution. 

Standard solution: 1 .0 mg/mL of USP Ubidecarenone 
RS In dehydrated alcohol. Heat at 50 c for 2 min, if nec- 
essary, for complete dissolution. 

Sample solution; 1 .0 mg/mL of Ubidecarenone in de¬ 
hydrated alcohol. Heat at 50° for 2 min, if necessary, 
for complete dissolution. 

Chromatographic system 
(See Cbromatogropny (621), System Suito bili ty.) 

Modę: LC 

Detector: UV 275 nm 

Column: 4.6-mm x 15-cm; packing LI 

Column temperaturę: 35 d 

FIow ratę: Adjust to obtain a retention time of about 
11 min for ubidecarenone. 
injeotion size: 5 jjlL 
System suitability 
Sample: System suitability solution 
[Notę —The relative retention times for ubidecarenone 
related compound A and ubidecarenone are about 
0.75 and 1.0, respectlvely«] 

Suitability reguirements 

Resolution: NLT 4 between ubidecarenone related 
compound A and ubidecarenone 
Relatrve standard deviation: NMT 0.8% for 
ubidecarenone 
Anaiysis 

Samples: Standard solution and Sample solution 
Caiculate the percentage of ubidecarenone (GgHgóO* *) 
in the portion of Ubidecarenone taken; 

Result - (rufr$) x (Cs/Ca) x 100 

ru = peak response from the Sample solution 

r$ - peak response from the Standard solution 

Cs - concentration of USP Ubidecarenone RS in the 
Standard solution (mg/mL) 

C u - concentration of Ubidecarenone in the Sample 
solution (mg/mL) 

Acceptance criteria: 98.0%-101.0% on the anhydrous 
basis 

IMPURITIES 

® Residue on Ignition (281): NMT 0.1% 

Bele te the fotlowing: 

Heaw Metals, Method II (231): NMT 20 ppm, {0Wl ,i 

|an-201B) 

« Chromatographic Purkty 

Procedurę 1: Coenzymes Q?,Qe, O?, Qit, and Related 
Impurities 

Mobile phase, System suitability solution, Sample so¬ 
lution, Chromatographic system, and System suita¬ 
bility: Froceed as directed in the Assay. 

Anaiysis 

Sample: Sample solution 

Caiculate the percentage of Impuiifies in the portion 
of Ubidecarenone taken: 

Result - (ru/rn) x 100 

fji - sum of ail peak responses, other tban that for 
ubidecarenone 

frz - sum of all peak responses 
Acceptance criteria: NMT 1.0% 

Procedurę 2: Ubidecarenone (2Z)4somer and Related 
Impurities 

Mobile phase: n-Hexane and ethyl acetale (97:3) 
System suitability solution: 1 mg/mL of USP 
Ubidecarenone for System Suitability RS in /?-hexane 
Sample solution: 1 mg/mL of Ubidecarenone \nn- 
hexane 


Chromatographic system 

(See Cbromatogropny {62 1), System Suitability.) 

Modę: LC 

Detector: UV 275 nm 
Column: 4.6-mm x 25-cm; packing L3 
FIow ratę: 2 mL/min 
injection size: 20 juL 
System suitability 
S a m p le: Sys tern s ul tabil i ty solu t/on 
[Notę —The relative retention times for ubidecarenone 
(22)-isomer and ubidecarenone are about 0.85 and 
1.0, respectiyelyd 
Suitability reguirements 

Resolution: NLT 1.5 between the ubidecarenone 
(2Z)-isomer and ubidecarenone 
Anaiysis 

Sample: Sample solution 

Caiculate the percentage of impurities in the portion 
of Ubidecarenone taken: 

Result = OWfrj) x 1 00 

r T j ” sum of all peak responses, other than that for 
ubidecarenone 

rn - sum of all peak responses 
Acceptance criteria: NMT 1.0% 

Total impurities: NMT 1.5%, obtained from Chro¬ 
matographic Purity Procedures 1 and 2 

SPECIFIC TESTS 

® Water Determination, Method I (921): NMT 0.2% 

ADDITIONAL I?EQUmEM£N¥S 

® PACKAGING AND Storage: Preserve in well-closed, light- 
resistant containers. 

« USP Reference Standaros (11) 

USP Ubidecarenone RS 
USP Ubidecarenone Related Compound A RS 
[coenzyme Cb] 

USP Ubidecarenone for System Suitability RS 


Ubidecarenone Capsules 

DEFINITION 

Ubidecarenone Capsules contain NLT 90,0% and NMT 
115.0% of the labeled amount of ubidecarenone 
(C59H90O4}. 

IDENTIFICATION 

* A. The retention time of the major peak of either Sample 
solution 1 or Sample solution 2 corresponds to that of the 
Standard solution , as obtained in the Procedurę for 
Strength • 

STRENGTH 

Procedurę 

[NOTĘ—Conduct this test promptly with minimum expo- 
surę to actinic light] 

Sofvent: r?-Hexane and dehydrated alcohol (5:2) 

Mobile phase: Aceton itrlle, tetrahydrofuran, and water 
(55:40:5) 

Standard stock solution: 1.0 mg/mL of USP Ubidecare¬ 
none RS En Solvent 

Standard solution: 40 iig/mL In dehydrated alcohol, 
from the Standard stock solution 
System suitability stock solution: 1.0 mg/mL of USP 
Ubidecarenone Related Compound A RS in Solyent. Di- 
fute a portion of this solution with dehydrated alcohol 
to obtain a concentration of 40 pg/mL. 

System suitability solution: Standard solution and Sys¬ 
tem suitability stock solution (1:1) 
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Sample solution 1 (for soft aelatin Capsules): Open a 
number of Capsules equivafent to 200 mg of ubidecare¬ 
none, quantftatively transfer the shells and contents to 
a Container, add 100 mL of Solvent , and shake by me- 
cbanical means for 30 min. Using smali portiom of Sol - 
vent t quantitatively transfer this mixture to a 200-mL 
yolumetric fiask, and dilute with Solvent to volume, 
Centrifuge a portion of this solution, transfer 1.0 ml of 
the supernatant to a 25-mL volumetric fiask, add 
2.5 mL of a 0.1% solution of anhydrous fenie chloride 
in alcohol, and dilute with alcohol to volume. 

Sample solution 2 (for hard gelatin Capsules): Empty 
and thoroughly mix the contents of NIT 20 Capsules. 
Transfer a portion of the powder, egu i va lent to 100 mg 
of ubidecarenone, to a 100-mL volumetric fiask, add 
60 mL of Solvent t and shake by media nieal means for 
30 min. Dilute with Solvent to volume. Centrifuge a 
portion of this solution, transfer 1.0 mL of the superna¬ 
tant to a 25-mL volumetric fiask, add 2.5 mL of a 0.1% 
solution of anhydrous ferric chloride in alcohol, and di¬ 
lute with alcohol to volume. 

Chromatographk system 
(See Chromotograpny (621), System Su i ta bili ty.) 

Modę: LC 

Detector: UV 280 nm 
Column: 8 -mm x 1 0<m; packing LI 
Flow ratę: 2.5 mL/rnin 
Injection size: ISfiL 
System suitability 

Samples: Standard solution and System suita bil i ty 
solution 

Suitability reguirements 

Resolution: NLT 2.5 between ubidecarenone and 
ubidecarenone related compound A, System suitability 
solution 

Taifing factor: NMT T .5, Standard solution 
Relative standard deviation: NMT 2.0% for 
ubidecarenone. Standard solution 
AnaJysis 

Samples: Sample solution I or Sample solution 2 , and 
Standard solution 

Calculate the percentage of the labeled amount of 
ubidecarenone (C 59 H 90 O 4 ) in the portion of Capsules 
taken: 

Result = (r u /r s ) x ( C 5 fCu ) x 100 

fu = peak area of ubidecarenone from Sample 
solution 1 or Sample solution 2 
Ti - peak area of ubidecarenone from the Standard 
solution 

Q = concentration of USP Ubidecarenone RS in the 
Standard solution (mg/ml) 

Cu = nominał concentration of ubidecarenone in 
Sample solution 1 or Sample solution 2 
(mg/mL) 

Acceptance criteria: 90.0%-l 15.0% 

PERFORMANCE TESTS 

* D1 si ntegration ano Dissolution (2040>: Meet the re- 
□uirements of the test for Disintegrotion, except where 
the product is labeled to contain a water-soluble form of 
ubidecarenone. Capsules labeled to contain a water-solu¬ 
ble form of ubidecarenone meet the requirements for the 
test for Dissolution, as follows. 

Medium: Water; 500 mL 
Apparatus 2: 75 rpm 
Time: 60 min 

Standard solution: Dissolve 25 mg of USP Ubidecare¬ 
none RS in 1 mL of ethyl ether, and dilute with alcohol 
to obtain a concentration of 2.5 jig/mL. [NOTĘ—Use a 
freshly prepared solution only.] 

Sample solution: Dilute with alcohol a vofume of the 
solution under test, previously passed through a suita- 


ble filter of 045-pm porę size, to obtain a concentra¬ 
tion of 2.5 pg/mL of ubidecarenone. 

Mobile phase and Chromatographk system: Proceed 
as directed in the Procedurę for Strength, except for In- 
jection size . 

Injection sfze: IOOjiL 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of 
ubidecarenone (C 59 H 90 O 4 ) dissolved: 

Result = (rjri) x (Q x Vx D/i) x 100 

r u - peak area of ubidecarenone from the Sample 
solution 

/i = peak area of ubidecarenone from the Standard 
solution 

Ci = concentration of USP Ubidecarenone RS in the 
Standard solution (mg/mL) 

V - volume of Medium , 500 ml 
D - dilution factor for the Sample solution 
i - label claim (mg/Capsule) 

Tolerances: NLT 75% of the labeled amount of 
ubidecarenone (C 59 H 90 O. 1 ) is dissolved. 

SPECIFIC TESTS 

» WEICHT VARIATtON OF DlETARY SUPPLEMENTS (2091): Meet 
the requlrements 

ADDmONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight, light-resistartt 
containers. 

* Laseling: Where the product contains a water-soluble 
form of ubidecarenone, this is so stated on the label. 

* USP reference standards (11) 

USP Ubidecarenone RS 
USP Ubidecarenone Related Compound A RS 
Coenzyme Q?. 


Ubidecarenone Tablets 


DEFINITION 

Ubidecarenone Tablets contain NLT 90.0% and NMT 
115.0% of the labeled amount of ubidecarenone 
(C39H&0O4). 

IDENTIFICATION 

* A. The retention time of the major peak of the Sample 
solution corresponds to that of the Standard solution, as 
obtained in the Procedurę for Strength. 

STRENGTH 

» Procedurę 

[Notę—C onduct this test promptly with minimum expo- 
surę to actinic llght] 

Solvent: n-Hexane and dehydrated alcohol (5:2) 

Mobile phase: Acetonitrife, tetrahydrofuran, and water 
( 11 : 8 : 1 ) 

Standard stock solution: 1.0 mg/mL of USP Ubidecare¬ 
none RS in Solvent 

Standard solution: 40 ug/mL from Standard stock solu - 
tion in dehydrated alcohol 

System suitability stock solution: 1 .0 mg/mL of USP 
Ubidecarenone Related Compound A RS in Solvent. Di¬ 
lute a portion of this solution with dehydrated alcohol 
to obtain a concentration of 40 pg/mL. 

System suitability solution: Standard solution and Sys¬ 
tem suitability stock solution ( 1 : 1 ) 

Sample stock solution: Weigh and finely powder NLT 
20 Tablets. Transfer a guantity of powder, equivalent to 
about 100 mg of ubidecarenone, to a 100-mL volumet- 
ric fiask, add 60 mL of SoIvent , and shake by mechanical 
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means for 30 min. Dilute with Solvent to vo!ume, and 
mix. Centrifuge a portion of this solution, transfer 
1*0 mL of the supernatant to a 25-mL volumetric fiask, 
and add 2.5 mL of a 0.1% solution of anhydrous ferric 
chloride in alcohol. Diiute with alcohol to volume, and 
mix. 

5ample solution: Centrifuge a portion of Sample stock 
solution , transfer 1.0 mL of the supernatant to a 25-mL 
vofumetric fiask, add 2*5 mL of a 0.1% solution of an¬ 
hydrous ferric chloride in alcohol, and dilute with alco¬ 
hol to volume. 

Chromatographic system 
{See Chromaiograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 8-mm x 10-cm; packing LI 
Flow ratę: 2.5 m L/min 
Injectlon size: 15 pL 
System suitability 

Samples: Standard solution and System suitability 
solution 

Suitability requirements 

Resolution: NLT 2.5 between ubidecarenone and 
ubidecarenone related compound A, System suitability 
solution 

Tailing factor: NMT 1.5, Standard solution 
Relative standard deviation: NMT 2.0% for 
ubidecarenone, Standard solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of 
ubidecarenone (CjsLboCh) in the portion of Tablets 
taken: 

Result = (r^/rs) x (QfC u ) x 100 

r u = peak area of ubidecarenone from the Sample 
solution 

r* = peak area of ubidecarenone from the Standard 
solution 

Cs ~ concentration of USP Ubidecarenone RS in the 
Standard solution (mg/mL) 

Cu - nominał concentration of ubidecarenone in 
the Sample solution (mg/mL) 

Acceptance crltena: 9Q.G%~115.0% 

PERFORMANCE TESTS 

* DISENTEGRATION AND DISSOLUTION (2040): Meet the re- 
□uirements of the test for Disintegration, except where 
the product h labeled to contain a water-solubfe form of 
ubidecarenone. Tablets labeled to contain a water-soluble 
form of ubidecarenone meet the reguirements for the 
test for Dissolution , as follows. 

Medium: Water; 500 mL 
Apparatus 2: 75 rpm 
Time: 60 min 

Standard solution: Drssolve 25 mg of USP Ubidecare¬ 
none RS in 1 mL of ethyl ether, and dilute with alcohol 
to obtain a concentration of 2.5 ng/mL. [Notę—U se a 
freshly prepared solution only.] 

Sample solution: Dilute with alcohol a vo!ume of the 
solution under test, previously passed through a suita- 
ble fil ter of 0.45-jim porę size, to obtain a concentra¬ 
tion of 2.5 pg/mL of ubidecarenone. 

Mobile phase and Chromatographic system: Proceed 
as directed in the Procedurę for Strength f except for In- 
jection size . 

Injectlon size: 100 pL 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of 
ubidecarenone (CsgHraO^) dissofved: 

Result = (ru/rs) x (C 5 X V x D/L) x 100 


ru = peak area of ubidecarenone from the Sample 
solution 

rs - peak area of ubidecarenone from the Standard 
solution 

Cs = concentration of USP Ubidecarenone RS in the 
Standard solution (mg/mL) 

V = vo1ume of Medium, 500 mL 
D = dilution factor for the Sample solution 
L = label claim (mg/Tab!et) 

Tolerances: NLT 75% of the labeled amount of 
ubidecarenone (C59H90O4) is dissolved. 

SPECIFfC TEST5 

* Weight Variateon of Dietary Supplements (2091): Meet 
the reguirements 

ADDITiONAL REQUIREMENT5 

® Packaging ano Storage: Preserve in tight, fight-resistant 
containers, 

* Labeung; Where the product contains a water-soluble 
form of ubidecarenone, this is so stated on the label. 

* USP Reference Standards (11) 

USP Ubidecarenone RS 
USP Ubidecarenone Related Compound A RS 
Coenzyme 



Cs^iOa 865.37 

2-[(2£,6£,l G£,14f,l 8£,22£,26f,30£,34£)-3,7,11,15,19,23, 

27,31,35,39-Deca methyltetraconta-2,6,10,14,18,22,26,30, 
34,38-decaenyl]-5,6-dimethoxy-3-nnethylbenzene-1,4-diol 
[992-78-9]. 

DEFINITION 

Ubiguinol contains NLT 96.0% and NMT 102.0% of ubiqui- 
nol (CsshWO.f), calcu lated on the anhydrous basis. 

IDENTIFICATION 

* A. INFRAREO ABSORFTEON (197K) 

* B. The retention time of the major peak of the Sample 

solution corresponds to that of the Standard solution , as 
obtained in the Assay . 

A5SAY 

* Procedurę 

Mobile phase: Acetonitrile and alcohol (50:50) 

[NOTĘ —Protecl the following Solutions from exposure to 
air after preparation, because ubiquinol is readily oxi- 
dtzed to ubidecarenone when exposed to airj 
Diluent: Methano! and n-hexane (85:15) 

System suitability solution: 0.5 mg/mL each of USP 
Ubiquinol RS and USP Ubidecarenone RS <n Diluent . 
Sonicate, if necessary, for complete dissolution. 

Standard solution: 0,5 mg/mL of USP Ubiquinol RS in 
Diluent Sonicate, if necessary, for complete dissolution. 
Sample solution: 0.5 mg/mL of Ubiouino! in Diluent 
Sonicate, if necessary, for complete cfissolution. 





USP 40 


Dietary Supplements / Ubiguinol 7237 


Chromatographic system 

(See Chromatograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 290 nm 

Column: 4.6-mm x IG-tm; 3-|im packing LI 

Column temperatura: 35° 

Flow ratę: 1,5 mL/mtn 
Injection vofume: 20 |iL 
System suitability 

Sam pies: System suitabillty solution and Standard 
solution 

[Notę —The relative retention limes for ubiquinol and 
ubidecarenone are about 1,0 and 1 , 2 , respectively.] 
Suitabillty reguirements 
Resoiution: NLT 2.0 between ubiguinol and 
ubidecarenone, System suitability solution 
Reiative standard deviation: NMT 2,0%, Standard 
solution 
Analysls 

Sampies: Standard solution and Sampie solution 
Calculate the percentage of ubiguinol (C 59 H 92 O 4 ) in the 
portion of Ubiquino! taken: 

Result - (tu/rs) x (Cj/Cy} x 100 

r u - peak response from the Sampie solution 

fs - peak response from the Standard solution 

Cs = concentration of USP Ubiąuinol RS in the 
Standard solution (mg/mL) 

Q - concentration of Ubiquinol in the Sampie 
solution (mg/mL) 

Acceptance criteria: 96*0%-102,0% on the anhydrous 
basis 

IMPURITIE5 

* Residue on Ignition (281): NMT 0,2% 

* Ubidecarenone and Other Related Compounds 

Mobile phase, System suitability solution, Chromato- 
raphic system, and System suitability: Proceed as 
irected in the Assoy * 

Standard solution: 0,02 mg/mL of USP Ubidecarenone 
RS in Diluent 

Sampie solution: 1*0 mg/mL of Ubiguinol in Diluent 
Analysis 

Sampies: Standard solution and Sampie solution 
[Notę—P rotect the Sampie solution from exposure to air 
after preparation, because ubiquinol is readiiy oxidized 
to ubidecarenone when exposed to air] 

Calculate the percentage of ubidecarenone in the por¬ 
tion of Ubiqumol taken: 

Result = (rjr$) x (Cj/G,) x 1 00 

fu = peak response of ubidecarenone from the 
Sampie solution 

fs = peak response of ubidecarenone from the 
Standard solution 

Cs - concentration of USP Ubidecarenone RS in the 
Standard solution (mg/mL) 

Cu - concentration of Ubiguinol in the Sampie 
solution (mg/mL) 

Calculate the percentage of other related compounds in 
the portion of Ubiqutnol taken: 

Result = (ru/ri) x 100 

fu = peak response of indrvidual related 

compounds from the Sampie solution 
fr - sum of alt the peak responses from the Sampie 
solution 


Acceptance criteria 
Ubidecarenone: NMT 2.0% 

Other individual related compounds: NMT 0*5% 
Sum of other reiated compounds: NMT 1.0% 

SPECIFfC TE5T5 

* WATER Det e rmi nati o n, Method k (921): NMT 0*3% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve In well-dosed, light- 

resistant containers, 

* USP Reference Standards (11) 

USP Ubidecarenone RS 
USP Ubiquinol RS 


Ubiguilnol Capsules 

DEFINmON 

Ubiguinol Capsules contain NLT 90*0% and NMT 115.0% 
of the labeled amount of ubiguinol {C 59 H 92 O. 1 )* 

IDENTIFICATION 

* A, The retention time of the major peak of either Somple 

solution 1 or Sampie solution 2 corresponds to that of the 
Standard solution , as obtained in the Procedurę for 
Strength. 

STRENCTH 

* Procedurę 

[NOTĘ—Conduct this test promptly with minima! expo- 
sure to air. Ubiguinol is readiiy oxidbed to ubidecare¬ 
none when exposed to air*] 

Mobile phase: Acetonitrile and alcohol (50:50) 

Diluent: Methanol and n-hexane (85:15) 

System suitability solution: 0.5 mg/mL each of USP 
Ubiguinol RS and USP Ubidecarenone RS in Diluent, 

Son i ca te, if necessary, for complete dissolutron. 
Standard solution: 0.5 mg/ml of USP Ubiguinol RS in 
Diluent. Sonicate, rf necessary, for complete dissolution. 
Sampie solution 1 (for soft gelatin Capsules): Weigh 
NLT 20 Capsules in a ta red weigh i ng bottle* Open the 
Capsules, without the loss of shelf materiał, and transfer 
the contents to a 100-mL beaker, Remove any contents 
adhenng to the empty shefls by washrng, if necessary, 
with several portions of ether, Discard the washings, 
and dry the Capsuie shefls with the aid of a current of 
dry air until the odor of ether is no ionger perceptible* 
Weigh the empty Capsuie shells in the tared weighing 
bottle, and calculate the average net weight per Cap- 
sule. Transfer a portion of the Capsuie contents, equiva* 
lent to 250 mg of ubiguinol into a 50-mL volumetric 
fiask* Add 40 mL of Diluent and shake by mechanical 
means for 10 min* Sonicate additionally for about 15 
min, cool to room temperaturę, dilute with Diluent to 
volume, and mix well. Dilute a portion of the resultant 
solution with Diluent to obtain a concentration of 
0.5 mg/mL of ubiguinol. Mix well and pass through a 
membranę ftlter or 0 . 45 -pm porę size. 

Sampie solution 2 (for hard gelatin Capsules): Empty 
and thoroughly mix the contents of NLT 20 Capsules* 
Transfer a portion of the contents, equivalent to 
250 mg of ubiguinol into a 50-mL volumetric fiask. Add 
40 mL of Diluent and shake by mechanical means for 20 
min. Sonicate additionally for about 15 min, cool to 
room temperaturę, dilute with Diluent to voiume, and 
mix well. Dilute a portion of the resultant solution with 
Diluent to obtain a concentration of 0.5 mg/mL of ubi- 
guinol* Mix well and pass through a membranę filier of 
0.45-jum porę size. 
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Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Madę: LC 

Detector: UV 290 nm 

Column: 4.6-mm x 10-cm; 3.5-jim packing LI 
Flow ratę: 1,5 mL/mrn 
Injectlon volume: 20 pL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[Notę—T he relative retention times for ublquinol and 
ubidecarenone are about 1,0 and 1.2, respectively.] 
Suitability requirements 
Resolution: NLT 2.0 between ubiqumol and 
ubidecarenone, System suitability solution 
Relative standard deviation: NMT 2,0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 7 or 
Sample solution 2 

Calculate the percentage of ubiquinol (C^H^O^) in the 
portion of Capsuies taken: 

Result - (r u /rs) x (C s fCu) x 100 

r u - peak area of ubiquinol from the Sample 
solution 

r s - peak area of ubiquinol from the Standard 
solution 

Cj - concentration of USP Ubiouinol RS in the 
Standard solution (mg/mL) 

Cu - nominai concentration of ubiquinol in the 
Sample solution (mg/mL) 

Acceptance criteria: 90.0%-T 15.0% 

PERFORMANCE TESTS 

* D i siniec ratio n and Dissolution (2040): Meet the re- 
quirements for Distntegration 

* Weicht Yariation of Dietary Supplements (2091): Meet 

the reąuirements 

CONTAMINANTS 

* Microbial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 3 x 10 3 cfu/g, and the 
total combmed molds and yeasts count does not exceed 
3 x 1 0 2 cfu/g. 

* Absence of Specified Microorganisms (2022): Meet the 

requirements of the tests for absence of Salmonella spe- 
ties and Escherichia coli 

ADDITIONAL REQUIREMENT5 

■ Packaging and Storage: Preserve in tight, lig ht-resistant 
containers. 

* USP Reference Standards (11) 

USP Ubidecarenone RS 
USP Ubiąuinol RS 


Valerian 


DEFINITION 

Valerian consists of the subterranean parts of Valeńana of- 
fidnalis L. (Fam. Yalenanaceae) tncluding the rhizome, 
roots, and stofons. It contains NLT 0.5% of volatile oil, 
NLT 0.05% of yalerenic add (OsHizOi), and NLT 0.1 7% 
of total valerenic acids, cafculated as the sum of hydrox- 
yvalerentc acid, acetoxyvalerenic acid, and vaieremc acid, 
on the dried basis, 

IDENTIFICATION 

• A, Meets the requirements for Specific Tests , Botank 
Characteristics 


* B. 

Sample solution: 0.2 g of freshly powdered Yalerian in 
5 mL of methylene chloride. Shake several times, and 
alłow to stand for 5 min. Filter, wash the filter with 
2 mL of methylene chloride, combine the filtrate and 
washings, ano evaporate to dryness. Dissolve the resi- 
due in 0.2 mL of methylene chloride. 

Analysis: To 0.1 mL of the Sample solution add 3 mL of 
a mixture of egual volumes of glacial acetic acid and 
25% hydrochloric acid, and shake several times. 
Acceptance crlteria: A blue color develops within 15 
min. 

* C Thin Layer Chromatograpny 

Standard solution A: 0.25 mg/mL of USP Yalerenic 
Add RS in methanol 

Standard solution B: 40 mg/mL of USP Powdered Vaie- 
rian Extract RS in methanol. Sonicate for 10 min, centri- 
fuge, and use the supernatant. 

Sample solution: About 0,5 g of Yalerian, finely pow¬ 
dered, in 5 mL of methanol. Sonicate for 10 mfn, cen- 
trifuge, and use the supernatant. 

Chromatographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size or 2-10 Jim (HPTLC plates) 
Application volume: 5 pL, as 8-mm bands 
Devefoping solvent system: A mixture of cyclohex- 
ane, ethyl acetafe, and acetic acid (60:38:2) 
Derlvatization reagent A: A mtxture of glacial acetic 
acid and hydrochloric acid (1:4) 

Derivatization reagent B: 0.5 mL of p-anisaldehyde, 

10 mL of acetic acid, and 5 mL of sulfuric acid. Add to 
85 mL of ice-cold methanol, and mix, 

Analysis 

Samples: Standard solution Ą Standard solution B, and 
Sample solution 

Apply the Samples as bands to a suitable high-perfor- 
mance thin-layer chromatographic piąte. Use a satu- 
rated chamber, and condition the piąte to a relative 
humidity of about 33% using a suitable device. De- 
velop the ehromatograms over a distance of 6 cm. Re- 
move the piąte from the chamber, dry, derivatize with 
Deriyatization reagent A, heat at 120° for 5 min, and 
examine under white Uqht. Derivatize with Derwatiza- 
tion reagent ś, heat at 100° for 3 min, and examine 
under white light 

Acceptance criteria: After treatment with Deriyatization 
reagent A and heating, the Sample solution does not ex- 
hlbit an intense blue “band al about the middle of the 
chromatogram nor any other significant bands [disttnc- 
tion from“Mexican valerian ( Valeriana edulis)] t though 
minor bands may be observed, 

After treatment with Deńvatization reagent B and heat- 
ing, the Sample solution exhibit$ three violet bands in 
positions and coiors similar to the bands of Standard 
solution B. These bands indude a minor band in the 
lower thtrd of the chromatogram due to hydroKyyaler- 
enic acid, a major band at about the middle the chro¬ 
matogram due to acetoxyvalerenic acid [distinction 
from Scouler's valerian (Voleriana wallichii )], and a ma¬ 
jor band at an corresponding to the valerenic acid 
band of Standard solution A and Standard solution 8. 
Other minor bands may be observed tn the Sample 
solution and in Standard solution B. 

* D. HPLC 

Analysis: Proceed as directed in the test for Content of 
Vaierenic Acids. 

Acceptance criteria: The Sample solution exhibits a 
peafc at a retention trme corresponding to the valerenic 
acid peak of Standard solution A. The Sample solution 
shows additional peaks corresponding to nydroxyvaler- 
enic acid and acetoxyvalerenic acid. 
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COMPOS1TION 
* CONTENT OF VALERENIC AODS 

Solution A: Mix 6 mL of 85% phosphoric acid with 
900 ml of water, dii u te with water to 1000 mL, mix, 
fil ter, and degas. 

Solution B: Mbc 6 mL of 85% phosphoric acid with 
900 mL of methanol, dilute with methanol to 1000 mL, 
mix, filter, and degas. 

Mobile phase: See Tobie T 
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SoNent: A mixture of methanol and a solution of 0.1% 
phosphoric acid in water (3:1) 

Standard solution A: 0.02 mg/ml of USP Valerenic 
Acid RS in methanol. Sonicate tf necessary. 

Standard solution B: Sonicate a portion of USP Pow- 
dered Valerian Extract RS in Soivent to obtain a solution 
having a concentration of about 20 mg/mL. Before in¬ 
jection, pass through a membraRe filter of 0.45-|im or 
finer porę size, discarding the first few mL of the 
filtrate. 

Sample solution: To a 50-mL volumetric fiask, transfer 
about 1.0 g of Valerian, finely powdered and accurately 
weighed, add 10.0 mL of water, and shake for 2 min 
whife heating in a water bath maintained at about 50°, 
Sonicate for 15 min, add 35 mL of methanol, and soni¬ 
cate for 15 min. Cool, dilute with methanol to volume, 
and mix. Before injection, pass through a membranę 
filter of 0.45-jim or finer porę size, discarding the first 
few mL of the filtrate. 

Chromatographic system 
(See Chromatograpny (62 1), System Suitabiiity.) 

Modę: LC 

Detector: UV 225 nm 

Column: 4.6-mm x 25-cm; end-capped, 5-jim 100 A 
packing LI 

Column temperaturę: 40° 

Flow ratę: 1.0 mL/min 
injection volume: 25 juL 
System suitabiiity 

Sampfes: Standard solution A and Standard solution B 
Suitabiiity requirements 

Chromatogram simiJarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Valerian Extract RS being used. 

Tailing factor: NMT 2.0 for the yalerenic acid peak, 
Standard solution A 

Relative standard devtation: NMT 2.0% for the 
yalerenic acid peak in repeated injections. Standard 
solution A 

Analysis 

Samples: Standard solution A, Standard solution 8, and 
Sampie solution 

jdentify the valerenic adds in the Sampie solution chro¬ 
matogram by comparison with the chromatograms of 
Standard solution A, Standard solution B, and the refer¬ 
ence chromatogram provided with the lot of USP 
Powdered ValerTan Extract RS being used. 

Calculate the percentages of bydroxyvalerenic acid, 
acetoxyvaierenic add, and yaferenk: acid in the portion 
of Valerian taken: 

Result - (r u fn) x C$ x (V/W) x F x 100 

r u - peak area of the relevant analyte from the 
Sample solution 


fs - peak area of yalerenic acid from Standard 
solution A 

Cs = concentration of yalerenic acid in Standard 
solution A (mg/mL) 

V = volume of the Sample soiution (mL) 

W = weight of Va!enan taken to prepare the Sampie 
solution (mg) 

F = conyersion factor for each analyte (1,10 for 
hydroxyvalerenic acid, 1.25 for 
acetoxyvalerenic acid, and 1.00 for yalerenic 
acid) 

Acceptance criteria: NLT 0-05% of yalerenic acid 
{C 13 H 2 202), and NLT 0.17% of total yalerenic acids, caf- 
cufated as the sum of hydroxyva!erenic add, acetox- 
yvaterenie acid, and yalerenic acid on the dried basis 

* Articles of Botanical Origin, Volatife OH Determination 
(561) 

Sample: 100 g, freshly and coarsely comminuted 
Acceptance criteria: NLT 0.5% on the dried basis 

CONTAM1NANTS 

* ELEMEMAL IMPURIT1ES—PROCEDURES (233) 

Acceptance criteria 
Arsenie: NMT 0.5 pg/g 
Cadmium: NMT 1.0 pg/g 
Lead: NMT 5.0 pg/g 
Mercury: NMT 0.1 jig/g 

» Artjcles of Botanical Origin, General Method for Pesth 
ode Residaes Analysis (561): Meets the requirements 

* Micrdbial Enumehation Tests (2021): The total bacterial 
count does not exceed 10 s cfu/g, the total combined 
molds and yeasts count does not exceed 10 a cfu/g, and 
biie-tolerant Cram-negative bacteria does not exceed 10 J 
cfu/g. 

* Absence of Speofied Microorganisms (2022): (t meets 
the requirements of the tests for absence of Salmonella 
species and Escherkhia coli 

SPECIFIC TESTS 

* Bojan ic Characteristics 

Macroscopic: Rhizomes: yellowish-gray to pale grayish- 
brown; entire or cut longitudinally; up to 5 cm in 
length and up to 3 cm in diameter; base elongated or 
compressed, covered by and merging with numerous 
roots; apices usually beartng a cup-shaped scar from ae- 
rial parts, stem base rareiy present, fracture reveals pith 
with a central cavity, transyerse septum observed in 
longiludinal cut. Roots; yellowish-gray to pale grayish- 
brown with longitudinaf stripes, numerous, cylindrical, 
slender, about 10 cm in fength and up to 3 mm in di¬ 
ameter, a few filiform, f rag ile secondary roots, fracture 
short. Stolons: pale yellowish-gray, showing prominent 
nodes separated by longitudinally striated mternodes 
each 2-5 cm in length, fracture ribrous. 

Microscopic: Roots: epidermis, pilliferous layer with 
papitlose cells, some aeveloped into root hairs and exo- 
dermis consisting of a single iayer of quadrangular to 
polygonal cells with suberlzed walls; oll globuTes scat- 
tered through the epidermis and cortex; cortex, oecu- 
pying most of the root, outer part consisting of 2-4 
layers of resin-containing cells, inner part consisting of 
numerous layers of polygonal to subrounded cells Tilled 
with starch granules, cfefts present; endodeimis consist¬ 
ing of a single layer of slightly fignified cells, Casparian 
dots distinct; pericyde consisting of 1-2 layers of tan- 
gentially elongated cells, sometimes indistinct; phloem, 
vascular bundles forming an interrupted ring; cambium 
frequently indistinct; xyfem, continuousiy distributed, 
with polygonal yessels, surrounding a central pith; pith 
showing cells with slightly thickened walls containing 
starch granules; starch granules, simple, hilum dotted, 
stellate or cleft-shaped, 5-15 |im in diameter; com- 
pound starch granules of 2-6 components. Rhizomes: 
similar to roots except epidermis and exodermis par- 
tially replaced by poorly deve!oped periderm; presence 


DS Monographs 











DS Monographs 


7240 Valerian / Dietary Supplements 


USP 40 


of numerous vascular bundles; central pith wider, in- 
duding defts of various sizes, the larger being sepa- 
rated by groups of stone cells. 

* Articles of Botanical Origin, Foreign Organie Matter 

(561): NMT 2,0% 

* EXTRACTABLE MATTER 

Sample: 2 g, carefully dried at 40* * and coarsely 
powdered 

Analysis: Mix the Sample with 20 mL of 70% alcohol, 
and allow to stand for 2 h, shaking frequentiv. Filter, 
evaporate 5 mL of the filtra te on a water batn to dry- 
ness, and dry the residue at 105°. 

Acceptance criteria: NLT 20% 

* LOSS ON DRYING <731) 

Sample: 1.0 g of finely powdered Valerian 
Analysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT T2% 

* Articles of Botanical Omem, Jota! Ash (561): NMT 

12 . 0 % 

* Articles of Botanical Origin, Add-insoluble Ash (561): 

NMT 5.0% 

ADDITION AL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers, 
storę at room temperaturę, and protect from light and 
moisture. 

* Labeling: The tabel States the Latin binomial and, foliow- 

ing the offidal name, the parts of the plant contained in 
the article, 

* WSP Reference Standards (11) 

USP Powdered Valerian Extract RS 
USP Vaierenic Add RS 


Powdered Valerian 


DEFINITION 

Powdered Va!erian is Valerian reduced to a fine or a very 
ftne powder. Jt contains no caldum oxalate crystals and 
no foreign starch granules. It contains NLT 03% of vola- 
tile oii, NLT 0.04% of valerenic acid {C 1 SH 22 O 2 ), and NLT 
0.1% of total valerenic aeids, calculated as the sum of 
hydroxyvalerenic acid, acetoxyvaferenic acid, and valer- 
enic add, on the dried basis. 

IDENTIFICATION 

* A. Meets the reguErements for Specifk Tests, Batonie 

Characteristics 

* B. 

Sample solution: 0.2 g of Powdered Valenan in 5 mL cf 
methylene chloride. Shake several limes, and allow to 
stand for 5 min. Filter, wash the f il ter wi th 2 mL of 
methylene chloride, combine the filtrate and washings, 
and evaporate to dryness. Dissolve the residue in 
0.2 mL of methylene chloride. 

Analysis: To 0.1 ml of the Sample solution add 3 mL of 
a mixture of equal volumes of gfaciaf acetic acid and 
25% hydroehforic acid, and shake severa! times. 
Acceptance criteria: A biue color develops within 15 
min. 

* C. Thin-Layer Chromatography 

Standard solution A: 0.25 mg/mL of USP Valerenic 
Acid RS in methano! 

Standard solution B: 40 mg/mL of USP Powdered Vale~ 
nan Extract RS in methanoL Sonicate for 10 min, centri- 
fuge, and use the supematant 

Sample solution: About 0.5 g of Powdered Vaierian in 
5 mL of methanoL Sonicate for 10 min, centrifuge, and 
use the supematant. 

Chromatographic system 

Adsorbent: Chromatographic silica gei mixture with 
an average particie size or 2-10 pm {HPTLC piafes) 


Application volume: 5 pL, as 8-mm bands 
Deve!oping soivent system: A mixture of cyclohex- 
ane, ethyl aeetate, and acetic add (6038:2) 
Derivatization reagent A: A mixture of giacial acetic 
acid and hydrochloric add (1:4) 

Denvatization reagent B: 0.5 mL of p-anisaldehyde, 
10 mL of acetic acid, and 5 mL of sulfuric add. Add to 
85 mL of ice-cold methanoL and mix. 

Analysis 

SampEes: Standard solution A, Standard solution 8, and 
Sample solution 

Appiy the Sampfes as bands to a suitable high-perfor- 
mańce thin-layer chromatographic piąte. Use a satu- 
rated chamber, and condition the piąte to a relative 
humidity of about 33% using a suitable device. De- 
velop the chromatograms over a distance of 6 cm. Re- 
move the piąte from the chamber, dry, denvatize with 
Derwatization reagent A , heat at 120° for 5 min, and 
examine under wbite light. Derivatize with Dermtiza- 
tion reagent 8 , heat at 100° for 3 min, and examine 
under white light. 

Acceptance criteria: After treatment with Derivatization 
reagent A and heatina, the Sample solution does not ex- 
hibit an intense blue band at about the middie of the 
chromatogram nor any other significant bands [distinc- 
tion from Mexican valerian ( Valeriana edulis )], though 
minor bands may be observed. 

After treatment with Derivatization reagent B and heat- 
ing, the Sample solution exhibits three violet bands in 
positions and colors similar to the bands of Standard 
solution 8. These bands include a minor band in the 
lower third of the chromatogram due to hydroxyvaler- 
enic acid, a major band at about the middie the chro¬ 
matogram due to acetoxyvalerenic acid [distinction 
from 5touler's valenan (VateriQna wallichli)], and a ma¬ 
jor band at an corresponding to the vaferenk acid 
band of Standard solution A and Standard solution B. 
Other minor bands may be observed in the Sample 
solution and En Standard solution B. 

• D HPŁC 

Anaiysis: Proceed as dtrected in the test for Content of 
Valerenic Adds. 

Acceptance criteria: The Sample solution exhibits a 
peat at a retention time corresponding to the valerenic 
acid peak of Standard solution A. The Sample solution 
shows additional peaks corresponding to hydroxyvafer- 
enic add and acetoxyvalerenic add. 

COMPOSITION 

* Content of Valerenic Acids 

Solution A: Mix 6 mL of 85% phosphoric acid with 
900 mL of water, dilute with water to 1000 mL, mix, 
filter, and degas. 

Solution B: Mix 6 mL of 85% phosphoric add with 
900 mL of methanoL dilute with methanol to 1000 mL, 
mix, filter, and degas. 

Mobile phase: See Tobie 1. 
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Solvent: A mixture of methanol and a solution of 0.1% 
phosphoric add in water (3:1) 

Standard solution A: 0.02 mg/mL of USP Valerenic 
Acid RS in methanol. Sonicate if necessary. 

Standard solution B: Sonicate a portion of USP Pow¬ 
dered Valerian Extract RS in Solvent to obtain a solution 
having a concentration of about 20 mg/mL. Before in- 
jection, pass through a membranę filter of 0.454tm or 
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finer porę size, discardtng the first few mL of the 
filtrate. 

Sample solution: To a 50-mL volumetric fiask, transfer 
about 1,0 g of Powdered Valerian, accurately weighed, 
add 10,0 mL of water, and shake for 2 min while beat- 
ing in a water bath mamtained at about 50°. Sonkate 
for 15 min, add 35 ml of methanol, and sonicate for 
15 min* Cool, dflute with methanol to volume, and 
mix. Before injection, pass through a membranę filter of 
0.45-pm or finer porę stze, discardlng the first few mL 
of Ehe filtrate* 

Chromatographic system 
(See Chroma tog ropny (621}, System Suitability.) 

Modę: LC 

Deteetor: UV 225 nm 

Column: 4.6-mm x 25-cm; end*capped, 5-fim 100 A 
packing LI 

Column temperaturę: 40° 

Flow ratę: 1 .0 mL/min 
Injection volume: 25 pL 
System suitability 

Samples: Standard sof u don A and Standard solution B 
Suitability requirements 

Chromatogram similanty: The chroma togram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the fot of USP Powdered 
Valerian Extract RS being used. 

Tarling factor: NMT 2*0 for the valerenic acid peak, 
Standard solution A 

Relative standard deviation: NMT 2.0% for the 
vaterenie acid peak in repeated injections, Standard 
solution A 
Analysis 

Samples: Standard solution A, Standard solution B, and 
Sample solution 

Identify the valerenic adds in the Somple solution chro¬ 
matogram by eomparison with the chromatograms of 
Standard solution A, Standard solution B, and the refer¬ 
ence chromatogram provided with the fot of USP 
Powdered Va!erTan Extract RS being used. 

Calculate the percentages of hydroxyvalerenk acid, 
acetoxyvaJerenic acid, and vaferenic acid in the portlon 
of Powdered Valenan taken: 

Result ^ (rjrd xQx (V/W) x F x 100 

ru ~ peak area of the relevant anafyte from the 
Sample solution 

fs = peak area of valerenic acid from Standard 
solution A 

G = concentration of valerenic acid in Standard 
solution A (mg/mL) 

V" = volume of the Sample solution (ml) 

W = weight of Powdered Valerian taken to prepare 
the Sample solution (mg) 

F - conversion factor for eacn analyte ( 1.10 for 
hydroxyvaferenic add, 1*25 for 
acetoxyvalerenic add, and 1.00 for valerenic 
acid) 

Acceptance criłeria: NIT 0*04% of valerenic acid 
(C^H^Oa), and NLT 0*1% of total valerenk acids, cal- 
culated as the sum of hydroxyvalerenk add, acetox- 
yvalerenic acid, and valerenic acid on the dried basls 
* Articles of Botanical Origin, Voiotile OH Determinodon 
(561) 


Sample: 100 g of Powdered Valerian 
Acceptance criteria: NLT 0.3% 

CONTAMINANTS 

« Elemental Impurjties—Procedures (233) 

Acceptance criteria 
Arsenie: NMT 0.5 pg/g 
Cadmium: NMT 1.0 pg/g 
Lead: NMT 5*0pg/g 
Mercury: NMT 0.1 pg/g 

* Articles OF Botanical Origin, General Method for Pesth 

cide Residues Analysis (561): Meets the reguirements 

■ Microbial Enumeration Tests (2021): The total bactenal 
count does not exceed TO 5 cfu/g, the total combined 
molds and yeasts count does not exceed 10 3 cfu/g, and 
bile-tolerant Cram-negative bacteria does not exceed 10 3 
cfu/g. 

■ Absence of Specified Microorganisms (2022): ll meets 

the requirements of the tests for absence of Salmonella 
spec i es and Escherichia coli. 

5PECIF1C TESTS 

■ BOTANIC CHARACTERISTICS 

M krosto pic: Numerous starch granules, simple, hrlum 
dotted, stellate or deft-shaped, 5-15 pm in diameter; 
compound starch granules of 2-6 components; black, 
cruciate shape under a polarizing microscope. Scattered 
stone cells, single or aggregatecC with celi lumina of 
vanou$ sizes, bright yellowish-white or bright white 
under a polarizing microscope; numerous fragments of 
parenchyma cells containing globules of vofatile oil and 
starch granules; fragments of pale yellow lignified fi bers, 
scattered, single or aggregated; fragments of vessels, re- 
ti cu la te, bordered pitted and spiral. 

* Extractable MATTER 

Sample: 2 g of Powdered Valerian, carefully dried at 
40° 

Analysis: Mlx the Sample with 20 mL of 70% alcohol, 
and allow to stand for 2 h, shaking frequently, Filter, 
evaporate 5 mL of the fil tratę on a water batn to dry- 
ness, and dry the residue at 105°. 

Acceptance criteria: NLT 20% 

* LOSS ON Drying (731) 

Sample: 1.0 g of Powdered Valerian 
Analysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT 12% 

* Articles of Botanical Origin, Total Ash (561): NMT 

12 . 0 % 

* Articles df Botanical Origin, Adddnsoluble Ash (561): 

NMT 5.0% 

ADDfTIONAL REQUIREMENTS 

* Packa g ing and Storage: Preserve in well-closed contain- 
ers, storę at room temperatura, and protect from light 
and moisture. 

* Iabeling: The label States the Latin blnomial and, follow- 
ing the official name, the parts of the plant from whlch 
the artkle was derived* 

* USP Reference Standards (11) 

USP Powdered Valerian Extract RS 
USP Valerenic Add RS 


Powdered Valerian Extract 


DEFINITION 

Powdered Va!erian Extract is prepared from comminuted Va- 
lerian using hydroalcoholic mixtures. It contains NLT 0.3% 
of valerenic acid (C 15 H 2 ZO 2 ), and NLT 0 * 6 % of total valer- 
enic acids, calculated as the sum of hydroxyva!erenic add, 
acetoxyvalerenic acid, and vaferenic add, on the dried ba- 
sis. The ratio of the starting crude plant materia! to the 
Extract is between 4:1 and 7:1. 
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IDENTIFICATION 

* A. Thin-Layer Chromatocraphy 

Standard solution A: 0.25 mg/mL of USP Vaferenic 
Acid RS in methanol 

Standard sol u tron Br 40 mg/mL of USP Powdered Vale- 
rian Extract RS in methanol. Sonicate for 10 min, centri- 
fugę, and use the supematanŁ 
Sample solution: 40 mg/mL of Extract in methanoL 
Sonicate for 1 0 min, tentrifuge, and use the 
supematanŁ 

Chromatographic system 

Adsorbent: Chromatographic siiica gel mixture with 
an ayerage particie srze of 2-10 jim (HPTLC plates) 
Application volume: 5 jiL, as 8 -mm bands 
DeveIoping solyent system: A mixture of cydohex- 
ane, ethyl acetate, and acetic acid (60:38:2) 
Derivatization reagent A: A mixture of glacia! acetic 
acid and hydrothlorit acid (1:4) 

Derivatizatfon reagent B: 0*5 mL of p-anisaJdehyde, 

10 mL of acetic acid, and 5 mL of suifuric add. Add to 
85 mL of ice-cold methanol, and mix* 

Analysis 

Samples: Standard solution A , Standard solution B f and 
Sample solution 

Apply the Samples as bands to a suitabte high-perfor- 
mańce thin-fayer chromatographic pfate* Use a satu- 
rated cham ber, and condition the piąte to a relative 
humidity of about 33% using a suitable device* De- 
velop the chromatograms over a distance of ó cm, Re- 
move the piąte from the chamber, dry, deriyatize with 
DerivQtiZQtion reagent A t heat at 120° for 5 min, and 
examine under wnite light Deriyatize with Derivatiza- 
tion reagent B t heat at 100° for 3 min, and examine 
under white light* 

Acceptance cnteria: After treatment with Denvatization 
reagent A and heating, the Sample solution does not ex* 
hibit an intense btue oand at about the middle of the 
chromatogram nor any other significant bands [distinc- 
tion from’Mexican yalerian (Volenana edulis)] f tliough 
minor bands may be observed. 

After treatment with Denvatization reagent B and heat- 
ing, the Sample solution exhibit$ three violet bands in 
positions and colors similar to the bands of Standard 
solution B. These bands include a minor band in the 
lower third of the chromatogram due to hydroxyvaler- 
enic acid, a major band at about the midcfie the chro¬ 
matogram due to acetoxyvalerenic acid [distsnction 
from 5touler's yalerian (Valeriana wallichii)], and a ma¬ 
jor band at an R F corresponding to the yalerenic acid 
band of Standard solution A ana Standard solution B. 
Other minor bands may be observed in the Sample 
solution and in Standard solution B . 

* B. HPLC 

Analysis: Proceed as directed in the test for Content of 
1 /alerenic Acids. 

Acceptance criteria: The Sample solution exhibits a 
peak at a retention time corresponding to the yalerenic 
add peak of Standard solution A. The Sampie solution 
shows addrtional peaks corresponding to hydroxyvaler- 
enic acid and acetoxyvalerenic acid. 

COMPOSmON 

* content of valerenic acids 

Solution A: Mix 6 ml of 85% phosphorie acid with 
900 mL of water, dl lute with water to 1000 mL, mix, 
fil ter, and degas. 

Solution B: Mix 6 mL of 85% phosphorie add with 
900 mL of methanol, dilute with methanol to TOOOmL, 
mix, filter, and degas. 

Mobile phase: 5ee Tobie T 
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Solvent: A mixture of methanol and a solution of 0.1% 
phosphorie acid in water (3:1) 

Standard solution A: 0,05 mg/mL of USP Valerenic 
Acid RS in methanol. Sonicate if necessary* 

Standard saiution B: Sonicate a portion of USP Pow¬ 
dered Valerian Extract RS in Solvent to obtain a solution 
having a concentration of about 20 mg/mL* Before in¬ 
jection, pass through a membranę filter of 0 . 45 -jim or 
finer porę slze, discarding the first few ml of the 
filtra te. 

Sampfe solution: Sonicate a portion of Extracl in Sol- 
vent to obtain a solution having a concentration of 
about 20 mg/mL. Before injection, pass through a 
membranę filter of 0.45-pm or finer porę size, discard¬ 
ing the first few mL of the filtrate. 

Chromatographic system 
(See Chromatogropny (621), System Suitability.) 

Modę: LC 

Detector: UV 225 nm 

Column: 4.6-mm x 25-cm; end-capped, 5-pm 100 A 
packing LI 

Column temperaturę: 40 lJ 
Flow ratę: 1.0 mL/min 
Injection volume: 25 jiL 
System suitability 

Samples: Standard solution A and Standard solution B 
Suitability reguirements 

Chromatogram similarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Valenan Extract RS being used. 

Tai ling factor: NMT 2.0 for the yalerenic acid peak, 
Standard solution A 

Relative standard deviation: NMT 2.0% for the 
yalerenic acid peak in repeated injections. Standard 
solution A 
Analysis 

Samples: Standard solution A f Standard solution B f and 
Sampie solution 

Identify the yalerenic adds in the Sampie solution chro¬ 
matogram by comparison with the chromatograms of 
Standard solution A , Standard solution B, and me refer¬ 
ence chromatogram provided with the lot of USP 
Powdered Valerian Extract RS being used* 

Calculate the percentages of hydroxyva!erenic acid, 
acetoxyvalerenic add, and yalerenic acid in the portion 
of Extract taken: 

Result = (ru/fj) x ( Cs/Cu ) x F x 100 

ru - peak area of the rełevant analyte from the 
Sample solution 

Cs = peak area of yalerenic add from Standard 
solution A 

Cs - concentration of yalerenic acid in Standard 
solution A (mg/mL) 

Cu = concentration of the Extract in the Sample 
solution (mg/mL) 

f = conversion factor for each analyte ( 1,10 for 
hydroxyvalerenic add, 1.25 for 
acetoxyvalerenic acid, and 1.00 for yalerenic 
acid) 

Acceptance criteria: NLT 0*3% of yalerenic acid 
(C 15 H 22 O 2 }, and NLT 0.6% of total yalerenic adds, cal¬ 
cu Jated as the sum of hydroxyvalerenic acid, acetox- 
yyaleremc add, and yalerenic acid on the dned basis 
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CONTAMINANTS 

* Elemental Impuruies—Proceoures (233) 

Acceptance cnteria 
Arsenie: NMT 0,5 pg/g 
Cadmium: NMT 1.0 pg/g 
Lead: NMT5.0pg/g 
Mercgry: NMT 0.1 pg/g 

* Articles of Botanical Origin, Pesticide Residues (561): 

Meets the reguirements 

* Microbial Enumeration Tests (2021): The total bacterial 
count does not exceed 10 4 cfu/g, the total combined 
molds and yeasts count does not exceed 10* cfu/g, the 
coliform count does not exceed 10 3 cfu/g, and the Enter- 
obactenaceae count does not exceed 10 3 cfu/g. 

* Absence of Specified Microorganisms (2022): tt meets 
the reguirements of the tests for absence of Salmonella 
species, Escherichia coli, and Staphyfococcus aureus. 

SPECIFIC TESTS 

* Water DetermINATION, Method la (921): NMT 5% 

* Articles of Botanical Origin, Total Ash (561): NMT 

7.0% 

AODITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers, 
storę at controlled room temperaturę, and protect from 
moisture and light, 

* Labeung: The label States the offidal name of the artide, 

the Latin binomial, and the part of the plant from which 
the artide was prepared. Label it to indicate the oontent 
of valerenrc acid and total yalerentc acids, and the ratio 
of the starting crude plant materiał to the Extract. ft 
meets other labeling requirements in Botanicof Extracts 
(565). 

* USP REFERENCE Standards (11) 

USP Powdered Valerian £xtract RS 
USP Valerenic Add RS 


Valerian Tincture 


Denvat3zation reagent B: 0.5 mL of p-anisaidehyde, 
10 mL of acetic arid, and 5 mL of suffuric acid. Add to 
85 mL of ice-cold methanol, and mix. 

Analysrs 

Samples: Standard solution A t Standard solution B f and 
Sampie solution 

Apply the Samples as bands to a suttable hrgh-perfor- 
mańce thin-layer chromatographic piąte. Use a satu- 
rated chamber, and condition the piąte to a relative 
humidky of about 33% using a suitabie device. De- 
velop the chromatograms over a distance of 6 cm. 
Remove the piąte from the chamber, dry, deriyatize 
with Derwatiiotion reagent A t heat at 12G Q for 5 min, 
and examine under wbite light, Derivatize with Der - 
ivatization reagent B , heat at 100° for 3 min, and ex- 
aminę under white fight. 

Acceptance criteria: After treatment with Derivati2Qtion 
reagent A and heatmg, the Sampie solution does not ex- 
hibit an intense b!ue oand at about the middie of the 
chromatogram nor any other significant bands [distinc- 
tion from Mexican yalerian ( Valeńano edulis)] t though 
minor bands may be observed. 

After treatment with DenvQtization reagent B and heat- 
ing, the Sampie solution exhibits three yiolet bands in 
positions and colors similar to the bands of Standard 
solution ft These bands indude a minor band in the 
lower Lhird of the chromatogram due to hydroxyvaler- 
enic add, a major band at about the middie of the 
chromatogram due to acetoxyvalerenic acid [dśstirtc- 
tion from Scouleds valerian (Valeriona wafllchii)], and a 
major band at an Rf corresponding to the yalerenic 
acid band of Standard solution A and Standard solution 
ft Other minor bands may be observed in the Sampie 
solution and in Standard solution ft 
* B. HPLC 

Analysis: Proceed as directed in the test for Content of 
Voierenk Acids * 

Acceptance criteria: The Sampie solution exhibits a 
peak at a retention time corresponding to the yalerenic 
acid peak of Standard solution A. The Sampie solution 
shows additional peaks corresponding to hydroxyvaler- 
emc add and acetoxyvalerenie acid. 


DEFINITION 

Valerian Tincture is prepared as follows. 


Valerian 

200 a 

A mixture of Alcohol and Water (6:4) to 
(8:2). a suffitient quantitv to make 

1000 mt 


Prepare the Tincture as directed for Botanicaf Extracts (565), 
Tinctures , Maceratlon Process. Vaierian Tincture contains 
NLT 0.015% of yalerenic acids, calcu iated as the sum of 
hydroxyvalerenic acid, acetoxyvalerenic add, and valer- 
enic aad. 

IDENTIFICATION 
• A. THIN-LAYER CHROMATOGRAPHY 

Standard solution A: 0.25 mg/ml of USP Valerenic 
Acid RS in methanol 

Standard solution B: 40 mg/mL of USP Powdered Vale- 
rian Extract RS in methanol Sonicate for 10 min, centri- 
fugę, and use the supernatant. 

Sampie solution: Centrifuge the Tincture, and use the 
supernatant. 

Chromatographic system 

Adsorbent: Chromatographic silica gel mixture with 
an average particie size of 2-10 jam (HPTLC plates) 
Application volume: 5 pL of Standard solution A and 
Standard solution B and 10 pL of the Sampie solution , 
as 8-mm bands 

Deve!oping solyent system: A mixture of cycloheX‘ 
ane, ethyl acetate, and acetic acid (60:38:2) 
Derivatization reagent A: A mixture of glacial acetic 
acid and hydrochloric acid (1:4) 


STRENGTH 

* Content of Valerenic Acids 

Solution A: Mix 6 mL of 85% phosphoric acid with 
900 mL of water, dilute with water to 1000 mL, mix, 
filter, and degas. 

Solution Br Mix 6 mL of 85% phosphoric acid with 
900 ml of methanol, dilute with methanol to 1000 mL, 
mix, filter, and degas. 

Mobile phase: See Tobie h 
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Solvent: A mixture of methanol and a solution of 0.1% 
phosphoric acid in water (3:1) 

Standard solution A: 0.02 mg/mL of USP Va!erenk 
Acid RS in methanol. Sonicate tf necessary. 

Standard solution B: Sonicate a portion of USP Pow¬ 
dered Vaierian Extract RS in Sofvent to obtain a solution 
having a concentration of about 20 mg/mL. Before in- 
jection, pass through a membranę filter of 0,45-j.im or 
finer porę size, discarding the first few mL of the 
filtrate. 

Sampie solution: Use Tincture. Before in jection, pass 
through a membranę filter of 0.45-pm or finer porę 
size, discarding the first few mL of the filtrate. 
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Chromatographtc system 

(See Chromatograpny {621), System Suitability.) 

Modę: LC 

Detector: UV 225 nm 

Column; 4*6-mm x 25-cm; end^capped, 5-pm 100 A 
parking LI 

Column temperaturę: 40° 

Flow ratę: 1.0 m L/min 
tnjection volume: 25 pL 
System suitability 

Samples; Standard solution A and Standard solution B 

Suitability regurrements 

Chroma tog ram similarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Valerian Extract RS being used* 

Tailing factor: NMT 2*0 for the valerenic acid peak. 
Standard solution A 

Relative standard deviation: NMT 2.0% for the 
yalerenic acid peak in repeated injections, Standard 
solution A 
Analysis 

Samples: Standard solution Ą Standard solution B, and 
Sample solution 

Identify the yalerenic acids in the Sample solution chro¬ 
matogram by comparison with the cnromatograms of 
Standard solution A, Standard solution B f and tne refer¬ 
ence chromatogram provided with the lot of USP 
Powdered Yalerian Extract RS being used. 

Calculate the percentage of yalerenic acids (sum of 
hydroxyvalerenic add, acetoxyvalerenic acid, and 
valerenic acid) in the portion of Tincture taken: 

Result = mru x f)]/fj} x C s x 0.1 

r v = peak areas of the relevant analytes from the 
Sample solution 

F = conversion factor for each analyte (1.10 for 
hydroxy yalerenic acid, 1.25 for 
acetoxyvalerenjc acid, and 1.00 for valerenic 
acid) 

r* - peak area of yalerenic acid from Standard 
solution A 

G - concentration of valerenic acid in Standard 
solution A (mg/mL) 

Acceptance criteria: NLT 0.015% of yalerenic acids, 
calculated as the sum of hydroxyvalerenic acid, acetox- 
yyalerenic acid, and yalerenic acid 

OTHER COMPONENT5 

* Alcohol D eter Ml kation, Method I (611): NLT 90*0% 

and NMT 110.0% of the labeled amount of alcohol 
(CaHsOH) 

CONTANIINANTS 

* Articles of Botanical Origin, General Method for Pesti- 

cide Resldues Analysis (561): Meets the reguirements 

ADDITIONAL REQU1REMENT5 

* Packaginc and Storage: Preserve in tight, light-resistant 
containers, and storę at room temperaturę. 

* Labeling: The label States the official name of the artide, 
the Latin binomial, and the part of the plant from which 
the artlcle was prepared* Label it to indicate the eon tent 
of yalerenic acids, the solyent mwture used for extrac- 
tion, and the ratio of the starting crude plant materiał to 
Tincture* 


■ USP Reference Standard* (11) 

USP Valerenic Acid RS 

USP Powdered Yalerian Extract RS 


Valerian Tablets 


DEFINITION 

Vaierian Tablets contain Powdered Yalerian Extract Tablets 
contain NLT 90.0% and NMT 120.0% of the labeled 
amount of Powdered Yalerian Extract, calculated as yaler¬ 
enic acids equivalent to the sum of hydroxyvaferenic acid, 
aeetoxyvalerenic acid, and yalerenic adcL 

ID ENT1 FI C ATI ON 

• A* THIN-LAYER Chromatography 

Standard solution A: 0.25 mg/mL of USP Yaferenic 
Acid RS in methanol 

Standard solution B: 40 mg/mL of USP Powdered Yale¬ 
nan Extract RS in methanol. SonŚcate for 10 min, centri- 
fuge, and use the supernatant. 

Sample solution: Finely pulyerize NLT 10 Tablets* 
Transfer an amount of the powder equivalent to 
100 mg of Powdered Valerian Extract to a suitable fiask. 
Add 5 mL of water and 3 mL of a 10% aqueous solu¬ 
tion of potassium hydroxide, extract with two 5-mL 
portions of methyiene chloride, and discard the organie 
phase. Heat the agueous phase in a water bath at 40° 
for 10 min, cool, aeidify with 7% hydrochloric acid, and 
extract with two 5-mL portions of methyiene chloride. 
Dry the organie phase over anhydrous sodium sulfate, 
filter, evaporate the fil tratę to dryness, and dissolye the 
residue in 2.0 ml of methyiene chloride* 
Chromatographk system 

Adsorbent: Chromatographic sliica gel mixture with 
an average particie size of 2-1 0 pm (HPTLC plates) 
Application yolume: 5 pL, as 8-mrm bands 
Deyeloping solvent system: A mixture of cyclohex- 
ane, ethyl acetate, and acetic acid (60:38:2) 
Derrvatization reagent A: A mixture of glacial acetic 
acid and hydrochloric acid (1 ;4) 

Derivatization reagent B: 0.5 mL of p-anisaldehyde, 

10 ml of acetic add, and 5 mL of sulfuric acid. Add to 
85 ml of ice-cold methanol, and mix* 

Analysis 

Samples: Standard solution A t Standard solution fi, and 
Sample solution 

Apply the Samples as bands to a suitable high-perfor- 
mance thin-layer chromatographic piąte. Use a satu- 
rated chamber, and condition the piąte to a relatiye 
humidity of about 33% using a suitable device. De- 
velop the chromatograms over a distance of 6 cm, 
Remove the piąte from the chamber, dry, deriyatize 
with Derivatization reagent A t heat at 12G d for 5 min, 
and examine under wnite fight. Deriyatize with Den 
ivatization reagent B t heat at 100° for 3 min, and ex- 
amine under white light 

Acceptance criteria: After treatment with Derwatization 
reagent A and heating, the Sample solution does not ex- 
hibit an intense blue oand at about the middle of the 
chromatogram nor any other significant bands [distinc- 
tion from Mexican yalerian (Valeriana edulis )], though 
minor bands may be obseryed, 

After treatment with Derivatizotion reagent B and heat- 
ing, the Sample solution exhibits three yiolet bands in 
positions ano colors similar to the bands of Standard 
solution B * These bands include a minor band in the 
lower third of the chromatogram due to hydroxyvaler- 
enic add, a major band at about the middle the chro¬ 
matogram due to acetoxyvalerenic acid [distinction 
from Scouleris yalerian (ValerianQ wailichii)] f and a ma¬ 
jor band at an R f correspondlng to the yalerenic add 
band of Standard solution A and Standard solution fi. 
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Other minor bands may be observed in the Sample 
solution and in Standard solution B. 

O B. HPLC 

Anatysrs: Proceed as directed In the test for Content of 

yalerenic Acids. 

Acceptance criteria: The Sample solution exhibits a 
peak at a retention time correspondtng to the yalerenic 
acid peak of Standard solutlon A. The Sample solution 
shows additiona! peaks correspondmg to nydroxyvaler- 
enic add and acetoxyva3erenic acid. 

siumcm 

* Content of Valeman Extract 

Solution A: Mix 6 ml of 85% phosphoric add with 
900 mL of water, di lute with water to 1000 mL, mix, 
filter, and degas. 

Solution B: M3x 6 mL of 85% phosphoric add with 
900 mL of methanol, difute with methanol to 1000 mL, 
mix, filter, and degas. 

Mobile phase: See Tobie 1. 


1 


Time 

(min) 

Solution A 

Solution B 

(%) 

0 

40 

60 

15 

5 

95 

25 

5 

95 

30 

40 

60 


5olvent: A mixture of methanol and a solutlon of 0,1% 
phosphoric acid in water (3:1) 

Standard solution A: 0.02 mg/mL of USP Valerenlc 
Add RS in methanol. Sonicate if necessary. 

Standard solution B: Sonicate a portion of USP Pow¬ 
dered Yalerian £xtract RS in Solvent to obtaln a solution 
having a concentration of about 20 mg/mL. Before in- 
jection, pass through a membranę fllter of 0.45-pm or 
fi ner porę size, discarding the first few mL of the 
filtra te. 

Sample solution: Welgh NLT 20 Tablets and pulyerize. 
Transfer a portion of the powder, nominally equivalent 
to about 3.0 mg of yalerenic acids, to a suitabEe fiask. 
Add 25.0 ml of SoIvent f shake to disperse the powder, 
sonicate for 10 min, and centrifuge. Use the elear 
supernatant. 

Chromatographic system 

(See Chromatograpny (621), System Suita bil i ty.) 

Modę: LC 

Detector: UV 225 nm 

Column: 4.6-mm x 25-cm; end-capped, 5-pm 100 A 
packing LI 

Column temperaturę: 40° 

Flow ratę: 1.0 mL/min 
Injection volume: 25 pL 
System suitability 

Sa m pies: Standard solution A and Standard solution B 

Suitability reguirements 

Chromatogram srmilarity: The chromatogram of 
Standard solution B is similar to the reference chro¬ 
matogram provided with the lot of USP Powdered 
Valerian Extract RS being used. 

Tarling factor: NMT 2.0 for the valerenic acid peak, 
Standard solution A 

Relath/e standard deviatlon: NMT 2.0% for the 
valerenic add peak in repeated injections, Standard 
solution A 
Anafysis 

Sam pies: Standard solution A, Standard solution B, and 
Sample solution 

Jdenttty the yalerenic acids in the Sample solution chro¬ 
matogram by comparison with the chromatoorams of 
Standard solution A, Standard solution B f and tne fefer- 
ence chromatogram provided with the lot of USP 
Powdered Valerian Extract RS being used. 


Calculate the percentage of the labeled amount of Pow¬ 
dered Valerian Extract as yalerenic acids (sum of 
hydroxyyalerenic acid, acetoxyvalerenic acid, and 
yalerenic acid) in the portion of Tablets taken: 

Result = {[T(r u x x (C* x V/W) * (100/l f ) x (A w x 
100/L) 

% = peak areas of the re!evant analytes from the 

Sample solution 

F - conyersion factor for each analyte (1,10 for 
hydroxyvaferenic add, 1,25 for 
acetoxyyalerenic acid, and 1.00 for yalerenic 
add) 

r 5 = peak area of yalerenic acid from Standard 
solution A 

Q = concentration of yalerenic acid in Standard 
solution A (mg/mL) 

U = yolume of the Sample solution (mL) 

W = weight of the sample of powdered Tablets 

used to prepare the Sample solution (mg) 

- ayerage weight of the Tablets (mg/Tablet) 

Le - labeled amount of yalerenic acids In 100 mg 
of the Powdered Yalerian Extract used to 
prepare the Tablets (mg) 

i - labeled amount of Powdered Vaferian Extract 
per Tablet (mg/Tablet) 

Acceptance criteria: 90.0%-120.0% 

PERFORMANCE TESTS 

• DlSINTEGRATJON ANO DlSSOLUTION OF BlETARY SUPPLEMENTS 

(2040); Meet the reguirements for Disintegration 

o Weight Variation of Bietary Supplements (2091): Meet 
the reguirements 

CONTAM1NANTS 

■ Micro b| al EnuMeration Tests (2021): The total aergbic 
microbial count does not exceed 10^ cfu/g, and the total 
combined molds and yeasts count does not exceed 10 3 
cfu/g. 

• Microbial Procedures for Absence of Specified EUIicroor- 

GANISMS (2022); Meet the reguirements of the tests for 
absence of 5o/mone//o species and Escherichia coli 

ADDmONAL REQUIREMENT5 

• PACKAGING and Stora GE: Preserve in tight, light-resistant 

containers, and storę at room temperaturę. 

® ILabeling: The label States the Latin binomial and, foflow- 
ing the offtcial name, the article from which the Tabiets 
were prepared. The label also indicates the guantity, in 
mg, of Powdered Yalerian Extract per Tablet and the con- 
tent, as a percentage, of yalerenic acids in the Extract 
o USP Reference Standard; (11) 

USP Powdered Valerian Extract RS 
USP Yalerenic Acid RS 


Va!ine —see Valine General Monographs 


VSnpocetine 



C 22 H 26 N 2 0 2 350.45 

Eburnamenine-14-carboxy[ic acid, ethyl ester, (3a,lóa)-; 
Ethyl apovincamin-22-oate [42971-09-5]. 
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DEFINmON 

Yinpocetine contains NLT 98,0% and NMT 102.0% of 
yinpocetine (OaHasNaO*), calculated on the dried basis. 

IDENTIFICATION 
® A. Dnfrared Absorption <197K) 

• B. The retention time of the main peak of the Sample 

solution torresponds to that of the mam peak of Standard 
solution 4 f as obtained in the Assoy. 

ASSAY 

• Procedurę 

Solution A: 154 g/L of ammomum acetate in water 
Mobile phase: Acetonitrile and Solution A (55:45) 
Standard solution 1: 0.02 mg/mL of USP Yinpocetine 
RS in Mobile phase 

Standard soiution 2: 0.12 mg/mL of USP Vinpocetine 
Related Compound A RS and 0.10 mg/mL eaeh of USP 
Yinpocetine Related Compound B RS, USP Vinpocetine 
Related Compound C RS/ and USP Vinpocetine Related 
Compound D RS in Mobile phase 

Standard solution 3: Difute 1,0 mL of Standard solution 
1 and 1.0 mL of Standard soiution 2 with Mobile phase 
to 20.0 mL, 

Standard solution 4: 0,2 mg/mL of USP Vinpocetme RS 
in Mobile phase 

Sample solution: 0,2 mg/mL of Vinpocetine in Mobile 
phase 

Chromatographic system 
(5ee Chromatograpny <621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Coiumn: 4.6-mm x 25-cm; S-pm packing LI 
Flow ratę: 1.0 mL/min 
Injection volume: 15 pi 
System suitability 
Sample: Standard solution 3 

[Notę—T he relattve retention times for yinpocetine and 
its related compounds are shown in Table /.] 

Suitability reąuirements 

Resoiution: NLT 2,0 between vinpocetine related 
compound B and vinpocetine related compound D 
Relative standard deviatron: NMT 2,0%, Standard 
solution 4 
Analysis 

Sampfes: Standard solution 4 and Sample solution 
Calculate the percentage of yinpocetine in 

the portion of Yinpocetine taken: 

Result - ( ru/rs ) x (Cd Cu) x 100 

fu - peak response from the Sample solution 

rj = peak response from Standard solution 4 

Cs - eon centra tron of USP Yinpocetine RS in 
Standard solution 4 (mg/mL) 

Cu - eon centra ti on of Vinpocetme in the Sample 
solution (mg/mL) 

Acceptance criteria: 98,G%-1Q2.G% on the dried basis 

IMPURITIES 

• Residue on Ignition <281): NMT 0.1% 


Delete the following: 

•* Heaw Metals, Method II (231): NMT 10 ppm# (Olficwi I- 

|an-2018) 


C hangę to read: 

* ORGANIC IMPURITIES 

Solution A, Mobile phase, Standard solution 1, Stan¬ 
dard solution 2, Standard solution 3, Chromato.- 
raphic system, and System suitability: Proceed as 
irected in fhe Assoy , 


Sample solution: 1 mg/mL of Vinpocetine in Mobile 
phase 

Analysis 

Samples: Standard solution 3 and Sample solution 
Record the chromatograms for up to a minimum of 
three times the retention time of yinpocetine. Disre- 
gard any peak with an area less than 0.5 times the 
area of the peak due to yinpocetine in Standard soiu¬ 
tion 3. 

Calculate the percentage of yinpocetine related com¬ 
pounds A, B, C, and D in the portion of Vinpocetine 
taken: 

Result = (ru/n) x (CdC u ) x 100 

^ = peak response of each of the known impurities 

from tne Sample solution 

r$ ~ peak response of the torresponding Standard 
for each of the known impurities from 
Standard solution 3 

Ci - concentration of the corresponding USP 

Reference Standard for each of the known 
impurities in Standard solution 3 (mg/mL) 

C u = concentration of Vinpocetine in the Sample 
solution (mg/mL) 

Calculate the percentage of any unspedfied individual 
impurity, as yinpocetine, in the portion of Vinpocetine 
taken: 

Result = (fu/ri) x (Cs/Cu) x 100 

ru - peak response of each of the unspecified 
impurities from the Sample solution 

rs = peak response of yinpocetine from Standard 
solution 3 

Ci = concentration of USP Vinpocetine RS in 
Standard solution 3 (mg/mL) 

Cu = concentration of Vinpocetine in the Sample 
solution (mg/mL) 

Acceptance criteria: See Table I. 


Table 1 


Name 

Relative 

Retention 

Time 

Acceptance 
Criteria, 
NIV1T (%1 

Vinpocetfne 

1,00 

_ 

yinpocetine related compound A- 1 

0,40 

0.6 

yinoocetlne related comoound B u 

0,75 

OJ 

yinpocetine related compound C £ 

0,83 

0.3 

yinpocetine related comoound D 4 

0,68 

OJ 

Unspecified mdividual imourity 

_ 

0,1 

Total impurities 

— 

1,0 


* # Ethyl (125,13a5 f l 3bS)-1 3a-elhyM2-hydraxy-2,3 # 5,6, 12J 3,13a,l 3b- 
octahydro-1 H-indolof 3,2,1 -cfe]pyrldo[ 3,2,1 J]naphthyTidln&-1 2<ar- 
boxyJate (ethyl vincaminaie).» hu»h»i« 

h *Methyl (13aS^l 3bS)-l 3a*ethyfc2,3.5,6,1 3a f 13b-hexa hydro-1 M-indolo|3, 
2,1 -de]pyrido[3,2.1 4J\[] ,5]n aphthydgjne-12 carboxylate (apovintamlne). 

• iFf|P 

c Ethyl (1 3a5,1 3bS)-l Ba-ethyl-1 0-mtthoxy-2,3,5,6,13a,l 3b-hexahydro-l H- 
indo1o[3,2,l-de]pyrido[3,2,l-F/1[l,5jnaphthynd1ne 12-carboxylate (methox* 
yvinpocetine). 

d •Ethyl (12/fp3a5,l 3b5)-1 3a-ethyl-2,3,5,6 r T2,l 3,13a,1 3b-octehydro -W- 
indolo[3 H 2/1 -de]pyrrtio[3,2,1 -»/][! J]naphthyndlne-1 2-carboxyIate 
(dlhydrovinpocetine),# ,hw 

SPECIFIC TESTS 

* LOSS ON DRY1NG <731) 

Analysis: Dry a sample in a vacuum at 100° for 3 h* 
Acceptance criteria: NMT 0,5% 

* Optical Rotation, Specific Rotation <781S) 

Sample solution: 10 mg/mL in dimethylformamide 
Acceptance criteria: From +127,0° to +134,0°, deter- 
rnined at 20° 
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ADDITIONAL REQUIREMENT5 

s Packaging AMD Storage: Preserve m well-closed con- 
tainers, and storę at controlled room temperaturę, 

* USP Reference Standards (11) 

USP Vinpocetine RS 

USP Vinpocetine Related Compound A RS 
USP V1npocetme Related Compound B RS 
USP Vinpocetine Related Compound C RS 
USP Vinpocetine Related Compound D RS 


¥§ bi pecet me CapsyBes 

DEFINITION 

Vinpocetine Capsules contain NIT 90.0% and NMT 
110.0% of the fabeled amount of vinpocetine 
(CaaHaNaOa)- 

IDENTIFICATION 

• A. Ultraviolet Absorption (197U) 

Medium; Alcoho! 

Standard solution: 15 fig/mL of USP Vlnpocetine RS in 
Medium 

Sampie solution; Equivalent to 15 ug/mL of vinpoce- 
tine from Capsule contents in Medium 
Aceeptance criteria: The spectra of the Somple solution 
and Standard solution exhibit maxima and minima at 
the same wavefengths. 

® B. HPLC: The retention trme of the major peak of the 
Sampie solution corresponds to that of tne Standard solu - 
tłom as obtaśned in Strength. 

STRENGTH 
® Procedurę 

Solution A: 15.4 g/L of ammonium acetate in water 
Mobile phase: Acetonitrile and Solution A (55:45) 
Standard solution: 0.2 mg/mL of USP Vinpocetine RS 
rn Mobile phase 

Sampie solution: Weigh NLT 20 Capsules in a tared 
weighing bottle. Open the Capsules, without the loss of 
shefl materia!, and transfer the contents to a suitable 
beaker. Remove any contents adhering to the empty 
shelte by washing, if necessary, with seyerat portions of 
ether. Discard the washings, and dry the Capsule sheils 
with the aid of a current of dry air until the odor of 
ether is no longer perceptibie. Weigh the empty Cap¬ 
sule sheils in the tared weighing bottlą and cafculate 
the average net weight per Capsule. DissoJye a portion 
of the Capsule contents in acetonitrile with sonication 
for 5 min. Al Iow the solution to cool to room tempera¬ 
turę, dii ute with aceton itrile to get a solution with a 
nominał concentration of 0.2 mg/mL of vinpocetine, 
and filter, 

Chromatographic system 

(See Chromatogropny (621), System Suita bili ty.) 

Modę: LC 

Detector; UV 280 nm 
Coiumn: 4.6-mm x 25-cm; 5-pm packing LI 
Flow ratę: 1.0 mL/min 
injection volume; 15 juL 
System suitability 
Sampie: Standard solution 
Suitability regurrements 
Relative standard deviation: NMT 2.0% 

Analysis 

Sam pies: Standard solution and Sampie solution 
Calculate the percentage of the labeled amount of 
vinpocetine (C^hbeN^Cb) in the portion of Capsules 
taken; 

Result = (Wr 5 ) x (Cs/Cu) x 1 00 
ru - peak response from the Sampie solution 


r$ - peak response from the Standard solution 
C; - concentration of USP Vinpocetine RS in the 
Standard solution (mg/mL) 

Cy = nominał concentration of vinpocetine in the 
Sampie solution (mg/mL) 

Aceeptance criteria: 90.0%-110.0% 

PERFORMANCE TESTS 

* Disintegration AMD DissoLUTJON (2040): Meet the re- 

quirements for Disinteg radon 

o Weight Variation of Dietary Supplements (2091): Meet 
the requtremenfs 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight, Jight-resistant 

containers. 

o USP Reference Standards (11) 

USP Vinpocetine RS 


ygopocetirae TatoBets 

DEFINITION 

Vinpocetine Tablets contain NLT 90.0% and NMT 110.0% 
of the labeled amount of vinpocetrne (C 22 H 2 ŚN 2 O 2 ). 

IDENTIFICATION 

O A, ULTRAVłOLET ABSORPTION (197U) 

Medium: Alcoho! 

Standard solution: 15 pg/mL of USP Vinpocetine RS in 
Medium 

Sampie solution: Equivalent to 15 pg/mL of yinpoce- 
tine from finely powdered Tablets in Medium 
Aceeptance criteria: The spectra of the Sampie solution 
and Standard solution exhibit maxima and minima at 
the same wavelengths, 

o B. HPLC: The retention time of the major peak of the 
Sampie solution corresponds to that of tne Standard solu¬ 
tion , as obtained in Strength. 

STRENGTH 
« Procedurę 

Soiution A: 15.4 g/L of ammonium acetate in water 
Mobile phase: Acetonitrile and Solution A (55:45) 
Standard solution: 0.2 mg/mL of USP Vinpocetine RS 
in Mobile phase 

Sampie solution: DissoJve a portion from NLT 20 finely 
powdered Tablets in acetonitrile by shaking thoroughly 
and sonicating for 5 min. Atlow the solution to cool to 
room temperaturę, di lute with acetonitrile to get a soiu¬ 
tion nominally equivalent to 0.2 mg/mL of yinpocetine, 
and filter. 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Coiumn: 4.6-mm x 25-cm; 5-pm packing LI 
Flow ratę: 1 .0 mL/min 
Injection vo!ume: 15 fil 
System suitability 
Sampie: Standard solution 
Suitability requirements 
Relatiye standard deviation: NMT 2.0% 

Analysis 

Samples: Stan dard sol ution and Sam ple s olu th n 
Calcufate the percentage of the labeled amount of 
yinpocetine (C 22 H 26 N 2 O 2 ) in the portion of Tabiets 
taken: 

Result = (ry/rj) x (Cs/G) x 100 

r u = peak response from the Sampie solution 

rs - peak response from the Standard solution 
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Cr = concentration of USP Vinpocet[ne RS in the 
Standard sofution (mg/ml) 

Cu = nominał concentration of winpocetine in the 
Sampfe solution (mg/mL) 

Acceptance criteria: 90,0%-110.0% 

PERFORMANCE TESTS 

° DiSfNTEGRATiON and DHSSOLUTtON (2040): Meet the re- 
quirements for Dissofution 
Medium: 0.1 N hydrochloric acid; 900 ml 
Apparatus 1: 100 rpm 
Time: 30 min 

Sample solution: Withdraw a portion of the solution 
under test, pass through a suitahie fil ter, and use the 
pooled sample as the test specimen* 

Standard solution: Dissolwe a suitable amount of USP 
Vinpocetme RS in Medium to obtain a concentration 
similar to that of the Sampfe solution. 

Instrumental condittons 
(See Uftraviolet-Visible Spectroscopy (857)*) 

Modę: UV absorption spectroscopy 
Analytical wavelength: UV 268 nm 
Blank: Medium 
Analysls 

Samples: Sampfe solution and Standard solution 
Calculate the percentage of the labeled amount of 
vinpocetine (Cz^HzeNzCb) dissoived: 

Result = (Au/As) x [Cs x (V/t)] x 100 

Au = absorbance of vinpocedne from the Sampfe 
solution 

As = absorbance of winpocetine from the Standard 
solution 

Cs - concentration of USP Vinpocetine RS in the 
Standard sofution (mg/ml) 

V - vo!ume of Medium, 900 mL 
1 = label clalm of vinpocetine (mg/Tablet) 

Tolerances: NLT 75% of the labeled amount of 
vinpocetine (C 22 H 26 N 2 O 2 ) is dissolwed, 

* WEIGHT VARiATiON Of DlETARY SUPPLEMENTS (2091): Meet 
the requirements 

ADDITIONAL REQUiREMENTS 

o Packaging and Storage: Preserve in tight, light-resistant 
containers. 

« USP Reference Standards (11) 

USP Vmpooetlne RS 



Witamin A— see Vitarnin A General 
Monographs 


Witamin A Ca psu fes— see Vitamin A 
Capsules General Monographs 


Witamin A Orał Lieguid Preparation— see 

Vitamin A Orał Uąuić Preparation General 
Monographs 


Witamin A Tablets— see Vitamin A Tablets 
General Monographs 


Witamin B e Tablets— see Pyridoxine 
Hydrochloride Tablets General Monographs 


Witamin C Tablets— see Ascorbic Acid 
Tablets General Monographs 


Witamin E —see Vitamin E General 
Monographs 


Witamin E Preparation— see Vltamin E 
Preparation General Monographs 


Witamin E Capsules— see Vitamin E 
Capsules General Monographs 


Witamin E Polyethylene Głycol 
Succinate— see Vitamin E Polyethylene Glycol 
Succinate NP 


Oal-SoBuble Witamina Capsules 

DEFINITION 

OihSolubie Vitamins Capsules contain two or morę of the 
foliowi ng oil-soluble witamins: Vitamin A, Vitamrn D as Er- 
gocalciferol (Vitamin D 2 ) or CholecaJciferol (Vrtamin D$), 
vitamin E, Phytonadione (Vitamrn Ki), and Beta Carotene. 
Capsules contain NIT 90.0% and NMT 165.0% of the 
labeled amounts of vitamin A (CzoH^O) as retinol or es- 
ters of retinol in the form of retinyl acetate (C 22 H 32 O 2 ) or 
retinyl palmitate (C^HwOz); vitamln D as cholecaldferol 
(CizH^O) or ergocalciferoi (CzsH^O); witamin E as alpha 
tocopherol (C 29 H 50 O 2 }, alpha tocopheryl acetate 
(C 3 iH 5 2 0 3 ), or alpha tocopheryl acid succinate (C 33 H 54 O 5 ); 
phytonadione (C 31 H 46 O 2 ); and beta carotene (C 4 oHsćT 
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Oil-Soluble Vitamins Capsules contain no otber vitamins or 
any minerals. They may contain olher labeled added sub- 
stances that are generałly recognized as safe, rn amounts 
that are unobjectionable. 

5TRENGTH 

[Notę—I n the foliowing assays, where morę than one assay 
method is given for an individual ingredient, the require- 
ments may be met by foliowi ng any one of the specified 
methods, the method used being stated in the laoeling only 
if Method 1 is not used.] 

* Vitaiv)IN A, Method 1 

[NOTĘ —Where the use of a vłlamin A ester (retinyl ace¬ 
tale or retinyl palmitate) is specified in the foliowi ng 
procedurę, use the Chemical form present in the formu- 
lation. USP Vitamin A RS Is retinyl acetate. It is to be 
used where USP V!tamin A RS is specified. Use low-ac- 
tinic glassware throughout this procedurę.] 

Mobile phase: n-Hexane 

Standard solution: 15 pg/mL of retinyl acetate from 
USP Vitamin A RS in n-hexane 
System suitability stock solution: 15 pg/mL of retinyl 
palmitate in rt-hexane 

System suitability solution: Mix equal volumes of the 
System suitability stock soiutton and the Standard solution 
to obtain concentrations of 7.S pg/mL each of retinyl 
acetate and retinyl palmitate. 

Sample solution: Transfer the eontents of NU 20 Cap- 
sules to a suitable Container, mix, and weigh. Transfer a 
portion of the mixture, eauiyalent to 5 Capsules, to a 
Container having a polyter-lined screw cap. [Notę —For 
hard gelatin Capsules, remove, as completely as possi- 
ble, the eontents of NIT 20 Capsules by cutting open 
the Capsule shelis, transfernng the shelfs and Lhelr eon- 
tents to a suitable Container, and tnturatmg to a homo* 
geneous mass. Transfer a portion of the mass, equiva- 
lent to 5 Capsules, to a Container having a polytef-lrned 
screw cap,] Add 10 ml of dimethyl sulfoxide and 15 mc 
of r?-hexane, and shake for 45 min on a wrist-action 
shaker in a water bath maintained at 60°. [Notę —Set 
up the wrist-action shaker to ensure that the eontents 
or the Container are mixed vigorously and thoroughlyj 
Centrifuge at 3000 rpm for 10 min, and transfer the 
hexane Iayer by means of a pipet to a 100 -mL volumet- 
ric fiask. Add 15 mL of n-hexane to the dimethyl sulfoX’ 
ide Iayer, shake thoraughly for 5 min, and transfer the 
hexane iayer by means of a pipet to the 100-mL volu- 
metric fiask. Repeai this extraction with three additional 
15-mL portions of n-hexane, Dilute the extracts in the 
voiumetric fiask with r?-hexane to volume. Dilute a vol- 
ume of this solution with mhexane to obtain a solution 
with a concentration of 15 pg/mL of vltamin A as reti- 
nol (C 20 H 30 O). 

Chroma tog raphrc system 
(See Chromatography (621), System Suitability*) 

Modę: LC 

Detector: UV 325 nm 

Colurnn: 4.6-mm x 15-cm; 3-pm packing L 8 
Flow ratę: 1 mL/min 
Injection size: 40 pL 
System suitability 
Sam ple: 5ystem suitability solution 
Suitability reguirements 

Resolutron: NLT 10 between alhtrons-retinyl acetate 
and alhtrons-retinyl palmitate 
Relatiye standard deviatron: NMT 3,0% 

Analysis 

SampEes: Standard solution and Sample solution 
Measure the peak area of all-from-retinyl acetate from 
the Standard 50 /uf/on and the peak area of al \-trans- 
retinyl acetate or all-fram-retinyl palmitate from the 
Sample solution. 

For products containing vitarnin A acetate or vitamin A 
palmitate, calculate the percentage of the labeled 


amount of vitamin A, as retinol (C Z oH 3 dO), in the por¬ 
tion of Capsules taken: 

Result = (r u fr j) x (Cs/C u) x F x 100 

r u - peak area of the all-£rons-retinyl ester from the 
Sample solution 

r* = peak area of the all-tram-retinyl ester from the 
Standard solution 

C 5 - concentration of retinyl acetate (C 22 H 32 O 2 ) 
from USP Vitarnin A RS in the Standard 
solution (pg/mL) 

Cy - nominał concentration of yitamin A, as retinol 
(C 50 H 30 O) in the Sample solution (pg/mL) 
f - factor used to convert retinyl acetate, the ester 
form present in USP Vitamin A RS, to retinol, 
0.872 

[Notę—T he molar responses of retinyl acetate and re¬ 
tinyl palmitate are equivalent.] 

Acceptance critena: 90.0%-165.0% of Lhe Jabeled 
amount of vitarnin A, as retinol (C^HaoO) 

* Vitam!N A, Method 2 

[NOTĘ—Where a vitamin A ester (retinyl acetate or retinyl 
palmitate) is indicated in the followrng procedurę, use 
the Chemical form present in the formulation. USP Vita- 
min A RS is retinyl acetate. It is to be used where USP 
Vitamm A RS is specified, Use low-actinic glassware 
throughout this procedurę,] 

3 N methanolic suffuric acid solution: Cautiously add 
9 mL of sulfuric acid to 80 mL of methanol in a 100-mL 
yolumetric fiask. Cool, and dilute with methanol to 
volume. 

Sodium ascorbate-pyrogallol solution: Transfer 10 g 
of sodium ascorbate and 5 g of pyrogallol to a 100-mL 
vofumetric fiask, and add sufficient water to dissolve. 
Add 1.7 mL of sulfuric acid, and dilute with water to 
volume. 

Ledthin solution: 5 mg/mL of ledthin in 2,2, 

4-tri m ethy I pe n ta ne 

Mobile phase: n-Hexane and ethyl acetate {99,7: 0,3) 
Standard solution: 15 pg/mL of retinyl acetate from 
USP Vitamin A RS in 2,2,4-trimethylpentane 
System suitability stock solution: 15 pg/mL of retinyl 
palmitate in 2,2,4-trimethylpentane 
System suitability solution: Mix equal volumes of the 
System suitabiiity stock solution and Lhe Standard solution 
to obtain concentrations of 7.5 pg/mL each of retinyl 
acetate and retinyl palmitate. 

Sample solution: [NOTĘ—This preparation is suitable for 
the determination of yitamin A, vitamin D, and yitamin 
E, when present in the formulation,] Weigh NLT 20 
Capsules in a ta red weigh ing bottle. Using a sharp 
blade if necessary, carefully open the Capsules, without 
loss of shell materiał, and transfer the eontents to a 
100-mL beaker, Remove any eontents adhenng to the 
empty sheils by washing with several portions of ether, 
Discard the washings, and dry the Capsule shelfs with 
the aid of a current of dry air. Weigh the empty Cap¬ 
sule shelis in the tared wetghing bottfe, and calculate 
the net weight of the Capsule eontents. Transfer a por¬ 
tion of the Capsule eontents, equivaient to 30 pg of the 
labeled amount of cholecalciferol or ergocalciferol (vita- 
min D), to a Container with a polytef-lrned screw cap, If 
vitarnin D is not present rn the formulation, use a por¬ 
tion, equivalent to 90 mg of the labeled amount of yita¬ 
min E. If yitamin E is not present in the formulation, use 
a portion, equrvalent to 2.5 mg of the labeled amount 
of yitamin A, as retinol, Add 0.5 g of sodium bicarbo- 
nate, 1,5 mL of Ledthin solution, and 12.5 mL of 2,2, 
4-trimethylpentane, and disperse on a vortex mixer, 

Add 6 mL of Sodium ascorbate-pyrogalloi solution , shake 
slowly, and allow the solution to degas. Continue shak- 
ing untii the evolution of gas has ceased, and Lhen 
shake for an additional 12 min. Add 6 mL of dimethyl 
suffoxide, mix on a vortex mixer to form a suspension, 
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and shake for 12 min. Add 6 mL of 3 N methanolic suł- 
furic add solution, mix on a vortex mixer to form a sus* 
pension, and shake for 12 min. Add 12.5 ml of 2,2, 
4-trimethylpentane, mlx on a vortex mixer fo form a 
suspenston, and shake for 10 min. Centrifuge for 10 
min to break up the emulsion and to darify the super- 
natant. [Ngte— The supernatant is used for the de term L 
natton of vttamin A, and also vitamin D and vltamin E, 
if present in the formulation,] If necessary, guantita- 
tivelv dilute a volume of the supernatant with 2,2,4-tri- 
methylpentane to obtain a concentration close to that 
of the Standard solution. 

Chromatographk system 
(See Chromatography (6 21), .System Suitability.) 

Modę: LC 

Deteotor: UV 325 nm 

Column: 4,6-mm x 25-cm; S-pm packing L24 
Flow ratę: 1.5 mL/min 
Injection size: 40 pL 
System suitability 
Sample: System suitability solution 
Suitability regulrements 

Resolution: NLT 8.0 between all-from-retmyl acetate 
and afl-trom-retinyl palmitate 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak area of ali-trons-retinyl acetate from 
the Standard solution and the peak area of all-frans- 
retinyl acetate or all-frans-retinyl pa Im i tatę from the 
Sample solution. 

Calculate the percentage of the iabeled amount of vita- 
min A, as retinol (CzoHsoO), In the portion of Capsules 
taken: 

Result = (Wr s ) x (C$/Cu) x f x 100 

r u - peak area of the all-trans-retinyl ester from the 
Sample solution 

rj = peak area of the aN-trons-retinyJ ester from the 
Standard solution 

Q - concentration of retinyl acetate (C 22 H 32 O 2 ) 
from USP Vitamin A RS in the Standard 
solution (pg/ml) 

Cu = nominał concentration of vitamin A, as retinol 
(CiaHioO) in the Sample solution (ug/mL) 
f = factor used to convert retinyl acetate, the ester 
form present in USP Vitarnin A RS, to retinol, 
0.872 

[NOTE—Account for the inltiat extraction volume of 
26.5 mL of 2,2,4-trimethylpentane to calculate the 
nominał concentration, The rnolar responses of retinyl 
acetate and retinyl pafmitate are equivalent.] 
Acceptance criteria: 90*0%-165.Q% of the Iabeled 
amount of vitamin A, as retinol (C 2 OH 30 O) 

* Vitamin A, Method 3 

[Notę —Where a vitarnin A ester fretinyl acetate or retinyl 
palmitate) is indicated in the following procedurę, use 
the Chemical form present in the formulation. USP Vita- 
min A R5 is retinyl acetale, ft is to be used where USP 
Vitamin A RS is specified. Use Iow-actinic glassware 
throughout this procedurę,] 

Extraction solvent: n-Hexane and methylene chloride 

(3:1) 

Potassium hydroxrde solution: 800 mg/mL of potas- 
sium hydroxide tn water* [NOTĘ—Cautiously ada the 
potassium hydroxide to the water. Mix, and cool.] 
Diluent: 10 mg/mL of pyrogallol in alcohol 
Mobile phase: n-Hexane and isopropyl alcohol (92:8) 
Standard stock solution: 30 pg/mt of retinyl acetate 
from USP Vitamin A RS in Diluent. [NOTĘ—This solution 
may be stored in a refngerator for 1 week.] 

Standard solution: Dilute a volume of Standard stock 
solution with Diluent to obtain a concentration of 1 pg/ 
mL of retinyl acetate from USP ViLamin A RS* Transfer 


10*0 mL of this soiution to a stoppered 125-mL fiask, 
and add 5 mL of water, 5 mL of Diluent, and 3 mL of 
Potassium hydroKide solution , Insert the stopper tightly, 
shake for 15 min over a water bath maintained at 
60 ± 5°, and cooi to room temperaturę. Add 7 mL of 
water and 25.0 mL of Extractlon solvent. Insert the stop¬ 
per tightly, and shake vigorously for 60 s. Rinse the 
sides of the fiask with 60 mL of water, and allow to 
stand for 10 min until the layers separate* Withdraw a 
portion of the organie layer for injection into the chro- 
matograph. This Standard solution contains 0.34 pg/mL 
of retinol. 

Sample solution: Weigh NIT 20 Capsules in a tared 
weighing bottle* Open the Capsules, without loss of 
sheff materiał, and transfer the contents to a 100-mL 
beaker. Remove any contents adhehng to the empty 
shells by washing with several portions of ether. Discard 
the washings, and dry the Capsule shells with the aid of 
a current ot dry air, Weigh the empty Capsule shells in 
the tared weighing bottfe, and calculate the net weigh t 
of the Capsule contents* Transfer a portion of the Cap- 
sute contents, equivalent to 1.5 mg of retinyl acetate, to 
a stoppered 125-mL fiask* Add 5 ml of water, 15 mL of 
Diluent, and 3 mL of Potassium hydroxide solution. Insert 
the stopper tightly, shake for 15 min over a water bath 
maintained at 60 ±5°, and cool to room temperaturę. 
Add 7 mL of water and 25.0 ml of Extractlon solvent. 
Insert the stopper tightly, and shake vigorously for 60 s 
or longer, if necessary, for complete extraction. Rinse 
the sides of the fiask with 60 mL of water, and allow to 
stand for 10 min until the layers separate. [Notę—D o 
not shake, because an emulsion may form,] Withdraw a 
portion of the organie layer, and dilute quantitatively, 
and stepwise if necessary, with Extraction solvent ;, to ob¬ 
tain a concentration of 0.34 pg/mL of retinol. 
Chromatographic system 
(See Chromatography {623), System Suitability.) 

Modę: LC 

Detector: UV 335 nm 

Column: 6,2-mm x 8 -cm; packing 13 

Column temperaturę: 40* 

Flow ratę: 4 mL/min 
Injection size: 50 pL 
System suitability 
Sample: Standard solution 
[Notę—T he relative retention limes for 13-ds-retinol 
and ali-trom-retinol are about 0.92 and 1.0, 
respectively.] 

Suitability reguirements 
Relative standard deviatton: NMT 5.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for alLfrom-retlnol and 13-ds- 
retinol. 

Calculate the percentage of the iabeled amount of vita¬ 
rnin A, as retinol (C^oHasO), in the portion of Capsules 
taken: 

Result = (rn/rrj) x (Cs/ Cu) x Fx 100 

m - sum of the areas of the ail-trons-retinoi and 
1 3-ds-retinol peaks from the Sample solution 
r TI = sum of the areas of alLfrans-retinol and 13-c/s- 
retinol peaks from the Standard solution 
Cs - concentration of retinyl acetate {C23H32O2) 
from USP Vitamin A RS in the Standard 
solution (pg/mL) 

Cu - nominał concentration of vitamin A, as retinol 
(C20H30O) in the Sample solution (pg/mL) 

F = factor used to converl retinol acetate, the ester 
form present in USP Vitamin A RS, to retinol, 
0.872 

Acceptance criteria: 90.0%-ló5*0% of the Iabeled 
amount of vitamin A, as retinol (C 20 H 30 O) 
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a CHOLECALCIFEROL DR Ergocalciferol (VlTAMIN O), 

Method i 

[Notę—W here vitamin D (cholecalcifero! or ergocalcif- 
erol) is specified in the following procedurę, use the 
Chemical form present in the formulation and the rele^ 
vant USP Reference Standard. Use łow-actinic glassware 
throughout this procedurę.] 

Mobile phase: n-Hexane and isopropyl alcohol (99:1) 
Standard solution: 2 pg/mL of USP Cholecaldferol RS 
or USP Eraocaldferol RS in />hexane 
System suftability solution: Heat a volume of the 5toa- 
dard soiuthn af 60° for 1 h to partially rsomerize v[ta¬ 
rnin D (cholecalcifero! or ergocalcfferoi) to its corre¬ 
sponding precursor. 

Sample solution: Proceed as directed for the Sample 
soluthn in Vitarnin A f Method 1. Transfer NIT 20 mL of 
this solution retained as specified in the directtons for 
the Sample solution in VItarnin A, Method 1 to a suitable 
Container, and evaporate, if necessary, in vacuum at 
room temperaturo to obtain a solution with a concen- 
tratfon of 2 pg/mt of cholecaldferol or ergocalciferol. 
Chromatographk system 
(See Chromatograpny {62 1), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 
Column: 4.6-mm x 15-cm; 3-firn packing L8 
Flow ratę: 1 mL/min 
Injection size: TOOpL 
System suitability 

Samples: Standard solution and System suitability 
solution 

Suftability reąuirements 
Resolution: NIT 10 belween the vitamin D form 
present and its corresponding precursor, System suita- 
bifity solution 

Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas for vitamin D. 

Calculate the percentage of the labeled amount of 
cholecalciferol (C 27 H 44 O) or ergocalciferol (C^H^O) ii 
the portion of Capsules taken: 

Resutt = ( r u /r$ ) x (Cs/Cu) x Fx 100 

ru = peak area of cholecaldferol or ergocalcfferoi 
from the Sample solution 

r$ ~ peak area of cholecaldferol or ergocalciferol 
from the Standard solution 
Q = concentration of USP Cholecaldferol RS or 

USP Ergocalciferol RS in the Standard solution 

(jig/mO 

C v - nominał concentration of cholecaldferol or 

ergocalciferol in the Sample solution (jig/mL) 

F = correction factor to account for the average 
amount of previtamm D present in the 
Sample solution, 1.09 

Acceptance criteria: 90.0%-165.0% of the labeled 
amount of yitamin D as cholecafciferol (C 27 H 44 G) or er¬ 
gocalciferol (C^aH^^O) 

« Cholecalciferol or Ergocalciferol (Vitamin D), 

Method 2 

[Mote—W here vitamin D (cholecalciferol or ergocalcif- 
eroJ) is specified In the following procedurę, use the 
Chemical form present In the formulation and the rele- 
vant USP Reference Standard. Use łow-actinic gfassware 
throughout this procedurę.] 

3 N methanolic sulfuric acid solution, Sodium as- 
corbate-pyrogafioi solution, Lecithin solution, and 
Sample solution: Proceed as directed in Vitamin A, 
Method 2. 

Mobile phase: n-Hexane and tertiary butyl alcohol 
(98.75: 1.25) 


Standard solution: 1 pg/mL of USP Cholecaldferol RS 
or USP Ergocalciferol RS in 2,2,4-trimethylpentane 
System suitability solution: Heat a volume of the Stan¬ 
dard solution at 60° for 1 h to partially isomerize vi ta¬ 
rnin D (cholecaldferol or ergocalciferol) to its corre¬ 
sponding precursor. 

Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 

Column: 4.6-mm x 25-crn; 5-pm packing L24 
Flow ratę: 1 mL/min 
Injectlon size: 40 pL 
System suitabiiity 

Samples: Standard solution and System suitability 
solution 

Suitability reguirements 

Resolution: NLT 4.0 between the vitamin D form 

E resent and its corresponding precursor. System suita- 
iiity solution 

Relative standard deviatlon: NMT 3.0%, Standard 
solution 
Analysis 

Sampies; Standard solution and Sample solution 
Measure the peak areas for vitamin D. 

Calculate the percentage of the labeled amount of cho¬ 
lecaldferol (C 27 H 44 O) or ergocalciferol (CzsH.mO) in the 
portion of Capsules taken: 

Result = (r$ffu) x (Cs/Cu) x 100 


- peak area of cholecalciferol or ergocalciferol 

from the Sample solution 

r$ ~ peak area of cholecaldferol or ergocalciferol 
from the Standard solution 
C s = concentration of USP Cholecalciferol RS or 

USP Ergocalciferol RS in the Standard solution 
(pg/ml) 

- nominał concentration of cholecalciferol or 

ergocalciferol in the Sample solution (pg/ml) 
Acceptance criteria: 90.0%-1 65,0% of the labeled 
amount of vltamin D as cholecalciferol (C 27 H.nO) or er- 
gocalclferol (CmH^O) 

o Cholecalciferol or Ergocalciferol (Vitamin D), Method 
3 

[NOTĘ—Where vitamin D (cholecalciferol or ergocalcif¬ 
erol) is specified in the following procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use łow-actinic glassware 
throughout this procedurę,] 

Diiuted acetic acid: Glacial acetic acid solution (1 in 
10 ) in water 

Phenolphthaleln solution: 10 mg/mL of phenolphthah 
ein In alcohol 

Potassium hydroxide solution: Slowly dissolve 14 g of 
potassium hydroxide fn a mixfure of 31 mL of dehy- 
drated alcohol and 5 mL of water. Prepare fresh datiy, 
Extraction solvent: Methylene chloride and isopropyl 
alcohol (99.8: 0.2) 

Mobile phase: Acetonitrlle and methanol (91:9) 
Standard stock solution: 0,2 mg/mL of USP Cholecaf- 
ciferol RS or USP Ergocalciferol RS in dehydrated alco¬ 
hof. [NOTĘ— Prepare fresh every 4 weeks. Storę in a 
freezer] 

Standard solution: [Ngte—C ondition the solid-phase 
extraction column specified for use in the Standard solu¬ 
tion and the Sample solution by initially washing the cok 
umn with 4.0 mL of a mixture of methylene chloride 
and Isopropyl alcohol (4:1), followed by 5,0 mL of Ex- 
traction solvent Do not altów the column to dry.] 

Dilute a vo!ume of the Standard stock solution with de¬ 
hydrated alcohol to obtain a concentration of 5 pg/mL 
of USP Cholecaldferol RS or USP Ergocalciferol RS. Pre¬ 
pare this solution fresh dally. Transfer 2.0 mL of this 
solution to a stoppered 125-mL fiask. Add 15.0 mL of 
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water and 15.0 mL of Potassium hydroxide soluthn , in¬ 
sert the stop per, and shake for 30 min in a water bath 
maintained at 60 Q . Allow to cool to room temperatura, 
and transfer the contents of the fiask to a 250-mL sep¬ 
aratory funnel* Add 15*0 mL of water to the fiask, in¬ 
sert the stopper, shake yigorously, and transfer this so- 
lution to the separatory funnel* Rinse the fiask with 
60 mL of n-hexane, and transfer the rinsing to the sep¬ 
aratory funnel, Insert the stopper, shake yigorously for 
90 s, and allow to stand for 15 min until the layers 
separate. Drain and discard the aqueous layer. Add 
15,0 mL of water to the hexane layer in the separatory 
funnel, insert the stopper, and shake yigorously. Allow 
to stand for 10 min until the layers sępa ratę, and dis¬ 
card the aqueou$ layer. Add 1 drop of Phenoiphthalein 
solution and 15,0 ml of water to the separatory funne* 
Add Diluted acetic acid dropwise, with snaking, until 
the washing is neutral. Allow to stand for 10 min until 
the layers separate, Drarn and discard the aqueous 
layer. Fil ter tne hexane layer through anhydrous so- 
dium sulfate supported by a smali pledget of cotton 
into a 100-mL round-bottom fiask* Rinse the funnel 
and sodtum sulfate with a few mL of n-hexane, and 
coilect the rinsings in the same fiask* Evaporate the 
hexane in the fiask on a rotary evaporator at 50° to 
dryness. Immediately add 2.0 mL of Extraction soWeni 
to dissolve the residue. Transfer this solution to a 
freshly conditioned solid-phase extraction column eon- 
taining silica packing with a sorbent mass-to-column 
volume ratio of 500 mg to 2.8 mL or equiva!ent, rinse 
the round-bottom fiask with 1.0 mL of Extraction sol- 
vent, and transfer to the column. Elute the column 
with 2,0 mL of Extroction solvent r and discard this frac- 
tion* Elute the column with 7.0 mL of Extraction sol - 
vent t and coilect the eiuate in a suitable fiask* Place 
the fiask in a warm water bath maintained at 42°, and 
evaporate the solvent with the aid of a stream of nitro- 
gen, Immediately add 2.0 ml of acetonitrile to the res¬ 
idue, and use the solution for thjectlon into the 
chromatograph* 

Sample solution: Proceed as directed for the Somple 
solution in Vitamin A, Method 3 f through "calculate the 
net weight of the Capsuie contents*" Transfer a portion 
of the Capsuie contents, equivalent to 10 fig of ergocal- 
ciferol or cholecalciferof, to a stoppered 125-mL fiask, 
and proceed as directed for the Standard solution, be- 
gtnnintj with "Add 15.0 mL of water and 15.0 ml of 
Potassium hydroxide solution", 

Chromatographic system 
(See Chromatograpny (621 ), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 

Column: 4.6-mm x 25-tm; 5-pm packing LI 

Column temperaturę: 27° 

Flow ratę: 0,7 mL/min 
Injection size: 15 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 4*0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for vitamśn D, 

Calculate the percentage of the labeled amount of cho- 
lecalciferol (C 2 ?H H 0) or ergocalciferol (CzaH^O) in the 
portion of Capsules taken: 

ResuJt = (rjrs) x (Cs/Cu) x 100 

ru - peak area of cholecalciferol or ergocalciferol 
from the Sample solution 

r$ - peak area of cholecalciferol or ergocalciferol 
from the Standard solution 


Q = concentration of USP ChoJecaldferol RS or 

USP Ergocalciferol RS in the Standard solution 
(jig/mL) 

Cu - nominał concentration of cholecalciferol or 

ergocalciferol in the Sample solution (pq/ml_) 
Acceptance criteria: 9Q,0%-T65*Ó% of the labeled 
amount of yitamin D as cholecalciferol (Cz^H^O) or er¬ 
gocalciferol (CzaH^O) 

* VITAMIN E, Method 1 

[NOTE“Where vitamin E (alpha tocopherol, aipha 
tocopheryl acetate, or alpha tocopheryi acid succinate) 
is specified in the following procedurę, use the Chemical 
form present in the formufation and the relevant USP 
Reference Standard, Use low-actinic glassware through- 
out this procedurę.] 

Solution A: Phosphoric acid solution (1 in 100} in 
water 

Mobile phase: Methanol and Solution A (19:1) 

Standard solution: 2 mg/mL of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Acid Succinate RS in methanol 
System suitability solution: Prepare a 0*65-mg/mL so- 
futton of USP Ergocalciferol RS in methanol* Transfer 
1.0 mL of this solution to a 100-mL volumetric fiask 
containing 100 mg of USP Alpha Tocopheryl Acetate RS. 
Dissolve in 30 mL of methanol, with tne aia of sonica- 
tion if necessary, and di lute with methanol to volume. 
Storę this solution In a refrigerator, 

Sample solution: Proceed as directed for the Sample 
solution in VItarnin A t Method 1. Transfer NLT 20 mL of 
this solution retained as specified in the directions for 
the Sample solution in Yitamin A t Method 1 to a suitable 
Container, and evaporate if necessary, in vacuum at 
room temperaturę to dryness. Transfer the contents of 
the fiask to a suitable volumetric fiask with the aid of 
methanol, and dilute with methanol to volume, to ob- 
tain a concentration of 2 mg/mL of alpha tocopherol, 
alpha tocopheryl acetate, or alpha tocopheryl add 
succinate. 

Chromatographic system 
(See Chromatograpny <621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 8-mm x 10-cm; 5-jim packing LI 
Flow ratę: 2 m L/min 
Injection size: lOOpL 
System suitability 

Samples: Standard solution and System suitability 
solution 

[Notę —The relative retention times for ergocalciferol 
and alpha tocopheryi acetate are about 0*5 and 1 *0, 
respectively*] 

Suitability requirements 

Resolution: NLT 12 between ergocalciferol and alpha 
tocopheryl acetate, System suitability solution 
Tailing factor: Between 0.8 and 1.2, System suitability 
solution 

ReJative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas. 

Calculate the percentage of the labeled amount of al¬ 
pha tocopherol (Cz 9 H 50 O 2 ), alpha tocopheryl acetate 
(CłiH^OO, or alpha tocopheryl add succinate 
(CjjHmOs) in the portion of Capsules taken: 

Result - (r u /n) x (CYQ) x 100 

ru = peak area of the relevant vitamin E form from 
the Sample solution 

r$ = peak area of the relevant vitamin E form from 
the Standard solution 
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Cs - concentration of the corresponding USP 

Reference Standard in the Standard solution 
(mg/mL) 

Cu = nommal concentration of the corresponding 
form of vitamin E in the lampie so/ut/on 
(mg/ml) 

Acceptance criteria: 90.0%-165.G% of the labeled 
amount of vitamin E as alpha tocopherol (C^HsoO*), 
alpha tocopheiyl acetate (C^HsjOj), or alpha 
tocopheryl acicf succinate (C 33 H 5 - 1 O 5 ) 

* Witamin E, Method 2 

[Notę—W here vitamin E (alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl add succinate) 
is specified in the following procedurę, use the Chemical 
form present in the formufation and the re)evant USP 
Reference Standard, Use low-actinic glassware through- 
out this procedurę,] 

Mobile pnase: Mix 240 ml of methanol with 10 mL of 
water followed by 0.5 mL of 50% phosphoric acid, and 
diiute witli acetonitrile to 1000 mL. 

System suitability solution: 2 mg/ml each of USP Al¬ 
pha Tocopherol RS, USP Alpha Tocopheryl Acetate RS, 
and USP Alpha Tocopheryl Acid Succinate RS in 
methanol 

Standard solution: 2 mg/ml of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Acid Succinate RS in methanol 
3 N methanolic sulfuric acid solution: Cautiously mix 
suifuric acid and methanol (9 in 100) in a 100-mL vo!u- 
metric fiask. [Notę—D issolve in a portion of methanol, 
cool, and then dtlute to finał vo!ume*] 

Sodium ascorbate-pyrogafloi solution: Transfer 10 g 
of sodium aseorbate and 5 g of pyrogaliol to a 100-mL 
volumetric fiask. Add sufficient water to dissolve. Add 
1.7 ml of sulfuric acid, and difute with water to 
volume, 

Lecithin solution: 5 mg/mL of ledthln in 2,2, 
4-tnmethylpen ta ne 

Sam ple solution: Proceed as directed for the Sampie 
solution in Vitamin Ą Method 2 t through "ca ku la te the 
net weight of the Capsule contents." Transfer a portion 
of the Capsule conterrts, equivaient to 55 mg of vitamin 
E, to a Container having a polytef-lined screw cap. Add 
0.5 g of sodium bicarbonate, 1.5 ml of Lecithin solution t 
and 12.5 ml of 2,2,4-trimethylpentane, and disperse on 
a vortex mixer. Add 6 mL of Sodium ascorbate-pyrogallol 
solution , shake slowly, and allow the solution to degas. 
Continue shaking until the evolution of gas has ceased, 
and then shake for an addltional 12 min. Add 6 mL of 
dimethyl suffoxide, mix on a vortex mixer to form a 
suspension, and shake for 1 2 min. Add 6 ml of 3 N 
methanolic sulfuric add solution , mix on a vortex mixer 
to form a suspension, and shake for 12 min. Add 

12.5 mL of 2,2,4-trimethylpentane, mtx on a vortex 
mlxer to form a suspension, and shake for 10 min. Cen- 
trifuge for 10 min to break up the emulsion and to 
darify the supernatant layer. Transfer a volume of the 
supernatant 2,2,4-trimethylpentane layer to a suitabie 
volumetric fiask, the volume of the specimen withdrawn 
from the 2,2,4-trimethylpentane layer and the size of 
the volumetric fiask being such that the finał concentra¬ 
tion of the Sampie solution is equivalent to that of the 
Standard solution. Evaporate nearly to diyness, add sev- 
eral mL of methanol, and evaporate the remaining 2,2, 
4-tnmethylpentane. Dii ute with methanol to volume. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 4,6-mm x 25-cm; 5-pm packing LI 
Flow ratę: 1.5 mL/min 
Injection size: 25 juL 
System suitability 

Samples: Standard solution and System suitability 
solution 


[Notę—T he re!ative retention times for alpha tocopheryl 
add succinate, alpha tocopherol, and alpha tocopheryl 
acetate are about 0 . 6 , 0 . 8 , and 1 . 0 , respectively,] 
Suitability requirements 

Resolution; NLT 4.0 between alpha tocopheryl add 
succinate and alpha tocopherol and NLT 3.0 between 
alpha tocopherol and alpha tocopheryl acetate, Sys¬ 
tem suitability solution 

Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak are as. 

Calculate the percentage of the labeled amount of al¬ 
pha tocopherol (C29H50O2), alpha tocopheryl acetate 
(CnEWOj), or alpha tocopheryl add succinate 
(CjaHs^Oi) in the portion of Capsules taken: 

Result = ( r u /r $) x (C s /Q) x 100 

fu - peak area of the relevant vitamm E form from 
the Sampie solution 

K - peak area of the relevant vitamin E form from 
the Standard solution 

C s - concentration of the corresponding USP 

Reference Standard in the Standard solution 
(mg/mL) 

Cu - nominał concentration of the corresponding 
form of vitamin E in the Sampie solution 
(mg/ml) 

[Notę —Account for the initial extraction volume of 

26.5 mL of 2,2,4-trimethyipentane and the dilution 
factor to exchange the solvent from 2,2,4-trimethyJ- 
pentane to methanol to calculate the nominał 
concentration.] 

Acceptance criteria: 90.0%-165.0% of the labeled 
amount of vitamin E as alpha tocopherol (CaeHsoOż), 
alpha tocopheryl acetate (C 31 H 52 O 3 ), or alpha 
tocopheryl acid succinate (C13H54O5) 

• VITAMIN E, Method 3 

[Notę —Where vitamin E {alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl acid succinate) 
is specified in the following procedurę, use the chemica! 
form present in the formufation and the relevant USP 
Reference Standard. Use low-actinic glassware througfr¬ 
ont this procedurę.] 

Diluent: Acetonitrile and elhyl acetate (1:1) 

Mobile phase: Methanol, acetonitrile, and n-hexane 
(46.5: 46.5: 7.0) 

Standard solution: 0.3 mg/mL of USP Alpha Tocoph¬ 
erol RS in methanol 

Sampie solution: Proceed as directed for the Sampie 
solution in Vitomin A, Method 3 through "calculate the 
net weight of the Capsule contents". Transfer a portion 
of the Capsule contents, equivalent to 8.0 mg of alpha 
tocopherol, to a glass-stoppered eon kat fiask. Add 
25.0 mL of water, 25,0 mL of dehydrated alcohol, and 

3.5 g of potassium hydroxide pellets. Shake for 1 h in a 
water bath maintained at 55°, cool, and transfer with 
the aid of a minimum volume of water to a 125-mL 
separatory funnel Rinse the fiask with 50 mL of n-hex- 
ane, and add the rinsing to the separatory funnel Insert 
the stopper, shake vigorously for 60 s, and allow the 
layers to sępa ratę, Drain the agueous layer Sn to a sec- 
ond 250-mL separatory funnel, and repeat the extrac- 
tion with 50 mL of n-hexane. Discard the aqueous layer 
and combine the hexane extracts. Wash the combined 
extracts with 25 ml of water, aliow the layers to sepa- 
rate, and discard the aqueous layer. Add 3 drops of gla- 
cial acelic add, and repeat the washing procedurę two 
morę times. Filter the washed hexane layer through an- 
hydrous sodium suffate into a 250-mL round-bottom 
fiask. Rinse the funnel and sodium sulfate with a few 
mL of n-hexane, and add the rinsing to the hexane 
solution in the fiask. Place the fiask in a water bath 
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maintamed at 50*, and evaporate the hexane solution 
with the aid of a rotaty evaporator to dryness. Immedi- 
ately add 25.0 mL of Diluent, and swtrl to dissolve the 
residue, 

Chromatographic system 

(See Chromatography (621), 5/sfem Suit obili ty.) 

Modę: LC 

Detector: UV 291 nm 

Column: 4.6-mm x 25-cm; paeking LI 

Column temperaturę: 40° 

Fiow ratę: 3 mL/min 
tnjection size: 20 pL 
System suitability 
Sampie: Standard solution 
Suitability requirement$ 

ReJative standard deviatlon: NMT 5.0% 

Analysis 

Samples: Standard solution and Sompie solution 
Calcu la te the percentage of the labeled amount of vi ta¬ 
rnin E a$ alpha tocopherol (C 29 H 50 O 2 ) In the portion of 
Capsules taken: 

Result - (ry/rj) x (G/Cu) x 100 

r u - peak area of alpha tocopherol from the 
Sampie solution 

n - peak area of alpha tocopherol from the 
Standard solution 

G - concentration of alpha tocopherol in the 
Standard solution (mg/mL) 

C u - nominał concentration of alpha tocopherol the 
Sampie solution (mg/mL) 

[Notę—C alculate the content of alpha tocopheryl ace¬ 
tale (CaiHsaOj) or alpha tocopheryl add succinate 
(CjiHs^Os) by dividing the content, In mg/Capsufe of 
vitamin E as alpha tocopherol {C29H5GO2), by the factor 
0.91 orQ.81, respective]y.] 

Acceptance criterfa: 90.0%-! 65.0% of the labeled 
amount of vitamin E as alpha tocopherol 
alpha tocopheryl acetale CC31H52O3) or alpha tocophery 
succinate (CnHs.iOs) 

* PHYTONADIONE 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Methanol and water (19:1) 

Standard stock solution: 200 pg/mL of USP Phytona- 
dione RS In methanol. Dissolve with the aid of sornea- 
tion if necessary. 

Standard solution: 20 pg/mL of USP Phytonadione RS 
from the Standard stock solution diluted with methanol 
System suitability solution: 0.65 mg/mL of USP Alpha 
Tocopheryl Acetate RS and 20pq/mL of USP Phytona¬ 
dione RS from the Standard stock solution diluted with 
methanol. [Notę—D issolve USP Alpha Tocopheryl Ace¬ 
tate RS in a portion of methanol, add the Standard 
stock solution, and then dilute with methanol to 
volume.] 

Sampie solution: Froceed as directed for the Sampie 
solution in Vttamin Ą Method h Transfer NLT 20 ml of 
this solution retained as specified in the directions for 
the Sampie solution in Vitamin Ą Method 1 to a suitabfe 
Container, and evaporate, if necessary, in vacuum at 
room temperaturę to dryness. Transfer the contents of 
the fiask to a suitabie volumetnc fiask with the aid of 
methanol, and dilute with methanol to volume to ob- 
tain a concentration of 20pg/mL of phytonadione. 
Chromatographic system 
(See Chroma tog ropny (621), System Suitability*) 


Modę: LC 

Detector: UV 254 nm 
Column: 8 -mm x 10-cm; 5-jam paeking LI 
Flow ratę: 2 mL/min 
Injection size: 100 pL 
System suitability 

Samples: Standard solution and System suitability 
solution 

[NOTĘ—The rdative retention times for alpha tocopheryl 
acetate and phytonadione are about 0.68 and 1,0, 
respectivelyj 
Suitability reąuirements 

Resolution: NLT 5 between alpha tocopheryl acetate 
and phytonadione, System suitability solution 
Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas, 

Calculate the percentage of the labeled amount of 
phytonadione (CnH^Oz) in the portion of Capsules 
taken: 

Result = (rJn) x (Cj/Cu) x IGO 

ru - peak area of phytonadione from the Sampie 
solution 

n = peak area of phytonadione from the Standard 
solution 

Cs = concentration of USP Phytonadione RS in the 
Standard solution (pg/mL) 

Cu ~ nominał concentration of phytonadione in the 
Sampie solution (pg/mL) 

Acceptance criteria: 90.0%-t65.0% of the labeled 
amount of phytonadione (C31H40O2) 

■ Beta Carotene 

[NoTE—Use low-actinic glassware throughout this 
procedurę.] 

Potassium hydroxide solution: Dissoh/e 58.8 g of po¬ 
tassium hydroxide in 50 mL of water. 
lodine solution: Transfer TO mg of iodine to a IGO-rnL 
vo!umetric fiask, Dissolve in cycfohexane, and dilute 
with cydohexane to volume. Dilute 10 mL of this solu¬ 
tion with cyclohexane to 100 mL, [Notę —Prepare this 
solution fresh daily.] 

Sampie solution A (for preparatom containing beta car- 
otene in oil Solutions): Proceed as directed in VItarnin 
A, Method 1, except use cyclohexane instead of n-hex- 
ane as the extraction $olvent, and dilute the filtered ex- 
tracts with cydohexane to obtain a concentration of 
2 pg/mL of beta carotene. 

Sampie solution B {for preparatom containing beta car- 
otene in dry powder): Remove the contents of NLT 20 
Capsules by cuttina open the Capsules. Mix, and deter- 
mine the weight or the contents. Transfer a guantity of 
the Capsule contents, equivalent to 2 mg of beta ca ro¬ 
tene, to a 500-mL saponification fiask. Add 100 mL of 
aicohoJ, 6 mL of Potassium hydroxide solution, and a 
magneto stirring bar. Altach an air condenser to the 
fiask, and heat under reflux for 45 min with constant 
stirring. Coo! to room temperaturę, Add 170 mL of sol- 
vent hexane, and stir for 30 min. Quantitatively transfer 
the contents of the fiask to a 500-nnL separatory funnel 
with portions of solvent hexane. Allow tne łayers to sep- 
arate for 5-10 min, and transfer the upper organie layer 
to a 500-ml volumetric fiask. Transfer tne lower aque- 
ous layer into the saponification fiask. Add 170 mL of 
solvent hexane, and stir for an additional 20 min. 
Quantitativeiy transfer the contents of the saponification 
fiask to the separatory funnel with the aid of portions of 
soivent hexane. Allow the layers to sępa ratę for 10 min. 
Drain the lower aqueous layer, and discard. Transfer the 
organie layer to the volumetric fiask containing the pre- 
viousfy coflected organie layer. Rinse the separatory fun- 
nel with smali portions of solvent hexane, and transfer 
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the washings to the volumetric fiask, Dilute fhe hexane 
extracts witli soivent hexane to volume, Add 3 g of an- 
hydrous sodium sulfate, shake, and allow to settle, 
Quantltatlvely transfer a volume of this solution, equiva- 
tent to 100 jag ot beta carotene, to a 50-mL volumetric 
fiask. Evaporate under a stream of nitrogen to dryness, 
and immediately add cyclohexane. Add 2 mL of lodine 
solution , and heat for 15 min tn a water bath ma.in- 
tained at 65°. Cool rapldly, and dilute with cyclohexane 
to volume. 

Spectrometric conditions 

(See Ultravićlet-Visible Spectmscopy {857}.) 

Modę: Vis 

Anaiytical wavelength: 452 nm 
Blank: Cyclohexane 
Analysis 

Sample: Sample solution A or Sample solution B 
Determine the absorbance agatnsl the Blank. 

Calculate the percentage of the labeled amount of beta 
carotene (QoH 5 6) In tne portion of CapsuEes taken: 

Result = (AufF) x (100/Q/) 

Au - absorbance of Sample solution A or Sample 
solution B 

F = absorptivity of beta carotene at 452 nm, 223 
Cu = nominał concentration of beta carotene in 
Sample solution A or Sample solution B 
(mg/mL) 

Acceptance criteria: 90.0%-1ó5*0% of the labeled 
amount of beta carotene (CtoHsa) 

PERFORMANCE TEST5 

* DlSINTEGRATION AND DlSSOLUTION OF DIETARY SUPFLEMENTS 

(2040): Meet the requfrements 

• Weighi Variation of Dietary Supplements (2091): Meet 

the requirements 

CONTAMINANTS 

• Microbial Enumeration Tests (2021): The tota! aerobic 

microbial count does not exceed 3000 cfu/g, and the 
to tal combi ned mofds and yeasts count does not exceed 
300 cfu/g, 

* Absence of Specjfied Microorganisms (2022): Meet the 

requirements of the tests for absence of Salmonella $pe- 
des and Escherichia coli 

ADDITIONAL REQUIREMENTS 

o Packaging and Storage: Preserve in tight, light-resistant 
containers. 

& LabeunG: 1 * Label the Capsules to State that the product r$ 
Oil-Soluble Vitamins Capsules. The label also States the 
quantity of each vltamin/dosage unit and, where neces- 
sary, the Chemical form in which it is present Where the 
product contains vitamin E, the label also indtcates 
whether it Es the d- or dl- form. Where morę than one 
assay method is given for a particuJar Yftamln, the label- 
ing states the assay method used only if Method 1 is not 
used. 

1 USP Units of attivity for yitamins, wh&rc ^ydh extst or formerly extsted, aro 
equivalent to the eorresponding internalfonal units, where sucn formerly ex- 
fsted, The USP Unit for vitamin E has been discontinued. International units 
(IU) for vitarnrń 5 also have been discontiriued; however, the use of IU on Ihe 
labds of vitamin products continues. Where artides are labeled in terms of 
Units tn addition to the reąuired labeling, the relationship of the USP Units or 
IU to mass ]$ as follows. One USP Vitarnin A Unit = 0.3 jig of all-trarw^retinol 
(vitamin A afeohol) or 0.344 pg of all-frans-ratinyl acetate (vitamin A acetate) 
or 055 pg of a II- trans -ret i nyl pa Im i tatę (yitamrn A palmitate), and 1 pg of 
retinol (3.3 USP Vitamfn A Units) = 1 rellnol equivalent (RE); 1 IU of bela 
carotene = 0.6 pg of all-from-beta carotene; 1 USP VEtamin D Unit = 0.025 ^ig 
of ergocalciferoi or choiecaldferoi; and 1 mg of dr alpha tocopherol =1.1 
former USP Vitamin E Units, 1 mg of df-alpha tocopheryl acetale = 1 former 
USP Vitamin E Unit, 1 mg of d/-aJpha tocopheryl acid suednate = 0,69 former 
USP Vitamin E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E 
Units, and T mg of d-alpha tocopheryl acetate = 1.36 former USP Yitamln E 
Units, 1 mg of d-alpha tocopheryl acid suednate = 1.21 former USP Yitamln E 
Units. In terms of o-alpha tocopherol eguivalents, 1 mg of cAaipha tocpphery! 
acetate = 0.91, 1 mg of d-alpha tocopheryl acid suednate = 0.81 f 1 mg of di- 
alpha Locopherol - 0.74, 1 mg of df-alpha tocopheryl acetate = 0,67, and 
1 mg of d/-a!pha tocopheryl acid suednate = 0.60. 


0 USP REFERENCE STANDARD5 (11) 

USP Alpha Tocopherol RS 

USP Alpha Tocopheryl Acetate RS 

USP Alpha Tocopheryl Acid Suednate RS 

USP Cnolecaldferaf RS 

USP Ergocalciferoi RS 

USP Phytonadione RS 

USP Vitamrn A RS 


Onl-SolubBe VStaimSns Ora3 SolutBon 

DEFINITION 

01l“5oluble Vltamins Orał Solution contains two or morę of 
the foliowing oil-soluble vitamins: Vftamin A, as retinol or 
esters of retinol in the form of retinyl acetate or retlnyl 
palmitate; Vitamin D, as ergocalciferoi (Vitamin D-) or 
choiecaldferoi (Vltamin D 3 ); Vrtamin E, as alpha tocoph¬ 
erol, alpha tocopheryl acetate, or alpha tocopheryl add 
suednate; Phytonadione (Yitamln K T ); and beta carotene. 
tt contains NLT 90.0% and NMT 150.0% of the labeled 
amounts of vltamin A, as retinol equivalent (C 2 oH^] 0 ); vi- 
tarnin D, as choiecaldferoi (C^H^Ó) or ergocalciferoi 
(CzeH.uO); vltamin E, as alpha tocopherol (C 29 H 50 O 2 ), al¬ 
pha tocopheryl acetate (C 31 H 52 O 3 ), or alpha tocopheryl 
acid suednate (C 31 H 54 O 5 ); phytonadione (C 3 TH 4 ĆO 2 ); and 
beta carotene (QoH 5 c). 

STRENCTH 

• vhtamin a 

[Notę—U se fow-actinic glassware throughout this 
procedurę] 

Mobile phase: n-Hexane 

Standard solution 1: 13 jLLg/ml of retinol from USP Re¬ 
tinyl Acetate RS tn n-hexane 

Standard solution 2: 1 3 jrg/ml of retinol from USP Re¬ 
tinyl Palmitate RS in n-hexane 

System surtability solution: Mix equal volumes of Ston- 
dard solution 1 and Standard solution 2* 

Sample solution: Equivalent to 1 3 pg/mL of retinol 
from an aceurately measured volume of Orał Solution in 
n-hexane 

Chromatographic system 

(See Chromo tog ropny (621), System Suita bili ty.) 

Modę: LC 

Detector: UV 325 nm 
Column: 4.6-mm x 15-cm; packtng 18 
Flow ratę: 1 mL/min 
Injection volume: 40 pL 
System suitabiiity 
Sample: System suitability solution 
Suitabrlity requirements 

Resolutlon: NLT 10 hetween all-frans-retlnyl acetate 
and all-trons-retinyf palmitate 
Refative standard deviatlon: NMT 3.0% 

Analysis 

Samples: Standard solution 1 or Standard solution 2 
and Sample solution 

Calculate the percentage of the labeled amount of vita- 
min A, as retinol (C 2 oH 30 0 ), in the portion of Orał So¬ 
lution taken: 

Result - (ru/rs) x (Cs/Cu) x 100 

r u = peak area of the all-trons-retlnyl ester from the 
Sample solution 

r s = peak area of the all-frans-retlnyl ester from the 
appropriate Standard solution 
Cs - concentration of retinol in the appropriate 
Standard solution (jag/mL) 

Cu - nominał concentration of vitamin A, as retinol, 
in the Sample solution (jig/mL) 
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Acceptance criteria: 90*0%-150*0% of the labeled 
amount of vitamin A as retinol equivalent (C^HsoO) 

• Vitamin D 

[Notę—W here vftamin D (cholecaldferol or ergocaicif- 
erol) is specified in the following procedurę, use the 
Chemical form present in the formuiation and the rele- 
vant USP Reference Standard* Use low-actinic glassware 
throughout this procedurę*] 

Mobile phase: n-Hexane and isopropyf alcohol (99:1) 
Standard solution: 2 pg/mL of USP Cholecaldferol RS 
or USP Ergocalciferol RS in n-hexane 
System suitability solution: Heat a volume of the Stan¬ 
dard solution at 60° for 1 h to partiafly isomerize vita- 
min D (cholecaldferol or ergocalciferol) to fts corre- 
sponding precursor. 

Sample stock solution: Equivafent to 20 pg/mL of cho¬ 
lecaldferol or ergocalciferol from an accurately meas- 
ured volume of Orał Solution in n-hexane 
Sample solution: Transfer 5.0 mL of the Sample stock 
solution to a Container having a polytef-lined screw cap 
and heat y with constant shaking, for 1 h in a water 
bath mamtained at 60° to obtain a solution containing 
vitamin D (cholecalciferol or ergocalciferol) and its cor- 
responding precursor. Cool, and dilute with mhexane 
to obtain a solution containing 2 pg/mL of cholecaldf¬ 
erol or ergocalciferol, 

Chromatographic system 
(See Chfomatography (621 ) y System Suitohility,) 

Modę: LC 

Detector: UV 265 nm 
Column: 4,6-mm x 15-cm; 3-pm packing L8 
Flow ratę: 1 mL/min 
Injection volume: lOGpl 
System suitability 
Sample: System suitability solution 
Suitability requlrements 

Resolution: NLT 10 between the vitamin D form 
present and its corresponding precursor 
Relative standard deviation: NMT 3*0% 

AnaJysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for vitamin D* Calculate the 
percentage of the labeled amount of cholecaldferol 
{C 2 ?H Ą iO) or ergocalciferol (CzaKwO) in the portion of 
Orał Solution taken: 

Result - (fu/rs) x (G/Q) xfxl 00 

ru - peak area of cholecalciferol or ergocalciferol 
from the Sample solution 

Cs - peak area of cholecalciferol or ergocalciferol 
from the Standard solution 
G “ concentration of USP Cholecaldferol RS or 

USP Ergocalciferol RS in the Standard solution 
Oig/mL) 

C y = nominał concentration of cholecaldferol or 

ergocalciferol in the Sample solution (jug/mL) 

F - correction factor to account for the average 
amount of prewitamin D present in the 
Sample solution, 1.09 

Acceptance criteria: 90,0%-15Q*0% of the labeled 
amount of vitamin D as cholecalciferol (C^KhO) or er¬ 
gocalciferol (CzaH^O) 

• VlTAMIN £ 

[NoiE—Where vitamin E (alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl add succinate) 
is specified in the following procedurę, use the Chemical 
form present in the formuiation and the re!evant USP 
Reference Standard. Use low-actinic glassware through¬ 
out this procedurę.] 

Solution A: Phosphoric acid solution in water (1 in 
100 ) 


Mobile phase: Methanol and Solution A (19:1) 
Standard solution: 2 mg/mL of USP Alpha Tocophero! 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Acid Succinate RS in methanol 
Sample solution: Equivalent to 2.0 mg/mL of alpha to- 
copherol, alpha tocopheryl acetate, or alpha tocopheryl 
acid succinate from an accurately measured volume of 
Orał Solution in methanol 
Chromatographic system 
(See Chromotography (621 ) y System Suitability.) 

Modę: LC 

Detector: UV 291 nm 
Column: 4*ó-mm x 15-cm; 5-jim packing LI 
Flow ratę: 1 mL/min 
Injection volume: 50 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Tailing factor: NMT 1.5 
Refative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of al¬ 
pha tocopherol (C 29 H 50 O 2 ), alpha tocopheryl acetate 
(GiHszCh), or alpha tocopheryl acid succinate 
(C 33 HmOs) in the portion of Ora! Solution taken: 

Result - (rti/rS) x (Cs/Cy) x 100 

fy - peak area of the relevant vitarnin E form from 
the Sample solution 

n = peak area of the relevant vitamin E form from 
the Standard solution 

C s = concentration of the corresponding USP 

Reference Standard in the Standard solution 
(mg/mL) 

G - nominał concentration of the corresponding 
form of vitamin E in the Sample solution 
(mg/mL) 

Acceptance criteria: 90.0%-l 50*0% of the labeled 
amount of vitamin E 
• PHYTONADIONE (VlTAMIN K,) 

[NOTĘ—Use low-actinic glassware throughout this 
procedurę*] 

Mobile phase: Methanol and water (19:1) 

Standard stock solution: 200 pg/mL of USP Phytona- 
dione RS in methanol. Dissolve with the aid of sonica- 
tion if necessary* 

Standard solution: 20 pg/mL of USP Phytonadione RS 
from the Standard stock solution diluted with methanol 
System suitability solution: 0.65 mg/mL of USP Alpha 
Tocopheryl Acetate RS and 20 pg/mL of USP Phytona¬ 
dione RS from the Standard stock solution diluted with 
methanol. [Notę— Dissolve USP Alpha Tocopheryl Ace¬ 
tate RS in a portion of methanol add the Standard 
stock solution, and then dilute with methanol to 
volumeJ 

Sample solution: Equivalent to 20 pg/mL of phytona¬ 
dione from an accurately measured vo!ume of Orał So¬ 
lution in methanol 
Chromatographic system 

{See Chromatography (621) y System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 15-cm; 5-pm packing LI 
Flow ratę: 1 mL/min 
Injection volume: 50 pL 
System suitability 

Samples: Standard solution and System suitability 
solution 

Suitability requirements 

Resolution: NLT 5 between alpha tocopheryl acetate 
and phytonadione, System suitability solution 
Relative standard deviation; NMT 3*0%, Standard 
solution 
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Analysis 

Samples: Standard soiution and Sample solution 
Calculate the percentage of the labeled amount of 
phytonadione (CjihUfiO^) in the portion of Orał SoJu- 
tion taken: 

Result = (ru/r s ) x (Cs/G) x 1 00 

fu = peak area from the Sampie soiution 

r$ - peak area from the Standard soiution 

G = concentration of USP Phytonadione RS in the 
Standard soiution (jjg/mL) 

G = nominał concentration of phytonadione in the 
Sampie soiution (pg/mL) 

Aeeeptance criterra: 90.0%-! 50.0% of the labeled 
amount of phytonadione (C 31 H 46 O 2 ) 

c Beta Carotene 

[Notę— Use low-actmie glassware.] 

Mobile phase: Transfer 50 mg of butylated hydroxytol- 
uene into a 14_ yoiumetric fiask, and dissolve with 
20 ml of 2-propanol. Add 0.2 mL of N-ethyldlisopropyl- 
amine, 25 mL of 0.2% ammonium acetate solution, 

455 mL of acetonitnle, and about 450 mL of methanol. 
AJlow the solution to reach room temperaturę, and di- 
lute with methanol to volume. 

Diiuent: 50 pg/mL of butylated hydroxytoluene in 
alcohol 

System suitability solution: Transfer 20 mg of USP Beta 
Carotene System Suitability RS to a 50-mL volumetric 
fiask. Add 1 mL of water, 4 ml of tetrahydrofuran, and 
sonicate for 5 min. Dilute with Diiuent to volume and 
sonicate for 5 min. Cod to room temperaturę, pass the 
suspenslon through a membranę filter of 0.45-p.m porę 
size, and use the dear fil tratę. 

Standard stock solution: 60 jig/mL of USP Beta Caro¬ 
tene RS in tetrahydrofuran 

Standard solution A: Transfer 5.0 mL of the Standard 
stock soiution into a 100-mL yoiumetric fiask, add 
5.0 mL of tetrahydrofuran, and dilute with Diiuent to 
volume. 

Determine the concentration of Standard soiution A 
from the concentration of Standard solution B as de- 
scribed below. 

Standard solution B: Transfer 5.0 mL of the Standard 
stock soiution into a 100-mL yoiumetric fiask, and dilute 
with cyclohexane to yolume. Prepare in triplicate. 
Instrumental conditions 
(See Ultravioiet-Visible Spectroscopy (857).) 

Analytical wavelength: 457 nm 
Celi path: 1 cm 
Blank: Cydohexane 
Analysis 

Sample: Standard soiution B 
Calculate the concentration of total beta carotene 
(mg/mL) as all-frans-beta carotene (Q 0 Hsń) in Standard 
solution B. [Notę —The concentration of Standard solu¬ 
tion B equals the concentration of Standard soiution A.] 

Result = A/F 

A - average absorbance of the three preparattons 
of Standard soiution B 

F - absorptivity of pure all-fruro-beta carotene in 
cyclohexane, 250 

Sample stock solution: Transfer an accurately measured 
yolume of Orał Solution equivalent to 20 mg of beta 
carotene to a 250-mL yoiumetric fiask. Add 250 mg of 
butylated hydroxytoluene # 120 mL of methylene chlo- 
ride, and 100 mL of alcohol. Shake the fiask untll the 
sample is completely dissolved or suspended. Let the 
mixture stand in the dark until it reaches room temper¬ 
aturę (about 2 h). Add methylene chlonde to yolume, 
and shake again ytgorously. 

Sample solution: Dilute a yolume of the Sampfe stock 
soiution with a mixture of methylene chloride and Diiu¬ 


ent (1:1) to obtain the finał concentration of beta caro¬ 
tene of 3 pg/mL. Pass through a membranę filter of 
0.45-pm porę size. 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV-Vis 448 nm 

Coiumn: 4.6-mm x 25-cm; 5-jim packing L68 

Column temperaturę: 30° 

Flow ratę: 0.6 mL/min 
Injection yolume: 20 pL 
System suitability 

Samples: System suitability solution and Standard solu¬ 
tion A 

[Notę—T he approximate relatiye retentlon times of the 
components in the System suitability solution are listed 
in Tobie /.] 


Table 1 


Name 

Rehtive 

Retention 

Time 

Relatiye 

Response 

Facto r 

A\\-trons-alphd carotene 

0.93 

1.1 

Ali-trans-beta carotene 

1.00 

1 

9-c/5-Be ta carotene 

1.07 

1 

13-cti-Beta carotene 

1.17 

1.2 

15-c/5-Beta carotene 

1.21 

1.4 


Suitability reguirements 

Chromatogram similarity: The chromatogram from 
the System suitability solution is similar to tne refer- 
ence chromatogram proyided with the lot of USP 
Beta Carotene System Suitability RS betng used. 
Resolution: NLT 1.5 between beta carotene and ai- 
ha carotene and between beta carotene and 9-cis- 
eta carotene, System suitability soiution 
Tailtng factor: NMT 2.0 for the beta carotene peak, 
Standard solution A 

Relative standard deviation: NMT 2.0% for the beta 
carotene peak from replicate injections, Standard solu¬ 
tion A 
Analysis 

Samples: Standard soiutbn A and Sample soiution 
Calculate the percentage of all-tram-beta carotene in 
the portion of Orał Solution taken: 

Result - (rufo) x (G/G) x 100 

ru = peak area of alf-frans-beta carotene from the 
Sampie solution 

= peak area of all-trons-beta carotene from 
Standard solution A 

G = concentration of albtrans-beta carotene in 
Standard solution A as determi ned by the 
speetrometric procedurę 

G - nominał concentration of beta carotene in the 
Sample solution 

Acceptance criterra: 90.0%-l 50.0% of the labeled 
amount of beta carotene (C 4 gH 5 6) 

OTHER COMPONENTS 

* ALCOHOL DETEitWtiN atiom, Method i <611) (if present): 
9O.0%-120.0% of the labeled amount of C 2 H 5 OH 

CONTAMINANTS 

* Mbcrobial Enumeration Tests (2021): The total aerobic 

microbial count does not exceed 3 x IG 3 cfu/mL, and the 
combined molds and yeasts count does not exceed 
3 x 10 2 cfu/mL. 

* Absence of Specified Mkroorganisms (2022): Meets the 

reguirements of the tests for absence of Salmonella spe- 
ci es, and Escherkhia coli 
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ADD1TIONAL REQUIREMENTS 

* Packaging and Storage: Presem? in tight, light-resistant 
containers, under an inert gas or with a minimum of 
headspace. 

* Labelingp The label States that the product is Oil-Solu- 
ble Wamins Orał Soludom The tabel States the quantity 
of each vitamin present rn a given volume of Orał Solu* 
tion and, where necessary, the Chemical form in which a 
vitamin is present. Where the product contains vitamin E, 
the label indicates whether lt is the d- or dl - form. 

* USP Reference Standards (11) 

USP Alpha Tocopherol RS 

USP Alpha Tocopheryl Acetate RS 

USP Alpha Tocopheryl Acid Succinate RS 

USP Beta Carotene RS 

USP Beta Carotene System Suitabiiity RS 

USP Cholecalciferol RS 

USP Ergocalciferol RS 

USP Phytonadione RS 

USP Retinyl Acetate RS 

USP Retinyl Palm State RS 


Oil-Soluble Vitamins Tablets 


DEFINITION 

Oil-Soluble Vitamins Tablets contain two or morę of the fol* 
lowing oil-soluble vitamins: Vitamin A, Vitamin D as Ergo- 
calciferol (Vitamin D?) or Cholecalciferol (Vitamin Dj), Vi- 
tamin E, Phytonadione (Vitamin Ki), and Beta Carotene. 
Tablets contain NLT 90.0% and NMT 165.0% of the la* 
beled amounts of vitamin A (C 2 oHa> 0 ) as retinoi or esters 
of retinoi in the form of retinyl acetate (C^H^Cb) or re¬ 
tinyl palmitate (C^H^C^); vitamin D as cholecalciferol 
(C^H-i-iG) or ergocaldferoJ (CaHUiO); vitamin E as alpha 
tocopherol (C 29 H 50 O 2 ), alpha tocopheryl acetate 
(C 11 H 52 O 3 ), or alpha tocopheryl acid succinate (C 33 H 54 O 5 ); 
phytonadione (Cji EUOz); and beta carotene (GtoEbs)- 
Oit-Solubie Vitamins Tablets contain no other vitamrns or 
any minerals. They may contain other labeled added sub- 
s tan ces that are ąeneraliy recognized as safe, in amounts 
that are unobjectionable. 

5TRENCTH 

[Notę— in the following assays, where morę than one assay 
method is given for an individual ingredient, the require* 
ments may be met by following any one of the specified 
methods, the method used being stated in the labeling only 
if Method 7 is not used.] 

* Vitamin A, Method 7 

[NOTE—Where the use of a vitamin A ester (retinyl ace¬ 
tate or retinyl palmitate) is specified in the following 
procedurę, use the Chemical form present in the formu¬ 
la tion, USP Vitarnin A RS is retinyl acetate. It is to be 
used where USP VItarnin A RS is specified. Use low-ac- 
tinic glassware throughout this procedurę.] 

1 USP Units of activity for vitamim, where such exist or formę rEy existed, are 
equtvalent to the correspooding Internationa! units, where such formerly ex* 
isted. The USP Unit for Vhamtn E has been distontinued. International units 
(IU) for vitamins also have been discontinuecf; however, the use of IU on the 
labels of yftamin products eontinues. Where artfcles are labeled in terms of 
Units in addition to the required labeling, the relationshlp of the USP Units or 
IU to mass fs as foliowi. One USP Vitarnin A Unii = 0,3 pg of all-frons-retlnol 
(vitarnin A altohof) or 0.344 pg of all-traro-retfnyl acetate (vitarnin A acetate) 
or 0.55 pg of alhfram-retlnyl palmitate (vitamin A palmitate), and 1 pg of 
retinoi (3.3 USP VEtamln A Units) = 1 retinoi equivalent (RE); 1 IU of beta 
carotene = 0.6 pg of a fl-from-beta carotene; 1 USP VEtamin D Unit - 0.02S pg 
of ergocalciferol or cholecalciferol; and 1 mg of rff-aIpha tocopherol = 1.1 
former USP Vitamin E Units, 1 mg of cfl-alpha tocopheryl acetate = T for mer 
USP Vitarnin E Unit, 1 mg of d/ alpha tocopheryl acid succinate = 0,89 former 
USP VItarnin E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitarnin £ 
Units, 1 mg of d-alpha tocopheryl acetate = 1.36 former USP Vitarnin E Units, 
and 1 mg of da Ipha tocopheryl acid succinate - T21 former USP Wtamin E 
Units. In terms of d-alpha tocopherol equlvalents, 1 mg of d-alpha tocopheryl 
acetate - 0.91, 1 mg of d-alpha tocopheryl acid succinate = 0.81, I mg of at- 
alpha tocopherol = 0,74, I mg of d/-alpha tocopheryl acetate = G,ć7, and 
1 mg of d/-alpha tocopheryl acid succinate = 0.60. 


Mobile phase: r?-Hexane 

Standard soltilion: 1 5 pg/mL of retinyl acetate from 
USP Vitamin A RS in r?-hexane 
System suitabiiity stock sofution: 15 pg/mL of retinyl 
palmitate in n-hexane 

System suitabiiity solution: Mix equai voJumes of Sys¬ 
tem suitabiiity stock solution and the Standard solution to 
obtain concentrations of 7.5 ]ig/mL each of retinyl ace¬ 
tate and retinyl palmitate. 

Sample solution: Einely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 5 Tablets, to 
a Container havinq a polytef-iined screw cap. Add 
10 mL of dimethyl sulfoxide and 15 mL of n-hexane, 
and shake for 45 min on a wrist-action shaker in a 
water bath maintained at 60°; [NOTĘ—Set up the wrist- 
action shaker to ensure that the contents of the Con¬ 
tainer are mixed vigorously and thoroughly.] Centrifuge 
at 3000 rpm for 10 min, and transfer the nexane layer 
by means of a pipet to a 100-mL volumetric ffask. Add 
15 mL of n-hexane to the dimethyl suffoxide layer, 
shake thoroughly for 5 min, and transfer the hexane 
layer by means of a pipet to the 100-mL volumetric 
fiask. Repeat this extraction with three additional 15-mL 
portions of rr-hexane. Dilute the extracts in the volu- 
metric fiask with n-hexane to volume, Dilute a 10-rnL 
volume of this solution with n-hexane to obtain a solu¬ 
tion with a concentration of 15 pg/mL of vitamin A as 
retinoi (C 20 H 30 O). 

Chromatographic system 
(See Chromotography (62^) / System Suitabifityd 
Modę: LC 

Detector: UV 325 nm 

Cofumn: 4.6-mm x 15-cm; 3-pm packing L8 
Flow ratę: 1 mL/min 
Injectioo srze: 40 pL 
System suitabiiity 
Sample: System suitabiiity solution 
Suitabiiity requirements 

Re solution: NLT 10 be twe en a II- trans- retinyl acetate 
and all-tro/75-retinyl palmitate 
Relative standard deviation: NMT 3,0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak area of all-frons-retmyl acetate from 
the Standard solution and the peak area of all-fram- 
retinyf acetate or an-trom-retinyi palmitate in the chro- 
matogram of the Sample solution. 

For products containing vitamin A acetate or vitamin A 
palmitate, calculate the percentage of the labeled 
amount of vitamin A, as retinoi (C 20 H 30 O) in the por- 
tion of the Tablets taken: 

Result - (ry/r 5 ) x (Q/C u ) x F x 100 

ru = peak area of the all-fram-retinyl ester from the 
Sample solution 

ri - peak area of the aII- trans- retinyl ester from the 
Standard solution 

Q = concentration of retinyl acetate (C 22 HJ 2 O 2 ) 
from USP Vitamin A RS in the Standard 
so/uf/on (pg/mL) 

Cu - nominał concentration of vitamin A, as retinoi 
{C 20 H 30 O) in the Sample solution (pg/mL) 

F - factor used to convert retinyl acetate, the ester 
form present in USP Vitamin A RS, to retinoi, 
0.872 

[NOTĘ—The molar responses of retinyl acetate and re¬ 
tinyl palmitate are equivalent.] 

Acceptance criteria: 90.0%-165.0% of the labeled 
amount of vitamin A, as retinoi (C 20 H 30 O) 

* Vitamin A, Method 2 

[Notę —Where a vltamin A ester {retinyl acetate or retinyl 
palmitate) is indicated in the following procedurę, use 
the Chemical form present in the formulation, USP VIta¬ 
rnin A RS is retinyl acetate. It is to be used where USP 
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Vitamin A RS is specified. Use low-actinic glassware 
throughout thrs procedurę.] 

3 N methanolic sulfuric acid solution: Cautiously add 
9 ml of sulfuric add to 80 rnL of methanol in a 100-mL 
volumetnc fiask. Cool, and dilute with methanol to 
volume, 

Sodium ascorbate-pyrogallol solution: Transfer 10 g 
of sodium astorbate and 5 g of pyrogallol to a 100-mL 
volumetric fiask, and add suffrcient water to dbsolve. 
Add 1.7 ml of sulfuric add, and dilute with water to 
yolume. 

Lecithin solution: 5 mg/mL of lecithin in 2,2, 
4-trimethylpentane 

Mobile phase: n-Hexane and ethyl acetate (99.7:0.3) 
Standard solution: 15 ug/mL of retinyl acetate from 
USP Vitamin A RS in 2,2,4-trimethylpentane 
System suitability stock solution: 15 pg/mL of retinyl 
paimitate in 2,2,4-trimethylpentane 
System suitability solution: Mix equal vofumes of the 
System suitability stock solution and the Standard solution 
to obtain eoncentrations of 7.5 pg/mL each of retinyl 
acetate and retinyl paimitate. 

Sample solution: [NOTĘ—This preparation is sultable for 
the determination of vitamin A, yitamin D, and yitamin 
E, when present in the formulation.] Finefy powder NLT 
20 Tabfets. If vitamin D h present in the formulation, 
transfer a portion of the powder, equivalent to 30 pg of 
the labeled amount of cholecafciferol or ergocafciferol, 
to a Container having a polytef-lined screw cap. ff ^ta¬ 
rnin D is not present in the formulation, use a portion 
of the powder, equivalent to 90 mg of the labeled 
amount of witamin E (as alpha tocopherol, aipha 
tocopheryl acetate, or alpha tocophery) hemisucdnate). 
If yitamin E is not present in the formulation, use a 
ortion of the powder, equivalent to 2.5 mg of the la- 
eled amount of retinyl acetate or retinyl paimitate. 

Add 0.5 g of sodium bicarbonate, 1.5 mL of Ledthln so¬ 
lution , and 12.5 mL of 2,2,4-trimethylpentane, and dis- 
perse on a vortex mixer, Add 6 mL of Sodium as¬ 
corbate-pyrogallol solution , shake slowly, and alfow the 
solution to degas. Continue shaking until the evo!ution 
of gas has ceased, and then shake Tor an addttional 12 
min. Add 6 mL of dimethyl sulfoxide, mix on a vortex 
mixer to form a suspension, and shake for 12 min. Add 
6 mL of 3 N methanolic sulfuric add solution , mix on a 
vortex mixer to form a suspension, and shake for 12 
min. Add 12.5 ml of 2,2,4-trimethylpentane, mix on a 
vortex mixer to form a suspension, and shake for 10 
min. Centnfuge for 10 min to break up the emulsion 
and to clarify the supernatant. [Notę—T he supernatant 
is used for the determination of yitamin A, and also 
vitamin D and yitamin E, if present in the formulation.] 

If necessary, quantitatively dilute a volume of the super¬ 
natant with 2,2,4-trimethylpentane to obtain a concen- 
tration close to that of the Standard solution . 
Chromatographic system 
(See Chromatograpny (621), System Suitability,) 

Modę: LC 

Detector: UV 325 nm 

Cotumn: 4.6-mm x 25-cm; 5-pm packing L24 
FIow ratę: 1.5 mL/min 
Injection size: 40 pL 
System suitability 
Sample: System suitability solution 
Suitability requlrements 

Resolution: NLT 8.0 between alf- trons- retinyl acetate 
and all-frans-retinyl paimitate 
Relative standard deviation: NMT 3,0% 

Analysis 

Sa m pies: Standard solution and Sampie solution 
Measure the peak area of all-trons-retinyl acetate from 
the Standard solution and the peak area of alhf rans- 


retinyl acetate or all-from-retinyl paimitate from the 
Sample solution . 

Calculate the percentage of the labeled amount of vka- 
min A, as retmof (QoH 3 dO), in the portion of Tablets 
taken: 

Result = (fu/rs) x (QfC u ) x F x 100 

r y - peak area of the a\\-trans-retlnyl ester from the 
Sample solution 

fs = peak area of the all-frons-retmyl ester from the 
Standard solution 

C$ - concentration of retinyl acetate (C 22 H 32 O 2 ) 
from USP Vitamin A RS in the Standard 
sofutlon (pg/mL) 

Cu = nominał concentration of yitamin A, as retinol 
(C 20 H 30 O) in the Sample solution (pg/mL) 

F = factor used to convert retinyl acetate, the ester 
form present in the USP Vitamin A RS, to 
retinol, 0.872 

[NOTĘ—Account for the initial extraction yolume of 
26.5 mL of 2,2,4-trimethylpentane to calculate the 
nominał concentration. The mofar responses of retinyl 
acetate and retinyl paimitate are equivalent] 
Acceptance criteria: 90.0%-165.0% of the labeled 
amount of yitamin A, as retinol (C 2 flH 3 oO) 

• ViTAMIH A, Method 3 

[Notę— Where a yitamin A ester (retinyl acetate or retinyl 
paimitate) is indicated in the following procedurę, use 
the Chemical form present in the formulation. USP Vita- 
min A RS is retinyl acetate. It is to be used where USP 
Vitamin A RS is specified. Use low-actinic glassware 
throughout this procedurę.] 

Extraction solyent: r?-Hexane and methylene chloride 
(3:1) 

Potassium hydroxide solution: 800 mg/mL of potas- 
sium hydroxtde in water. [Notę —Cautiously add potas¬ 
sium hydroxide in water. M*x, and cool.] 

Diiuent: 10 mg/mL of pyrogallol in alcohol 
Mobile phase: n-Hexane and isopropyl alcohol (92:8) 
Standard stock solution: 30 pg/mL of retinyl acetate 
from USP Vi tarnin A RS in Diiuent. [Notę—T his solution 
may be stored in a refrigerator for 1 week.] 

Standard solution: Dilute a volume of Standard stock 
solution with Diiuent to obtain a concentration of 1 pg/ 
mL of USP Vitamin A RS, Transfer 10.0 ml of this solu¬ 
tion to a stoppered 125-mL fiask, and add 5 mL of 
water, 5 mL of Diiuent, and 3 mL of Potassium hydroxide 
solution. Insert the stopper tightly, shake for 15 rmn 
over a water bath maintained at 60 ± 5°, and cool to 
room temperaturę. Add 7 mL of water and 25.0 mL of 
Extraction solvenL Insert the stopper tightly, and shake 
yigorously for 60 s. Rinse the sides of the fiask with 
60 mL of water, and allow to stand for 10 min until the 
layers separate. Withdraw a portion of the organie iayer 
for infection mto the chromatograph. This Standard so¬ 
lution contains 0.34 pg/mL of retinol, 

Sample solution: Finely powder a counted number of 
Tablets. Transfer a portion of the powder, equivafent to 
1 .5 mg of retinyl acetate, to a stoppered 125-mL fiask. 
Add 5 mL of water, 15 mL of Diiuent , and 3 mL of Po¬ 
tassium hydroxide solution. insert the stopper tightly, 
shake for 15 min over a water bath maintained at 
60 ±5°, and cool to room temperaturę. Add 7 mL of 
water and 25,0 mL of Extraction sotvent insert the stop¬ 
per tightly, and shake yigorously for 60 s or longer, if 
necessary, for complete extraction. Rinse the sides of 
the fiask with 60 mL of water, and allow to stand for 10 
min until the layers separate. [Notę—D o not shake, be- 
cause an emulsion may form.] Withdraw a portion of 
the organie Iayer, and dilute with Extraction solvent to 
obtain a concentration of 0.34 pg/mL of retinol. 


DS Monographs 




DS Monographs 


7260 Yitamins / Dietory Supplements 


USP 40 


Chromatographic system 
(See Chmmatography <621 >, System Su i to bili ty). 

Modę: LC 

Detector: UV 335 nm 

Column: 6.2-mm x 8-cm; packing L3 

Column temperaturę: 40° 

Flow ratę: 4 mL/min 
Injection size: 50 pL 
System suitability 
Sample: Standard solution 

[Notę—T he relative retenlion times for 13-os-retinol 
and aJI-tram-retinoI are 0.92 and 1 . 0 , respectively.] 
Suitability requirements 
Relative standard deviation: NMT 5.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of alLfrans-retinol and 13-ds- 
retinoL 

Calcufate the percentage of the labeled amount of vita- 
min A, as retinol (CzoHjoO), in the portion of Tablets 
taken; 

Result - (jT\jr u ) x (Q/Cy) x F x 100 

fn *= sum of the areas of the all-from-retlnol and 
13-ds-retinol peaks from the Sample solution 
fu - sum of the areas of the all-frons-retinol and 
1 3-ds-retinol peaks from the Standard 
solution 

Ci = concentration of retinyl acetate (C 23 H 32 O 2 ) 
from USP Vitamin A RS in the Standard 
solution (pg/mL) 

C[j = nominał concentration of vitamin A, as retinol 

(CioHaoO) in the Sample solution (pg/mL) 

F = factor used to corwert retinyl acetate, the ester 
form present in USP Vitarnin A RS, to retinol, 
0.872 

Acceptance criteria: 90.0%-165,0% of the labeled 
amount of vitam$n A, as retinol (C 20 H 30 O) 

* Cholecalciferol or Ergocalciferol <VlTAMlN D), Method 
1 

[Notę—W here vftamin D (cholecaldferol or ergocalcif- 
erol) is spedfied in the foliowing procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use low-actinic glassware 
throughout this procedurę.] 

Mobile phase: n-Hexane and tsopropyl alcohol (99:1) 
Standard solution: 2 pg/mL of USP Cholecaldferol RS 
or USP Ercjocalctferol RS m n-hexane 
System suitability solution: Heat a voJume of the Stan¬ 
dard solution at 60" for 1 h to partiaiiy tsomerize vita- 
min D (cholecalciferol or ergocakiferol) to its corre- 
sponding pretursor. 

Sample solution: Proceed as directed for the Sample 
solution in Vitamin A f Method L Transfer NLT 20 ml_ of 
this solution to a suftable Container, and evaporate, if 
neeessary, in vacuum at room temperaturę to obtam a 
concentration of 2 pg/mL of cholecalciferol or 
ergocakiferol. 

Chromatographic system 
(See Chromotograpny (621), System Suitability.) 

Modę: LC 

Detector; UV 265 nm 
Column: 4.6-mm x 15-cm; 3-pm packing L 8 
Flow ratę: 1 mL/min 
Injection size: 100 pL 
System suitability 

Sample: Standard sofudon and System suitability 
solution 

Suitability requirement$ 

Resolution: NLT 10 between the vitamin D form 
present and its corresponding precursor, System suita * 
bili ty solution 

Relative standard deviation; NMT 3.0%, Standard 
solution 


Analysis 

Sampies: Standard solution and Sample solution 
Measure the peak areas of vitamin D. 

Cakulate the percentage of the labeled amount of cho- 
iecalciferol (C 27 H 44 O) or ergocakiferol (C^H^O) in the 
portion of Tablets taken: 

Result = (ru/fj) x (C5/G) xfx 100 

r u ~ peak area of choiecakiferol or ergocakiferol 
from the Sample solution 

n = peak area of choiecaiciferol or ergocalciferol 
from the Standard solution 
Ci - concentration of USP Cholecalciferol RS or 

USP Ergocalciferol RS in the Standard solution 

Cu = nominał concentration of cholecalciferol or 

ergocalciferol in the Sample solution (pg/mL) 

F = correction factor to account for the average 
amount of previtamln D present in the 
Sample solution , 1.09 

Acceptance criteria: 90.0%-165.0% of the labeled 
amount of vitamin D as cholecalciferol (Cz/N^O) or er¬ 
gocalciferol (Cza H 44 O) 

* Cholecalciferol or Ergocalciferol (Vitamin D), Method 
2 

[Notę—W here vi tarnin D (cholecaldferol or ergocaldf- 
erol) is spedfied in the foilowmg procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use low-actinic glassware 
throughout this procedurę,] 

3 N methanolic sulfuric acid solution, Sodium as- 
corbate-pyrogalloi solution, Lecithin solution, and 
Sample solution: Proceed as directed in Vitamin A t 
Method 2. 

Mobile phase: n-Hexane and tertiary butyl alcohol 
(98.75; 1.25) 

Standard solution: 1 pg/mL of USP Choiecakiferol RS 
or USP Ergocakiferol RSin 2,2,4-trimethylpentane 
System suitability solution: Heat a volume of the Stan¬ 
dard solution at 6 (F for 1 h to partiaiiy isomerize vita- 
min D (choiecakiferol or ergocalciferol) to its corre¬ 
sponding precursor, 

Chromatographic system 
(See Chromotograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 

Column: 4,6-mm x 25-cm; 5-pm packing L24 
Flow ratę: I mL/min 
injection size: 40 pL 
System suitability 

Sample: Standard solution and System suitability 
solution 

Suitability requirements 

Resolution: NLT 4.0 between the vitamin D form 
present and its corresponding precursor, System suita- 
bility solution 

Relative standard deviation: NMT 3.0%, Standard 
solution 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of vitamin D. 

Cakulate the percentage of the labeled amount of cho- 
iecaldferol (Cz/H^O) or ergocalciferol (C^H^O) in the 
portion of Tablets taken: 

Result - (ru/rd x (Q/Cu) x 1 00 

= peak area of cholecalciferol or ergocakiferol 
from the Sample solution 

fs - peak area of cholecalciferol or ergocakiferol 
from the Standard solution 
Cj = concentration of USP Choiecakiferol RS or 

USP Ergocalciferol RS in the Standard solution 
(pg/mL) 
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Cu - nominał concentration of cholecaldferol or 

ergocalciferol in the Sampłe solution (jig/mL) 
[NOTĘ—Account for the initlal extraction vafume of 
26.5 mL of 2,2,4-trimethylpentane to calculate the 
nominał concentration.] 

Acceptance criteria: 90.0%-165.0% of the iabeled 
amount of vitamin D as choiecafciferoJ (C 27 H 44 O) or er- 
gocalciferol (C 2 &H 44 O) 

Cholecalciferol or Ergocalciferol (Vita[viin D), Method 
3 

[Notę—W here vitamin D (cholecafciferol or ergocaldf- 
eroi) is specified In the foflowing procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use low-actinic glassware 
throughout this procedurę.] 

Drlutea acetic acid: Glacial acetic acid solution (1 in 
10 ) in water 

Phenolphthalein solution: 10 mg/mL of phenolphthal- 
ein in alcohol 

Potassium hydroxide solution: Slowly dissotve 14 g of 
potassium hydroxide m a mixture of 31 ml of dehy¬ 
drated alcohol and 5 mL of water. Prepare fresh daify. 
Extraotion solvent: Methylene chJoride and isopropyl 
alcohol (99.8: 0.2) 

Mobile phase: AcetonitriJe and methanoi (91:9) 
Standard stock solution: 0.2 mg/mL of USP Cholecal¬ 
ciferol RS or USP Ergocalciferol RS in dehydrated alco- 
hol. [NOTĘ—Prepare fresh every 4 weeks. Storę in a 
freezer.] 

Standard solution: [NOTĘ—Condltion the solid-phase 
extraction column specified for use in the Standard solu- 
don and the Sample solution by initially washing the col¬ 
umn with 4.0 ml of a mixture of methylene chloride 
and isopropyl alcohol (4:1), followed by 5.0 mL of Ex- 
traction solvent. Do not allow the column to dry.] Dilute 
a volume of Standard stock solution with dehydrated al¬ 
cohol to obtain a concentration of 5 pg/mL of USP 
Cholecalciferol RS or USP Ergocalciferol RS, Prepare this 
solution fresh daily. Transfer 2.0 mL of this solution to a 
stoppered T25-mL fiask. Add 15.0 mL of water and 
15.0 mL of Potassium hydroxide solution , insert the stop- 
per, and shake for 30 min in a water bath maintained 
at 60°. Allow to cool to room temperaturę, and transfer 
the contents of the fiask to a 250-mL separatory funneL 
Add 15.0 mL of water to the fiask, insert the stopper, 
shake vigorously, and transfer this solution to the sepa¬ 
ratory funneL RInse the fiask with 60 ml of n-hexane, 
and transfer the rinsing to the separatory funneL Insert 
the stopper, shake v[gorously for 90 s, and allow to 
stand for 15 min until the layers separate, Drain and 
discard the agueous layer. Aad 15.0 mL of water to the 
hexane layer in the separatory funne!, Insert the stop¬ 
per, and shake vigorousty. Allow to stand for 10 min 
until the layers separate, and discard the aqueous layer. 
Add 1 drop of Phenolphthalein solution and 15,0 mL of 
water to the separatory funnel, Add Diluted acetic add 
dropwise, with shaldng, until the washing is neutral. Al¬ 
low to stand for 10 min until the layers separate. Drain 
and discard the aqueous layer. Filter the hexane layer 
through anhydrous sodium sulfate supported by a smali 
piedget of cotton into a 100-mL, round-bottom fiask. 
Rinse the funnel and sodium sulfate with a few mL of n- 
hexane, and collect the rinsings in the same fiask. Evap- 
orate the hexane in the fiask on a rotary e^aporator at 
50° to dryness. Immediately add 2.0 ml of Extraction 
solvent to disso!ve the residue. Transfer this solution to a 
freshiy conditioned soiid-phase extraction coiumn con- 
taining sili ca packing with a sorbent mass-to-column 
volume ratio of 500 mg to 2.8 mL or equivalent, rinse 
the round-bottom fiask with 1.0 mL of Extraction sol- 
venh and transfer to the column. El u te the column with 
2.0 mL of Extraction solvent t and discard this fraction. 
Elute the column with 7.0 mL of Extraction solvent , and 
collect the eluate in a suitable fiask. Place the flask Ł in a 


warm water bath maintained at 42 D , and evaporate the 
solvent with the a id of a stream of nitrogen. tmmedi- 
ately add 2.0 mL of acetonitrile to the residue, and use 
the solution for injection into the chromatograph. 
Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivaient to 10 pg of cho 
lecaldferol or ergocalciferol, to the stoppered 125-mL 
fiask, and proce ed as directed for the Standard solution , 
beginnlng with "Add 15.0 mL of water and 15.0 mL of 
Potassium hydroxide soIutiQ^ ,, . 

Chromatographic system 
(See Chromatogropny {62 1), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 

Column: 4.6-mm x 25-cm; 5-pm packing LI 

Column temperaturę: 27° 

Flow ratę: 0,7 mL/min 
Injection srze: 15 pL 
System suitability 
Sample: 5 tan dard solution 
Suitability requirements 
Refatfve standard deviatlon: NMT 4,0% 

Analysis 

Samples: Standard soiution and Sample solution 
Measure the peak areas of vitamin D, 

Caiculate the percentage of the Iabeled amount of cho¬ 
lecalciferol (C 27 H 44 O) or ergocalciferol (C 23 H. 14 O) in the 
portion of Tablets taken: 

Result = (ru/rj x (C 5 /Cu) x 100 

ru - peak area of cholecalciferol or ergocafdferol 
from the Sample solution 

r$ — peak area of cholecaldferol or ergocalciferol 
from the Standard soiution 
Cs “ concentration of USP Cholecaldferol RS or 

USP Ergocalciferol RS in the Standard solution 
(pg/rrtL) 

Cu = nominał concentration of cholecalciferol or 

ergocalciferol in the Sample solution (pg/mL) 
Acceptance criteria: 90.0%-l 65.0% of the Iabeled 
amount of vitamin D as cholecalciferol (C 27 H 44 O) or er¬ 
gocalciferol (C 2 BH 44 O) 

Vitamin E, Method 1 

[Notę—W here vitamin E (alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl acid succinate) 
is specified in the following procedurę, use the Chemical 
form present in the formulation and the relevant USP 
Reference Standard, Use low-actinic glassware through¬ 
out this procedurę.] 

Solution A: Phosphoric acid solution (1 in 100) in 
water 

Mobile phase: Methanoi and Solution A (19:1) 

System suitability solution: Prepare a 0.65-mg/mL so- 
fution of USP Ergocalciferol RS in methanoi. Transfer 
1.0 mL of this solution to a 100-mL vo!umetrie fiask 
containing 100 mg of USP Alpha Tocopheryl Acetate RS, 
DSssolve in 30 ml of methanoi, with tne aid of sonrca- 
tion if necessary, and dilute with methanoi to volume. 
Storę this solution in a refrigerator. 

Standard solution: 2 mg/mL of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Acid Succinate RS in methanoi 
Sample solution: Proceed as directed for the Sample 
solution In l /itamin Ą Method 1. Transfer NLT 20 mL of 
this solution to a suitable Container, and evaporate In 
vacuum at room temperaturę to dryness. Transfer Ehe 
residue with the aid of methanoi to a suitable volumet- 
ric fiask, and dilute with methanoi to vo!ume to obtain 
a concentration of 2 mg/mL of alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl add succinate. 
Chromatographic system 
(See Chroma tog ropny (621), System Suitability.) 
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Modę: LC 

Detector: UV 254 nm 
Column: 8 -mm x 10-cm; 5-jim packing LI 
FIow ratę: 2 ml/min 
fnjection size; 100 pi 
System suitabifity 

Samples: System suitability solution and Standard 
solution 

[NOTĘ—The relative retention times for ergocalciferol 
and alpha tocopheryl acetate are about 0,5 and 1 *0, 
respectlvely*] 

Suitability reąuirements 

Resolution: NLT 12 between ergocalciferol and alpha 
tocopheryl acetate, System suitability solution 
Tafling factor: Between 0,8 and 1,2, System suitability 
solution 

Relative standard deviat!on; NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas* 

Calculate the pereentage of the labeled amount of al¬ 
pha tocopherol (CnHmOz), alpha tocopheryl acetate 
(CnHsjO*), or alpha tocopheryl acid succinate 
(CjjHmOs) in the portion of Tablets taken: 

Result = (ftfru) x (G/Cy) x 100 

r u - peak area of the relevant vitamin E form from 
the Sample solution 

r$ - peak area of the reievant vitamm E form from 
the Standard solution 

Ci - concentration of the corresponding USP 

Reference Standard in the Standard solution 
(mg/mL) 

Cu = nominał concentration of the corresponding 
form of vitamin E in the Sample solution 
(mg/mL) 

Acceptance cnteria: 90.0%-165*0% of the labeled 
amount of vitamm E as alpha tocopherol (C 29 H 5 DG 2 ), 
afpha tocopheryl acetate (C 31 H 52 O 3 ), or alpha 
tocopheryl acicf succinate (CiiH^Os) 

* Vitamin E, Method 2 

[NOTfc—Where vitamin E (alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl add succinate) 
is specified in the folJowing procedurę, use the Chemical 
form present in the formuFation and the relevant USP 
Reference Standard, Use low-actinic glassware through- 
ouL fhis procedurę,] 

Mobile phase: MIx 240 mi of methanol with 10 mL of 
water foliowed by 0,5 mL of 50% phosphonc add, and 
dilute with acetonitrile to 1000 mL, 

System suitability solution: 2 mg/mL each of USP Al¬ 
pha Tocopherol RS, USP Alpha Tocopheryl Acetate RS, 
and USP Alpha Tocopheryl Add Succinate RS in 
methanol 

Standard solution: 2 mg/mL of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Add Succinate RS in methanol 
Sample solution: Proceed as directed for Sample solu¬ 
tion in Vitarnin A, Method 2, Transfer a volunie of the 
supernatant 2,2,4-trimethyipentane to a suitable volu- 
metric fiask, the vo!ume of the specimen withdrawn 
from the 2,2,4-trimethyipentane and the size of the voL 
umetric fiask being such that the finał concentration of 
the Sample solution is equivalent to that of the Standard 
solution. Evaparate nearly to dryness, add several mL of 
methanol, and evaporate the remaining 2,2,4-trimethyl- 
pentane. Dilute with methanol to voIume. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 


Modę: LC 

Detector: UV 2B0 nm 
Column: 4.6-mm x 25-crn; 5-pm packing LI 
FIow ratę: 1,5 mL/min 
Injection size: 25 pL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[NOTE—The relattve retention times for alpha tocopheryl 
acid succinate, alpha tocopherol, and alpha tocopheryl 
acetate are about 0 * 6 , 0 * 8 , and 1 * 0 , respectivelyj 
Suitability requirements 

Resolution: NLT 4*0 between alpha tocopheryl acid 
succinate and alpha tocopherol; NLT 3.0 between al¬ 
pha tocopherol and alpha tocopheryl acetate, System 
suitability solution 

Relative standard deviation: NMT 3*0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas* 

Calculate the pereentage of the labeled amount of al¬ 
pha tocopherol (C^HstA*), alpha tocopheryl acetate 
(CnHsjOj), or alpha tocopheryl acid succinate 
(C 3 3 H S 4 0 s) in the portion of Tablets taken; 

Result =* (fa/A) x (G/Cu) x 100 

r a = peak area of the reievant vitamin E form from 
the Sample solution 

fj - peak area of the relevant vitamin E form from 
the Standard solution 

G = concentration of the corresponding USP 

Reference Standard in the Standard solution 
(mg/mL) 

Cy = nominał concentration of the corresponding 
form of vitamin E in the Sample solution 
(mg/mL) 

[NOTE—Account for the initial extraction voiume of 
26.5 mL of 2,2,4-trimethyipentane and the dilution 
factor to exchange the solvent from 2,2,4-trimethyl- 
pentane to methanol to calculate the nominał 
concentration.] 

Acceptance criteria: 90.0%-l 65.0% of the labeled 
amount of vitarnin E as alpha tocopherol (C 29 H 50 O 2 ), 
alpha tocopheryl acetate (C31H52O3), or alpha 
tocopheryl acicf succinate (C 33 HMO 5 ) 

• Vitamin t , Method 3 

Diluent: Acetonitrile and ethyl acetate (1:1) 

Mobile phase; Methanol, acetonitrile, and n-hexane 
(46,5: 46.5: 7.0) 

Standard solution: 0*3 mg/mL of USP Alpha Tocoph- 
erol RS in methanol 

Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 8 mg of al¬ 
pha tocopherol, to a 125-mL fiask fitted with a ground- 
lass joint. Add 25.0 mL of water, 25.0 mL of dehy- 
rated akohol, and 3.5 g of potassium hydroxide pel- 
lets* Shake for 1 hina water bath maintained at 55*. 
Cool, and transfer with the aid of a minimum volume 
of water to a 125-mL separatory funnel. Rinse the fiask 
with 50 mL of n-hexane, and add the rinsing to the 
separatory funnel. Insert the stopper, shake wgorously 
for 60 s, and aliow the layers to separate. Drain the 
agueous layer into a second 250-mL separatory funnel, 
and repeat the extraction with 50 mL of n-hexane* Dis- 
card the agueous layer, and combine the hexane ex- 
traets. Wasn the combined extracts with 25 mL of 
water, allow the layers to separate, and discard the 
aqueous layer. Add 3 drops of gladal acetic add, and 
repeat the washing procedurę two morę times. Fllter 
the washed hexane layer through anhydrous sodium 
sulfate rnto a 250-mL round-bottom fiask. Rinse the fun¬ 
nel and sodium sulfate with a few ml of n-hexane, and 
add the rinsing to the hexane solution In the fiask* 
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Place the fiask in a water bath maintamed at 50°, and 
evaporate the hexane solution with the aid of a rotaiy 
evaporator to dryness* Immediately add 25*0 mL of Uil- 
uent, and swirl to disso!ve the resiaue. 
Chromatographlc system 
(See Chromatogropny (621), System Suitability.) 

Modę: LC 

Detector: UV 291 nm 
Column: 4*6-mm x 25-tm; packing LI 
Column temperaturę: 40 c 
Flow ratę: 3 mL/min 
Injection size: 20 fiL 
System suitability 
Sample: Standard solution 
Sujfabitity requirements 
Relative standard deviation: NMT 5.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas, 

Calculate the percentage of the labeled amount of ^ta¬ 
rnin E as alpha tocopherol (GgHsoOz) In the portion of 
Tablets taken: 

Result = (fu/fs) x (Cs/G) x 100 

ru - peak area of alpha tocopherol from the 
Sample solution 

r s - peak area of alpha tocopherol from the 
Standard solution 

Cs - concentration of alpha tocopherol in the 
Standard solution (mg/mL) 

G = nominał concentration of vitamin E as alpha 
tocopherol in the Sample solution (mg/mL) 
[NOTĘ—Calculate the content of alpha tocopheryl ace¬ 
tate (CgiH^Oj) or alpha tocopheryl acid sucdnate 
(CssHmOs) by dmdtng the content, in mg/Tablet of 
vitamin E as alpha tocopherol (C 2 PH 50 O 2 )/ by the factor 
0*91 orG.81, respectlvely*] 

Acceptance criteria: 90*0%-165*0% of the fabeled 
amount of vitamin E as alpha tocopherol (C^HsoOj), 
alpha tocopheiyl acetate (CnH*aOi), or alpha 
tocopheryl acid succinate (CjjHmOs) 

Phytonadione, Method 1 
[NOTĘ—Use low-actinic giassware throughout this 
procedurę.] 

Mobile phase: Methanol and water (19:1) 

Standard stock solution: 200 jig/mL of USP Phytona- 
dione RS in methanol. Dissolve with the aid of sonita- 
tion if necessary. 

Standard solution: 20 pg/mL of USP Phytonadione RS 
from Standard stock solution diluted with methanol 
System suitability solution: 0.65 mg/mL of USP Alpha 
tocopheryl Acetate RS and 20 pg/mL of USP Phytona¬ 
dione RS from Standard stock solution diluted with 
methanol. [Notę—D issolve USP Alpha Tocopheryl Ace¬ 
tate RS rn a portion of methanol, add the Standard 
stock solution , and then dilute with methanol to 
volume*] 

Sample solution: Transfer NLT 20 mL of the solution 
relalned as specified in the dlreclions for Sample solution 
in Vitamin Ą Method 1 to a suitable Container, and 
evaporate in vacuum at room temperaturę to dryness. 
Transfer the residue with the aid of methanol to a suita¬ 
ble volumetric fiask, and dilute with methanol to vol- 
ume to obtain a concentration of 20 jxg/mL of 
phytonadione. 

Chromatographic system 
(See Chromatogropny (621), System Suitability.) 


Modę: LC 

Detector: UV 254 nm 
Column: 8 -mm x 10-cm; 5 -pm packing LI 
Flow ratę: 2 mL/min 
injection size: 100 pL 
System suitability 

Samples: Standard solution and System suitability 
solution 

[Notę—T he relative retention times for alpha tocopheryl 
acetate and phytonadione are 0.68 and 1 . 0 , 
respectively.J 
Suitability requirements 

Resolution: NLT 5 between alpha tocopheryl acetate 
and phytonadione, System suitability solution 
Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas* 

Calculate the percentage of the labeled amount of 
phytonadione (CjiEGO^) tn the portion of Tablets 
taken: 

Result = (ru/r0 x (Cs/G) x 100 

ru - peak area of phytonadione from the Somp/e 
solution 

f s = peak area of phytonadione from the Standard 
solution 

Cs - concentration of USP Phytonadione RS in the 
Standard solution (pg/mL) 

Cu = nominał concentration of phytonadione in the 
Sample solution (jug/mL) 

Acceptance criteria: 90.0%-l 65.0% of the labeled 
amount of phytonadione (CjiEUiOz) 

» Phytonadione, Method 2 

[NOTĘ—Use low-actinic giassware throughout this 
procedurę*] 

Solvent: Methanol and isopropyl alcohol (19:1) 

Mobile phase: Mix 800 mL of methanol, 200 mL of 
methylene chloride, 0,1 mL of glacial acetic acid, 1.36 g 
of zinc chloride, and 0.41 g of sodium acetate* 

Internal standard solution: 5 jig/mL of menaguinone 
4 (vltamin K?) in Solvent. [Notę—A concentrated stock 
solution of menaguinone 4 (100 jug/mL) can be stored 
for 2 months in a refrigeralor*] 

Standard stock solution: 5 pg/mL of USP Phytona¬ 
dione RS, prepared by dissolving in methylene chloride 
with the atd of sonication, and oiluting with Solvent to 
finał volume 

Standard solution: Transfer 1.0 mL of the Standard 
stock solution and 1.0 mL of the Internal standard solu¬ 
tion to a suitable fiask and dilute with Solvent to 5 ml. 
Pass through a membranę filier of 0.45-ym or ftner 
porę size. 

Sample solution: Finely powder NLT 20 Tablets* To a 
centrifuge tubę fitted with a cap transfer an amount of 
powder, not exceeding 800 mg and equivalent to an 
amount of phytonadione not exceedlng 50 ucj. Add 
4 mL of water. Insert the stopper, and mrx usmg a vor- 
tex mixer unti) the sample is dlspersed. Place the tubę 
in a water bath at 60° for 5 min* Remove from the 
bath, and again shake or mix using a vortex mixer for 1 
min while the preparation is still hot. Add 8 mL of alco¬ 
hol, and swirl the contents to rmx. Place the tubę in a 
water bath at 60° for 5 min. Remove from the bath, 
and again shake or mtx using a vortex mtxer for 2 min 
while the preparation is stilJ hot* Cool to room temper¬ 
aturę. Add a volume of Internai standard solution , equiv- 
alent to 1,0 mL per eath 5 pg of the expected amount 
of phytonadione m the aliquot taken* Add 20.0 mL of 
petrofeum ether, and cap the tubę tightly. Shake or mix 
using a vortex mlxer for 15 min to Lhoroughly mix the 
contents. Centrifuge to sępa ratę the two layers. Transfer 
a volume of the top layer of petroleum ether, equiva- 
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lent to 5-50 jig of the nominał amount of phytona- 
dione, to an appropnate fiask. Place the fiask in a water 
bath at 35 c -45 a , and eyaporate the solvent under a 
stream of nitrogen until an ojly residue is left. DissolYe 
the resldue in a volume of Solvent to obtain a concen- 
tration of 1 pg/mL of phytonadione, 

Chromatographic system 
(See Chromatography (621), System Suitabiiity,) 

Modę: LC 

Detector: Fluorometric deteetor set at 320 nm for ex- 
citation and 420 nm for emission 
Column: 4.6-mm x 25-cm; 5-um, end-capped packirg 
LI , and a postcolumn reactor constituted with a 4.6- 
mm x 3-cm PEEK column tightly packed with zinc 
powder. [Notę —Preparę the postcolumn reactor daily, 
or as necessary, to meet the system suitabiiity 
requirements.J 
Flow ratę: 1 mL/min 
Injectton srze: 25 pL 
System suitabiiity 
Sam pJe: Standard solutbn 

[Notę —The relative retentfon times for the internal 
standard and phytonadione are 1.0 and 1 .4, 
respectively.] 

Suitabiiity leąuirements 

Column effidency: NLT 2500 theoretical plates for 
the phytonadione peak 

Tailing factor: NMT 1,5 for the phytonadione peak 
Relative standard deviation: NMT 3,0% 

Analysis 

Sam pies: Standard solutbn and Sample solution 
Calculate the percentage of the labeled amount of 
phytonadfone (C 31 H 46 O 2 ) in the portion of Tablets 
taken: 

Result - (RJRs) x (Q/C u ) x 100 

R it - peak response ratio of phytonadione to that of 
the internal standard from the Sample 
solutbn 

R. f = peak response ratio of phytonadione to that of 

the internal standard from the Standard 
solution 

Q - concentration of USP Phytonadione RS in the 
Standard solutbn (jig/mL) 

Cu ~ nominał concentration of phytonadione in the 
Sample solution (pg/mL) 

Acceptance arteria: 90.0%-165.0% of labeled amount 
of phytonadione (CatH^Oa) 

Beta Carotene 

[Notę —Use low-actinic glassware throughout this 
procedurę,] 

Potassium hydroxSde solution: Dissolve 58.8 g of po- 
tassium hydroxide in 50 mL of water. 
lodine solution: 0.01 mcj/mL of iodine in cyclohexane, 
[Notę —Prepare this solution fresh daily] 

Sample solution: Weigh NLT 20 Tablets. Gnnd the Tab¬ 
lets to a fine powder, and transfer a guantsfy of the 
powder, equivaient to 2 mg of beta carotene, to a 
500-ml saponification fiask. Add 100 ml of afcohol, 

6 mL of Potassium hydroxide solution f and a mag netic 
sttrring bar, Attach an a Er condenser to the fiask, and 
heat under reflux for 45 min with constant sttrring. 

Cool to room temperaturę, add 170 mL of solvent hex- 
ane, and stir for 30 min. Quantitatively transfer the con- 
tents of the fiask to a 500-mL separatory funnel with 
portions of solvent hexane, ANow the layers to separate 
for 5-10 min, and transfer the upper organie layer to a 
500-mL yolumetric fiask. Transfer the lower agueous 
layer into the saponification fiask, add 1 70 mL of sol- 
vent hexane, and stir for an additional 20 min. Quan- 
titatively transfer the eon ten ts of the saponification fiask 
to the separatory funnef with the aid of portions of sol- 
vent hexane. Allow the layers to separate for 10 min. 
Drain the lower agueous layer, and discard. Transfer the 


organie layer to the volumetric fiask containlng the pre- 
vious!y collected organie layer. Rinse the separatory fum 
nel with smali portions of solvent hexane, and transfer 
the washings to the volumetric fiask. Dilute the hexane 
extracts with solvent hexane to volume, add 3 g of an- 
hydrous sodium sulfate, shake, and allow to settle. 
Quantitatlvely transfer a volume of this solution, equiva- 
lent to 100 pg of beta carotene, to a 50-mL volumetric 
fiask, Evaporate under a stream of nitrogen to dryness, 
and immediately add cydohexane. Add 2 mL of Iodine 
solution , and heat for 15 min in a water bath main- 
tatned at 65°. Cool rapidly, and dilute with cydohexane 
to vo!ume. 

Spectrometric conditions 

(See Uitravioiet-Visible Spectroscopy (857).) 

Modę: Vis 

Analytical wavelength: 452 nm 
Blank: Cyclohexane 
Analysis 

Sample: Sample solution 

Determine the absorbance against the Blank. 

Calculate the percentage of the labeled amount of beta 
carotene (GfoHss) in the portion of Tablets taken: 

Result = (Au/F) x (100/Cu) 

A u = absorbance of the Sample solution 
F ~ absorptivity of beta carotene at 452 nm, 223 
Cu = nominał concentration of beta carotene In the 
Sample solution (mg/mL) 

Acceptance critena: 90.0%-165.0% of the labeled 
amount of beta carotene (CioNsa) 

PERFORMANCE TE5TS 

• BlSINTEGRATION AND DlSSOLUTlON OF DIETARY SUPPLEMENTS 

(2040): Meet the reguirements for Dis Integra tion 

* Weight Variation of Dietary supplements (2091): Meet 

the reguirements 

CONTAMJNANTS 

0 Microbial Enumeration Tests (2021): The total aerobic 
mlcrobial count does not exceed 3000 tfu/g, and the 
combined molds and yeasts count does not exceed 300 
cfu/g. 

* Absence of Specified Mbcroorganisms (2022): Meet the 

requirements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

ADDITIONAL REQUIREMENTS 

0 Packaging and Storage: Preserve in tight, [ight-resistant 
contarners. 

• Labeling: 1 La bel the Tablets to state that the product is 

Oii-Soluble Vitamins Tablets. The label also States the 
guantity of each vitamin/dosage unit and where neces- 
sary the Chemical form in which it is present, Where the 
product contains vitamin E, the label indicates whether it 
is the d- or dl- form. Where morę than one assay method 
is given for a particular vitamin, the labeling States the 
assay method used only if Method I ts not used. 

1 USP Units of actEvity for vftamins, where 5 uch exhL or formerly exfsted, are 
equivalent to the correspanding internatfonat units, where sucn formerly ex- 
isted. The USP UniL for Vitamin E has been discontinued. International units 
(3 U) for vitamins also have be en discontinued; however, the use ot IU on the 
labels of vitamin products continues, Where arLtdes are labeled in terms of 
Units rn ad di tion to the required labeling^ the relationship of the USP Units or 
IU to mass is as folEows. One USP Vitamin A Unit = 0.3 pg of ali rrans-retinol 
(yitamin A alcohol) or 0,34^3 pig of alhfmm-retinyl acetate (vitamin A acetate) 
or 0.55 of a!l-fram*retiny| palmitate (vitamin A palmitate), and 1 |ig of 
retinoJ (3.3 USP VUamin A Units) = 1 retinol equivalent (RE); 1 IU of beta 
carotene ~ 0.6 ptg of all-trons-beta carotene; t USP Vitamin D Unit - 0.025 fig 
of ergocalctferol or cholecakiferol; and 1 mg of d/-alpha tocopherol -1.1 
former USP Yitamin E Units, I mg of d/-alpha Locopneryl acetate = 1 former 
USP Vitamin E Unii, 1 mg of dJ-alpha tocopheryl acid succinate = 0.89 former 
USP Yitamin E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Yitamin E 
Units, and 1 mg of d-alpna toccpheryl acetate = 1.36 former USP Warnin E 
Units, 1 mg of d-alpha tocopheryj aod succinate = 1.21 former USP Vitamin E 
Units. In terms of d-alpha tocopherol equivalents H 1 mg of d-alpha tocopheryj 
acetate = 0.91, 1 mg of d-atpba tocopheryj add succinate « 0.81 # 1 mg of at- 
alpha tocopherol - 0,74, 1 mg of dt- aJpha locopberyl acetate - 0.67, and 
1 mg of d/ ajpha tocopheryl acid suednate - 0.60, 
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* USP Referekce Standard s (11) 

U5P Alpha Tocopherol RS 

USP Afpha Tocopheryl Acetate RS 

USP Alpha Tocopheryl Acid Succinate RS 

USP Cholecaldferol RS 

USP Ergocalciferol RS 

USP Phytonadione RS 

USP Yitamin A RS 


Oil-Soluble Vłtamins with Minerals 
Capsules 

DEFINITION 

Oil-Soluble Vitamins with Minerals Capsules contain two or 
morę of the following oii-soluble vitamins: Vitamin A, as 
retinol or esters of retinol in the form of retinyl acetate or 
retinyl palmitate; Vitamin D as ergocalciferol (Vitamin D^) 
or cholecaldferol (Vitamin D 3 ); Vitamin E, as alpha to¬ 
copherol, alpha tocopheryl acetate, or alpha tocopheryl 
acid succinate; Phytonadione (Vitarnin Kt); beta carotene; 
and one or morę minerals derived from substances gener- 
ally recognized as safe, furnrshing one or morę of the fol¬ 
lowing eTements in ionfzable form: boron, calcium, chro- 
mium, copper, fluorine, iodine, iron, magnesium, 
manganese, molybdenum, nickel, phospnorus, potassium, 
selemum, tin, yanadium, and zinc. Capsules contain NLT 
90,0% and NMT 165.0% of the labeied amounts of vita¬ 
rnin A, as retinol equivatent (CwthoO); vitamin D, as cho- 
lecalciferol (C 27 H 44 O) or ergocalciferol {CzaLbjO); vitamin 
E, as alpha tocopherol (C 29 H 50 O 2 ), alpha tocopheryl ace¬ 
tate (CijHszOi), or alpha tocopheryl acid succinate 
(CjjHs.iOs); phytonadione (CaiH^O?); and beta carotene 
(OoHsfi); NLT 90.0% and NMT 125,0% of the labeied 
amount of calcium (Ca), copper (Cu), iron (Fe), magne¬ 
sium (Mg), manganese (Mn), phosphorus (P), potassium 
(K), and zinc (Zn); and NLT 90.0% and NMT 160,0% of 
the labeied amounts of baron (B), chromium (Cr), fluor- 
ine (F), iodine (I), molybdenum (Mo), nickel (Ni), sele- 
niurn (Se), tin (Sn), and vanadium (V)- 
They may contain other labeied added substances that are 
generalfy recognized as safe, in amounts that are 
unobjectionabie. 

5TRENGTH 
O VlTAMIN A 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Mobile phase: n-Hexane 

Standard solution 1: 13 pg/mL of retinol from USP Re¬ 
tinyl Acetate RS in n-hexane 

Standard solution 2: 1 3 pg/mL of retinol from USP Re¬ 
tinyl Palmitate R$ in n-hexane 
System suitability sofution: Mix equaf volumes of Stan¬ 
dard solution 1 and Standard solution 2. 

Sample solution: Transfer the contents of NLT 20 Cap¬ 
sules to a suitable Container, mix, and weigh. Transfer a 
portion of the mixture, equivalent to 5 Capsules, to a 
eon lamer having a polytef-lined screw cap. [Notę —For 
hard gelatin Capsules, remove, as completely as possi- 
ble, the contents of NLT 20 Capsules by cutting open 
Ehe Capsule shells, transferring the shells and their con¬ 
tents to a suitable Container, and triturating to a homo- 
geneous mass. Transfer a portion of the mass, equiva- 
fent to 5 Capsules, to a Container having a połytef-lined 
screw cap.] Add 10 mi of dimethyl sulfoxide and 15 mL 
of n-hexane, and shake for 45 min in a water bath 
maintained at 60°. Centrifuge at 3000 rpm for 10 min, 
and transfer the hexane layer by means of a pipet to a 
100-rnL volumetnc fiask, Add 15 mL of n-hexane to the 


dimethyl sulfoxide layer, shake thoroughly for 5 min, 
and transfer the hexane layer by means of a pipet to 
the 100-mL volumetrit fiask. Repeat this extraction with 
three additional 15-mL portions of n-hexane. Dilute the 
extracts in the volumetric fiask with n-hexane to vol- 
ume, Further dilute this solution with n-hexane to ob- 
tain a solution with a concentration of 1 3 jug/mL of vi- 
tamin A as retinol (C 2 t jH 3 oO). 

Chroma tog raphic system 
(See Chromatograpny (62 1), System Suitability ,) 

Modę: LC 

Detector: UV 325 nm 
Column: 4.6-mm x 15-cm; packing L 8 
Flow ratę: 1 mL/min 
Injectlon volume: 40 pL 
System suitability 
Sample: System suitability solution 
Suitability requirements 

Resolution: NLT 10 between alf-team-retinyl acetate 
and alhfrans-retinyl palmitate 
Reiative standard deviation: NMT 3,0% 

Analysis 

Samples: Standard solution 1 or Standard solution 2 
and Sample solution 

Calculate the percentage of the labeied amount of vita- 
min A, as retinol (C 20 R 30 O), in the portion of Capsules 
taken: 

Result = (Wn) x (Q/Cu) x 100 

r u = peak area of the ali-teans-retinyl ester from the 
Sample solution 

r 5 ^ peak area of the all-teans-retinyl ester from the 
appropriate Standard solution 
C s = concentration of retinol in the appropriate 
Standard solution (pg/mL) 

Co = nominał concentration of vitamin A, as retinol, 
in the Sample solution (pg/mL) 

Acceptance criteria: 90.0%-165.0% of the labeied 
amount of vitamin A as retinol equivalent (C 20 H 30 G) 

* VIIAMIN D 

[Notę—W here vitamin D (cholecaldferol or ergocalcif¬ 
erol) is specified in the following procedurę, use the 
Chemical lorm present in the formulatfon and the rele- 
vant USP Reference Standard. Use low-actinic glassware 
throughout this procedurę.] 

Mobile phase: n-Hexane and isopropyl alcohol (99:1) 
Standard solution: 2 pg/mL of USP Choiecalciferof RS 
or USP Ergocalciferol RS in n-hexane 
System suitability solution: Heat a volume of the Stan- 
dard solution at 60° for 1 h to partially isomerize vita- 
min D (cholecaldferol or ergocalciferol) to its corre- 
sponding precursor, 

Sample solution: Transfer NLT 20 mL of a solution pre- 
pared as directed for the Sample solution in Vitamin A to 
a suitable Container, and concentrate, if necessary, in 
vacuum at room temperaturę to obtain a solution with 
an expected concentration of 2 pg/mL of cholecaldferol 
or ergocalciferol. 

Chromatographic system 
(See Chromatograpny (621), System Suitability .) 

Modę: LC 

Detector: UV 265 nm 

Column: 4.6-mm x 15-cm; 3-pm packing L 8 
Flow ratę: 1 mL/mtn 
Injeclion volume: lOO pl 
System suitability 
Sample: System suitability solution 
Suitability requirements 

Resolution: NLT 10 between the yitamin D form 
present and its corresponding precursor 
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Relative standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard solution and S ample solution 
Calcu late the percentage of the labeled amount of cho- 
lecafcifero! (C 27 H. 34 O) or ergocalciferol (CzahWG) m the 
portion of Capsules taken: 

Result - (rjrś) x (Cs/Co) x F x 1 00 

fu = peak area of cholecaldferol or ergocalciferol 
from the Sample solution 

r$ - peak area of cholecaldferol or ergocalciferol 
from the Standard solution 
G - concentration of SJSP Cholecaldferol RS or 

USP Ergocalciferol RS in the Standard solution 

(Hg/mp 

Cu - nominał concentration of cholecaldferol or 

ergocalciferol in fhe Sample solution (jig/ml) 

F = correction factor to account for the average 
amount of pre-vitarnin D present in the 
Sample solution, 1 *09 

Acceptance cnteria: 90,0%-! 65.0% of the labeled 
amount of vitamin D as cholecalciferol (C^htwO) or er¬ 
gocalciferol (CsatiMO) 

* VlTAMIN E 

[Notę —Where vitamin E (alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl acid sucdnate) 
is specified in the following procedurę, use the Chemical 
form present in the formufation and the relevant USP 
Reference Standard. Use low-actinic glassware through- 
out this procedurę.] 

Solution A: Phosphoric acid solution (1 rn 100) in 
water 

Mobile phase: Methanol and Solution A (19:1) 

Standard solution: 2 mg/mL of USP Alpha Tocopherol 
RS, USP Afpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Acid Sucdnate RS in methanol 
Sample solution: Transfer NLT 20 ml of the solution 
p repa red as directed for the Sample solution in Vitamin 
A to a suitable Container, and evaporate in vacuum at 
room temperaturę to dryness. Transfer the residue wllh 
the aid of methanol to a suitable voiumetric fiask, and 
diiute with methanol to volume to obtain a concentra¬ 
tion of 2 mg/mL of alpha tocopherol, alpha tocopheryJ 
acetate, or alpha tocopheryl acid sucdnate. 
Chromatographic system 
(See Chromatograpny (621), System Suitability,) 

Modę: LC 

Detector: UV 291 nm 
Column: 4.6-mm x 15-cm; 5-pm packing LI 
Flow ratę: 1 mL/min 
Injection volume: 50 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Tailfng factor: NMT 1 *5 
Relatrve standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of al¬ 
pha tocopherol (C^HsoO*), alpha tocopheryl acetate 
{C 31 H 52 O 1 ), or alpha tocopheryl acid sucdnate 
{C 33 H 5 . 1 O 5 ) in the portion of Capsules taken: 

Result - (fu/rs) x (G/G) x 100 

Fu - peak area of the relevant vitarnin E form from 
the Sample solution 

r$ = peak area of the relevant vitamfn E form from 
the Standard solution 

Cs = concentration of the corresponding USP 

Reference Standard En the Standard solution 
(mg/mL) 


Cu = nominał concentration of the corresponding 
form of vitamin E in the Sample solution 
(mg/mL) 

Acceptance critena: 90.0%-165.0% of the labeled 
amount of vitamin E 
« Phytonadione (Witamin Id) 

[Notę —Use low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Methanol and water (19:1) 

Standard stock solution: 200 pg/mL of USP Phytona- 
dione RS in methanol. Dissoive with the aid of sonica- 
tion if necessary. 

Standard solution: 20 pg/mL of USP Phytonadione RS 
from the Standard stock solution diluted with methanol 
System suitability solution: 0.65 mg/mL of USP Alpha 
Tocopheryl Acetate RS and 2Gpq/mL of USP Phytona¬ 
dione RS from the Standard stock solution diluted with 
methanol. [Notę —Dissolve USP Alpha Tocopheryl Ace¬ 
tate RS in a portion of methanol, add the Standard 
stock solution f and then di lute with methanot to 
volume.] 

Sample solution: Transfer NLT 20 mL of the solution 
p rep a red as directed for the Sample solution in Vitamin 
A to a suitable Container, and evaporate in vacuum at 
room temperaturę to dryness. Transfer the residue with 
the aid of methanol to a suitable volumetric fiask, and 
dllute with methanol to volume to obtain a concentra¬ 
tion of 20 pg/mL of phytonadione. 

Chrom a tog rap hic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 15-cm; 5-pm packing LI 
Flow ratę: 1 mL/min 
Injectloń volume: 50 jiL 
System suitability 

Samples: Standard solution and System suitability 
solution 

Suitability requirements 

Resolution: NLT 5 between alpha tocopheryl acetate 
and phytonadione, System suitability solution 
Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of 
phytonadione (C 3 iH^O z ) in the portion of Capsules 
taken: 

Result = (te/rj) x (Cs/Cu) X 100 

r u = peak area from the Sample solution 
- peak area from the Standard solution 
C s - concentration of USP Phytonadione RS in the 
Standard solution (jug/mL) 

Cu = nominał concentration of phytonadione in the 
Sample solution (pg/mi) 

Acceptance criteria: 90.0%-l 65.0% of the labeled 
amount of phytonadione (C^H^Oz) 

® Beta Carotene 

[Notę —Use low-actinic glassware*] 

Mobile phase: Transfer 50 mg of butylated hydroxytol- 
uene into a 1-L votumetnc fiask, and dissolve with 
20 mL of 2-propanoi. Add 0,2 ml of N-ethyfdiisopropyl- 
amine, 25 mL of 0.2% ammonium acetate solution, 

455 mL of acetonitriie, and about 450 mL of methanol. 
Allow the solution to reach to room temperaturę, and 
diiute with methanol to voiume. 

Diluent: 50 jag/ml of butylated hydroxytoluene in 
alcohol 

System suitability solution: Transfer 20 mg of USP Beta 
Carotene System Suitability RS to a 50-mL vo!umetric 
fiask. Add 1 mL of water, 4 mL of telrahydrofuran, and 
sonicate for 5 min. Diiute with Diluent to volume, and 
sonicate for 5 min. Cool to room temperaturę, pass the 
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suspension through a membranę filter of 0.45-pm porę 
size, and use the elear filtrate. 

Standard stock solution: 60 pg/ml of USP Beta Caro¬ 
tene RS in tetrahydrofuran 

Standard solution A: Transfer 5.0 mL of the Standard 
stock solution into a 100-mL volumetric fiask, add 
5.0 ml of tetrahydrofuran, and dilute with Diluent to 
volume. 

D eter minę the eon centrali on of Standard solution A 
from the concentration of Standard solution 6 as de* 
scrlbed helów. 

Standard solution B: Transfer 5,0 ml_ of the Standard 
stock solution into a 100-mL volumetric fiask, and dilute 
with cydohexane to vdume. Prepare in triplicate. 
Instrumental conditions 
(See Ultraviolet-Visible Spectroscopy {857).) 

Anałytical wavelength: 457 nm 
Celi path; 1 cm 
Blank: Cyclohexane 
Analysrs 

Sampie: Standard solution B 
Ca kufa te the concentration of to tal beta carotene 
(mg/mL) as all-trans-beta carotene CC 4 dH 5 6) in Standard 
solution B. [Notę—T he concentration of Standard solu¬ 
tion B equals the concentration of Standard solution A] 

Resuft = A/F 

A ~ average absorbance of the three preparations 
of Standard solution B 

F absorptivity of pure alf-trom-beta carotene in 

cyclohexane, 250 

Sampie solution: Transfer NLT 20 mL of the solution 
p repa red as directed for the Sampie solution In Wamin 
A to a suitable Container, and evaporate in vacuum at 
room temperaturę to dryness. Dissolve the residue in a 
mixture of methylene chloride and Diluent (1:1), and 
dilute with the same mixture to obtain a concentration 
of 3 pg/mL of beta carotene. Pass through a membranę 
filter of 0,45-pm porę size if necessary, 
Chromatographic system 
(See Chromatograpny (621), System Suita bili ty.) 

Modę: LC 

Detector: UV-Vis 448 nm 

Column: 4,6-mm x 25-cm; 5-pm packing L68 

Column temperatura: 30° 

Fiow ratę: 0.6 mL/mln 
Injection voltrme: 20 pL 
System suitability 

Samples: System suitability solution and Standard solu- 
tion A 

[Notę—T he approximate relative retention times of the 
components in the System suitability solution are fisted 
in Tobie /.] 


labie 1 


Name 

Relative 

Retention 

Time 

Reiative 

Response 

Factor 

All-trom-Aipha carotene 

0.93 

1.1 

All-trans-Beta carotene 

1.00 

1 

9-c/s-Beta carotene 

1.07 

1 

1 3-ds-Beta carotene 

1.17 

1.2 

1 S-t/s-BeŁa carotene 

1.21 

1 A 


Suitability reguirements 

Chromatogram simiiarity: The chromatogram from 
the System suitability solution is similar to tne refer- 
ence chromatogram provided with the fot of USP 
Beta Carotene System Suitability RS being used. 
Resolution: NLT 1.5 between beta carotene and al- 
ha carotene and between beta carotene and 9-c/S' 
eta carotene, System suitability solution 


Tailtn g factor: NMT 2.0 for the beta carotene peak, 
Standard solution A 

Relative standard deviation: NMT 2,0% for the beta 
carotene peak from replicate injections. Standard s oiu- 
tion A 
Analysis 

Samples: Standard solution A and Sampie solution 
Calculate the percentage of atl-teom-beta carotene in 
the portion of Capsuies taken: 

Result = (ru/rs) x (Cd Cu) x 100 

r u “ peak area of all-frons-beta carotene from the 
Sampie solution 

r s - peak area of all-frons-beta carotene from 
Standard solution A 

Cs - concentration of all-froro-beta carotene in 
Standard solution A as determined by 
spectrometnc procedurę 

Cu - nominał concentration of beta carotene in the 
Sampie solution 

Acceptance criteria: 90.0%-l 65.0% of the labeled 
amount of beta carotene (GoHsć) 

* Calcium, Methad l 

Lanthanum chloride solution: 267 mg/mL of lantha- 
num chloride heptahydrate in 0,125 N hydrochloric 
add 

Cakium standard solution: 400 pg/mL of calcium. Dis- 
solve 1.001 g of calcium carbonate, previously drred at 
300 D for 3 h and cooled in a desiccator for 2 h, in 
25 mL of 1 N hydrochloric add, BoiJ to expe! carbon 
dioxide, and dilute with water to 1000 ml. 

Standard stock solution: 100 ug/mL of calcium from 
the Calcium standard solution diluted with 0.125 N hy¬ 
drochloric acid 

Standard Solutions: Into separate 100-mL volumetnc 
flasks pipet 1.0, 1.5, 2.0, 2,5, and 3,0 mL of the Stor?- 
dard stock solution. To each fiask add 1.0 mL of Lantha¬ 
num chloride solution, and dilute with 0.125 N hydro¬ 
chloric acid to volume to obtain concentrations of 1.0, 
1.5, 2.0, 2.5, and 3.0 pg/ml of calcium. 

Polysorbate 80 solution: Polysorbate 80 and alcohol 
( 1 : 10 ) 

Sampie solution: Transfer 5 Capsuies to a 100-mL volu- 
metric fiask. [Notę —For hard gelatin Capsuies, weigh 
NLT 20 Ca psuies. O pen the Capsuies, without loss of 
shell materia!, and transfer the contents to a suitable 
Container. Remove any contents adhering to the empty 
shells by washing with several portions of ether. Discard 
the washings, and a [Iow the Capsule shel ls to dry. 

Weigh the empty Capsule shells, caiculate the net 
weiaht of the Capsule contents, and transfer a portion 
of tne Capsule contents, equivalent to 5 Capsuies, to a 
100-mL vo!umetric fiask,] Add 15 mL of water, 10 mL of 
6 N hydrochloric add, and 1 ml of Polysorbate 80 solu- 
thn to the fiask. Heat on a hot piąte or steam bath, 
with intermittent swirling, until the Capsuies are com- 
pleteiy dislntegrated or tne contents are disso!ved. Boil 
gently for an additional 15 min. Cool, dilute with water 
to volume, and fiiter, discarding the first 5 mL of the 
filtrate, Dilute this solution with 0.125 N hydrochloric 
acid, to obtain a concentration of 2 pg/mL of cafeium, 
adding 1 mLof Lanthanum chloride solution per 100 mL 
of the finał volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Anałytical wavelength: Calcium emission linę at 
422.7 nm 

Lamp: Calcium holJow-cathode 
Flame: Nitrous oxide-acetylene 
Biank: 0,125 N hydrochloric acid containing 1 mL of 
Lanthanum chloride solution per 100 mL 
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Analysis 

Sampfes: Standard Solutions and Sampie soiutbn 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the eoncentration, in [itj/mL, of caldum, and 
draw the straight linę best fittmg the five plotted 
points. Prom the graph so obtained, determine the 
eoncentration, C, m mg/mL, of calcium in the Sampie 
solution . 

Calculate the percentage of the labeled amount of cal- 
cium (Ca) in the portion of Capsules taken: 

Result ss (C/Cu) * 100 

C - measured eoncentration of caldum in the 
Sampie solution (jig/mL) 

Cu - nominał eoncentration of calcium m the 
Sampie solution (pg/mL) 

Ac cep tance eriteria: 90.0%-125.0% of the labeled 
amount of calcium (Ca) 

• Chromium, Method 1 

Chromium standard solution: 1 000 pg/mL of chro- 
mium from potassium dichromate, previously dried at 
120° for 4 h in water. Storę in a polyethylene bottle. 
Standard stock solution: 10 pg/mL of chromium from 
Chromium standard solution diluted with 6 N hydrochlo- 
ric acid and water (1 in 20) 

Standard Solutions: Transfer 10,0 and 20,0 ml of the 
Standard stock solution to separate 100-mL volumetric 
flasks, and transfer 15,0 and 20,0 ml_ of the Standard 
stock solution to separate 50-mL vo!umetric flasks, Dilute 
the contents of each of the four flasks with 0.125 N 
hydrochloric acid to volume to obtain concentrations of 
1.0, 2.0, 3.0, and 4.0 pg/mL of chromium. 

Sampie solution: Proceed as directed in Calcium , 
Method i , except prepare the Sampie solution to con- 
tain 2.5 pg/mL of chromium and omit the use of the 
Lanthanum chloride solution , 

Instrumental condrtions 
{See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Anaiytical wavelengtn: Chromium emission fine at 
357,9 nm 

Lamp: Chromium hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Sampies: Standard Solutions and Sampie solution 
Determine the absorbances of the Solutions against the 
Blank , Plot the absorbances of the Standard Solutions 
versus the eoncentration, in pg/mL, of chromium, and 
draw the straight linę best fittmg the four plotted 
points. From the graph so obtained, determine the 
eoncentration, C, in pg/mL, of chromium in the Sam- 
ple soiutbn. 

Calculate the percentage of the labeled amount of 
chromium (Cr) in the portion of Capsules taken: 

Result = (C/Cy) x 100 

C = measured eoncentration of chromium in the 
Sampie solution (pg/mL) 

C v - nominał eoncentration of chromium in the 
Sampie sof uf fon (pg/mL) 

Acceptance eriteria: 9O.O%--16O.0% of the labeled 
amount of chromium (Cr) 

• Copper, Method 1 

Copper standard solution: Dissolve 1.00 g of copper 
foil in a minimum volume of a 50% solution of nitric 
acid, and dilute with a 1% solution of nitric add to 
1000 mL. Thfs solution contains 1000 pq/mL of copper. 
Standard stock solution: 100 pg/mL of copper from 
the Copper standard solution diluted with 0.125 N hy¬ 
drochloric acid 


Standard Solutions: To separate 200-mL voiumetric 
flasks transfer 1.0, 2.0, 4.0, 6.0, and 8,0 mL of the Stan¬ 
dard stock solution. Dilute with 0.125 N hydrochloric 
acid to volume to obtain concentrations of 0.5, 1.0, 

2.0, 3,0, and 4,0 pg/mL of copper, 

Sampie solution: Proceed as directed in Calcium, 
Method I, except prepare the Sampie solution to eon- 
tain 2 uq/mL of copper and omit tne use of the Lantha¬ 
num cnforide solution , 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Anaiytical wavelength: Copper emission linę at 324.7 
nm 

Lamp: Copper hoflow-cathode 
Flame: Air^acetylene 
Blank: 0,125 N hydrochloric add 
Analysis 

Samples: Standard Solutions and Sampie solution 
Determine the absorbances of the Solutions against the 
Blank , Plot the absorbances of the Standard Solutions 
versus the eoncentration, in fig/mL, of copper, and 
draw the straight linę best fitting the five plotted 
points. From tne graph so obtained, determine the 
eoncentration, C, in pg/mt, of copper in the Sampie 
solution . 

Calculate the percentage of the labeled amount of cop- 
per (Cu) in tne portion of Capsules taken: 

Result = (C/Cu) x 100 

C = measured eoncentration of copper in the 
Sampie solution (pg/mL) 

Cy - nominał eoncentration of copper in the 
Sampie solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeled 
amount of copper (Cu) 

• Fluoride, Method 1 

[NOTĘ—Storę all Solutions in plastic containers.] 

3 M sodium acetale solution: Dissolve 408 g of so- 
dium acetale in 600 mL of water contained in a 
1000-mL volumetric fiask. Allow the solution to eguili- 
brate to room temperaturę, and dilute with water to 
volume. Adjust with a few drops of acetic acid to a pH 
of 7.0. 

Sodium citrate solution: Dissolve 222 g of sodium ctt- 
ratę in 250 mL of water in a 1000-mL volumetrie fiask. 
Add 28 mL of perchloric acid, and dilute with water to 
volume. 

Fluoride standard stock solution; 500 )ig/mL of fluo¬ 
ride from a quantity of sodium fluoride in water, prevL 
ously dried at 100 D for 4 h and cooled In a deslccator 
Intermediate stock solution A: 100 pg/mL of fluoride 
from the Fluoride standard stock solution diluted with 
water 

Intermediate stock solution B: 10 pg/mL of fluoride 
from the Fluoride standard stock solution diluted with 
water 

Standard Solutions: To fwe separate 100-mL volumetric 
flasks transfer 3,0, 5,0, and lO.OmL of Intermediate 
stock solution B and 5.0 and 10.0 mL of intermediate 
stock solution A. To each fiask add 10.0 ml of 1 N hy¬ 
drochloric acid, 25 mL of 3 M sodium acetate solution , 
and 25.0 ml of Sodium citrate solution. Difute the con¬ 
tents of each fiask with water to volume to obtain con¬ 
centrations of 0,3, 0,5, 1.0, 5.0, and 10.0 pg/mL of 
fluoride. 

Sampie solution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
weight of the contents. Transfer a quantitv of the mixed 
Capsule contents, equivalent to 200 ^ig of fluoride, to a 
100-mL yolumetric fiask. Add 10.0 mL of 1 N hydro¬ 
chloric add, 25.0 mL of 3 M sodium acetate solution , 
and 25.0 ml. of Sodium citrate solution. Dilute with 
water to volume. 
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Analysis 

Samples: Standard Solutions and Sample solution 
To separate plastic beakers, each containing a plastic- 
coated stirring bar, transfer 50.0 mL each of the Stan¬ 
dard Solutions and the Sample solution , Measure the 
potentials (see pH {79])), in mV, of the Standard solu - 
tions and the Sample solution , with a pH meter capable 
of a minimum reproducibility of ±0.2 mV and 
eguipped with a fluoride-specific ion-indicating elec- 
trode and a cafomel reference electrode. [Notę —When 
taking measurements, immerse the electrodes tn the 
solution, stir on a macjnetic stirrer having an insulated 
top until equilibrium is attained (1-2 min), and record 
the potential. Rinse and dry the electrodes between 
measurements, taking care to avoid damaging the 
crystal of the specific-ion electrode.] 

Plot the logarithms of fluoride concentrations, in 
pg/mL, of the Standard Solutions versus potential, in 
mV. From the standard response curve so obtained 
and the measured potential of the Sample solution , de- 
termine the concentration, C, in mg/ml, of fluoride in 
the Sample solution. 

Calculate the percentage of the labeled amount of 
fluorine (F) in the portion of Capsules taken: 

ResuJt = (C/Co) x 100 

C - measured concentration of fluoride in the 
Sample solution (pg/mL) 

Cu = nominał concentration of fluorine in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%~160.0% of the tabeled 
amount of fluorine (F) 

* Fluoride, Method 2 

[NOTĘ—Use plastic containers and deionized water 
throughout fchis procedurę.] 

pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydrox- 
ide to 1000 mL of 0.05 M sodium bicarbonate. 

Mobile phase: Alcohol, 0.1 N sulfuric add, and water 
(20:5:175) 

Standard stock solution: 220 pg/mL of USP Sodium 
Fluoride RS in water. This solution contains 100 pg/mL 
of fluoride. 

Standard solution: [NOTĘ—CondłUon the solid-phase 
extraction column speclfied for use in the Standard solu¬ 
tion and the Sample solution in the folfowing manner. 
Using a vacuum at a pressure not exceeding 5 mm of 
mercury, wash the column with one column volume of 
methanol followed by one column volume of pH 10*0 
buffer. Do not aflow the column top to drv. If fhe top 
of the column becomes dry, recondition tne column.] 
Transfer 10.0 mL of the Standard stock solution to a 
100-mL volumetric fiask. Add 75 mL of water, and ad- 
just with 0.1 N sodium hydroxide to a pH of 10.4 ± 

0,1. Dilute with water to volume. Filter, discarding the 
first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate 
to a 50-mL voiumetric fiask, add 15,0 mL of water, and 
adjust with 0.1 N sodium hydroxide to a pH of 10.0. 
Dilute with pH 10,0 buffer to volume* Elu te a portion of 
this solution through a 3-mL solid-phase extraction col¬ 
umn containing LI packing that is connected through 
an adaptor to a second solid-phase extraction coiumn 
containing sulfonylpropyl strong cation-exchange pack¬ 
ing. Discard the first 3 mL of the eluate, and collect the 
rest of the eluate in a suitabte fiask for mjection into the 
chromatograph. 

Sample solution: Weigh NLT 20 Capsules in a tared 
weighing bottle. Open the Capsules, without loss of 
sheff materiał, and transfer the eontents to a 100-mL 
Container. If necessary, remove any eontents adhering 
to the empty shells by washing with several portions of 
ether. Discard the washings, and dry the Capsule shells 
with the a id of a current of dry air. Weigh the empty 
Capsule shells in the tared wetghing bottle, and calcu¬ 


late the net weight of the Capsule eontents. Transfer a 
portion of the Capsule eontents, equivalent to 1 mg of 
fluorine, to a 100-mL volumetric fiask. Add 15 mL of 
water, and shake vigorousfy. Rinse the sides of the fiask 
with 15 mL of water, and allow to stand for 10 min. 
Dilute with water to 85 mL, adjust with 1 N sodium liy- 
droxide to a pH of 10.4 ± 0.1, and dilute with water to 
100 mL. Proceed as directed for the Standard solution , 
beginning with "Filter, discarding the first 15 mL of the 
filtrate/' 

Chromatographic system 

(See Chromatograpny (621), System Suitability ,) 

Modę: LC 

Detector: Conductivity 
Columns 

Guard: 4.6-mm x 3-cm; packing LT7 
Analytical: 7.8-mm x 30-cm; packing LI 7 
Flow ratę: 0.5 mL/min 
injection volume: 100 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for fluoride. 

Calculate the percentage of the labeled amount of 
fluorine (F) in the portion of Capsules taken: 

Result = (fy/fs) x (G/G,) x 100 

fu - peak area from the Sample solution 

r$ = peak area from the Standard solution 

G - concentration of fluoride in the Standard 
solution Oig/mL) 

G - nominał concentration of fluorine in the 
Sample solution (pg/mŁ) 

Acceptance criteria: 90.096-160.0% of the labeled 
amount of fluorine (F) 

• Iodide, Method 1 

Bromine water: To 20 mL of bromine in a glass-stop- 
pered bottle add 100 mL of water. Insert the stopper 
into the bottle, and shake. Allow to stand for 30 min, 
and use the supernatant. 

Analysis 

Sample: Capsules 

Remove the eontents of Capsules by cutting open the 
Capsules. Mfx, and determine the weight of the con- 
tents. Transfer a quantity of the eontents, equivalent to 
3 mg of iodine, to a nickel crucible. Add 5 g of sodium 
carbonate, 5 mL of 50% (w/v) sodium hydroxide solu¬ 
tion, and 10 mL of alcohol, taking care that the en tire 
spedmen is moistened. Heat the crucible on a steam 
bath to evaporate the alcohol, then dry the crucible at 
100° for 30 min to prevent spattering upon subse- 
quent heating. Transfer the crucible with its eontents 
to a fumace neated to 500 Q , and heat the crucible for 
15 min. [NOTĘ—Heating at 500° is necessary to 
carbonize any organie matter present; a higher tem¬ 
peraturę may be used, rf necessary, to ensure com- 
plete carbonization of all organie matter.] 

Cool the crucible, add 25 mL of water, cover the truci- 
ble with a watchglass, and boi! gently for 10 min. Fil¬ 
ier the solution, and wash the crucible with boiling 
water, collecting the filtrate and washings in a bealcer. 
Add phosphoric acid until the solution is neutral to 
methyl orange, then add 1 mL excess of phosphoric 
acid. Add excess of Bromine water , and boil the solu¬ 
tion gently until colorless and then for 5 min longer. 
Add a few erystais of salicylic acid, and cool the solu¬ 
tion to 20 D , Add 1 mL of phosphoric add and 0.5 g of 
otasstum iodide, and Utratę the iiberated iodine with 
.005 N sodium thiosulfate VS, adding starch TS when 
the Iiberated iodine color has nearly disappeared. 
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Calculate the percentage of the labeled amount of ro- 
dine (I) in the portion of Capsules taken: 

Re suit - Vx N Ą x Fx W x (AJ W) x (100/0 

V s vo!ume of sodium thiosulfate consumed (mL) 
N a = actual normality of the sodium thiosulfate 
solution used 

f = correctlon factor to corwert mg to jig, 

1000 pg/mL 

Im - mitllequivalent of I, 21.16 mg/meq 
A w - average weight of the Capsules content 
W - weight of the sample of Capsules content 
taken 

i = labeled amount of iodine (pg/Capsute) 
Acceptance eriteria: 90.0%-l 60.0% of the labeled 
amount of iodine (I) 

* Iodide, Method 2 

Analysis: Proceed as directed, 

Acceptance eriteria: 9O,O%-160.O% of the labeled 
amount of iodine (I) 

* Iron, Method 1 

Iron standard stock solution: Transfer 100 mg of iron 
powder to a 1000-mL yofumetric fiask. Dissolve in 
25 mL of 6 N hydrochloric acid, dilute with water to 
volume, and mix. 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 2.0, 4.0, 5.0, 6.0, and 8.0 mL of iron 
standard stock solution. Dilute the contents of each fiask 
with 0.125 N hydrochloric acid to volume to obtain 
concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 pg/mL of 
iron. 

Polysorbate 80 solution: Prepare as directed in Cal¬ 
dum , Method 1. 

Sample solution: Proceed as directed in Coltium, 
Method l t except prepare the Sample solution to con- 
taln a concentration of 5 pg/mL of tron and omit the 
use of the Lont han um chlonde solution . 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Iron emission linę at 248.3 nm 
Lamp: Iron hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank* Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of iron, and dra w 
the straight linę best fitting the five plotted points. 
From the graph so obtained, determine the concentra* 
bon, C, in pg/mL, of iron in the Sample solution . 
Calculate the percentage of the labeled amount of iron 
(Fe) in the portion of Capsules taken: 

Result - (C/Cu) x 100 

C = measured concentration of iron in the Sample 
solution (pg/mL) 

Cu - nominał concentration of iron in the Sampie 
solution (pg/mL) 

Acceptance eriteria: 90.0%-125.0% of the labeled 
amount of iron (Fe) 

* Magnesium, Method 1 

Lanthanum chloride solution: Prepare as directed in 
Caldum, Method h 

Magnesium standard solution: Transfer 1.0 g of mag¬ 
nesium ribbon to a 1000-mL volumetric fiask, dissolve 
In 50 mL of 6 N hydrochloric acid, dilute with water to 
volume, and mix to obtain a solution with a known 
concentration of 1000 pg/mL of magnesium. 

Standard stock solution: 20 pg/mL of magnesium 
from Magnesium standard solution diluted with 0,125 N 
hydrochloric acid 


Standard Solutions: To separate 100-mL volumetric 
flasks transfer 1,0, 1.5, 2.0, 2.5, and 3.0 mL of the Ston- 
dard stock solution , To each fiask add 1.0 mL of Lantha¬ 
num chlonde solution, and dilute with 0.125 N hydro- 
chlonc acid to volume to obtain concentrations of 0.2, 
0.3, 0.4, 0.5, and 0.6 pg/mt of magnesium. 

Polysorbate 80 solution: Prepare as directed in Cal- 
cium, Method 1. 

Sample solution: Proceed as directed in Caldum, 
Method 7, except prepare the Sample solution to eon- 
tain 0.4 pg/mL of magnesium. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Maqnesium emission linę at 
285 2 nm 

Lamp: Magnesium hollow-cathode 
Flame: Air-acetylene 

Blank: 0.125 N hydrochloric add contalning 1 mL of 
Lanthanum chloride solution per 100 mL 
Analysis 

Samples: Standard solutbns and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in jig/mL, of magnesium, 
and dra w the straight linę best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, Tn pg/ml, of magnesium In the Sam* 
ple solution . 

Calculate the percentage of the labeled amount of 
magnesium (Mg) in tne portion of Capsules taken: 

Result - (C/Cu) x 100 

C = measured concentration of magnesium in the 
Sample solution (pg/mL) 

Cu - nominał concentration of magnesium In the 
Sample solution (pg/ml) 

Acceptance eriteria: 90.0%-125.0% of the labeled 
amount of magnesium (Mg) 

* Manganese, Method 1 

Manganese standard stock solution: Transfer 1.00 g of 
manganese to a 1000-mL volumetric fiask. Dissolve in 
20 ml of nitric acid, dilute with 6 N hydrochloric acid 
to volume, and mix to obtain a solution with a concen¬ 
tration of 1000 pg/mL of manganese. 

Standard stock solution: 50 pg/mL of manganese from 
the Manganese standard stock solution diluted with 
0.125 N hydrochloric add 

Standard Solutions: To separate 100-mL voiumetric 
flasks transfer 1.0, 1,5, 2.0, 3,0, and 4.0 mL of the 5ton- 
dard stock solution. Dilute the contents of each fiask 
with 0.125 N hydrochloric add to volume to obtain 
Solutions with known concentrations of 0.5, 0.75, 1,0, 

1.5, and 2.0 pg/mL of manganese. 

Polysorbate 80 solution: Prepare as directed In Cal¬ 
dum, Method /. 

Sample solution: Proceed as directed in Caldum , 

Method 7, except prepare the Sampie solution to con- 
tain 1 pg/mL of manganese and omit the use of the 
Lanthanum chloride solution. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Manganese emission linę at 
279 5 nm 

Lamp: Manganese hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, In pg/mL, of manganese, 
and draw the straight linę best fitting the five plotted 
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points. From the graph so obtained, determine the 
concentration, Q In pg/mL, of manganese in the Sam¬ 
ple solution, 

Calculate the pereentage of the labeled amount of 
manganese (Mn) in the portion of Capsules taken: 

Resuft - (C/Cu) x 100 

C = measured concentration of manganese in the 
Sample solution (pg/mL) 

Cy = nominał concentration of manganese in the 
Sompie solution (pg/mL) 

Acceptance criterra: 90.096-125.0% of the labeled 
amount of manganese (Mn) 

• Molybdenum, Method 1 

Diluent: 20 mg/mL of ammonium chloride In water 

Moiybdenum standard solution: Transfer 1.0 g of mo- 
lybdenum wire to a 1000-mL volumetric fiask, and dis- 
solve in 50 ml of nitric acid, warming if neeessary. Di- 
lute with water to volume, and mix to obtain a solution 
with a concentration of 1000 pg/mL of moiybdenum. 

Standard stock solution: 100 pg/mL of moiybdenum 
from the Moiybdenum standard solution diluted with 
water 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 2.0, 10,0, and 25,0 mt of the Standard 
stock solution , and add 5,0 mL of perohloric acid to 
each fiask, Gently boil the solution in each fiask for 15 
min, cool to room temperaturę, and dilute each with 
Diluent to volume to obtain concentrations of 5.0, 10.0, 
and 25.0 pg/mL of moiybdenum. 

Polysorbate 80 solution: Prepare as directed In Cal- 
cium, Method L 

Sample solution: Proceed as directed in Calcium , 
Method 7, except take a number of Capsules or a por¬ 
tion of Capsule contents equivalent to 1000 pg of mo¬ 
iybdenum and make appropriate diludons to obtain a 
finał concentration of 10 pg/mL of moiybdenum, omit- 
ting the addition of the Lanthanum chloride solution , 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelengtn: Moiybdenum emission linę at 
313,3 nm 

Lamp: Moiybdenum hollow-cathode 
Flame: Nitrous oxide-acetylene 
Blank: Diluent and perchloric add (20:1) 

Analysis 

Sampies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank, Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of moiybdenum, 
and draw the straight linę best fitting the three plotted 
points, From the graph so obtained, determine the 
concentration, C, in pg/mL, of moiybdenum in the 
Sample solution. 

Calculate the pereentage of the labeled amount of mo¬ 
iybdenum (Mo) in the portion of Capsules taken: 

Result = (C/Cu) x 100 

C - measured concentration of moiybdenum in 
the Sample solution (pg/mL) 

Cu = nominał concentration of moiybdenum in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-160.0% of the labeled 
amount of moiybdenum (Mo) 

• Moiybdenum, Method 2 

Sodium ffuoride solution: Add 200 mL of water to 
10 g of sodium fluoride, star until the solution is satu- 
rated, and filter. Storę In a polyethylene bottle. 

Ferrous sulfate solution: 4,98 mg/mL of ferrous sulfate 
in water 

Potassium thiocyanate solution: 200 mg/mL of potas- 
sium thiocyanate in water 


20% Stannous chloride solution: Transfer 40 mg of 
stannous chloride to a beaker, add 20 mL of 6.5 NI hy- 
drochloric acid solution, and heat the solution until the 
stannous chloride is dissoived. Cool, and dilute with 
water to 100 mL. 

Diluted stannous chloride solution: 20% Stannous 
chloride solution diluted with water (1 in 25), Prepare 
this solution fresh at the time of use. 

Standard solution: 20 pg/mL of moiybdenum in water 

Sample: Remove the contents of a counted number of 
Capsules by cutting open the Capsules. Mix, and deter¬ 
mine the weight of the contents. Use a quantity of the 
Capsule contents, eguivalent to 40 pg of moiybdenum. 

Instrumental conditions 
(See Atom/c Absorption Spectroscopy (852).) 

Modę: UV-Vis 

Analytical wavelength: 465 nm 

Celi: 1 cm 

Blank: Amyl alcohol 

Analysis 

Sampies: Standard solution and Sample 
Transfer the Sompie and 2.0 ml of the Standard solution 
to separate 200-mL beakers. Add 20 mL of nitric add 
to each beaker. Cover each beaker with a watchglass, 
and boil slowly on a hot piąte for 45 min, Cool to 
room temperaturę. Add 6 mL of perchloric acid, cover 
the beakers with a watchglass, and contrnue the heat- 
ing until digestion is complete, as indicated when the 
liquid becomes colorless or pale yellow. Evaporate the 
Solutions in the beakers to aryness. Rinse the sides of 
the beakers and the watehgfasses with water, and add 
morę water to complete 50 mL in each beaker. Gently 
boil the water solution for a few min. Cool to room 
temperaturę. Add 2 drops of methyl orange TS, and 
neutralize with ammonium hydroxide. Add 8.2 mL of 
hydrochloric acid. Quantitatively transfer the contents 
of the beakers to separate 100-mL volumetric flasks, 
rinse the beakers with water, transfer the rinsings to 
the corresponding volumetdc flasks, and dilute with 
water to volume. Transfer 50.0 mL of each solution to 
separatory funnels. To each separatory funnel add 
1,0 mL of Sodium fluoride solution , 0.5 mL of Ferrous 
sulfate solution , 4.0 mL of Potassium thiocyanate soiu- 
f/on, 1,5 mL of 20% Stannous chloride solution, and 
15.0 mL of amyl alcohol, and shake the separatory 
funnel for 1 min. Allow the layers to separate, and 
discard the aqueous layers, Add 25 ml of Diluted stan¬ 
nous chloride solution to each separatory funnel, and 
shake gently for 15 s. Allow the layers to separate, and 
dtscard the aqueous layers. Transfer the organie layer 
from each separatory funnel to a centrifuge tubę, and 
centrifuge at 2000 rpm for 10 min, Determine the ab¬ 
sorbances of the organie phases obtained from the 
Standard solution and the Sample, and correct with the 
Blank , 

Calculate the pereentage of the labeled amount of mo¬ 
iybdenum (Mo) in the portion of Capsules taken: 

Result = (Au/Aj) x [( V x C$fMu] x 100 

Au = absorbance of the Sample 

As = absorbance of the Standard solution 

V - volume of the Standard solution analyzed, 

2.0 mL 

C s = concentration of moiybdenum in Lhe Standard 
solution (pg/mL) 

M u - nominał amount of moiybdenum in the 
Sample (pg) 

Acceptance criteria: 90.0%-160.0% of the labeled 
amount of moiybdenum (Mo) 

* Phosfhorus, Method 7 

Sulfunc acid solution: Cautiously add sulfunc acid to 
water (37.5:100), and mix. 

Ammonium molybdate solution: 50 mg/mL of ammo¬ 
nium moiybdate in Sulfunc add solution and water (2:3). 
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[Notę—D issolve in water first, and then dilute with the 
Su!furie acid salut fon to volume.] 

Hydroguinone solutron: 5 mg/ml of hydroquinone in 
water Add one drop of sulfunc acid per 100 mL of 
solution. 

Sodium bisulfite solution: 200 mg/mL of sodium bisul¬ 
fite in water 

Phosphorus standard stock solution: Weigh 4395 g 
of monobasic potassium phosphate, previously dried at 
105° for 2 h and stored in a desiccator, and transfer to 
a 1000-mL voiumetnc fiask. Dissolve in water, add 6 mL 
of suffuric acid as a preservative, dilute with water to 
volume, and mix to obtain a solution with a concentra- 
tion of 1000 pg/mL of phosphorus. 

Standard solution: 20 pg/mL of phosphorus from the 
Phosphorus standard stock solution diluted with water 
Sample solutron: Remove the contents of Capsules by 
cuttrng open the Capsules. Mix y and determine the 
weight of the contents. Transfer a quantity of the Cap- 
sufe contents, equiva!ent to 100 mg of phosphorus, to 
25 mL of nitric acid, and digest on a hot piąte for 30 
min. Add 15 mL of hydrochloric acid, and continue the 
digestion to the cessation of brown fumes. Cool, and 
transfer the contents of the fiask to a 500-ml volu męt¬ 
ne fiask with the ard of smali portions of water. Dilute 
with water to volume. Transfer 10.0 mL of this solution 
to a 100-mL volumetnc fiask, and diiute with water to 
voiume. 

Instrumental conditions 

(See Ultraviolet-Visible Spectroscopy (857).) 

Modę: Vis 

Analytical wavelength: 650 nm 
Celi: 1 cm 
Anaiysls 

Samples: Standard solution and Sample solution 
To three separate 25-mL volumetric ffasks transfer 
5.0 mL each of the Standard solution, the Sample solu¬ 
tion, and water to provide the biank. To each of the 
three flasks add 1.0 mL each of Ammonium molybdate 
solution, Hydroąuinone solution, and Sodium bisulfite so¬ 
lution, and świr! to mix. Dilute the contents of each 
fiask with water to volume, and allow the flasks to 
stand for 30 min. Determine the absorbances of the 
Solutions agarnst the blank. 

Calculate the percentage of the labeled amount of 
phosphorus (P) in the portion of Capsules taken: 

Result = (Au/Ai) x ( Q/C u ) x 100 

Au = absorbance of the Sample solution 
As = absorbance of the Standard solution 
Cs - concentration of phosphorus in the Standard 
solution (pg/mL) 

= nominał concentration of phosphorus in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeled 
amount of phosphorus (P) 

Potassium 

Potassium standard solution: 100 pg/mL of potassium 
from potassium chloride, previousiy dried at 105° for 2 
h, in water 

Standard stock solution: 10 pg/mL of potassium from 
the Potassium standard solution diluted with 0.125 N 
hydrochloric acid 

Standard Solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 
25.0 mL of the Standard stock solution to separate 
100-mL volumetric flasks. Diiute the contents of each 
fiask with 0.125 N hydrochloric acid to volume to ob¬ 
tain Solutions containing 0.5, 1.0, 1.5, 2.0, and 2,5 pg/ 
mL of potassium. 

Poiysorbate 80 solution: Prepare as directed in Cai- 
cium, Method 1. 

Sample solution: Proceed as directed in Cafdum, 

Method 1, except prepare the Sample solution to eon- 


tain 1.5 pg/mL of potassium and omit the use of the 
Lanthanum chloride solution. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Anafytkal wavelength: Potassium emission linę at 
766.5 nm 

Lamp: Potassium hollow-cathode 
Plamę: Air-acetyiene 
Blank: Water 
Anaiysls 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pcj/mL, of potassium, and 
draw the straight linę best fitting the five plotted 
points. From the graph $o obtained, determine the 
concentration, C, in pg/mL, of potassium rn the Sam- 
pfe solution , 

Calculate the percentage of the labeled amount of po¬ 
tassium (K) in the portion of Capsules taken: 

Result = (C/Cu) x 100 

C - measured concentration of potassium in the 
Sample solution (pg/mL) 

Cu - nominał concentration of potassium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeled 
amount of potassium (K) 

* 5elenium, Method I 

DiJuent: Prepare as directed in Moiybdenum , Method I. 
Selenium standard solution: [CAirrtON—Selenium is 
toxic; handle it with care,] Dissolve 1 g of metalfic sele¬ 
nium in a minimum volume of nitric acid, Evaporate to 
dryness, add 2 ml of water, and evaporate to dryness. 
Repeat the addition of water and the evaporation to 
dryness three times. Dissolve Lhe residue in 3N hydro¬ 
chloric acid, transfer to a 1000-mL volumetric fiask, and 
diiute with 3 N hydrochloric acid to volume to obtain a 
concentration of 1000 pg/mL of selenium. 

Standard stock solution: 100 pg/mL of selenium from 
the Selenium standard solution diluted with water 
Standard Solutions: To separate 100-mL volumetric 
flasks transfer 5.0, 10.0, and 25.0 mL of the Standard 
stock solution, and add 5.0 ml of perchtonc add to 
each fiask, Cently boil the Solutions for 15 min, cool to 
room temperaturę, and dilute each with Dfluent to vol- 
ume to obtain Solutions with concentrations of 5,0, 
10.0, and 25.0 pg/mL of selenium. 

Sample solution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
weight of the contents. Transfer a quantity of the Cap- 
suie contents, equivalent to lOGOpg of selenium, to a 
suitable fiask, and add 12 mL of nithe add. [Notę—T he 
voiume of nitric acid may be varied to ensure that the 
powder is uniformiy dispersed.] Carefuliy swirl the fiask 
to disperse the test spedmen. Sonkate for 10 min or 
until the test spedmen is completely dissolved. Gently 
boil the solution for 15 min, and cool to room temper¬ 
aturę. Carefuliy add 8 mL of perchloric add to the fiask, 
heat the fiask until perchloric acid fumes appear, and 
swirl the fiask to dissipate the fumes. Repeat the heat- 
ing and swirling untif the fumes appear again. Coo! to 
room temperaturę. Transfer the contents of the fiask to 
a 50-mL volumetric fiask with the aid of the DHuent, 
and dilute with Diluent to volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical waveiength: Selenium emission Ime at 
196.0 nm 
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Lamp: Selenium hollow-cathode 

Flame: Air-acetylene 

Blank: Diluent and perchloric add (20:1) 

Analysis 

Sam pies: Standard Solutions a nd Sample solution 
Determine the absorbances of the sofutions against the 
Blank, Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of selenium, and 
draw the straight linę best fittmg the three plotted 
points* From the graph so obtained, determine the 
concentration, C in pg/mL, of selenium in the Sample 
solution , 

Cakulate the percentage of the labeled amount of sele¬ 
nium (Se) in the portion of Capsules taken: 

Result = (CfCo) x 100 

C = measured concentration of selenium in the 
Sample solution (pg/mL) 

Cu = nominał concentration of selenium in the 
Sample solution (pg/mL) 

Aoceptance criteria; 9Q*0%-160*0% of the labeled 
amount of selenium (Se) 

• Seunium, Method 2 

Hydrochloric acid solution: Hydrochlonc acid diluted 
with water (1 in 10) 

50% Ammonium hydroxide solution: Ammonium hy- 
droxide diluted with water (1 in 2) 

Reagent A: 9 mg/mL of edetate disodium and 25 mg/ 
ml of hydroxylamine hydrochJoride in water [Notę— 
Disso!ve edetate disodium in a portion of water first, 
then add hydroxylamine hydrochloride, and dilute with 
water to volume.] 

Reagent B: Transfer 200 mg of 2,3-diamrnonaphthalene 
to a 250-mL separatory funnef, and add 200 mL of 0.1 
N hydrochlonc acid* Wash the solution with three 
40-mL portions of cydohexane jr and discard the cyclo- 
hexane layer. Filter the solution into a brown bottle, 
and cover the solution with a 1 -cm layer of cyclohex- 
ane* This solution is stable for 1 week if storea in a 
refrigerator 

Standard stoek solution: [Caution—S elenium is toxic; 

handle it with care.] Dissolve 1 g of metallic selenium in 
a minimum volume of nitric acid. Evaporate to dryness, 
add 2 mL of water, and evaporate to dryness. Repeat 
the additfon of water and evaporation to dryness three 
Limes. Dissolve the residue In 3 N hydrochlonc acid, 
transfer to a 1000-mL volumetric fiask, and dilute with 
3 N hydrochlonc acid to volume to obtain a solution 
with a concentration of 1000 pg/mL of selenium, Dilute 
a volume of the solution with 0,125 N hydrochlonc 
acid to obtain a concentration of 2.0 pg/mL of 
selenium. 

Standard solution: Transfer 10 mL of the Standard stoek 
solution to a glass-stoppered fiask* Add 1 mL of perchlo- 
ric add and 1 mL of Hydrochlonc acid solution, and di¬ 
lute with water to 20 mL* 

Sample solution: Remove the contents of Capsules by 
cutdng open the Capsules. Mix, and determine the 
weight of the contents. Transfer a guantity of the Cap* 
sule contents, eq uivalent to 20 pg of selenium, to a 
suitable fiask. Add 10 ml of nitric acid, and warm aen- 
tly on a hot piąte, Continue heating until the initiaT 
nitric add reaction has subsided, then add 3 mL of per¬ 
chloric acid. 

[Caution —Exerdse care at thrs stage, because perchloric 
acid reaction becomes vigorous.] 

Continue heating on the hot piąte until the appearance 
of white fumes of perchloric add or until the digest 
begins to darken* Add 0,5 mL of nitric add, and re¬ 
sume heating, adding additional amounts of nitric acid 
if further darkening occurs. Digest for 10 min after the 
first appearance of perchloric acid fumes or until the 
digest becomes colorless. Cool the fiask. Add 2.5 mL 


of Hydrochlonc add solution t and return the fiask to the 
hot piąte to expeJ residua! nitric acid. Heat the mixture 
for i min after it begins to boil. Cooi the fiask to room 
temperaturo, and dilute with water to 20 mL. 
Instrumental conditions 
(See Ultroviolet-Vislbfe Spectroscopy (857).) 

Modę: UV 

Analytical wavelength: 380 nm 
Celi: 1 cm 

Blank: 1 mL of perchloric add and 1 mL of Hydroehlo- 
ric add solution diluted with water to 20 mL 
Analysis 

Samples: Standard solution and Sample solution 
Treat the Sample solution, the Standard solution, and the 
Blank as follows. Add 5 mL of Reagent A to each fiask, 
and swirl gently to mix* Adiust the solution m each 
fiask with 50% Ammonium hydroxide solution to a pH 
of 1*1 ± 0.1* Add 5 mL of Reagent B to each fiask, and 
swirl gently to mix* Place the flasks in a water bath 
maintained at 50°, and eguilibrate for 30 min, taking 
care that the flasks are covered to protect them from 
light. Cool to room temperaturę, and transfer the con¬ 
tents of each fiask to separate separatory funnels* 
Transfer 10*0 mL of cyclohexane to each separatory 
funnel, and extract vigorously for 1 min. Discard the 
aqueous layer. Transfer the cyclohexane layer to a cen- 
trifuge tubę, and centrifuge at 1000 rpm for 1 min to 
remove any remaining water. Determine the ab¬ 
sorbances of the Solutions obtained from the Samples 
against the solution obtained from the Blank. 

CaTculate the percentage of the labeled amount of sele¬ 
nium (Se) in the portion of Capsules taken: 

Result - (Au/As) x [(V x Q )/Mu] x 100 

A u - absorbances of the cyclohexane layer from the 
Sample solution 

A$ - absorbances of the cydohexane layer from the 
Standard solution 

V = volume of the Standard stoek solution used to 
prepare the Standard solution, 10 mL 
Cs - concentration of selenium in the Standard 
stoek solution (pg/mL) 

Mu - nominał amount of selenium in the Sample 
solution (pg) 

Acceptance criteria: 90.0%-160.0% of the labeled 
amount of selenium (Se) 

• Zinic, Method 1 

Zinc standard stoek solution: 1 OOOpg/mL of zinc from 
zinc oxide in 5 M hydrochloric add (3.89 mg/mL) and 
diluted with water to finał volume. [NOTĘ—Dissołve in 
5 M hydrochloric add by warm ing, if necessary, cool, 
and then dilute to finał volume.] 

Standard stoek solution: 50ug/mL of zinc from Zinc 
standard stoek solution diluted with 0.125 N hydrochlo¬ 
ric acid 

Standard Solutions: Transfer 1.0, 2.0, 3,0, 4.0, and 
5.0 mL of the Standard stoek solution to separate 
100-mL volumetric flasks. Dilute the contents of each 
fiask with 0.125 N hydrochloric acid to vofume to ob¬ 
tain concentrations of 0.5, 1.0, 1,5, 2.0, and 2*5 pg/mL 
of zinc. 

Polysorbate S0 solution: Prepare as directed in C oh 
dum t Method 1. 

Sample solution: Proceed as directed in Caldum , 

Method 7, except prepare the Sample solution to con- 
tain 2 pg/mL of zinc and omit the use of the Lantha- 
num chlońde solution. 

Instrumental conditions 
(See Atom/c Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength; Zinc emission linę at 213.8 
nm 
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Lamp: Zinc hollow-cathode 
Fiame: Air-acetylene 
Blank: OJ 25 N hydrochloric add 
Analysls 

Samptes; Standard Solutions and Sample soiution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versus the concentration, in jig/mL, of zinc, and draw 
the straight linę best fitting the five plotted pointa. 
From the graph so obtained, determine the concentra¬ 
tion, C, in gg/mL, of zinc in the Sompie soiution. 
Calculate the percentage of the labeled amount of zinc 
(Zn) rn the portion of Capsules taken: 

Result s (C/Cu) x 100 

C - measured concentration of zinc in the Sample 
soiution (pg/mL) 

Cu ~ nominał concentration of zinc in the Sompie 
soiution (pg/mL) 

AccepLance criteria: 90.0%“125.G% of the labeled 
amount of zinc (Zn) 

* Boroń, Nicku, Tin, and Vanadivm, Method 1 ; Cal gum, 
Chromium, Copper, Iron, Magnesium, Manganese, Phos 
phorus, and Zinc, Method 2 ; Molybdenum and Sele 
NIUM, Method 3 

Stock aqua regia soiution: Prepare a mixture of hydro* 
chloric acid and nitric acid (3:1) by adding the nitnc 
acid to the hydrochloric acid- [Notę —Periodically vent 
the soiution in an appropriate fume hood.] 

Diluent: Prepare a mixture of Stock aqua regia soiution 
and water (1:9) by adding one volume of Stock aqua 
regia soiution to two volumes of water. Diiute with addi- 
tional water to vo!ume, and mix welL 
System suitability soiution: Prepare a mixture of 
1000 mg/L of yttrium in 5% nitric acid soiution, 

1000 mg/L of scandium in 5% nitnc acid soiution, and 
Diluent (1:1:198), and mix. 

Standard stock soiution 1 (Ca, Cu, Fe, Mg, Mn, P, and 
Zn): [Nott —It is only necessary to indude the minerals 
of interest in the soiutionJ Using commerciafly available 
element standard (single- or mufti-element) Solutions in 
5% nitric acid soiution, pipet the appropriate amount 
of element standard soiution into a volumetric fiask, 
and diiute with 5% nitric acid soiution to obtain a solu- 
tion having finał concentrations of about 1000 mg/L of 
calcium, 1 00 mg/L of copper, 250 mg/L of iron, 

500 mg/L of magnesium, 100 mg/L of manganese, 

800 mg/L of phosphorus, and 250 mg/L of zinc. 
Standard stock soiution 2 (B, Cr, Mo, Ni, Se, Sn, and 
V): [Notę —it is only necessary to indude the minerals 
of interest in the soiution.] Usmg eommercially availabfe 
element standard (single- or multi-element) Solutions in 
20% hydrochionc acid soiution, pipet the appropriate 
amount of element standard soiution into a vo!umetric 
fiask, and dilute with 20% hydrochloric acid soiution to 
obtain a soiution having finał concentrations of about 
200 mg/L of boron, and 100 mg/L each of chromium, 
molybdenum, nickef, selenlum, tin, and vanadium. 
Standard Solutions: Prepare a mixture of Standard 
stock soiution 1 and Standard stock soiution 2, as re- 
quired, in Diluent, to prepare a $ix-point calibration 
curve to bracket the concentration rangę of each min¬ 
erał of interest. 

Sample soiution: Weigh, then transfer 5 Capsules to a 
250-mL vofumetric fiask, and heat gently on a hot piąte 
untrl the contents begin to release. Cautiously add 
25 mL of Stock aąua regia soiution in 5-mL increments, 
and swirl. Heat, continue to swirl untii the Capsules dis- 


solve into the acid, immediately remove from the heat 
source, and add 150 mL of water. Cool, and dilute with 
water to volume. Filter about 30 mL into a centrifuge 
tubę, usina a 5-pm porę size nylon syringe filter. If nec¬ 
essary, maKe any further adjustments using the Diluent . 
instrumental conditions 
(See Plasma Spectrochemistry (7 30),) 

Modę: lnductively coupled plasma spectrometry, using 
a spectrometer set to measure the emission of each 
minera! of interest at about the corresponding wave* 
length. [Notę —The operatino conditions may be de- 
veloped and optimized based on the manufactureds 
recommendation. The wavelengths selected should be 
demonstrated experimentally to provide sufficient 
specifidty, sensitivity, linearity, accuracy, and 
precision.] 

System suitability 

[Notę—A nalyze the System suitability soiution, and ob¬ 
tain the response as directed 3n the Analysls.] 
Suitability requirements 
Relative standard deviation: NMT 2.0% 

Analysls 

Samples: Standard Solutions and Sample soiution 
Determine the emission of each minerał of interest in 
the Standard Solutions and Sample soiution with an in- 
ductively coupled plasma system using the Diluent as 
the blank. Plot the emission of the Standard Solutions 
versus the concentration, tn mg/L, of the minerals of 
interest, and draw the straight linę best fitting the 
plotted points, From the graph so obtained, determine 
the concentration, C, in mg/L, for each minerał of in¬ 
terest in the Sample soiution . 

Calculate the percentage of the labeled amount for 
each minerał taken: 

Result = C x. (V7 W) x F x (C w /L) x 100 

C - measured concentration of the Sompie soiution 
(mg/L) 

V - volume of the Sample soiution (L) 

W - sample weight (mg) 
f = dilution factor of the Sample soiution 
C w = average Capsuie weight (mg) 
l - labeled amount per Capsuie (mg) 

AcoepEanoe criteria: 90.0%-125.0% of the labeled 
amount of calcium (Ca), copper (Cu), iron (Fe), magne¬ 
sium (Mg), manganese (Mn), phosphorus (P), and zinc 
(Zn); and 90.0%-160.0% of the labeled amounts of bo¬ 
ron (B), chromium (Cr), molybdenum (Mo), nitkę! (Ni), 
selenium (Se), tin (Sn), and vanadium (V) 

PERFORMANCE TESTS 

* Disintegrahon and Dissolution <2040); Meet the re- 
guirements for Dissolution 

* Weight Variatiqn of Dietary Supplements <2091): Meet 
the requtrements 

CONTAMINANTS 

* Microbial Enumeration Tests <2021): The total aerobic 
microbial count does not exceed 3 x 10 3 cfu/g, and the 
combined molds and yeasts count does not exceed 

3 x 10 2 cfu/g. 

* Absence of Specified Microorganisms (2022): Meet the 

requirements of the tests for absence of Salmonella spe- 
ties and Bschenchio coli 

AD DITI ON AL REQUIREMENTS 

* Paćkageng and Storage; Preserve in tight, light-resistant 

containers. 
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• Labelinc: 1 The label States that the product is Oil-Solubie 
Vitamins with Minerals Capsules. The label also States the 
guantity of each vitamtn and minerał per dosage unit 
and, wnere neeessary, the Chemical form in whśch a ^ta¬ 
rnin is present and also States the salt form of the minerał 
used as the source of each element* Where the product 
contains vitamin E, the label mdicates whether it is the d- 
or di- form* Where morę than one assay method is given 
for a particuiar vitamin or minerał, the labeling States 
with which assay method the product compfies only if 
Method I is not used. 

• USP Reference Standards {11} 

USP Alpha Tocopherol RS 

USP Alpha Tocopheryl Acetale RS 

USP Alpha Tocopheryl Acid Succinate RS 

USP Beta Carotene RS 

USP Beta Carotene System Suitability RS 

USP Cholecalciferol RS 

USP Ergocalrffero! RS 

USP Phytonadione RS 

USP Retinyl Pa lm i ta tę RS 

USP Sodium Fluoride RS 

USP Vitarnin A RS 


Oil-Soluble Vitamins with Minerals Orai 
Solution 


DEFIN1TION 

Oil-Soluble Vitamins with Minerals Orał Solution contains 
two or morę of the following oihsoluble vitamins: Witamin 
A, as retinol or esters of retinol in the form of retinyl ace- 
tatę or retinyl palmitate; Vitarnin D as ergocaiciferol (Wita¬ 
min D^) or cholecalciferol (Witamin D*); Witamin E, as ah 
pha tocopherol, alpha tocopheryl acetate, or alpha 
tocopheryl acid sucdnate; Phytonadione (Vitamin Ki); 
beta carotene; and one or morę minerals denved from 
substances generally recognized as safe, furnishing one or 
morę of the following elements in ionizable form; chro- 
mium, fluorine, iodine, iron, magnesium, manganese, mo- 
lybdenum, and zinc. It contains NLT 90.0% and NMT 
150.0% of the labeled amounts of vitamin A, as retinol 
equivaient (CzahhoO); vitamin D, as cholecalciferol 
(OtfftwO) or ergocaiciferol (CzuH.hO); vitamin E, as alpha 
tocopherol (CzsHsoOz), alpha tocopheryl acetate 
(C 31 H 52 O 3 ), or alpha tocopheryl add succinate (C^H^Os); 
phytonadione (C^FUCb); and beta carotene (C 40 H 5 Ś}; NLT 
90.0% and NMT 160.0% of the labeled amounts of chro- 
mium (Cr), fluorine (F), iodine (I), and molybdenum 
(Mo); and NIT 90.0% and NMT 125.0% of the labeled 
amounts of iron (Fe) # magnesium (Mg), manganese (Mn), 
and zinc (Zn). 

1 USP UniU of actwity for vitamins, where such exist or forrnerly exEsted, are 
equivalent to Lhe corresponding in temat i ona I units, where sucn forrnerly ex- 
isted, The USP Unit for VUamin E bas been disęontinued. International units 
(IU) for vitamins also have been dfscontinued; however, the use of IU on Lhe 
labelś of vltamin products continues. Where artldes are labeled in terms of 
Units in addition to the reguired labę ling, the rdattonshtp of the USP Units or 
IU to mass is as foltows. One USP VI ta mlii A Unit ^ 0.3 jig of all-fram-retinoj 
fvllamin A akohal) ar 0.344 j.tg of aMkfOfJS-retlny! acetate (yitamtn A acetate) 
or 0,55 pg of all-trons-fetinyl palmitate (vitarnin A palmitate), and 1 p.g of 
retinol (3,3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta 
carotene = 0,6 pg of all-from-beta carotene; 1 USP Wtarnin D Unit - 0,025 pg 
of ergocaiciferol or cholecalciferol; and I mg of df-aJpha tocopherol = 1.! 
formęr USP VItarnin E Units, 1 mg of dt alpha tocopheryl acetate = 1 former 
USP VUamln E Unit, T mg of dAafpha tocopheryl acid succinate = 0,89 former 
USP Vitarnin E Unit, 1 mg of Ralpha tocopherol =■ 1.49 former USP VUamin E 
Units, and 1 mg of d-slpha tocopheryl acetate = 1.36 former USP Witamin E 
Units, 1 mg of d-alpha tocopheryl acrd succinate = K2I former USP Vitamin E 
Units. In terms of d-alpha tocopherol equiva!enis, 1 mg of d-alpha tocopheryl 
acetate = 0.91, 1 mg of d-alpha tocopheryl acid succinate = 0.81, 1 mg of dt- 
alpha tocopherol = 0.74, 1 mg of dtalpha tocopheryl acetate = 0.67, and 
1 mg of df-alpha tocopheryl acid succinate ~ 0,60, 


STRENCTH 
• VlTAMIN A 

[NOTĘ—Use fow-actinic glassware throughout this 
procedurę*] 

Mobile phase: r)-Hexane 

Standard solution 1: 13 jitg/mL of retinol From USP Re¬ 
tinyl Acetate RS in n-hexane 

Standard solution 2: 13 (.tg/ml of retinol from USP Re¬ 
tinyl Palmitate RS in n-bexane 

System suitability solution: Mix equal volumes of 5tan- 
dard solution 1 and Standard solution Z 
Sampie solution: Transfer an accurately measured vol- 
ume of Ora! Solution, equivalent to 3.25 mg of retinol, 
to a separatory funnel containing 10 mL of water and 
20 mL of dehydrated alcohoL Add 100 mL of rr-hexane, 
insert the stopper, and shake for 1 min. Al Iow the layers 
to separate, drain the aqueous layer into another sepa¬ 
ratory funnel, and repeat the extraction with 100 mL of 
n-hexane. Discard the agueous layer, and combine the 
hexane extracts, Wash the combined extracts with 
25 mL of water, allow the layers to sępa ratę, and dis¬ 
card the aqueous layer. Fil ter the washed hexane layer 
through anhydrous sodium suifate into a 250-mL volu- 
metric fiask, Rinse the funnel and sodium sulfate with 
hexane, and add the rinsing to the hexane solution in 
the fiask. Dilute the extracts m the voiumetric fiask with 
n-hexane to voiume to obtain a solution with a concen- 
tration of 13 pg/ml of vitamin A as retinol (CzohhoO). 
Chromatographic system 
{See Chromatography (62*\) t System Suitability ■) 

Modę: IC 

Detector; UV 325 nm 
Column: 4.6-mm x 15-cm; paddng L8 
Flow ratę: 1 mL/min 
Injection volume: 40 pL 
System suitability 
Sampie: System suitability solution 
Suitability reąuirements 

Resoiution: NLT TO between all-trons-retinyl acetate 
and all-frons-rednyl palmitate 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution ] or Standard solution 2 
and Sampie solution 

Calculate the percentage of the labeled amount of vita¬ 
rnin A, as retinol (Czan^O), in the portion of Orał So- 
lution taken; 

Result - (ry/rs) x ( Q/C u ) x 100 

ru - peak area of the all-frons-retinyl ester from the 
Sampie solution 

K - peak area of the all-fnms-retinyl ester from the 
appropriate Standard solution 
Cs = concentration of retinoi in the appropriate 
Standard solution (pg/mL) 

Cu = nominał concentration of vitamin A, as relinok 
in the Sampie solution (jig/mL) 

Acceptance crłterla: 90.0%M50 ł O% of the labeled 
amount of vitamin A as retinol equivalent (C^uH^O) 

• Witamin D 

[Notę—W here vitamin D (cholecalciferol or ergocalcif- 
erol) is specified in the following procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard, Use low-actrnic glassware 
throughout this procedurę.] 

Mobile phase: n-Hexane and isopropyf alcohol (99:1) 
Standard solution: 2pg/mL of USP Cholecalciferol RS 
or USP Ergocaiciferol RS in n-hexane 
System suitability solution: Heat a volume of the Stan¬ 
dard solution at 60 15 for 1 h to partially isomerize vita* 
min D (cholecalciferol or ergocaiciferol) to its corre- 
sponding precursor. 

Sampie stock solution: Using an accurately measured 
volume of Orał Sofution, equivalent to 5.0 mg of chole* 
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caldfero! or ergocaldferol, proceed as directed for the 
Sompfe solution in Vitamin A to obtain a solution with a 
concentration of 20 jig/mL of chofecalciferol or ergocal- 
ciferol in n-hexane, 

Sample solution: Transfer 5,0 mL of the Sample stock 
solution to a Container having a polytef-lined strew cap. 
Heat, with constant shaking, for 1 n in a water bath 
maintained at 60° to obtain a solution contaming vita- 
mtn D (cholecaldferol or ergocalcifero!) and its corre¬ 
sponding precursor. Cool, and di lute with mhexane to 
obtain a soiution containing 2 pg/mL of cholecalciferol 
or ergocalcrferoL 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 

Column: 4,6-mm x 15-cm; 3-pm packing LS 
Flow ratę: 1 mL/min 
Injection volume: 100 pi 
System suitability 
Sample: System suitahility solution 
Suitabifity reąuirements 

Resolution: NLT 10 between the vitamin D form 
present and its corresponding precursor 
Relative standard deviation: NMT 3.0% 

Anaiysis 

Sampies: Standard solution and Sample solution 
Calculate the percentage of the łabeied amount of cho¬ 
lecalciferol (Ć 27 H 44 O) or ergocalcifero! (OshUO) in the 
portion of Ora! Solution laken: 

Result = {r^/fs) x (Cs/Q) xfx 100 

r u - peak area of cholecalciferol or ergotaldferol 
from the Sample solution 

rj = peak area of cholecalciferol or ergocalcifero! 

from the Standard solution 
Ci = concentration of USP Cholecalciferol RS or 

USP Ergotaldferol RS in the Standard solution 
(pg/ml) 

€u ~ nominał concentration of cholecalciferol or 

ergocaldferol in the Sample solution (jig/mL) 

F - correction factor to account for the average 
amount of pre-vitamin D present in the 
Somple solution , 1.09 

Acceptance criteria: 90.0%~150.0% of the labeled 
amount of vitamln D as cholecalciferol (C 27 H 44 O) or er- 
gocalciferol (C^H^O) 

• VlTAMIN E 

[Notę—W here vitamin E (alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl acid suceinate) 
is specified in the following procedurę, use the Chemical 
form present in the formulation and the relevant USP 
Reference Standard, Use low-actinic glassware through- 
out this procedurę,] 

Solution A: Phosphortc acid solution (1 in 100) in 
water 

Mobile phase: Methanol and Solution A (19:1) 

Standard solution: 2 mg/mL of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Acid Suceinate RS in methanol 
Sample solution: Transfer NLT 20 mL of the solution 
prepared as directed for the Sample solution in Vitamin 
A to a suitable Container, and evap ora te in vacuum at 
room temperaturę to dryness. Transfer the residue with 
the aid of methanol to a suitable volumetric fiask, and 
di fu te with methanol to vo!ume to obtain a concentra¬ 
tion of 2 mg/mL of alpha tocopherol, alpha tocopheryl 
acetate, or alpha tocopheryl acid suceinate. 
Chromatographic system 
{See Chromatograpny (621), System Suitahility.) 


Modę: LC 

Detector: UV 291 nm 
Column: 4.6-mm x 15-cm; 5-pm packing LI 
Flow ratę: 1 mL/min 
Injection yolume: 50 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Taifing factor: NMT 1,5 
Relative standard deviation: NMT 3,0% 

Anaiysis 

Sampies: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of ah 
pha tocopherol (C 29 H 50 O 2 ), alpha tocopheryl acetate 
(CjtHszCh), or alpha tocopheryl acid suceinate 
(C 33 H 54 O 5 ) in the portion of Orał Solution taken: 

Result - (r u /n) x (Cj/Cy) x 100 

r u = peak area of the relevant vitarnin E form from 
the Sample solution 

rj - peak area of the relevant vitamin E form from 
the 5 fan dard solution 

Q - concentration of the corresponding USP 

Reference Standard in the Standard solution 
(mg/mL) 

Cu - nominał concentration of the corresponding 
form of vi ta min E in the Sample solution 
(mg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of vitamin E 
• Phvtonadigne (Vitamin Ko 

[Notę—U se low-actinic glassware throughout this 
procedurę,] 

Mobile phase: Methanol and water (19:1) 

Standard stock solution: 200 pg/mL of USP Phytona¬ 
dione RS in methanol. Dissolve with the aid of sonica- 
tion if necessary, 

Standard solution: 20 jig/mL of USP Phytonadione RS 
from the Standard stock solution diluted with methanol 
System suitability solution: 0,65 mg/mL of USP Alpha 
Tocopheryl Acetate RS and 20 jig/mL of USP Phytona- 
dione RS from the Standard stoS soiution diluEea with 
methanol, [NOTĘ—Dissolve USP Alpha Tocopheryl Ace¬ 
tate RS in a portion of methanol, add the Standard 
stock solution, and then di lute with methanol to 
volume.] 

Sample solution: Transfer NLT 20 mL of the solution 
prepared as directed for the Sample solution in Vitamin 
A to a suitable Container, and evaporate in vacuum at 
room temperaturę to dryness. Transfer the residue with 
the aid of methanol to a suitable volumetric fiask, and 
difute with methanol to vo!ume to obtain a concentra¬ 
tion of 20 pg/ml of phytonadione. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 15<m; 5-jim packing LI 
Flow ratę: 1 mL/min 
Injection volume: 50 pi 
System suitability 

Sampies: Standard solution and System suitabifity 
solution 

Suitability requirements 

Resolution: NLT 5 between alpha tocopheryl acetate 
and phytonadione, System suitability soiution 
Relative standard deviation: NMT 3,0%, Standard 
solution 
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Analysis 

Samples: Standard solution and Sampfe solution 
Calculate the percentage of the fabeled amount of 
phytonadione (CjiH^Oj) in the portion of Orat Solu¬ 
tion taken: 

Result = x (QfCu) x 100 

ru - peak area from the Sample solution 

ri = peak area from the Standard solution 

Cs = concentratron of USP Phytonadione RS in the 
Standard solution (pg/mL) 

C u = nominał concentration of phytonadione in the 
Sampfe solution (pg/mL) 

Acceptance eriteria: 90.0%-! 50,0% of the labeled 
amount of phytonadione (C 3 |H„ 6 0 2 ) 

• Bita Carotene 

[Notę—U se low-actinic gfassware.] 

Mobile phase: Transfer 50 mg of butyfated hydroxytol- 
uene into a 1-L volumetric fiask, and dissolve with 
20 mL of 2-propanol. Add 0,2 mL of N-ethyfdiisopropyf- 
amine, 25 mL of 0,2% ammonium acetate solution, 

455 mL of acetomtrile, and about 450 mL of methanoL 
Al Iow the solution to reach room temperaturo, and di- 
lute with methanol to volume. 

Diluent: 50 pg/mL of butylated hydroxytoJuene in 
alcohol 

System suitability solution: Transfer 20 mg of USP Beta 
Carotene System Suitability RS to a 50-mL voiumetric 
fiask. Add f mL of water, 4 mL of tetrahydrofuran, and 
sonicate for 5 min, Dilute with Diluent to volume, and 
sonicate for 5 min, Cool to room temperaturę, pass the 
suspenston through a membranę filter of 0.45-pm porę 
size, and use the elear fiitrate. 

Standard stock solution: 60 pg/mL of USP Beta Caro¬ 
tene RS in tetrahydrofuran 

Standard solution A: Transfer 5.0 mL of the Standard 
stock solution into a 100-mL volumetric fiask, add 
5.0 mL of tetrahydrofuran, and dilute with Diluent to 
volume, 

Determine the concentratron of Standard solution A 
from the concentration of Standard solution 8 as de- 
scribed below. 

Standard solution B: Transfer 5.0 mL of the Standard 
stock solution into a 100-mL volumetric fiask, and dilute 
with cyclohexane to volume. Prepare in triplicate. 
Instrumental condltions 
(See UltravioIet-Visible Spectroscopy {857).) 

Analytical wavelength: 457 nm 
Celi path: 1 cm 
Blank: Cydohexane 
Analysis 

Sample: Standard solution B 
Calculate the concentration of total beta carotene 
(mg/mL) as all-trcms-beta carotene (C 4 oH 56 ) in Standard 
solution R [Notę —The concentration of Standard solu¬ 
tion B equals the concentration of Standard solution A.] 

Result - A/F 

A - average absorbance of the three preparations 
of Standard solution B 

F = ab$orptivity of pure all-frons-beta carotene in 
tydohexane, 250 

Sample solution: Transfer NLT 20 mL of the solution 
prepared as drrected for the Sample solution in Vitamin 
A to a suitable Container, and evaporate in vacuum at 
room temperaturę to dryness. Dissolve the residue in a 
mixture of methylene chlorlde and Diluent (1:1), and 
dilute with the same mixture to obtain a concentration 
of 3 pg/mL of beta carotene. Pass through a membranę 
filter of 0.45-pm porę size if necessary. 


Chromatographic system 
(See Chromałograpny (621), System Suitability.) 

Modę: LC 

Detector: UV-Vis 448 nm 

Column; 4,6-mm x 25-cm; 5-pm packing L68 

Column temperaturę: 30° 

Flow ratę: 0,6 mL/min 
tnjection volume: 20 pL 
System suitability 

Samples: System suitability solution and Standard solu¬ 
tion A 

[Notę—T he approximate relative retention times of the 
components in the System suitability solution are listed 
In Tobie L] 


Table 1 


Na me 

Relafive 

Retention 

Time 

ReJative 

Respofise 

Factor 

All-fram-alnha carotene 

0.93 

1.1 

AH-fram-beta carotene 

1.00 

1 

9-ds-Beta carotene 

1.07 

1 

13-ris-Beta carotene 

1,17 

1.2 

15-ds-Beta carotene 

1.21 

1,4 


Suitability requlrements 

Chromatogram similarity: The chromatogram from 
the System suitability solution is similar to the refer- 
ence chromatogram provided with the iot of USP 
Beta Carotene System Suitability RS being used. 
Resolution: NLT 1.5 between beta carotene and al¬ 
ba carotene and between beta carotene and 9-ds- 
eta carotene. System suitability solution 
Talling factor: NMT 2.0 for the beta carotene peak. 
Standard solution A 

Relative standard deviation: NMT 2.0% for the beta 
carotene peak from replicate injections, Standard solu¬ 
tion A 
Analysis 

Samples: Standard solution A and Sample solution 
Calculate the percentage of all-tram-beta carotene in 
the portion of Orał Solution taken: 

Result = (r u /r s ) x (C 5 /Cu) x 100 

ru - peak area of all-frans-beta carotene from the 
Sample solution 

Cs - peak area of alhfrum-beta carotene from 
Standard solution A 

Cs = concentration of all-frons-beta carotene in 
Standard solution A as determined by 
spectrometric procedurę 

C u - nominał concentration of beta carotene in the 
Sample solution 

Acceptance enteria: 90.0%-l 50.0% of the labeled 
amount of beta carotene (Cj D Hs*) 

• Chromium 

Chromium standard solution: 1000 pg/mL of chro- 
mium from potassium dichromate, previously dried at 
120° for 4 h in water. Storę in a pofyethyJene bottle. 
Standard stock solution: 10 pg/mL of chromium from 
the Chromium standard solution diluted with 6 N hydro- 
chloric acid and water (1 in 20) 

Standard Solutions: Transfer 10,0 and 20,0 mL of the 
Standard stock solution to separate 100-mL volumetnc 
flasks, and transfer 15,0 and 20.0 mL of the Standard 
stock solution to separate 50-mL yolumetric flasks. Dilute 
the contents of each of the four flasks with 0.125 N 
hydrochloric acid to volume to obtain concentrations of 
1.0, 2.0, 3.0, and 4.0 pg/mL of chromium, 

Sample solution: Dilute an accurately measured vol- 
ume of Orał Solution to obtain a solution equivalent to 
2,5 pg/mL of chromium in 0,125 N hydrochloric add. 
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Insirumental conditions 
(See Atomie Absorplion Spectroscopy (852).) 

Modę: Atomie absorption spectroph otom eter 
Lamp; Chromium hollow-cathode 
Flame: AEr-acetylene 
Analytical wavelength: 357.9 nm 
Blank: 0.125 N hyarochloric acid 
Analysis 

Samples: Standard Solutions and Sampie soiution 
Determine the absorbances of the Solutions against Lhe 
Blank , Plot the absorbances of the Standard Solutions 
versus concentration, in pg/mL, of chromium, and 
dra w the straight linę best fitting the four plotted 
points. From tne graph so obtained, determine the 
concentration, C, in pg/mL, of chromium in the Sam- 
ple solution , 

Calculate the percentage of the labeied amount of 
chromium (Cr) in the portion of Orał Solution taken: 

Result = (C/Cu) x 100 

C ~ concentration of chromium in the Standard 
solution (fig/ml) 

Cu - nominał concentration of chromium in the 
Sampie solution (pg/mL) 

Acceptance criteria: 9Q.0%-160.0% of the labeled 
amount of chromium (Cr) 

Fluoride 

[Notę —Use plastic containers throughout this 
procedurę.] 

Ascorbic acid solution; 70 mg/ml of ascorbic acid in 
water 

Mobile phase: Alcohol, water, and 1 N sulfuric add 
(50:449:1) 

Standard stock solution: 220 pg/mL of USP Sodium 
Fluoride RS in water. This solution contains lOOpg/ml 
of fluoride. 

Standard solution: Transfer 5.0 ml of the Standard 
stock solution to a 100-mL volumetric fiask. Add 2 mL of 
Ascorbic add solution f 10 mL of alcohol, and about 
70 ml of water, and mix. Adjust with 1 N sodium hy- 
droxide to a pH of 4.25 ± 0.05. Dilute with water to 
vo!ume, and mix to obtain 5 pg/mL of fluoride solution. 
Sampie solution: Transfer an accurately measured vol- 
u me of the Orai Solution, equivalent to 0,5 mg of fluo- 
ride, to a 100-mL volumetric fiask. Add 1 drop of hy- 
drochJoric acid, 10 mL of alcohol, and about 75 ml of 
water, and mix. Adjust with 1 N sodium hydroxide to a 
pH of 4,25 ± 0,05. Dilute with water to volume. 
Chromatographie system 
(See Chromatography ( 621), System Suita bili ty.) 

Modę: LC 

Detector: Conductivity 
Coiumns 

Guard: 4,6-mm x 3-cm; packing LI 7 
Analytical: 7.8-mm x 30-cm; packing LI 7 
Flow ratę: 0.6 ml/min 
InjecHon volume: 100 pL 
System suitability 
Sampie: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas of fluoride. Calculate the per¬ 
centage of the labeled amount of fluorine (F) in the 
portion of Orał Solution taken: 

Result = (r y /rs) x (Cs/Cu) x 1 00 

r u = peak area of fluoride from the Sampie solution 

rs = peak area of fluoride from the Standard 

solution 

Cs = concentration of fluoride in the Standard ' 
solution (pg/mL) 


Cu = nominał concentration of fluorine in the 
Sampie solution (jig/mL) 

Acceptance criteria: 90.0%-160.0% of the labeled 
amount of fluorine (F) 

* Iodide, Method 1 

Mobile phase: Dissolve 5.15 g of tetrabutylammonium 
bromide in 320 mL of acetonitnle. Dilute with water to 
2000 mL 

System suitability solution: Transfer 0,13 g of potas- 
sium iodtde and 0,5 g of potassium iodate to a 100-mL 
volumetnc fiask. Disso!ve in Mobile phase f using sonita- 
tion if necessary, dilute with Mobile phase to volume, 
and mbc Transfer 1.0 mL of this solution to a 100-mL 
volumetric fiask, dilute with Mobile phase to volume, 
and mix. Transfer 25.0 mL of this solution to a 100-mL 
volumetric fiask, and dilute with Mobile phase to 
volume. 

Standard stock solution: L3 mg/ml of potassium io- 
dide in Mobile phase. This solution has a concentration 
of 1 mg/ml of iodide. 

Standard solution: 2.5 pg/mL of iodide from the Stan¬ 
dard stock solution in Mobile phase 
Sampie solution: Dilute an accurately measured vol- 
ume of the Ora! Solution to obtain a solution with a 
concentration of 2,5 pg/mL of iodine in Mobile phase. 
Chromatographie system 
(See Chromatograpny (621}, System Suitability.) 

Modę: LC 

Detector: UV 225 nm 
Column: 4,6-mm x 15-cm; packing LI 
Flow ratę: 1.5 mL/min 
lnjection voIume: 30 pL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[NOTT—The relative retention times for iodate and io¬ 
dide are about 0.32 and 1.0, respectively.] 

Suitability requlrements 

Resoiution: NLT 2.5 between iodate and iodide, Sys¬ 
tem suitability solution 

Relative standard deviation: NMT 2.0% for the io¬ 
dide peak, Standard solution 
Analysis 

Samples: Standard soiution and Sampie solution 
Calculafe the percentage of the labeled amount of io¬ 
dine (I) in the portion of Ora! Solution taken: 

Result - (ru/fj) x (Cs/Cu) x 100 

fu = peak area of iodide from the Sampie solution 

r s = peak area of iodide from the Standard solution 

C s - concentration of iodide in the Standard 
solution (pg/mL) 

Cu = nominał concentration of iodine in the Sampie 
solution (pg/mL) 

Acceptance criteria: 9Q.0%-1 60.0% of the labeled 
amount of iodine (i) 
o [ODJDE, Method 2 

Analysis: Proceed as directed. 

Acceptance criteria: 90>0%-160.G% of the labeled 
amount of iodine (I) 

* Iron 

Iron standard stock solution: Transfer 100 mg of iron 
owder to a ] 000-mL volumetrie fiask. Dissolve in 6 N 
ydrochioric add, and dilute with water to volume. 
Standard Solutions: To separate 100-mL volumetric 
flasks, transfer 2.0, 4,0, 5,0, 6.0, and 8,0 mL of Iron 
standard stock solution . Dilute the contents of each fiask 
with 0,125 N hydrochlonc add to volume to obtain 
concentrations of 2.0, 4,0, 5.0, 6.0, and 8.0pg/mL of 
iron, 

Sampie solution: ójug/mL of iron from the Orał Solu¬ 
tion in 0.125 N hydrochloric acid 
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Instrumental conditions 

(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
Lamp: Iron hollow-cathode 
Flame: Air^acetylene 
Analytkal wavefength: 248.3 nm 
Blank: 0.125 N hydrochloric acid 
Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus concentration, In pg/mL, of iron, and dra w the 
straight linę best fitting the five plotted points. From 
the graph so obtained, determine the concentration, 

C, En jig/ml, of iron in the Sample solution * 

Calculate the percentage of the [abeled amount of iron 
(Fe) in the portion of Orał Solution taken: 

Result as (C/Cu) x 100 

C - concentration of iron in the Sample solution 
from the graph (pg/mL) 

C u - nominał concentration of iron in the Sample 
solution (pg/ml) 

Acceptanee criteria: 90.0%-l25.0% of the (abeled 
amount of iron (Fe) 

e MAGNESIUM 

Magnesium standard solution: Transfer 1.00 g of mag- 
nesium ribbon to a 1 000-mL volumetric fiask. Dissolve 
in 50 mL of 6 N hydrochloric add, and dllute with 
water to volume. 

Standard stock solution: 20 pg/mL of magnesium 
from Magnesium standard solution in 0.125 N hydro¬ 
chloric add 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 5.0, 7.5, 10.0, 12.5, and 15.0 mL of 
dard stock solution . Diiute with 0.125 N hydrochloric 
acid to volume to obtain concentrations of 1.0, 1.5, 

2.0, 2.5, and 3.0 pg/mL of magnesium, 

Sample solution: 2.5 pg/mL of magnesium from the 
Orał Sofutlon in 0.125 N hydrochloric acid 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
Analytkal wavelength: 285.2 nm 
Lamp: Magnesium hollow-cathode 
Flame: Alr-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus concentration, in pg/mL, of magnesium, and 
dra w the straight linę best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, fn pg/mL, of magnesium in the Sam¬ 
ple solution. 

Calculate the percentage of the labefed amount of 
magnesium (Mg) in the portion of Orai Solution taken: 

Result = (C/C w )x 100 

C = concentration of magnesium in the Sample 
solution from the graph (pg/mL) 

Cu - nominał concentration of magnesium in the 
Sample solution (pg/mL) 

Acceptanee criteria: 90.0%-t25.0% of the labeled 
amount of magnesium (Mg) 

e MANGANESE 

Manganese standard solution: Transfer 1.0 g of man- 
ganese to a 1000-mL volumetric fiask, Dissoke in 20 mL 
of nitric add, and diiute with 6 N hydrochloric acid to 
volume. 


Standard stock solution: 50 pg/mL of manganese from 
the Manganese standard stock solution in 0.125 N hy¬ 
drochloric acid 

Standard Solutions: To separate 100-mL vo!umetric 
flasks transfer 1.0, 1.5, 2.0, 3.Q, and 4.0 mL of the Stan¬ 
ford stock solution. Diiute the contents of each fiask 
with 0.125 N hydrochloric acid to vo!ume to obtain 
Solutions having known concentrations of 0.5, 0.75, 

1.0, 1.5, and 2.0 pg/mL of manganese. 

Sample solution: Diiute an accurately measured vol- 
ume of the Orał Solution to obtain 1.5 pg/mL of man¬ 
ganese in 0.125 N hydrochloric acid. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
Analytical wavelengtn: 279.5 nm 
Lamp: Manganese hollow-cathode 
Flame: AEr-acetyJene 
Blank: 0.1 25 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank , Plot the absorbances of the Standard Solutions 
versus concentration, In pg/mL, of manganese, and 
draw the straight linę best fitting the five plotted 
points. From tne graph so obtained, determine the 
concentration, C, in ug/mL, of manganese In the 5am- 
ple solution . 

Calculate the percentage of the labeled amount of 
manganese (Mn) fn tne portion of Orał Solution taken: 

Result = (C/Cy) x 100 

C - concentration of manganese in the Sample 
solution from the graph (pg/mL) 

G = nominał concentration of manganese in the 
Sample solution (pg/mL) 

Acceptanee criteria: 90.0%^125.0% of the labeled 
amount of manganese (Mn) 

* MOLYBDENUM 

Molybdenum standard solution: Transfer 1.0 g of mo- 
lybdenum wire to a 1000-mL vofumetric fiask, and dis- 
solve in 50 ml of nitric acid, warming rf necessary. Di- 
lute with water to volume. 

Standard stock solution: 100 pg/mL of molybdenum 
from the Molybdenum standard solution rn water 
Standard Solutions: To separate 100-mL volumetric 
flasks transfer 0,5, 1.0, 1,5, 2.0, and 3.0 mL of the Stan¬ 
dard stock solution. Add 0.125 N hydrochloric acid to 
voiume, and mix to obtain the Solutions having known 
concentrations of about 0.5, 1.0, 1.5, 2.0, and 3,0 pg/ 
mL of molybdenum. 

Sample solution: Diiute an accurately measured vof- 
ume of the Orał Solution to obtain 1.5 pg/mL of molyb¬ 
denum from the Orał Solution En 0.125 N hydrochloric 
acid. 

instrumental conditions 

(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
Analytkal wavelengtn: 31 3,3 nm 
Lamp: Molybdenum hollow-cathode 
Flame: Nitrous oxide-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank , Plot the absorbances of the Standard Solutions 
versus concentration, in pg/mL, of molybdenum, and 
draw the straight linę best fitting the five plotted 
points, From tne graph so obtained, determine the 
concentration, C, in pg/mL, of molybdenum in the 
Sample solution. 
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Calculate the percentage of the Iabeled amount of mo- 
lybdenum (Mo) in the portion of Ora! Solution taken: 

Result - (C/Cu) x 100 

C = concentration of molybdenum in the Sample 
solution from the graph (pg/mL) 

Cu - nominał concentration of molybdenum in the 
Sample solution (pg/mL) 

Acceptance critena: 90.0%™160.0% of the Iabeled 
amount of molybdenum (Mo) 

a ZlNC 

Zinc standard solution: Transfer 311 mg of zinc oxide 
to a 250-mL voEumetric fiask, and add 80 mL of 6 N 
hydrochloric add, warming if necessary to disso!ve. 
Coo!, dilute with water to volume, and mix to obtain a 
solution having a known concentration of lOOOjug/mL 
of zinc. 

Standard stock solution: 50 jug/mL of zinc from the 
Zinc standard solution in 0.125 N hydrochloric add 
Standard Solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 
5.0 mL of the Standard stock solution to sępa ratę 
100-mL volumetrie flasks. Dilute the contents of each 
fiask with OJ 25 N hydrochloric acid to volume to ob¬ 
tain concentrations of 0.5, 1.0, 1.5, 2 A and 2.5 pg/mL 
of zinc. 

Sample solution: Dilute an accurately measured voi- 
ume of Orał Solution to obtain 1.5 pg/mL of zinc in 
OJ 25 N hydrochloric acid. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectroph otom eter 
Analytical wavelength: 213.8 nm 
Lamp: Zinc hollow-cathode 
Flame: Air^acetylene 
Blank: 0.125 N hydrochloric add 
Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus concentration, in pg/mL, of zinc, and draw the 
straight linę best fitting the five plotted polnts. From 
the graph so obtained, determine the concentration, 

C, in jug/mL, of zinc in the Sample solution. 

Calculate the percentage of the Iabeled amount of zinc 
(Zn) in Lhe portion of Orał Solution taken: 

Result = (C/ty) x 100 

t - concentration of zinc in the Sample solution 
from the graph (jug/mL) 

Cu - nominał concentration of zinc in the Sample 
solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the Iabeled 
amount of zinc (Zn) 

OTHER COMPONENTS 

O ALCdHOL Determination, Method I (611) (if present): 
90.0%-l 20.0% of the Iabeled amount of C z H s OH 

CONTAMINANTS 

® Microbial Enumeration Tests (2021): The totaf aerobic 
microbial count does not exceed 3 x 10 a cfu/mL, and the 
combined molds and yeasts count does not exceed 
3 x 10 2 cfu/mL. 

* Absence of Specifjed MiCROORGANESMS (2022): Meets the 
requlrements of the tests for absence of Salmonella spe- 
des and Escherichia coli 

ADDITIONAL REQU1REMENT5 

Packacinc and Storace: Preserve in tlght, light-resistant 
contalners, under an inert gas or with a minimum of 
headspace. 


* Labeung: 1 The label States that the product is Oil-Soluble 
Vitamins with Minerals Orał Solution. The label States the 
guantity of each vitamin and minerał in a given vo!ume 
of the Orał Solution and, where necessary, the Chemical 
form in which a yltamin is present, and States also the 
salt form of the minerał used as the source of each ele¬ 
ment. Where the product contains vltamin E, the label 
Indicates whether it is the d- or di- form. Where morę 
than one assay method is glven for a particular minerał, 
the labeling States with which assay method the product 
complies only if Method 1 is not used. 
o usp reference standards (li) 

USP Alpha Tocopherol RS 

USP Alpha Tocopheryl Acetate RS 

USP Alpha Tocopheryl Add Succinate RS 

USP Beta Carotene RS 

USP Beta Carotene System Suitability RS 

USP Cholecalciferol RS 

USP Ergocalciferol RS 

USP Phytonadione RS 

USP Retinyl Acetate RS 

USP Retinyl Palmitate RS 

USP Sodlum Fluoride RS 


Oil-Sofuh9e Vitamir»s witłn Minerals 
TabJets 


DEFINITION 

Oil-Soluble Yitamins with Minerals TabJets contain two or 
morę of the following oibsoluble vitamlns: Vitamin A, as 
retfnol or esters of retinol in the form of retinyl acetate or 
retinyl palmitate; Yltamin D as ergocaldferof (Vitamin U 2 ) 
or cholecalciferol (Vitamin D*); Vitamin E, as alpha to¬ 
copherol, alpha tocopheryl acetate or alpha tocopheryl 
acid suednate; Phytonadione (Vitamin Ki); beta carotene; 
and one or morę minerals derived from substances gener¬ 
ał ly recognized as safe, furnishing one or morę of the fol¬ 
lowing elements in ionlzable form: boron, calcium, chro- 
mium, copper, fluor!ne, iodine, Iron, magnesium, 
manganese, molybdenum, nickel, phosphorus, potassium, 
selenium, tin, vanadium, and zinc. Tablets contain NLT 
90.0% and NMT 165.0% of the Iabeled amounts of vita¬ 
rnin A, as retinol equiva!ent (C 2 oH 3 qO); vitamin D, as cho¬ 
lecalciferol {C 27 H 44 G} or ergocalciferol (C^H^O); vitamin 
E, as alpha tocopherol (C 29 H 50 O 2 ), alpha tocopheryl ace¬ 
tate (C 31 H 52 O 3 ), or alpha tocopheryl add suednate 
(C 33 H 54 O 5 ); phytonadione (CsihbeCb); and beta carotene 
(C| 0 H 56 ); NLT 90.0% and NMT 125.0% of the Iabeled 
amounts of calcium (Ca), copper (Cu), iron (Fe), manga¬ 
nese (Mn), magnesium (Mg), phosphorus (P), potassium 
(K), and zinc (Zn); and NLT 90.0% and NMT 160.0% of 
the Iabeled amounts of boron (B), chromium (Cr), fluor- 
ine (F), iodine (I), molybdenum (Mo), nickel (Ni), sele¬ 
nium (Se), tin (Sn), and vanadium (V), 

1 USP Units of actlvity for vitamins, where such exist or formerly existed, are 

equivalent (.0 Lhe corresponding intematiorral units, where 5 uch formerly ex- 
isted. The USP Unit for wamin E has been discontinued, International! units 
(IU) for vitamins also have been discontlnued. However, the use of IU on the 
labels of vitamrn products continues. Where articles are Iabeled in terms of 
Units in addition to the requlred labeling, the relationship of the USP Units or 
IU to mass is as foflows. One USP Vrtamin A Unit = 0.3 pg of all-Eram-retinoI 
(v i ta min A alcohot) or 0.344 jig of alf-fcrom-retinyl acetate (vf tarnin A acetate) 
or 0,55 jag of all-fram-retinyl palmitate {viLamin A palmitate), and 1 jjg of 
retinol (3,3 USP Vitamm A Units) - 1 retinol equivalent (RE); 1 UJ of beta 
carotene = 0.6 pg of all-trom-beia carotene; 1 USP Vitamin D Unit = 0.025 pg 
of ergocalciferol or cholecalciferol; and 1 mg of dAalpha tocopherol = 1.1 
former USP Vitarnin E Units, 1 mg of df-alpha tocopheryl acetate - 1 farmer 
USP Vkamin E Unit, 1 mg of Ralpha tocopheryl acid succinate = 0.89 fonner 
USP Vitamin E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vftamln E 
Units, 1 mg of d-alpha tocopheryl acetate = 1.36 former USP Witamin E Units, 
and 1 mg of d-afpha tocopheryl acid suednate ^1,21 former USP Vitamin E 
Units. In terms or d-alpha tocopherol equivalents, 1 mg of d-afpha tocopheryl 
acetate = 0.91, 1 mg of d-afpha tocopheryl acid succinate = 0.81, 1 mg of dt- 
alpha tocopherol = 0.74, 1 mg of dt- alpha tocopheryl acetate = 0.67, and 
1 mg of df-alpha tocopheryl acid suednate = 0.60. 
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They may contaln other labeied added substances that are 
generally recognized as safe, in amounts that are 
unobjectionable. 

STHENGTH 
O Vitamin A 

[NoTE—Use low-actinic glassware throughout this 
procedurę.] 

Mobile phase; n-Hexane 

Standard solution 1: 13 pg/mL of retinol fronn USP Re- 
tinyl Acetate RS In n-hexane 

Standard solution 2: 1 3 pg/mL of retinol from USP Re- 
tinyl Palmitate RS in ri-hexane 
System suitability solution: Mix equal volumes of Stan¬ 
dard solution 7 and Standard solution 2 . 

Sampie solution: Finely powder NIT 20 Tablets. To a 
portion of the powder, equivalent to 5 Tablets, add 
1 5 mL of water, and sonicate for 5 min. Add 15 mL of 
n-hexane, and shake for 15 min in a water bath main- 
tained at 60°. Add 10 mL of dimethyl sulfoxide, and 
shake for an additional period of 30 min in a water 
bath maintained at 60 u . Centrifuge at 3000 rpm for 10 
min, and transfer the hexane layer by means of a pipet 
to a 100-mL volumetric fiask, Aad 15 mL of r?-hexane to 
the dimethyl sulfoxide layer, shake thoroughly for 5 
min, and transfer the hexane layer by means of a pipet 
to the 100-mL volumetnc fiask. Repeat this extraction 
with three additional 1 5-mL portions of n-hexane, Di- 
lute the extracts in the volumetric ftask with n-hexane 
to volume. Further dilute this solution with r?-hexane to 
obtain a solution with a concentration equivalent to 
1 3 pg/mL of retinol (QoH 3 uO). 

Chromatographic system 
(See Chromotograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 325 nm 
Column: 4,6-mm x 15-cm; packing LS 
Flow ratę: 1 m L/min 
injection voiume: 40 pL 
System suitability 
Sample: 5ys Lem s u i to bili ty sol u t/o n 
Suitability requirements 

Resolution: NLT 10 between iall-frans-retinyl acetate 
and all-tram-retinyl palmitate 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution 1 or Standard solution 2 
and Sample solution 

Calculate the percentage of the labeied amount of vlta- 
min A, as retinol (QohhoO), in the portion of Tablets 
ta kem 

Result = (r u fTs) x (Q/Cu) x 100 

fu - peak area of the afl-trans-retinyl ester from the 
Sample solution 

r s ~ peak area of the all-trans-retinyl ester from the 
appropriate Standard solution 
Cs = concentration of retinol in the appropriate 
Standard solution (pg/mL) 

Cu = nominał concentration of vitamin A, as retinol, 
in the Sampie solution (pg/mL) 

Acceptance criteria: 90.0%-165.0% of the labeied 
amount of vitamin A as retinol equivalent (C 2 oH 3 dO) 

» VlTAtVllN 0 

[Notę—W here vitamin D (cholecalciferol or ergocatciT 
erol) is specified in the foilowing procedurę, use the 
Chemical form present in the formulation and the reie- 
vant USP Reference Standard, Use low-actinic glassware 
throughout this procedurę.] 


Mobile phase: n-Hexane and isopropyl alcohol (99:1) 
Standard solution: 2 pg/ml of USP Cholecalciferol RS 
or USP Ergocalciferol RS in n-hexane 
System suitability solution: Heat a vofume of the Stan¬ 
dard solution at 60° for 1 h to partially isomerize vita- 
min D (cholecalciferol or ergocalciferol) to its corre- 
sponding precursor. 

Sampie solution: Transfer NLT 20 mL of the solution 
prepared as directed for the Sample solution in Vitamin 
A to a suitable Container, and evaporate, if necessary, in 
vacuum at room temperaturę to obtain a concentration 
of 2 pg/mL of cholecalciferol or ergocalciferol. 
Chromatographic system 
(See Chromotograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 
Column: 4.6-mm x 15-cm; 3-jim packing L8 
Flow ratę: 1 mL/min 
injection voiume: 100 |iL 
System suitability 
Sample: System suitability solution 
Suitability requirements 
Resolution: NLT 10 between the vitamin D form 
present and its corresponding precursor 
Relative standard devlatrort; NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeied amount of cho¬ 
lecalciferol (Q/H 4 40 ) or ergocalciferol (C 28 H 44 O) in the 
portion of Tablets falcem 

Result - (ru/fs) x (G/Cu) x F x 100 

ru - peak area of cholecalciferol or ergocalciferol 
from the Sample solution 
- peak area of cholecalciferol or ergocalciferol 
from the Standard solution 
C 5 - concentration of USP Cholecalciferol RS or 

USP Ergocalciferol RS in the Standard solution 
(ng/mL) 

Cu - nominał concentration of cholecalciferol or 

ergocalciferol tn the Sampie solution (jug/ml) 

F - correction factor to account for the average 
amount of prewitamin D present in the 
Sample solution , 1.09 

Acceptance criteria: 90.0%-1 65.0% of the labeied 
amount of vitamin D as cholecalciferol (C^hUtO) or er¬ 
gocalciferol (C^eH^O) 

• VlTAMIN E 

[Notę—W here vitamin E (alpha tocopherol, alpha 
tocopheryl acetate, or alpha Locopheryl add succinate) 
is specified In the foilowing procedurę, use the Chemical 
form present tn the formulation and the relevant USP 
Reference Standard, Use low-actinic glassware through¬ 
out this procedurę,] 

Solution A: Phosphorlc add solution In water (1 in 
100 ) 

Mobile phase: Methanol and Solution A (19:1) 

Standard solution: 2 mg/mL of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Add Succinate RS in methanol 
Sample solution: Transfer NLT 20 mL of the solution 
prepared as directed for the Sample solution tn Vitamin 
A to a sultable Container, and evaporate in vacuum at 
room temperaturę to dryness. Transfer the residue with 
the aid of methanol to a suitable volumetric fiask, and 
dilute with methanol to vo!ume to obtain a concentra¬ 
tion of 2 mg/mL of alpha tocopherol, alpha tocopheryl 
acetate, or alpha tocopheryl add succinate. 
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Chromatographic system 

(See Chromotograpny {62 1), System Su i ta bil i ty.) 

Modę: LC 

Detector: UV 291 nm 
Coiumn: 4,6-mm x 15-cm; 5 -jluti packing LI 
Flow ratę: 1 mL/min 
Injectron volume: 50 pl 
System suitability 
Sample: Standard soiution 
Suitability reąuirements 
Taiting factor: NMT 1,5 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard soiution and Sample soiution 
Calculate the percentage of the fabeEed amount of al¬ 
pha tocopherof (CzgHsaCh), alpha tocopheryl acetate 
{C 31 H 52 O 3 }, or alpha tocopheryl acid sucdnate 
(C 53 H 54 O 5 ) in the portion of TabJets taken: 

Result - ( r u fr$ ) x (Cs/Cu) x 100 

fu - peak area of the relevant vftamin E form from 
the Sampfe soiution 

r$ - peak area of the relevant vitamEn E form from 
the Standard soiution 

Cs = concentration of the corresponding USP 

Reference Standard In the Standard soiution 
(mg/mL) 

C u = nominał concentration of the corresponding 
form of vitam En E in the Sample soiution 
(mg/mL) 

Acceptance criteria: 90.0%-7 65,0% of the labeled 
amount of vitamin E 
* Phytonadione (VlTAMIN Kj) 

[Notę —Use low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Methanol and water (19:1) 

Standard stock soiution: 200 ug/ml of USP Phytona- 
dione RS in methanol. Dissolve with the aid of sonica- 
tion if necessary. 

Standard soiution: 20fjg/mL of USP Phytonadione RS 
from the Standard stock soiution difuted with methanol 
System suitability soiution: 0.65 mg/mL of USP Alpha 
Tocopheryl Acetate RS and 20 pg/mL of USP Phytona- 
di one RS from the Standard stock soiution dEluted with 
methanol. [Notę—D issoke USP Alpha Tocopheryl Ace¬ 
tate RS in a portEon of methanol, add the Standard 
stock soiution, and then diJute with methanol to 
volume,] 

Sample soiution: Transfer NLT 20 mL of the soiution 
p repa red as directed for the Sampfe soiution En Vitarnin 
A to a suitabie Container, and evaporate in vacuum at 
room temperaturę to dryness. Transfer the residue with 
the aid of methanol to a suitabie volumetric fiask, and 
dilute with methanol to volume to obtain a concentra¬ 
tion of 20 pg/mL of pfiytonadEone. 

Chromatographic system 
(See Chromotograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 15-cm; 5-pm packing LI 
Flow ratę: 1 mL/min 
Injection volume: 50 pL 
System suitability 

Samples: Standard soiution and System suitability 
soiution 

Suitability reguirements 

Resolution: NLT 5 between alpha tocopheryl acetate 
and phytonadione. System suitability soiution 
Relative standard deviation: NMT 3,0%, Standard 
soiution 


Analysis 

Samples: Standard soiution and Sampfe soiution 
Calculate the percentage of the labeled amount of 
phytonadione (C^iH^Oz) En the portion of Tablets 
taken: 

Result - (fu/cO x (Cs/Cu) x 100 

r u - peak area from the Sampfe soiution 

r 5 = peak area from the Standard soiution 

Q - concentration of USP Phytonadione RS in the 
Standard soiution (pg/mL) 

Cu = nominał concentration of phytonadione En the 
Sampfe soiution (jig/mL) 

Acceptance criteria: 90.0%-165.0% of the labeled 
amount of phytonadione (Csil-ifeCb) 

« Beta Carotene 

[NOTĘ—Use low-actinic glassware.] 

Mobile phase: Transfer 50 mg of butylated hydroxytol- 
uene into a 14 volumetric fiask, and dEssoNe with 
20 ml of 2-propanof. Add 0.2 mL of N-ethyldiisopropyl- 
aminę, 25 mL of 0,2% ammonium acetate soiution, 

455 mL of acetonitriEe, and about 450 mL of methanol. 
Al Iow the soiution to reach room temperatura, and dl- 
lute with methanol to volume. 

Diluent: 50 pg/mL of butyiated hydroxytoluene in 
alcohol 

System suitability soiution: Transfer 20 mg of USP Beta 
Carotene System Suitability RS to a 50-mL vo]umetric 
fiask. Add 1 mL of water, 4 mL of tetrahydrofuran, and 
sonicate for 5 min. Dilute with DHuent to volume, and 
sonicate for 5 min. Cool to room temperaturę, pass the 
suspension through a membranę filter of 0.45-pm porę 
stze, and use the elear filtrate. 

Standard stock soiution: 60 pg/mL of USP Beta Caro¬ 
tene RS in tetrahydrofuran 

Standard soiution A: Transfer 5.0 mL of the Standard 
stock soiution into a 100-mL volumetric fiask, add 
5.0 mL of tetrahydrofuran, and drlute with Difuent to 
voiume. 

Determine the concentration of Standard soiution A 
from the concentration of Standard soiution B as 
follows. 

Standard soiution B: Transfer 5.0 mL of the Standard 
stock soiution into a 1 00 -mL yolumetric fiask, and dilute 
with cyclohexane to volume. Prepare En triplEcate. 
Instrumentai conditions 
(See Ultra violet- Yisible Spectroscopy (857).) 

AnalyticaJ wavelength: 457 nm 
Celi path: 1 cm 
BJantc: Cyclohexane 
Analysis 

Sample: Standard soiution 8 
Calculate the concentration of to tal beta carotene 
(mg/mL) as ail-trcim-beta carotene (C^Hse) En Standard 
soiution B. [NOTĘ —The concentration of Standard solu- 
tion B equal$ the concentration of Standard soiution AJ 

Result - A/F 

A = average absorbance of the three preparations 
of Standard soiution B 

F - absorpdvity of pure albtram-beta carotene in 
cyciohexane, 250 

Sample soiution: Transfer NLT 20 mL of the soiution 
p repa red as directed for the Sample soiution in Vitamin 
A to a suitabie Container, and evaporate in vacuum at 
room temperaturę to dryness. Dissolve the residue En a 
mixture or methylene chlonde and Difuent (1:1), and 
dilute with the same mixture to obtain a concentration 
of 3 pg/mL of beta carotene. Pass through a membranę 
fi [ter of 0,45-pm porę size, if necessary, 
Chromatographic system 
(See Chromatography (621), System Suitability.) 
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Modę: LC 

Detector: UV-Vis 448 nm 

Column: 4.6-mm x 25<m; 5-pm packing L68 

Column temperaturę: 30 q 
Flow ratę: 0.6 mL/min 
Injection volume: 20 j.iL 
System suitability 

Samples: System suitability solution and Standard solu- 
don A 

The approximate refative retention times of the com- 
ponents in the System suitability solution are Eisted in 
Tobie 1. 


Table 1 


Name 

Relative 

Retention 

Time 

Relath/e 

Response 

Factor 

All-tram-Abha carotene 

0.93 

1.1 

Al [-trans-Be ta carotene 

1.00 

1 

9-ds-Beta carotene 

1.07 

1 

1 Tc/5-Beta carotene 

1.17 

1.2 

15-ds-Beta carotene 

1,21 

1.4 


Suitability requirements 

Chromatogram similarity: The chromatogram from 
the System suitability solution is simiiar to the refer- 
ence chromatogram provided with the USP Beta Car- 
otene System Suitability RS being u sod. 

Resolution: NLT 1.5 between beta carotene and al* 
ha carotene and between beta ca rotene and 9-cis- 
eta carotene. System suitability solution 
Tarling factor: NMT 2.0 for the beta carotene peak, 
Standard solution A 

Relative standard deviation: NMT 2.0% for the beta 
carotene peak from replicate injections, Standard solu¬ 
tion A 

Analysis 

Sam pies: Standard solution A and Sample solution 
Calcu la te the percentage of alhteons-beta carotene in 
the portion of Tablets taken: 

Resuft = (r^/rs) x ( C s /Cu ) x 100 

r u = peak area of alLtrans-beta carotene in the 
Sample solution 

r$ - peak area of all-frans-beta carotene in 
Standard solution A 

Q = concentration of ail-trom-beta carotene in 
Standard solution 4 as determined by 
spectrometric procedurę 

Cu - nominał concentration of beta carotene in the 
Sample solution 

Acceptance criteria: 90.0%-165.0% of the EabeEed 
amount of beta carotene (C^Hse) 
o CALCIUM, Method 1 

Lanthanum chloride solution: 267 mg/mL of Eantha- 
num chloride heptahydrate in 0.125 N hydrochloric 
acid 

Oaidum standard solution: 400 pg/ml of cakium. Dis- 
solve 1.001 g of calcium carbonate, preyiously dried at 
300° for 3 h and cooled in a desiccator for 2 h, in 
25 mL of 1 N hydrochloric add. Boit to expel carbon 
dioxide, and diiute with water to 1 000 mL. 

Standard stock solution: 100 pg/mL of calcium from 
the Calcium standard solution diluted with 0,125 N hy¬ 
drochloric acid 

Standard Solutions: Into separate 100-mL yolumetnc 
flasks pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Stan¬ 
dard stock solution , To each fiask add 1.0 mL of Lanlha- 
num chloride solution , and di lute with 0.125 N hydro- 
chioric acid to volume to obtain concentrations of 1.0, 
1.5, 2.0, 2.5, and 3.0 pg/mL of calcium. 


Sample solution: FEnely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 5 Tablets, to 
a porcefain crucible, Heat the crucible in a muffle fur- 
nace maintained at 550° for 6-12 h, and cooL Add 
60 mL of hydrochloric acid, and boil gently on a hot 
piąte or steam bath for 30 min, intermittently rinslng 
the inner surface of the cruoibfe with 6 N hydrochloric 
add. Cool, and quantitativefy transfer the contents of 
the crucible to a 100-mL volumetric fiask. Rinse the cru¬ 
cible with smali portions of 6 N hydrochloric acid, and 
add the nnsings to the fiask. Diiute with water to vol- 
ume, and fiiter, discarding the first 5 mL of the filtra te. 
Diiute this solution quantitative]y, with 0.125 N hydro¬ 
chloric acid, to obtain a concentration of 2jjg/mL of 
calcium, addtng 1 mL of Lanthanum chloride solution per 
100 mL of the finat vo!ume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytkaf wavelengtn: Calcium emission linę at 
422.7 nm 

Lamp: Cafclum hoflow-cathode 
Flame: Nitrous oxide-acetylene 
Blank: 0.125 N hydrochloric acid containing 1 mL of 
Lanthanum chloride solution per 100 mL 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions, against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/rnl, of calcium, and 
dra w the straight Hne best fittrng the five plotted 
points. From tne graph so obtained, determine the 
concentration, C, in pg/mL, of calcium in the Sample 
solution. 

Calculate the percentage of the fabefed amount of cal- 
cium (Ca) in the portion of Tablets taken: 

Resuft = (C/Cu) * 100 

C = measured concentration of calcium in the 
Sample solution (|itj/mL) 

Cu - nominał concentration of calcium in the 
Sample solution (jag/ml) 

Acceptance criteria: 9CL0%-125.Q% of the Jabeled 
amount of calcium (Ca) 

* Chromium, Method 1 

Chromium standard solution: 1000 ug/mL of chro- 
mium from potassium dichromate, previously dried at 
120° for 4 h in water. Storę in a polyethylene bottle. 
Standard stock solution: 10 tig/mL of chromium from 
the Chromium standard solution diluted with 6 N hydro¬ 
chloric acid and water (1 in 20) 

Standard Solutions: Transfer 1 0.0 and 20.0 mL of the 
Standard stock solution to separate 100-mL volumetric 
flasks, and transfer 15.0 and 20,0 mL of the Standard 
stock solution to separate 50-mL volumetric flasks, Diiute 
the contents of each of the four flasks with 0.125 N 
hydrochloric acid to volume to obtain concentrations of 
1 .0, 2.0, 3.0, and 4.0 pg/mL of chromium. 

Sample solution: Proceed as directed for Calcium , 
Method 1, except prepare the Sample solution to eon- 
tain 2,5 pg/mL of chromium and omit the use of the 
Lanthanum chloride solution. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytkal wavelengtn: Chromium emission linę at 
357.9 nm 

Lamp: Chromium hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
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versus the concentration, tn pg/mL, of chromium, and 
dra w the straight linę best fitting the four plotted 
points* From tłie graph so obtained, determine the 
concentration, C, in pg/mL, of chromium in the Sam¬ 
ple solution. 

Calculate the percentage of the labeled amount of 
chromium (Ćr) in the portion of Tabiets taken: 

Resu !t = (C/Qx 100 

C = measured concentration of chromium in the 
Sample solution (jig/mL) 

Cu = nominał concentration of chromium in the 
Sample solution (pg/mL) 

Acceptance cnteria: 90.0%-160.0% of the iabeied 
amount of chromium (Cr) 

• Copper, Method 1 

Copper standard solution: DIssolve 1.00 g of copper 
foit in a minimum vofume of a 50% solution of mtric 
acid, and dilute with a 1% solution of nitric add to 
1000 mL. This solution contains 1000 jug/mL of copper. 
Standard stock solution: 100 ug/ml of copper from 
the Copper standard solution diluted with 0.125 N hy¬ 
drach lorit acid 

Standard Solutions: To separate 200-mL volumetric 
ffasks transfer 1.0, 2.0, 4.0, 6.0, and 8.0 ml of the Stan¬ 
dard stook solution. Dilute with 0.125 N hydrochloric 
acid to volume to obtain concentrations of 0.5, 1.0, 

2.0, 3.0, and 4.0 pg/mL of copper. 

Sample solution: Proceed as directed for Calcium, 
Method 1, except to prepare the Sample solution to eon- 
tain 2 ug/mL of copper and omit the use of the Lantha- 
num cnforide solution, 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Copper emission linę at 324.7 
nm 

Lamp: Copper hoflow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of copper, and 
draw the straight linę best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of copper in the Sample 
solution. 

Caieulate the percentage of the labeled amount of cop¬ 
per (Cu) in tne portion of Tabiets taken: 

Result s (C/Cu) x 100 

C - measured concentration of copper in the 
Sample solution (pg/mL) 

Cu = nominał concentration of copper in the 
Sample solution (pg/mL) 

Acceptance cnteria; 9G.0%--125.0% of the labeled 
amount of copper (Cu) 

* Fluoride, Method I 

[Notę—S torę al! Solutions in plastic containers.] 

3 M sodium acetale solution: Dissolve 408 g of so- 
dium acetate in 600 mL of water contained in a 
1000-mL volumelric fiask, Allow the solution to equili- 
brate to room temperaturę, and dilute with water to 
volume. Adjust with a few drops of acetic acid to a pH 
of 7,0. 

Sodium ci tratę solution: Dissolve 222 g of sodium cit- 
rate in 250 mL of water in a 1000-mL volumetric fiask. 
Add 28 mL of perchloric acid, and dilute with water to 
vo!ume. 


Fluoride standard stock solution: 500 pg/mL of fluo- 
rrde From a quantity of sodium fluoride in water, previ- 
ousfy dried at T 00° for 4 h and cooled in a desiccator 
Intermediate stock solution A: 100 pg/ml of fluoride 
from the Fluoride standard stock solution diluted with 
water 

Intermediate stock solution B: 10 pg/ml of fluoride 
from the Fluoride standard stock solution diluted with 
water 

Standard Solutions: To five separate 100-mL voiumetric 
flasks transfer 3.0, 5.0, and 10.0 mL of Intermediate 
stock solution 8 and 5.0 and 10,0 mL of Intermediate 
stock solution A, To each fiask add 10.0 mL of 1 N hy¬ 
drochloric acid, 25 mL of 3 M sodium acetate solution , 
and 25.0 mL of Sodium citrate solution. Dilute the con- 
tents of each fiask with water to volume to obtain con¬ 
centrations of 0.3, 0.5, 1,0, 5.0, and 10.Qpg/mL of 
fluoride. 

Sample soiution: Transfer a quantity of the finely pow- 
dered Tabiets, equivatent to 200 pg of fluoride, to a 
100-mL volumetric fiask, Add 10.0 ml of 1 N hydro¬ 
chloric add, 25,0 mL of 3 M sodium acetate soiution , 
and 25.0 mL of Sodium citrate soiution, and dilute with 
water to volume, 

Analysis 

Samples: Standard Solutions and Sample solution 
To separate plastic beakers, each containing a plastic- 
coated stirnng bar, transfer 50,0 mL each of the Stan¬ 
dard Solutions and the Sample solution. Measure the 
potentials (see pH (791)), in mV, of the Standard Solu¬ 
tions and the Sample soiution , with a pH meter capable 
of a minimum reprodudbility of ±0.2 mV and 
eguipped with a fluoride-spedfic ion-mdicating elec¬ 
trode and a caiomel reference electrode, [Notę—W hen 
taking measurements, immerse the electrodes in the 
solution, stir on a macjnetic stirrer having an Insulated 
top until eguilibrium is attained (1-2 min), and record 
the potentiaL Rlnse and dry the electrodes between 
measurements, taking care to avoid damaging the 
crystal of the specific-ion electrode.] 

Plot the logarithms of fluoride concentrations, in 
pq/mL, of the Standard Solutions versus potential, in 
mV. From the standard response curve so obtained 
and the measured potential of the Sample solution , de¬ 
termine the concentration, C, in pg/mL, of fluoride in 
the Sample solution. 

Calculate the percentage of the labeled amount of 
fluorine (F) in the portion of Tabiets taken: 

ResulL = (C/Cu) x 100 

C - measured concentration of fluoride in the 
Sample solution (pg/mL) 

Cu = nominał concentration of fluorine in the 
Sample solution (pg/mL) 

Acceptance critena: 90.0%-l 60.0% of the labeled 
amount of fluorine (F) 

• Fluoride, Method 2 

[NOTE—Use plastic containers and deiomzed water 
throughout this procedurę.] 

pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydrox- 
ide to lOOOmL of 0.05 M sodium bicarbonate. 

Mobile phase: Atcohol, 0,1 N sulfuric acid, and water 
(20:5:175) 

Standard stock solution: 220 pg/mL of USP Sodium 
Fluoride RS in water. This solution contains 100 pg/mL 
of fluoride. 

Standard solution: [Notę— Condition the solid-phase 
extraction column specified for use in the Standard solu¬ 
tion and the Sample solution in the following manner. 
Using a vacuum at a pressure not exceeding 5 mm of 
mercury, wash the column with one column volume of 
methanol followed by one column volume of pH 10.0 
buffer. Do not allow the column top to dry. If the top 
of the column becomes dry, recondition tne column,] 
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Transfer 10,0 mL of Standard stock solution to a 100-mL 
volumetric fiask. Add 75 mL of water, and adjust with 
0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute 
with water to volume* Filter, discarding the first 15 mL 
of the filtrate* Transfer 25,0 mL of the filtrate to a 
50-mL yolumetric fiask, add 15.0 mL of water, and ad¬ 
just with OJ N sodium hydroxide to a pH of 10.0. Di- 
lute with pH 10.0 buffer to volume* Elute a portion of 
this solution through a 3-mL solid-phase extraction col- 
umn containing LI packing that is connected through 
an adaptor to a second soLd-phase extraction column 
containing sulfonyIpropyl strong catton~exchange pack¬ 
ing* Discard the first 3 mL of the eluate, and collect the 
rest of the eluate in a suitable fiask for injection into the 
chromatograph. 

Sample solution: Finefy powder NLT 20 Tablets* Trans¬ 
fer a portion of powdered Tablets, equivalent to 1 mg 
of fluorine, in 15 mL of water, and shake vigorously. 
Rinse the sides of the fiask with 15 mL of water, and 
allow to stand for 10 min, Dilute with water to 85 mL, 
adjust with 1 N sodium hydroxide to a pH of 10.4 ± 

0.1, and dilute with water to 100 mL. Proceed as di- 
rected for the Standard solution , beginning with "Filter, 
discarding the first 15mL of the filtrate/' 
Chromatographlc system 
{5ee Chromotogrophy (621), System Suitability,) 

Modę: LC 

Detector: Conductlvity 
Column 

Cuard: 4,6-mm x 3-cm; packing LI 7 
Analytical: 7.8-mm x 30-cm; packing LI 7 
Row ratę: 0,5 mL/min 
Injection volume: 100 |_iL 
System suitabilrty 
Sample: Standard solution 
SuitabiJity requirements 
Relative standard deviation: NMT 2.0% 

Anaiysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for fiuoride* 

Calcu la te the percentage of the labeled amount of 
fluorine (F) in the portion of Tablets taken: 

Result - ( ru/r $} x (Q/Cy) x 100 

r v - peak area from the Sample solution 

fs - peak area from the Standard solution 

Cs - concentration of fluoride in the Standard 
solution (fig/mL) 

Cu = nominał concentration of fluorine in the 
Sample solution (pg/mL) 

Acceptance cnteria; 90.0%-160.0% of the labeled 
amount of fluorine (F) 

® Jodide, Methad 1 

Bromine water: To 20 mL of bromine in a glass-stop- 
pered bottle add T00 mL of water* Insert the stopper 
into the bottle, and shake. Allow to stand for 30 min, 
and use the supernatant 
Anaiysis 

Sample: Tablets 

Transfer an amount of finely powdered Tablets, equiva* 
lent to 3 mg of iodide, to a nrckel eructble* Add 5 g of 
sodium carbonate, 5 mL of 50% (w/v) sodium hydrox- 
ide solution, and 10 mL of afcohol, taking care tnat 
the entire spetimen is moistened. Heat the cmcible on 
a steam bath to evaporate the alcohol, then dry the 
crucibie at 100° for 30 min to preyent spattering upon 
subsequent heatlng. Transfer the crucibie with its eon* 
tents to a furnace neated to 50G D , and heat the cruci¬ 
bie for 15 min. [Notę— Heatlng at 500° is necessary to 
carbonlze any organie matter present; a higher tem¬ 
peraturo may be used, if necessary, to ensure com- 
plete carbonization of all organie matter.] 

Cool the crucibie, add 25 mL of water, cover the cruci¬ 
bie with a watchglass, and boil gently for 10 min. Fil* 


ter the solution, and wash the crucibie with borling 
water, colleeting the filtrate and washings in a beaker* 
Add phosphoric add until the solution is neutral to 
methyl orange, then add 1 mL excess of phosphoric 
acid. Add excess of Bromine water , and boil the solu- 
tion gently until colorless for 5 min longer. Add a few 
erystafs or saficylic acid, and cool the solution to 20°. 
Add 1 mL of pnosphoric acid and 0*5 g of potassium 
iodide, and titrate the liberated iodine with 0*005 N 
sodium thiosulfate VS, adding starch T5 when the lib¬ 
erated iodine color has nearly disappeared. 

Ca kula te the percentage of the labeled amount of io¬ 
dine (I) in the portion of Tablets taken: 

Result = VxN a xFx Ux (AJW) x (100/0 

V = volume of sodium thiosulfate consumed (mL) 

N a = actual normafity of the sodium thiosulfate 
solution used 

F = correctton factor to convert mg to pg, 

1000 pg/mL 

I™ - milliequivalent of 1, 21*16 mg/meq 
= average weight of the Tablets 
W = weight of the portion of Tablets taken 
i - labeled amount of iodine (pg/Tablet) 
Acceptance cnteria: 90,0%-160.0% of the labeled 
amount of iodine (I) 

* Iodide, Method 2: Proceed as directed* 

Acceptance critena: 90*0%~1 60.0% of the labeled 
amount of Iodine (I) 

• Iron, Method 1 

Iron standard stock solution: Transfer 100 mg of iron 
powder to a 10OG-rnL yolumetric fiask. Dis$olve in 
25 mL of 6 N hydrochloric add, dilute with water to 
vofume, and mix* 

Standard Solutions: To separate 100-mL yolumetric 
flasks transfer 2*0, 4*0, 5.0, 6.0, and 8.0 mL of the Iron 
standard stock solution. Dilute the contents of each fiask 
with 0.125 N hydrochloric acid to volume to obtain 
concentrations of 2.0, 4*0, 5.0, 6.0, and 8.0 jug/mL of 
iron* 

Sample solution: Proceed as directed for Caldum , 
Method 1 , except prepare the Sample solution to con- 
tain a concentration of 5 pg/mL ot iron and omit the 
use of the tanthanum chfonde solution * 

Instrumentai conditions 
(See Atom/c Absorption Spectroscopy (852).} 

Modę: Atomie absorption spectrophotometry 
Analytical wavelengtn: Iron emission linę at 248.3 nm 
Lamp: Iron hollow-cathode 
Flame: Air-acetylene 
Blank: 0*125 N hydrochloric acid 
Anaiysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versus the concentration, tn j-ig/ml, of Iron, and draw 
the straight linę best fitting the five plotted points. 
From the graph so obtained, determine the concentra¬ 
tion, C, In pg/mL, of iron in the Sample solution , 
Calculate the percentage of the labeled amount of iron 
(Fe) rn the portion of Tablets taken: 

Result - (C/Cu) x 100 

C = measured concentration of iron in the Sample 
solution 0.ig/mL} 

Cu = nominał concentration of iron in the Sample 
solution (pg/mL) 

Acceptance cnteria: 90.0%-! 25*0% of the labeled 
amount of iron (Fe) 

» Macnesium, Method 1 

Lanthanum chloride solution: Prepare as directed in 
Caldum , Method L 
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Magnesium standard solution: Transfer 1.0 g of mag¬ 
nesium nbbon to a 1OOG-mL volumetric fiask, dissoive 
m 50 mL of 6 N hydrochloric add, dilute with water to 
volume, and mix to obtain a solution with a known 
concentration of 1000 pg/ml of magnesium. 

Standard stock solution: 20},ig/mL of magnesium 
from the Magnesium standard solution diluted with 
0.125 N hydrochloric add 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer TO, T5, 2.0, 2,5, and 3,0 mL of the Stan¬ 
dard stock solution. To each fiask add 1.0 mL of Lantho- 
num chloride solution, and dilute with 0.125 N hydro¬ 
chloric acid to volume to obtain concentrations of 0.2, 
0.3, 0.4, 0,5, and 0,6 jag/mL of magnesium. 

Sample solution: Proceed as directed for Calcium, 
Method 7, except prepare the Somple solution to con- 
tain a concentration of 0.4 pg/mL of magnesium. 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytltal wavelength: Magnesium emission linę at 
285.2 nm 

Lamp: Magnesium hollow-cathode 
Flame: Air-acetylene 

Blank: 0.125 N hydrochloric acid containing 1 mL of 
Lanthanum chloride solution per 100 mL 
Analysis 

Sam pies: Standard Solutions and S ample solution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of magnesium, 
and draw the straight linę best fitting the Five plotted 
points. From the graph so obtained, determine the 
concentration, C, tn pg/mL, of magnesium in the Som¬ 
ple solution . 

Calcu la te the percentage of the labeled amount of 
magnesium (Mg) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of magnesium in the 
Sample solution (pg/mL) 

C y = nominał concentration of magnesium in the 
Somple solution (pg/mL) 

Acceptance cnteiia: 90 ł 0%-125.0% of the labeled 
amount of magnesium (Mg) 

* Manganese, Method 1 

Manganese standard stock solution: Transfer 1.00 g of 
manganese to a 1000-mL volumetric fiask. Oissofve in 
20 mL of nitric acid, dilute with 6 N hydrochloric acid 
to volume, and mix to obtain a solution with a concen¬ 
tration of 1000 pq/mL of manganese. 

Standard stock solution: 50 pg/mL of manganese from 
the Manganese standard stock solution diluted with 
0.125 N hydrochloric add 

Standard Solutions: To separate 100-mL voiumetric 
flasks transfer TO, T5, 2.0, 3,0, and 4.0 mL of the Stan¬ 


Method 7, except prepare the Sample solution to con- 
tain a concentration of 1 pg/mL of manganese and 
omit the use of the Lanthanum chloride solution. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852)0 
Modę: Atomie absorption spectrophotometry 
Analytteal wavelengtn: Manganese emission linę at 
279.5 nm 


a 


dard stock solution. Dilute the eon ten ts of each fiask 
with 0.125 N hydrochloric acid to volume to obtain 
Solutions with known concentrations of 0.5, 0.75, 1.0, 
1.5, and 2.0 pg/mL of manganese. 

Sample solution: Proceed as directed for Calcium , 


Lamp: Manganese hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Piot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of manganese, 
and draw the straight linę best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of manganese in the Sam¬ 
ple solution. 

Calculate the percentage of the labeled amount of 
manganese (Mn) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of manganese in the 
Sample solution (pg/ml) 

Cu = nominał concentration of manganese in the 
Sample solution (pg/mL) 

Acceptance criteria: 90,Q%-125.0% of the labeled 
amount of manganese (Mn) 

* Molybdenum, Method 1 

Diluent; 20 mg/mL of ammonium chloride in water 
Molybdenum standard solution: Transfer TOg of mo- 
lybdenum wire to a 1000-mL voiumetric fiask, and dis- 
solve in 50 mL of nitric acid, warmtng if necessary. Di¬ 
lute with water to volume, and mix to obtain a solution 
with a concentration of 1000 pg/mL of molybdenum. 
Standard stock solution: 100 ug/rnL of molybdenum 
from the Molybdenum standard solution diluted with 
water 

Standard Solutions: To separate 1 00-mL volumetric 
flasks transfer 2.0, 10.0, and 25.0 mL of the Standard 
stock solution, and add 5.0 mL of perchloric acid to 
each fiask. Gently boil the solution in each fiask for 15 
min, cool to room temperaturę, and dilute each with 
Diluent to volume to obtain concentrations of 5.0, 10,0, 
and 25.0pg/mL of molybdenum. 

Sample solution: Transfer a portion of the powder, 
equivalent to 1000 pg of molybdenum, to a suitable 
fiask, and add 12 mL of nitric acid. [NOTĘ—The volume 
of nitric acid may be varied to ensure that the powder 
is uniformly dispersed.] Carefully swirl the fiask to dis- 
perse the test specimen. Sonicate for 10 min, or until 
the test specimen is completely dissolved. Gentiy boil 
the solution for 15 min, and cool to room temperaturę, 
Carefully add 8 mL of perchloric acid, heat until per- 
chloric acid fumes appear, and swirl the fiask to dissl- 
pate the fumes. Repeat the heating and swirling until 
the fumes appear agam. Cool to room temperaturę. 
Quantitatively transfer the contents of the fiask to a 
100-mL volumetric ftask with the aid of the Diluent, and 
dilute with Diluent to vo(ume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelengtn: Molybdenum emission linę at 

Lamp: Molybdenum hollow-cathode 
Flame: Nitrous oxide-acetylene 
Blank: Diluent and perchloric acid (20:1) 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in jig/mL, of molybdenum, 
and draw the straight linę best fitting the tnree plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of molybdenum in the 
Sample solution. 
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Cale u late the percentage of the Iabeied amount of mo- 
Jybdenum (Mo) in the portion of Tablets taken: 

Resutt = (C/Cu) x 1 00 

C = measured concentration of molybdenum in 

the Sample solution (pg/mL) 

Cu - nominał concentration of molybdenum in the 
Somple solution (pg/mL) 

Acceptance cnteria; 90,0%-1óQ.0% of the Iabeied 
amount of molybdenum (Mo) 

* MOLYBDENUM, Method 2 

Sodium fluoride solution: Add 200 mL of water to 
10 g of sodium fluoride, stir until the solution is satu- 
rated, and fllter. Storę in a polyethylene bottle. 

Ferrous sulfate solution: 4.98 mg/ml of ferrous sulfate 
in water 

Potassium thiocyanate solution: 200 mg/ml of potas- 
sium thiocyanate in water 

20% Stannous chloride solution: Transfer 40 mg of 
stannous chloride to a beaker, add 20 mL of 6,5 N hy- 
drochloric add solution, and heat the solution until tne 
stannous chloride is dissolved. Cool, and dilute with 
water to 100 mL 

Diiuted stannous chloride solution: 20% Stannous 
chloride solution diiuted with water (1 in 25). Prepare 
this solution fresh at the time of use. 

Standard solution: 20 pg/mL of molybdenum in water 
Sample: A portion of finely powdered Tablets, equiva- 
lent to 40 pg of molybdenum 
Imtrumental conditions 
(5ee Ultroviolet-Visibie Spectroscopy (857).) 

Modę: UV-Vis 

Analytical wavelength: 465 nm 
Celi: I cm 
Blank: Amy! alcohol 
Analysis 

Sam pies: Standard solution and Sample 
Transfer the Sample and 2.0 mL of the Standard solution 
to sępa ratę 200-mL beakers. Add 20 mL of nitric acid 
to each beaker. Cover each beaker with a watchglass, 
and boil slowly on a hot piąte for 45 min. Cool to 
room temperaturę. Add 6 mL of perchloric acid, cover 
the beakers with a watchglass, and continua the heat- 
ing until digestion is complete, as mdicated when the 
Itguid becomes colorless or pale yellow. Evaporate the 
Solutions in the beakers to dryness, Rinse the sides of 
the beakers and the watchglasses with water, and add 
morę water to complete 50 mL in each beaker. Gently 
boli the water solution for a few min. Cool to room 
temperaturę. Add 2 drops of methyl orange TS, and 
neutralize with ammonium hydroxide. Add 8.2 mL of 
hydrochloric acid. Quantitatively transfer the contents 
or the beakers to separate 100-mL volumetric flasks, 
rinse the beakers with water, transfer the rmstngs to 
the corresponding volumetric flasks, and dilute with 
water to volume. Transfer 50.0 mL of each solution to 
separatory funnels. To each separatory funnel add 
1.0 mL of Sodium fluoride solution , 0,5 ml of Ferrous 
sulfate solution , 4,0 mL of Potassium thiocyanate solu¬ 
tion , 1.5 mL of 20% Stannous chloride solution , and 
15.0 mL of amyt alcohol, and shake the separatory 
funnel for 1 mm. Allow the layers to separate, and 
discard the aqueous layers. Add 25 mL of Diiuted ston- 
nous chloride solution to each separatory funnel, and 
shake gently for 15 s, Allow the fayers to separate, and 
discard the aąueous layers. Transfer the organie layer 
from each separatory funnel to a centrifuge tubę, and 
centrifuge at 2000 rpm for 10 min. Determine the ab- 
sorbances of the organie phases obtained from the 
Standard solution and the Sample , and correct with the 
Blank . 


Calcu late the percentage of the Iabeied amount of mo¬ 
lybdenum (Mo) in the portion of Tablets taken: 

Result = (Au/A,) x [(V x Q/MJ x 100 

Au = absorbance of the Sample 
As = absorbance of the Standard solution 
V - volume of the Standard solution analyzed, 

2,0 ml 

Cs - concentration of molybdenum in the Standard 
solution (pg/mt) 

Mu = nominał amount of molybdenum in the 
Sample (pg) 

Acceptance cnteria: 90.0%-160.0% of the Iabeied 
amount of molybdenum (Mo) 

* Phosphorus, Method J 

Sulfuric acid solution: Cautiously add sulfuric acid to 
water (37.5: 100), and mix. 

Ammonium molybdate solution: 50 mg/mL of ammo¬ 
nium molybdate in Sulfuric add solution and water (2:3). 
[Notę—D issolve in water first, and then dilute with Sul¬ 
furic acid solution to volume.] 

Hydroguinone solution: 5 męj/mL of hydroqumone in 
water. Add one drop of sulfuric acid per 100 mL of 
solution. 

Sodium bisuifite solution: 200 mg/mL of sodium btsul- 
fite in water 

Phosphorus standard stock solution: Welgh 4.395 g 
of monobasic potassium phosphate, previously dried at 
105° for 2 h and stored in a aesiccator, and transfer to 
a 1000-ml volumetric fiask. Dissolve In water, add 6 mL 
of sulfuric acid as a preservative, dilute with water to 
volume, and mix to obtatn a solution with a concentra¬ 
tion of 1000 pg/mL of phosphorus. 

Standard solution: 20 pq/mL of phosphorus from the 
Phosphorus standard stock solution diiuted with water 
Sample solution: [Notę—F inely powder and weiah a 
counted number of Tablets.] Transfer a portion of the 
powder, equivalent to 100 mg of phosphorus, to 25 mL 
of nitric add, and digest on a hot piąte for 30 min. Add 
15 mL of hydrochloric add, and continue the digestion 
to the cessation of brown fumes. Cool, and transfer the 
contents of the fiask to a 500-mL volumetric fiask with 
the aid of smali portions of water. Dilute with water to 
volume. Transfer 10.0 mL of this solution to a 100-mL 
volumetnc fiask, and dilute with water to vo!ume, 
Instrumental conditions 
(See Ultroviolet-Visihle Spectroscopy (857).) 

Modę: Vis 

Analytical wavelength: 650 nm 
Celi: 1 cm 
Analysis 

Sam pies: Standard solution and Sample solution 
To three separate 25-mL v/olumetric flasks transfer 
5.0 mL each of the Standard solution , the Somple solu¬ 
tion, and water to provide the blank. To each of the 
three flasks add 1.0 ml each of Ammonium molybdate 
solution , Hydroąuinone solution , and Sodium bisuifite so¬ 
lution, and swirl to mix. Dilute the contents of each 
fiask with water to volume, and aliow the flasks to 
stand for 30 min. Determine the absorbances of the 
Solutions against the blank. 

Calculate the percentage of the Iabeied amount of 
phosphorus (P) in the portion of Tablets taken: 

Result = (AJAs) x (CdCu) x 100 

A u - absorbance of the Sample solution 
As - absorbance of the Standard solution 
Cs - concentration of phosphorus in the Standard 
solution (pg/mL) 

Cu = nominał concentration of phosphorus in the 
Sample solution (pg/ml) 

Acceptance cnteria: 90.0%-125.Q% of the Iabeied 
amount of phosphorus (P) 
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• POTASSIUM 

Potassium standard solution: 100 pg/mL of potassium 
from potassium chforrde, previously dried at 105° for 2 
h, in water 

Standard stock solution: 10 pg/mL of potassium from 
the Potassium standard solution diluted with 0,125 N 
hydrochloric add 

Standard Solutions: Transfer 5.0, 10.0, 15,0, 20,0, and 
25,0 ml_ of the Standard stock solution to separate 
100-mL vo!umetric flasks, Di lute the eontents of each 
fiask with 0.125 N hydrochloric add to volume to ob- 
tain Solutions containing 0.5, 1,0, 1.5, 2.0, and 2.5 pg/ 
ml of potassium. 

Sample solution: Proceed as directed for Calcium , 
Method 1, except prepare the Sample solution to eon- 
tain a concentration of 1.5 pg/mL of potassium and 
omit the use of the Lanthanum chloride solution, 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Potassium emission linę at 
766.5 nm 

Lamp: Potassium hollow-cathode 
Flame: Air-acetylene 
Blank: Water 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank, Plot the absorbances of the Standard Solutions 
versiis the concentration, in pg/mL, of potassium, and 
dra w the straight linę best fitting the five pfotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of potassium in the Sam¬ 
ple solution . 

Calculate the percentage of the labefed amount of po¬ 
tassium (K) in the portion of Tablets taken: 

Result - (C/Cu) x 100 

C = measured concentration of potassium in the 
Sampfe solution (pg/mL) 

Cu = nominał concentration of potassium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-l 25.0% of the labeled 
amount of potassium (K) 

* Selenium, Method 7 

Diiuent: Prepare as directed in Moiybdenum , Method L 
Selenium standard solution: [CAUTION —Selenium is 
toxic; handle it with tarę,] Dissolve 1 g of metalik: sele¬ 
nium in a minimum volume of nitric acid. Evaporate to 
dryness, add 2 mL of water, and evaporate to dryness. 
Repeat the addition of water and the evaporation to 
dryness three times, Dissolve the residue in 3 N hydro¬ 
chloric acid, transfer to a 1000-mL volumetric fiask, and 
dilute with 3 N hydrochloric acid to volume to obtain a 
concentration of 1000 pg/mL of selenium. 

Standard stock solution: 100 pg/mL of selenium from 
the Selenium standard solution diluted with water 
Standard Solutions: To separate 100-mL vo!umetric 
flasks transfer 5.0, 10 . 0 , and 25.0 ml of the Standard 
stock solution , and add 5.0 mL of perchloric add to 
each fiask, Cently boil the Solutions for 15 min, cool to 
room temperaturę, and dilute each with Diiuent to vol- 
ume to obtain Solutions with concentrations of 5.0, 
10,0, and 25.0 pg/mL of selenium, 

Sample solution: Transfer a portion of the powder, 
equivalent to 1000 pg of selenium, to a suitabie fiask, 
and add 12 mL of nitric acid. [Notę—T he volume of 
nitric acid may be varied to ensure that the powder is 
uniformly dispersed,] Carefully swiri the fiask to disperse 
the test spedmen. Sonicate for 10 min or until the test 
specimen is completely dissolved. Gently boil the sofu- 
tion for 15 min, and cool to room temperaturę. Care- 
fuliy add 8 mL of perchloric acid to the fiask, heat -the 
fiask until perchloric acid fu mes appear, and swirl the 


fiask to dissipate the fumes. Repeat the heating and 
swirling until the fumes appear again, Cool to room 
temperaturę. Transfer the eontents of the fiask to a 
50-mL volumetric fiask with the aid of the Diiuent, and 
dilute with Diiuent to volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Selenium emission Itne at 
196.0 nm 

Lamp: Selenium hollow-cathode 

Flame: Air-acetylene 

Blank: Diiuent and perchloric add (20:1) 

Analysis 

Samples: Standard Solutions and Sampfe solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of selenium, and 
draw the straight linę best fitting the three plotted 
points, From the graph so obtained, determine the 
concentration, C, in pg/mL, of selenium in the Sampfe 
solution . 

Calculate the percentage of the tabeled amount of sele¬ 
nium (Se) in the portion of Tablets taken: 

Result - (C/Co) x 100 

C = measured concentration of selenium in the 
Sample solution (pg/mL) 

Cu = nominał concentration of selenium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-l 60,0% of the labeled 
amount of selenium (Se) 

* Selenium, Method 2 

Hydrochloric acid solution: Hydrochloric acid diluted 
with water (1 in TO) 

50% Ammonlum hydroxide solution: Ammonium hy- 
droxide diluted with water (1 in 2 ) 

Reagent A: 9 mg/mL of edetate disodium and 25 mg/ 
mL of hydroxylamme hydrochloride in water. [Notę— 
Dissolve edetate disodium in a portion of water first, 
then add hydroxylarmne hydrochloride, and dilute with 
water to volume.] 

Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene 
to a 250-mL separatory funnel, and add 200 mL of 0,1 
N hydrochloric acid. Wash the solution with three 
40-mL portions of cyclohexane, and discard the cycio- 
hexane layer. Filter the solution into a brown bottle, 
and cover the solution with a 1 -cm layer of cyclohex- 
ane. This solution is stabJe for 1 week if stored In a 
ref riq era tor. 

Standard stock solution: [Caution —Selenium is toxic; 

handle it with tarę.] Dissolve 1 g of metalik selenium in 
a minimum volume of nitric acia. Evaparate to dryness, 
add 2 mt of water, and evaporate to dryness, Repeat 
the addition of water and evaporation to dryness three 
times. Dissolve the residue in 3 N hydrochloric add, 
transfer to a 1000-mL volumetric fiask, and dilute with 
3 N hydrochloric acid to volume to obtain a solution 
with a concentration of 1000 pg/mt of selenium. Dilute 
a volume of the solution with 0.125 N hydrochloric 
acid to obtain a concentration of 2.0 pg/mL of 
selenium* 

Standard solution: Transfer 10 mL of the Standard stock 
solution to a glass-stoppered fiask, Add 1 mL of perchlo¬ 
ric acid and 1 mL of hydrochloric add solution, and di¬ 
lute with water to 20 mL. 

Sample solution: Transfer a portion of finely powdered 
Tablets, equivalent to 20 pg of selenium, to a suitabie 
fiask. Add 10 mL of nitric acid, and warm gently on a 
hot piąte. Continue heating until the initiaT nitric acid 
reaction has subsided, then add 3 mL of perchloric add, 
[Caution —Exercise care at this stage, because the perchlo¬ 
ric acid reaction becomes vigorous.] 
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Continue heating on the hot piąte untii the appearance 
of white fu mes of perchloric add or untii the digest 
begins to darken. Add 0,5 ml of nitric add and re¬ 
sume heating, adding additional amounts of nitric acid 
if further darkening occurs, Digest for 10 min after the 
firsi appearance of perchloric add fumes or untii the 
digest becomes colorless. Cool the fiask, add 2,5 ml of 
Hydrochloric add soiution, and return the fiask to the 
hot piąte to expeł residua! nitric acid. Heat the mixture 
for 3 min after it begins to botl. Cool the fiask to room 
temperaturę, and difute with water to 20 mL 
Instrumental conditions 
(See Uftroviolet-Visihle Spectroscopy (857),) 

Modę: UV 

Analytical wavelength: 380 nm 
Celi: 1 cm 

Blank: 1 mL of perchloric acid and 1 mL of Hydrochlo¬ 
ric acid soiution diluted with water to 20 mL 
Analysis 

Sa m p ies: Standard soiution and Sample soluthn 
Treat the Sample soiution , the Standard soiution , and the 
Blank as follows. Add 5 mL of Reagent A to each fiask, 
and swirl gently to mix, Adjust the soiution in each 
fiask with 50% Ammonium hydroxide soluthn to a pH 
of 1.1 ±0.1. Add 5 mL of Reagent B to each fiask, and 
swirl gently to mix. Place the flasks in a water bath 
maintained at 50*, and equilibrate for 30 min, taking 
care that the flasks are covered to protect them from 
light. Coo! to room temperaturę, and transfer the con- 
tents of each fiask to sępa ra tę separatory funnels. 
Transfer 10.0 mL of cyolohexane to each separatory 
funnel, and extract vigorously for 1 min, Discard tne 
agueous layer. Transfer the cyclohexane layer to a cen- 
trrfuge tubę, and cenlrifuge at 1000 rpm for 1 min to 
remove any remaining water. Determine the ab- 
sorbances of the Solutions obtained from the Sampies 
against the soiution obtained from the Blank , 

Calcu la te the perce ntage of the labeled amount of sele- 
nium (Se) in the portion of Tablets taken: 

Result = (AJA s ) x [(Vx C S )/MJ x 100 

A 0 = absorbances of the cyclohexane layer from the 
Sample soluthn 

As - absorbances of the cyclohexane layer from the 
Standard soiution 

V - volume of the Standard stock soiution used to 
prepare the Standard soluthn, 10 mL 
C 5 = concentration of selenium in the Standard 
stock soiution (pg/mL) 

Mu = nominał amount of selenium in the Sample 
soluthn (jag) 

Acceptance criteria: 90.0%-160.0% of the labeled 
amount of selenium (Se) 

* Zinc, Method 1 

Zinc standard stock soiution: 1000 jig/mL of zinc from 
zinc oxide in 5 M hydrochloric acid (3.89 mg/mL) and 
diluted with water to finał volume. [Notę—D issolve in 
5 M hydrochloric acid by warming, if necessary, cool, 
and then dilute to finał volume.j 
Standard stock soiution: 50 gg/mL of zinc from the 
Zinc standard stock soluthn diluted with 0.125 N hydro¬ 
chloric acid 

Standard Solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 
5,0 mL of the Standard stock soiution to separate 
lOD-mL vo!umetric flasks. Diłute the contents of each 
fiask with 0,125 N hydrochloric acid to vo!ume to ob¬ 
tain concentrations of 0,5, 1.0, 1.5, 2.0, and 2.5 pg/mL 
of zinc. 

Sample soiution: Proceed as directed for the Sample 
soiution in Calcium , Method 1, except prepare the Sam¬ 
ple soiution to eon tam a concentration of 2 pg/mL of 
zinc and omit the use of the Lanthanum chloride 
soiution , 


Instrumental conditions 

(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Zinc emission linę at 21 3,8 
nm 

Lamp: Zinc hollow-cathode 
Flame: Air-acetylene 
Blank: 0,125 N hydrochloric acid 
Analysis 

Sampies: Standard Solutions and Sample soiution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of zinc, and draw 
the straight fine best fitting the Hve plotted points, 
From the graph so obtained, determine the concentra¬ 
tion, C, in pg/mL, of zinc in the Sample soiution . 
Calculate the percentage of the labeled amount of zinc 
(Zn) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C - measured concentration of zinc in the Sample 
soluthn (pg/mL) 

Cu = nominał concentration of zinc in the Sample 
soluthn (pg/mL) 

Acceptance criteria: 90.096-125.0% of the labeled 
amount of zinc (Zn) 

* Boroń, Nickłl, Tin, and Vanaoium, Method U Calcium, 
Chromium, Copper, Iron, Magnesium, Mancanese, Phos 
phorus, and Zinc, Method 2; Molybdenum and Seu- 

nium, Method 3 

Stock aqua regia soiution: Prepare a mlxture of hydro¬ 
chloric acid and nitric acid (3:1) by adding the nitric 
acid to the hydrochloric add, [NOTĘ—Periodically vent 
the soiution in an appropriate fume hoodj 
Diluent: Prepare a mixture of Stock aqua regla soiution 
and water (1:9) by adding one volume of Stock agua 
regia soluthn to two volumes of water Dilute with addi¬ 
tional water to vo!ume, and mix well. 

System suitability soiution: Prepare a mixture of 
1000 mg/L of yttrium in 5% nitric acid soiution, 

1000 mg/L of scandium in 5% nitric acid soiution, and 
Diluent (1:1:198), and mix. 

Standard stock soiution 1 (Ca, Cu, Fe, Mg, Mn, P, and 
Zn): [NOTE—it is only necessary to inciude the minerals 
of interest in the soiution.] Using commercially available 
element standard (single- or multi-element) soJutions in 
5% nitric acid soiution, pipet the appropriate amount 
of element standard soiution into a volumetrrc fiask, 
and dilute with 5% nitric acid soiution to obtain a soJu- 
tion having finai concentrations of about 1000 mg/L of 
calcium, 100 mg/L of copper, 250 mg/L of iron, 

500 mg/L of magnesium, 100 mg/L of manganese, 

800 mg/L of phosphorus, and 250 mg/L of zinc. 
Standard stock soiution 2 (B, Cr, Mo, Ni, Se, Sn, and 
V): [Notę —It is only necessaiy to inciude the minerals 
of interest in the soiution,] Using commercially available 
element standard (single- or multi-element) Solutions in 
20 % hydrochloric acid soiution, pipet the appropriate 
amount of element standard soiution into a volumetric 
fiask, and dilute with 20% hydrochloric acid soiution to 
obtain a soiution having finał concentrations of about 
200 mg/L of boron, and 100 mg/L each of chromium, 
molybdenum, nickel, selenium, tin, and vanadium* 
Standard Solutions: Prepare a mixture of Standard 
stock soluthn l and Standard stock soiution 2, as re- 
quired, in Diluent to prepare a six-point callbration 
curve to bracket the concentration rangę of each min¬ 
erał of interest. 

Sample soiution 1 (for Tablets tontainmg minerals 
found in Standard stock soiution J and Standard stock 
soiution 2): Wdgh and fmely powder NLT 20 Tablets. 
Transfer a portion, equal to 3.5 times the average Tab¬ 
let weight, to a 250-mL volumetric fiask. Slowly add 
25 mL of Stock agua regia soiution in 5-mL inerements 
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foilowed by mixing. [NOTĘ—If the sam ple contains a 
carbonate, bubbling will occur* Wait until bubbling 
ends to proceed.] Bring the solution to a boii on a hot 
fate. Continue to heat gently until fumes cease (about 
h). [Notę—I f the sample contains selenium, digest for 
NMT 15 min.] Remove from heat, eool, and dilute with 
water to volume. Filier about 30 mL into a centrifuge 
tubę using a nylon syringe filter of 5-|im porę size. If 
necessary, make any further dilutions using the Diluent. 
Sample solution 2 (for Tablets containing minerals 
found only m Standard stock solution 2): Weigh and 
finely powder NLT 20 Tablets. Transfer a portion, egual 
to 3,5 times the average Tablet weight, to a 250-mL 
volumetric fiask. Slowly add 25 mL of Stock aąua regla 
solution tn 5-mL increments foilowed by mixinq. 
[NOTE—lf the sample contains a carbonate, bubbling 
will occur. Wait until bubbling ends to proceed.] Bring 
the solution to a boil on a hot piąte. Continue to heat 
gently until fumes cease (about 1 h). [Notę—I f the sam¬ 
ple contains selenium, digest for NMT 1 5 min,] Remove 
from heat, cool, and dilute with water to volume. Filter 
about 30 mL into a centrifuge tubę using a nylon sy~ 
ringe filter of 5-jam porę size. If necessary, make any 
further dilutions using the Diluent. 

Sample solution 3 (forTablets containing minerals 
found only in Standard stock solution ?): Weigh and 
finely powder NLT 20 Tablets, Transfer a portion, equal 
to the average Tablet weight, to a 250-mL yofumetric 
fiask. Slowly add 25 mL ot Stock aąua regla solution in 
5-mL increments, foilowed by mixing. [Notę —If the 
sample contains a carbonate, bubbling will occur. Wait 
until bubbling ends to proceed,] Bring the solution to a 
boil on a hot piąte, Continue to heat gently (about 1 h} 
until fumes cease. Remove from heat, cool, and diiute 
with water to vo(ume. Filter about 30 mL into a centri- 
fuge Lube using a nylon syringe filter of 5-jim porę size. 
If necessary, make any further dilutions using the 
Diluent. 

Instrumental conditions 

(See Plasma Spectrochemistry (7 30).) 

Modę: lnductive!y coupled plasma spectrometry, using 
a spectrometer set to measure the emission of each 
minerał of interest at about the corresponding wave- 
length. [Notę— The operating conditions may be de- 
veloped and optimized based on the manufactureris 
retom menda tion. The wavelengths sełected shouJd be 
demon strated experimentally to provlde sufftcient 
spedficity, sensitivrty, linearlty, accuracy, and 
predsion.] 

System suitabrlity 

[NoTE—Analyze the System s u i ta bili ty solution , and ob- 
tain the response as directed in the Analysis ,] 

Suitability reguirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the emission of each minerał of interest in 
the Standard Solutions and Sample solution with an in- 
ductively coupled plasma system using the Diluent as 
the blank. Plot the emission of the Standard Solutions 
versus the concentration, in mg/L, of the minerals of 
interest, and draw the straightline best fitting the 
plotted points. From the graph so obtained, determine 
the concentration, C, in mg/L, for each minerał of in¬ 
terest in the Sample solution. 

Calculate the percentage of the labeled amount for 
each minerał taken: 

Result = Cx (V/W) xFx (Cw/L) x 100 

C = measured concentration of the refevant 

element in the Sample solution (mg/L) 

V = voiume of the Sample solution (L) 

W = sample weight (mg) 

F = di lu tion factor of the Sample solution 


C w = average weight (mg/Tablet) 

i ~ label claim (mg/Tablet) 

Acceptance criteria: 90.0%-l 25.0% of the labeled 
amount of caicium (Ca), copper (Cu), iron (Fe), magne- 
sium (Mg), manganese (Mn), phosphorus (P), and zinc 
(Zn); and 90.0%-160.0% of the labeled amounts of bo- 
ron (B), chromium (Cr), molybdenum (Mo), nickel (Ni), 
selen ium (Se), lin (Sn), and vanadium (V) 

PERFORMANCE TESTS 

* DISINTECRATION and DissoitmoN (2040): Meet the re~ 

guirements for Dissolution 

* Weight Variation of Dietary Supplements (2091): Meet 

the requirements 

CONTAMINANTS 

* Microbial Enumeration Tests (2021): The total aerobic 

microbial count does not exceed 3 x IG* cfu/g, and the 
combined molds and yeasts count does not exceed 
3 x 10 2 cfu/g. 

« Absence of Specified Mic r o orgAN tSMS (2022): Meet the 
requirements of the tests for absence of Salmonella spe- 
cies and Escherkhia coli 

ADDfTIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight, light-resistant 

containers. 

* Labeling;* The labę! States that the product is Oil-Soluble 
Vitamins with Minerals Tablets. The label also States the 
quantity of each vitamin and minerał per dosage unit 
and where necessary the Chemical form in which a vita- 
min rs present and ałso States the salt form of the minerał 
used as the source of each element. Where the product 
contains vftamfn E, the label indicates whether it is the d- 
or d/- form. Where morę than one assay method is given 
for a particular minerał, the labeling States with whkh 
assay method the product complies only if Method 1 is 
not used, 

* USP Reference Standards (11) 

U5P Alpha Tocopherol RS 

USP Alpha Tocopheryl Acetate RS 

USP Alpha Tocopheryl Add Sucdnate RS 

USP Cholecalciferol RS 

USP Ergocałdferol RS 

USP Phytonadione RS 

USP Retinyl Acetate RS 

USP Retinyl Pafmitate RS 

USP Sodium Fluonde RS 


Oil- and Water-Soluble Vitamins 
Capsules 

DEFINITION 

Oil- and Water-Soluble Vitamins Capsutes contain one or 
morę of the following oil-soluble vitamins: Vitarnin A, vrta- 

T USP Units of acti r vity for vitamins, where such exist or fomnerfy existed, are 
ec(uivalent to the corresponding International unib, where such formedy ex- 
isted. The USP Unit for vitarnin £ has been discontinoed. Intemationai units 
(IUJ for vitamlns also have been discorttinued; however, the use of JU on the 
Jabels of vitarnin products continues. Where arhdes are labeled in termi of 
Units in addition to the required labeling, the relatioriship of the USP Units or 
1U to mass is as tollows. One USP Vitarnin A Unit = 0.3 pg of all-from-retinol 
tvitamin A ałcohol) or 0.3^4 pg of aILtmm-retinyl acetate (vitamin A acetate) 
or 0.SS pg of afl^rons-retinyl palmitate (vitamin A palmitate), and 1 pg of 
retinol (3.3 USP Vi tarnin A Units) = 1 retinol eq u talent (RE); 1 IU of beta 
carotene = 0.6 ng of a(l*frorrs*beta carotene; 1 USP Vitarnin D Unit = 0.025 pg 
of ergocalciferol or cholecaldferol; and 1 mg of tfl-alpha tocopherol = 1,1 
form er USP VI tarnin E Units, 1 mg of df-alpha tocopheryl acetate = 1 farmer 
USP Vitamin E Unit, 1 mg of df-alpha tocopheryl acid sucdnate = 0.89 form er 
USP Yftamin E Unit, 1 mq of d-alpha tocopherol = 1.49 former USP Vitamin E 
Units, and 1 mg of d-alpna tocopheryl acetate = 1.36 former USP Vitamln E 
Units, 1 mg of Ralpha tocopheryl acid sucdnate =1.21 former USP Vitamin E 
Units, In terms of a-alpha tocopherol equivaients, 1 mg of Ralpha tocopheryl 
acetate = 0,91, 1 mc of d-aipha tocopheryf add sucdnate = 0.81, 1 mg of cff- 
alpha tocopherol = 0.74, 1 mg of d/-alpha tocopheryf acetate = 0.67, and 
1 mg of rf-alpha tocopheryf acid sucdnate = 0.60. 
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min D as Ergocaiciferol {vitamin D?) or Cholecaldferol (vi- 
tarnin Dj), \7itamin E, Phytonadione (vi tarnin Ki), and Beta 
Carotene; and one or morę of the foltowing water-soluble 
vitamins: Ascorbic Acid or its equivalent as Calcium As- 
corbate or Sodium Ascorbate, Biotin, Cyanocobalamin, 
Folie Acid, Niacin or Niacinamide, Dexpanthenof or 
Panthenol, pantothenic acid (as Calcium Pantathenate or 
Racemic Calcium Pantothenate), Pyridoxme Hydrochlo¬ 
ride, Riboflavin, and Thiamine Hydrochloride or Thiamme 
Mononitrate. Capsules contain NLT 90.0% and NMT 
165.0% of the labeled amounts of vitamin A (C 20 H 30 O) as 
retinol or esters of retinol in the form of retinyl acetate 
(CzzH 32 0;) or retinyf palmitate (C^HmOz); vitamin D as 
cholecaldferol (tzzTUO) or ergocalciferol (CzsH^O); vita- 
min E as alpha tocopherol (C 29 H 50 O 2 ), alpha tocopheryl 
acetale (C 31 H 52 O 1 ), or alpha tocopheryl add succinate 
(C 33 Hs^Os); phytonadione (CjihUOz); and beta carotene 
(C, d H 56 ); and NLT 90.0% and NMT 150.0% of the labeled 
amounts of ascorbic acid (GHgOfi) or its salts as calcium 
ascorbate (C^HuCaOia ■ 2H 2 0) or sodium ascorbate 
(CfihbNaOfl), biotin (CtoHuNzOaS), cyanocobalamin 
(C 6 3 HaaCoNi 40 i.tPX folic acid (Ci 9 Hi 5 N 7 0 6 ), niacin 
(CsHsNOz) or niacinamide (C 6 H 6 N 2 0), dexpanthenol 
(GjH^NCh) or panthenol (QH^NO () ), calcium pantothen- 
ate {CuHjjCaNzOio}, pyridoxine hydrochloride 
(CaHnNOj ■ HCI), riboflavin (GzHzc^Oń), and thiamine 
(CuHizCIN-łOS) as thiamme hydrochloride or thiamine 
mononitrate. 

They do not contain any minerals. They may contain other 
labeled added substances that are generalfy recognized as 
safe, in amounts that are unobjectionable. 

STRENCTH 

[NOTĘ—In the foliowtng assays, where morę than one assay 

method is given for an individual tngredient, the require- 

ments may be met by followrng any one of the specified 

methods, the method used being stated in the laoeling only 

tf Method J is not used.] 

* VfTAMiN A, Method 1 

[Notę—W here the use of a vitamin A ester (retinyl ace¬ 
tale or retinyl palmitate) is specified in the foliowing 
procedurę, use the Chemical form present in the form u- 
lation. USP \4tamin A RS is retinyl acetate. It is to be 
used where USP Vitamin A RS is specified. Use low-ac- 
tinic glassware throughout tliis procedurę.] 

Mobile phase; n-Hexane 

Standard solution: 15 pg/mL of retinyl acetate from 
USP Vitamin A RS in mhexane 
System suitability stock solution: 15 pg/mL of retinyl 
palmitate in n-hexane 

System suitability solution: Mix equal volumes of the 
System suitability stock 50 /uf/on and the Standard solution 
to obtain concentrations of 7.5 pg/mL each of retinyl 
acetate and retinyl palmitate. 

Sam ple solution: Transfer the contents of NLT 20 Cap¬ 
sules to a suitable Container, mix, and weigh. Transfer a 
portion of the mixture, equivalent to 5 Capsules, to a 
Container with a polytef-lmed screw cap. [Notę—F or 
hard gelatin Capsules, remove, as completely as possi- 
ble, the contents of NLT 20 Capsules by cutting open 
the Capsule shells, transferrmg the shelfs and their con¬ 
tents to a suitable Container, and trituratmg to a horno- 
aeneous mass. Transfer a portion of the mass, eauiva- 
lent to 5 Capsules, to a Container with a polytef-lined 
screw cap.] Add 10 mL of dimethyl sulfoxide and 15 mL 
of n-hexane, and shake for 45 min on a wrist-action 
shaker tn a water bath maintained at 60°. [NOTĘ—Set 
up the wrist-action shaker to ensure that the contents 
of the Container are mixed vigorously and thoroughly.] 
Centrifuge at 5000 rpm for 10 min, and transfer trie 
hexane fayer by means of a pipet to a 100-mL volumet- 
ric fiask* Add 15 mL of n-hexane to the dimethyl suffox* 
ide layer, shake thoroughly for 5 min, and transfer the 
hexane layer by means of a pipet to the 100-mL voiu- 
metric fiask. Repeat this extraction with three addftional 


15-mL portions of mhexane. Dilute the extracts in the 
volumetric fiask with n-hexane to volume. Dilute a vol- 
ume of this solution with n-hexane to obtain a solution 
with a concentration of 15 pg/mL of vitamin A as reti¬ 
nol (CjoHi&O). 

Chromatographic system 
(5ee Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 325 nm 

Column: 4.6-mm x 15-cm; 3-pm packing L 8 
FIow ratę: 1 mL/min 
Injection vo!ume: 40 pL 
System suitability 
Sample: System suitability solution 
Suitability reguirements 

Resolution: NLT 10 between all-fram-retinyl acetate 
and all-trans-retinyl palmitate 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak area for all-frons-retlnyl acetate from 
the Standard solution and the peak area for all-from- 
retinyl acetate or all-trans-retinyl palmitate in the chro- 
matogram of the Sample solution . For products con- 
taining vitamin A acetate or witamin A palmitate, cal- 
culate the percentage of the labeled amount of 
vi tarnin A, as retinof (CzoH^O), in the portion of Cap¬ 
sules taken: 

Result = (Wr s ) x (Ci/Cu) x F x 1 00 

ru - peak area of the all-trans-retinyl ester from the 
Sample solution 

n ~ peak area of the a II-trans-retinyl ester from the 
Standard solution 

C s = concentration of retinyl acetate (C 22 H 32 O 2 ) 
from USP Vitamin A RS in the Standard 
solution (pg/mL) 

Co - nominał concentration of vitamin A, as retinol 
(CjoHjoO), in the Sample solution (pg/mL) 

F = factor used to convert retinyl acetate, the ester 
form present in USP Vitamin A RS, to retinol, 
0.872 

[NOTĘ—The molar responses of retinyl acetate and re¬ 
tinyl palmitate are equivalent.] 

Acceptance criterla: 90.0%-165.0% of the labeled 
amount of vitamin A, as retinol (C 2 oH 3 D 0) 

■ Vitamin A, Method 2 

[NOTĘ—Where a vitamin A ester (retinyl acetate or retinyl 
palmitate) ts indicated tn the foliowtng procedurę, use 
the Chemical form present in the formulation. USP Vita¬ 
rnin A R$ is retinyl acetate. U is to be used where USP 
Witamin A RS is specified. Use low-actinic glassware 
throughout this procedurę.] 

3 N methanolic sulfuric acid solution: Cautiously add 
9 mL of sulfuric acid to 80 mL of methanol in a 100-mL 
volumetric fiask, Cool, and dilute with methanol to 
volume. 

Sodium ascorbate-pyrogallol solution: Transfer 10 g 
of sodium ascorbate and 5 g of pyrogalfol to a 100-mL 
volumetric fiask, and add sufflcient water to dissolve. 
Add 1.7 mL of sulfuric acid, and dilute with water to 
vo!ume. 

Lecithin solution: 5 mg/mL of lecithin in 2,2, 
4~trimethylpentane 

Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3) 
Standard solution: 15 pg/mL of retinyl acetate from 
USP Vitamin A RS in 2,2,4-trimethylpentane 
System suitability stock solution: 15 pg/mL of retinyl 
palmitate in 2 , 2 , 4 -trimethylpentane 
System suitability solution: Mix equaf volumes of the 
System suitabiliiy stock solution and the Standard solution 
to obtain concentrations of 7,5 pg/mL each of retinyl 
acetate and retinyl palmitate. 
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Sample solution: [Noi£—This preparation ts suitable for 
the determmation of vitamin A, vitamin D, and vitamin 
E, when present in the formulation.] Weigh NIT 20 
Capsules in a tared weighing bottle. Using a sharp 
blade if necessary, carefully open the Capsules, without 
loss of shell materiał, and transfer the eon ten ts to a 
IGO-mL beaker. Remove any contents adhenng to the 
empty shells by washmg with several portrons of ether. 
Discard the washings, and dry the Capsule shells with 
the aid of a current of dry air, Weigh the empty Cap¬ 
sule sheils in the tared weighing bottle, and calculafe 
the net weight of the Capsule contents. Transfer a por- 
tion of the Capsule contents, equivalent to 30 pg of the 
labeled amount of cholecalciferol or erg ocal cif ero I (vita- 
min D), to a Container with a polytef-lined screw cap. If 
vitamin D is not present in the formulation, use a por- 
tion equivalent to 90 mg of the labeled amount of vtta- 
min E. If yitamin E is not present in the formulation, use 
a portion equivalent to 2.5 mg of the labeled amount 
of viLamin A, as retinoL Add 0.5 g of sodium bicarbo- 
nate, 1.5 mi of Ledthin solution, and 12.5 ml of 2,2, 
4-trimethylpentane, and dlsperse on a vortex mtxer. 

Add 6 mL of Sodium ascorbate-pyrogalloi solution , shake 
slowly, and allow the solution to degas. Continue shak- 
ing until the evolution of gas has ceased, and then 
shake for an additional 12 min, Add 6 mL of dimethyt 
sulfoxide, mix on a vortex mixer to form a suspension, 
and shake for 12 min. Add 6 mL of 3 N methanolk sul - 
furie add solution, mix on a vortex mixer to form a sus¬ 
pension, and shake for 12 min. Add 12,5 mL of 2,2, 
4-trimethylpentane, mix on a vortex mixer to form a 
suspension, and shake for 10 min, Centrifuge for 10 
min to break up the emulsion and to darify the super- 
natant. [Notę —The supernatant is used for the determi- 
nation of vitamin A, and also vitamin D and yitamin E, 
if present in the formulation.] If necessary, cjuantita- 
tively diiute a volume of the supernatant with 2,2,4-tri- 
metnylpentane to obtain a concentration close to that 
of the Standard solution, 

ChromaEographic system 
(See Chromatogropny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 325 nm 

Column; 4.6-mm x 25-cm; S-pm packing L24 
Flow ratę: 1.5 mt/min 
Injection volume: 40 pi 
System suitability 
Sample: System suitability soiution 
Suitability reguirements 

Resoiution: NLT 8.0 between all-frarcs-retinyl acetate 
and all-frans-retmyl palmitate 
Reiative standard deviatron: NMT 3.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak area for alhfrons-retinyl acetate from 
the Standard solution and the peak area of a\\-trans- 
retinyl acetate or all-frons-retinyl palmitate from the 
S ample solution. 

CalcuJate the percentage of the labeled amount of vita- 
min A, as retinol (CzoHioO), in the portion of Capsules 
taken: 

Resuff = (rjri) x (G/Cu) x F x 100 

r u = peak area of the alifrons-retinyl ester from the 
Sample solution 

fs - peak area of the all-trons-retinyl ester from the 
Standard solution 

Cj = concentration of retinyl acetate (C^Hi^Cb) 
from USP Vitamin A RS in the Standard 
solution (pg/ml) 


Cu - nominał concentration of vitamin A, as retinol 
(C 20 H 30 O), in the Sample solution (pg/mL) 

F = factor used to corwert rettnyf acetate, the ester 
form present In USP Vitamin A RS, to retinol, 
0.872 

[Notę—A ccount for the initial extraction volume of 
26.5 mL of 2,2,4-trimethylpentane to calculate the 
nominał concentration, The molar responses of retinyl 
acetate and retinyl palmitate are equivalent.] 
Acceptance criteria: 90.0%^! 65.0% of the labeled 
amount of vitamm A, as retinol (GohhoO) 

* Vitamin A , Method 3 

[Notę—W here a vitamin A ester (retinyl acetate or retinyl 
palmitate) is indicated in the following procedurę, use 
the Chemical form present tn the formulation, USP Vita- 
min A RS is retinyl acetate. It is to be used where USP 
Vitamin A RS is speeified. Use low-actinic glassware 
throughout this procedurę.] 

Extraction solvent: n-Hexane and methylene chloride 

(3:1) 

Potassium hydroxide solution: 800 mg/mL of potas¬ 
sium hydroxide in water, [Notę—C autiously add potas¬ 
sium hydroxide to the water, Mix, and cool.] 

Diluent: 10 mg/mL of pyrogaflol tn alcoho! 

Mobile phase: n-Hexane and isopropyl alcohol (92:8) 
Standard stock solution: 30 pg/mL of retinyl acetate 
from USP Vitamin A RS in Diluent. [Notę—T his solution 
may be stored in a refrigerator for 1 week.] 

Standard soiution: Diiute a volume of the Standard 
stock solution with Diluent to obtain a concentration of 
1 pg/mL of retinyl acetate from USP Vitamin A RS. 
Transfer 10.0 mL of this solution to a stoppered 125-mL 
fiask, and add 5 mL of water, 5 mL of Diluent , and 3 mL 
of Potassium hydroxide solution. Insert the stop per 
tightly, shake for 15 min over a water bath maintained 
at 60 ±5°, and cool to room temperaturę. Add 7 mL of 
water and 25.0 mL of £xtraction solvent . Insert the stop¬ 
per tightly, and shake vigorously for 60 s. Rinse the 
sides of the fiask with 60 ml of water, and allow to 
stand for 10 min until the layers separate. Withdraw a 
portion of the organie layer ror injection into the chro- 
matograph. This Standard solution contains 0.34 pg/mL 
of retinol. 

Sample solution: Weigh NLT 20 Capsules in a tared 
weighing bottle. Open the Capsules, without loss of 
shell materiał, and transfer the contents to a 100-mL 
beaker, Remove any contents adhering to the empty 
shells by washing with several portions of ether, Discard 
the washings, and dry the Capsule shells with the aid of 
a current of dry air. Weigh the empty Capsule shells in 
the tared weighing bottle, and cakulate the net weight 
of the Capsule contents. Transfer a portion of the Cap¬ 
sule contents, equivalent to 1.5 mg of retinyl acetate, to 
a stoppered 125-mL fiask. Add 5 ml of water, 15 mL of 
Diluent, and 3 mL of Potassium hydmxide solution , Insert 
the stopper tightly, shake for 15 min over a water bath 
maintained at 60 ± 5°, and cool to room temperaturę. 
Add 7 mL of water and 25.0 mL of Extraction solvenL 
Insert the stopper tightly, and shake yigorously for 60 s 
or longer, if necessary, for complete extraction, Rinse 
the sides of the fiask with 60 ml of water, and allow to 
stand for 10 min until the layers separate. [Notę —Do 
not shake, because an emulsion may form.] Withdraw a 
portion of the organie layer, and diiute quantitatively, 
and step wis e if necessary, with Extraction solvent to ob¬ 
tain a concentration of 0.34 pg/mL of retinol, 
Chromatographic system 
(See Chromatogropny (621), System Suitability.) 
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Modę: LC 

Detector: UV 335 nm 

Columrt: ó.2-mm x 8-cm; packing L3 

Column temperatura: 40° 

Flow ratę: 4 mL/min 
Injection volume: 50 pL 
System suitability 
Sample: Standard solution 

[NOTĘ—The relatiwe retention times for 1 3-os-retinol 
and all-fram-retinol are about 0-92 and 1.0, 
respectlvely.] 

Suitability reguirements 
Relatiwe standard deviation: NMT 5.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for all-fram-retinol and 13-os- 
retinol, Cafculate the percentage of the labeled 
amount of vitamin A, as retinol (CioHaaO), in the por- 
tton of Ca psuł es taken: 

Result - (rnfrn) x (Cs/Cu) x Fx 100 

r T j = sum of the areas of the all-frans-retinol and 
13 ds-retino] peaks from the Sample solution 
rj 2 - sum of the areas of atl-trans-retinoi and 13-ris- 
retinol peaks from the Standard solution 
C s - concentration of retinyl acetate (Ca^H^O*) 
from USP Vltamin A RS in the Standard 
solution (jig/mL) 

- nominał concentration of vitamin A, as retinol 
(CzoH^oO), in the Sample solution (pg/mL) 

F = factor used to convert retinyl acetate, the ester 
form present in USP Vftamin A RS, to retinol, 
0.872 

Acceptance criteria: 90.0%-165.0% of the labeled 
amount of vitamin A, as retinol (CsohhoG) 

o Cholecalciferoi o r Ercocalciferol (Vhamin D), Method 
1 

[Notę—W here witamin D (cholecaiciferol or ergocaidf- 
ero!) is specifled tn the following procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use low-actinic glassware 
throughout this procedurę*] 

Mobile phase: n-Hexane and isopropyl alcohol (99:1) 
Standard solution: 2 pg/mL of USP Cholecaiciferol RS 
or USP Ercjocatciferol RS in n-hexane 
System suitability solution: Heat a voiume of the Stan¬ 
dard solution at 60° for 1 h to partially isomerize wita¬ 
min D (cholecaiciferol or ergocaldferol) to its corre¬ 
sponding precursor. 

Sample solution: Proceed as directed for the Sample 
solution in Vitamln A, Method 7. Transfer NIT 20 mL of 
this solution to a suitable Container, and ewaporate, tf 
necessary, under vacuum at room temperaturę to ob- 
tain a concentration of 2 pg/mL of cholecaiciferol or 
ergocaldferol. 

Chromatographie system 
(See Chromo tog ropny (621), System Suitability .) 

Modę: LC 

Detector: UV 265 nm 
Column: 4.6-mm x 1 5-cm; 3-pm packing L8 
Flow ratę: 1 mL/min 
Injection volume: 100 jxL 
System suitability 

Sam pies: Stanaard solution and System suitability 
solution 

Suitability reąulrements 

Resolution: NLT 10 between the witamin D form 
resent and its corresponding precursor, System suita - 
Hity solution 

Reiative standard dewiatron: NMT 3.0%, Standard 
solution 


Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for witamin D. Calculate the 
percentage of the labeled amount of cholecaiciferol 
(C27H44O) or ergocaldferol (C 2 sHjmO) in the port ton of 
Capsules taken: 

Result = (te/te) x (CdCu) x Fxl 00 

ru - peak area of cholecaiciferol or ergocaldferol 
from the Sample solution 

te - peak area of cholecaiciferol or ergocaldferol 
from the Standard solution 
Cs = concentration of USP Cholecaiciferol RS or 

USP Erg ocal cif ero! RS in the Standard solution 
((ig/rtiL) 

Cu = nominał concentration of cholecaiciferol or 

ergocaldferol in the Sample solution (ug/mL) 
f - correction factor to account for the average 
amount of prewltamin D present in the 
Sample solution, 1.09 

Acceptance criteria: 90.0%-1 65.0% of the labeled 
amount of vitamln D as cholecaiciferol (C 27 H 4 .iO) or er- 
gocafciferol (C 2 aH, M 0 ) 

o Cholecaiciferol or Ercocalcifehol (Vitamin O), Method 
2 

[Notę-—W here witamin D (cholecaiciferol or ergocaldf¬ 
erol) is specified in the following procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use low-actinie glassware 
throughout this procedurę.] 

3 N methanolk sulfuric acid solution, Sodium as- 
corbate-pyrogallol solution, Lecithin solution, and 
Sample solution: Proceed as directed in Vitamin A t 
Method 2. 

Mobile phase: n-Hexane and tertiary butyl alcohol 
(98.75: 1.25) 

Standard solution: 1 ug/mL of USP Cholecaiciferol RS 
or USP Ergocaldferol RS In 2,2,4-trimethylpenfane 
System suitability solution: Heat a volume of the Stan¬ 
dard solution at 60° for 1 h to partially isomerize wita¬ 
min D (cholecaiciferol or ergocaldferol) to its corre¬ 
sponding precursor. 

Chromatographie system 
(See Chromatogropny {621), System Suitability ,) 

Modę: LC 

Detector: UV 265 nm 

Column: 4,6-mm x 25-cm; 5-pm packing L24 
Flow ratę: 1 mL/mfn 
Injection wolume: 40 jllL 
System suitability 

Samples: Standard solution and System suitability 
solution 

Suitability requirements 

Resolution: NLT 4.0 between the witamin D form 
present and its corresponding precursor, System suita¬ 
bility solution 

Relatiwe standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for witamin D. Calculate the 
percentage of the labeled amount of cholecaiciferol 
(C 27 H 44 G) or ergocaldferol (C 2B H 4 .iO) in the portion of 
Capsules taken: 

Result = (te/te) x (CdCu) x 100 

te = peak area of cholecaiciferol or ergocaldferol 
from the Sample solution 

te - peak area of cholecaiciferol or ergocaldferol 
from the Standard solution 
Ci - concentration of USP Cholecaiciferol RS or 

USP Ergocaldferol RS in the Standard solution 
(jig/ml) 
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Q = nominał concentration of cholecatciferol or 

ergocalciferol in the Sampie soiution (pg/mL) 
Acceptance criterla: 90.0%-165.0% of Ehe labeled 
amounl of vitamin D as cholecalciferoi (C 57 H 44 O) or er- 
gocalclferof (C^bL-uO) 

• CHOLECALCIFEROI Of ERGOCALCIFEROL (V|TAMIN D), Method 
3 

[Notę—W here yltamin D (cholecalciferoi or ergocalcif- 
ero!) is specified in the folfowing procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard, Use low-actinic glassware 
throughout this procedurę.] 

Diluted acetic add: Ciadal acetic acid soJution (1 in 
10 ) in water 

Phenolphlhalein sofution: 10 mg/mL of phenolphthal- 
ein in alcohol 

Potassium hydrojcide sofution: Slowly dissolve 14 g of 
potassium hydroxide in a mixture of 31 mL of dehy¬ 
drated alcohol and 5 mL of water. Prepare fresh daily. 
Extraction solvent: Methyiene chloride and isopropyl 
alcohol (99,8: 0.2) 

Mobile phase: Acetonitrile and methanol (91:9) 
Standard stock sofution: 0.2 mg/mL of USP Cholecab 
ciferof RS or USP Ergocalciferol RS in dehydrated alco- 
hol, [Notę—P repare fresh every 4 weeks. Storę in a 
freezer.] 

Standard sofution: [NOTĘ—-Condition the solid-phase 
extraction coiumn specified for use in the Standard solu- 
tion and the Sampie solution by initfally washing the coi¬ 
umn with 4.0 mL of a mixture of mętnylene chloride 
and isopropyl alcohol (4:1), followed by 5.0 ml of Ex- 
traction solvent. Do not allow the coiumn to dry.] Di lute 
a volume of the Standard stock solution with dehydrated 
alcohol to obtain a concentration of 5 pg/mL of USP 
Cholecafciferol RS or USP Ergocafciferol RS. Prepare this 
solution fresh daify. Transfer 2.0 mL of this solution to a 
stoppered 125-mL fiask. Add 15.0 mL of water and 
15.0 mL of Potassium hydroxide solution , insert the stop- 
per, and shake for 30 min in a water bath maintained 
at 60°. Allow to cool to room temperaturę, and transfer 
the contents of the fiask to a 250-mL separatory funnel, 
Add 15.0 mL of water to the fiask, insert the stopper, 
shake yigorously, and transfer this solution to the sepa¬ 
ratory funnel. Rinse the fiask with 60 mL of n-hexane, 
and transfer the rinsing to the separatory funnel. Insert 
the stopper, shake vigorously for 90 s, and allow to 
stand for 15 min until the layers sep a ratę. Drain and 
discard the agueous layer, Add 15.0 mL of water to the 
hexane layer En the separatory funnel, insert the stop- 
per, and shake vigorously. Allow to stand for 10 min 
until the layers separate, and discard the aqueous layer. 
Add 1 drop of Phenolphthalein solution and 15.0 mL of 
water to the separatory funnel. Add Diluted acetic add 
dropwise, with shaking, until the washing is neutral. Al¬ 
low to stand for 10 min until the layers separate. Drain 
and discard the agueous layer. Fil ter the hexane layer 
through anhydrous sodium suifate supported by a smali 
pledget of cotton into a 100-mL round-bottom fiask. 
Rinse the funnel and sodium suifate with a few mL of n- 
hexane, and collect the rinsings in the same fiask. Evap- 
orate the hexane in the fiask on a rotary evaporator at 
50° to dryness. Immediately add 2.0 mL of Extrgction 
solvent to dissolve the residue. Transfer this solution to a 
freshiy condltioned solid-phase extraction coiumn con- 
taining silica packing with a sorbent mass-to-column 
volume ratio of 500 mg to 2.8 mL or equivalent, rinse 
the round-bottom fiask with 1.0 mL of Extraction soi- 
vent, and transfer to the coiumn. Elute the coiumn with 
2.0 ml of Extraction solvent, and discard this fraction. 
Elute the coiumn with 7.0 mL of Extraction solvent f and 
collect the eluate In a suitable fiask. Place the fiask in a 
warm water bath maintained at 42°, and evaporate the 
solvent with the aid of a stream of nitrogen. Immedi- 
ately add 2.0 mL of acetonitriie to the residue, and use 
the solution for injection into the chromatograph. 


Sampie solution: Proceed as directed En Vitamin Ą 
Method 3, through "caiculate the net welght of the 
Capsule contents," Transfer a portlon of the Capsule 
contents, equivalent to lOug of cholecalciferoi or ergo- 
calciferol, to a stoppered 125-mL fiask, and proceed as 
directed for the Standard solution , beginning with "Add 
15,0 mL of water and 15.0 mL of Potassium hydroxide 
solution", 

Chromatographk system 

(See Chromatograpny (621), System Suitability,) 

Modę: LC 

Detector: UV 265 nm 

Coiumn: 4.6-mm x 25-cm; 5-pm packing LI 

Coiumn temperaturę: 27° 

Flow ratę: 0.7 mL/min 
Injection volume: 15 pL 
System suitability 
Sampie: Standard solution 
Suitability reguirements 
Re!ative standard deviation: NMT 4.0% 

Analysis 

Samples: Standard solution and Sampie soiution 
Measure the peak areas for vitamin D, Calculate the 
percentage of the labeled amount of cholecalciferoi 
(C 27 H 44 O) or ergocalciferol (CzaH^O) In the portion of 
Capsules taken: 

Result = (Wn) x (Cj/Cy) x 100 

fu = peak area of cholecalciferoi or ergocalciferol 
from the Sampie solution 

rs - peak area of cholecalciferoi or ergocalciferol 
from the Standard soiution 
G - concentration of USP Cholecalciferoi RS or 

USP Ergocafciferol RS in the Standard solution 
C^g/mL) 

Cu = nominał concentration of cholecalciferoi or 

ergocalciferol in the Sampie soiution (pg/ml) 
Acceptance criterfa: 90.0%-165.0% of the labeled 
amount of yitamin D as cholecalciferoi (C^KwO) or er- 
gocalciferot (C 2 8 H 4 ,jO) 

* VITAMIN E, Method 1 

[Notę—W here vitamin E (alpha tocopheroi, alpha 
tocopheryl acetale, or alpha tocopheryl acid succinate) 
is specified in the fotlowing procedura, use the Chemical 
form present En the formulation and the reievant USP 
Reference Standard. Use low-actinic glassware through¬ 
out this procedurę.] 

Solution A: Phosphoric acid sofution (1 in 100) in 
water 

Mobile phase: Methanol and Solution A (19:1) 

System suitability soiution: Prepare a 0.65-mg/mL so¬ 
fution of USP Ergocalciferol RS in methanol. Transfer 
1.0 mL of this solution to a 100-mL volumetric fiask 
containing 100 mg of USP Alpha Tocopheryl Acetale RS, 
D*ssoIve in 30 mL of methanol, with the aid of son ka¬ 
tion if necessary, and dElute with methanol to volume. 
Storę this solution in a refrigerator. 

Standard soiution: 2 mg/mL of USP Alpha Tocopheroi 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Acid Succinate RS in methanol 
Sampie solution: Proceed as directed for the Sampie 
solution in Vitamin A, Method L Transfer NLT 20 mL of 
this solution to a suitable Container, and evaporate if 
necessary, under vacuum at room temperaturo to dry¬ 
ness. Transfer the contents of the fiask to a suitable voJ- 
umetric fiask with the aid of methanol, and dllute with 
methanol to vo!ume to obtain a concentration of 2 mg/ 
mL of alpha tocopheroi, alpha tocopheryl acetate, or 
alpha tocopheryl acid succinate. 

Chromatographk system 
(See Chromatograpny (621), System Suitabiiity.) 
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Modę: LC 

Detector: UV 254 nm 
Column: 8 -mm x 10-cm; 5-pm packtng LI 
Flow ratę: 2 mL/min 
Injection voiume: 100 (ii 
System suitability 

Sam pies: System suitability soiution and Standard 
soiution 

[NOTĘ—The relat*ve retention times for ergocalciferol 
and alpha tocopheryl acetate are about 0.5 and 1.0, 
respectivelyO 
Suitability reguirements 

Resolution: NLT 12 between ergocalciferol and alpha 
tocopheryl acetate. System suitabitity soiution 
Tailing factor: Between 0.8 and 1.2, System suitability 
sofution 

Relative standard deviation: NMT 3.0%, Standard 
soiution 
Analysfs 

Sam pies: Standard soiution and Sample soiution 
Measure the peak areas. Calculate the percentage of 
the labeled amount of alpha tocophero! (C 29 H 50 O 2 ), al¬ 
pha tocopheryl acetate (CnHiiOj), or alpha tocopheryl 
acid succinate (CjsH^Os) in the portion of Capsules 
taken: 

Result = (rjh) x (Cs/Co) x 100 

fu - peak area of the relevant vitamm E form from 
the Sample soiution 

h - peak area of the relevant vitamin E form from 
the Standard soiution 

Cj - concentration of the corresponding USP 

Reference Standard in the Standard soiution 
(mg/mL) 

Cu - nominał concentration of the corresponding 
form of vitarnin E in the Sample soiution 
(mg/mL) 

Acceptance critena: 90.0%-165.0% of the labeled 
amount of vitamm E as alpha tocopherol (C 29 H 50 O 2 ), 
alpha tocopheryl acetate (C 31 H 52 O 3 ), or alpha 
tocopheryl acid succinate (C^Hs^Os) 

• Vitamin E, Method 2 

[NOTĘ—Where vitamin E {alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl acid succinate) 

Is specified in the following procedurę, use the Chemical 
form present in the formuJation and the relevant USP 
Reference Standard. Use low-actinic glassware through- 
out this procedurę.] 

Mobile phase: Mix 240 mL of methanol with 10 mL of 
water, rollowed by 0*5 mL of 50% phosphoric acid, and 
dilute with acetonitrile to 1000 mL. 

System suitability soiution: 2 mg/mL each of USP Al¬ 
pha Tocopherol RS, USP Alpha Tocopheryl Acetate RS, 
and USP Alpha Tocopheryl Acid Succinate RS in 
methanol 

Standard soiution: 2 mg/mL of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Add Succinate RS in methanol 
3 N methanolic sulfuric acid soiution: Cautiously mix 
sulfuric acid and methanol (9 in 100) in a 100-mL volu- 
metnc fiask. [Notę—D issolve i 11 a portion of methanol, 
cool, and then dilute to finał volume,] 

Sodium ascorbate-pyrogallol soiution: Transfer 10 g 
of sodium ascorbate and 5 g of pyrogallof to a 100-mL 
vo!umetric fiask. Add suffident water to dissolve. Add 
1.7 ml of sulfuric acid, and dilute with water to 
volume. 

Lecithin soiution: 5 mg/mL of lecithin in 2,2, 

4 - tri methyt pe n ta n e 

Sample soiution: Proceed as directed for the Sample 
soiution in Vitamin A f Method 2, through "calculate the 
net weight of the Capsule contents/' Transfer a portion 
of the Capsule contents, eguivalent to 55 mg of vitamrn 
E, to a Container with a poiytef-lmed screw cap. Add 


0.5 g of sodium bicarbonate, 1.5 mL of Lecithin soiution , 
and 12.5 mL of 2,2,4-tnmethylpentane, and disperse on 
a vortex mixer. Add 6 mL of Sodium ascorbate-pyrogallol 
soiution , shake slowty, and allow the soiution to degas. 
Conttnue shaking until the evolution of gas has ceased, 
and then shake for an addttional 12 min. Add 6 mL of 
dimethyl sulfoxide, mix on a vortex mixer to form a 
suspension, and shake for 12 min. Add 6 mL of 3 N 
methanolic sulfuric acid soiution, mix on a vortex mixer 
to form a suspension, and shake for 1 2 min* Add 

12.5 mL of 2 , 2 , 4 -tnmethylpentane, mrx on a vortex 
mixer to form a suspension, and shake for 10 min. Cen- 
trifuge for 10 min to break up the emulsion and to 
clariiy the supematant layer* Transfer a volume of the 
supernatant 2,2,4-trimetnylpentane layer to a suitable 
volumetric fiask, the volume of the specimen withdrawn 
from the 2,2,4-trimethylpentane tayer and the size of 
the volumetric fiask being such that the finał concentra¬ 
tion of the Sample soiution is equivalent to that of the 
Standard soiution * Evaporate nearfy to dryness, add sev- 
eral mL of methanol, and evaporate the remaining 2,2, 
4-trimethyipentane. Dilute with methanol to volume* 

Chromatographic system 
(See Chromatogmpny (621), System Suitability *) 

Modę: LC 

Detector: UV 280 nm 
Column: 4.6-rnm x 25-cm; 5-pm packing LI 
Flow ratę: 1.5 m L/m in 
Injection volume: 25 |iL 
System suitability 

Samples: System suitability soiution and Standard 
soiution 

[NOTĘ—The relative retention times for alpha tocopheryl 
acid succinate, alpha tocopherol, and alpha tocopheryl 
acetate are about 0 . 6 , 0 . 8 , and 1 . 0 , respectively.J 
Suitability regulrements 

Resolution: NLT 4*0 between alpha tocopheryl acid 
succinate and alpha tocopherol and NLT 3.0 between 
alpha tocopherol and alpha tocopheryl acetate. Sys¬ 
tem suitability soiution 

Reiatrve standard deviation: NMT 3*0%, Standard 
soiution 
Analysrs 

Samples: Standard soiution and Sample soiution 
Measure the peak areas. Calculate the percentage of 
the labeled amount of alpha tocopherol (OsHsoOA al¬ 
pha tocopheryl acetate (CjjH^Ch), or alpha tocopheryl 
add succinate (C^Hs-fO*) in the portion of Capsules 
taken: 

Result - (rjrs) x (Ci fC u ) x 100 

r y - peak area of the relevant vitamin E form from 
the Sample soiution 

rs = peak area of the relevant vitarnin E form from 
the Standard soiution 

Cs = concentration of the corresponding USP 

Reference Standard in the Standard sofution 
(mg/mL) 

Cu - nominał concentration of the corresponding 
form of vitamin E in the Sample soiution 
(mg/mL) 

[Notę—A ccount for the initial extraction volume of 

26.5 mL of 2,2,4-trimelhylpentane and the dilution 
factor to exchange the solvent from 2,2,4-tnmethyl- 
pentane to methanol to calculate the nominał 
concentration.] 

Acceptance cnterfia: 90*G%-165.0% of the labeied 
amount of vitamin E as alpha tocopherol (C^HsoOa), 
alpha tocopheryl acetate (CjiHsiOj), or alpha 
tocopheryl acid succinate {CBH 54 O 5 ) 

■ Vitamin E, Method 3 

Diluent: Acetonitrile and ethyl acetate (1:1) 

Mobile phase: Methanol, acetonitrile, and n-hexane 
(46.5: 46.5: 7.0) 
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Standard solution: 0,3 mg/mL of USP Alpha Tacoph- 
erol RS in methanol 

Sample solution; Proceed as directed in Vitarnin A, 
Method 5, through "calculate the net weight of the 
Capsule contents/' Transfer a portion of the Capsule 
contents, equivalent to 8.0 mg of alpha tocopherol, to 
a gfass-stoppered conicai fiask. Add 25,0 mL of water, 
25.0 ml of dehydrated alcohol, and 3.5 g of potassium 
hydroxide pellets. Shake for 1 h in a water bath main- 
tained at 55°. Cooi, and transfer with the aid of a mini¬ 
mum volume of water to a 1 25-mL separatory funnel. 
Rlnse the fiask with 50 mL of n-hexane, and add the 
rinsing to the separatory funnel. Insert the sfopper, 
shake vEgorousiy for 60 s, and a No w the layers to sepa- 
rate. Drain the agueous layer into a secona 250-ml 
separatory funnel, and repeat the extraction with 50 ml 
of n-hexane. Discard the agueous layer, and combine 
the hexane extracts. Wash the combined exfracts with 
25 ml of water, allow the layers to separate, and dis- 
card the aqueous layer. Add 3 drops of giacial acetfc 
add, and repeat the washing procedurę two morę 
times, Filter the washed hexane layer through anhy- 
drous sodium sulfate into a 250-mL round-bottom flasie 
Rinse the funnel and sodium sulfate with a few mL of n~ 
hexane, and add the rinsing to the hexane solution in 
the fiask. Place the fiask in a water bath maintaEned at 
50°, and evaporate the hexane solution with the aid of 
a rotary evaporator to dryness. Immediately add 
25,0 mL of Diluent, and swirl to dtssolve the residue. 
Chromatographrc system 
(See Chromatagraphy (621), System Suitability.) 

Modę: LC 

Detector: UV 291 nm 

Column: 4ó-mm x 25-cm; packing LI 

Column temperaturę: 40° 

Flow ratę: 3 mL/min 
Injection volume: 20 liL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 5,0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas. Catculate the percentage of 
the labeled amount of vitamsn E, as alpha tocopherol 
(C 29 H 50 O 1 ), in the portion of Capsules taken: 

Resuit - (r v fr$) x (G/G) x 100 

r u = peak area of alpha tocopherol from the 
Sample solution 

r 5 = peak area of alpha tocopherol from the 
Standard solution 

G = concentration of alpha tocopherol in the 
Standard solution (mg/mL) 

Cu = nominał concentration of vitarnin E, as alpha 
tocopherol, in the Sample solution (mg/mL) 
[Notę —Calculate the nominał amount of yitamin E as 
alpha tocopherol (G 9 H 50 O 2 ) by multiplying the eon- 
tent of alpha tocopheryl acetate (C 31 H 52 O 3 ) or alpha 
tocopheryf acid succinate {C 3 JH 54 O 5 ), in mg/Capsule 
by the factor 0.91 or 0.B1, respectlvely,3 
Acceptance crlterra: 90,0%-165.0% of the labeled 
amount of vitamin E as alpha tocopherol (C 29 H 50 O 2 ), 
alpha tocopheryl acetate (GiHsaOs), or alpha 
tocopheryl add succinate (G 3 H 54 O 5 ) 
a PHYTONADłOME 

[Notę —Use low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Methanol and water (19:1) 

Standard stock solution: 200 pg/mL of USP Phytona- 
dione RS in methanol Dissofve with the aid of sontea- 
tion if necessa ry. 

System suitability solution: 0.65 mg/mL of USP Alpha 
Tocopheryf Acetate RS and 20pg/mL of USP Phytona- 


dione RS from the Standard stock solution diluted with 
methanol [NOTĘ— Dissolve USP Alpha Tocopheryl Ace¬ 
tate RS in a portion of methanol, add the Standard 
stock solution , and then dilute with methanol to 
volume.] 

Standard solution: 20 pg/mL of USP Phytonadione R5 
from the Standard stock solution diluted with methanol 
Sample solution: Transfer NIT 20 mL of the solution 
retained as speclfied in the dsrections for the Sample 
solution En Vitamin A, Method 1 to a suitabie Container, 
and evaporate, if necessary, under vacuum at room 
temperaturę to dryness Transfer the contents of the 
fiask to a suitabie volumetric fiask with the aid of meth- 
anol, and dilute with methanol to vo 1 ume to obtain a 
concentration of 20 pg/mL of phytonadione, 
Chromatographic system 
(See Chromatagraphy (621), System Suita bil i ty.) 

Modę: LC 

Detector: UV 254 nm 
Column: 8 -mm x 10-cm; 5-pm packing LI 
Flow ratę: 2 ml/min 
Injection volume: l OOpL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[Notę—T he relative retention times for atpha tocopheryl 
acetate and phytonadione are about 0.68 and 1 . 0 , 
respecttvely.j 

Suitability requirements 

Resolution: NLT 5 between alpha tocopheryl acetate 
and phytonadione, System suitability solution 
Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Sampies: Standard solution and Sample solution 
Measure the peak areas, Calculate the percentage of 
the labeled amount of phytonadione (GtEWCb) in the 
portion of Capsules taken: 

Resuit - 0'u/r$) x (G/G) x 1 00 

ru - peak area for phytonadione from the Sample 
solution 

- peak area for phytonadione from the Standard 
solution 

C$ ~ concentration of USP Phytonadione RS En the 
Standard solution (pg/mL) 

C u = nominał concentration of phytonadione En the 
Sample solution (pg/mL) 

Acceptance enteria: 90.0%-165.0% of the labeled 
amount of phytonadione (GihUO?) 

a Beta Carotene 

[NOTĘ—Use Iow-attEnit glassware throughout this 
procedurę.] 

Potassium hydroxide solution: Dissolve 58,8 g of po- 
Lassium hydroxide in 50 mL of water. 
lodine solution: Transfer 10 mg of iodine to a 100-mL 
volumetric fiask, DissoDe En cyćfohexane, and dilute 
with cyclohexane to volume. Dilute 10 mL of this solu- 
tion with cycfohexane to 100 mL. [Notę —Prepare this 
solution fresh daily.] 

Sample solution A (for preparations containing beta car¬ 
otene in oil Solutions): Proceed as directed in Vitamin 
Ą Method 1 , except use cyclohexane instead of n-hex- 
ane as the extraction solyent, and dilute the filtered ex- 
tracts with cyclohexane, to obtain a concentration of 
2 pg/mL of beta carotene. 

Sample solution B (for preparations containing beta car¬ 
otene in dry powder): Remove the eon ten ts of NLT 20 
Capsules by cutting open the Capsules. Mix, and deter- 
mine the weight of the contents, Transfer a guantity of 
the Capsule contents, equivafent to 2 mg of beta caro¬ 
tene, to a 500-mL saponlfication fiask. Add 100 mL of 
a 1 co hol, 6 mL of Potassium hydroxide solution , and a 
magnetic stirring bar. Attach an air condenser to the 
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fiask, and heat under reflux for 45 min with constant 
stirring. Cool to room temperaturo. Add 170 mL of sol- 
vent hexane, and stir for 30 min. Quantitatively transfer 
the contents of the fiask to a 500-mL separatory funnel 
with portions of solvent hexane, Allow the layers to sep- 
arate for 5-10 min, and transfer the upper organie fayer 
to a 500-mL yolumetric fiask. Transfer tne lower aque- 
ous layer into the saponification fiask. Add 1 70 mL of 
solvent hexane, and stir for an additional 20 min. 
Quantitatively transfer the contents of the saponrftcation 
fiask to the separatory funnel with the aid of portions of 
sołvent hexane. Allow the layers to separate for 10 min. 
Drain the lower aqueous layer, and discard, Transfer the 
organie layer to the yolumetric fiask contaming the pre- 
yiously coflected organie layer. Rinse the separatory fun¬ 
nel wfth smali portions of solvent hexane, and transfer 
the washings to the yolumetric fiask. Diiufe the hexane 
extracts willi solyent hexane to yolume, Add 3 g of an- 
hydrous sodium sulfate, shake, and allow to settle. 
Quantitatiyely transfer a yolume of this solution, equrva- 
lent to 100 pg of beta carotene, to a 50-mL yolumetric 
fiask. Eyaporate under a stream of nitrogen to dryness, 
and immedtately add cyclohexane, Add 2 mL of lodine 
solution , and heat for 15 min in a water bath main- 
tained at 65°. Cool rapidly, and dilute with cyclohexane 
to yolume. 

Instrumental conditions 

(See Uftraviolet-Visible Spectroscopy (857).) 

Modę: Vis 

Analytical wayelength: 452 nm 
Blank: Cydohexane 
Analysis 

Samptes: Sample solution A or Sample solution 8 
Determine the absorbance against tne Blank . Caleulate 
the percentage of the Iabeled amount of beta carotene 
(OoHst) in the portion of Capsuies taken: 

Resuit = (Au/F) x ( 100 /GJ 

A u = absorbance of Sample solution A or Sample 
solution B 

F = absorptivity of beta carotene at 452 nm, 223 
Cu - nominał concentration of beta carotene in 
Sample solution A or Sampie soiution B 
(mg/mL) 

Acceptance criteria: 90.0%-ló5.0% of the iabeled 
amount of beta carotene (G 40 H 5 *) 

• Asco rb ic Acid, Calcium Ascorbate, and Sodium 
Ascorbate 

See Wamin C Assay {580),} 

Notę—F or fabellng purposes, consider Method I — Titri- 
metric Method as Method 1 .] 

Acceptance criteria: 90.0%-15Q,0% of the Iabeled 
amount of ascorbic add {QH*Oa) or its salts as calcium 
ascorbate (CuH M CaQi 2 * 2 H 2 G) or sodium ascorbate 
(C fi H 7 Na0 6 ) 

• Biotin, Method l 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium 
perchlorate, and 1 mL of phosphoric acid, and diiute 
with water to 1 000 mL 

Standard stock solution: 0.333 mg/mL of USP Biotin 
RS in dimethyl sulfoxide 

Standard solution: 5 pą/mL of USP Biotin RS prepared 
by diluttng the Standard stock solution in water 
Sampie solution: Weigh NLT 20 Capsuies in a tared 
weighing bottle, Open the Capsuies, without the loss of 
shefl materiał, and transfer the contents to a 100 -ml 
beaker. Remove any contents adhering to the empty 
shells by washing, if necessary, with several portions of 
ether. Discard the washings, and dry the Capsule shells 
with lhe aid of a current of dry air untif the odor of 
ether is no longer perceptible, Weigh the empty Cap¬ 
sule shells in the tared weighing bottle, and caleulate 


the ayerage net weight per Capsule. Proceed as di- 
rected in Ascorbic Aad through ''caleulate the ayerage 
net weight per Capsufe." Transfer a portion of the Cap¬ 
sule contents, equivalent to 1 mg of biotin, to a 
200-mL yolumetric ffask. Add 3 ml of dimethyl $ulfox- 
ide, and swirf to wet the contents. Place the fiask in a 
water bath at 60°-70° for 5 min. Sonicate for 5 min, 
dilute with water to volume, and filter 
Chromatographic system 
(See Chromotogrophy {621), System Suitabiiity.) 

Modę: LC 

Detector: UV 200 nm 

Column: 4.6-mm x 15-cm; 3-pm packing L7 
Fłow ratę: 1.2 mL/min 
Injection yolume: lOOpL 
System suitabiiity 
Sample: Standard solution 
Suitabiiity reguirements 
Relatiye standard deviation: NMT 3.0% 

Analysis 

Samptes: Standard solution and Sampie solution 
Measure the peak areas of biotin. Caleulate the percent¬ 
age of the Iabeled amount of biotin (CioHisNzÓjS) in 
the portion of Capsuies taken: 

Resuit = (ru/rs) x ( Q/C u ) x 100 

r y = peak area of biotin from the Sampie solution 

ri ^ peak area of biotin from the Standard solution 

C 5 = concentration of USP Biotin RS in the Standard 
solution (pg/mL) 

Cu = nominał concentration of biotin in the Sample 
solution (jig/mL) 

Acceptance criteria: 90.0%-150.0% of the Iabeled 
amount of biotin (CioH^NżOjS) 

• Biotin, Method 2 

[NOli—Use low-actinic glassware throughout this 
procedurę,] 

Dehydrated mixture$ yielding formulations similar to the 
media described herein may be used provided that, 
when constituted as directed, they have growth-pm- 
motrng properties egual to or superior to Lhose ob- 
tained with the media prepared as described herein. 
Standard stock solution: 50 pg/mL of USP Biotin RS in 
50% alcohol. Storę this solution in a refrigerator 
Standard solution: 0,1 ng/mL of USP Biotin RS In 
water, prepared by dilution of the Standard stock solu¬ 
tion with water on lhe day of the assay 
Sample solution: Proceed as directed in Biotin , Method 
1 tnrough "caleulate the average net weight per Cap¬ 
sule/ 1 Transfer a portion of the Capsule contents, equiv- 
ftlent to 100 pg of biotin, to a 200-mL yolumetric fiask. 
Add 3 mL of 50% alcohol, and swirl to wet the con¬ 
tents. Heat the fiask in a water bath at 60°-70° for 5 
min, Sonicate for 5 min, dilute with 50% alcohol to 
yolume, and filter. Dilute a yolume of the filtrate quan- 
titatively, and stepwise if necessary, with water to ob- 
tain a solution having a concentration of 0,1 ng/mL, 
Acid-hydrolyzed casetn solution: Mix 100 g of vita- 
min-free casein with 500 ml of 6 N hydrochloric add, 
and reflux the mixture for 8-12 h. Remove the hydro¬ 
chloric acid from the rmxture by distiflatron under re- 
duced pressure untif a thick pastę remains. Redissoive 
the resulting pastę in water, adjust the soiution with 
1 N sodium hydroxide to a pH of 3.5 ±0.1, and dilute 
with water to 1000 mL. Add 20 g of activated charcoal, 
stir for 1 h, and filter, Repeat the treatment with acth 
vated charcoal. Storę under toluene in a cool place at a 
temperaturę NLT 10°, Filter the solution if a precipitate 
forms during storage, 

Cystine-tryptophan solution: Suspend 4,0 g of L-cys- 
tine in a solution of 1.0 g of L-tryptophan (or 2,0 g of 
o,L-tryptophan) in 700-800 mL of water. Heat to 
/O^-SÓ 13 , and add dilute hydrochloric add (1 in 2) 
dropwise, with stirring, until the solids are dissolyed. 
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Cool, and dilute with water to 1000 ml.. Storę under 
toluene in a cooi place at a temperaturę NIT 10°. 

Adenme-guanine-uracil solution: Dissoive 200 mg 
each of adenine suffate, guanine hydrochloride, and 
uracil, with the aid of heat, In 10 mL of 4 IM hydrochlo- 
rlc acid. Cool, and dilute with water to 200 ml. Storę 
under toluene in a refrigerator, 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcoho! 

Caldum pantothenate solution: 10 pg/mL of caJdum 
pantothenate in 50% aicohol. Storę in a refrigerator. 

Ribofiavin-thiamine hydrochloride solution: 20 pg/ 
mL of riboflavin and 10 pg/mL of thiamine hydrochio- 
ride in 0.02 N acetic acid. Storę under toluene, pro- 
tected from iight, in a refrigerator. 

p-Arrtinobenzoic acid-niacin-pyridoxine hydrochloride 
solution: 10 pg/mL of p-aminobenzoic acid, 50 pg/mL 
of niacin, and 40 pq/mL of pyridoxine hydrochloride in 
a mixture of neutrafized alconoJ and water (1:3). Storę 
in a refrigerator. 

Salt solution A: Dissolve 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate In 
water to make 500 mL. Add 5 drops of hydrochioric 
acid. Storę under toluene. 

Salt solution B: Dissolve 10 g of magnesium sulfate, 

0.5 g of sodium chioride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 ml. 
Add 5 drops of hydrochioric acid, and mix. Storę under 
toluene, 

Basal medium stock solution: Disso!ve the onhydrous 
Dextrose and anhydrouś Sod tum acetale in the Solutions 
previous!y mixed according to Tobie l f and adjust with 
1 N sodium hydroxide to a pM of 6,8. Dilute with water 
to 250 mL. 


Table 1 


Acid-hvdrolvzed casein solution 

25 mL 

Cystine-tryptophan solution 

25 mL 

Polysorbate 80 solution 

0.25 mL 

Dextrose. anhydrouś 

10 Q 

Sodium acetate. anhydrouś 

5 Q 

Adenine-auanine^uracil solution 

5 mi 

Calcium pantothenate solution 

5 ml 

Riboflayin-thiamine hydrochloride soiutlon 

5 mL 

p-Aminobenzoic acid-niadn-pyrLdoxtne hydrochlo¬ 
ride solution 

5 mL 

Salt solution A 

5 mL 

Salt solution 8 

5 mL 


Stock culture of Lactobacillus plantarum: Dissolve 
2.0 g of yeast extract in 1 00 mL of water. Add 500 mg 
of anhydrouś Dextrose / 500 mg of onhydrous Sodium 
acetale , and 1.5 g of agar, and heat the mixture on a 
steam bath, with stirring, until the agar dissoives. Add 
10-mL portions of the hot solution to test tubes, close 
or cover the tubes, steriJize in an autoc!ave at 121° for 
15 min, and aflow the tubes to cool in an upright posi- 
tion. Prepare stab cultures in three or morę of the 
tubes, using a pure culture of Lactobacillus plantarum 
incubating for 1 6-24 h at a temperaturę between 30° 
and 3 7* held constant to within ±0.5°. Storę in a refrig¬ 
erator. Prepare a fresh stab of the stock culture every 
week, and do not use for Inoculum if the culture is morę 
than 1 week old. 

Culture medium: To each of a series of test tubes eon- 
taining 5.0 mL of Basal medium stock solution add 
5.0 mL of water containing 0.5 ng of biotin. Pług the 
tubes with cotton, sterilize in an autoclave at 121 Q for 
15 min, and cool. 

1 ATCC No. 8014 is suitable. This strain was formerly known as Lactobacilfus 
orabinosus 1 7-5. 


Inoculum: [Note—A frozen suspension of Lactobacillus 
plantarum may be used as the stock eufture, provided it 
ylelds an Inoculum com pa rabie to a fresh culture.] Trans¬ 
fer cells from the Stock culture of Lactobacillus plantarum 
to a stenie tubę containing 10 mL of Culture medium. 
Incubate this culture for 16-24 h at a temperaturę be¬ 
tween 30 c and 37 p held constant to within ±0,5°. The 
celi suspension so obtained is the Inoculum. 

Analysis 

Samples: Standard solution and Sample solution 
To simifar separate test tubes add, in duplicate, 1,0 
and/or 1.5, 2.0, 3,0, 4.0, and 5.0 mL of the Standard 
solution. To each tubę and to four simifar empty tubes 
add 5.0 mL of the Basal medium stock solution and suf- 
ficient water to make 10 mL. 

To simtlar test tubes add, in duplicate, volumes of the 
Sampie solution corresponding to three or morę of the 
levels specified for the Standard solution , including the 
leveis of 2.0, 3.0, and 4.0 mL. To each tubę add 
5.0 mL of the Basal medium stock solution and suffh 
cient water to make 10 mL, Piace one complete set of 
Standard and sample tubes together In one tubę rack 
and the duplicate set in a second rack or section of a 
rack, preferably in random order. 

Cover the tubes of both series to prevent contamina- 
tion, and sterilize in an autocfave at 121° for 5 min. 
Cool, Add 1 drop of inoculum to each tubę, except 
two of the four tubes containing no Standard solution 
(the uninoculated blanks). incubate the tubes at a 
temperaturę between 30° and 37° held constant to 
within ±0.5° until, foliowanej 16-24 h of ineubation, 
there has been no substantial inerease in turbidity in 
the tubes containing the highest level of Standard dur- 
ing a 2-h period. 

Determine the transmittance of the tubes in the folEow- 
Eng manner. Mix the contents of each tubę, and trans¬ 
fer to a spectrophotometer ceil. PEace the celi in a 
spectropnotometer that has been set at a specific 
wavelenqth of 540-660 nm, and read the transmit¬ 
tance when a steady state is reached. This steady state 
is observed a few seconds after agitation when the 
galvanometer reading remains constant for 30 s or 
morę. Atlow approximately the same time intervai for 
the reading on each tubę. 

With the transmittance set at 1.00 for the uninoculated 
blank, read the transmittance of the inoeufated blank. 
With the transmittance set at 1,00 for the inoculated 
blank, read the transmittance for each of the remarn- 
ing tubes, lf there is evidence of contaminatlon with a 
foreign microorganism, disregard the resuEt of the 
assay. 

Calculation: Prepare a standard concentration-response 
curve as follows. For each leve! of the Standard, calcu- 
late the response from the sum of the duplicate values 
of the transmittance (I s ) as the difference, y- 2,00 - 
I^ Plot this response on the ordinate of cross-section 
paper against tne logarithm of the mL of Standard solu¬ 
tion per tubę on the abscissa, using for the ordinate 
either an arithmetic or a logarithmic scalę, whichever 
gives the better approximation to a straight fine, Draw 
the straight linę or smooth curve that best fits the plot- 
ted points. 

Calculate the response, y - 2.00 - adding together 
the two transmittances (T u) for each leve! of the Sam¬ 
ple solution. Read from tne standard curve the loga- 
rithm of the voiume of the Standard solution corre¬ 
sponding to each of those values of y that falls within 
the rangę of lowest and highest points plotted for the 
Standard. Subtract from each logarithm so obtained 
the logarithm of the volume, in mL, of the Sample 
solution to obtain the difference, X, for each dosage 
levei. Average the vafues of Xjpr each of three or 
morę dosage levels to obtain X, which equals the log- 
reiative potency, M f , of the Sampie solution. Determine 
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the quantity, in pg, of biotin (CoH^N/OjS) in the por- 
tion of Capsules taken: 

antilog M = antilog ( M ' + log fi) 

fi = number of fig of biotin assumed to be present 
in the portion of Capsules taken 
Calculate the percentage of the labeled amount of 
biotin (Ci 0 Hi & N 2 O 3 S) in the portion of Capsules taken; 

Result = [(antilog M)/N\ x 100 

N = nominał amount of biotin in the portion of 
Capsules taken (pg) 

Replication: Repeat the entire detemnination at least 
once, using separately p rep a red Sample Solutions. If the 
difference betweenjtne two iog-potencies M is NMT 
0,08, their mean, M ś is the assayed log-potency of the 
test materia] (see Des/gn and Anatysis of Biologkol Assays 
(111), The Confidence Interwal and Umits of Potency). If 
the two determinations differ by morę than 0,08, eon- 
duet one or morę additional determinations* From the 
mean of two or morę values of M that do not differ by 
morę than 0.15, compute the mean potency of the 
preparation under assay, 

Acceptance criteria: 90.0%-150,0% of the labeied 
amount of biotin (CtoHtóNzChS) 

# CYANOCOBALAMIN, Method 1 

[Notę—U se low-actinic glassware throughout this 
procedurę,] 

Mobile phase: Methanol and water (7:13) 

Standard stock solution: 10 pg/mL of USP Cyanoco- 
balamin RS in water* [NOTĘ— Storę this stock solution m 
a dark place, and discard after 1 week.] 

Standard solution; 1 jig/mL of USP Cyanocobalamin 
RS from the Standard stock solution diluted with water 
Sample solution; Weigh NLT 30 Capsules in a Lared 
weighing bottle. Open the Capsules, without the loss of 
shefl materiał, and transfer the contents to a 100-mL 
beaker. Remove any contents adhering to the empty 
shells by washing, if necessary, with several porlions of 
ether. Discard the washings, and dry the Capsule shells 
with the aid of a currenl of dry air until the odor of 
ether is no longer perceptlble. Weigh the empty Cap¬ 
sule shells in the tared weighing bottle, and cafculate 
the average net weight per Capsule, Transfer a portion 
of the Capsule contents, equivalent to 100 pg of cyano¬ 
cobalamin, to a 250-mL fiask* Quantitatively add 
100.0 ml of water, and carefully extract for 2 min. Fil- 
ter 10 ml of the extract, and use the elear filtrate. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 
Detector: 550 nm 

Column: 4.ó-mm x 15-cm; 5-pm packing LI 

Flow ratę: 0.5 mL/min 
Injection volume: 200 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation; NMT 3,0% 

Anatysis 

Samptes: Standard solution and Sample solution 
Measure the peak areas of cyanocobalamin* Calculate 
the percentage of the labeled amount of cyanocobala¬ 
min (C^HesCoN V 40uP) in the portion of Capsules 
taken: 

Result - (fWr s ) x (Cs/G) x 100 

ra - peak area of cyanocobalamin from the Sample 
solution 

= peak area of cyanocobalamin from the 
Standard solution 


Q = concentration of USP Cyanocobalamin RS in 
the Standard solution (pg/mL) 

C u = nominał concentration of cyanocobalamin in 
the Sample solution (pg/mL) 

Acceptance criterta; 9G,0%-15Q,Q% of the labeled 
amount of cyanocobalamin (GjHbhCoNhGmP) 
Cyanocobalamin, Method 2 
[Notę— Use low-actinic glassware throughout this 
procedurę.] 

Standard stock solution: 1,0 pg/mL of USP Cyanoco¬ 
balamin RS in 25% alcohol. Storę in a refrigerator. 
Standard solution; Dilute a suitable vołume of Standard 
stock solution with water to a measured volume such 
that after the ineubation period as described in the 
Anatysis, the difference in transmittance between the in- 
oculated blank and the 5*G-mL level of the Standard 
solution is NLT that which corresponds to a difference of 
1 25 mg in dried celi weight. This concentration usually 
falls between 0*01 and 0*04 ng/mL of the Standard so- 
lution. Prepare this solution fresh for each assay, 

Sample solution: Proceed as dlrected in Biotin, Method 
1 through "calculate the average net weight per Cap¬ 
sule*" Transfer a portion of the Capsule contents, equiv- 
alent to 1.0 pa of cyanocobalamin, to an appropriate 
vessel containing, for each g of Capsule contents taken, 
25 mL of an agueous extracting solution prepared [ust 
before use to contain 12*9 mg/mL of dibasic sodium 
phosphate, 11.0 mg/mL of anhydrous citric add, and 
10 mg/mL of sodium metabisulfite, Autodave the mix- 
ture at 121° for 10 min. Allow any undisso!ved particles 
of the extract to settle, and filter or centrifuge, rf neces¬ 
sary* Diiute an aliguot of the dear solution with water 
to obtain a finał solution containing vitarnin Bu activity 
approximately equivalent to that of the Standard 
solution. 

Acid-hydrolyzed caseiri solution: Prepare as directed in 
Calcium Pontothenate, Method 2. 

Asparagine solution: Dis$olve 2.0 g of L-asparagine tn 
water to make 200 mL, Storę under toluene in a 
refrigerator* 

Adenine-guanine-uracil solution: Prepare as directed 
in Calcium Pantothenote , Method 2* 

Xanthine solution: Suspend 0.20 q of xanthine in 
30-40 mL of water, heat to 70°, add 6.0 mL of 6 N 
ammonium hydroxide, and stir until the solid is dis- 
solved. Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator. 

Salt solution A: Dissolve 10 g of monobasic potassium 
phosphate and 10 g of dibasic potassium phosphate in 
water to make 200 mL, and add 2 drops of hydrochloric 
add. Storę this solution under toluene* 

Salt solution B: Dissolve 4*0 g of magnesium sulfate, 
0.20 g of sodium chloride, 0*20 g of ferrous sulfate, and 
0.20 g of manganese sulfate in water to make 200 mL. 
Add 2 drops of hydrochiorrc acid* Storę this solution 
under toluene. 

Polysorbate 80 solution; Dissolve 20 g of polysorbate 
80 in alcohol to make 200 mL. Storę in a refrigerator. 
Vitamin solution A; Disso!ve 10 mg of riboflavin, 

10 mg of thiamine hydrochloride, 100 pg of biotin, and 
20 mg of niacin in 0.02 N acetic acid to make 400 mL, 
Storę under toluene, protected from light, in a 
refrigerator* 

VItarnin solution B: Dissolve 20 mg of p-ammo benzoic 
add, 10 mg of calcium pantothenate, 40 mg of pyn- 
doxine hydrochloride, 40 mg of pyridoxal hydrochlo¬ 
ride, 8 mg of pyridoxamine dihydrochlorrde, and 2 mg 
of folie acid in a mixture of water and neutralized alco- 
hol (3:1) to make 400 mL. Storę, protected from light, 
in a refrigerator, 

Basal medium stock solution: Prepare the medium ac- 
cording to the foilowing formula and directlons* A de- 
hydrated mixture containing the same ingredients may 
be used provrded that, when constituted as directed in 
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the labelfng, it yields a medium comparable to that ob 
tained from the formula given herein. 

Add the ingredients in the order listed in lobie 2 f care- 
fully dissoTving Cyst/ne and Tryptophan in the hydro- 
chloric add before adding the next eight Solutions to 
the resulting solution. Add 100 ml of water, and dis- 
solve the Dextrose f Sodium acetate, and Ascorbic add. 
Fi] ter, if necessary. Add the Polysorbate 80 solution , ad 
just with 1 N sodium hydroxide to a pH of 5.5-6.0, 
and dliute with Purified Water to 250 ml. 


Table 2 


L-Cystine 

04 q 

i-Trvptophan 

0.05 o 

1 N hydrothloric add 

10 mL 

Adenine-qua mne-uracil solution 

5 mL 

Xanihine solution 

5 ml 

Vitamin solution A 

10 mL 

Vitarnin solution B 

10 ml 

Salt solution A 

5 mL 

SalL solution B 

5 mL 

Asparaaine solution 

5 mL 

Acid-hvdro!vzed casein solution 

25 mL 

DeKtrose, anhydrous 

10 Q 

Sodium acetate. anhydrous 

5 q 

Ascorbic add 

Lg 

Polysorbate 80 solution 

5 mL 



Tomato jolce preparation: Centrifuge commerdally 
canned tomato juice so that most of the pulp is re- 
moved. Suspend 5 g/l of analytical filter aid in the su- 
pernatant, and pass, with the aid of reduced pressure, 
through a layer of the filter aid. Repeat, if necessary, 
until a dear, straw-colored filtrate is obtained. Storę 
under totuene in a refrigerator. 

Culture medium: [NOTĘ—A dehydrated mixture con- 
taining the same ingredients may be used provrded 
that, when constituted as directed in the labelfng, it 
yields a medium equivalent to that obtained from the 
formula given herein.] Dissolve 0.75 g of yeast extract, 
0.75 g of dried peptone, 1.0 g of anhydrous dextrose, 
and 0.20 g of monobasic potassium phosphate in 
60-70 mL of water. Add 10 ml of Tomato juice prepara - 
tion and 1 mL of Polysorbate 80 solution . Adjust with 
1 N sodium hydroxiae to a pH of 6.8, and dilute with 
water to 100 mL Place 1 0-mL portions of the solution 
in test Lubes, and pług with cotton. Sterifize the tubes 
and contents in an autoclave at 121° for 15 min. Cool 
as rapidly as possible to avoid color formation resulting 
From overheating the medium, 

Suspension medium: Dilute a measured volume of the 
Sos al medium stock solution with an egual volume of 
water. Place 10-mL portions of the diluted medium in 
test tubes. Sterilize, and cool as directed for Culture 
medium . 

Stock culture of Lactobaciflus leichmannii'. To 100 mL 
of Culture medium add 1.0-1.5 g of agar, and heat the 
mixture on a steam bath, with stirring, until the agar 
dissolves. Place 10-mL portions of the hot solution in 
test tubes, cover the tubes, sterilize at 121° for 15 min 
in an autoclave, and allow the tubes to cool in an up- 
right position. fnoculate three or morę of the tubes by 
stab transfer of a pure culture of Lactobadlius leichman¬ 
nii A [Notę— Before first using a fresh culture in this as- 
say, make NIT 10 successive transfers of the culture in a 
2-week period.] Incubate for 16-24 h at a temperaturę 
between 30° and 40° heid constanl to within ±0.5°. 
Storę in a refrigerator. 

2 Pure cultures of Loctobodilus leichmannii (li sLed as Lactobadlius delbruekii) 
may be obtained as No. 7830 from ATCC 10801 University Blvd., Manassas, 
VA 20110-2209 (vww.atCC.org). 


Prepare fresh stab cultures at least three times each 
week, and do not use them for preparing fhe inocuium 
if morę than 4 days old. The activity of tne microor- 
aanism can be increased by darły or twice-daily trans¬ 
fer of the stab culture, to tne point where definite tur- 
bldity in the Eiquid Inocuium can be observed 2—4 h 
after inoculation. A slow-growlng culture seldom gives 
a suitable response curve and may Jead to erratic 
results. 

Inocuium: [NOTĘ—A frożen suspension of Lactobaciflus 
leichmannii may be used as the stock culture, provided 
it yidds an inocuium comparable to a fresh culture.] 
Transfer cells from the Stock culture of Lactobadlius 
leichmannii to two stenie tubes contarning 10 mL each 
of the Culture medium. Incubate these cultures for 
16-24 h at a temperaturę between 30° and 40 c hetd 
constant to within ±0,5°. Under aseptic conditions, cen¬ 
trifuge the cultures, and decant the supernatant. Sus¬ 
pend the cells from the culture in 5 mL of stenie 5us- 
pension medium , and combine. Using stenie Suspension 
medium, adjust the volume so that a 1-in-2G diEution in 
salinę TS produces 70% transmittance when read on a 
suitable spectrophotometer that has been set at a wave- 
lengfh of 530 nm, eguipped with a 10-mm cetl, and 
read againsf saEine TS set at 100% transmittance. Pre¬ 
pare a 1-in-400 diEution of the adjusted suspension us¬ 
ing s ter Ele Basa! medium stock solution. [Notę —This dilu- 
tion may be altered, when necessary, to obtain the 
desired test response.] The celi suspension so obtained 
is the inocuium. 

Calibration of spectrophotometer: Check the wave- 
length of the spectrophotometer periodlcally, using a 
standard wavelength celi or other suitable cfevice. 

Before reading any tests, ca libra te the spectrophotome¬ 
ter for 0% and 100% transmittance, using water, and 
with the wavelength set at 530 nm, 

Analysis 

Sam pies: Standard solution and Sample solution 
Because of the high sensitivity of the test organism to 
minutę amounts of vitamin B t2 actwity and to traces of 
many cleansing agents, cleanse meticuiously by suita¬ 
ble means, followed preferably by heating at 250° for 
2 h, using hard-glass 20-mm x 150-mm test tubes and 
other necessary glassware. 

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 
3.0, 4.0, and 5.0 mL of the Standard solution. To each 
of these tubes and to four similar empty tubes add 
5.0 ml of the Basai medium stock solution and suffi- 
cEent water to make 10 mL, 

To similar separate test tubes add, in duplicate, 1.0, 

1.5, 2.0, 3.0, and 4.0 ml of the Sample solution. To 
each tubę add 5,0 mL of the Basai medium stock solu¬ 
tion and sufficient water to make 10 mL. Place one 
complete set of Standard and sample tubes together 
in one tubę rack and the duplicate set in a second 
rack or section of a rack, preferably in random order. 
Cover the tubes to prevent bacterial eon ta mina tion, 
and sterilize in an autodave at 121° for 5 min, arrang- 
ing to reach this temperaturę in NMT 10 min by 
preheating the autoclave if necessary. CooE as rapidly 
as possible to avoid color formation resulting from 
overheating the medium. Take precautions to malntain 
uniformity of sterjlizing and cooling conditions 
throughout the assay, because pacldng the tubes too 
ctosely in the autociave or overloading It may cause 
vanation in the heating ratę. 

Aseptically add 0.5 mL of inocuium to each tubę so pre- 
pared, except two of the four containing no Standard 
solution (the uninoculated blanks). Incubate the tubes 
at a temperaturę between 30° and 40°, held constant 
to within ±0.5°, for 1 6-24 h. 

Terminate growth by heating to a temperaturę NLT 80 a 
for 5 min. Cool to room temperaturę. After agitating 
contents, read the transmittance at 530 nm when a 
steady State is reached. This steady State is obsen/ed a 
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few seconds after agitation when the reading remains 
constant for 30 s or morę. Al Iow approximately the 
same time interval for the reading on each tubę. 

With the transmittanee set at 100% for the uninocu- 
lated blank, read the transmittanee of the inoculated 
blank. If the difference is greater than 5%, or if there 
is evidence of contaminatfon with a foreign nmeroor- 
ganism, disregard the results of the assay. 

With the transmittanee set at 1 00% for the uninocu- 
lated blank, read the transmittanee of each of the re- 
maining tubes. Disregard the results of the assay if the 
slope of the standard curve indicates a problem with 
sensitivity. 

Calcufation: Prepare a standard concentration-response 
curve by the followrng procedurę. Test for and replace 
any aberrant individual transmittances, For each ]eve! of 
the Standard, calcuiate the response from the sum of 
the duplicate vafues of the transmittances (E 5 ) as the 
difference, y = 2,00 - Es. Plot this response on the ordi- 
nate of cross-section paper against the logarithm of the 
mL of Standard solution per tubę on the absdssa, usrng 
for the ordinate either an arithmetic or a logarithmic 
scalę, whichever gives the better approximation to a 
straight llne. Draw the straight linę or smooth curve 
that best fits the plotted points. 

Calcuiate the response, y - 2.00 - Eu, adding together 
the two transmittances (Eu) for each level of the 5am- 
ple solution. Read from the standard curve the loga- 
rithm of the voluroe of the Standard solution corre- 
sponding to each of those values of y that fatls within 
the rangę of the fowest and highest points plotted for 
the Standard. Subtract from each logarithm so ob- 
tained the logarithm of the volume, in mL, of the 
Sample solution to obtain the difference, X, for each 
dosage leveL Average the values X for each of three 
or morę dosage levels to obtain X f which equals the 
Eog-relatwe potency, M' f of the Sample solution. 
Determine the guantity, in pg, of cyanocobalamin 
(C63HaaCoN H Oi. s P) in the portion of Capsules taken: 

antilog M = antilog ( M' + log R) 

R - number of pg of cyanocobalamin assumed to 
be present in the portion of Capsules taken 
Calcuiate the percentage of the labeled amount of 
cyanocobalamin (Có^HssCoNi.sOnP) in the portion of 
Capsules taken: 

Result - [(antilog M)/N\ x 100 

N - nominał amount of cyanocobalamin in the 
portion of Capsules taken (pg) 

Replication: Repeat the entire determination at least 
once, u sino separately prepared Sample Solutions , Ef the 
difference between_tne two Eog-potencies M is NMT 
0.08, their mean, M, is the assayed log-potency of the 
test materiał (see Vitamin B\z Activity in Design and Anal- 
ysis of Biological Assays (111), The C onfidence lnterval 
and Limits of Potency ). If the two determinations differ 
by morę than 0.08, conduct one or morę additional 
determinations. From the mean of two or morę values 
of M that do not differ by morę than 0.15, compute 
the mean potency of the preparatśon under assay. 
Acceptance criteria: 90.0%-l 50.0% of the labeled 
amount of cyanocobalamin (C^HbbCoIM^OhP) 

« Folic Acid, Method 1 

[Notę —Use low-actintc glassware throughout this 
procedurę.] 

Reagent A: 25% solution of tetra buty lam monium hy- 
droxlde in methanol 

Reagent B: Transfer 5.0 g of pentetlc acid to a 50-mL 
volumetric fiask. Using sonication if necessary, disso!ve 
in and dilute with 1 N sodium hydroxide to vofume. 
Mobile phase; 2 g of monobasic potassium phosphate 
in 650 mL of water. Add 12.0 ml of Reagent A , 7.0 mL 


of 3 N phosphoric acid, and 240 mL of methanol. Cool 
to room temperaturę, adjust with phosphoric acid or 
ammonia TS to a pH of 7.0, dilute with water to 
1 000 mL, and filter. Recheck Lhe pH before use by add¬ 
ing water or methanol to the prepared Mobile phase to 
obtain baseline separation of folie add and the internal 
standard. The pH may be tncreased up to 7.15 to ob¬ 
tain better separation. [Notę —The methanol and water 
content may be varied (between 1% and 3%).] 

Internal standard solution: Transfer 40 mg of methyl- 
paraben to a 1000-mL volumetric fiask, and add 
220 ml of methanol to dissolve. DIssołve 2.0 g of mon¬ 
obasic potassium phosphate in 300 ml of water in a 
separate beaker, quantitativefy transfer this solution to 
the fiask contalning the methylparaben solution, and 
add an additional 300 mL of water. Add 1 9 mL of Rea¬ 
gent A, 7 mL of 3 N phosphoric add, and 30 mL of Rea¬ 
gent B . Adjust with ammonia TS to a pH of 9,8, bubble 
nitrogen through the solution for 30 min, dilute with 
water to voIume, and mix. 

Standard solution: 0.01 ó mg/ml. of USP folie Acid RS 
in Internal standard solution 

Sample solution: Proceed as directed in Biotin, Method 
1 through "calcuiate the average net weight per Cap™ 
sule." Transfer an amount of Capsule contents to a suit- 
abte centhfuge tubę, and add a volume of the internal 
standard solution to obtain a nominał concentration of 
0,016 mg/ml of folie acid. Shake by mechanical means 
for 10 min, and centhfuge. Filter a portion of the elear 
supernatant, and use the fil tratę. 

Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 3.9-mm x 30-cm; packing LI 
Flow ratę: 1 mL/min 
Injectlon volume: 15pL 
System suitability 
Sample: Standard solution 

[Notę —The relative retentron times for folie acid and 
methylparaben are about 0.8 and 1,0, respectively.J 
Suitability requirements 
Relative standard deviation: NMT 3,0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for folie acid and methylpara¬ 
ben. Calcuiate the percentage of the EabeJed amount 
of fofic acid (CigHidNbOćO in the portion of Capsules 
taken: 

Result = (RufRs) x ( Q/Cu ) x 100 

Ru = peak area ratio of folie acid to methylparaben 
from the Sample solution 

Rs = peak area ratio of folie acid to methylparaben 
from the Standard solution 
Cs - concentration of USP Folie Acid RS in the 
Stan dard solution (jig/mL) 

Cu ” nominał concentration of folie acid in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-l 50.0% of the labeled 
amount of folie acid (G9H10N7O6) 

o Folic Acid, Method 2 

[NOTE^Use low-actinic glassware throughout this 
procedurę.] 

Diluent: 60 pg/mL of ammonium hydroxide 
Mobile phase: Transfer 0.4 mL of triethylamine, 

15.0 mL of glacial acetic acid, and 350 mL of methanol 
to a 2000-mL vofumetric fiask, and dilute with 0.008 M 
sodium 1“hexanesulfonate to volume. 

Standard stock solution: 60 pg/mL of USP Folic Acid 
RS 3n Diluent Prepare this solution fresh daiEy. 

Standard solution: Mix 5.0 mL of the Standard stock 
solution with 10.0 mL of a mixture of methanol and gla¬ 
cial acetic acid (9:1) and 30,0 mL of a niixture of meth- 
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anol and ethylene glycol (1:1). Shake for 15 min in a 
water bath maintatned at 60°, and cooi. Fil ter, discard- 
ing the first few ml of the fiitrate. 

Sample sol u tron: Proceed as direeted in Biotin, Method 
1 through "calculate the average net weight per Cap¬ 
sule." Transfer a portion of the Capsule contents, equiv- 
alent to 0,3 mg of folie add, to a 125-mL stoppered 
fiask. Add 10.0 ml of a mixture of methanol and gtaeial 
acetic acid (9:1) and 30.0 ml of a mixture of methanol 
and ethylene gtycol (1:1). Shake for 15 min in a water 
bath malntainea at 60 a , and cool. Filier, discarding the 
first few mL of the filtrate. 

Chromatographk system 
(See Chromatograpny (621), System Suito bili ty.) 

Modę: LC 

Detector: UV 270 nm 
Cofumn: 4,6-mm x 25-cm; packing L7 
Cofumn temperaturę: 50° 

Flow ratę: 2 ml/min 
Injection volume: 5 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviatton: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the areas of the major peaks. Calcu late the 
percentage of the labeled amount of folie add 
(QgH 19N7O6) in the portion of Capsules faken: 

Result = (rufrs) x (Cs/Cu) x 1 00 

r u ~ peak area of folie acid from the Sample 
solution 

rj — peak area of folie acid from the Standard 
solution 

C s = concentration of USP Folie Acid RS in the 
Standard solution (pg/mL) 

Cu - nominał concentration of folie add in the 
Sample solution (pg/mL) 

Acceptance criteria: 9Q.G%-1 50.0% of the labeled 
amount of folie add (C^HiaNzOe) 

O Dexpanthenol or Panthenol 

[Notę—T he foitowing procedurę \s applicable also to the 
determination of the dextrorotatory component of race- 
mic panthenol in preparations containing panthenol.] 
Dehydrated mixtures yielding formulations similar to the 
media desenbed herein may be used provided that, 
when constituted as directed, they have growth-pro- 
moting properties equal to or superior to those ob- 
tained with the media prepared as described herein. 
Standard stock solution: 800 pg/mL of USP Dexpan- 
thenol RS, or 1600 pg/mL of USP Racemic Panthenol RS 
in water. Storę in a refrigerator, protected from light, 
and use within 30 days. 

Standard solution: On the day of the assay, prepare a 
dilution of 1.2 pg/mL of dexpanthenot or 2.4 jig/mL of 
panthenol from the Standard stock solution diluted with 

■ water. 

Sample solution: Wetgh NIT 30 Capsules in a tared 
weighing bottle. Open the Capsules, without loss of 
sheff materiał, and transfer the eon ten ts as completefy 
as possibfe to a beaker, Remove any contents adhering 
to the empty Capsule shelis by washing with severaf 
portions of ether, Discard the washings, and dry the 
Capsule shelis with the aid of a current of dry air until 
the odor of ether Es no longer perceptibie. Weigh the 
empty Capsule shelis in the tared weighing bottle, and 
calcu late the a verage net weight per Capsule. Dissoive a 
portion of the Capsule contents, nominally eouivalent 
to 1.2 mg of dexpanthenol or 2.4 mg of panthenol, in 
100.0 ml of water, Quantitatively dilute a portion of 
this solution with water to obtain a concentration of 
1,2 pg/mL of dexpanthenol or 2.4 pg/mL of panthenol. 


Acid-hydrofyzed casein solution: Mix lOOg of vita- 
min-free casein with 500 mL of 6 N hydrachloric acid, 
and reffux the mixture for 8-12 h. Remove the hydro- 
chlonc acid from the mixture by distillation under re- 
duced pressure until a thick pastę remains. RedIssolve 
the resulting pastę in about 500 mL of water, adjust the 
solution with 1 N sodium hydroxide to a pH of 3.5 ± 
0.1, and dilute with water to 1000 mL, Add 20 g of 
activated charcoal, stir for 1 h, and filier. Repeat the 
treatment with activated charcoal. Storę unoer toluene 
in a cooi place at a temperaturę NLT 1 0°, Fiiter the 
solution Er a predpitate forms during storage, 

Cystine-tryptophan solution: Suspend 4,0 g of l-cys- 
tine in a solution of 1.0 g of L-tryptophan (or 2.0 g of 
D,L-tryptophan) in 700-800 mL 01 water, heat to 
75 ±5°, and add hydrachloric add solution (1 in 2) 
dropwise, with stirring, until the solids are dissoived. 
Cooi, and diiute with water to 1000 mL. Storę under 
toluene in a cool place at a temperaturę NLT 10°. 

Adenine-guanine-uraciI solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochioride, and 
uratil, with the aid of heat, in 10 mL of 4 N hydrach lo¬ 
ric add. Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator. 

Polysorbate 80 solution: 100 mg/ml of polysorbate 80 
in alcohol 

Riboflavin-thiamine hydrochloride-biotin solution: 

20 pg/mL of r1boflavin, 10 pg/mL of thiamine hydro- 
chloride, and 0,04 pg/mL of biotin in 0.02 N acetic 
acid. Storę under toluene, protected from light, in a 
refrigerator. 

p-Aminobenzok aeid-niacin-pyridoxine hydroch loride 
solution: 10 pg/mL of p-aminobenzoic acid, 50 pg/mL 
of niacin, and 40 pg/mL of pyndoxine hydrochioride in 
neutral 25% alcohol. Storę in a refrigerator. 

Salt solution A: 50 mg/mL of monobasic potassium 
phosphate and 50 mg/mL of dibasic potassium phos- 
phate in water. Add 1 0 drops of hydrachloric acid per L 
of solution. Storę under toluene. 

Salt solution B: 20 mg/mL of magnesium sulfate, 

1 mg/mL of sodium dilonde, 1 mg/mL of ferrous sul- 
fate, and 1 mg/mL of manganese sulfate in water. Add 
10 drops of hydrachloric acid per L of the solution. 

Storę under toluene. 

Pyridoxal~calcium pantothenate solution: 200 pg/mL 
of pyridoxal hydrochioride and 1,875 pg/mL of caldum 
pantothenate in 10% alcohol. Storę in a refrigerator, 
and use within 30 days. 

Polysorbate 40-olek acid solution: 50 mg/mL of poly¬ 
sorbate 40 and 0.5 mg/mL of oleić acid in 20% alcohol. 
Storę in a refrigerator, and use within 30 days, 

Modified pantothenate medium: Dissolve anhydrous 
Dextrose and Sodium acetale in the Solutions previously 
mixed according to Tobie 3 t and adjust with 1 N so¬ 
dium hydroxide to a pH of 6.8. Finalfy, dilute with 
water to 250 mL. 


Table 3 


Add-hydrolyzed casein solution 

25 mL 

Cystine-tryptophan solution 

25 mL 

Polysorbate 80 solution 

0.25 ml 

Dextrose, anhydrous 

lig 

Sodium acetale, anhydrous 

5 0 

Ad en i n e-o uanine^u rac i f solution 

5 mL 

RIboflavin-thiamine hydrochloride-biotin solution 

5 mL 

p-Aminob-enzoic acid-niacin-pyridoxine hydrochlo- 
ride solution 

5 mL 

Salt solution A 

5 ml 

Salt solution 8 

5 mL 

Pvrtdoxa!-calcium pantothenate solution 

5 ml 

Polysorbate 40-oleic add solution 

5 mL 
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Double-strength modified pantothenate medium: 
Prepare as directed in Modified pantothenate medium, 
but make the finai dilution to 125 mL instead of 
250 mL Prepare fresh. 

Stock cu fturę of Pedhcoccus addilactid: Dissolve in 
800 mL of water, with the aid of heat, 6.0 g of pep- 
tonę, 4.0 g of pancreatic digest of casein, 3.0 g of yeast 
extract, 1.5 g of beef extract, 1.0 g of dextrose, and 
15.0 o of agar. Adjust with OJ N sodium hydroxide or 
OJ N hydrochJork acid to a pH of 6.S-6.6, and dNute 
with water to 1000 mL. Add 10-mL portions of the so¬ 
lu don to culture tubes, place caps on the tubes, and 
sterilize in an autoclave at 121° for 15 min. Cool on a 
slant, and storę in a refrigerator. Prepare a stock culture 
of Pediococcus addilactich on a slant of this medium. 
Incubate at 35° for 20-24 h, and storę in a refrigerator. 
Maintain the stock culture by monthfy transfer onto 
fresh slants. 

Inocuium: Inocufate three 250-mL portions of sterile 
Modified pantothenate medium from a stock culture 
slant, and incubate at 35° for 20-24 h. Centrifuge the 
suspension from the combined portions, and wash the 
cells with stenie Modified pantothenate medium. Resus- 
pend the cells tn sufficient Modified pantothenate me- 
dium so that a l-in-50 dilution, when tested in a 
13-mm diameter test tubę, gives 80% light transrmssron 
at 530 nm. Transfer 1.2-mL portions of this stock sus¬ 
pension to sterite glass ampuls, seal, freeze in liąuid ni- 
trogen, and storę in a freezer. On the day of the assay, 
allow the ampuls to reach room temperaturę, mtx the 
contents, and dilute 1 ml of thawed culture with sterile 
salinę TS to 150 mL. [Notę—T his dilution may be al- 
tered when necessary to obtain the desired test 
response.] 

Anafysis: Prepare in tripMcate a series of eight culture 
tubes by adding the following quantsties of water to the 
tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 
0.0 mL. To these same tubes and in the same order add 
0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Stan¬ 
dard solution. 

Prepare in duplicate a series of five culture tubes by 
adding the following ouantlties of water to the tubes 
within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these 
same tubes and in the same order add 1.0, 1.5, 2.0, 
3.0, and 4.0 mL of the Sample solution . 

Add 5.0 mL of Double-strength modified pantothenate 
medium to each Lube. Cover the tubes with metal 
caps, and sterilize in an autoclave at 121° for 5 min, 
Cool to room temperaturę in a chilled water bath, and 
inoculate each tubę with 0.5 mL of the Inocuium. Ah 
Iow to incubate at 37° for 16 h. Terminate arowth by 
heating to a temperaturę NLT 80°, such as by steam- 
ing at atmospheric pressure in a steriMzer for 5-10 
min. Cool, and determine the percentage transmit- 
tance of the suspensions, in cells of equal pathlength, 
on a suitable spectrophotometer, at a waveiength of 
530 nm. 

Calculation: Draw a dose-response curve on arithmetic 
graph paper by plotting the average response, in per¬ 
centage of transmittance, for each set ot tubes of the 
standard curve against the standard ievel concentra- 
tions. The curve is drawn by connecting each adjacent 
pair of points with a straight linę, From this standard 
turve, determine by mterpolation the potency of each 
tubę containing portions of the Sample solution. Jo ob¬ 
tain the individual responses divide the potency of each 
tubę by the amount of the Sampie solution added to it. 
Calculate the mean response by averaging the tndivid- 
ual responses that vary from their mean by NMT 15%, 
using NLT half the total number of tubes. Calculate the 
potency of the portion of the materiai taken for the 
assay, by mufti plying the mean response by the appro- 
prtate drlution ractor. 


Calculate the percentage of the labeled amount of dex- 
panthenol or panthenol (C 9 H 19 NO 4 ) tn the portion of 
Capsules taken: 

Result - (P/W) x 100 

P - potency of dexpanthenol or panthenol in the 
portion taken (mg) 

N - nominał amount of dexpanthenol or 
panthenol in the portion taken (mg) 
Acceptance criteria: 9O,0%-150.0% of the labeled 
amount of dexpanthenol or panthenol (C 9 H 19 NO.O 
• Calcium Pantothenate, Method 1 

Mobile phase: Phosphoric add and water (IJ000) 
Internal standard solution: 80 mg of p-hydroxybenzoic 
acid in 3 mL of alcohol. Add 50 ml of water and 7.1 g 
of dlbasic sodium phosphate, and dilute with water to 
1000 mL, Adjust with phosphoric acid to a pH of 6.7, 
Standard solution: 0.6 mg/mL of USP Calcium Panto¬ 
thenate RS in the internal standard solution 
Sample solution: Proceed as directed in Biotin , Method 
1 tnrough "calculate the average net weight per Cap- 
suleJ To a centrifuge tubę transfer an amount of rnUed 
Capsule contents and a vo!ume of internal standard so- 
lution to obtain a concentration of 0.6 mg/ml in the 
Sample sofution. 

Chromatographic system 
(See Chromatograpny (62 1), System Suitahiiity.) 

Modę: LC 

Detector: UV 210 nm 
Column: 3.9-mm x 15-cm; packing LI 
Flow ratę: 1.5 mL/min 
Injectron volume: 10j.iL 
System suitahiiity 
Sample: Standard solution 

[NOIE—The relative retention times for calcium panto¬ 
thenate and p-hydroxybenzoic acid are about 0,5 and 
1 . 0 , respectively.] 

Suitability reguirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Sampies: 5 fan dard solution and Sampie solution 
Measure the peak areas of calcium pantothenate and 
Ihe internal standard. Calculate the percentage of the 
labeled amount of calcium pantothenate 
(CtflFLiCaNsOio) in the portion of Capsules taken: 

Result = (Ruf R$) x (Cs/Cu) x 100 

Ru - peak area ratio of calcium pantothenate to p- 
hydroxybenzotc acid from the Sampie 
solution 

R$ - peak area ratio of calcium pantothenate to p- 
hydroxybenzoic acid from the Standard 
solution 

Cs = concentration of USP Calcium Pantothenate 
RS rn the Standard solution (mg/mL) 

Cu = nominał concentration of calcium 

pantothenate in the Sampie solution (mg/tnL) 
Acceptance criteria; 90.0%-15Q.0% of the labeled 
amount of calcium pantothenate (Ct 8 H 3 zCaN z Om) 

• Calcjum Pantothenate, Method 2 

Standard stock solution: Drssolsre 50 mg of USP Cal- 
cium Pantothenate RS, previously dried and stored m 
the dark over phosphorus pentoxlde and protected 
from absorption of moisture while werghing, in 500 mL 
of water In a 1000-mL volumetric fiask. Add 10 mL of 
0.2 N acetic acid and 100 mL of sodium acetate solu¬ 
tion (1 In 60), and dilute with water to volume, to ob¬ 
tain a concentration of 50 pg/mL of USP Calcium Pan¬ 
tothenate RS. Storę under toluene in a refrigerator. 
Standard solution: On the day of the assay, dilute a 
volume of Standard stock sofutton with water to obtain a 
concentration of 0,01-0,04 pg/mL of calcium panto¬ 
thenate, the exact concentration being such that the 
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responses obtained as directed in the Analysis , 2.0 and 
4,0 ml of the Standard solution bemg useo, are within 
the finear portion of the log-eoncentration response 
curve. 

Sam ple solution: Proceed as directed in Biotin, Method 
1 through "calculate the average net weight per Cap- 
sule/' Transfer a portion of the Capsule contents, equiv- 
alent to 50 mg of caicium pantothenate, to a 1 GOG-mL 
volumetrrc fiask containing 500 mL of water, Add 10 mL 
of 0.2 N acetit add and 100 mL of sodium acetale so¬ 
lution (16*66 mg/mL), dilute with water to voiume, and 
filter. Dilute a volume of this solution to obtain a solu¬ 
tion with approximately the same concentration as that 
of the Standard solution. 

Acid-hydrolyzed casein solution: Mix 100 g of vita- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and reflux the mixture for 8-12 h. Remove the hydro- 
chloric acid from the mixture by distillation under re- 
duced pressure unlil a thick pastę remains. Redisso!ve 
the resulting pastę in water, adjust the solution with 
1 N sodium hydroxide to a pH of 3*5 ± 0*1, and dilute 
with water to 1000 mL, Add 20 g of activated charcoal, 
stir for 1 h, and filter. Repeat the treatment with acti- 
vated charcoal. Storę under toluene in a cool place at a 
temperaturę NLT 10°* Filter the solution if a precipitate 
forms during storage* 

Cystine-tryptophan solution: Suspend 4*0 g of L-cys- 
tine tn a solution of 1.0 g of L-tryptophan (or 2*0 g of 
D,L-tryptophan) in 700-800 mL of water, heat to 
70M5Ó 0 , and add dilute hydrochloric acid (1 in 2) 
dropwise, with stirring, until the soiids are dissolved. 
Cool, and dilute with water to 1000 mL* Storę under 
toluene in a cool place at a temperaturę NLT 10°* 
Adenine-guanine-uracil solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrachloride, ana 
uracil, with the aid of heat, in 10 mL of 4 N hydrochlo¬ 
ric acid. Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator. 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohof 

Ribofiavin-thiamine hydrochloride-biotin solution: 

20 pg/mL of riboflavin, 10 pg/mL of thiamine hydro- 
chlonde, and 0*04 pg/mL of biotin in 0,02 N acetic 
acid. Storę under toluene, protected from light, m a 
refrigerator, 

p-Anunobenzoic acid“macin-pyridoxine hydrochloride 
solution: 10 pg/mL of p-aminobenzoic acid, 50 jig/mL 
of niacin, and 40 pg/mL of pyridoxine hydrochloride in 
a mixture of neutraftzed alconoi and water (1:3). Storę 
in a refrigerator. 

Salt solution A: Dissolve 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate in 
water to make 500 ml* Add 5 drops of hydroenlonc 
acid. Storę under toluene. 

Salt solution B: Dissoive 10 g of magnesium sulfate, 

0*5 g of sodium eh loride, 0.5 g of ferrous sulfate, and 
0,5 g of manganese sulfate in water to make 500 mL. 
Add 5 drops of hydrochloric acid. Storę under toluene. 
Basal medium stock solution: Dissolve the anhydrous 
Dextrose and anhydrous Sodium acetale in the Solutions 
previously mixed according to Tobie 4, and adjust with 
1 N sodium hydroxide to a pH of 6.8. Dilute with water 
to 250 mL. 


Table 4 


Add-hydrol vzed casein solution 

25 mL 

Cv$tine-trvptonhan solution 

25 mL 

Polysorbate 80 solution 

0*25 mL 

Dextrose, anhydrous 

10 q 

Sodium acetate. anhydrous 

5 Q 

Aden t ne-q u a n i ne- uracll sol u 11 on 

5 mL 

Riboflavin-thiamine hydrochloride-biotin solution 

5 mL 


Table 4 (Continued) 


p-Aminobenzoic acid“niadrvpyridoxine hydrochlo- 
ride solution 

5 ml 

Salt solution A 

5 mL 

Salt solution 6 

5 mL 


Stock culture of Loetobacfllus plantarum: Dissolve 
2.0 g of yeast extract in 100 mL of water* Add 500 mg 
of anhydrous Dextrose, 500 mg of anhydrous Sodium 
acetale, and 1*5 g of agar, and heat the mixture on a 
steam bath, with stirring, until the agar dissolves. Add 
10-mL portions of the hot solution to the test tubes, 
close or cover the tubes, sterilize m an autodave at 
121° for 15 min, and allow the tubes to cool in an 
upright position* Prepare stab cultures in three or morę 
of the tubes, using a pure culture of Lactobacillus 
plantarum 5 tncubating for 1 6-24 h at a temperaturę be¬ 
tween 30° and 37° held constant to within ±0.5°. Storę 
in a refrigerator* Prepare a fresh stab of the stock cul¬ 
ture every week, and do not use for (nocuium if the 
cufturę is morę than 1 week old* 

Culture medium: To each of a series of test tubes con¬ 
taining 5,0 mL of Basal medium stock solution add 
5*0 ml of water containing 0*2 pg of caicium panto- 
thenate. Pług the tubes with cotton, sterilize in an auto- 
clave at 121° for 15 min, and cool* 

Inoculum: [NOTĘ—A frożen suspensron of Lactobacillus 
plantarum may be used as the stock culture, provided it 
yields an inoculum compa rabie to a fresh culture*] Trans¬ 
fer cells from the Stock culture of Lactobacillus plantarum 
to a sterile lube containing 10 mL of Culture medium . 
Incubate this culture for 16-24 h at a temperaturę be¬ 
tween 30° and 37° held constant to within ±0*5°* The 
celi suspension so obtained is the Inoculum. 

Analysis 

Samples: Standard solution and Sample solution 
To similar separate test tubes add, in duplicate, 1*0 
and/or 1*5, 2,0, 3*0, 4*0, and 5*0 mL of the Standard 
solution , To each tubę and to four similar empty tubes 
add 5.0 mL of Basal medium stock solution and suffi* 
cient water to make 10 ml* 

To simiiar separate test tubes add, in duplicate, volumes 
of the Sambie solution correspondtng to three or morę 
of the !evefs spedfted for the Standard solution , includ- 
ing the levels of 2.0, 3.0, and 4*0 ml. To each tubę 
ada 5*0 mL of the Basal medium stock solution and suf- 
fident water to make 10 mL. Place one complete set 
of Standard and sample tubes together in one tubę 
rack and the duplicate set in a second rack or section 
of a rack, preferabiy in random order. 

Cover the tubes of both series to prevent contamina- 
tion, and sterilize in an autoclave at 121° for 5 min* 
Cool, and add 1 drop of Inoculum to each tubę, ex- 
cept two of the four tubes containing no Standard so¬ 
lution (the uninoculated blanks)* Incubate the tubes at 
a temperaturę between 30° and 37°, held constant to 
within ±0*5° until, following 16-24 h of incubation, 
there has been no substantial rncrease In turbrdity in 
the tubes containing the highest Jevel of Standard dur¬ 
ing a 2-h period. 

Determine the transmittance of the tubes in the follow¬ 
ing manner* Mix the contents of each tubę, and trans¬ 
fer to an optical Container if necessary. Read the trans¬ 
mittance between 540 and 660 nm when a steady 
State is reached. This steady State is observed a few 
seconds after agitation when the galvanometer read- 
ing remains constant for 30 s or morę. Allow approxi- 
mately the same time interval for the reading on each 
tubę, 

With the transmittance set at 1*00 for the uninoculated 
blank, read the transmittance of the inoculated blank* 
With the transmittance set at 1.00 for the inoculated 
blank, read the transmittance for each of the remain- 
ing tubes* If there is evidence of contamination with a 
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foreign microorganism, disregard the result of the 
assay. 

Calculation: Prepare a standard concentration-resporse 
curve as follows. For each level of the Standard, catcLi¬ 
la te the response from the sum of the duplicate values 
of the transmittance (Es) as the difference, y = 2.00 - 
I*. Plot this response on the ordinate of cross-section 
paper against tne fogarithm of the mL of Standard sdu * 
tion per tubę on the absdssa, using for the ordinate 
either an arithmetic or a logarrthmic scalę, whichever 
gives the better approximation to a straight linę. Draw 
the straight linę or smooth eurve that best fits the plot- 
ted points. 

Calculate the response, y - 2.00 - Zu, adding together 
the two transmittances (Eu) for each level of the 5om- 
ple solu tion. Read from the standard curve the loga- 
rithm of the volume of the Standard solution corre- 
sponding to each of those values of y that falls within 
tne rangę of the Jowest and highest points plotted for 
the Standard. Subtract from each logarithm so ob- 
tained the logarithm of the volume, in mL, of the 
Sampie solution to obtatn the difference, X, for each 
dosage level. Average the valuesjof X for each of three 
or morę dosage levels to obtain X, which equais the 
log-relative potency, M* f of the Sampie solution . Deter- 
mme the quantity, in mg, of calcium pantothenate 
(C^f-I^CaN-Ao) in the portion of Capsuies taken: 

antilog M = antilog (M r + log R) 

R = number of mg of caldum pantothenate 
assumed to be present in the portion of 
Capsuies taken 

Calculate the percentage of calcium pantothenate 
(CjuHiiCaNiOio) in the portion of Capsuies taken: 

Result - [(antilog M)/N\ x 100 

N - nominał amount of caldum pantothenate in 
the portion of Capsuies taken (mg) 
Replication: Repeat the entire determination at feast 
once, using separately prepared Sampie Solutions. If the 
difference between the two log-potendes M is NMT 
0.08, their mean, S?, is the assayed log-potency of the 
test materiał (see Design and Analysis of Biological Assa/s 
(111), The Confidence inter/al ona Umits of Potency). ff 
the two determinations differ by morę than 0.08, con- 
duct one or morę additionaf determinations. From the 
mean of two or morę vatues of M that do not differ by 
morę than 0.15, compute the mean potency of the 
preparation under assay. 

Acceptance criteria: 90*0%-150.0% of the labeled 
amount of calcium pantothenate (CieH^CaNbCho) 

* Calcium Pantothenate, Method 3 

Buffer solution: Dissolve 10.0 g of monobasic potas- 
sium phosphate in 2000 mL of water, and adjust with 
phosphoric add to a pH of 3,5. 

Mobile phase: Methanoi and Buffer solution {1:9) 
Standard stock solution: 0,25 mg/ml of USP Calcium 
Pantothenate RS in water. Prepare fresh every 4 weeks. 
Storę in a refrigerator. 

Standard solution: 40 pg/mL of USP Calcium Panto¬ 
thenate RS from the Standard stock solution diluted with 
water 

Sampfe solution: Proceed as directed in Biotin, Method 
1 tnrough "calculate the net weight of the Capsule 
contents/' Transfer a portion of the Capsule contents, 
equivalent to a nominał amount of 1 0 mg of calcium 
pantothenate, Lo a 250-mL volumetric fiask. Add 10 mL 
of methanoi, and swirl the fiask to dlsperse the Cap- 


sules contents. Dilute with water to volume, mix, and 
fifter. 

Chromatographic system 

(See C hromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 

Column: 3,9-mm x 30-cm; 5-pm packing LI 

Column temperaturę: 50° 

Flow ratę: 2 mL/min 
Injection votume: 25 jiL 
System suitability 
Sampie: Standard solution 
SuitabjJity reąuirements 
Reiatlve standard deviation: NMT 3.0% 

Analysis 

Sampfes: Standard solution and Sampie solution 
Measure the peak areas for calcium pantothenate. Cal- 
culate the percentage of the labeled amount of cal¬ 
dum pantothenate (G&FhzCa^Gio) in the portion of 
Capsuies taken: 

Result = {/u/r s ) x (C s /G) x 100 


ru = peak area of caldum pantothenate from the 
Sampie solution 

r 5 - peak area of calcium pantothenate from the 
Standard solution 

Q = concentration of USP Calcium Pantothenate 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of calcium 

pantothenate In the Sampie solution (mg/mL) 
Acceptance criteria: 9Q.0%-150.0% of the labeled 
amount of cafcium pantothenate (CisH^Ca^Cho} 

* NlACIN OR NiACINAMIDE, PYRfD0XINE Hydrochlorede, Ribo 

flavjn # and Th i aminę, Method 1 
[Notę—U se low-actinic giassware throughout this 
procedurę.] 

Drluent: AcetonitnJe, gladal acetic add, and water 
(5:1:94) 

Mobile phase: A mixture of methanoi, gladal acetic 
add, and water (27:1:73) containing 140 mg of sodrurn 
l-hexanesu!fonate per 100 ml 
Standard solution: [Notę—U se USP Nfacin RS in place 
of USP Niadnamlde RS for formufations containing nra- 
dn.] Transfer 80 mg of USP Nladnamide RS, 20 mg of 
USP Pyridoxine Hydrochlortde RS, 20 mg of USP Riooffa- 
vin RS, and 20 mg of USP Thlamine Hydrochlonde RS 
to a 200-mL volumetric fiask, and add 180 mL of Dilu- 
ent Immerse the fiask In a hot water bath maintained 
at 65°-70 D for 10 min with regular shaking or using a 
vortex mixer, until a II the solid matenais are disso3ved. 
Chill rapidly in a cold water bath for 10 min to room 
temperaturę, and dilute with Diluent to volume. 

Sampie solution: Proceed as directed in Biotin f Method 
1 tnrough "calculate the average net weight per Cap- 
sule/' Transfer a portion of the Capsule contents, equiv- 
alent to 10 mg of niacinamide and 2.5 mg each of pyri- 
doxtne hydro chionde, ribofiavin, and th i a minę 
hydrochloride, to a 50-mL centrifuge tubę, Add 
25.0 mL of Diluenh and mtx using a vortex mixer for 30 
s to oompleiely suspend the powder Immerse the cen¬ 
trifuge tubę in a hot water bath maintained at 65 o -70°, 
heat for S min, and nriix on a vortex mixer for 30 s. 
Return the tubę to the hot water bath, heat for another 
5 min, and mix on a vortex mixer for 30 s, Filter a 
portion of the solution, cool to room temperaturę, and 
use the dear filtrate. [NGTE—Use the filtrate within 3 h 
of filtration.] 
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Chromatographk system 
(See Chromalogmpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 3.9-mm x 30-cm; packing U 
Flow ratę: 1 m L/min 
Injectron vofume: 10 (it 
System suitability 
Sample: Standard solution 

[Notę—T he relative retention times for niacinamide, 
pyndoxine, riboflavin, and thiamine are about 0.3, 0,5, 
0 . 8 , and 1 . 0 , respeetively.] 

Suitability requirements 
Relative standard deviation: NMT 3,0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for niacin or niacinamide, pyrh 
doxine, ribofiavin, and thiamine. Calcu la te the percent¬ 
age of the labeled amount of niacinamide (CfiH ó N 2 0 ) 
in the portion of Capsules taken: 

Result = (fu/fj) x (Cs/Cu) x 100 

r u - peak area of niacinamide from the Sample 
solution 

r$ ~ peak area of niacinamide from the Standard 
solution 

Q = concentration of USP Niacinamide RS in the 
Standard solution (mg/mL) 

Cu - nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

For formulations containmg niaein: 

Result - (fufr$) x (Cs/CJ) x 100 

ry - peak area of niaein from the Sample solution 

r$ = peak area of niaein from the Standard solution 

Cs - concentration of USP Niaein RS in the 
Standard solution (mg/mL) 

Cu - nominał concentration of niaein in the Sample 
solution (mg/mL) 

Separately calculate the percentage of the labeled 
amount of pyridoxine hydrochloride (C 8 HnN0 3 ■ HCI), 
riboflavin (C^HzoN+Oń), and thiamine hydrochloride 
{C 12 H 17 CJN 4 OS * HCI) in the portion of Capsules taker: 

Result = (ru/ri) x (CdCu) x 100 

fu - peak area of the corresponding yftamin from 
the Sample solution 

r$ = peak area of the corresponding vitamin from 
the Standard solution 

C 5 = concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

Cu - nominał concentration of the corresponding 
vitamin in the Sample solution (mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (CTjH^NiCLiS) in the portion of Capsules 
taken: 

Result = (r u in) x (Cs/C;) x (M, t /M f2 ) x 1 00 

tu - peak area of thiamine from the Sample 
solution 

fs ~ peak area of thiamine from the Standard 
solution 

Ci - concentration of USP Thiamine Hydrochloride 
R5 in the Standard solution (mg/mL) 

Cu - nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 

M tI - molecular weight of thiamine mononitrate, 

327.36 

Ma - molecular weight of thiamine hydrochloride, 
337.27 


Acceptance criterla: 90.0%-l 50.0% of the labeled 
amount of niaein (C*H$NG 2 ) or niacinamide (C^HeN^O), 
pyridoxine hydrochloride (C B HnN0 3 ■ HCI), riboffavin 
(CijHjdN^Oć), and thiamine as thiamine hydrochloride 
(C^Hi/CIN^OS ■ HCI) or thiamine mononitrate 
(C T 2 H T7 N s 0 4 S) 

® Niacin, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Solution A: Transfer 1 mL of gladal acetic acid and 
2.5 g of edetate disodium to a 100-mL volumetric fiask. 
Dissolve in and dilute with water to volume. 

Extractron so(vent: Solution A and methanol (3:1) 
Mobile phase: 0.1 M sodium acetate solution 
(1 3.6 mg/mL of sodium acetate in water). Adjust with 
acetic acid to a pH of 5.4. [Notę—A smali amount of 
methanol (up to 1%) may be added to the Mobile 
phase to improve resolutton ] 

Standard stock solution: 1 mg/mL of USP Niaein RS in 
Extraction solvent 

Standard solution: Transfer 5,0 mL of the Standard 
stock solution to a 25-mL vo!umetnc fiask, and dilute 
with Extraction solvent to voiume, 

Sample solution: [NOTĘ—This preparation is suitable for 
the determination of niacin or niacinamide, pyridoxine, 
and ribofiavin, when present in the formulation.] Weigh 
NLT 20 Capsules in a tared weighing bottle. Open the 
Capsules, without loss of shelf materiał, and transfer the 
contents to a beaker. Remove any contents adhering to 
the shells by washing with several portions of ether. 
Discard the washings, and dry the Capsule shells with 
the aid of a current of dry air. Weigh the empty Cap¬ 
sule shells in the tared weighing bottle, and calculate 
the net weight of the Capsule contents. Transfer a por¬ 
tion of the Capsule contents, eguivalent to 2 mg of ri- 
boflavin, to a 200-mL vo!umetric fiask. If riboflay/fn Is 
not present in the formufation, use a portion equivalent 
to 2 mg of pyridoxine, ff pyridoxine is not present in 
the formuiation, use a portion equivalent to 20 mg of 
niacin or niacinamide. Add 100,0 mL of Extraction sol- 
vent , and mix for 20 min, using a wrist-action shaker. 
Immerse the fiask in a water bath maintained at 
70°-75°, and heat for 20 min. Mix on a vortex mix^n^ 
for 30 s, cool to room temperaturę, and filter. Use the 
elear filtrate. / 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Fiow ratę: 1 mL/min 
Injertion volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relatrve standard deviatlon: NMT 3.0% 

[Notę—I f necessary, flush the column with methanol 
between injections.] 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of niacin, Calculate the percent¬ 
age of the labeled amount of niacin (CsHsNCL?) in the 
portion of Capsules taken: 

Result = ( fu/rs ) x (C s /G) x 100 

fu = peak area of niacin from the Sample solution 

h = peak area of niacin from the Standard solution 

Q = concentration of USP Niacin RS in the 
Standard solution (mg/mL) 

C u - nominał concentration of niacin in the Sample 
solution (mg/mL) 

Acceptance criterla: 90.0%-150.0% of the labeled 
amount of niacin (CeHsNO^) 
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* Ni actnanitde, Method 2 

[Notę —Use low-actinic glassware throughout this 
procedurę.] 

Extraction solvent, Mobile phase, Standard stock sola- 
tron, Standard solution, Sample solution, and Chro- 
matographic system: Using USP Niacinamide RS In 
place of USP Nłacin RS, proceed as directed in Niadn, 
Method 2, 

Aralysis 

Sam pies: Standard solution and Sample soiution 
Measure the peak areas of madnamrae. Calcu tatę the 
percentage of the labeled amount of niacinamide 
(CfiHfiN^O) in the portion of Capsules taken: 

Resuit = (fy/rj) x {Cs/C u) x 100 

ro - peak area of niacinamide from the Sampfe 
soiution 

r$ = peak area of niacinamide from the Standard 
soludon 

C$ = concentration of USP Niacinamide RS in the 
Standard soiution (mg/mL) 

Co - nominaf concentration of niacinamide in the 
Sample solution (mg/mL) 

Acceptance criteria: 90.0%™ 150.0% of the labeled 
amount of niacinamide {CńHńNjO) 

* Pyridoxine Hydrochloride, Method 2 

[NOTĘ—Use low-actinic glassware throughout this 
procedurę.] 

Extraction solvent, Mobile phase, and Sample solu- 
tion: Prepare as directed in Niacin, Methoa 2. 

Standard stock solution: OJ mg/mL of USP Pyridoxine 
Hydrach lor ide RS in Extraction s oivent 
Standard solution: Transfer 20 pg/ml of USP Pyridox- 
ine Hydrochloride RS from the Standard stock solution, 
and dilute with Extraction solvent to vofume. 
Chromatographic system 
(See Chromatograpny (62^) f System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 20 pL 
System suitability 
Sampfe: Standard solution 
Suitability reguirements 
Relative standard deviatfon: NMT 3.0% 

Anaiysis 

Samples: Standard solution and Sampfe solution 
Measure the peak areas of pyridoxine. Cafculate the 
percentage of the labeled amount of pyridoxine hy¬ 
drochloride (CsHnNOi ■ HCI) in the portion of Cap- 
sufes taken: 

Resuit = (rjr$) x (CrfCu) x 100 

fy = peak area of pyridoxme from the Sample 
solution 

- peak area of pyrldoxine from the Standard 
solution 

Cs - concentration of USP Pyridoxine Hydrochloride 
RS tn the Standard sofution (mg/mL) 

Cy - nominał concentration of pyridoxine 
hydrochloride in the Sample solution 
(mg/mL) 

Acceptance criteria: 90.0%~150.Q% of the labeled 
amount of pyridoxlne hydrochloride (CbHu NOj ■ HCI) 

* Riboflavin, Method 2 

[NOTE-— Use low-actinic glassware throughout this 
procedurę.] 

Extractlon solvent and Sample solution: Prepare as di¬ 
rected in Niacin, Method 2 , 

Solution A: 6.8 g/L of sodium acetate in water 
Mobile phase: Prepare a mfxture of Solution A and 
methanol (13:7). Add 2 ml of tnethyfamine per L of the 


mixture, and adjust with glacial acetrc acid to a pH of 
5 . 2 . 

Standard stock solution; Transfer 20 mg of USP Rfbo- 
fiavin RS to a 200-ml. volumetric fiask, and add 180 ml 
of Extraction solvenl Immerse the fiask for 5 min in a 
water bath maintained at 65 D “75 D . Mix well, and repeat 
if necessary until disso!ved, Chill rapidly in a coid water 
bath to room temperaturę, and difute with Extraction 
solvent to volume. 

Standard solution: Dilute 5.0 ml of the Standard stock 
solution with Extraction solvent to 25.0 mL, 
Ghromatographk system 
(See Chromatograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/mtn 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard devlatlon: NMT 3.0% 

Anaiysis 

Samples: Standard solution and Sample sofution 
Measure the peak areas of dboflavin. Cale u la te the per¬ 
centage of the labeled amount of riboflavin 
(C17H20N4O6) in the portion of Capsules taken: 

Resuit = (ry/rs) x (Cs/Cu) x 100 

ry = peak area of riboflavin from the Sample 
solution 

fi =5 peak area of riboflavin from the Standard 
soiution 

- concentration of USP Rlboflavin RS in the 
Standard solution (mg/mL) 

Cy - nominał concentration of rrboflavin in the 
Sampfe solution (mg/mL) 

Acceptance criteria: 9G.0%-J 50.0% of the labeled 
amount of ribof!avin (Ci/HioNjO*) 

■ Thiamine, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Solution A: 1.88 g/L of sodium t-hexanesulfonate in 
0 1% phosphork acid 

Mobile phase: Soiution 4 and acetonitrife (46:9) 
Standard stock solution: 0.1 mg/mL of USP Thiaminę 
Hydrochloride RS In 0,2 N hydrochlonc add 
Standard solution: 0.02 mg/mL of USP Thiamine Hy¬ 
drochloride RS from Ihe Standard stock solution diJuted 
with 0.2 N hydrochloric add 

Sample solution: Proceed as directed in Biotln, Method 
I through "cafculate the net weight of the Capsule 
contents." Mix a portion of the Capsule contents with a 
voiume of 0.2 N nydrochlorie acid to obtain a concen¬ 
tration of 0.02 mg/mL of thiamine. Shake for 15 min 
with a wrist-action shaker, and heat to boiling for 30 
min. Cool to room temperaturę, and filter. Use the elear 
filtrate. 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 2 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard soiution 
Suitability reąuirements 
Relative standard deviation: NMT 3.0% 

Anaiysis 

Samples: Standard solution and Sampfe solution 
Measure the peak areas for the major peaks. For prod- 
ucts contaming thiamine hydrochloride, cafculate the 
percentage of the labeled amount of thiamine hydro- 
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chloride (CUH 17 CIN 4 OS - MCI) in the portion of Cap¬ 
sules taken: 

Result - (fo/n) x (G/G) x TOG 

ru = peak area of thiamine from the Sampie 
solution 

r$ = peak area of thiamine from the Standard 
solution 

G - concentration of USP Thiaminę Hydrochloride 
RS tn the Standard solution (mg/mL) 

G - nominał concentration of thiamine 

hydrochloride in the Sampie solution 
(mg/mL) 

For products containing thiamine mononitrate, oalculate 
the percentage of the labeled amount of thiamine 
mononitrate (C^Hi/NsO^S) in the portion of Capsules 
taken; 

Result = (ru/n) x (G/G) x (Mn/Mn) x 100 

fu = peak area of thiamine from the Sampie 
solution 

ń = peak area of thiamine from the Standard 
solution 

C 5 = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

O, = nominał concentration of thiamine 

mononitrate in the Sampie solution (mg/mL) 

Mn - molecular weight of thiamine mononitrate, 
327,36 

Ma - molecular weight of thiamine hydrochloride, 
337.27 

Acceptance criteria: 90.0%-l 50.0% of the labeled 
amount of thiamine as thiamine hydrochloride 
(C 12 H 17 CIN 4 OS - HCI) or thiamine mononitrate 
(C, 2 H„N a 04) 

* NlACIN OR NIACINAMIDE, PYRIDOXiNE HYDROCHLORIDE, RlBO 

flavin, and Thiamine, Method 3 
[Notę —Use low-actinic glassware throughout this 
procedurę.] 

Reagent: 25 mg/mL of edetate disodium in water 
Mobile phase: Transfer 0.4 mL of triethylamine, 

15.0 mL of glacial acetk acid, and 350 ml of melhanol 
to a 2000-mL volumetnc fiask. Di lute with 0.008 M so- 
dium 1 -hexanesulfonate to volume. 

Standard stock solution: 1.5 mg/mL of USP Niacin RS 
or USP Niacinamide RS, 0.24 mg/mL of USP Pyridoxine 
Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, 
and 0.24 mg/mL of USP Thiamine Hydrochloride RS in 
the Reagent , with heating if necessary 
Standard solution: Transfer 5.0 mL of the Standard 
stock solution to a stoppered 125-ml fiask. Add 10.0 mL 
of a mixture of methanol and glacial acetic add (9:1) 
and 30.0 mL of a mixture of methanol and ethyiene 
glycol (1:1). Insert the stopper, shake for 15 min in a 
water bath maintained at 60°, and cool. Fiłter, discard- 
ing the first few mL of the fil tratę. 

Sampie solution: Proceed as directed in Biotin , Method 
I tnrough "calculate the average net weight per Cap- 
sule." Transfer a portion of the Capsule contents, equiw 
alent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyr- 
idoxine hydrocnloride, 0,4 mg of ribof!avin, ano 1.2 mg 
of thiamine hydrochloride, to a stoppered 125-mL fiask. 
Add 10,0 mL of a mixture of methanol and glacial ace¬ 
tic add (9:1), and 30.0 mL of a mixture of methanol 
and ethyiene glycol (1:1), Insert the stopper, shake for 
15 min in a water bath maintained at 60 c , and cool. 
Frlter, discarding the first few mL of the filtrate, 
ChromatograpKic system 
(See Chromatography (621), System Suitahility .) 


Modę: LC 

Detector: UV 270 nm 

Colunrm: 4.6-mm x 25-cm; packing L7 

Column temperaturę: 50° 

Flow ratę: 2 mL/min 
Injection vo!ume: 5 pL 
System suitability 
Sampie: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 2,0% 

Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas of niacin or niacinamide. Calcu- 
fate the percentage of the labeled amount of niacin 
(GH 5 NO 2 ) or niacinamide (GH^G) in the portion of 
Capsules taken: 

Result - (ry/ts) x (G/Cu) x 100 

tu - peak area of niacin or niacinamide from the 
Sampie solution 

r$ = peak area of niacin or niacinamide from the 
Standard solution 

C 5 ^ concentration of USP Niacin RS or USP 
Niacinamide RS in the Standard solution 
(mg/mL) 

Cu - nominał concentration of niacin or 

niacinamide in the Sampie solution (mg/mL) 
Separately calculate the percentage of the labeled 
amount of pyndoxine hydrochloride (C#HuNOi * HCI), 
ribof!avin {Ci and thiamine hydrochloride 

(CiaH^CIN^OS ■ HCI) (for products containing thiamine 
hydrochloride) in the portion of Capsules taken: 

Result = (ru/fi) x (G/G) x 100 

ru = peak area of the corresponding vitamin from 
the Sampie solution 

r s — peak area of the corresponding vitamin from 
the Standard solution 

G = concentration of the refevant USP Reference 
Standard m the Standard solution (mg/mL) 

Cu = nominał concentration of the corresponding 
vitamin in the Sampie solution (mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (CtiHt/N^O^S) in the portion of Capsules 
taken: 

Result = (ru/rj) x (G/G) x x 100 

ru - peak area of thiamme from the Sampie 
solution 

r* = peak area of thiamine from the Standard 
solution 

G = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

G = nominał concentration of thiamme 

mononitrate in the Sampie solution (mg/mL) 

M f , = molecular weight of thiamine mononitrate, 
327.36 

M f 2 = molecular weight of thiamine hydrochloride, 
337.27 

Acceptance criteria: 90,0%-150,0% of the labeled 
amount of niacin (GH^NCb) or niacinamide (GH^N^O), 
pyridoxine hydrochloride (CiHtiN 0 3 ■ HCI), riboflavin 
(C] ? H 2 oNjOó), and thiamine as thiamine hydrochloride 
(Ci 2 H,?CIN 40 S - HCI) or thiamine mononitrate 
(CnHuNsO^S) 

PERFORMANCE TESTS 

O DISINTE G R ATI ON AND DlSSOLUTłON OF DlETARY SUPPLEMENTS 
(2040): Meel the reguirements for Dissolution 
o Weight Variation of Dietary Supplements (2091): Meet 
the reguirements 
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CONTAMINANTS 

* EVEicrobial En u mer ati on Tests (2021): The to ta ? aerobic 
microbial count does not exceed 3 x 10 3 cfu/g, and the 
combined moids and yeasts count does not exceed 

3 x 10 2 cfu/g. 

o Absence of Specified Micrgorgamisms (2022): Meef the 
requirements of the tests for absence of Salmonello spe- 
ci es and Escherichia coli 

ADOmONAt REQUIREftfflENTS 

* Packaging and Storage: Preserve in tlght, llght-resistant 
containers. 

* Labeling: 1 The Ja be! States that the product is Gib and 
Water-Soluble Vitamins Capsules. The JabeJ also States Lhe 
quantity of each vitamin per dosage unit and, where 
necessary, the Chemical form in wnich it is present. 

Where tne product contains yitamin E, the labef Indlcates 
whether it is the d- or dl- form. Where morę than one 
assay method is qiven for a particular yitamin, the Jabel- 
ing States with which assay method the product compfies 
onfy if Method 1 is not used. 

o USP Reference Standards (11) 

USP Alpha Tocopherol RS 
USP Alpha Tocopheryl Acetate RS 
USP Alpha Tocopheryl Acid Succinate RS 
USP Biotm RS 

TH-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro- 
2- oxo-, 3 a 5-( 3a a t 4 p, 6a a )-; 

(3a5,45,6aR)-Hexahydro-2-oxo-1 H-thieno[3,4- 
d]imidazo!e™4”Valenc acid. 

C ia Hi6Ni0 3 S 244.31 
USP Calcium Pantothenate RS 

p- Alaninę, N-(2,4-dihydroxy-3,3-dimethyl-1 -oxobutyl)-, 
calcium salt (2:1), (R)-; 

Caicium D-pantothenate (1:2). 

CiaHaaCaNzOio 476.53 
USP Cholecalciferol RS 

9.10- Secocholesta-5,7,10(19)-tnen-3-ol, (3#SZ,7£>; 

Cholecalciferol. 

C 27 H. [4 G 384.64 

USP Cyanocobalamin RS 

Vitamin 

C^H 3 sCoNnOmP 1355.37 
USP Dexpanthenol RS 

Butanamide, 2,4-dihydroxy-N-(3-hyd roxy propyl)-3,3-di- 
methyh, (/?)-; 

D-(+)-2,4-Dihydroxy“N-(3-hydroxypropyl)-3,3- 

dlmethylbutyramide. 

C 9 Hi 9 NO, 205.25 
USP Ergocaiciferol RS 

9.10- 5ecoerqosta-5,7,10 (19),22-tetraen-3-ol, (3/?,5Z,7£, 
22E)d 

Ergocaiciferol. 

CzaH^O 396.65 
USP Folie Acid RS 

L-Giutamic acid, AT[4-[[(2-aminO“1,4~dihydrQ-4-oxo- 
ó-ptendinyl)methyl]amino]benzoyl]-; 

Folie acid; 


A USP Units of aaEvily for Yitamins, where such exist or formerfy existed, are 
equivalent to the corresponding International units (IU), where such former!) 1 
exi5ted, The USP Unit For Vttamrn E ha* been discontlnuecL Internationa! u mis 
(EU) for yitamins also have been discontlnued; howeYer, the use of IU on the 
labeh of yitamin product* conti nu es. Where articles are Fabeled in term* of 
Units in addition to the requlred labeling, the relationship of the USP Units cr 
IU to mass is as follows. One USP Yitamin A Unii = 0,3 pg of all-frans-retinol 
(yitamin A alcohol) or 0344 jj,g of all-tram-relrnyl acetale (yitamin A acetate; 
or 0.55 jag of ail-ircins-retinyl palmitate (vitamin A palm i tatę), and 1 pg of 
retinol (3.3 USP Vitamin A Units) - ] rettnol equivalent (RE); 1 JU of beta 
carotene = 0.6 pg of alf-trons-beta carotene; 1 USP Vitamin D Unit = 0,025 pag 
of cholecalciferol or ergocaiciferol; and 1 mg of df-afpha tocopherol = 1.1 
for mer USP Vi lamin E Units, 1 mg of dPalpha tocopheryl acetate - 1 form er 
USP Vitamin E Unit, 1 mg of etf-afpha tocopheryl acid succinate = 0.89 for mer 
USP W La min E Unit, ] mg of d-alpha tocopherol = 1.49 former USP Yitamin E 
Units, and 1 mg of d-alpna tocopheryl acetate = 1.36 former USP Vitamin E 
Units, and 1 mg of d-alpha tocopheryl acid succinate = 1,21 former USP 
Vitamin E Units. In terms of d-atpha tocopherol equivalenLs, 1 mg of d-alpha 
tocopheryl acetate = 0.91, 1 mg of d-alpha tocopheryl acid succinate = 0.81, 

1 mg of ai-alpha tocopherot = 0.74, 1 mg of df-alpha tocopheryl acetate = 
0.67, and 1 mg of df-alpba tocopheryl aerd suednate - 0.60. 


/V-[p-[f(2’Amino-4-hydroxy-6“ptendinyl)methyl]amino]- 
benzoyl]-L-giutamic acid. 

C 19 H 19 N 7 0 6 441.40 

USP Niacin RS 

3-Pyndinecarboxylic acid; 

Nicotinic add. 

C ń H 5 N0 2 123.11 
USP Niacinamide RS 

3 - Py ri d I neca r boxa m I d e; 

Nicotinamide. 

GH 6 N 2 0 122.12 
USP Phytonadione RS 

1.4- Naphthalenedione, 2-methy!-3-(3,7,11,15-tet- 
rametnyl- 2 -hexadecenyi)-, [fl-fR* R*-(E)]]-; 

Phylloguinone. 

CiiH 4ń 0 2 450.70 
USP Pyr3doxme Hydrochloride RS 

3.4- Pyridinedimethanol, 5-hydroxy-6-methyl-, 
hydrochloride; 

Pyridoxol hydrochloride. 

C 8 HhN0 3 ■ HC1 205.64 
USP Racemic Panthenol RS 
USP Riboflavin RS 

Riboflavine. 

Ci 7 H 2 oN 4 0 6 376.36 
USP Thiamlne Hydrochloride RS 

Thiazolium, 34(4-amrno-2-methyl- 
5-pyrimidinyf)methy|]-5-(2-hydroxyethyl)-4-methyh, 
chloride, monohydrochloride; 

Thiamlne monohydrochlonde. 

C 12 H 17 CIN40S ■ HCI 337.27 
USP Yitamin A RS 


Oil- and Watęr-Solubię Vitamins Orał 
Solution 


DEFINITION 

Oli- and Water-Soluble Yitamins Ora! Solution contains one 
or morę of the followlng oihsolubie vitamins: Yltamin A, 
vitamln D as Ergocaiciferol (yitamin D 2 ) or Cholecalciferol 
(yitamin D 3 ), and Yitamin E; one or morę of the folfowing 
water-soluble yitamins: Ascorbic Acid or its equivalent as 
Calcium Ascorbate or Sodium Ascorbate, Cyanocobala- 
min, Nracfn or Niacinamide, Dexpanthenol or Panthenol, 
pantothenic acid (as Calcium Pantothenate or Racemic 
Calcium Pantothenate), Pyrldoxine Hydrochloride, RfbofEa- 
vin or Riboflavin-5'-Phosphate Sodium, and Thiamine Hy¬ 
drochloride or Thiamine Mononitrate. It contains NLT 
90.0% and NMT 250.0% of the labeled amounts of vtta- 
min A (C 2 ł >H 3 oO) as retinol or esters of retinol in the form 
of retinyl acetate (C 22 H 32 0 2 ) or retinyl palmitate 
(C 3 ćHso 0 2 ), yitamin D as ergocaiciferol (C 2 S H. h O) or chole¬ 
calciferol (C27H.nO), yitamin E as alpha tocopherol 
(C 29 H 5 o 0 2 ) or alpha tocopheryl acetate (CJ 1 H 52 O 3 ) or alpha 
tocopheryl acid succinate (C^HsłOs), ascorbic acid 
(CsHaOć) or its safts as calcium ascorbate (C ł 2 Hi 4 CaOi 2 ■ 
2H z O) or sodium ascorbate (C 6 H 7 NaO e ), and thiamine 
(Ct 2 H ] 7 CIN 4 OS) as thiamine hydrochloride or thiamine 
mononitrate; NLT 90.0% and NMT 150.0% of the fabeled 
amounts of calcium pantothenate (CiyhhzCaNzOio), dex- 
panthenot (CoH^NOa) or panthenol (OH^NCh), niacin 
(CgH 5 N0 2 ) or niacinamide (C 6 HóN 2 0), pyrtdoxine hydro- 
chloride (CaHnNGs ■ HO), and riboflayin (C 17 H 2 DN 4 O 6 ) or 
riboflayln-S^phosphate sodium (Ci 7 H 20 N.|NaOaP); and NLl 
90.0% and NMT 450,0% of the iabeled amount of cyano- 
cobalamin (C 63 HbsCoN 14 Oi, s P). 


\A 


STRENCTH 

[NOTĘ—In the foflowing assays, where morę than one assay 
method is given for an individual ingredient the requlre- 
ments may be met by foliowfng any one of the specified 
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methods, the method used being stated in the labeling only 
\f Method 1 is not used.] 

* VlTAMIN A 

[Notę —Use [ow-acttnic glassware throughout this 
procedurę,] 

Diluent: Tetrahydrofuran and acetonitnle (1:1) 

Mobile phase: Methanol, acetonitnle, and mhexane 
(46,5:46.5: 7.0} 

Standard solution: 0.33 mg/mL of retinoJ (CzohhoO) 
from USP Vitamin A RS in Diluent [Notę—USP Vitamin 
A RS is retinyl acetate. Use it to anaiyze Orał Solution 
that contains yltamln A as retinoi, retinyl acetate, or re- 
ttnyl palmitate.] 

Sample solution: Transfer an accurately measured vol- 
ume of Orał Solution, equivalent to 3.3 mg of retinoi, 
to a 500-mL separatory funnel containing 10 ml of 
water and 20 mL of dehydrated alcohoi. Add 150 mL of 
solvent hexane, insert the stopper, and shake for 1 min, 
Add another 150 mL of sokent hexane, insert the stop¬ 
per, shake, and allow the iayers to separata, Discard the 
aqueous layer, and filter the sokent hexane extract 
through anhydraus sodium sulfate into a 500-mL 
round-bottom fiask. Evaporate the solution to dryness 
with the aid of a rotary evaporator over a water bath 
maintained at about 65°. Immediately add 10.0 mL of 
Diluent, swirl to dissoke the residue, and filter. 
Chromatographic system 
(See Chroma tograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 

Column: 4.6-mm x 50-cm (p repa red from two concat- 
enated 4.6-mm x 25-cm columns); packing LI 

Column temperaturę: 40° 

Flow ratę: L5 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Sultability requirements 
Relative standard deviation: NMT 5.0% 

Analysls 

Samples: Standard solution and Sample solution 
Calcu la te the percentage of the labefed amount of wi¬ 
tamin A as retinoi (C20H30O) in the portion of Graf 
Solution taken: 

Result ~ (ru/fs) x (Cs/Co) x Fx 100 

r y = peak area of retinoi or retinyl ester from the 
Sample soiu tion 

r$ = peak area of retinyl acetate from the Standard 
solution 

Cs ~ concentration of retinyl acetate (C 22 H 32 O 2 ) in 
the Standard solution (pg/mL) 

Cu = nominał concentration of vitamm A as retinoi 
(C 2 D H 3 oO) in the Sample solution (pg/mL) 

F - factor used to convert retinyl acetate, the ester 
form present in USP Vitamin A RS, to retinoi, 
0.872 

Acceptance criteria: 90.0%-250,0% of the labelecl 
amount of vitamin A as retinoi (CzohhoO) 

O CHOLECALCIFEROL Ol* Ergocalciferol (VlTAlVIIN D) 

[Notę—W here vitamin D (cholecalciferol or ergocakif- 
erol) is specified in the following procedurę, use the 
Chemical form present in the formulation and the reie- 
vant USP Reference Standard. Use low-actlnic glassware 
throughout this procedurę,] 

Diluent and Mobile phase: Prepare as directed in Vita- 

min A « 

Standard solution: 5 pg/mL of USP Cholecalciferol RS 
or USP Ergocalciferol RS in Diluent 
Sample solution: Transfer an accurately measured vob 
u me of Orał Solution, equivalent to 50 pg of choleca!- 
ciferol or ergocalciferol, to a 500-mL separatory funne! 
containing 1 0 mL of water and 20 mL of dehydrated 
alcohoi. Add 150 mL of solvent hexane, insert the stop- 


per, and shake for 1 min. Add another 150 mL of sol- 
vent hexane, insert the stopper, shake, and allow the 
[ayers to separate. DEscard the agueous layer. Drain the 
solvent hexane extract through anhydrous sodium suh 
fate into a 500-mL round-bottom fiask, Evaporate the 
solution to dryness with the aid of a rotary evaporator 
over a water bath maintained at about 65°. Immedi- 
ately add 10.0 mL of Diluent, swirl to dissoke the resi- 
due, and filter. 

Chromatographic system: Prepare as directed in Vita- 
min A * 

System suitability 
Sample: Standard solution 
Suitability reguirements 
Relatke standard deviatfon: NMT 5.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of vitamin D. Calculate the 
percentage of the labefed amount of cholecalciferol 
(C27H44O) or ergocalciferol (CzaH^O) in the portion of 
Orał Solution taken; 

Result = (ru/rs) x (Q/G i) xfx 100 

fu - peak areas of cholecalciferol or ergocalciferol 
from the Sample solution 

n = peak areas of cholecalciferol or ergocalciferol 
from the Standard solution 
C s = concentration of USP Cholecalciferol RS or 

USP Ergocalciferol RS in the Standard solution 
(pg/mL) 

Cu — nominał concentration of cholecalciferol or 

ergocalciferol In the Sample solution (pg/mL) 

F = correction factor to account for the average 
amount of prevltamin D present in the 
formulation, 1.09 

Acceptance criteria: 90.Q%-250.0% of the labeled 
amount of vltamin D as cholecalciferol (C 27 H.MO) or er- 
gocaldferol (CzbHmO) 

• VlTAMIN E 

[NGTE—Use low-actinic glassware throughout this 
procedurę.] 

Diluent: Acetonitrile and ethyl acetate (1:1) 

Potassium hydroxide solution: Transfer 90 g of potas- 
sium hydroxide pellets to a 100-mL volumetric fiask 
containing 60 ml of water. Mix to dissoke, cool, and 
diiute with water to volume. 

Mobile phase: Methanol, acetonitnle, and n-hexane 
(46.5: 46,5: 7.0) 

Standard solution: 0.3 mg/mL of USP Alpha Toeoph- 
erol RS En Diluent 

Sample solution: Transfer an amount of Orał Solution, 
equivalent to 1.5 mg of alpha tocopherol, to a 125-mL 
conkal fiask fitted with a ground-glass joint, and add 
25.0 mL of dehydrated alcohoi, Attach a reflux con- 
denser, and reffux in a boiling water bath for 1 min. 
Cautiously add 3 mL of the Potassium hydroxide solution 
through the condenser, and continue to reflux for 30 
min. Remove the fiask from the bath, and rinse the 
condenser with about 15 mL of water. Cool, and trans¬ 
fer with a minimum volume of water to a 250-mL sepa¬ 
ratory funne!. Rinse the fiask with 50 mL of n-hexane / 
and add the rinsings to the separatory funneL Insert the 
stopper, shake vigorously for 1 min, and allow the Jay- 
ers to separate. Drain the aqueous layer into a second 
250-mL separatory funnel, and repeat the extraction 
with 50 mL of rc-hexane. Discard the agueous layer, and 
combine the hexane extracts. Wash the combined ex- 
tracts with 25 mL of water, a flow the Iayers to separate, 
and discard the aqueous layer. Add 3 drops of glacial 
acetic add, and repeat the washing procedurę two 
morę times, Filter the washed hexane layer through an¬ 
hydrous sodium suffate into a 250-mL round-bottom 
fiask. Rinse the funnel and sodium sulfate with n-hex- 
ane, and add the rinsing to the hexane solution in the 
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fiask. Evaporate the hexane solution to dryness with the 
aid of a rotary evaporator over a water bath maintained 
at about 50°, Immediately add 5.0 mL of Diluent, and 
swirl to dissolve the residue, 

Chromatographlc system 
(See Chromatogropny (621 ), System Suitability.) 

Modę: LC 

Detector: UV 291 nm 

Cofumn: 4.6-mm x 25-cm; packing LI 

Column temperaturę: 40 & 

Flow ratę: 3.0 mL/min 
Jnjection volume: 20 pL 
System suitability 
Sam ple: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 5.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas. Calcu late the percentage of 
the labefed amount of vitamin E as alpha tocopherol 
{C 29 H 50 O 2 ) in the portion of Ora! Solution taken: 

Result - (ro/rś) x { Cs/Cti ) x 100 

fu = peak area of alpha tocopherol from the 
Sample solution 

r* - peak ar ea of alpha tocopherol from the 
Standard solution 

Q - concentration of alpha tocopherol in the 
Standard solution (mg/mL) 

Cu = nominał concentration of vitamin E, as alpha 
tocopherol, In the Sample solution (mg/mL) 
Acceptance criteria: 90.0%-250.0% of the labeled 
amount of vitamin E 

* Ascorbic Ac id, Calcium Ascorbate, and Sodium 
Ascorbate 

(See Vitamin C Assay (580)0 

[Notę—F or labeting purposes, consider Method I —77fri- 
metric Method as Method / .] 

Acceptance criteria: 90.0%-250>0% of the labeled 
amount of ascorbic acid (CeHeOń), calcium ascorbate 
(Ci 2 HnCaOi 2 - 2 H? 0 ) or sodium ascorbate (CehbNaOe) 

9 Cyamocobalamin 

[Notę—U se low-actinic gtassware throughout this 
procedurę.] 

Standard stock solution: 1,0 jig/mL of cyanocobalamin 
from USP Cyanocobaiamin RS in 25% alcohol. Storę in 
a refrigerator 

Standard solution: Dilute a suitable volume of Standard 
stock solution with water to a measured volume such 
that after the incubation period as described in Analysis , 
the dtfference in transmittance between the inoculated 
blank and the 5.0-mL level of the Standard solution is 
NLT that which corresponds to a difference of 1.25 mg 
in dried celi weight. Tnis concentration usualiy falls be¬ 
tween 0.01 and 0.04 ng/mL of the Standard solution. 
Prepare this solution fresh for each assay, 

Sample solution: Transfer an accurately measured voL 
ume of Orai Solution, assumed to contain 1.0 pg of cy¬ 
anocobalamin, to an appropnate yessei containing, for 
each ml of the Orał Solution taken, 25 mL of an aque- 
ous extracting solution prepared just before use to con¬ 
tain, in each 1 00 mL, 1 .29 g of dibasic sodium phos- 
phate, 1.1 g of anhydrous citric add, and 1.0 g of 
sodium metabisuifite. Autoclave the mixture at 121° for 
10 min. Allow any undissotved partides of the extract 
to settle, and fitter or centrifuge if necessary. Difute an 
aliguot of the elear solution with water to obtain a finał 
solution containing vitamin Bi 7 . activity approximątely 
egu i va lent to that of the Standard solution. 
Acid-hydrolyzed casein solution: Mix 1 00 g of vita- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and reflux the mixture for 8-12 h. Remove the hydro¬ 
chloric acid from the mixture by distillation undef re- 
duced pressure unti! a thick pastę remains. Redissotve 


the resulting pastę in water, adjust the solution with 
1 N sodium hydroxide to a pH of 3.5 ± 0.1, and difute 
with water to 1 000 mL. Add 20 g of activated charcoal, 
stir for 1 h, and fil ter. Repeat the treatment with acth 
vated charcoal. Storę under toluene in a cool place at a 
temperaturę NLT 10°. Filter the solution if a precipitate 
forms during storage, 

Asparagine solution: Disso!ve 2.0 g of L-asparagine In 
water to make 200 mL. Storę under toluene in a 
refrigerator. 

Adenine-guanine-uradl solution: Dissplye 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
u radl, with the aid of heat, in 1 0 mL of 4 N hydrochlo¬ 
ric acid. Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator, 

Xanthine solution: Suspend 0.20 g of xanthine in 
3CM0 mL of water, heat to 70 Q , add 6,0 mL of 6 N 
ammonium hydroxtde, and stir until the solid is dis- 
solved. Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator. 

Salt solution A: Dissolve 10 g of monobasśc potassium 
phosphate and 10 g of dibasic potassium phosphate in 
water to make 200 mL, and add 2 drops of hydrochloric 
acid. Storę this solution under toluene. 

SaJt solution B: Dissoke 4.0 g of magnesium sulfate, 
0,20 g of sodium chloride, 0.20 g of ferrous sulfate, and 
0.20 g of manganese sulfate in water to make 200 mL, 
and add 2 drops of hydrochloric acid. Storę this solu¬ 
tion under toluene. 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol. Storę in a refrigerator. 

Vitamm solution A: 10 mg of riboflavin, 10 mg of thia- 
mine hydrochloride, 100 pg of biotin, and 20 mg of ni- 
acin in 0.02 N acetic acid to make 400 mL. Storę under 
toluene protected from light En a refrigerator. 

Vitamin solution B: 20 mg of p-aminobenzoic acid, 

10 mg of calcium pantothenate, 40 mg of pyrldoxine 
hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg 
of pyridoxamine dihydrochloride, and 2 mg of folie actd 
in a mixture of water and neutrafized alcohol (3:1) to 
make 400 mL. Storę, protected from light, In a 
refrigerator. 

Basal medium stock solution: Prepare the medium ac- 
cordlng to the following formula and directions. A de- 
hydra te d mixture containing the same Ingredients may 
be used provided that, when constituted as directed in 
the iabeling, it ytelds a medium comparabfe to that ob- 
tained from the formula given herein. 

Add the ingredients En the order listed in Tobie 7, care- 
fully dissoking Cystlne and Tryptophan in the hydro- 
chlonc acid before adding the next eight Solutions in 
the resulting solution. In the resulting solution, add 
100 mL of water, and dissoke Dextrose t Sodium ace¬ 
tale, and Ascorbic add. Fil ter if necessary. Add the Poly¬ 
sorbate 80 solution , adjust with 1 N sodium hydroxide 
to a pH of 5.5-6.0, and dilute with Purified Water to 
250 mL 


Table 1 


L-Cystine 

0.T a 

L-Tryptophan 

0.05 q 

1 N hydrochloric add 

10 mL 

Adenine-guanrne-uracil solution 

5 mL 

Kanthine solution 

5 ml 

Vitamin solution A 

10 ml 

Vitćiniin solution B 

10 mL 

Salt solution A 

5 mL 

Salt solution B 

5 mL 

Asparagine solution 

5 mL 

Acid-hydrolyzed casein solution 

25 ml 

Dextrose, anhydrous 

10 o 

Sodium acetate, anhydrous 

5 q 
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Tabłe 1 (Continued) 


Ascorbic acid 

1 n 

Polvsorbate 80 solution 

5 mL 



Toma to juice preparation; Centrifuge commercially 
canned tomato iuice so that most of the pulp is re- 
moved. Suspend 5 g/l of analytical filier aid in the su- 
pernatant, and filter with the ard of reduced pressure, 
through a Jayer of the filter aid. Repeat, if necessary, 
until a elear, straw-colored filtrate is obtained, Storę 
under toluene m a refrigerator. 

Culture medium: [Notę—A dehydrated mixture eon- 
taining the same ingredients may be used provided 
that, when constituted as directed in the labeling, it 
yields a medium equiva!ent to that obtained from the 
formula qiven herein.] Dissolve 0.75 g of yeast extract, 
0.75 g ordned peptone, 1.0 g of annydrous Dextrose / 
and 0.20 g of monobasic potassium pbosphate in 
60-70 ml of water Add 10 mL of Tomato juice prepara - 
tion and 1 mL of Pofysorbote 80 solution . Adjust with 
1 N sodium hydroxide to a pH of 6.8, and dii u te with 
water to 100 mL. Place 10-mL portions of the solution 
in test tubes, and pług with cotton. Sterilize the tubes 
and contents in an autoclave at 121° for 15 min. Cool 
as rapidly as possible to avoid color formation resulting 
from overheatincj the medium. 

Suspension medium: Dii u te a measured vo!ume of the 
Bosai medium stock solution with an equa! volume of 
water. Place TO-rnL portions of the diluted medium in 
test tubes. Sterilize, and cool as directed in C ulture 
medium. 

Stock culture of Loctobocillus leichmannik To 100 mL 
of the Culture medium add 1.0-1.5 g of agar, and heat 
the mixture on a steam bath, with stirring, until the 
agar dissolves. Place 10-mL portions of the hot solution 
in test tubes, cover the tubes, sterilize at 121° for 15 
min in an autoclave, and allow the tubes to cool in an 
upright position. Inoculate three or morę of the tubes 
by stab transfer of a pure culture of Loctobocillus 
leichmonnii.1 [Notę—B efore first using a fresh culture in 
this assay, make NLT 10 successive transfers of the cub 
turę in a 2-week period.] 

Incubate for 16-24 h at a temperaturę between 30° 
and 40° held constant to within ±0.5°. Storę in a 
refrigerator. 

Prepare fresh stab euftures at least three times each 
week, and do not use them for preparing the Inoculum 
if morę than 4 days old. The activlty of the microor- 
ganism can be inereased by daily or twice-daily trans¬ 
fer of the stab culture to the point where definite tur- 
bidity in the liqutd Inoculum can be observed 2-A h 
after inoeulation. A slow-growing culture seldom gives 
a suitable response curve and may lead to erratic 
results. 

Inoculum: [NOTĘ—A frożen suspension of Loctobocillus 
leichmonnii may be used as the stock culture, provided 
it yields an Inoculum comparable to a fresh culture.] 
Transfer cells from the Stock culture of Loctobocillus 
leichmonnii to two sterile tubes each containing 10 mL 
of the Culture medium . Incubate these cultures for 
16-24 h at a temperaturę between 30* and 40° held 
constant to within ± 0.54. Under aseptic conditions cen- 
trifuge the cultures, and decant the supernatant Sus¬ 
pend the cells from the culture rn 5 mL of sterile Sus¬ 
pension medium, and combine. Using sterile Suspension 
medium, adjust the volume so that a 14n-20 dilution in 
salinę TS produces 70% transmittance when read on a 
suitable spectrophotometer that has been set at a wave- 
length of 530 nm, eguipped with a 10-mm celi, and 
read against salinę TS set at 100% transmittance. Pre¬ 
pare a l-in-400 dilution of the adjusted suspension us- 


f Pure cultures of Lacłobadllus tekhinannii (listed as Lactobaciltm deibrueckii) 
may be obtained as No. 7830 from ATCC, 10801 University Blvd. # Manassas, 
VA 20110-2209 fwww.atcc.org). 


ing sterile Bosai medium stock solution . [Notę—T his dilu¬ 
tion may be altered, when necessary, to obtafn the 
desired test response.] The celi suspension so obtained 
is the Inoculum . 

Calibration of spectrophotometer: Check the wave- 
length of the spectrophotometer periodically using a 
standard wavelength celi or other suitable device. 

Before reading any tests calibrate the spectrophotome¬ 
ter for 0% and 100% transmittance using water and 
with the wavelength set at 530 nm. 

Analysis 

Samples: Standard solution and Sample solution 
Because of the high sensitwity of the test organism to 
minimum amounts of vitamin Bi 2 activity and to 
traces of many deansing agents, cleanse meticulously 
by suitable means, followed preferably by heating at 
250° for 2 h, using hard-^glass 20-mm x 150-mm test 
tubes and other necessaiy glassware. 

To separate test tubes add, in duplicate, 1,0, 1.5, 2.0, 
3.0, 4.0, and 5.0 mL of the Standard solution. To each 
of these tubes and to four similar empty tubes add 
5.0 ml of the Bosal medium stock solution and suffi- 
cient water to make 10 mL. 

To similar separate test tubes add, in duplicate, 1.0, 

1.5, 2.0, 3.0, and 4.0 mL of the Sample solution. To 
each tubę add 5.0 mL of the Basal medium stock solu¬ 
tion and suffkient water to make 10 mL. Place one 
complete set of Standard and sample tubes together 
in one tubę rack and the duplicate set in a second 
rack or section of a rack, preferably in random order 
Cover the tubes to prevent bacterial eon tarnina tion, 
and sterilize in an autoclave at 121° for 5 min arrang- 
ing to reach this temperaturę In NMT 10 min by 
preheating the autocfave if necessary. Cool as rapidly 
as possible to avoid color formation resulting from 
overheating the medium. Take precautrons to mam- 
tain uniformity of stenlizing ana cooling conditions 
throughout the assay, because packing the tubes too 
closely in the autoclave or overfoading it may cause 
variatIon in the heating ratę. 

Aseptically add 0.5 ml of the Inoculum to each tubę so 
prepared, except two of the four containing no Stan¬ 
dard solution (the unlnoculated blanks). Incubate the 
tubes at a temperaturę between 30° and 40°, held 
constant to within ±0,5°, for 16-24 h. 

Terminale growth by heating to a temperaturo NLT 
80° for 5 min. Cool to room temperaturę, After agi- 
tating the contents, read the transmittance at 530 
nm when a steady State is reached. This steady State 
is observed a few seconds after agitation when the 
reading remains constant for 30 s or morę. Allow ap- 
proximately the same time interval for the reading on 
each tubę. 

With the transmittance set at 100% for the uninocu* 
lated blank, read the transmittance of the inoculated 
blank. If the difference is greater than 5% or if there 
is evidence of contamination with a foreign mreroor- 
ganism, disregard the results of the assay. 

With the transmittance set at 100% for the uninocu- 
lated blank, read the transmittance of each of the 
remaining tubes. Disregard the results of the assay if 
the slope of the standard curve indicates a problem 
with sensitivity. 

Calculafion: Prepare a standard concentration-re- 
sponse curve by the following procedurę. Test for and 
replace any aberrant individual transmittances. For 
each level of Ehe Standard, calculate the response from 
the sum of the duplicate vaiues of the transmittances 
(Is) as the difference, y - 2.00 - Z s . Plot this response 
on the ordinate of cross-section paper against the log- 
arithm of the ml of the Standard solution per tubę on 
the abscissa, using for the ordinate either an arithmetic 
or a logarithmic scalę, whichever gives the better ap- 
proximation to a straight linę, Draw the straight linę or 
smooth curve that best fits the plotted points. 
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Caleulate the response, y = 2.00 - adding together 
the two transmittances (Z y ) for each Jevel of the Sani- 
ple soiution. Read from the standard curve the log a- 
rithm of the volume of the Standard soiution corre- 
sponding to each of those yalues of y that falls within 
the rangę of the lowest and highest points pfotted for 
the Standard. Subtract from each fogarithm so ob- 
talned the logarithm of the yolume, in ml, of the 
Sample soiution to obtain the difference, X, for each 
dosage level. Average the yalues of X for each of 
three or morę dosage levels to obtain X, which equals 
the log-relatiye potency, M' f of the Sample soiution. 
Determine the guantity, in pg, of cyanocobafamin 
(C^HsbCoNkOhP) in the portion of Orał Soiution 
taken: 

antilog M = antilog ( M f + log R) 

R = pg of cyanocobalamin assumed to be present 
in the portion of Ora! Soiution taken 
Calcułate the percentage of the labeled amount of 
cyanocobalamin (CmHbbCoNmOmP) in the portion of 
Orał Soiution taken: 

Result - [(antilog M)/N] x 100 

N ~ nominał amount of cyanocobalamin in the 
portion of Orał Soiution taken 
Replication: Repeat Lhe entire determination at least 
once using separately prepared Sample Solutions, ff the 
difference between_the two log-potencies M is NMT 
0.08 their mean, M, is the assayed log-po tenty of the 
test materiał (see Design and Anaiysis of Biolpgical As- 
says {111}, The Confldence lnterval and Umits of Po¬ 
tency, Vitarnin Rn Activity). If the two determinations 
differ by morę than 0.08, conduct one or morę addi- 
tional determinations. From the mean of two or morę 
yalues of M that do not differ by morę than 0.1 5, 
compute the mean potency of the preparation under 
assay, 

Acceptance criteria: 9Q.0%-450,0% of the labeled 
amount of cyanocobalamin (C6 3 H B flCoNMO^P) 

* Calcium Pantothenate, Method 7 

Mobile phase: 0.2 M monobasic sodium phosphate 
and methanol (97:3). Adjust with 1,7 M phosphoric 
acid to a pH of 3.2 ± 0.1. 

Standard soiution: 80 pg/ml of USP Calctum Panto- 
thenate RS in Mobile phase 

System suitability soiution: 80 pg/mL of USP Racemic 
Panthenol RS in Mobile phase . Mix the resulting soiution 
and the Standard soiution (1:1), 

Sample soiution: Equivalent to 80 pg/ml of calcium 
pantothenate from Orał Soiution In Mobile phase 
Chromatographic system 
(See Chromatogmpny (621), System Suitability.) 

Modę: LC 

Detector: UV 210 nm 
Column: 4.0-mm x 10-cm; packing LI 
Flow ratę: 1 mL/mrn 
Injection volume: 20 pL 
System suitability 

Samples: Standard soiution 3 nd System suitability 
soiution 

Suitability requirements 

Resolution: NIT 1.5 between panthenol and calcium 
pantothenate, System suitability soiution 
Tatling factor: NMT 2.0 for both the calcium panto¬ 
thenate and the panthenol peaks, Standard soiution 
Relatiye standard deviation: NMT 2.0%, Standard 
soiution 
Anaiysis 

Samples: Standard soiution and Sample soiution 
Measure the peak areas for cafcium pantothenate. Cal¬ 
cułate the percentage of the labeled amount of- cal- 


dum pantothenate (CTeH^CaMzOio) in the portion of 
Orał Soiution taken: 

Result = (ru/r$) x ( Cs/Cu ) x 100 

/u = peak area of calcium pantothenate from the 
Sample soiution 

r$ = peak area of calcium pantothenate from the 
Standard soiution 

Cs = concentration of USP Calcium Pantothenate 
RS in the Standard soiution (mg/mL) 

Cu - nominał concentration of calcium 

pantothenate in the Sample soiution (mg/mL) 
Acceptance criteria: 90.0%-l 50.0% of the labeled 
amount of calcium pantothenate (Cish^CaNzOio) 
o Calcium Pantothenate, Method 2 

Standard stock soiution: Dlssolve 50 mg of USP Cal¬ 
cium Pantothenate RS, prevlously dried and stored En 
the dark over phosphorus pentoxide and protected 
from absorption of moisture while weighing, in 500 mL 
of water in a 1000-mL yolumetric fiask, Ada 10 ml of 
0.2 N acetic add and 100 ml of sodium acetate soiu¬ 
tion (1 in 60), and dilute with water to yolume to ob¬ 
tain a concentration of 50 pg/mL of USP Calcium Pan¬ 
tothenate RS. Storę under toluene in a refrlgerator. 
Standard soiutio n: On the day of the assay, di lute a 
volume of the Standard stock soiution with water to ob¬ 
tain a concentration of 0.01-0.04 pg/mL of calcium 
pantothenate, the exact concentration being such that 
the responses obtalned as directed in Anaiysis , 2.0 and 
4.0 mL of the Standard soiution being usea, are within 
the finear portion of the log-concentration response 
cun/e. 

Sample soiution: Transfer an accurately measured voh 
ume of Orał Soiution, equivalent to 50 mg of calcium 
pantothenate, to a 1000-mL yolumetric fiask containing 
500 ml of water. Add 10 mL of 0,2 N acetic add and 
100 mL of sodium acetate soiution (1 In 60), dilute with 
water to yolume, and fil ter. Dilute a measured yolume 
of this soiution quantitatively, and stepwise if neeessary, 
with water to obtain a soiution with about the same 
concentration as that of the Standard soiution , 
Acid-hydrolyzed casein soiution: Mix 100 g of vita- 
min-free casein with 500 mL of ó N hydrochloric add, 
and reflux the mixture for 8-12 h, Remove the hydro- 
chloric acid from the mixture by distiilation under re- 
duced pressure until a thick pastę remains, Redissolve 
the resulting pastę in water, adjust the soiution with 
1 N sodium hydroxide to a pH of 3.5 ± 0.1, and dilute 
with water to 1000 mL. Add 20 g of actiyated charcoal, 
stir for 1 h, and filter. Repeat the treatment with acti¬ 
yated charcoal. Storę under toluene in a coo! place at a 
temperaturę NLT 10°. Filter the soiution if a precipitate 
forms during storage. 

Cystine-tryptophan soiution: Suspend 4.0 g of L-cys- 
tine in a soiution of 1.0 g of L-tryptophan (or 2,0 g of 
D,L-tryptophan) in 700-800 mL of water, heat to 
70 a -80°, and add dilute hydrochloric add (1 in 2) 
dropwise, with stirring, until the solids are dissolved. 
Cool, and dilute with water to 1 000 mL. Storę under 
toluene in a cool place at a temperaturę NLT 10°. 
Adenme-guanineHjradl soiution: Dissolye 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
uracil, with the aid of heat in 10 mL of 4 N hydrochloric 
acid. Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator. 

Polysorbate 80 soiution: 100 mg/mL of polysorbate 80 
in alcohol 

Rtboflavin-£hiamine hydrochloride-biotin soiution: 

20 pg/mL of ribof!avin, 10 pg/mL of thiamine hydro- 
chlorEde, and 0,04pg/mL of biotin in 0,02 N acetic 
acid. Storę under toluene, protected from Ifght, in a 
refrigerator. 

p-Aminobenzoic add-nracin-pyrfdoxine hydrochloride 
soiution: 1 0 pg/ml of p-aminobenzoic acid, 50 pg/mL 
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of niacin, and 40 pg/mL of pyridoxine hydrochloride in 
a mixture of neutralized aiconal and water (1:3), Storę 
in a refrigerator. 

Salt sofution A: Dissolve 25 g of monobasfc potassium 
phosphate and 25 g of dibasic potassium phosphate In 
water to make 500 ml. Add 5 drops of hydrochloric 
acid. Storę under toluene. 

Salt solution B: Dissolve 10 g of magnesium sulfate, 

0,5 g of sodium chloride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 mL 
Add 5 drops of hydrochloric acid, Storę under toluene. 

Basal medium stock sofution: Dlssolve the anhydrous 
Dextrose and anhydrous Sodium acetale in the Solutions 
prevfously mixed according to Tobie 2, and adjust with 
1 N sodium hydroxide to a pH of 6.8. Dilute with water 
to 250 ml. 



labie 2 


Acid-hydrolyzed casein solution 

25 mL 

Cystlne-tryptophan solution 

25 mL 

Polysorbate 80 solution 

0.25 mL 

Dextrose, anhydrous 

10 q 

Sodium acetate, anhydrous 

5 Q 

Adentne^uanine-uradl solution 

5 mL 

Riboflavin-thiamine hydrochforide-biotin solution 

5 mL 

p-Amrnobenzoic acid-niadn-pyricfQxrne hydrochlo¬ 
ride solution 

5 mL 

Salt solution A 

5 mL 

Salt solution B 

5 mL 


Stock culture of Lactobacillus plantarum: Dissolve 
2.0 g of yeast extract in 100 mL of water, Add 500 mg 
of anhydrous Dextrose f 500 mg of anhydrous Sodium 
acetale, and 1,5 g of agar, and heat the mixture ona 
steam bath, with stirring, until the agar dissolves. Add 
10-mL portions of the hot solution to the test tubes, 
dose or cover the tubes, sterilize in an autodave at 
121° for 15 min, and allow the tubes to cool in an 
uprrght posttlon. Prepare stab cultures En three or morę 
ot the tubes, using a pure culture of Lactobacillus 
plantarum, 2 fncubating for 16-24 h at a temperaturę 
oetween 30° and 37° held constant to within ±0,5°, 
Storę in a refrigerator. Prepare a fresh stab of the stock 
culture every week, and do not use for the Inoculum Ef 
the culture is morę than 1 week old. 

Culture medium: To each of a senes of test tubes con- 
tafning 5.0 mL of the Basa! medium stock solution add 
5,0 mL of water containing 0.2 pg of calcium panto¬ 
thenate. Pług the tubes with cotton, sterilize in an auto- 
clave at 121° for 15 min, and cool. 

Inoculum: [NOTĘ—A frożen suspension of Lactobacillus 
plantarum may be used as the stock culture, provided it 
yields an inoculum comparabfe to a fresh culture,] Trans¬ 
fer cetls from the Stock culture of Lactobacillus 
plantarumto a sterile tubę containing 10 mL of the Cul¬ 
ture medium. Incubate this culture for 16-24 h at a 
temperaturę between 30° and 37 = held constant to 
within ±0.5°. The cetl suspension so obtained is the 
Inoculum . 

Analysis 

Sampfes: Standard solution and Sample solution 
To similar separate test tubes add, in duplicate, 1.0 
and/or 1,5, 2,0, 3.0, 4.0, and 5.0 mL of the Standard 
solution. To each tubę and to four similar empty 
tubes add 5.0 mt of the Basal medium stock sofution 
and suffident water to maf<e 10 mL. 

To similar separate test tubes add, in duplicate, 
volumes of the Sample solution corresponding to 
three or morę of the Eevels specified for the Standard 
solution, including the levels of 2.0, 3.0, and 4.0 mL. 

MTCC No. 8014 is suitable. This strain was formerly known as Laetabadllus 
orobinosus 1 7-5. 


To each tubę add 5.0 mL of the Basal medium stock 
solution and suffident water to make 10 mL, Place 
one complete set of Standard and sample tubes to- 
gether in one tubę rack and the duplicate set in a 
second rack or section of a rack, preferably in random 
order, 

Cover the tubes of both senes to prevent contamina- 
fton, and sterilize in an autoclave at 121° for 5 min. 
CogL Add 1 drop of the Inoculum to each tubę, ex- 
cept two of the four tubes containing no Standard 
solution (the uninoculated blanks). Incubate the tubes 
at a temperaturę between 30° and 37°, held constant 
to within ±0.5° until, foliowing 1 6-24 h of Encuba- 
tion, there has been no substantEa! tncrease in turbid- 
ity in the tubes containing the highest ievel of Stan¬ 
dard during a 2-h period. 

Determine tne transmittance of the tubes in the fol- 
lowrng manner. Mix the contents of each tubę, and 
transfer to an optical Container if necessary, Read the 
transmittance between 540 and 660 nm when a 
steady state is reached. This steady state Es obsen/ed a 
few seconds after agltation when the galvanometer 
reading remains constant for 30 s or morę. Allow ap- 
proximateEy the same time interval for the reading on 
each tubę, 

With the transmittance set at 1.00 for the uninocu¬ 
lated blank, read the transmittance of the inoculated 
blank, With the transmittance set at 1.00 for the in- 
oculated blank, read the transmittance for each of 
the remaining tubes, If there is evidence of contami- 
natlon with a foreign microorganlsm, disregard the 
resuit of the assay. 

Calculation: Prepare a standard concentration-re- 
sponse curve as follows. For each level of Lhe Stan¬ 
dard, calculate the response from the sum of the du- 
plicafe values of the transmittance (Z*) as the 
difference, y - 2.00 — Plot this response on the 
ordEnate of cross-section paper against Lhe logarithm 
of the mL of the Standard solution per tubę on the 
abscissa, using for the ordinate either an anthmetic or 
a logarithrmc scalę, whichever gives the better approx- 
Emation to a straight linę. Draw the straight Irne or 
smooth curve that best fits the plotted points. 

Cafculate the response, y - 2.00 - Zo, adding together 
the two transmittances (Eu) for each level of the Sam- 
ple solution. Read from the standard curve the loga¬ 
rithm of the vofume of the Standard solution corre¬ 
sponding to each of those vafues of y that falls within 
tne rangę of the lowest and highest points plotted for 
the Standard. Subtract from each logarithm so ob¬ 
tained the logarithm of the yolume, in mL, of the 
Sample solution to obtain the difference, X, for each 
dosage level. Average the values of X for each of 
three or morę dosage leve!s to obtain X, which eguals 
the fog-relative potency, M' t of the Sample solution. 
Determine the quantity, in mg, of USP Caldurn Panto- 
thenate RS corresponding to calcium pantothenate 
(CibH ^CaNzOio) In the portion of Orał Solution taken: 

antilog M ~ antilog (M' + log R) 

R - number of mg of calcium pantothenate 

assumed to be present in the portion of Orał 
Solution taken 

Calculate the percentage of the labeled amount of 
calcium pantothenate (CigH^CaNzOio) in the portion 
of Orał Solution taken: 

Resuit “ f(antilog M)/N] x 100 

N = nominał amount of calcium pantothenate in 
the portion of OraJ Solution (mg) 

Repfication: Repeat the entire determination at least 
once, using separately prepared Sample Solutions. If the 
difference between the two tog-potencies M is NMT 
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0,08, their mean, M, Is the assayed log-potency of the 
test materiał (see Design and Analysis of Biological As- 
soys (111), The Confidence Interpol and limits of Po- 
tency). If the two determinations differ by morę than 
0.08, conduct one or morę additional determinations. 
From the mean of two or morę values of M Chat do 
not differ by morę than 0*15, compute the mean po- 
tency of the preparation under assay. 

Acceptance critena: 90.0%-150*0% of the labeled 
amount of calcium pantothenate (CisH^CaNaOio) 

* Oex panthenol or Panthenol, Method 1 

Mobile phase and Chromatographk system: Proceed 
as directed in the assay for Cafdum Pantothenate, 
Method L 

Standard solutlon: 80 jig/mL of USP Dexpanthenof RS 
or USP Racemic Panthenol RS in the Mobile phase, 
[Notę—U se USP Dexpantheno! RS to analyze Orał Solu- 
tion that contains dexpanthenol and USP Racemic 
Panthenol RS to analyze Orał Solutlon that contains 
panthenol,] 

System suitability solution: 80 pg/mL of USP Ca Idu m 
Pantothenate RS in Mobile phase, Mix the resulting sofu- 
don and Standard solution (1:1). 

Sample solution: Equivalent to 80 )ig/mL of dexpam 
thenol or panthenol from the Orał Solution in the Mo¬ 
bile phase 
Analysis 

Samples: Standard solution and Sample solution 
Measure the areas for panthenol. Calculate the per- 
centage of the labeled amount of dexpanthenol or 
panthenol (C9H19NO4) in the portion of Orał Solution 
taken: 

Result - (Wrj) x (Cs/Co) x 100 

ri> - peak area of dexpanthenol or panthenol from 
the Sample solution 

r$ - peak area of dexpanthenol or panthenol from 
the Standard solution 

Cs - coneentration of USP Dexpanthenol RS or USP 
Racemic Panthenol RS in the Standard 
solution (mg/ml) 

C u - nominał coneentration of dexpanthenoi or 
panthenol in the Sample solution (mg/ml) 
Acceptance critena: 90.096-150.0% of the labeled 
amount of dexpanlhenol or panthenol (GjHjsNG-i) 

* Dexpanthenol or Panthenol, Method 2 

[Notę —The following procedurę is applicable also to the 
determination of the dextrorotatory component of race¬ 
mic panthenol in preparations containing panthenol] 
Dehydrated mixtures yielding formula trons similar to the 
media desenbed herein may be used provided that, 
when constituted as directed, they have growlh-pro- 
moting properties equa! to or superior to those ob- 
tained with the media prepared as described herein. 
Standard stock solution: 800jng/mL of USP Dexpan- 
thenol RS or 1ó00(jg/mL of USP Racemic Panthenol RS 
in water. Storę in a refrigerator, protected from l?qht, 
and use within 30 days. [Notę —Use USP DexpantnenoJ 
RS to analyze Orał Solution that contains dexpantheno 
and USP Racemic Panthenol RS to analyze Orał Solution 
that contains panthenol.] 

Standard solution: On the day of the assay, prepare 
1.2 pg/mL of dexpanthenol or 2.4 ^g/mL of racemic 
panthenol from the Standard stock solution with water. 
Sampie solution: 1.2 jag/mL of dexpanthenol or 
2.4 pg/mL of panthenol from Orał Solution in water 
Acid-hydroiyzed casein solution: Mix 100 g of vita- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and reflux the mixture for 8-12 h. Remove the hydro* 
chloric acid from the mixture by distillation under re- 
duced pressure until a thick pastę remains. RedissoIve 
the resulting pastę in about 500 mL of water, adjust the 
solution with 1 N sod tum hydroxide to a pH of 3,5 ± 

0.1, and dilute with water to 1000mL Add 20 g of 


activated charcoal, stir for 1 h, and fifter, Repeat the 
treatment with acth/ated charcoal Storę under toluene 
in a cool place at a temperaturę NLT 10°. Filier the 
solution tr a predpitate rorms during storage, 
Cystine-tryptophan solution: Suspend 4.0 g of L-cys- 
tine in a solution of 1.0 g of i-tryptophan (or 2,0 g of 
D,L-tryptophan) in 700-800 ml of water, heat to 
75 ± 5°, and add 6 M hydrochloric acid solution drop- 
wise, with stirring, until the solids are dissolved. Cool, 
dilute with water to 1000 mL, and mix. Storę under 
toluene in a cool place at a temperaturę NLT 10*. 
Adenlne-guanine-uracii solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
uracil, with the aid of heat, in 10 mL of 4 N hydrochlo¬ 
ric acid. Cool, dilute with water to 200 mL, and mix. 
Storę under toluene in a refngerator. 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol 

Riboflavin-thiamine hydrochlonde-biotm solution: 
Prepare a solution of riboflavin, thiamine hydrochloride, 
ana biotin in 0,02 N acetic acid containing 20 |ig/ml_ of 
riboflavin, 10 (iq/mL of thiamine hydrochloride, and 
0,04 pg/mL of biotin. Storę under toluene, protected 
from light, rn a refrigerator 

p-Amlnobenzoic add-nladn-pyridoxine hydrochloride 
solution: Prepare a solution in neutral 25% alcohol 
containing 10 pg/mL of p-aminobenzoic acid, SO^g/mL 
of niacin, and 40 pg/mL of pyridoxine hydrochloride. 
Storę in a refrigerator. 

Salt solution A: Dissolve 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate in 
water to make 500 mL. Add 5 drops of hydrochloric 
acid, and mix. Storę under toluene. 

Salt solution B: Disso!ve 10 g of magnestum sulfate, 

0,5 g of sodium chloride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 mL, 
Add 5 drops of hydrochloric acid, and mix. Storę under 
toluene. 

Pyridoxaf“Caldum pantothenate solution: Dissolve 
40 mg of pyndoxal hydrochloride and 375 pg of cal- 
cium pantothenate in 10% alcohol to make 200 mL, 
and mix. Storę in a refngerator, and use within 30 days. 
Polysorbate 40-olelc acid solution: Dissolve 25 g of 
polysorbate 40 and 0.25 g of oleić acid in 20% alcohol 
to make 500 mL, and mix. Storę in a refrigerator, and 
use within 30 days. 

Modified pantothenate medium: Dlssolve anhydrous 
Dextrose and Sodium acetote in the Solutions previously 
mixed according to Tobie i, adjust with 1 N sodium 
hydroxide to a pH of 6.8, dilute with water to 250 mL, 
and mix. 


Table 3 


Add-hvdrolvzed casein solution 

25 mL 

Cvstine“trvotophcin solution 

25 mL 

Polysorbate 80 solution 

0.25 mL 

Dextrose. anhydrous 

10 a 

Sodium acetate, anhydrous 

3 a 

Adenrne-tjuanine^uracil solution 

5 mL 

Riboflayin-thiamine hydrachioride-biotin solution 

5 ml 

p^Aminoben^olc add-niarin-pyridoxine hydrochlo¬ 
ride solution 

5 mL 

Salt solution A 

5 mL 

Salt solution B 

5 ml 

Pyridoxal-caldum pantothenate solution 

5 mL 

Polysorbate 40-oleic acid solution 

5 mL 


Double-strength modified pantothenate medium: 

Prepare as directed In Modified pantothenate medium , 
but make the finat dilution to 125 ml instead of 
250 mL. Prepare fresh. 
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Stock cu Iture of Pediococcus acidiłactici: Dlssolye in 
800 ml of water, with the a id of heat, 6.0 g of pep- 
tone, 4.0 g of pancreatic digest of caseln, 3.0 g of yeast 
extract, 1.5 g of beef extract, 1.0 g of dextrose, and 
15.0 g of agar. Adjust with 0.1 N sodium hydroxide or 
0.1 N hydrochloric add to a pH between 6.5 and 6.6, 
dilute with water to 1000 mL, and mix. Add 10-mL por- 
tions of the solu don to culture tubes, place caps on the 
tubes, and sterilize in an autoclave at 121° for 15 min. 
Cool on a slant, and storę in a refrigerator. Prepare a 
sfock culture of Pediococcus acidilacticP on a slant of thh 
medium. Incubate at 35° for 20-24 h, and storę in a 
refrigerator. Maintaln the stock culture by monthly 
transfer onto fresh slants. 

Inoculum; Inoculate three 250-ml portions of sterile 
Modified pontothenate medium from a stock culture 
slant, and incubate at 35° for 20-24 h. Centrifuge the 
suspension from the combined portions, and wash the 
ceils with sterile Modified panfothenate medium. Resus- 
pend the ceils in sufficient Modified pontothenate me¬ 
dium są that a l-in-50 dilution, when tested in a 
13-mm diameter test tubę, gives 80% Jight transmission 
at 530 nm. Transfer 1.2-mL portions of this stock sus¬ 
pension to glass ampuis, seal, freeze in liquid nltrogen, 
and storę in a freezer. On the day of the assay, aliow 
the ampuJs to reach room temperaturę, mlx the eon- 
tents, and dilute 1 mL of thawed culture with sterile 
salinę TS to 150 mL [Notę—T his dilution may be ak 
tered when necessary to obtain the desired test 
response.] 

Analysis: Prepare in triplicate a series of elght culture 
tubes by adding the following guantities of water to the 
tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 
0.0 mL. To these same tubes, and in the same order, 
add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 ml of the 
Standard solution. 

Prepare in dupheate a series of five culture tubes by 
adding the following guantities of water to the tubes 
within a set: 4.0, 3.5, 3.0, 2.0, and 7.0 mL To these 
same tubes, and in the same order, add 1,0, 1.5, 2.0, 
3.0, and 4.0 mL of the Sample solution. 

Add 5.0 mL of Doubfe-strength modified pontothenate 
medium to each tubę, and mix. Cover the tubes with 
metal caps, and stenlize in an autodave at 121" for 5 
min. Cool to room temperaturę in a chilled water 
bath, and inoculate each tubę with 0.5 mL of the Inoc¬ 
ulum. Allow to incubate at 37° for 16 h. Terminate 
growth by heating to a temperaturę NLT 80°, such as 
by steaming at atmospheric pressure in a sterilizer for 
5-10 min. Cool, and concomitantly determine the per- 
centage transmittance of the suspensions, in ceils of 
equal pathfength, on a suitable spectrophotometer at 
a wavelength of 530 nm. 

Calcu lation: Draw a dose-response curve on arithmetic 
graph paper by plotting the average response, in per- 
cent transmittance, for each set of tubes of the stan¬ 
dard curve against the standard levei concentrations. 
The curve is drawn by connecting each adjacent pair 
of points with a stralght irne. From this standard curve, 
determine by interpolation the potency, in terms of 
dexpanthenol, of each tubę contalning portions of the 
Sample solution. Divide the potency of each tubę by 
the amount of the Sample solution added to it to ob¬ 
tain the individual responses. Calcuiate the mean re¬ 
sponse by averaging the lndividuaJ responses that vary 
from their mean by NMT 15%, using NLT half the 
total number of tubes. 

Calcuiate the potency of the portion of the materiał 
taken for assay by muttiplying the mean response by 
the appropriate dilution factor, Calcuiate the percent- 


age of the labeled amount of dexpanthenol or 
panthenol in the portion of Orał Solution taken: 

Result = ( P/N) x 100 

P - calculated potency of dexpanthenot or 

panthenol In the portion of Orał Solution 
taken (mg) 

N = nominał amount of dexpanthenol or 

panthenol in the portion of Orał Solution 
taken (mg) 

Acceptance criteria: 90.0%-l 50.0% of the labeled 
amount of dexpanlhenol or panthenol (C 9 H 19 NO. 1 ) 

• Niacin or Niacinamide 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Diluent: 25 rng/mL of edetate disodtum tn water 
Mobile phase: Mix 0.4 mL of triethylamine, 15.0 ml of 
glaclal acetic add, and 350 mL of methanol, and diEute 
with 0,008 M sodium 1-hexanesulfonate to 2000 mL. 
Standard solution: 0.10 mg/mL of USP Niacin RS or 
USP Niacinamide RS in Diluent. [NOTĘ—Use USP Niacin 
RS for Orał Solution that contains niacin, and USP Nia¬ 
cinamide RS for Orał Solution that contains 
niacinamide.] 

Sample solution: Dilute an accurately measured vol- 
ume of Orał Solution with Diluent to obtain a solution 
with a concentration of 0.1 mg/mL of niacin or 
niacinamide. 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 270 nm 
Column: 4,6-mm x 25-cm; packing L7 
Flow ratę: 2 ni L/min 
Injection volume: 5 pL 
System suitability 
Sample: Standard solution 
Suitabiitty requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calcuiate the percentage of the labeled amount of nia¬ 
cin (C ć H 5 N0 2 ) or niacinamide (CeHaNłO) in the por¬ 
tion of Orał Solution taken: 

Result ^ (rjr s ) x (Q/C u ) x 100 

fu - peak area of niacin or niacinamide from the 
Sample solution 

A - peak area of niacin or niacinamide from the 
Standard solution 

Cs - concentration of USP Niadn RS or USP 
Niacinamide RS in the Standard solution 
(mg/mL) 

Cu - nominał concentration of niacin or 

niacinamide in the Sample solution (mg/mL) 
Acceptance criteria: 90,0%-l 50.0% of the labeled 
amount of niacin (C 6 H 5 NO 2 ) or niacinamide (CóhhNzO) 

« PVRIDOXINE HYDROCHLORIDE 

Diluent, Mobile phase, and Chromatographic system: 
Proceed as directed in Niacin or Niacinamide. 

Standard solution: Equivalent to 24 pg/mL of USP Pyri- 
doxtne Hydrochloride RS \n Diluent 
Sample solution: Equivalent to 24 jxg/mL of Pyridoxine 
Hydrochloride from Orał Solution in Diluent 
Analysis 

Samples: Standard solution and Sample solution 
Calcuiate the percentage of the labeled amount of 
pyridoxine hydrochloride {C B HiiNO^ ■ HCI) in the por- 
tlon of Orał Solution taken: 


3 ATCC No. 8042 is suitable. This strain was formerly known as iactobacilfus 
orabinosus 17-5, 


Result = (ro/rj) x (C s /C 0 ) x 100 
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- peak area of pyridoxrne hydrochloride from 
the Sampie soiution 

r% - peak area of pyridoxine hydrochloride from 
the Standard sotution 

G = concentration of USP Pyridoxine Hydrochloride 
RS in the Standard sofutlon (mg/mL) 

Cu = nominał concentration of pyridoxine 
hydrochloride in the Sampie soiution 
(mg/ml) 

Acceptance criteria: 90.0%-1 50.0% of the labeled 
amount of pyridoxine hydrochloride (GHuNOj * HCI) 

* RlBOFLAVIN-5' PHOSPHATE SODIUM, Method 1 

[NOTĘ—Ribofiavm-5'~phosphate sodium is quantitated 
against USP Riboflavin RS in this procedurę, In the chro- 
matogram of the Sampie sotution , the riboflavin-5'-pho$- 
phate peak is the only peak measured for calculation.j 
Diluent, Mobile phase, and Chromatographic system: 
Proceed as directed in Niacin or Niaanamide* 

Standard soiution; Equivałent to 8|ig/mL of USP Ribo- 
fiavrn RS in Difuent , by heating if necessary 
Sampie soiution: Equivalent to 8 pg/mL of ribofJavin 
from Orał Soiution in Diluent 
Analysis 

Samples: Standard soiution and Sampie sotution 
[NoiE—The relattve retention times for riboflavin-5'- 
phosphate and riboflavin are about OJ 8 and 1,0, 
respectively.] 

Calculate the percentage of the labeled amount of n- 
boffavin (CuHzoNjOe) in the portion of Orał Soiution 
taken: 

Result = (rufh) x (G/G) x Fx 100 

fu = peak area of riboflavin-5'-phosphate from the 
Sampie soiution 

r% - peak area of riboflavin from the Standard 
soiution 

G = concentration of USP Riboflavin RS in the 
Standard soiution (mg/ml) 

G - nominał concentration of riboflavin in the 
Sampie soiution (mg/mL) 

F = factor for converting the response obtained 
for nbofiavin-5'-jphosphate to riboflavin, 

1,493. [Notę—R iboflavin phosphate sodium 
is a mixture of isomeric monophosphates 
and diphosphates containing an average 
amount of 67% of nboflavin-5'- 
monophosphate, which separates in this 
chromatographic system, The factor 1.493 
assumes 67% of riboflavin-5'- 
monophosphate.] 

Acceptance criteria: 9O.O%-150.0% of the labeled 
amount of riboflavin (G 

• Riboflavin or Ribofuvin-s-Phosphate Sodium, Method 2 
[Notę— Use low-actinic glassware throughout this 
procedurę.] 

Solvent blank: 1 N hydrochloric add, 2.5 M sodium 
acetale, and water (1:2:97) 

Standard stock soiution: Transfer 16 mg of USP Ribo- 
flavin RS to a 100-mL volumetnc fiask, cnssolve in 
1.0 mL of 1 N hydrochloric aeid and 2.0 ml of 2,5 M 
sodium acetate, and dilute with water to volume. Trans¬ 
fer 10.0 mL of this soiution to a 100-mL voJumetric 
fiask, and dilute with water to volume. 

Standard soiution: Transfer 5.0 mL of the Standard 
stock soiution to a 500-ml volumetrk fiask, add 5.0 mL 
of 1 N hydrochloric acid and 10,0 mL of 2.5 M sodium 
acetate, and dilute with water to volume. 

Sampie soiution: Transfer an accurately measured vol- 
ume of Orał Soiution, equivalent to 0,8 mg of ribofia- 
vin, to a 100-mL volumetric fiask, and dilute with water 
to volume. Transfer 10.0 mL of the resulting soiution to 
a 500-mL volumetric fiask, add 5.0 mL of 1 N hydro- 
chłoric acid and lO.OmL of 2.5 M sodium acetate, and 
dilute with water to voiume< 


Instrumentaf conditions 
(See Fluorescence Spectroscopy (853).) 

Modę: Fluorescence 
Analyticai wavelengths 
Exdtation: 440 nm 
Emission: 530 nm 
Blank: Sofvent 
Analysis 

Samples: Standard soiution and Sampie soiution 
Determine the maximum fluorescence intensltles, 1$ and 
tu, of the Standard soiution and the Sampie soiution , 
respeetively. Calcu la te the percentage of the labeled 
amount of riboflavin (GzHaoNjOć) in the portion of 
Orał Soiution taken: 

Result= (Uh) x (Cs/G) x 100 

tu - fluorescence intensity from the Sampie soiution 

h - fluorescence intensity from the Standard 

soiution 

G = concentration of USP Riboflavin RS in the 
Standard soiution (mg/ml) 

Cu = nominał concentration of riboflavin in the 
Sampie soiution (mg/mL) 

Acceptance criteria: 9G.Q%-150.G% of the labeled 
amount of riboflavin (CoHzoN.iOa) 

• Thiamine 

Difuent, Mobile phase, and Chromatographic system: 
Proceed as directed in Niacin or Niatinamide* 

Standard soiution: Equivalent to 24pg/mL of USP Thi- 
amine Hydrochioride RS in Diluent 
Sampie soiution: Equivalent to 24jiq/mL of thiamine 
hyorochloride from Orał Soiution in Difuent 
Analysis 

Samples: Standard soiution and Sampie sotution 
Measure the areas for the major peaks, Calculate the 
percentage of the labeled amount of thiamine hydro- 
chforide (GzHizCINLGS - HG) or thiamine mononi- 
trate (GzH^NsClłS) in the portion of Orał Soiution 
taken: 

Result = (ruM) x (G/G) x Fx 100 

r u — peak area of thiamine from the Sampie 
soiution 

r$ ~ peak area of thiamine from the Standard 
soiution 

G = concentration of USP Thiamine Hydrochloride 
RS in the Standard soiution (mg/mL) 

Cu - nominał concentration of thiamine 

hydrochloride or thiamine mononitrate in 
the Sampie soiution (mg/mL) 

F - 1 (for products containing thiamine 

hydrochloride) and 0.97 (for products 
containing thiamine mononitrate) 

Acceptance criteria: 90,0%-250.0% of the labeled 
amount of thiamine hydrochloride {GiHuClhhOS ■ HCI) 
or thiamine mononitrate (CuH^NsCLsS) 

OTHER COMPONENTS 

* Alcohol Determination, Method I (611) (if present): 
90,0%-l 20.0% of the labeled amount of C 2 HsOH 

CONTAMINANT5 

® Microbial Ehumeration Tests (2021): The to tal aerobic 
microbtal count does not exceed 3 x 10 J cfu/mL, and the 
combined molds and yeasts count does not exceed 
3 x TQ2 cfu/mL. 

* Absence of Specifjed Microorcanisms (2022): Meets the 
requirements of the tests for absence of Salmonella spe* 
ci es and Escherichia coli 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in trght, iight-resistant 
containers under an inert gas or with a minimum of 
headspace. 
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* Labeling: 4 The labę] States that the product is Oli- and 
Water-Soluble Vttamins Ora! Solution, The label States the 
auantity of each vitamin present tn a given volume of 
Ural Solution and, where necessary, the Chemical fom in 
which a vitamin is present. Where the product contam 
vitamin E, the labef rndicates whether ii is the d- or dl- 
form. Where the product is labeled to contain panthenol, 
the label States the equivalent content of dexpantherol. * 
Where morę than one assay method is given for a partie- 
ular vitamin, the labeling States with which assay method 
the product complies only if Method J is not used. 

* U5P Reference Standard* (11) 

USP Alpha Tocopherol RS 
USP Caldum Pantothenate RS 
/TAIanine, W-(2,4-dihydroxy-3,3-dimethyl-1 -oxobutyJK 
calcium saft (2:1), (/?)-- 
C,iHuCalShOTo 476.53 
USP Cholecaldferol RS 

9.10- Secocholesta-5,7,10(19)-trien-3-ol, (3&5Z,7£V 
C 1? H ąą O 384,64 

USP Cyanocobalamin RS 
Vrtamin Bi?. 

CssH*CoNhOmP 1355.37 
USP Dexpanthenol RS 
D-(+)-2,4-Di hy d roxy- N-( 3 -hy d roxy p ropy!) - 
3-3-dimeLhyifautyramide. 

CtH^NO, 205.25 
USP Ergocalciferol RS 

9.10- Secoergosta-5,7,10 (19),22-tetraen-3-d, {3/3,5Z,7F, 

CnH ĄĄ b 396.65 
USP Niacin RS 
3-Pyridmecarboxytic acid. 

C,H s NO> 123.11 
USP Ntadnamide RS 
3-Pyridinecarboxamide. 

CńHńN^O 122.12 


USP Pyridoxine Hydrochloride RS 
3,4-Pyridinedimethanol, 5-hydroxy-6-methyk 
hydrochloride. 

CiHiiNOi-Hd 205.64 
USP Racemic Panthenol RS 
USP Riboflavin RS 
Riboflavrne. 

Ci/HjoN.iOń 376.36 
USP Thiamine Hydrochloride RS 
Thiazolium, 3-[(4-amino-2-methyl- 
5 - py ri m i d i ny I) m e t h yl ] - 5 - (2 - hy d ro xy et hy I) -4 - m et hy!-, 
chlorlde, monohydrochlonde, 

ChHuCIIsUOS - HCI 337.27 
USP Vitamin A RS 


3,7-Drmethyl-9-(2 # 6 # 6-trfmethyH- cyclohexen-l -yl) 2,4, 
6,8-nonatetraen-l-ol acetale (vftamin A acetate). 


'USP Units of actlvity for vitamins, where such exist or formerly existed, arc 
equfrafent to the corresponding international unfts (IU), where mch formerly 
existed. The USP Unii for Vi ta min E has been disco ruin u ed. EU for vi lamin* 
also have been discontinued; howevef, the use of JU on the labels oF yitamin 
Products continues. Where artrdes are tabefed In terms of Units In addltion o 
the required label ing, the rdationship of the USP Units or IU to mass h as 
foElows. One USP Warnio A Unit = 0.3 pg of alhfroos-retinof (vitamin A alco- 
hol) or 0344 ^ig of all-fraru-retinyl acetale (witamin A acetate) or 0,55 ug of 
alf-froni-retinyl palmitate (vitamin A palmitate), and 1 jjtg of retinol (3.3 U5P 
VHamin A Units) = 1 retinol eauivalent (RE); 1 IU of beta carotene = 0 6 ug of 
alf -[ram beta carotene; I USP Vitarnin D Unit = 0.025 *ig of ergocalciferol or 
chofecalciferol; and ? mg of dAalpha tocopherol = 1.1 former USP Vitamin E 
Umts # 1 mg of d/-alpha tocopheryl acetate = 1 former USP Vitamin E Unit 
1 mg of c/CaJpha tocopheryl acid suednate - 0.S9 former USP Vitamin E Uni’ 

1 mg of ćAalpha tocopherol - 1.49 former USP Vitamin E Units, 1 mq of d- 
□Ipha tocopheryl acetale -136 former USP Vitamin E Units; and 1 mg of d- 
aloha tocopheryl aerd suednate = T .21 former USP Vitamm E Units. In terms 
of d-afpha tocopherol equivafents, 1 mg of d-alpha tocopheryl acetate = 0,91, 
1 mg of Ralpha tocopheryl acid succtnale = 037, 1 mg of Ralpha Locoph- 
erol = 0.74, 1 mg of dAalpha tocopheryl acetaLe = 0.67, and 1 mn of dMpha 
tocopheryl acid suednate = 0.60. 


Oil- and Water-Soluble Vitamin$ Tablets 

DEFINmON 

Oil- and Water-Solubte Vitamfns Tablets contain one or morę 
of the followmg oil-soluble vitamms: Vitamin A, vitamin D 
as Ergocalciferol (vitamin D 2 ) or Cholecatciferol (vitamin 
DO, Vitamm £, Phytonadione (vitamjn Ki), and Beta Caro¬ 
tene; and one or morę of the followrng water-soluble vita- 
mins: Ascorbic Acid or its equivalent as Calcium Ascorbate 
or Sodium Ascorbate, Biofin, Cyanocobafamin, Folie Acid, 
Niacin or Niacinamtde, pantothenic acid {as Caldum Pan¬ 
tothenate or Racemic Calcium Pantothenate), Pyndoxme 
Hydrochloride, Riboflavin, and Thiamine Hydrochloride or 
Thiamine Mononitrate. Tablets contain NLT 90.0% and 
NMT 165.0% of the labeled amounts of vitamin A 
(C 20 H 30 O) as retinol or esters of retinol in the form of ^ 
retinyl acetate (C 22 H 12 O 2 ) or retinyl palmitate {CuH 60 Qi); 
vitarnin D as diolecaldferof (C 2 7 H^O) or ergocalciferol 
(C^sH.hiO); vitamin E as alpha tocopherol alpha 

tocopheryl acetate (OiH^Ch), or alpha tocopherol acid 
sucanate (C 33 H 54 O 5 ); phytonadione (C 3 iH 4 ćO z );/and beta 
carotene (OqH s6 ); and NLT 90,0% and NMT tó0,0% of 
the labeled amounts of ascorbic acid (C fi HeO 4 or its salts 
as caicium ascorbate (Ci*H H CaO u - 2H z O) or sodium as¬ 
corbate (GsHjNaOó); biotin {CioHi 6 N 2 OiS), cyanocobala- 
min CC6 3 H 8 bCoNhO, 4 P), folie acid (CisH^N^Óń), niacin 
CC 6 H 5 N0 2 ) or niacinamide (QH 6 N 2 OX caicium pantothen- 
ate (CtfiHj|CaN 2 Oio), pyridoxine hydrochloride 
(CiHiiNOj - HCI), riboffayin (C]7H 2 oN 4 0 6 ), and thiamine 
(C l2 Hi/CINłOS) as thiamine hydrochloride or thiamine 
mononitrate. 

They do not contain any minerals. They may contain other 
labeled added substances that are generafly recognized as 
safe, tn amounts that are unobjectionable. 

STRENGTH 

[NOTĘ—Where morę than one assay method is given for an 

indiyiduaf ingredient, the reguirements may be met by fof- 

lowing any one of the specified methods, the method used 

being stated in the iabeling only if Method 1 is not used.] 

■ ViTAMJN A, Method 1 

[Notę—W here the use of a vilamin A ester (retinyl ace¬ 
tate or retinyl palmitate) is specified in the followmg 
procedurę, use the Chemical form present in the formu- 
lation. U5P Vftamin A R5 is retinyl acetate. It is to be 
used where USP ViLamin A RS is specified, Use low-ac- 
tinic glassware throughout this procedurę.] 

Mobile phase: n-Hexane 

Standard sofution: 15 pg/mL of retinyl acetate from 
USP Vitamśn A RS In n-hexane 

System suftability stock solution: 15 pg/mL of retinyl 
palmitate In n-hexane 

System suitability solution: Mix equal volumes of the 
System suitability stock solution and the Standard solution 
to obtain concentrations of 7.5 pg/mL each of retinyl 
acetate and retinyf palmitate. 

Sam ple solution: Fmely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 5 Tablets, to 
a Container having a poiytef-Nned screw cap. Add 
10 mL of dimethyT sulfoxide and 15 mL of / 7 -hexane, 
and shake for 45 min on a wrist-action shaker in a 
water bath maintained at 60 c . [Notę —Set up the wrist- 
action shaker to ensure that the contents of the Con¬ 
tainer are mixed vigorously and thoroughly.] Centrifuge 
at 3000 rpm for 10 min, and transfer the nexane layer 
by means of a pipet to a lOG-mL volumetric fiask. Add 
15 mL of n-hexane to the dimethyl sulfoxide layer, 
shake thoroughly for 5 min, and transfer the hexane 
Jayer by means of a pipet to the 100-mL volumetric 
fiask. Repeat this extraction with three additional 15-mL 
portions of n-hexane. Dilute the extracts in the volu- 
metrit fiask with n-hexane to vo!ume. Dilute a 10-mL 
voiume of this solution with n-hexane to obtain a solu- 
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tion with a concentration of 15 pg/mL of vitamin A as 
retinol (QoH 30 0), 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę; LC 

Detector: UV 325 nm 

Column: 4,ó-mm x 15-cm; 3 -pm packing L 8 
Flow ratę: 1 m L/min 
Injection volume; 40 pL 
System suitability 
Sample: System suitability soiution 
Suitability requirements 

Resolutron: NIT 1 0 between all-trans-retinyl acetate 
and alLtrom-retinyl palmitate 
Relative standard deviation: NMT 3*0% 

Analysis 

Samples: Standard soiution and Sample soiution 
Measure the peak area for all-trom-retinyl acetate from 
the Standard soiution and the peak area for aJI-trons- 
retinyl acetate or all-frons-retinyl palmitate from the 
Sample soiution. For products oontaining yitamin A 
acetate or vitamin A palmitate, calculate the percent- 
age of the labeled amount of yitamin A, as retinol 
(C 20 H 30 O), in the portion of Tablets taken: 

Result * (ru/rs) x (G /Cu) x fx 100 

fu = peak area of the all-frons-retinyl ester from the 
Sample soiution 

r$ = peak area of the all-frans-retinyl ester from the 
Standard soiution 

Cs - concentration of retinyl acetate (C 22 H 32 O 2 ) 
from USP Vkamln A RS in the Standard 
soiution (jjg/mL) 

Cu - nominał concentration of vitarnin A, as retinol 
(GoHjoO), in the Sample soiution (pg/mL) 

F - factor used to convert retinyl acetate, the ester 
form present in USP Vitamin A RS, to retinol, 
0.872 

[NOTĘ—The molar responses of retinyl acetate and re- 
tinyl palmitate are equivalent] 

Acceptance crlteria: 90.0%~165.O% of the labeled 
amount of yitamin A, as retinol (C 20 H 30 O) 

• Vitamin A, Method 2 

[NOTĘ—Where a vitarnin A ester (retinyl acetate or retinyl 
palmitate) Is indicated in the following procedurę, use 
the Chemical form present in the formulation. USP Vita- 
min A RS is rednyJ acetate. it is to be used where USP 
Vkamin A RS is speciffed. Use low-actinic glassware 
throughout thrs procedurę*] 

3 N methanolic sulfuric add soiution; Cautiously add 
9 ml of sulfuric acid to 80 mL of methanol in a 100-mL 
vo!umetric fiask* Cool, and dilute with methanol to 
volume. 

Sodium ascorbate-pyrogallol soiution; Transfer 10 g 
of sodium ascorbate and 5 g of pyrogallof to a 100 -ml 
volumetric fiask, and add sufficient water to di$solve, 
Add 1,7 mL of sulfuric acid, and dilute with water to 
volume, 

Lecithin soiution: 5 mg/ml of lecithin in 2,2, 

4 -1 ri m e thy I pen ta n e 

Mobile phase; n-Hexane and ethył acetate (99,7: 0*3) 
Standard soiution; 15 pg/mL of retinyl acetate from 
USP Vitamin A RS in 2,2,4-trimethyipentane 
System suitability stock soiution: 15 pg/mL of retinyl 
palmitate in 2,2,4-trimethyipentane 
System suitability soiution; Mix equal volumes of the 
System suitability stock soiution and the Standard soiution 
to obtain concentrations of 7*5 pg/ml eaeh of retinyl 
acetate and retinyl palmitate* 

Sample soiution; [NOTĘ—This preparation ts suitable for 
the determination of vitamin A, vitamin D, and yitamin 
E, when present in the formulation,] Finely powder NLT 
20 Tablets. If yitamin D is present in the formulation, 
transfer a portion of the powder, equivalent to 30 pg of 


the labeled amount of eholecaiciferol or ergocalciferol 
(yitamin D), to a Container having a polytef-fined screw 
cap. if yitamin D is not present in the formulation, use 
a portion of the powder equrvalent to 90 mg of the 
labeled amount of yitamin E (as alpha tocopherol, aipha 
tocopheryl acetate, or alpha tocopheryl hemisuccinate)* 
If yitamin E is not present in the formulation, use a 
ortion of the powder equivalent to 2,5 mg of the la- ‘ 
eled amount of yitamin A, as retinyl acetate or retinyl 
palmitate* Add 0,5 g of sodium bicarbonate, 1.5 ml of 
Lecithin soiution, and 12,5 mL of 2,2,4-trimethylpentane, 
and disperse on a vortex mixer. Add 6 mL of Sodium 
ascorbate-pyrogallol soiution , shake slowly, and allow the 
soiution to degas, Continue shaking until the evofution 
of gas has ceased, and then shake for an additional 12 
min. Add 6 mL of dimethyl sulfoxide, mix on a vortex 
mixer to form a suspension, and shake for 12 min. Add 
6 mL of 3 N methanolic sulfuric acid soiution, mix on a 
vortex rmxer to form a suspension, and shake for 12 
min* Add 12*5 mL of 2,2,4-trimethyipentane, mix on a 
vortex mixer to form a suspension, and shake for 1 0 
min. Centrifuge for 10 min to break up the emulsion 
and to clarify the supernatant. [MoTE—The supernatant 
is used for the determination of vitamin A, and also 
yitamin D and yitamin E, if present in the formulation*] 
if necessary, quantftatiyely dilute a volume of the super* 
natant with 2,2,44rimethylpentane to obtain a concen¬ 
tration ciose to that of the Standard soiution , 
Chromatographic system 
(See Chromatography (621), System Suitability ,) 

Modę: LC 

Detector: UV 325 nm 

Column: 4.6-mm x 25-cm; 5-pm packing L24 
fIow ratę: 1.5 mL/min 
Injection volume; 40 pL 
System suitability 
Sample: System suitability soiution 
Suitability reąuirements 

Resolution: NLT 8,0 between all-fram-retinyl acetate 
and all-fmm-retinyl palmitate 
Re!ative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard soiution and Sample soiution 
Measure the peak area for all-frans-retinyl acetate from 
the Standara soiution and the peak area of ail-tram- 
retinyl acetate or all-tram-retinyl palmitate from the 
Sample soiution , 

Calculate the percentage of the labeled amount of wita¬ 
min A, as retinol (Ciofl^O), in the portion of Tablets 
taken: 

Result = (Wfs) x (G/G/) x Fx 100 

Ty - peak area of the a 11 - i rans-reti ny I ester from the 
Sample soiution 

r s - peak area of the afl-from-retinyl ester from the 
Standard soiution 

Ci = concentration of retinyl acetate (C 22 H 32 O 2 ) 
from USP Vitarnin A RS in the Standard 
soiution (pg/mL) 

Gr = nominał concentration of yitamin A, as retinol 
(C 20 H 30 O), rn the Sample soiution (pg/mL) 
f * factor used to convert retinyl acetate, the ester 
form present in the USP Vitamin A RS, to 
retinol, 0.872 

[Notę—A ccount for the initial extraction yolume of 
26*5 mL of 2,2,4-trimethyipentane to calculate the 
nominał concentration. The molar responses of retinyl 
acetate and retinyl palmitate are equivalent] 
Acceptance criteria: 90.0%-1 65.0% of the labeled 
amount of yitamin A, as retinol (C 2 oH 3 { ] 0 ) 

• Vitamin A, Method 3 

[Notę—W here a yitamin A ester (retinyl acetate or retinyl 
palmitate) is indicated in the following procedurę, use 
the Chemical form present in the formulation. USP Vita- 
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min A RS is retinyl acetate. It is to be used where USP 
Vitamin A RS is specified. Use low-actinic glassware 
throughouf this procedurę.] 

Extraction solvent: n-Hexane and methylene chloride 
(3:1) 

Potassium hydroxide solution: 800 mg/mL of potas- 
sium hydroxide in water. [Notę— Cautrously add the 
potassium hydroxide to the water, Mix, and cooi.] 
Diluent: 10 mg/mL of pyrogallol in alcohol 
Mobile phase: n-Hexane and isopropyl alcohol (92:8) 
Standard stock solution: 30pg/mL of retinyl acetate 
from USP Vjtamin A RS in Diluent. [Notę —This solution 
may be stored in a refrigerator for 1 week.] 

Standard solution: Dilute a volume of the Standard 
stock solution with Diluent to obtain a concentration of 
1 pg/ml of USP Vitamin A RS. Transfer 10.0 ml of this 
solution to a stoppered 125-mL fiask, and add 5 mL of 
water, 5 ml of Diluent , and 3 mL of Potassium hydroxide 
solution. Insert the stopper tightly, shake for 15 min 
over a water bath maintained at 60 ± 5 fl , and cool to 
room temperaturę. Add 7 mL of water and 25.0 mL of 
Extraction solvent Insert the stopper tightly, and shake 
viqorously for 60 s. Rinse the sides of the fiask with 
60 mL of water, and allow to stand for 10 min untrl the 
layers separate. Withdraw a portion of the organie layer 
for injection into the chromatograph. This Standard so¬ 
lution eontains 034 pg/mL of retinoL 
Sample solution: Finely powder a counted number of 
Tablets. Transfer a portion of the powder, equivalent to 
13 mg of retinyl acetate, to a stoppered 125-mL fiask. 
Add 5 ml of water, 15 mL of Diluent, and 3 mL of Po¬ 
tassium hydroxide solution. Insert the stopper tightly, 
shake for 15 min over a water bath maintained at 
60 ± 5 D , and cool to room temperatura. Add 7 mL of 
water and 25.0 mL of Extraction solvent. Insert the stop¬ 
per tightly, and shake vigorously for 60 s or longer, if 
necessary, for eomplete extraction. Rinse the sides of 
the fiask with 60 mL of water, and allow to stand for 10 
min until the layers separate. [NOTĘ—Do not shake, be- 
cause an emulsion may form.] Withdraw a portion of 
the organie layer, and dilute with Extraction solvent to 
obtain a concentration of 0.34 pg/mL of retinoL 
Chromatographic system 
(See Chromatograpny (621), System Su i ta bili ty). 

Modę: LC 

Detector: UV 335 nm 

Column: 6.2-mm x 8 -cm; packing L3 

Column temperaturę: 40 " 

Flow ratę: 4 mL/min 
Iniection vo!ume: 50 pL 
System suitabrlity 
Sample: Standard solution 

[Notę —The relative retention times for 1 3-ds-retinol 
and alLfrons-retinol are 0.92 and 1.0, respectiveiy.] 
Suitability requirements 
Relative standard devlation: NMT 5.0% 

Analysrs 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for alt-frans-retinol and 13-c/s- 
retinoL Calculate the percentage of the fabeied 
amount of vitarnin A, as retinoi (C 20 H 30 O), in the por¬ 
tion of Tablets taken: 

Result = (fn/rrj) x (Q/C u ) X F x 100 

nr - sum of the areas of the all-tram-retinol and 
13-ds-retinol peaks from the Sample solution 
tu - sum of the areas of the all-fnms-rednol and 
1 3-ds-retinol peaks from the Standard 
solution 

G = concentration of retinyl acetate (OzaH^Cb) 
from USP Vltamin A RS in the Standard 
solution (pg/mL) 

Cu - nominał concentration of vitamin A, as retinoi 
(C^oHjoO), in the Sample solution (pg/mL) 


F - factor used to convert retinyl acetate, the ester 
form presenf in USP Vitamm A RS, to retinoi, 
0.872 

Acceptance criteria: 90.0%-165.0% of the labeled 
amount of vitamin A, as retinoi (C 20 H 30 O) 

* CHOLECALCIFEROL Or ERGOCALCIFEROL (VlTAMtN D), Method 

? 

[Notę—W here vftamin D (cholecalcifero! or ergocalcif- 
erol) is specified in the following procedurę, use the 
Chemical form present in the fomnulation and the rele- 
vant USP Reference Standard. Use low-actinic glassware 
throughout this procedurę.] 

Mobile phase: n-Hexane and isopropyl alcohol (99:1) 
Standard solution: 2 pg/mL of USP Cholecalcifero! RS 
or USP Ergocalciferol RS in n-hexane 
System suitability solution: Heat a volume of the Stan¬ 
dard solution at 60° for 1 h to partially isomerize vita- 
min D (cholecalciferol or ergocalcifero!) to its corre- 
sponding precursor. 

Sample solution: Proceed as directed for the Sample 
solution in Vitamin A, Method /, Transfer NLT 20 mL of 
this solution to a suitabfe Container, and evaporate, if 
necessary, under vacuum at room temperaturę to ob¬ 
tain a concentration of 2 jig/mL of cholecalciferol or 
ergocalciferol. 

Chromatographic system 
(See Chromatograpny (621), System Suitability ,) 

Modę: LC 

Detector: UV 265 nm 
Column: 4.6-mm x 15<m; 3-)im packing L 8 
Flow ratę: 1 mL/min 
Injection volume: 100 pL 
System suitability 

Samptes: Standard solution and System suitability 
solution 

Suitability reguirements 
Resolufion: NLT 10 between the vitamrn D form 
present and its corresponding precursor, System suka- 
bility solution 

Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for vitamfn D. Calculate the 
percentage of the labeled amount of cholecalciferol 
(CzzH^O) or ergocalciferol (C^EL^O) in the portion of 
Tablets taken: 

Result = ( rJh ) x (CdC u ) x Fx 100 

fu - peak area of cholecalciferol or ergocalciferol 
from the Sample solution 

r$ ~ peak area of cholecalciferol or ergocalciferol 
from the Standard solution 
Ci = concentration of USP Cholecalciferol RS or 

USP Ergocalcifero i RS in the Standard solution 
(pg/mL) 

C u - nominał concentration of cholecalciferol or 

ergocalciferol in the Sample solution {pg/mL) 
f - correction factor to account for the average 
amount of previtarnin D present in the 
Sample solution, 1.09 

Acceptance criteria: 90.0%-165.0% of the labeled 
amount of vitamin D as cholecalcifero! (C 27 H 44 O) or er¬ 
gocalciferol (C?aH 4 -iO) 

* Cholecalciferol or Ergocalciferol (Vitamin D), Method 

2 

[Notę—W here vitamin D (cholecalciferol or ergocalcif¬ 
erol) is spedfted in the foNowing procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard, Use low-actinic glassware 
throughout this procedurę.] 

3 N methanoiic sulfurlc add solution, Sodium as- 
corbate-pyrogallol solution, Lecithin solution, and 
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Sample solution: Proceed as directed in Vttamin Ą 
Method 2. 

Mobile phase: n-Hexane and tertiary butyl akohol 
(98.75:1.25) 

Standard solution: 1 pg/ml of USP Cholecalciferoi RS 
or USP Ergocalefferof RS m 2,2,4-trimethylpentane 
System suitability solution: Heat a volume of the Stan - 
dard solution at 60 D for 1 h Lo partia! ly isomerize vita- 
min D (cholecalciferoi or erg ocal cif ero!) to its corre- 
sponding pretursor. 

Cnromatographic system 
(See Chmmatography (621), System Suitability:) 

Modę: LC 

Detector: UV 265 nm 

Column: 4,6-mm x 25-om; 5-pm packi ng 124 
Flow ratę: 1 mL/min 
Injection volume: 40 pL 
System suitability 

Samples: Standard solution and System suitability 
solution 

Suitability requirements 

Resolution: NIT 4.0 between the vitamin D form 
present and its corresponding precursor, System suitc* 
bili ty solution 

Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for vitamin D. Calculate the 
percentage of the tabeled amount of cholecalciferoi 
(C^hUO) or ergocakiferol (C 28 H^O) in the portion of 
Tablets taken: 

Result - (fu/r$) x (G i Cu) x 100 

fu - peak area of chotecakiferoi or ergocakiferol 
from the Sample solution 

r 5 = peak area of cholecalciferoi or ergocakiferol 
from the Standard solution 
G = concentration of USP Cholecalciferoi RS or 

USP Ergocakiferol RS in the Standard solution 
(pg/mL) 

Cu = nominał concentration of cholecalciferoi or 

ergocakiferol in the Sample solution (pg/ml) 
[Notę —Account for the initial extraction volume of 
26.5 ml of 2,2,4-trimethylpentane to calculate the 
nominał concentration.] 

Acceptanee criteria; 90.0%-l 65.0% of the labeled 
amount of vitamin D as cholecalciferoi (C 27 H^ 40 ) or er- 
gocalciferol ^sH^O) 

* Cholecalciferoi or Ergocalciferol (Vitamin D), Method 
3 

[NOTĘ—Where vitamin D (cholecalciferoi or ergocaldf- 
eroi) is specified in the fol łowi ng procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use low*actimc glassware 
throughout this procedurę.] 

Dlluted acetic acid: Giacial acetic acid solution (1 in 
10 ) in water 

Phenolphthalein solution: 10 mg/ml of phenolphthal- 
eln in akohol 

Potassium hydroxide solution: Slowly dissolve 14 g of 
potassium hydroxide in a miłcture of 31 mL of dehy- 
drated akohol and 5 mL of water. Prepare fresh daily. 
£xtraction soivent: Methylene chloride and rsopropyl 
akohol (99.8: 0.2) 

Mobile phase: Acetonitrile and methanol (91:9) 
Standard stock solution: 0.2 mg/mL of USP Cholecal- 
ciferol RS or USP Ergocakiferol RS in dehydrated alco- 
hol. [Notę—P repare fresh every 4 weeks. Storę in a 
freezer.] 

Standard solution: [NOTĘ—Condition the solid-phase 
extraction column specified for use in the Standard sofu¬ 
tion and the Sample solution by initially washing the col¬ 
umn wiEh 4.0 mL of a mixture of methylene chloride 


and isopropyl akohol (4:1), followed by 5.0 mL of Ex- 
traction soivenL Do not allow the column to dry.] Dilute 
a vo!ume of Standard stock sofution with dehydrated al- 
cohol to obtain a concentration of 5 pg/mL of USP 
Cholecalciferoi RS or USP ErgocalciferoT RS. Prepare this 
solution fresh daily. Transfer 2.0 mL of this solution to a 
stoppered 125-mL fiask. Add 15.0 mL of water and 
15.0 mL of Potassium hydroxide solution, insert the stop- 
per, and shake for 30 min in a water bath maintained 
at 60°, AJlow to cool to room temperaturę, and transfer 
the contents of the fiask to a 250-mL separatory funnel. 
Add 15.0 mL of water to the fiask, insert the stopper, 
shake vigorously, and transfer this solution to the sepa¬ 
ratory funnel Rinse the fiask with 60 mL of n-hexane, 
and transfer the rinsing to the separatory funnel Insert 
the stopper, shake vigorousiy for 90 s, and allow to 
stand for 15 min untll the layers separate. Drain and 
discard the agueous layer, Add 15.0 mL of water to the 
hexane layer in the separatory funnel, insert the stop* 
per, and shake vJgorously. Allow to stand for 10 min 
untif the layers separate, and discard the agueous layer. 
Add 1 drop of Phenolphthalein solution and 15.0 mL of 
water to the separatory funnel. Add Diluted acetic add 
dropwise, with shaking, untll the washing is neutral. Al¬ 
low to stand for 10 min untll the layers separate. Drain 
and discard the agueous layer. Filter the hexane layer 
through anhydrous sodium sulfate supported by a smali 
pledget of cotton into a IGG-mL round-bottom fiask. 
Rinse the funnel and sodium sulfate with a few ml of n- 
hexane, and collect the rinsings in the same fiask. Evap- 
orate the hexane in the fiask on a rotary evaporator at 
50° to dryness. Im media tely add 2.0 mL of Extraction 
solvent to dissoive the residue. Transfer this solution to a 
freshly conditioned solid-phase extraction column eon- 
taining sillca packing witn a sorbent mass-to-column 
vo!ume ratio of 500 mg to 2.8 mL or equivalent, rinse 
the round-bottom fiask with 1.0 mL of Extraction soh 
vent f and transfer to the column. Elute Ehe column with 
2.0 mL of Extraction solvent f and discard this fradiom 
Elute the column with 7.0 mL of Extraction sofvent t and 
collect the eluate in a suitable fiask. Place the fiask in a 
warm water bath maintained at 42°, and evaporate the 
solvent with the aid of a stream of nitrogen. Immedi* 
ately add 2.0 ml of acetonitrile to the residue, and use 
the solution for injection into the chromatograph. 

Sample solution: Fineiy powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equiva!ent to 10 pg of cho¬ 
lecalciferoi or ergocakiferol, to a stoppered 125-mL 
fiask, and proceed as directed for the Standard solution. 
beglnning with "Add 15.0 mL of water and 15.0 mL of 
Potassium hydroxide solution". 

Chromalographk system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 

Column: 4.6-mm x 25-tm; 5-pm packing LI 

Column temperaturę: 27° 

flow ratę: 0.7 mL/min 

1 njection volu me: 15 p L 

System suitability 
Sample: Standard solution 
Suitability requrrements 
Relative standard devlation: NMT 4.0% 

Analysis 

Samples: Standard sofution and Sample solution 
Measure the peak areas for vitamin D. Calculate the 
percentage of the labeled amount of cholecalciferoi 
(C 27 H 44 O) or ergocakiferol (GaH^O) In the portion of 
Tablets taken: 

Result = (ft//r$) x (G/G) x 100 

tu = peak area of cholecalciferoi or ergocakiferol 
from the Sample sofution 
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n = peak area of cholecalciferol or ergocafciferol 
from the Standard solution 
C s - concentration of USP Cholecalciferol RS or 

USP Ergocalciferol RS in the Standard solution 
(ug/ml) 

Cu - nominał concentration of cholecatciferof or 

ergocalciferol in the Sampie solution (jig/mL) 
Aceeptance criteria: 90.0%~165.0% of the labeled 
amount of vitamin O as cholecalciferol (C 27 H 44 O) or er¬ 
gocalciferol (C 2 BH 44 O) 

* Vitamin E, Method 1 

[NOTĘ—Where vitamin E (alpha tocopherol r alpha 
tocopheryl acetale, or alpha tocopheryl acid succinate) 
is specified in the following procedurę, use the Chemical 
form present in the formulation and the retevant USP 
Reference Standard, Use low-actink glassware through- 
out this procedurę.] 

Solution Ar Phosphoric acid solution (1 in 100) in 
water 

Mobile phaser Methanol and Solution A (19:1) 

System suitability solution: Prepare a 0.65-mg/mL so- 
fution of USP Ergocalciferol RS in methanol. Transfer 
1 *0 ml of this solution to a 100-mL volumetric fiask 
containing 100 mg of USP Alpha Tocopheryl Acetale RS. 
Dissofve in 30 mL of methanol, with the aid of sonlca- 
tion if necessary, and dilute with methanol to volume. 
Storę this solution in a refrig era ton 
Standard solution: 2 mg/mt of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetale RS, or USP Alpha 
Tocopheryl Acid Succinate RS in methanol 
Sampie solution: Proceed as directed for the Sampie 
solution in Vitamin A, Method L Transfer NLT 20 mL of 
this solution to a suitable Container, and evaporate if 
necessary, under vacuum at room temperaturę to dry- 
ness. Transfer the residue to a suitable yotumetnc fiask 
with the aid of methanol, and dilute with methanol to 
volume to obtain a concentration of 2 mg/mL of alpha 
tocopherol, alpha tocopheryl acetate, or alpha 
tocopheryl acid succinate, 

Chromatographic system 
($ee Chromatograpny (621), System Suitabllity.) 

Modę: LC 

Detector: UV 254 nm 
Column: 8 -mm x 10-cm; 5-jim packing LI 
FIow ratę: 2 mL/min 
Injection volume: 100 pL 
System suitability 

Sam pies: System suitability solution and Standard 
solution 

[NOTE“The relatlve retention times for ergocalciferol 
and alpha tocopheryl acetate are about 0.5 and 1.0, 
respectfvely.j 

Suitability requirements 

Resolution: NLT 12 between ergocalciferol and alpha 
tocopheryl acetate, System suitability solution 
Taiiina factor: Between 0.8 and 1.2, System suitability 
soluhon 

Relative standard deviatton: NMT 3.0%, Standard 
solution 
Anafysts 

Sam pies: Standard solution and Sampie solution 
Measure the peak areas. Calcu la te the percentage of 
the labeled amount of alpha tocopherol (C 20 H 5 OO 2 ), al* 
pha tocopheryl acetate (CuH 52 O 3 ), or alpha tocopheryl 
acid succinate (CuH^Oj) In the portion of Tablets 
takenr 

Result = (rJn) x (Cs/Cu) x 1 00 

Tu - peak area of the relevant vitamin E form from 
the Sampie solution 

r* = peak area of the reievant vitamin E form from 
the Standard solution 


Cj = concentration of the corresponding USP 

Reference Standard in the Standard solution 
(mcj/mL) 

Cu = nominał concentration of the corresponding 
form of vitamin E in the Sampie solution 
(mg/mt) 

Aceeptance criteria: 90.0%-165.Q% of the labeled 
amount of vitamin E as alpha tocopherol 
alpha tocopheryl acetate (Cjih^Ch), or alpha 
tocopheryl acid succinate (C 3 JH 54 O 5 ) 

* Vitamin E, Method 2 

[NOTĘ—Where vitamin E (alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl acid succinate) 
is specified in the following procedurę, use the chemkaf 
form present in the formulation and the relevant USP 
Reference Standard, Use low-actinic glassware through- 
out this procedurę.] 

Mobile phaser Mix 240 mL of methanol with 10 mL of 
water, foElowed by 0.5 mL of 50% phosphoric acid, and 
dilute with acetonltrlle to lOOOmL. 

System suitability solution: 2 mg/mL each of USP Al¬ 
pha Tocopherol RS, USP Alpha Tocopheryl Acetate RS, 
and USP Alpha Tocopheryl Acid Succinate RS in 
methanol 

Standard solution: 2 mg/mL of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, or USP Afpha 
Tocopheryl Acid Succinate RS in methanol 
Sampie solution: Proceed as directed for the Sampie 
solution in Witamin A, Method 2. Transfer a volume of 
the supernatani 2,2,4-trimethylpentane iayer to a suita¬ 
ble volumetric fiask, the volume of the specimen with- 
drawn from the 2,2,4-trimethylpentane Iayer and the 
size of the volumetric fiask belng such that the finał 
concentration of the Sampie solution is equivafent to 
that of the Standard solution. Evaporate neariy to dry- 
ness, add several mL of methanol, and evaporate the 
remaining 2,2,4-trimethylpentane. Dilute with methanol 
to vofume. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
FIow ratę: 1.5 mL/min 
Injection vo!ume: 25 jiL 
System suitability 

Sampies: System suitability solution and Standard 
solution 

[Notę—T he re!ative retention times for alpha tocopheryl 
acid succinate, alpha tocopherol, and alpha tocopheryl 
acetate are about 0.6, 0,8, and 1.0, respectivefy.] 
Suitability requirements 

Resolution: NLT 4.0 between alpha tocopheryl add 
succinate and alpha tocopherol and NLT 3,0 between 
alpha tocopherol and alpha tocopheryl acetate. Sys¬ 
tem suitabllity solution 

Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Sampies: Standard solution and Sampie solution 
Measure the peak areas, Calculate the percentage of 
the labeled amount of afpha tocopherol (C 25 H 50 O 2 ), al 
pha tocopheryl acetate {CiiH^Oa), or alpha tocopheryl 
acid succinate (C 13 H 54 O 5 ) in the portion of Tablets 
takenr 

Result - (rufn) x (CdCu) x 100 

fu - peak area of the relevant vitamin E form from 
the Sampie solution 

r* = peak area of the relevant vitamin E form from 
the Standard solution 

Cs - concentration of the corresponding USP 

Reference Standard In the Standard solution 
(mg/mL) 
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Cu - nominał concentration of the correspondtng 
form of vitamin E in the Sampie solution 
(mg/mL) 

[Notę—A ccount for the initial extraction volume of 
26.5 mL of 2,2,4-trimethyfpentane and the difution 
factor to exchange the solvent from 2,2,4-tnmethyl- 
pentane to methanol to calculate the nominał 
concentration,] 

Acceptance critena: 90.G%-165.0% of the labeled 
amount of vitamin E as alpha tocopheroi (C^HsoOa), 
alpha tocopheryl acetate (CaihUaO*), or aJpha 
tocopheryl add succinate (C 33 H 54 O 5 ) 

* Vitamin E, Method 3 

Diluent: Acetonitriie and ethyJ acetate (1:1) 

Mobile phase: Methanol, acetonitriie, and mhexane 
(46.5: 46.5: 7.0) 

Standard solution: 03 mg/mL of U5P Alpha Tocoph- 
erol RS in methanol 

Sampie solution: Finely powder NLT 20 Tabiets, Trans¬ 
fer a portion of the powder, equivalent to 8 mg of al¬ 
pha tocopheroi, to a 125-mL fiask fitted with a ground- 
glass joint, Add 25.0 mL of water, 25,0 mL of dehy- 
drated alcohol, and 3.5 g of potassium hydroxide pel- 
łets. Shake for 1 h in a water bath maintained at 55°* 
Cool, and transfer with the aid of a minimum volume 
of water to a 125-mL separatory funnel. Rtnse the fiask 
with 50 mL of n-hexane, and add the rinsing to the 
separatory funneL Insert the stopper, shake vigorously 
for 60 s, and allow the iayers to separate. Drain the 
agueous layer into a second 250-mL separatory funnel, 
and repeat the extraction with 50 mL of n-hexane. DJs- 
card the agueous layer, and combine the hexane ex- 
tracts, Wasn the combined extracts with 25 mL of 
water, allow the Iayers to separate, and discard the 
agueous layer, Add 3 drops of glacia! acetic add, and 
repeat the washing procedurę two morę times, F liter 
the washed hexane layer through anhydrous sodium 
sulfate fnto a 250-mL round-bottom fiask, Rtnse the fun¬ 
nel and sodium sulfate with a few mL of n-hexane, and 
add the rinsing to the hexane solution in the fiask. 

Place the fiask in a water bath maintained at 5Q g , and 
evaporate the hexane solution with the aid of a rotary 
eva pora tor to dryness* Immediately add 25.0 mL of Dil¬ 
uent , and swirl to dtssolve the resiaue. 

Chromatographic system 
(See Chromatography (62 1), System Suitability-) 

Modę: LC 

Detector: UV 291 nm 

Column: 4.6-mm x 25-cm; packtng LI 

Column temperaturę: 40° 

Flow ratę: 3 mL/min 
Injection volume: 20 pL 
System suitability 
Sampie: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 5.0% 

Analysis 

Sam pies: Standard solution and Sampie solution 
Measure the peak areas, Calculate the percentage of 
the labeled amount of vitamin E as alpha tocopheroi 
(C 29 H 50 O 2 ) Jn the portion of Tablets taken: 

Result ~ (fu/rs) x (Cs/CJ) x 100 

ru - peak area of alpha tocopheroi from the 
Sampie solution 

rs - peak area of alpha tocopheroi from the 
Standard solution 

Cs - concentration of alpha tocopheroi In the 
Standard solution (mg/mL) 

0/ - nominał concentration of vitamin E as alpha 

tocopheroi in the Sampie solution (mg/mL) 
[Notę—C alculate the content of alpha tocopheryl ace¬ 
tate (CaiH^Oi) or alpha tocopheryl acid succinate 


(C 33 H 54 O 5 ) by dividing the content, in mg/Tablet of 
vitamin E as alpha tocopheroi (C 29 HS 5 O 2 ), by the factor 
0.91 or 0,81, respectiveły.] 

Acceptance critena: 90,0%-l 65.0% of the labeled 
amount of vitamin E as alpha tocopheroi (C 29 H 50 G 2 ), 
alpha tocopheryl acetate (C31H52O3), or alpha 
tocopheryl acia succinate (C 33 H 54 O 5 ) 

* Phytonadione, Method 1 

[NOTĘ—Use low-actinic glassware throughout this 
procedurę,] 

Mobile phase: Methanol and water (19:1) 

Standard stock soludon: 200 pg/mL of USP Phytona- 
dione RS En methanol. DlssoJye with the aid of sonica- 
tion if necessary. 

System suitabllity solution: 0*65 mg/mL of USP Alpha 
Tocopheryl Acetate RS and 20jug/mL of USP Phytona¬ 
dione RS from the Standard stock solution dlluted with 
methanol. [Notę—D issolve USP Alpha Tocopheryl Ace¬ 
tate RS in a portion of methanol, add the Standard 
stock solution, and then dilute with methanol to 
volume*] 

Standard solution: 20 pg/mL of USP Phytonadione RS 
from the Standard stock solution dlluted with methanol 
Sampie solution: Transfer NLT 20 ml of the solution 
retalned as spedfied in the directions for the Sampie 
solution in Vitamin Ą Method 1 to a suitabfe Container, 
and evaporate, if necessary, under vacuum at room 
temperaturę to dryness* Transfer the residue to a suita- 
ble volumetrlc fiask with the aid of methanol, and di¬ 
lute with methanol to volume to obtain a concentration 
of 20 jig/mL of phytonadione. 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 8 -mm x 10-cm; 5-fim packing LI 
Flow ratę: 2 mL/min 
Injection volume: 100 pL 
System suitabllity 

Samples: System suitability solution and Standard 
solution 

[NOTĘ—-The re!ative retention times for alpha tocopheryl 
acetate and phytonadione are 0*68 and 1 . 0 , 
respectively.j 
Suitability reguirements 

Resolution: NLT 5 between alpha tocopheryl acetate 
and phytonadione, System suitability solution 
Relative standard deviation: NMT 3*0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas. Calculate the percentage of 
the labeled amount of phytonadione (CjihhńOs) in the 
portion of Tablets taken: 

Result = (Wrj) x (Cs/Cu) x 100 

r u = peak area of phytonadione from the Sampie 
solution 

r$ — peak area of phytonadione from the Standard 
solution 

Cs = concentration of USP Phytonadione RS in the 
Standard solution (pg/mL) 

C u - nominał concentration of phytonadione in the 
Sampie solution (pg/mL) 

Acceptance criteria: 90.0%-165.0% of the łabeled 
amount of phytonadione (CaiH^Oa) 

• Phytonadione, Method 2 

[NOTĘ'—Use low-actinic glassware throughout this 
procedurę.] 

Solvent: Methanol and isopropyl alcohol (19:1) 

Mobile phase: Mix 800 mL of methanol, 200 mL of 
methylene chloride, 0.1 mL of glacial acetic acid, 1.36 g 
of zlnc chloride, and 0.41 g of sodium acetate. 
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Interna! standard solution: 5 pg/mL of menaquinone 
4 (vitamin K 2 ) in SolvenL [NOTĘ—A concentrated stock 
solution of menaguinone 4 (100 pg/mL) ean be stored 
for 2 months in a refrigerator.] 

Standard stock solution: 5 pg/mL of USP Phytona¬ 
dione RS, prepared by dissoMng in methylene chloride 
with the aid of sonication, and diluting with Solvent to 
finał ydlume. 

Standard solution: Transfer 7.0 mL of the Standard 
stock solution and 7.0 mL of the Internal standard solu- 
tion to a suitable fiask, and diiute with Solvent to 5 mL, 
Pass through a membranę filter of 0.45-pm or finer 
porę size, 

Sampfe solution: Finely powder NIT 20 Tablets. To a 
centrifuge tubę fitted with a cap transfer an amount of 
powder not exceedfng 800 mg and equivalent to an 
amount of phytonadione not exceeding 50 pg. Add 
4 mL of water. Insert the stopper, and mix using a vor- 
tex mixer untii the sampfe is aispersed. Place the tubę 
in a water bath at 60* for 5 min. Remove from the 
bath, and again shake or mix using a vortex mixer for 1 
min while the preparation is still hot. Add 8 mL of alco- 
hot, and swirl the contents to mix. Place the tubę Sn a 
water bath at 60° for 5 min. Remove from the bath, 
and again shake or mix using a vortex mtxer for 2 min 
while the preparation is stiil not Cool to room temper¬ 
aturę. Ado a voiume of the Internaf standard solution , 
equiva[ent to 1.0 mL for each 5 pg of the expected 
amount of phytonadione in the atiguot taken. Add 
20.0 ml of petroieurn ether, and cap the tubę tightiy. 
Shake or mix using a vortex mixer for 15 min to thor- 
oughly mix the contents. Centrifuge to sępa ratę the 
two layers. Transfer a volume of the top layer of petro- 
leum ether, equivalent to 5-50 pg of the nominał 
amount of phytonadione, to an appropriate fiask. Place 
the fiask in a water bath at 35°-45°, and evaporate the 
solvent under a stream of nitrogen untii an oity residue 
is lefL Dissolve the residue in a volume of Solvent to 
obtain a concentration of 1 pg/mL of phytonadione. 
Chromatographic system 
(See Chroma tog raphy (621}, System Suita bi lity,) 

Modę: LC 

Detector: Ffuorometric detector set at 320 nm for ex- 
citation and 420 nm for emission 
Column: 4,6-mm x 25-cm; 5-pm, end-eapped packing 
LI, and a postcolumn reactor constituted with a 4.6- 
mm x 3-cm PEEK column tightiy packed with zinc 
powder. [Notę—P repare the postcolumn reactor daily, 
or as necessary, to meet the system suitability 
requirements.j 
Flow ratę: 1 mL/min 
Injectfon vo!ume: 25 pL 
System suitability 
Sampfe: Standard solution 

[Notę—T he relative retention times for Lhe internal 
standard and phytonadione are 1.0 and 1,4, 
respective!y*] 

Suitability reguirements 

Column effidency: NLT 2500 theoretical plates for 
the phytonadione peak 

Tailing faetor: NMT 1.5 for the phytonadione peak 
Relative standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calcufate the percentage of the labeled amount of 
phytonadione (GiFi^Gj) in the portion of Tablets 
taken: 

Result - (Ru/Rs) x (Q/C u ) x 7 00 

Ru = peak response ratio of phytonadione to that of 
the internaf standard from the Sample 
solution 


= peak response ratio of phytonadione to that of 
the interna! standard from the Standard 
solution 

Q = concentration of USP Phytonadione RS in the 
Standard solution (pg/mL) 

Cu - nominał concentration of phytonadione in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-l 65.0% of labeled amount 
of phytonadione (C 31 H 40 O 2 ) 

o Beta Carotene 

[Notę—U se Idw-acttnic glassware throughout this 
procedurę.] 

Potassium hydroxide solution: Dissolve 58,8 g of po- 
tassium hycfroxide in 50 mL of water. 
lodine solution: 0.01 mg/mL of iodine in cyclohexane, 
[Notę—P repare this solution fresh daily.] 

Sample solution: Weigh NLT 20 Tablets. Grind the Tab- 
lets to a fine powder, and transfer a guantity of the 
powder, equivafent to 2 mg of beta carotene, to a 
500-mL saponiflcation fiask, Add 100 mL of alcohol, 

6 mL of Potassium hydroxide solution , and a mag net ic 
stirring bar. Attach an air condenser to the fiask, and 
heat under ref!ux for 45 min with constant stirring. 

Cool to room temperaturę. Add 170 ml of solvent hex- 
ane, and stir for 30 min. Quantitatively transfer the con¬ 
tents of the fiask to a 500-mL separatory funnei with 
portions of solvent hexane, Al Iow the fayers to separate 
for 5-10 min, and transfer the upper organie fayer to a 
500-mL volumetric fiask. Transfer the lower aqueous 
layer into the saponificatton fiask. Add 1 70 mL of sol- 
vent hexane, and stir for an additional 20 min. Quan- 
titative!y transfer the contents of the saponification fiask 
to the separatory funnei with the aid ot portions of sol- 
vent hexane. Al Iow the layers to separate for 10 min, 
Drain the lower agueous fayer, and discard. Transfer the 
organie iayer to the volumetric fiask containing the pre- 
viously collected organie layer. Rinse the separatory fun¬ 
nei with smali portions of solvent hexane, and transfer 
the washings to the volumetric fiask. Diiute the hexane 
extracts with sofvenf hexane to volume. Add 3 g of an- 
hydrous sodium sulfate, shake, and allow to settle. 
Quantitatively transfer a volume of this solution, equiva- 
lent to 1Q0pg of beta carotene, to a 50-mL volumetric 
fiask. £vaporate under a stream of nitrogen to dryness, 
and immediately add cydohexane. Add 2 mL of lodine 
solution , and heat for 15 min in a water bath maln- 
tained at 65 c . Cool rapidly, and diiute with cyclohexane 
to volume. 

Instrumental eonditrons 

(See Ultraviolet- Visihle Spectroscopy (857),) 

Modę: Vis 

Analytlcal waveiength: 452 nm 
Blank: Cyclohexane 
Analysis 

Sample: Sample solution 

Determine the absorbance against the Blank. Calcu la te 
the percentage of the labeled amount of beta carotene 
(C. 10 H 50 ) in the portion of Tablets taken: 

Result = (Au/F) x (100/O,) 

Au = absorbance of the Sample soludon 
F ~ absorptivity of beta carotene at 452 nm, 223 
Cu = nominał concentration of beta carotene in the 
Sample solution (mg/mL) 

Acceptance criteria: 90.0%-l 65.0% of the labeied 
amount of beta carotene (CtoHsa) 

® Ascorbic Aod, Calcium Ascorbate, and Sodium 
ASCORBATE 

(See 1 /itarnin C Assay (580).) 

[Notę—F or labeling purposes, consider Method I — Titri- 
metric Method as Method ?.] 

Acceptance criteria: 90,0%-150.0% of the labeled 
amount of ascorbic add (C e HaO e ), ta id urn ascorbate 
(Ci 2 HnCaOi 2 ■ 2 H 2 O), or sodium ascorbate (C 6 H 7 NaO ó ) 
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* Biotin, Method 1 

[Notę —Use low-actinic glassware throughout this 
procedurę*] 

Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium 
perchlorate, 1 mL of phosphoric acid, and dilute with 
water to 1000 mL. 

Standard stock solution: 0*333 mg/mL of USP Biotin 
RS in dŚmethyl sulfoxide 

Standard solution: 5 jig/mL of USP Biotin RS prepared 
by diluting the Standom stock solution in water 
Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivafent to 1 mg of bio¬ 
tin, to a 200-ml volumetric fiask. Add 3 mL of dimethyl 
sulfoxlde, and swirl to wet the eontents. Place the fiask 
in a water bath at 60 t} -70° for 5 min* Sonicate for 5 
min, dilute with water to vo!ume, and filter* 
Chromatographtc system 
(See Chromatography (621), System SuitabWtyJ) 

Modę: LC 

Detector; UV 200 nm 
Column: 4.6-mm x 15-cm; 3-pm packing L7 
Flow ratę: 1 ,2 mL/min 
injectton votume: 100 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 3.0% 

Analysrs 

Sam pies: Standard solution and Sample solution 
Measure the peak areas of biotin. Calculate the percent- 
age of the labeled amount of biotin (CtoHiaNzOsS) m 
the portion of Tablets taken: 

Result - (rafrs) x (Q/Co) x 100 

fu - peak area of biotin from the Sample solution 

r 5 - peak area of biotin from the Standard solution 

C 5 = eon centrali on of USP Biotin RS in the Standard 
solution (pg/mL) 

Cu = nominał concentration of biotin in the Sample 
solution (pg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of biotin (C T qH itŃkOaS) 

® Biotin, Method 2 

[Notę —Use low-actinic glassware throughout this 
procedura.] 

Dehydraled mixtures yielding formulations similar to the 
media described herein may be used provided that, 
when constituted as directed, they have growth-pro* 
moting propertres ecjual to or superior to those ob- 
tarned with the media prepared as described herein. 
Standard stock solution: 50 pg/mL of USP Biotin RS in 
50% afcohoL Storę this solution in a refrigerator* 
Standard solution: 0.1 ng/mL of USP Biotin RS in 
water, prepared by dilution of the Standard stock solu¬ 
tion with water on the day of the assay 
Sample solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 100 pg of 
biotin, to a 200-mL volumetric fiask. Add 3 mL of 50% 
alcohol, and swirl to wet the eontents. Heat the fiask in 
a water bath at óO^O 0 for 5 min. Sonicate for 5 min, 
dilute with 50% alcohol to volume, and filter* Dilute a 
volume of the filtrate quantitatively, and stepwise if 
necessary, with water to obtain a solution with a con- 
centratśon of 0.1 ng/mL 

Add-hydrolyzed casein solution: Mix lOOg of vita- 
min-free casein with 500 mL of 6 N hydrochlonc acid, 
and reflux the rmxture for 8-12 h. Remove the hydro- 
chloric acid from the mixture by distiliation under re- 
duced pressure until a thick pastę remains, Redissolve 
the resulting pastę in water, adjust the solution with 
1 N sodium hydroxide to a pH of 3.5 ± 0.1, and dilute 
with water to make 1000 mL. Add 20 g of activated 
charcoal, stir for 1 h, and filter. Repeat the treatmeht 
with activated charcoal. Storę under toluene in a cooi 


place at a temperaturę not below 10°. Filter the solu¬ 
tion if a precipitate forms dunng storage. 

Cystine-tryptophan solution: Suspena 4.0 g of L-cys- 
tine in a solution of 1*0 g of L-tryptophan (or 2*0 g of 
D,L-tryptophan) in 700-800 mL or water, Heat to 
70°-80°, and add dilute hydrochlonc add (1 in 2) 
dropwise, with sLirring, until the solids are dissotved. 
Cool, and dilute with water to make 1000 mL. Storę 
under toluene in a coo! place at a temperaturę NLT 
10 c . 

Adenfne-guanine-uradl solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
uracil, with the ald of heat, in 10 mL of 4 N hydrach lo- 
ric add* Cool, and add water to make 200 mL. Storę 
under toluene in a refrigerator* 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol 

Caldum pantothenate solution: 10 pg/mL of calcium 
pantothenate in 50% alcohol. Storę in a refrigerator, 

Riboflavin-thfamine hydrochloride solution: 20 pg/ 
mL of riboflavin and 10 pg/mL of thiamine hydrochlo- 
ride in 0.02 N acetic acid. Storę under toluene, pro- 
tected from light, in a refrigerator, 

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride 
solution: 10 pg/mL of p-aminobenzok acid, 50 pg/mL 
of niacin, and 40 jig/mL of pyridoxine hydrochloride in 
a mixture of neutralized alcohol and water (1:3), Storę 
in a refrigerator. 

Salt solution A: Dissolve 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate in 
water to make 500 mL. Add 5 drops of hydrocnloric 
acid. Storę under toluene. 

Salt solution B: Dissolye 10 g of magnesium sulfate, 

0.5 g of sodium chloride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate En water to make 500 mL. 
Add 5 drops of hydrochlonc acid, and mix. Storę under 
toluene. 

Basai medium stock sofution: Dissolve the anhydrous 
Dextrose and anhydrous Sodium acetate in the Solutions 
previously rmxed according to Tobie l f and adjust with 
1 N sodium hydroxtde to a pH of 6.8. Dilute with water 
to 250 mL. 


Table 1 


Ac id-hydrol vzed casein soluLton 

25 mL 

Cvstine~trvDtophan solution 

25 ml 

Polysorbate 80 solution 

0,23 ml 

Dextrasę* anhydrous 

10q 

Sodium acetate* anhydrous 

5 Q 

Adenine-quamne-Hjracn solution 

5 mL 

Caldum pantothenate soluLion 

5 mL 

Rlboflavin-thiamine hydrochloride solution 

5 ml 

p-Aminobenzoic acicknłacin -pyndoxine 
hydrochlonde solution 

5 mL 

Salt solution A 

5 mL 

Salt solution B 

5 mL 


Stock culture of Lactobacillus plantarum : Dissolve 
2.0 g of yeast extract in 100 mL of water. Add 500 mg 
of anhydrous Dextrose f 500 mg of anhydrous Sodium 
acetate, and t .5 g of agar, and heat the mixture on a 
steam bath, with stirring, until the agar dissolves, Add 
1 G-mL portions of the hot solution to test tubes, dose 
or cover the tubes, sterilize in an autoclave at 121° for 
15 min, and allow the tubes to cool in an upright posi- 
tion* Prepare stab cultures in three or morę of the 
tubes, using a pure culture of Lactobacilius plan forum, 5 
ineubating tor 16-24 h at a temperaturę between 30° 
and 37° held constant to within ±0.5°. Storę §n a refrig- 
erator, Prepare a fresh stab of the stock culture every 

1 ATCC No. 80H is surtable. This strain was formerly known as Lactobacilius 
arabinasus 17-5, 
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week, and do not use for Inoculum if the culture is morę 
Ihan 1 week old. 

Culture medium: To each of a series of test tubes com 
talning 5.0 mL of Basaf medium stock salution add 
5.0 mL of water containing 0.5 ng of biotin. Pług the 
tubes with cotton, sterilize in an autoclave at 121° for 
15 min, and coof. 

Inoculum: [Notę—A frożen suspension of Lactabadfius 
plantarum may be used as the stock culture, provided it 
ields an inoculum comparable to a fresh culture.] 
ransfer cells from the Stock culture of Lactobadllus 
plantarum to a sterile tubę containing 10 mL of Culture 
medium . Incubate this culture for 16-24 h at a temper¬ 
aturę between 30 p and 37° held constant to within 
±0.5°. The celi suspension so obtained is the Inoculurru 
Analysis 

Samples: Standard solution and Sample solution 
To similar sępa ratę test tubes add, in duplicate, 1.0 
and/or 1,5, 2,0, 3,0, 4.0, and 5.0 mL of the Standard 
solution. To each tubę and to four similar empty tubes 
add 5,0 mL of Basal medium stock solution and suffi- 
crent water to make 10 mL. 

To similar test tubes add, in duplicate, volumes of the 
Sample solution corresponding to three or morę of the 
levels specified for the Standard solution, includmg the 
levels of 2.0, 3.0, and 4,0 mL. To each tubę add 
5,0 mL of the Basal medium stock solution and suffi- 
cient water to make 10 mL. Place one complete set of 
Standard and sample tubes together in one tubę rack 
and the duplicate set in a second rack or section of a 
rack, preferably in random order. 

Cover the tubes of botli series to prevent contamina- 
tion, and sterilize in an autoclave at 121 a for 5 mm. 
Cool. Add 1 drop of Inoculum to each tubę, except 
two of the four tubes containing no Standard solution 
(the uninoculated blanks). Incubate the tubes at a 
temperaturę of between 30° and 37° held constant to 
within ±0.5° until, following 16-24 h of incubation, 
there has been no substantial increase in turbidity in 
the tubes containing the highest level of Standard dur- 
ing a 2-h period. 

Determine the transmittance of the tubes in the follow¬ 
ing manner. Mix the contents of each tubę, and trans¬ 
fer to a spectrophotometer cel). Place the celi in a 
spectrophotometer that has been set at a specific 
wavelength of 540-660 nm, and read the transmit¬ 
tance when a steady State is reached, This steady state 
is observed a few seconds after agitation when the 
galvanometer reading remains constant for 30 s or 
morę. Al Iow approximately the same time rnterval for 
the reading on each tubę, 

With the transmittance set at 1.00 for the uninoculated 
blank, read the transmittance of the inoculated blank. 
With the transmittance set at 1.00 for the inoculated 
blank, read the transmittance for each of the remain- 
ing tubes. If there is evrdence of contamination wrth a 
foreign microorganism, disregard the result of the 
assay. 

Cakulatiom Prepare a standard concentration-response 
curve as follows. For each level of the Standard, calcu- 
la te the response from the sum of the duplicate vafues 
of the transmittance (I s ) as the difference, y - 2,00 - 
Plot this response on the ordinate of cross-section 
paper against the logarithm of the ml of Standard solu¬ 
tion per tubę on the absctssa, using for the ordinate 
either an arithmetic or a logarithmic scalę, whichever 
qives the better approximation to a straight linę. Draw 
the straight One or smooth curve that best fits the plot- 
ted points. 

Calculate the response, y - 2.00 - I Ut adding together 
the two transmittances (I u ) for each level ot the Som- 
ple solution , Read from the standard curve the loga- 
rithm of the volume of the Standard solution cocre- 
sponding to each of those va3ues of y that falls within 
the rangę of lowest and highest points plotted for the 


Standard, Subtract from each logarithm so obtained 
the logarithm of the volume, in mL, of the Sample 
solution to obtain the difference, X, for each dosage 
leve(. Average the values of X jpr each of three or 
morę dosage leveis to obtain H, which equafs the log- 
relative potency, M' t of the Sample solution . Determine 
the guantity, in pg, of biotin (C }Q H^H 2 O^S) in the por- 
tion of Tabfets taken: 

antilog M = antilog (M' + log R) 

R = number of pg of biotin assumed to be present 
in the portion of Tablets taken 
Calculate the percentage of the labeled amount of 
biotin (CioHiaN^O^S) In the portion of the Tablets 
taken: 

Resutt - [(antilog A4)/NJ x 100 

N - nominał amount of biotin in the portion of 
the Tablets taken (jLtg) 

Replication: Repeat the entire determination at least 
once, using separately prepared Sample Solutions * If the 
difference between tne two log-potendes M is NMT 
0.08, their mean, M, h the assayed log-potency of the 
test materiał (see Design and Analysis of Biologicai Assays 
(111), The Confidence lnterval ona Limits of Potency ), if 
the two determinations differ by morę than 0.08, eon- 
duet one or morę additional determinations. From the 
mean of two or morę values of M that do not differ by 
morę than 0.15, compute the mean potency of the 
preparation under assay. 

Acceptance criteria: 90.0%-l 50.0% of the labeled 
amount of biotin (GoHie^OjS) 

* Biodn, Method 3 

[NOTi—Use low-actimc glassware throughout this 
proceduro.] 

Solution A: Transfer 800 mL of water and 100 mL of 
triethylamine to a 1000-mL vofumetric fiask, Add 80 mL 
of 85% phosphoric acid, and dilute with water to 
volume. 

Mobile phase: Transfer 80 mL of acetonitrile and 10 mL 
of Solution A to a 1000-mL vołumetric fiask. Dilute with 
water to voiume. 

Standard solution: 0.6 pg/mL of U5P Biotin RS in 
water, [Notę—A portion of the Standard solution will be 
used to determine the percent recovery of biotin from 
the Soiid-phase extraction procedurę.] 

Sample solution: Fineiy powder NLT 20 Tablets. Trans¬ 
fer an amount of powdered Tablets to a voiumetric fiask 
to obtain a nominał concentration of 0.6 pg/mL of bio¬ 
tin. Add water up to 80% of the fiask capacity, and 
sonicate for 30^10 min, with occasional mixing, to dis- 
solve, Dilute with water to volume, and fifter. Adjust the 
pH of the solution with either dilute acetic add or 0.1 
N sodium hydroxide to a pH of 6.0-7.0. 

Solrd-phase extraction: [NOTĘ—Condition the extrac- 
tion column specified in this procedurę in the following 
manner. Wash the coiumn with a 2-mL portion of 
methanoL Eguilibrate with a 2-mL portion of water.] 
Separateiy pipet 5.0 mL each of the Sample solution and 
Standard solution rnto fresh ly conditioned soiid-phase 
extraction columns consisting of a mixed-mode packing 
with a sorbent-mass of 60 mg, [NOTĘ—The mnxed-mode 
packing conslsts of anion-excnange and reversed-phase 
sorbents. The reverse-phase component is a copolymer 
of N-vmylpyrrofidone and divinylbenzene, The anion ex- 
change moiety is a trialkylamino group, 2 ] 

Wash the coiumn with 10 ml of 30% (v/v) methanol in 
water. Apply an appropriate volume (4.9 mL) of 30% 
(v/v) mętna noi in 0.1 N hydrochloric add to the col¬ 
umn. Collect the etuafe in a 5-mL volumetric fiask, 
containing 100 pL of 40% (w/v) sodium acetate in 

* A suitable cartHdge is the Walers Oasis MAX Vac RC carlridoe. partfde si^e 
30 nm, part 186000371, 
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wat er, and di lute with 30% (v/v) methanol in OJ N 
hydrochlorlc acid to volume. 

Chromatographic system 
(See Chromatograpny (621), System Suita bili ty.) 

Modę: LC 

Detector: UV 200 nm 
Coiumn: 4.6-mm x 25-cm; packing U 
Flow ratę: 2 mL/min 
Injection vofume: 100 jiL 
System suitability 

Sam pies: Standard soludon and a portion of the Stan¬ 
dard solution that Has undergone solid-phase extracdon 
Suitability requtrements 
Tailing factor: NMT 1.5, Standard sofution 
Relative standard deviatfon: NMT 2.0%, Standard 
soludon and Standard soludon that bas undergone 
Solid-phase extrocdon 

Recovery: 95%-1G0%, Standard sofution that has un¬ 
dergone Solid-phase extracdon 
Analysis 

Samples: Standard sofution and Sample sofution that 
have both undergone Solid-phase extraction 
Measure the peak area of biotin. Cakulate the percent- 
age of the labeled amount of biotin (CiohbeNiOiS) in 
the portion of Tablets taken: 

Result = (fu/rs) x (Cs/Cu) * 100 

ru - peak area of biotin from the Sample soludon 

rs - peak area of biotin from the Standard solution 

Q - concentration of USP Biotin RS in the Standard 
solutton (|ig/ml) 

Cu - nominał concentration of biotin in the Sample 
sofution (jug/mL) 

Acceptance criteria: 90.0%-l 50.0% of the labeled 
amount of biotin (CioHićNżCHS) 

■ Cyanocobalamin, Method 1 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Methanol and water (7:1 3) 

Standard stock solution: lOpg/ml of USP Cyanoco* 
balamin RS In water. [Notę—S torę this stock solution tn 
a dark place, and discard after 1 week.] 

Standard solution: 1 pg/mL of USP Cyanocobalamin 
RS from the Standard stock solution difuted with water 
Sample solution: Fineiy powder NIT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 100 |Lig of 
cyanocobalamin, to a 250-mL fiask, Quantitadvely add 
100.0 mL of water, and carefuily extract for 2 min. Fil- 
ter 10 mL of the extract, and use the filtrate. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 
Detector: 550 nm 

Coiumn: 4.6-mm x 15-cm; 5-j.im packing LI 
Flow ratę: 0.5 mL/min 
Injection vo!ume: 200 pi 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak area of cyanocobalamin. Calculate 
the percentape of the labeled amount of cyanocobala¬ 
min (C^HeflCoMuOnP) in the portion of Tablets taken: 

Result - (r v fr$) x (Cs/Cu) x 1 00 

r u - peak area of cyanocobalamin from the Sample 
solution 

r 5 - peak area of cyanocobalamin from the 
Standard sofution 

Q = concentration of USP Cyanocobalamin RS in 
the Standard soludon (pg/ml) 


Cu = nominał concentration of cyanocobalamin in 
the Sample soludon (jig/mL) 

Acceptance criteria: 90.0%-1 50.0% of the labeled 
amount of cyanocobalamin (C«HmCoN 14 OhP) 

* Cyanocobalamin, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Standard stock solution: 1,0 pg/mL of USP Cyanoco¬ 
balamin RS in 25% alcohol Storę in a refrlgerator. 
Standard solution: Dilute a suitable vo3ume of the 
Standard stock soludon wlth water to a measured vol- 
ume such that after the incubation period as described 
tn the Analysis, the difference in transmittance between 
the inoculated blank and the 5.0-mL levef of the 5fan- 
dard solution is NLT that which corresponds to a differ* 
ence of 1.25 mg in dried celi weight. This concentration 
usually falls between 0,01 and 0,04 ng/mL of Standard 
soludon . Prepare this solution fresh for each assay, 
Sample solution: Fineiy powder NLT 20 Tablets. Trans¬ 
fer a portion of Lhe powoered Tablets, equivalent to 
1.0 jig of cyanocobalamin, to an approprlate vessel 
containing, for each g of powdered Tablets taken, 

25 ml of an agueous extracting solution prepared just 
before use to contain, in each 100 mL, 1.29 g of dibasic 
sodium phosphate, 1.1 g of anhydrous citric acid, and 
1.0 g of sodium metabisulflte. Autodave the mixture at 
121° for 10 min. AIJow any undfssolved particles of Lhe 
extract to settłe, and filter or centrffuge tf necessary. 
Dilute an aliguot of the elear solution wlth water to 
obtain a finał solution containing vitamin B 1j? activity 
equivalent to the nominał activity of the Standard 
soludon . 

Acid-hydroiyzed casein solution: Prepare as direeted in 
Biodn, Method 2 . 

Asparagtne solution: DissoNe 2.0 g of L-asparagine in 
water to make 200 mL. Storę under toluene in a 
refrigerator, 

Adenine-guanine-uradl solution: Prepare as direeted 
In Biodn, Method 2. 

Xanthine solution: Suspend 0.20 g of xanthine in 
30-40 mL of water, heat to 70°, aad 6.0 mL of 6 N 
ammonium hydroxide, and stir until the solid is dis* 
solved. Cool, and dilute with water to make 200 mL. 
Storę under toluene in a refrigerator. 

Salt solution A: Dissolve 10 cj of monobasic potassium 
phosphate and 10 g of dibasic potassium phosphate in 
water to make 200 mL, Add 2 drops of hydrochloric 
acid. Storę this solution under toluene. 

Salt solution B: Dissolve 4.0 g of magnesium sulfate, 
0,20 g of sodium chloride, 0.20 g of ferrous sulfate, and 
0.20 g of manganese sulfate in water to make 200 ml- 
Add 2 drops of hydrochloric acid. Storę this solution 
under toluene, 

Polysorbate 80 solution: Di$solve 20 g of polysorbate 
80 in alcoho! to make 200 mL, Storę in a refrlgerator. 
Vitamin solution A: D3ssolve 10 mg of nboflayin, 

10 mg of thiamine hydrochloride, lOOpg of biotin, and 
20 mg of niacin in 0.02 N acetic add to make 400 mL, 
Storę under toluene, protected from light, in a 
refrigerator, 

Vitamin solution B: Dissolve 20 mg of p-aminobenzoic 
add, 10 mg of calcium pantothenate, 40 mg of pyri- 
doxine hydrochloride, 40 mg of pyridoxal hydrochlo- 
ride, 8 mg of pyridoxamine dihydrochlortde, and 2 mg 
of folie add in a mixture of water and neutralized alco¬ 
hol (3:1) to make 400 mL. Storę, protected from light, 
in a refrigerator. 

Basal medium stock solution: Prepare the medium ae- 
cording to the following formula and directions. A de- 
hydrated mixture containing the same rngredients may 
be used provided that, when constituted as direeted in 
the labelmg, it yields a medium comparable to that ob- 
tained from the formula given herein. 

Add the ingredients in the order listed 3n Tobie 2, care- 
fufly dissolying Cysdne and Tryptophan In the hydro - 
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chloric add before adding the next eight Solutions to 
the resulting solution. Add 100 mL of water, and dis- 
solve the Dextrose, Sodium acetale, and Ascorhic add . 
Fil ter, if necessary, Add the Polysorbate 80 solution , ad 
just with 1 N sodium hydroxide to a pH 5.5-6.0, and 
dii ute with Purified Water to make 250 ml. 


Table 2 


L-Cystine 

. 0.1 0 

uTryotophan 

0.05 o 

1 N hydrochloric add 

10 mL 

Adenine-auanine-urcidl solution 

5 mL 

Xanthine solution 

5 ml 

Vitamin solution A 

10 mL 

Vitamin solution B 

10 mL 

Salt solution A 

5 ml 

Salt solution B 

5 ml 

Asparaqine solution 

5 mL 

Add-hydrolyzecl casein solution 

25 ml 

Dextrose f anhydrous 

10 a 

Sodium acetate, anhydrous 

5 Q 

Ascorbic add 

10 

Polysorbate 80 solution 

5 mL 


Tomato juice preparatron: Centrifuge commercially 
canned tomato juice so that most of the puip is re- 
moved. Suspend 5 g/L of analytical filter aid in the su- 
pernatant, and pass, with the aid of reduced pressure, 
through a layer of the filter aid, Repeat, if necessary, 
until a elear, straw-colored filtrate is obtained. Storę 
under toluene in a refrigerator. 

Culture medium: [NOTĘ—A dehydrated mixture con- 
tainlng the same ingredients may be used provided 
that, when constituted as directed in the labeling, it 
ytelds a medium equivalent to that obtained from the 
formula given herein.] Dis$olve 0,75 g of yeast extract, 
0,75 g of dried peptone, 1.0 g of anhydrous dextrose, 
and 0,20 g of monobasic potassium phosphate in 
60-70 mL of water, Add 10 mL of Tomato juice prepara- 
tion and 1 mL of Polysorbate 80 solution . Aajust with 
1 N sodium hydroxide to a pH of 6.8, and dii u te with 
water to make 100 mL. Place 10-mL portions of the so¬ 
lution in test tubes, and pług with cotton, Sterilize the 
tubes and contents in an autodave at 121° for 15 min, 
Cool as rapidly as possible to avoid color formation re- 
sulting from overheating the medium. 

Suspension medium: Dilute a measured volume of Bo- 
sal medium stock solution with an equal vofume of 
water. Place 10-mL portions of the diluted medium in 
test tubes. Sterilize, and cool as directed for Culture 
medium. 

Stock culture of Lactobacillus teichmannii: To 100 mL 
of Culture medium add 1.0-1.5 g of agar, and heat the 
mixture on a steam bath, with stirring, until the agar 
dissolves. Place 10-mL portions of the hot solution in 
test tubes, cover the tubes, sterilize at 121 a for 15 min 
in an autoclave, and allow the tubes to cool in an up- 
right positlon, Inoculate three or morę of the tubes by 
stab transfer of a pure culture of tactobacilius ieichman - 
niiA [Notę—B efore first using a fresh culture in this as- 
say, make NLT 10 successive transfers of the culture in a 
2-week period.] Incubate for 1 6-24 h at a temperaturę 
of between 30° and 40° held constant to within ±0.5°. 
Storę in a refrigerator, 

Prepare fresh stab cultures at least three times each 
week, and do not use them for preparing the Inocuium 
if morę than 4 days old. The activity of tne microor- 
aanism can be inereased by daify or twice-daily trans¬ 
fer of the stab culture, to the point where definite tur- 

3 Pure cultures of Lactobodllus teichmannii (listed as LactahocWus delbraeckii) 
may be obtained as No. 7830 from ATCC, 10801 University Blvd. H Manassas, 
VA 20110-2209 (www.atcc.org). 


bidity in the liquid Inocuium can be observed 2-4 h 
after inoculation. A slow-growing culture setdom gives 
a suitable response curve and may lead to erratic 
results. 

Inocuium: [Notę— A frozen suspension of Lactobodllus 
iekhmannii may be used as the stock culture, provided 
it yiefds an inocuium com pa rabie to a fresh culture.] 
Transfer cells from the Stock culture of Lactobodllus 
ieichmannii to two stenie tubes containing TO mL each 
of the Culture medium. Incubate these cultures for 

1 6-24 h at a temperaturę of between 30° and 40° 
held constant to within ±0,5°, Under aseptic condi- 
tions centrifuge the cultures, and decant the superna- 
tanL Suspend the cells from the culture in 5 ml of 
sterile Suspension medium, and combine. Using stenie 
Suspension medium f adjust the volume so that a 1-in- 
20 dilution in salinę TS produces 70% transmittance 
when read on a suitable spectrophotometer that has 
been set at a wavelength of 530 nm, equipped with a 
10-mm celi, and read against salinę TS set at 100% 
transmittance. Prepare a 1-in-400 dilution of the ad- 
justed suspension using sterile Basai medium stock soiu- 
tion. [NOTĘ—This dilution may be altered, when neces¬ 
sary, to obtain the desired test response.] The celi 
suspension so obtained is the Inocuium, 

Calibration of spectrophotometer: Check the wave- 
length of the spectrophotometer periodically, using a 
standard wavelength celi or other suitable device. 

Before reading any tests, calibrate the spectrophotome¬ 
ter for 0% and 100% transmittance, using water and 
with the wavelength set at 530 nm. 

Analysis 

Samples: Standard solution and Sampie solution 
Because of the high sensitivity of the test organism to 
minutę amounts of yilamin Ru activity and to traces of 
many deansing agents, cleanse meticuiously by suita¬ 
ble means, folfowed preferably by heating at 250° for 

2 h, using hard-glass 20-mm x 150-mm test tubes and 
other necessary glassware. 

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 
3,0, 4,0, and 5.0 mL of the Standard solution. To each 
of these tubes and to four similar empty tubes add 
5.0 mL of BasaI medium stock solution and sufficient 
water to make 10 ml. 

To similar separate test tubes add, in duplicate, 1.0, 

1,5, 2.0, 3.0, and 4.0 mL of the Sampie solution. To 
each tubę add 5.0 mL of Basa! medium stock solution 
and sufficient water to make 10 mL, Place one com- 
plete set of Standard and sampie tubes together in 
one tubę rack and the duplicate set in a second rack 
or sectlon of a rack, preferably in random order. 

Cover the tubes to prevent bacterial contamination, 
and sterilize tn an autoclave at 121 ° for 5 min, arrang- 
ing to reach this temperaturę in NMT 1 0 min by 
preheating the autoclave if necessary. Cool as rapidly 
as possible to avoid color formation resulting from 
overheating the medium. Take precautrons to maintain 
uniformity of sterilizing and cooling conditions 
throughout the assay, because paćking the tubes too 
dosely in the autodave or overloading it may cause 
variation in the heating ratę, 

Aseptfcally add 0.5 ml of inocuium to each tubę so pre- 
pared, except two of the four containing no Standard 
solution (the uninoculated bfanks). incubate the tubes 
at a temperaturę of between 30° and 40°, held con¬ 
stant to within ±0.5° for 16-24 h. 

Terminale growth by heating to a temperaturę NLT 80° 
for 5 min. Cool to room temperaturę. After agitating 
its contents, read the transmittance at 530 nm when a 
steady State is reached. This steady State is observed a 
few seconds after agitation when the reading remains 
constant for 30 s or morę. Allow approximatefy the 
same time interval for the reading on each lube. 

With the transmittance set at 100% for the uninocu- 
lated blank, read the transmittance of the inoculated 
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blank, If the dtfference is greater than 5%, or if there 
is evidence of contamination with a foreign mitroor- 
ganism, disregard the results of the assay. 

With the transmittance set at 100% for the uninocu- 
lated blank, read the transmittance of each of the re- 
maining tubes, Disregard the results of the assay if the 
slope of the standardeurve indicates a problem with 
sensitivity. 

Calculation: Prepare a standard concentration-re- 
sponse curve by the following procedurę. Test for and 
replace any aberrant individual transmittances. For 
each level of the Standard, calculate the response from 
the sum of the duplicate values of the transmittances 
(Is) as the difference, y - 2.00 - Plot this response 
on the ordinate of cross-section paper against the log- 
arithm of the mL of the Standard solution per tubę on 
the absdssa, usrng for the ordinate either an arithmetk 
or a loganthmic scalę, whichever gives the better ap- 
proxtmation to a straight linę, Draw the stralght linę or 
smooth curve that best fits the plotted points. 

Calculate the response, y = 2.00 - Zu, adding together 
the two transmittances (Zu) for each level ot the Sam- 
ple sofution. Read from the standard curve the ioga- 
rithm of the volume of the Standard solution corre- 
sponding to each of those values of y that falls within 
the rangę of the lowest and highest points plotted for 
the Standard. Subtract from each logarithm so ob- 
tained the logarithm of the volume, En mL, of the 
Sample solution to obtain the difference, X, for each 
dosage leveL Average the values of X for each of 
three or morę dosage levels to obtain X, which equals 
the log-reJative potency, M' f of the Sample solution. 
DetermEne the cjuantity, in fig, of cyanocobalamin 
(CaaHasCoNutOuP) in the portion of Tablets taken; 

antilog M = antilog (/Vf +■ log i?) 

R ~ number of pg of cyanocobalamin assumed to 
be pręsenl fn the portion of TabJets taken 
Calculate the percentage of the labeled amount of 
cyanocobalamin (C*jHbbCoNi 4 QuP) in the portion of 
Tablets taken: 

Result = {(antilog M)fN] x 100 

N = nominał amount of cyanocobalamin in the 
portion of the Tablets taken (fig) 

RepIkation: Repeat the entire determination at least 
once, using sępa ratę ly p repa red Sample Solutions . If the 
difference between_tne two log-potencies M is NMT 
0.08, Łheir mean, M t is the assayed log-potency of the 
test materiał (see Vkomin B }2 Activity in Design and 
Anafysis of Biofogicaf Assoys (111), The Confiaence Inter- 
val and Limits of Potency). If the two determinations 
differ by morę than 0,08, conduct one or morę addb 
tional determinations. From the mean of two or morę 
values of M that do not differ by morę than 0.15, 
compute the mean potency of the preparatron under 
assay. 

Acceptance criteria: 90,0%-150.0% of the labeled 
amount of cyanocobalamin (C^HaaCoNMOi.tP) 

e Folic A od, Method 1 

[NoiC—Use low-actinic glassware throughout this 
procedurę.] 

Reagent A: 25% solution of tetrabutylammonium hy- 
droxide in methanol 

Reagent B: Transfer 5,0 g of pentetic add to a 50-mL 
volumetric fiask. Using sonication if necessary, dtssolve 
in and dilute with 1 N sodium hydroxide to volume. 

Mobile phase: 2 g of monobasic potassium phosphate 
in 650 mL of water, Add 12.0 mL of Reagent Ą 7.0 mL 
of 3 N phosphonc acid, and 240 mL of methanol. Cool 
to room temperaturę, adjust with phosphoric acid or 
ammonia TS to a pH of 7.0, dilute with water to 
lOOOmL, and filter. Recheek the pH before use by add- 


ing water or methanol to the prepared Mobile phase to 
obtain baseiine separation of folic add and the interna! 
standard. The pH may be increased up to 7.15 to ob¬ 
tain better separation. [Notę—T he methanol and water 
content may be varied (1%-3%).] 
internal standard solution: Transfer 40 mg of methyl- 
paraben to a 1000-mL volumetnc fiask, and add 
220 mL of methanol to dissoNe. Dissolve 2.0 g of mon¬ 
obasic potassium phosphate in 300 mL of water tn a 
separate beaker, quantitatively transfer this solution fo 
the fiask containing the methylparaben solution, and 
add an additional 300 ml of water. Add 19 mL of Rea¬ 
gent A, 7 mL of 3 N phosphoric acid, and 30 mL of Rea¬ 
gent B, Adjust with ammonia TS to a pH of 9.8, bubble 
nitrogen tnrough the solution for 30 min, dilute with 
water to volume, and mix. 

Standard solution: 0.016 mg/mL of USP Folie Acid RS 
in the Interna) standard solution 

Sample solution: Finely powder NIT 30 Tablets. Trans¬ 
fer a portion of powder, equivalent to 0.4 mg of folie 
actd, to a 50-mL amber-cofored centrifuge tubę. Add 
25.0 mL of the Internal standard solution , shake by me- 
chanical means for 10 min, and centrifuge. Filter a por¬ 
tion of the elear supernatant, and use the filtrate, 
Chromatographic system 
(See Chromatograpny (621), System SuitabiJity.) 

Modę: LC 

Detector: UV 280 nm 
Column: 3,9-mm x 30-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 15 uL 
System suitability 
Sample: Standard sofution 

[NOTĘ—-The relative retention times for folie add and 
methylparaben are ab out 0.8 and 1.0, respectively.] 
Suitability requirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard sofution and Sample sofution 
Measure the peak areas for folie acid and methylpara¬ 
ben. Calculate the percentage of the labeled amount 
of folie acid (C^HigN/Oe) tn the portion of Tablets 
taken: 

Result = (RJRs) x (Q/Q) x 100 

R it = peak area rado of folie acid to methylparaben 
from the Sample sofution 

Rs - peak area ratio of folic acid to methylparaben 
from the Standard solution 
Cj - concentration of USP Folie Add RS in the 
Standard solution (pg/mL) 

Cy - nominał concentration of folie acid in the 
Sample solution (pg/mL) 

Acceptance criteria: 90,Q%-150.0% of the labeled 
amount of folic acid (GgH^NjO*) 

■ Folic Acid, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Reagent: Dissolve 7.5 g of edetale disodium, with stir- 
ring, in 500 mL of water containing 10 mL of ammo¬ 
li i u m hydroxide, 

Diluent: 60 pg/mL of ammonium hydroxide 
Mobile phase: Transfer 0.4 mL of tnethylamine, 15 mL 
of glacial acetic add, and 350 mL of methanol to a 
2000-mL vo!umetric fiask, and dilute with 0.008 M so¬ 
dium 1-hexanesulfonate to volume. 

Standard stock solution: 60 pg/mL of USP Folie Acid 
RS in Diluent. Prepare this solution fresh darły. 

Standard solution: Mix 5.0 mL of the Standard stock 
solution with 10.0 mL of methanol and 35.0 mL of Rea¬ 
gent Shake for 15 min in a water bath maintained at 
60°, and cool, Filter, discarding the first few ml of the 
filtrate. 
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Sample soiution: Transfer a portion of finely powdered 
Tablets, equlvalent to 03 mg of folie acid, to a 125-mL 
stoppered fiask. Add 10.0 ml of methanol and 35,0 rnL 
of Iteagenf, Shake for 15 min tn a water bath main- 
tained at 60°, and cooL Fitter, discarding the first few 
ml of the filtra te, 

Chromatographic system 
(See Chmmotogmphy (621), System Suitahiiity.) 

Modę: LC 

Detector: UV 270 nm 

Column: 4.6-mm x 25-cm; packing 17 

Column temperaturę: 50° 

Flow ratę: 2 mL/min 
Injection volume: 5 jiL 
System suitahiiity 
Sample: Standard soiution 
Suitahiiity requirements 
Relattve standard deviation: NMT 2,0% 

Analysis 

Samples: Standard soiution and Sample soiution 
Measure the areas of the major peaks. Calculate the 
percentage of the labeled amount of folie acid 
(C^H^N?©*) in the portion of Tablets taken: 

Result = (r v /r$) x (QKu) x 100 

r u - peak area of folie add from the Sample 
soiution 

r s = peak area of folie add from the Standard 
soiution 

Cs = concentration of USP Folk Acid RS in the 
Standard soiution (pg/mL) 

Cu = nominał concentration of folie add tn the 
Sample soiution (pg/mL) 

Acceptance criEeria: 90.0%“15G.G% of the labeled 
amount of folie acid (C^H^N/O*) 

* Calcium Pantothinate, Method 1 

Mobile phase: Phosphortc acid and water (1:1000) 
Interna! standard soiution: 80 mg of p-hydroxybenzoic 
add in 3 ml of alcohol. Add 50 ml of water and 7,1 g 
of dibasic sodium phosphate, and dilute with water to 
1000 mL. Adjust with phosphoric acid to a pH of 6.7. 
Standard soiution: 0,6 mg/mL of USP Calcium Panto- 
thenate RS in InternaI standard soiution 
Sample soiution: Finely powder NIT 30 Tablets, Trans¬ 
fer a portion of the powder, equivalent to 15 mg of 
caicium pantothenate, to a eentnfuge tubę, Add 
25.0 ml of the internaI standard soiution, md shake vig- 
orously for 10 min. Centrifuge, filter, and use the elear 
fil tratę, 

Chromatographic system 
(See Chromatogrophy (621), System Suitahiiity,) 

Modę: LC 

Detector: UV 210 nm 
Column: 3,9-mm x 15-cm; packing LI 
Flow ratę: 1 .5 mL/min 
Injection vo!ume: lOpL 
System surtability 
Sample: Standard soiution 

[NOTĘ—The relative retention Limes for calcium panto¬ 
thenate and j>hydroxybenzoic acid are about 0,5 and 
1.0, respectively.] 

Suitahiiity requirements 
ReJatiye standard deviation: NMT 3,0% 

Analysis 

Samples: Standard soiution and Sample soiution 
Measure the peak areas of calcium pantothenate and 
the interna! standard. Calculate the percentage of the 
labeled amount of calcium pantothenate 
{CiahhzCaN^Gnj) in the portion of Tablets taken: 

Result = (Ru/Rs) x (t s /C u ) x 100 


Ru = peak area ratio of calcium pantothenate to p- 
hydroxybenzoic add from the Sample 
soiution 

Rs - peak area ratio of calcium pantothenate to p- 
hydroxybenzoic acid from the Standard 
soiution 

Cs - concentration of USP Caicium Pantothenate 
RS in the Standard soiution (mg/mL) 

Cu = nominał concentration of calcium 

pantothenate in the Sample soiution (mg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of caicium pantothenate (CisH^CaNjOto) 

• Calcium Pantothenate, Method 2 

Standard stock soiution: Dissolve 50 mg of USP Cah 
cium Pantothenate RS, previously dried and stored in 
the dark over phosphorus pentoxide and protected 
from absorptlon of moisture while weighing, in 500 mL 
of water in a 1000-mL volumetric fiask, Add 10 mL of 
0.2 N acetic acid and 100 mL of sodium acetate soiu¬ 
tion (1 in 60), and dilute with water to volume to ob- 
tain a concentration of 50 pg/mL of USP Calcium Pan¬ 
tothenate RS, Storę under toluene in a refrigerator. 

Standard soiution: On the day of Ehe assay, dilute a 
volume of the Standard stock soiution with water to ob- 
tarn a concentration of 0.01 -0,04 pg/mL of calcium 
pantothenate, the exatt concentration being such that 
the responses obtained as directed in the Analysis , 2.0 
and 4.0 mL of the Standard soiution, are within the lin- 
ear portion of the log-concentration response curve, 

Sample soiution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 50 mg of 
calcium pantothenate, to a 1000-mL voiumetrie fiask 
containing 500 mL of water. Add 10 mL of 0,2 N acetic 
acid and 100 mL of sodium acetate soiution (1 in 60), 
dii u te with water to yofume, and filter, Dilute a volume 
of this soiution to obtain a soiution having approxi- 
mately the same concentration as that of the Standard 
soiution , 

Acid-hydrolyzed casein soiution: Mix lOOg of vita- 
min-free casein with 500 mL of 6 N hydrocmoric acid, 
and reflux the mixture for 8-12 h. Remove the hydro- 
chloric acid from the mixture by distillation under re- 
duced pressure until a thick pastę remains. Redissolve 
the resulting pastę in water, adjust the soiution with 
1 N sodium hydroxide to a pH of 3,5 ± 0.1, and dilute 
with water to make 1000 mL, Add 20 g of actlvated 
charcoal, stir for 1 h, and filter, Repeat the treatment 
with activated charcoal. Storę under toluene in a cool 
place at a temperaturę not below 10°, Filter the soiu¬ 
tion if a precipitate forms during storage. 

Cystine-tryptophan soiution: Suspend 4,0 g of L-cys- 
tlne in a soiution of 1.0 g of L-tryptophan (or 2.0 g of 
D,Utryptophan) in 700-800 mL of water, heat to 
7G S -8Q D , and add dilute hydrochloric acid (1 in 2) 
dropwise, with stirring, until the solids are dissolved, 
Cool, and dilute with water to make 1000 mL. Storę 
under toluene in a cool place at a temperaturę not be¬ 
low 10°. 

Adenine-guanine-uradl soiution: Dissoive 200 mg 
each of adenine sulfate, guantne hydrochloride, and 
u radl, with the aid of heat, in 10 mL of 4 N hydrochlo¬ 
ric acid. Cool, and dilute with water to make 200 mL, 
Storę under toluene in a refrigerator. 

Polysorbate 80 soiution: 100 mg/mL of poiysorbate 80 
in alcohol 

Riboflavin-thiamme hydrochloride-blotin soiution: 

20 pg/mL of riboflavin, 10 pg/mL of thiamine hydro¬ 
chloride, and O.Q*f pg/mL of biotin in 0,02 N acetic 
acid. Storę under toluene, protected from light, tn a 
refrigerator. 

p-Aminobenzoic add-nladn-pyridoxine hydrochloride 
soiution: 10 pg/mL of p-aminobenzoic add, 50 pg/mL 
of niacin, and 40 pg/mL of pyridoxine hydrochloride in 
a mixture of neutralized alconol and water (1:3). Storę 
in a refrigerator. 
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Salt solution A: Dissolve 25 tj of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate in 
water to make 500 mL Add 5 drops of hydrocnloric 
add* Storę under toiuene. 

Salt solution B: Dissolve 10 g of magnesium suifate, 

0.S g of sodium chloride, 0.5 g of ferrous suifate, and 
0*5 g of manganese suifate in water to make 500 mL 
Add 5 drops of hydrochloric add. Storę under toiuene. 

Basal medium stock solution; Dissolve the anhydrous 
Dextrose and anhydrous Sodium acetale in the Solutions 
prevrously mixed according to Tobie 3 , and adjust witli 
1 N sodium hydroxide to a pH of 6.8. Dilute with water 
to 250 mL. 


Table 3 


Ac id-hydrol vzed casein solution 

25 mL 

Cvstine-trvptopban solution 

25 mL 

Pofysorbate 80 saiutlon 

0.25 ml 

0^xLrose, anhydrous 

10 ti 

Sodium acetate. anhydrous 

5 q 

Adenine-auanine-uradl solution 

5 mL 

RiboflavJrHthiamine hvdrochloride-biotin solution 

5 mL 

p -Am i nobenzoi c a ci d-ni adn-pyrido?ti n e 
hydrochloride solution 

5 mL 

Salt solution A 

5 mL 

Salt solution B 

5 mL 


Stock culture of Lactobacillus plantarum: Dissolve 

2.0 g of yeast extract tn 100 mL of water Add 500 mg 
of anhydrous Dextrasę, 500 mg of anhydrous Sodium 
acetale, and 1.5 g of agar, and heat the mixture on a 
steam bath, with stirring, until the agar dissolves. Add 
10-mL portions of the hot solution to the test tubes, 
close or tover the tubes, sterilize in an autoclave at 
121° for 15 min, and allow the tubes to cool in an 
upright position, Prepare stab cultures in three or morę 
of the tubes, using a pure culture of Lactobacillus 
lantarum incubating for 16-24 h at a temperaturę 
etween 30° and 37 3 held constant to within ±0*5 
Storę in a refrigerator. Prepare a fresh stab of the stock 
culture every week, and do not use for Inoculum if the 
culture is morę than 1 week old* 

Culture medium; To each of a series of test tubes con¬ 
taining 5.0 mL of Basaf medium stock solution add 
5.0 mL of water containing 0.2 pg of calcium panto- 
thenate. Pług the tubes with cotton, sterilize in an auto- 
dave at 121° for 15 min, and cool. 

Inoculum: [NOTĘ—A frożen suspension of Lactobocillus 
plantarum may be used as the stock culture, provided it 
yields an Inoculum comparabie to a fresh culture*] 
Transfer cefls from the Stock culture of Lactobacillus 
plantarum to a steriJe tubę containing 10 mL of Culture 
medium. Incubate this culture for 16-24 h at a temper¬ 
aturę between 30 D and 37 q held constant to within 
±0.5 C . The celi suspension so obtained is the Inoculum. 
Analysis 

Samples: Standard solution and Sample solution 
To similar separate test tubes add, in duplicate, 1*0 
and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard 
solution. To each tubę and to four similar empty tubes 
add 5.0 mL of Basa! medium stock solution and suffL 
cient water to make 10 mL. 

To similar separate test tubes add, in duplicate, volumes 
of the Sample solution corresponding to three or morę 
of the levels specified for the Standard solution , indud- 
ing the leveis of 2.0, 3.0, and 4.0 mL* To each tubę 
add 5.0 mL of the fiosof medium stock solution and suf- 
fśrient water to make 10 mL* Place one compfete set 
of Standard and sample tubes together in one tubę 
rack and the duplicate set in a second rack or section 
of a rack, preferably in random order, 


Cover the tubes of both series to prevent contamina- 
tion, and sterilize in an autodave at 121° for 5 min. 
Cool, and add 1 drop of inoculum to each tubę, ex- 
cept two of the Four tubes containing no Standard so¬ 
lution (the uninoculated blanks). incubate the tubes at 
a temperaturę between 30° and 37°, held constant to 
within ±0*5° until, following 16-24 h of ineubation, 
there has been no substanbal inerease in turbidity in 
the tubes containing the highest level of Standard dur- 
ing a 2-h period. 

Determine the transmittance of the tubes in the foflow- 
ing manner, Mix the contents of each tubę, and trans¬ 
fer to an optical Container if necessary* Read the trans¬ 
mitta nce between 540 and 660 nm when a steady 
State is reached* This steady State is observed a few 
seconds after agitation when the galvanometer read- 
Ing remains constant for 30 s or morę. Allow approxi- 
mately the same time interval for the reading on each 
tubę. 

With the transmittance set at 1*00 for the uninoculated 
blank, read the transmittance of the inoculated blank. 
With the transmittance set at 1 *00 for the inoculated 
blank, read the transmittance for each of the remain- 
ing tubes. If there is evidence of contamination with a 
foreign microorganism, disregard the result of the 
assay* 

Calculation: Prepare a standard concentration-re- 
sponse curve as follows. For each leve! of the Stan¬ 
dard, calculate the response from the sum of the du¬ 
plicate values of the transmittance (1^) as the 
difference, y - 2*00 - Is* Plot this response on the 
ordinate of cross-section paper against the logarithm 
of the mL of Standard solution per lube on the ab- 
scissa, using for the ordinate either an arithmetic or a 
logarithmic scalą whichever gives the better approxi- 
mation to a straight linę. Draw the straight linę or 
smooth curve that best fits the piotted pornts* 

Calculate the response, y - 2.00 - L Uf addina together 
the two transmfttances (Lu) for each level of the 5am- 
ple solution. Read from the standard curve the loga¬ 
rithm of the volume of the Standard solution corre¬ 
sponding to each of those values of y that fafls within 
tne rangę of the lowest and highest points piotted for 
the Standard. Subtract from each logarithm so ob¬ 
tained the logarithm of the volume, in mL, of the 
Sample solution to obtain the difference, X, for each 
dosage fevel* Ayerage the vafues of X for each of 
three or morę dosage levei$ to obtain X, which equals 
the log-relative potency, M' t of the Sample solution. 
Determine the quantity, in mg, of calcium panto- 
thenate (GiHjjCalSbGjo) in the portion of Tabiets 
taken; 

antilog M = antilog (M 1 + log R) 

R - number of mg of calcium pantothenate 

assumed to oe present in the portion of the 
Tabiets taken 

Calculate thepercentage of calcium pantothenate 
{Gal^CaNiÓio} in the portion of Tabiets taken; 

Result = [(antilog M)/N] x 100 

N = nominał amount of calcium pantothenate in 
the portion of Tabiets taken (mg) 

Repl kation: Repeat the entlre determination at least 
once, using separately prepared Sample Solutions. If the 
difference oetweenjne two log-potencies M is NMT 
0,08, their mean, M, is the assayed log-potency of the 
test materiał (see Design and Analysis of Biological As- 
soys (111), The Confidence lnterval and Limits of Po- 
tency )« If the two determinations differ by morę than 
0*08, conduct one or morę additional determinations. 
From the mean of two or morę values of M that do 
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not differ by morę than OJ 5, compute the mean po 
tency of the preparation under assay. 

Acceptance criteria: 90,0%-150,0% of the fabeied 
amount of caldum pantothenate (CisH^CaN^Oio) 

* Calcium Pantothenate, Method i 

Buffer solution; Dis$oIve 10.0 g of monobaslc potas- 
sium phosphate in 2000 mL of water, and adjust with 
phosphoric acid to a pH of 3,5. 

Mobile phase: Methanol and Buffer solution (1:9) 
Standard stock solution: 0.25 mg/mL of USP Caldum 
Pantothenate RS in water Prepare fresh every 4 weeks. 
Storę in a refiigerator. 

Standard solution: 40 jjg/mL of USP Caldum Panto¬ 
thenate RS from the Standard stock solution diluted with 
water 

Sample solutlon: Finefy powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 10 ma of 
caldum pantothenate, to a 250-mL volumetric fiask, 
Add 10 mL of methanol, and swirl the fiask to disperse. 
Dilute with water to volume, mix, and filter. 
Chromatographic system 
(See Chromatogmphy (621), System Suftability.) 

Modę: LC 

Detector: UV 205 nm 
Column: 3,9-mm x 30-cm; 5-jim packlng LI 
Column temperaturę: 50 q 
Flow ratę: 2 mL/rnin 
Injection volume: 25 |iL 
System suftability 
Sample: Standard solution 
Suitability reąuirements 
Relative standard devlation: NMT 3.0% 

Anatysis 

Sample s: Standard solution and Sample solution 
Measure the peak areas of caldum pantothenate. Calcu- 
late the percentage of the labeled amount of caldum 
pantothenate (CisH^CaN^Ojo) in the portion of Tablets 
taken: 

Result = (rjrs) x (Q/Cu) x 100 

fu = peak area of calcium pantothenate from the 
Sample solution 

fs - peak area of calcium pantothenate from the 
Standard solution 

Ca ~ concentration of USP Calcium Pantothenate 
RS in the Standard solutlon (mg/mL) 

Cu = nominał concentration of calcium 

pantothenate in the Sample solution (mg/mL) 
Acceptance criteria: 9G.O%-15O,0% of the labeled 
amount of calcium pantothenate (CieH^CaNzOto) 

* NlAON or Niacinamide, Pyridoxine Hydrochloride, Ribo 
flavin, and Thiamine, Method 1 

[Noir—Use low-actinic glassware throughout thls 
procedurę.] 

Diluent: Acetonitriie, glacial acetic acid, and water 
(5:1:94) 

Mobile phase: A mlxture of methanol, gladal acetic 
acid, and water (27:1:73) containing 140 mg of sodium 
l-hexanesulfonate per lOOmL 
Standard solution: [NOTĘ—Use USP Niacin RS in place 
of USP Niacinamide RS for formufations containing nia¬ 
cin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of 
USP Pyridoxlne Hydrochloride RS, 20 mg of USP Ribofla- 
vin RS, and 20 mg of USP Thiaminę Hydrochloride RS, 

Lo a 200-mL volumetric fiask, and ada 180 ml of Dilu* 
ent. Immerse the fiask in a hot water bath maintalned 
at 65 p -70° for 10 min with regular shaking or using a 
vortex mixer, until all the solid materiałs are drsso!ved, 
Chlll rapidJy in a cold water bath for 10 min to room 
temperaturę, and dilute with Diluent to vdume. 

Sample solutlon: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 10 mg of 
niacinamide and 2.5 mg each of pyndoxine hydrochlo¬ 
ride, riboflavin, and thiamine hydrochloride, to a 50-mL 


centrifuge tubę. Add 25.0 mL of Diluent, and mix using 
a vortex mixer for 30 s to completely suspend the pow¬ 
der. Immerse the centrifuge tubę in a hot water bath 
mamtained at 65 g -70 Q , heat for 5 min, and mix on a 
vortex mtxer for 30 s. Return the tubę to the hot water 
bath, heat for another 5 min, and mix on a vortex 
mixer for 30 s. Filter a portion of the solution, cool to 
room temperaturą and use the elear filtrate. [Notę— 
Use the filtrate within 3 h of filtration.] 
Chromatographic system 
(See Chromatografy (621), System Suitability .) 

Modę: LC 

Detector: UV 280 nm 
Column: 3.9-mm x 30-cm; packlng LI 
Flow ratę: 1 mL/min 
Injection volume: 10 pL 
System suitability 
Sample: Standard solution 

[NOTĘ—The relative retention times for niacinamide, 
pyndoxine, ribofIavin, and thiamine are about 0.3, 0.5, 
0.8, and 1.0, respect]vely.] 

Suitability reguirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for niacin or niacinamide, pyri- 
doxine, riboflavin, and thiamine, Calculate the percent¬ 
age of the labeled amount of niacinamide (CeHsNjO) 
in the portion of Tablets taken: 

Result = (ruAs) x (Cj/Cu) x 100 

ro = peak area of niacinamide from the Sample 
solution 

fs = peak area of niacinamide from the Standard 
solution 

Ci = concentration of USP Niacinamide RS in the 
Standard solution (mg/mL) 

Cu - nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

For formulations containing niacin: 

Result - (Wrs) x (Csf Cu) x 100 

fu - peak area of niacin from the Sample sotution 

r 5 - peak area of niacin from the Standard solution 

C s = concentration of USP Niacin RS in the 
Standard solutlon (mg/mL) 

Cu - nominał concentration of niacin in the Sample 
solution (mg/mL) 

Separately calculate the percentage of the labeled 
amount of pyridoxine hydrochloride (CbHmNOi * HCI), 
riboflayin {C^H^N^Os), and thiamine hydrochloride 
(C[i;ON.|OS - HCI) in the portion of Tablets taken: 

Result = (rdr$) x (C$/0i,) x 100 

ru - peak area of the corresponding vitamin from 
the Sample solution 

r s = peak area of the corresponding vitamin from 
the Standard solution 

C s - concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

Cu - nominał concentration of the corresponding 
vitamin In the Sample solution (mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (C12H17N5O4S) in the portion of Tablets 
taken: 

Result - (ruto) x (Cs/Cu) x (Hf/M r *) x 100 

ru - peak area of thiamine from the Sample 
solution 

rj - peak area of thiamine from the Standard 
solution 
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Cs - concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of thiamfne 

mononitrate in the Sample solution (mg/mL) 
Hf = molecuEar weight of thiamine mononitrate* 
327.36 

M t2 - molecular weight of thiamine hydrochloride, 
337.27 

Acceptance eriteria; 90.0%-l 50.0% of the labeled 
amount of niadnamide (CsH^O) or niadn (CsHsNOA 
pyridoxine hydrochloride (QHmN0 3 ■ MCI), rrboflavin 
(Ć^HioNA), and thiamfne as thiamine hydrochloride 
(CuHł/CIN^S * HCI) or thiamfne mononitrate 
(C 12 H 17 N 5 O 4 S) 

* Niacin, Method 2 

[Notę—U se low-actinrc glassware throughout this 
procedurę,] 

Solution A: Transfer 1 mL of gladal acetic acid and 
2,5 g of edetate disodium to a 100-ml voiumetric fiask. 
Dissolve in and dilute with water to volume, 

Extraction solvent: Solution A and methanol (3:1) 
Mobile phase: 0.1 M sodfum acetate solution 
(13.6 mg/mL of sod fum acetate in water), Adjust with 
acetic add to a pH of 5,4. [NOTĘ—A smali amount of 
methanol (up to 1 %) may be added to the Mobile 
phase to improve resolution,] 

Standard stock solution: 1 mg/mL of USP Nracin RS in 
Extraction solvent 

Standard solution: Transfer 5.0 mL of the Standard 
stock solution to a 25-ml volumetnc fiask, and dilute 
with Extraction solyent to volume, 

Sample solution: [NOTĘ—This preparation is suitable for 
the determmation of niadn or niadnamide, pyridoxine, 
and riboflavm, when present 111 the formulation.] Finely 
powder NLT 20 Tablets, Transfer a portion of the pow¬ 
der, equivalent to a nominał amount of 2 mg of ribofla- 
vin, to a 200-mL volumetric fiask, If nboflavin is not 
present in the formulation, use a portion of the powder 
equivalent to 2 mg of pyridoxine. if pyndoxine is not 
present in the formulation, use a portion of the powder 
equivaient to 20 mg of niadn or niadnamide. Add 
100.0 mL of Extraction solvent f and mix for 20 min, us- 
ing a wrist-action shaker. Immerse the fiask in a water 
bath maintained at 70°-75°, and heat for 20 min. Mix 
on a vortex mixer for 30 s, cool to room temperaturę, 
and f liter, Use the elear filtra te, 

Chromatographic system 
(See Chromatograpny (621), System Suitability,) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
tnjection volume: 20 pi 
System suitability 
Sample: Standard solution 
Suitability regutrements 
Relative standard deviation: NMT 3.0% 

[Notę—I f necessary, ffush the column with methanol 
between injeetions,] 

Analysis 

Samples: Standard solution and Sampfe solution 
Measure the peak areas of niadn. Calculate the percent- 
age of the labeled amount of niacin (CsHsNOz) in the 
portion of Tablets taken; 

Result = (ry/r s ) x x 100 

r u “ peak area of niacin from the Sample solution 

h = peak area of niacin from the Standard solution 

Cs = concentration of USP Niacin RS in the 
Standard solution (mg/mL) 

Cy = nominał concentration of niacin in the Sampie 
solution (mg/mL) 

Acceptance eriteria: 90.0%-150.0% of the labeled 
amount of niacin (CgHsNOz) 


* Niacimamide, Method 2 

[Notę—U se iow-actinic glassware throughout this 
procedurę.] 

Solution A, Extraction solvent, Mobile phase, Stan¬ 
dard stock solution, Standard sofution, Sample solu¬ 
tion, Chromatographic system, and System suitabih 
i ty: Using USP Niadnamide RS En place of USP Niacin 
RS, proceed as directed in Niacin, Method 2* 

Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas of niadnamide. Calculate the 
percentage of the labeled amount of niadnamide 
(CóHeNiO) in the portion of Tablets taken: 

Result = (fy/n) x (Cs/Cy) x TOG 

r u = peak area of niadnamide from the Sampie 
solution 

rj - peak area of niadnamide from the Standard 
solution 

Cs == concentration of USP Niadnamide RS in the 
Standard solution (mg/mL) 

Cu = nominał concentration of niacinamide in the 
Sampfe solution (mg/mL) 

Acceptance eriteria: 90.0%^1 50.0% of the labeled 
amount of niacinamide (CńHńNaO) 

• Pyridoxine Hydrochloride, Method 2 

[NOTĘ—Use low-actmic glassware throughout this 
procedurę.] 

Extraction solvent, Mobile phase, and Sample solu¬ 
tion: Prepare as directed in Niadn , Method2. 

Standard stock solution: OJ mg/mL of USP Pyridoxine 
Hydrochloride R5 in Extraction solvent 
Standard solution: Transfer 5,0 mL of the Standard 
stock solution to a 25-mL vo!umetric fiask, and dilute 
with Extraction sofyent to volume, 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4,6-mm x 25<m; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of pyridoxine. Calculate the 
percentage of the labeled amount of pyridoxine hy- 
drochioride (CgHnNOj - HO) in the portion of Tablets 
taken: 

Result (r y /fs) x (Cs/C u ) x 100 

r u - peak area of pyridoxine from the Sample 
solution 

r% = peak area of pyridoxine from the Standard 
solution 

Cs - concentration of USP PyridoxEne Hydrochloride 
RS In the Standard solution (mg/mL) 

Cu - nominał concentration of pyridoxine 
hydrochloride in the Sample solution 
(mg/mL) 

Acceptance eriteria: 90.0%-150.0% of the labeled 
amount of pyridoxine hydrochloride (C a H n NOi * HCI) 

* RieoFLAViH, Method 2 

[Notę —Use low-actinic glassware throughout this 
procedurę.] 

Extraction solvent and Sample solution: Prepare as di¬ 
rected in Niadn, Method Z 

Solution B: 6.8 mg/mL of sodrum acetate rn water 
Mobile phase: Prepare a mixture of Solution B and 
methanol (13:7). Add 2 mL of triethylamine per L of the 
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mbcture, and adjust with glacial acetic add to a pH of 

Standard stock soiution: Transfer 20 mg of USP Ribo- 
flavin RS to a 200-mL volumetric fiask, and add ISO mL 
of Extraction $olvenL Immerse the fiask for 5 min m a 
water bath maintained at 65°-75°. Mlx well, and repeat 
if neeessary until dissoJyed. Chill rapidly in a cold water 
bath to room temperatura, and dilute with Extraction 
solvent to volume. 

Standard soiution: Dilute 5.0 mL of the Standard stock 
soiution with Extraction sofvent to 25.0 mL. 
Chromatographic system 
(5ee Chromatogmpfiy (621), System Su i ta bili ty.) 

Modę: LC 

Detector: UV 254 nm 
Cofumn: 4.6-mm x 25-cm; packing LI 
FŁow ratę: 1 mL/min 
Injection voiume: 20 pi 
System suitability 
Sample: Standard soiution 
Suitability reguirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard soiution and Sample soiution 
Measure the peak areas of nboflavin. Calculate the pen 
centage of tne labeled amount of riboflavin 
(CyjHzoNaOs) in the portion of Tablets taken: 

Result - (ru/n) x (Cj/Cu) x 100 

r u - peak area of riboflavm from the Sample 
soiution 

n = peak area of riboflavin from the Standard 
soiution 

Q - concentration of USP Riboflavrn RS in the 
Standard soiution (mg/mL) 

Cu = nominał concentration of riboflavtn in the 
Sample soiution (mg/mL) 

Acceptance criteria: 9G,Q%-150.0% of the labeled 
amount of riboflavm (Ci/H^NąOs) 

■ Twamine, Method 2 

[Notę—U se low~actinic glassware throughout this 
procedurę.] 

Soiution A: 1.88 mg/mL of sodium 1 -hexanesulfonate 
in 0.1% phosphoric add 

Mobile pnase: Soiution A and acetonitrile (46:9) 
Standard stock soiution: 0.1 mg/mL of USP Thiamine 
Hydrochloride RS in 0.2 N hydrochloric add 
Standard soiution: 0.02 mg/mL of USP Thiamine Hy- 
drochloride RS from the Standard stook soiution diluted 
with 0.2 N hydrochloric acid 
Sample soiution: Weigh and finely powder NLT 20 
Tablets. Mix a portion of the powder with a volume of 
0.2 N hydrochloric acid to obtain a concentration of 
0.02 mg/mL of thiamine. Shake for 15 min with a wrish 
action snaker, and heat to boiling for 30 min. Cool to 
room temperaturę, and filter. Use the elear filtrate. 
Chromatographic system 
(See Chromatograpny {62 1), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 2 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard soiution 
Suitability requirements 
Relative standard deviation: NMT 3.0% 

Analysrs 

Samples: Standard soiution and Sample soiution 
Measure the peak areas for the major peaks. For prod- 
ucts containmg thiamine hydrochloride, calculate the 


percentage of the labeled amount of thiamine hydro- 
chloride CCuH^CIN^OS ■ HCI) in the portion of Tablets 
taken: 

Result = (tu/fs) x (Cs/Cu) x 100 

ru = peak area of thiamine from the Somple 
soiution 

n = peak area of thiamine from the Standard 
soiution 

Cs = concentration of USP Thiamine Hydrochloride 
RS in the Standard soiution (mg/mL) 

Ca - nominał concentration of thiamine 

hydrochloride in Ehe Sample soiution 
(mg/mL) 

For products containmg thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (CizHizNjOłS) in the portion of Tablets 
taken: 

Result = (ru/n) x { Cs/Ca ) x (Mrr/M r2 ) x 100 

fu - peak area of thiamine from the Sample 
soiution 

n - peak area of thiamine from the Standard 
soiution 

C$ ~ concentration of USP Thiamine Hydrochloride 
RS in the Standard soiution (mg/mL) 

C u = nominał concentration of thiamine 

mononitrate in the Sample soiution (mg/mL) 

M t} - moleeular weight of thiamine mononitrate. 
327.36 

= molecular weight of thiamine hydrochloride, 
337.27 

Acceptance criteria: 90,0%-150.Q% of the labeled 
amount of thiamine as thiamine hydrochloride 
{CijHryCIN^OS ■ HCI) or thiamine mononitrate 
(CuHuNsChS) 

• Niacin or Niacinamide, Pyridoxine Hydrochloride, Ribo- 
flavin, and THJAMINi, Method 3 
[Notę—U se iow-actinic glassware throughout this 
procedurę,] 

Reagent: 25 mg/mL of edetafe disodium in water 
Mobile phase: Transfer 0.4 mL of triethylamine, 

15.0 mL of glacial acetic acid, and 350 mL of methanol 
to a 2000-mL volumetric fiask. Dilute with 0.008 M so¬ 
dium l-hexanesu!fonate to volume. 

Standard stock soiution: 1.5 mg/mL of USP Niacin RS 
or USP Niacinamide RS, 0.24 mg/mL of USP Pyridoxme 
Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, 
and 0.24 mg/mL of USP thiamine Hydrochloride RS in 
the Reagent , with heating if neeessary 
Standard soiution: Transfer 5.0 ml of the Standard 
stock soiution to a stoppered 125-mL fiask. Add TO.O mL 
of a mixture of methanol and glacial acetic acid (9:1) 
and 30.0 mL of a mixture of methanol and ethylene 
glycol (1:1). Insert the stop per, shake for 15 min in a 
water bath maintained at 6Q D , and cool. Filter, discard- 
ing the first few mL of the filtrate. 

Sample soiution: Weigh and finely powder NLT 20 
Tablets. Transfer a portion of the powder, equivalent to 
7.5 mg of niacin or niacinamide, 1,2 mq of pyridoxine 
hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thia¬ 
mine hydrochloride to a stoppered 125-mL fiask. Add 
10.0 mL of a mixture of methanol and glacial acetic 
add (9:1), and 30.0 ml of a mixture of methanol and 
ethylene glycol (1:1). Insert the stopper, shake for 15 
min in a water bath maintained at 60 a , and cooL Filter, 
discarding the first few mL of the filtrate. 
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Chromatographic system 

(See Chromotograpny (621), System Suitability.) 

Modę: LG 

Detector: UV 270 nm 

Column: 4,6-mm x 25-cm; packing L7 

Column temperaturę: 50° 

Flow ratę: 2,0 mL/min 
Injectfon voiume; 5 pi 
System suitability 
Sam ple: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Sam pies: Standard solution a nd Sample solution 
Measure the peak areas for niactn or niadnamide, Cal- 
culate the percentage of the labeled amount of niadn 
(C 6 H 5 N0 2 ) or niadnamide (QHaN 2 0) in the portion o* 
Tabfets taken: 

Result - {fu! rs) x (Cs/Cu) x 100 

ru - peak area of niadn or niadnamide from the 
Sample solution 

r$ = peak area of niadn or niadnamide from the 
Standard solution 

Cj = concentration of USP Niadn RS or USP 
Niadnamide RS in the Standard solution 
(mg/mL) 

Cu = nominał concentration of niadn or 

niadnamide in the Sample solution (mg/mL) 
Separately calcu late the percentage of the labeled 
amount of pyridoxine hydrochlonde (QHtiNOj - HG), 
iiboffavtn (CwHioNąOó), and thiamine hydrochlonde 
(C 12 H 17 CIN 4 OS ■ HO) in the portion of Tablets taken: 

Result = (fy/rs) x (Cs/CJ) x 100 

ru = peak area of the corresponding vitamin from 
the Sample solution 

r* = peak area of the corresponding vi tarnin from 
the Standard solution 

C$ - concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

Cu = nominał concentration of the corresponding 
vitarnin in the Sample solution (mg/mL) 

For producls containing thiamine mononitrate, calcufate 
the percentage of the labeled amount of thiamine 
mononitrate (G 12 H 17 N 5 G 4 S) in the portion of Tablets 
taken: 

Result = (ru/rj) x (Cs/C<J x (fcWH?) x 100 

r u - peak area of thiamine from the Sample 
solution 

rs - peak area of thiamine from the Standard 
solution 

Cs = concentration of USP Thiamine Hydrochlonde 
RS In the Standard solution (mg/mL) 

C u - nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 
M r ? = molecular weight of thiamine mononitrate, 
327.36 

Ma - molecular weight of thiamine hydrochlonde, 
337.27 

Acceptance criteria: 90.0%-150,0% of the labeled 
amount of niadn (C 6 HiN 0 2 ) or niacinamide (CgHeNzO), 
pyndoxlne hydrochlorEde (CaHuNCb ■ HG), riboflavin 
(Ci 7 HzoN 4 0 6 ), and thiamine as thiamine hydrochloride 
(G 2 H 17 CIN 4 OS - HCI) or thiamine mononitrate 
(CizHitNsOiS) 

PERFORMANCE TESTS 

* Disintegration and Dissolution of Dietary Supplements 

(2040): Meet the reouirements for Dissolution 

* WEIGHT VARlATION OF DlETARY SUPPLEMENTS (2091): Meet 

the reguirements 


CONTAMINANTS 

* Microbial Enuiweration Tests (2021): The total aerobic 
microbial count does not exceed 3 x 10 3 cfu/g, and the 
combined molds and yeasts count does not exceed 

3 x 10 2 cfu/g. 

* Absence of Specified Microorganisms (2022): Meet the 

reąuirements of the tests for absence of Salmonello spe- 
des Escherichia coli 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight, light-resistant 
containers, 

* Labeling: 4 The label States that the product is Oii- and 
Water-Soluble Vitamins Tablets. The tabel also States the 
quantity of each vitamin per dosage unit and, where 
necessaty, the Chemical form in wnich it is present. 

Where tne product contains vitarnin E, the label indicates 
whether it is the d- or dl - form. Where morę than one 
assay method is qtven for a particular vitamin, the label- 
ing States wrth wnich assay method the product complies 
only if Method 1 is not used. 

* USP Reference Standards (11) 

USP Alpha Tocopherol RS 
USP Alpha Tocophery! Acetale RS 
USP Alpha Tocophery! Acid Succinate RS 
USP Biotin RS 

1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro- 
2-0X0-, 3aS-[C3a0L4A6aa)]-; 
(3a5,45,óa/?)-Hexahydro-2-oxoU H-thieno[3,4~ 
d]imidazole-4-vaienc acid. 

CioHwNaOaS 244,31 
USP Calcium Pantothenate RS 

^Alaninę, N-(2,4-dihydroxy-3,3’dimethyl-1 -oxobutyl)-, 
calcium salt (2:1), (i?)-; 

Calcium D-pantothenate (1:2). 

C, B H 3 2CaN20io 476.53 
USP Cholecaleiferol RS 

9.10- Secocholesta-5,7,10( 19)-trten-3»ol, (3/3,57,7£>; 
Cholecaleiferol, 

C 2 7H 4 .,0 384.64 

USP Cyanocobalamin RS 
Vitamin 

CfifUCdŃMOHp 1355.37 
USP Ergocalciferol RS 

9.10- Secoergosta-5,7,10 (19),22-tetraen-3-oł, (3/3,5 ZJE, 
22 £)-; 

Ergocalciferol. 

C 28 H 4 ,,0 396.65 

USP Folk Acid RS 

L-Glutamic acid, N-[4-[[(2-amino-1,4-dihydro-4-oxo- 
ó-pteridinyl)methyr|amino]benzoyl]-; 

Folie acid; 

N-[p-[[(2-Amino-4-hydroxy-6-pteridtny[)methyl]amino]’ 
benzoyljH-glutamic acid. 

C ]9 HwN ? 0 6 441.40 

USP Niaein RS 
3-Pyridinecarboxylk acid; 

Nicotinic acid. 


* USP Units of dctMly for yitamins, where soch exist or formerly extsted, are 
equivalem to the corresponding International units, where such formerly ex- 
isted. The USP Unit for Vitamin E has been discontinued. Intemationat units 
(IU) for yitaminś also have been discontinued; however, the use of IU on the 
labels of vitamin prodiicts continua. Where articEes are labeled in terms of 
Units in addition to the required labeling, the relationship of the USP Units or 
IU to mass is as follows. One USP Yitamin A Unit = 03 fig of all-fram-retinol 
(vitamin A ^Icohol) or 0344 jjg of alJ-frońi-relińyl acetale (vitamin A acetale) 
or 0,55 j.ig of all-frans-retinyl pa Im i ta te fvi tarnin A palmitate), and 1 of 
retinol (33 USP Wtamfn A Units) = 1 retinol equivalent (RE); ] IU of beta 
tarotene = 0.6 |ug of all-fram-beta carotene; 1 USP VItarnin D Unit = 0.025 j^g 
of cholecaleiferol or ergocalciferol; and 1 mg of d^-alpha tocopherol = 1.1 
former USP Vilamin E Units, ? mg of df-alpha tocopheryI acetale = 1 former 
USP Vitamm E Unit, 1 mg of d^alpha tocophery! acid succinate = 0,89 former 
USP Vttarnin E Unit, 1 mg of d -alpha tocopherol -1,49 former USP Vitamin E 
Units, and 1 mg of d-alpha tocopheryl acetale = 136 former USP Vitarnin E 
Units, and 1 mg of Ralpha tocopheryl acid succinate = 1.21 former USP 
Vftamin E Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-a]pha 
tocopheryl acetale = 0.91, 1 mg of d-alpha tocopheryl acid succinate = 0,81, 
i mg Df dl- alpha tocopherol - 0.74, 1 mej of d/-aipha tocopheryl acelate = 
0.67, and 1 mg of d/-alpha tocopheryl acid succinate ^ 0.60. 
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QH*N0 2 123,11 
USP Niadnamide RS 

3-PyNdinecarboxamide; 

Nicotinamide. 

C*H 6 N 2 0 122,12 

USP Phytonadione RS 

1.4- Naphthalenedione, 2-methyl-3-(3,7,11,15-te- 
tramethyl-2-hexadecenyl)-, [/?-[/?*, ft*-(f)]K ł 

Phylloguinone. 

Ca,H«Ó2 450,70 
USP Pyridoxine Hydrochloride RS 

3.4- Pyridinedimethanol, 5-hydroxy-ó-methyl-, 
hydrochloride; 

Pyndoxol hydrochloride. 

CaHnNO? ■ HCI 205,64 
USP Riboflavin RS 

Riboflavine. 

Cvh Z0 N,Os 376.36 
USP Th ta minę Hydrochloride RS 

Thiazolium, 3-[(4-am]no-2-methyl- 
5-py ri m i d I ny I) m ethy I] -5-(2- hy d ro xy e t hy I) -4 - m et h y I-, 
chlorlde, monohydrochforide; 

Thiamine monohydrochloride, 

CiaHpCIN^OS ■ HCI 337,27 
USP Vitamin A RS 


Oil- aracS Water-Soluble Vitamins with 
Mirserals Capsuies 

DEFINITION 

Oil- and Water-Soluble Vitamlns with Minerals Capsuies eon- 
tain one or morę of the following oil-solubfe vitamins: Vi- 
tamin A, vitamin D as Ergocakiferol (vitamin D 2 ) or Cho- 
lecalciferot (vltamin Di), Vitamin E, Phytonadione (vitamin 
Ki), and Beta Carotene; one or morę of the following 
water-sofuble vltamins: Ascorbic Add or its equivalent as 
Caldum Ascorbate or Sodium Ascorbate, Biotin, Cyanoco- 
balamin, Folie Acid, Niacin or Niadnamide, Dexpanthenol 
or Panthenol, vantothenic vcid (as Caldum Pantothenate 
or Racemic Caldum Pantothenate), Pyridoxlne Hydrochlo¬ 
ride, Riboflavin, and Thiamine Hydrochloride or Thiamine 
Mon on i tratę; and one or morę minerals derived from sub- 
stances generally recognized as safe, furnlshlng one or 
morę of the following elements in ionizable form: boran, 
caldum, chromium, copper, fluorine, iodine, iron, magne- 
sium, manganese, mofyodenum, nickel, phosphorus, po- 
tassium, selenium, ttn, vanadium, and zinc. Capsuies eon- 
tain NLT 90,0% and NMT 165,0% of the labeled amounts 
of vitamtn A {C20H30O) as retinol or esters of retinol in the 
form of retiny! acetale (C22H32O2) or retiny] palmitate 
(C^HfioOa); vitamin D as cholecalciferol (CzzH^O) or ergo- 
calciferol (C^eH^O); yltamtn E as alpha tocopherol 
(C29H50O2) or afpha tocopheryl acetate (C31H52O3) or afpha 
tocopheryl acid suednate (C 33 H 54 O 5 ); phytonadione 
(C 31 H 46 O 2 ); and beta carotene (Q 0 H 5 6 ); NLT 90.0% and 
NMT 150.0% of the labeled amounts of ascorbic acid 
(C 6 HaOć) or its salts as caldum ascorbate (C^HmCsO^ - 
2H Z G) or sodium ascorbate (CgHzNaOa); biotin 
(CjoHieN^O^S); cyanocobalamin (Cć 3 Hs 8 CgNi.;OmP); folie 
acid (C^HujN^O*); niadn (GH 5 NO 2 ) or niadnamide 
(C Ć H 6 N 20 ); dexpanthenof (C 9 H 19 NO 4 ) or panthenol 
(GsHigNCb); caldum pantothenate (GsH^CaNzOio); pyri- 
doxtne hydrochloride (CbHtiNOi ■ HCI); riboflavin 
(C i 7 H 2 oN 40 c ); and thiamine (C12H17ĆIN4OS) as thiamine 
hydrochloride or thiamine mononitrate; and NLT 90,0% 
and NMT 125.0% of the labeled amount of caldum (Ca), 
copper (Cu), Iron (Fe), magnesium (Mg), manganese 
(Mn), phosphorus (P), potassium (K), and zinc (Zn); and 
NLT 90,0% and NMT 160.0% of the labeled amounts of 
baron (B), chromium (Cr), fluorine (F), Iodine (I), mólyb- 


denum (Mo), nickei (Ni), selenium (Se), tin (Sn), and va- 
nadium (V). 

They may contain other labeled added substances that are 
generally recognized as safe, in amounts that are 
unobjectionabTe. 

STRENGTH 

[Notę —In the following assays, where morę than one assay 

method \s given for an individual Ingredient, the reguire- 

ments may be met by following any one of the specified 

methods, the method used being stated in the labeling only 

if Method 1 is not used.] 

• WITAMIN A, Method 1 

[Notę —Where the use of a vitamin A ester (retinyl ace¬ 
tate or retinyl palmitate) is specified in the following 
procedurę, use the Chemical form present in the form u- 
latloru USP Vitamin A RS is retinyl acetate. It is Lo be 
used where USP Vitamin A RS Is specified. Use low-ac- 
ttnic glassware throughout this procedurę.] 

Mobile phase: n-Hexane 

Standard solution: 15 pg/mL of retinyl acetate from 
USP Yitamin A RS in n-hexane 
System suitability stock solution: 15 pg/ml of retinyl 
palmitate in rc-hexane 

System suitability solution: Mix eguat volumes of Sys¬ 
tem suitability stock solution and the Standard solution to 
obtain concentrations of 7.5 pg/mL each of retinyl ace¬ 
tate and retinyl palmitate. 

Sam ple solution; Transfer the contents of NLT 20 Cap- 
sules to a suitable Container, mix, and weigh. Transfer a 
portion of the mlxture, eguivalent to 5 Capsuies, to a 
Container with a polyteMined screw cap. [KlOTE—For 
hard gelatln Capsuies, remove, as completely as possi- 
ble, tne contents of NLT 20 Capsuies by cutting open 
the Capsule shells, transferring the sheifs and their con¬ 
tents to a suitable Container, and triturating to a homo- 
geneous mass. Transfer a portion of the mass, eouiva- 
fent to 5 Capsuies, to a Container with a polytef-iined 
screw cap.] Add 10 mL of dlmethyl sulfoxide and 15 mL 
of n-hexane, and shake for 45 min on a wrist-action 
shaker In a water bath maintained at 60°. [Notę —Set 
ud the wrist-action shaker to en surę that the contents 
of the Container are mlxed vigorously and thoroughly.] 
Centnfuge at 3000 rprn for 10 min, and transfer the 
hexane fayer by means of a pipet to a 100-mL volumet- 
ric fiask. Add 15 mL of n-hexane to the dlmethyl sulfox- 
Ide layer, shake thoroughly for 5 min, and transfer the 
hexane layer by means of a pipet to the 100-mL volu- 
metric fiask. Repeat this extractIon with three additional 
15-mL portlons of n-hexane. Di lute the extracts in the 
volumetrie fiask with r?-hexane to volume. Dilute a voI- 
ume of this solution with n-hexane to obtain a solution 
with a concentration of 15 pg/mL of vitamin A as reti¬ 
nol (CzaH^oO). 

Chromatographic system 
(See Chromatography (621), Suitability ,) 

Modę: LC 

Detector: UV 325 nm 

Column: 4.6-mm x 15<m; 3-pm packing L8 
Flow ratę: 1 mL/min 
Injection voiume: 40 pi 
System suitability 
Sam ple: System suitability solution 
Suitability requirements 

Resolutlon: NLT 10 between all-trans-retinyf acetate 
and alf- trans- retiny I palmitate 

Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak area for all-frons-retinyl acetate from 
the Standard 50 /t/f/on and the peak area for all-frons- 
retinyl acetate or al3-/rons-retlnyl palmitate in the chro- 
matogram of the Sample solution , For products con¬ 
tain ing vitamin A acetate or vitarnin A palmitate, cal- 
culate the percentage of the labeled amount of 
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witamin A, as retinol (CzoHjoO), in the portion of Cap¬ 
sules taken: 

Result = (n,/r$) x x Fx IGO 

Fu = peak area of the all-trans-retinyt ester from the 
Sample sofution 

r s = peak area of the all-trons-retinyl ester from the 
Standard solution 

G = concentration of retinyl acetate (C^H^Oi) 
from USP Vitarnin A RS in the Standard 
solution (pg/mL) 

Cu = nominał concentration of vitamin A, as retinol 
(CzoH 3 oO), in the Sample solution (pg/ml) 

F - factor used to convert retinyl acetate, the ester 
form present in USP Witamin A RS, to retinol, 
0.872 

[Notę—T he molar responses of retinyl acetate and re¬ 
tinyl palmitate are equivalent.] 

Acceptance criteria: 90.G%-165.0% of the labeled 
amount of vitamin A, as retinol (CzoH^O) 

* VITAMIW A, Method 2 

[Notę—W here a vitamln A ester (retinyl acetate or retinyl 
palmitate) is indicated in the following procedurę, use 
the Chemical form present in the formulation. USP Vita¬ 
rnin A RS is retinyl acetate. Jt is to be used where USP 
Wamin A RS is specified. Use low-actmic glassware 
throughout this procedurę.] 

3 N methanoiic sulfurk acid solution: Cautiously add 
9 mL of sulfuric add to 80 ml of methanol in a 100-mL 
voiumetric fiask. Cool, and dii u te with methanol to 
volume. 

Sodium ascorbate-pyrogalJol solution: Transfer 10 g 
of sodium ascorbate and 5 g of pyrogallof to a 100-mL 
Yolumetric fiask, and add sufficient water to dissolve. 
Add 1.7 mL of sulfuric acid, and dilute with water to 
yolume. 

Lecithin sofution: 5 mg/mL of lecithin in 2,2, 
4-thmethylpentane 

Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3) 
Standard solution: 15 pg/mL of retinyl acetate from 
USP Vitarnin A RS in 2,2,4-trimethylpentane 
System suitability stock solution: 15 jig/rnL of retinyl 
palmitate in 2,2,4-trimethylpentane 
System suitability solution: Mix equal volumes of the 
System suitability stock solution and the Standard solution 
to obtain concentrations of 7.5 pg/mL each of retinyl 
acetate and retinyl palmitate. 

Sample solution: [NOTĘ—This preparation is suitable for 
the determination of vitamin A, vitamin D, and vitamin 
E, when present in the formulation.] Weigh NLT 20 
Capsules in a tared weighing bottle. Using a sharp 
blade if necessary, carefully open the Capsules, without 
loss of shell materiał, and transfer the contents to a 
100-mL beaker. Remove any contents adhering to the 
empty shells by washing with severa! portlons of ether. 
Discard the washings, and dry the Capsule shells with 
the a id of a current of dry air. Weigh the empty Cap¬ 
sule shells in the tared weighing bottle, and calculate 
the net weight of the Capsule contents. Transfer a por¬ 
tion of Lhe Capsule contents, equtvalent to 30 pg of the 
labeled amount of cholecalciferol or ergocalciferol (vita¬ 
rnin D), to a Container with a polytef-lined screw cap. If 
vitamin D is not present in the formulation, use a por¬ 
tion, eauivalent to 90 mg of the labeled amount of vita- 
min E. If Warnia E is not present in the formulation, use 
a portion, equivalent to 2.5 mg of the labeled amount 
of vitamin A, as retinol. Add 0.5 g of sodium bicarbo- 
nate, 1.5 ml of Lecithin solution , and 12.5 mL of 2,2, 
4-trimethylpentane, and disperse on a vortex mtxer. 

Add 6 mL of Sodium ascorbate-pyrogallol solution , shake 
slowly, and allow the solution to degas. Continue shak- 
ing until the evolution of gas has ceased, and then 
shake for an addttional 12 min. Add 6 mL of dimethyl 
sulfoxide, mix on a vortex mixer to form a suspension. 


and shake for 12 min. Add 6 mL of 3 N methanoiic sul¬ 
furic add solution , mix on a vortex mixer to form a sus¬ 
pension, and shake for 12 min. Add 12.5 ml of 2,2, 
4-trimethylpentane, mix on a vortex mixerto form a 
suspension, and shake for 10 min. Centrifuge for 10 
min to break up the emulsion and to darify the super- 
natant. [NOTĘ—The supernatant is used for the determi¬ 
nation of Wamin A, and also Wamin D and vitamin E, 
if present in the formulation.] If necessary, guantita- 
tively dilute a volume of the supernatant with 2,2,4-tri* 
metnylpentane to obtain a concentration close to that 
of the Standard solution. 

Chromatographic system 
(See Chromotograpny (62 T), System Suitability.) 

Modę: LC 

Detector: UV 325 nm 

Column: 4.6-mm x 25<m; 5-|im packing L24 
Flow ratę: 1.5 mL/min 
Injection volume: 40 |iL 
System suitability 
Sample: System suitability solution 
Suitability requirements 

Resolution: NLT 8.0 between albfram-retiny! acetate 
and all-frons-retinyl palmitate 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak area for all-fram-retrnyl acetate from 
the Standard solution and the peak area of afl-frcm* 
retinyl acetate or all-franj-retinyl palmitate from the 
Sample sofution. 

Calculate the percentage of the labeled amount of vita- 
min A, as retinol (CzoHioO), in the portion of Capsules 
taken: 

Result = (ry/rj) x (Cs /Cu) x F x 1 00 

fy “ peak area of the ail-frans-retinyl ester from the 
Sample solution 

fi - peak area of the alJ-trans-retinyl ester from the 
Standard solution 

Cs - concentration of retinyl acetate (OzHjzOz) 
from USP Vitamin A RS in the Standard 
solution (pg/mL) 

Cu - nominał concentration of vitamin A, as retinol 
(C 20 H 30 O), in the Sample solution (pg/mL) 

F - factor used to convert retinyl acetate, the ester 
form present in USP Wamin A RS, to retinol, 
0.872 

[NOTĘ —Account for the initial extraction volume of 
26.5 ml of 2,2,4-tnmethylpentane to calculate the 
nominał concentration. The molar responses of retinyl 
acetate and retinyl palmitate are equrvafent] 
Acceptance cnteria: 90.0%-165.0% of the labeled 
amount of Wamin A, as retinol (C 20 H 30 O) 

* VITAMIN A, Method 3 

[Notę—W here a Wamin A ester (retinyl acetate or retinyl 
paimitate) is indicated in the following procedurę, use 
the Chemical form present in the formulation. USP Wa¬ 
mi n A RS is retinyl acetate. It Is to be used where USP 
Wamin A RS Is specified. Use low-actinic glassware 
throughout this procedurę,] 

Extraction solvent: n-Hexane and methylene chloride 
(3:1) 

Fotassium hydroxide solution: 800 mg/mL of potas- 
sium hydroxide in water, [NOTĘ—Cautiously ada potas* 
sium hydroxide in water. Mix, and cool.] 

Diluent: 10 mg/mL of pyrogallol in afcohol 
Mobile phase: n-Hexane and isopropyl alcohol (92:8) 
Standard stock solution: 30 pg/mL of retinyl acetate 
from USP Wamin A RS in Diluent [Notę—T his solution 
may be stored in a refrigerator for 1 weelc.] 

Standard solution: Dilute a vo!ume of Standard stock 
solution with Diluent to obtain a concentration of 1 pg/ 
mL of retinyl acetate from USP Wamin A RS. Transfer 
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10.0 mL of this solution to a stoppered 125-mL fiask, 
and add 5 mL of water, 5 ml of Diluent, and 3 mL of 
Potassium hydroxide solution. Insert the stop per tightly, 
shake for 15 min over a water bath malntained at 
óG±5°, and cool to room temperaturo, Add 7 mL of 
water and 25.0 ml of Extraction solvent Insert the stop¬ 
per tightly, and shake vigorously for 60 s. Rinse the 
sides of the fiask with 60 mL of water, and allow to 
stand for 10 min until the layers separate. Withdraw a 
portion of the organie layertor injection into the chro- 
matograph. This Standard solution contarns 034 pg/mL 
of rettnol. 

Sample solution: Wetgh NLT 20 Capsules in a tared 
weighing boftle. Open the Capsules, without loss of 
shefl materiał, and transfer the contents to a 100-niL 
beaker, Remove any contents adhering to the empty 
shells by washing with several portions of ether. Discard 
the washlngs, and dry the Capsule shells with the ald of 
a current of dry air. Weigh the empty Capsule shells in 
the tared weighing bottfe, and calculate the net weighi 
of the Capsule contents. Transfer a portion of the Cap¬ 
sule contents, equivalent to 1,5 mg of retlny! acetate, to 
a stoppered 125-mL fiask. Add 5 mL of water, 15 mL o" 
Diluent, and 3 mL of Potassium hydroxlde solution . Insert 
the stopper tightly, shake for 15 min over a water bath 
maintained at 60±5 q , and cool to room temperaturę, 
Add 7 mL of water and 25,0 mL of Extraction solvent 
Insert the stopper tightly, and shake ytgorously for 60 s 
or longer, if necessary, for complete extraction. Rinse 
the sides of the fiask with 60 mL of water, and allow to 
stand for 10 min until the layers separate, [Notę—D o 
not shake, because an emulsion rnay form,] Withdraw a 
portion of the organie layer, and di lute quantitatlvely, 
and stepwise if necessary, with Extraction soivent to ob- 
tain a concentration of 0.34 pg/mL of retinol, 
Chromatographic system 
(5ee Chromatograpny ( 621 ), System Suitability .) 

Modę: LC 

Detector: UV 335 nm 

Column: 6.2-mm x 8-cm; packing L3 

Column temperaturę: 40° 

Ftow ratę: 4 mL/min 
Injection vofume: 50 pL 
System suitability 
Sam ple: Standard solution 

[Notę—T he relative retention times for 13-ds-retinol 
and all-fram-rettnof are about 0.92 and 1.0, 
respectively,] 

Suitability requirement$ 

Relative standard deviation: NMT 5,0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for alLtrom-retinol and 1 3-t/s- 
retinoL 

Calculate the percentage of the labeled amount of vita- 
min A, as rettnol (CzohhoO), in the portion of Capsules 
taken: 

Result = (rn/rn) x (Q/tu) x E x 100 

rn - sum of the areas of the all- trans- retinol and 
1 3-c/s-retinoi peaks from the Sample solution 
r T 2 - sum of the areas of a ILtrons-retinol and 1 3-ds- 
retinol peaks from the Standard solution 
C s = concentration of retlnyl acetate (C^^H^Os) 
from USP Vitamin A RS in the Standard 
solution (pg/mL) 

Cu “ nomina! concentration of vitamin A, as retinol 
(CjdH joO), in the Sample solution (pg/mL) 
f = factor used to convert retinyl acetate, the ester 
form present in USP Vitamin A RS, to retinol, 
0.872 

Acceptance criteria: 90.0%-165.0% of the labeled 
amount of vitamin A, as retinol (CzoHjuO) 


» Cholecalciferol or Ergocalciferol (Vitamin D), Method 

1 

[Notę —Where vttamin D (cholecalciferol or ergocalcif- 
erof) is spectf ied in the following procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use low-actlnic glassware 
throughout this procedurę.] 

Mobile phase: n-Hexane and isopropyl atcohol (99:1) 
Standard solution: 2 pg/mL of USP Cholecalciferol RS 
or USP Ergocalclferol RS in mhexane 
System suitability solution: Heat a volume of the 5tan- 
dard solution at 60° for 1 h to partial fy isomerlze wita¬ 
min D (cholecalciferol or ergocalclferol) to its corre- 
sponding precursor, 

Sample soiution: Transfer NLT 20 mL of the solution 
prepared as directed for the Sample solution in Vitamin 
A , Method 7 to a suitable Container, and evaporate, if 
necessary, under vacuum at room temperatura to ob- 
tain a solution with an expected concentration of 2 pg/ 
mL of cholecalciferol or ergocafdferoL 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 
Column: 4.6-mm x 15-cm; 3-jim packing L 8 
Flow ratę: 1 mL/min 
Injection volume: lOOpL 
System suitability 

Sampies: Standard soiution and System suitability 
solution 

Suitability requirements 
Resolution: NLT 10 between the vttamln D form 
resent and its corresponding precursor, System suito- 
IIity solution 

Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Sampies: Standard solution and Sample solution 
Measure the peak areas for vitamrn D, Calculate the 
percentage of the labeled amount of cholecalciferol 
(C 27 H 4 . 1 O) or ergocalciferol (CzbLU-iG) in the portion of 
Capsules taken: 

Result = (fu/rE) x (QfCJ) x F x 100 

fu - peak area of cholecalciferol or ergocalclferol 
from the Sample soiution 

rs = peak area of chofecalcifero! or ergocalclferol 
from the Standard solution 
Cs = concentration of USP Cholecalciferol RS or 

USP Ergocalclferol RS tn the Standard solution 
(pg/mL) 

Cu = nominał concentration of cholecaldferol or 

ergocalciferol in the Sample solution (pg/mL) 

E - correction factor to account for the average 
amount of previtamin D present in the 
Sample solution , 1.09 

Acceptance criteria: 90.0%-! 65.0% of the labeled 
amount of vitamin D as cholecalciferol (C^H^O) or en 
g oca 1 c ife roi (C ?b H aa O) 

* Cholecalciferol or Ergocalciferol (Vitamin D), Method 
2 

[Non—Where vl tarnin D (cholecalciferol or ergocalcif¬ 
erol) is specifted in the following procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use low-actlnic glassware 
throughout this procedurę.] 

3 N methanolic sulfuric add solution, Sodium as- 
corbate-pyrogallol solution, Lecithin solution, and 
Sample solution: Proceed as directed In Vitamin A , 
Method 2. 

Mobile phase: n-Hexane and tertiary buty! alcohol 
(98.75:1.25) 

Standard solution: 1 pg/mL of USP Cholecalciferol RS 
or USP Ergocalciferol RS m 2,2,4-trimethylpentane 
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System suitability solution: Heat a vo!ume of the Stan¬ 
dard solution at 60° for 1 h to partially isomerize vita- 
min D (cholecalciferoi or ergocaftiferof) to its corre- 
sponding precursor. 

Chromatographic system 
(See Chromatography {62\) t System Suitability .) 

Modę: LC 

Detector: UV 265 nm 

Column: 4.6-mm x 25-em; 5-jtm packing U4 
Flow ratę: 1 mL/min 
Injection volume: 40 pL 
System suitability 

Samples: Standard solution and System suitability 
solution 

Suitability requirements 

Resolution: NLT 4.0 between the vitarnin D form 
present and its corresponding precursor, System suita - 
btllty solution 

Relative standard deviation: NMT 3.0% y Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas forvitamin D. Calculate the 
percentage of the labeied amount of cholecalciferoi 
(C 27 H 44 O; or ergocalciferol (CjaH^O) in the portion of 
Capsules taken: 

Result = (ru/n) x (CJCJ) x 100 

= peak area of cholecalciferoi or ergocalciferol 
from the Sample solution 

r s - peak area of cholecalciferoi or ergocalciferol 
from the Standard solution 
Cj = concentration of USP Cholecalciferoi RS or 

USP Ergocalciferol RS in the Standard solution 
Cug/mL) 

C u - nominał concentration of cholecalciferoi or 

ergocalciferol in the Sample solution (pg/mt) 
Acceptance criteria: 90.Q%-165.0% of the labeied 
amount of vitamin D as cholecalciferoi (CirEUO) or er¬ 
gocalciferol (C^kUO) 

* Cholecalciferoi. or Ergocalciferol (Vjtamin D), Method 
3 

[NOTĘ—Where vitamin D (cholecalciferoi or ergocalcif¬ 
erol) is specified in the following procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use low-actinic glassware 
throughout this procedurę.] 

Diluted acetic acid; Gladal acetic acicl solution (1 in 
10) in water 

Phenolphthaiein solution: lOmg/mL of phenolphthai¬ 
ein in alcohol 

Potassium hydroxide solution: Slowly dissolve 14 g of 
potassium hydroxide in a mixture of 31 mL of dehy¬ 
drated alcohol and 5 mL of water. Prepare fresh daily. 
Eatraction solvent; Methylene chloride and isopropyl 
alcohol (99.8: 0.2) 

Mobile phase: Acetonitrile and methanol (91:9) 
Standard stock solution: 0.2 mg/mL of USP Cholecaf- 
ciferol RS or USP Ergocalciferol RS in dehydrated alco¬ 
hol. [Notę—P repare fresh every 4 weeks. Storę In a 
freezer.] 

Standard solution: [NOTĘ—Condition the soltd-phase 
extraction column specified for use in the Standard solu - 
f/on and the Sample solution by mitially washing the col¬ 
umn with 4.0 mL of a mixture of mętnylene chloride 
and isopropyl alcohol (4:1), followed by 5.0 mL of Ex- 
traction solvent. Do not allow the column to dry.] Diiute 
a vofume of Standard stock solution with dehydrated af- 
cohol to obtain a concentration of 5 pg/ml of USP 
Cholecalciferoi RS or USP Ergocalciferol RS. Prepare this 
solution fresh daily. Transfer 2.0 ml of this solution to a 
stoppered 125-mL fiask. Add 15.0 mL of water and 
15.0 mL of Potassium hydroxide solution , insert thestop- 
per, and shake for 30 min In a water bath maintained 


at 60°. Allow to cool to room temperaturę, and transfer 
the eon ten ts of the fiask to a 250-mL separatory funnel. 
Add 15.0 mL of water to the fiask, insert the stopper, 
shake vigorously, and transfer this solution to the sepa¬ 
ratory funnel. Rinse the fiask with 60 mL of n-hexane, 
and transfer the rinsing to the separatory funnel. Insert 
the stopper, shake wgorously for 90 s, and allow to 
stand for 15 min until the layers separate. Drain, and 
discard the agueous layer, Add 15.0 ml of water to the 
hexane layer in the separatory funnel, insert the stop¬ 
per, and shake vigorously. Allow to stand for 10 min 
until the layers separate, and discard the aqueous layer. 
Add 1 drop of Phenolphthaiein solution and 15.0 ml of 
water to tne separatory funnel. Add Diluted acetic acid 
dropwise, with shaking, until the washing is neutral. Al¬ 
low to stand for 10 min until the layers separate. Drain, 
and discard the aqueous layer. Rlter the hexane layer 
through anhydrous sodium sulfate supported by a smali 
pledget of cotton into a lOG-ml round-bottom fiask. 
Rinse the funnel and sodium sulfate with a few mL of n- 
hexaną and collect the rinsings in the same fiask. Evap- 
orate the hexane in the fiask on a rotary evaporator at 
50° to dryness. Immediately add 2.0 mL of Extraction 
solvent to dissolve the residue. Transfer this solution to a 
freshly conditioned solid-phase extractron column con- 
taining silica packing with a sorbent mass-to-colurrm 
volume ratio of 500 mg to 2.8 mL or equivalent, rinse 
the round-bottom fiask with 1.0 mL of Extraction sol- 
vent , and transfer to the column, Elute the column with 
2.0 mL of Extraction solvent f and discard this fraction, 
Elute the column with 7.0 mL of Bctractian solvent f and 
collect the eluate in a suitable fiask. Place the fiask in a 
warm water bath maintained at 42°, and evaporate the 
solvent with the aid of a stream of nitrogen, immedi¬ 
ately add 2.0 mL of acetonitrile to the residue, and use 
the solution for injection into the chromatograph. 

Sample solution: Proceed as directed In Vitamin A, 
Method 3, through '"calculate the net weight of the 
Capsule eon ten ts." Transfer a portion of the Capsule 
contents, equivalent to lOpg of cholecalciferoi or ergo- 
caldferol, to a stoppered 125-mL fiask, and proceed as 
directed for the Standard solution, begmning with "Add 
15.0 ml of water and 15.0 mL of Potassium hydmxtde 
solution". 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 

Column: 4.6-mm x 25-cm; 5-jam packing LI 

Column temperaturę: 27 0 

Flow ratę: 0.7 mL/min 

Injection volume: 15 j.iL 

System suitability 
Sample: Standard solution 
Suitability requrrements 
Relative standard deviatfon: NMT 4.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for vitamin D, Calculate the 
percentage of the labeied amount of cholecalciferoi 
{C 27 H 44 O) or ergocalciferol (GaLU-iO) in the portion of 
Capsules taken: 

Result - (ru/ts) x (Q/Cu) x 100 

r a - peak area of cholecalciferoi or ergocalciferol 
from the Sample solution 

n = peak area of cholecalciferoi or ergocalciferol 
from the Standard solution 

Cs - concentration of USP Cholecalciferoi RS or 

USP Ergocalciferol RS in the Standard solution 
0 ig/mC) 

Cu - nominał concentration of cholecalciferoi or 

ergocalciferol in the Sample solution (pg/mL) 
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Acceptance criteria: 90.0%-1 65.0% of the labeled 
amount of yitamin D as cholecalciferol (C 27 H 44 O) or er- 
gocaldferol (C 28 H 44 O) 

* Vitamin £, Method 1 

[NOTĘ—Where vitamin E (alpha tocopherol, a]pha 
tocopheryl acetate, or alpha tocopheryl add succinate) 
is spedfied in the folio wing procedurę, use the chemica! 
form present In the formufation and the relevant USP 
Reference Standard. Use low-actinic glassware through- 
out this procedurę.] 

Solution A: Phosphoric acid solution (1 m 100) in 
water 

Mobile phase: Methanol and Sofution A (19:1) 

System suitability solution: Prepare a O.óS-mg/mL so¬ 
lution of USP Ergocalciferol RS in methanol. Transfer 
1.0 mL of this solution to a 100-mL yolumetrlo fiask 
containing 100 mg of USP Alpha Tocopheryl Acetate RS. 
Dissolye in 30 ml of methanol, with the ald of sonica- 
tion if necessary, and dilute with methanol to yolurne. 
Storę this solution in a refrigerator. 

Standard solution: 2 mg/mL of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Add Sucdnate RS in methanol 
Sample solution: Transfer NLT 20 ml of the solution 
p repa red as directed for the Sample solution in Vitamin 
A, Method 1 to a suitabie Container, and evaporate, 
under vacuum at room temperaturę to dryness. Transfer 
the contents of the fiask to a suitabie yolumetnc fiask 
with the aid of methanol, and ditute with methanol to 
volume, to obtain a solution with an expected concen- 
tration of 2 mg/mL of alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl acid sucdnate. 
Chromatographic system 
(See Chromatography (62^) / System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 8 -mm x 10~cm; 5-p.m packing LI 
Flow ratę: 2 mL/mtn 
Injection yolurne: 100 pi 
System suitability 

Sam pies: System suitability solution and Standard 
solution 

[Notę—T he relatlve retention times for ergocalciferol 
and alpha tocopheryl acetate are about 0.5 and 1,0, 
respectively.] 

Suitability regutrements 

Resoiution: NLT 1 2 between ergocalciferol and alpha 
tocopheryl acetate, System suitability solution 
Tai ling factor: Between 0,8 and 1.2, System suitability 
solution 

Relative standard deviatlon: NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard sofution and Sample solution 
Measure the peak areas. Calculate the percentage of 
the labeled amount of alpha tocopherol (C 29 H 5 DO 2 ), ah 
pha tocopheryl acetate (C 31 H 52 O 3 ), or alpha tocopheryl 
acid sucdnate (C^H^Os) in the portion of Capsules 
taken: 

Result = (rjrs) x (C s /Cu) x 100 

fu = peak area of the relevant vitamln E form from 
the Sample solution 

r s = peak area of the relevant vitamin E form from 
the Standard solution 

Q = concentration of the corresponding USP 

Reference Standard in the Standard solution 
(mg/mL) 

Oj - nominał concentration of the corresponding 
form of vltamin E in the Sample solution 
(mg/mL) 

Acceptance criteria: 90.0%-165.0% of the labeled 
amount of yitamin E as alpha tocopherol (C 29 H 50 O 2 ), 


alpha tocopheryl acetate (C 31 H 52 O 3 ), or alpha 
tocopheryl add sucdnate (C 33 H 54 O 5 ) 

* Vjtamim E, Method 2 

[Notę—W here yltamin E (alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl acid sucdnate) 
is spedfied In the foliowi ng procedurę, use the Chemical 
form present in the formufation and the relevant USP 
Reference Standard. Use low-actinlc glassware through- 
out this procedurę.] 

Mobile pnase: Mix 240 ml of methanol with 10 mL of 
water, łoiłowed by 0.5 mL of 50% phosphoric acid, and 
dilute with aceton\trile to 1000 mL. 

System suitability solution: 2 mg/mL eaeh of USP Al¬ 
pha Tocopherol RS, USP Alpha Tocopheryl Acetate RS, 
and USP Alpha Tocopheryl Acid Sucdnate RS in 
methanol 

Standard solution: 2 mg/mL of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Acid Sucdnate RS in methanol 
3 N methanoiic sulfuric acid solution: Cautiously mtx 
sulfuric acid and methanol (9 in 100) in a IGO-mL volu- 
metric fiask. [Notę—D issoJve In a portion of methanol, 
cooi, and then dilute to finał yolurne.J 
Sodium ascorbate-pyrogallol solution: Transfer 10 g 
of sodium ascorbate and 5 g of pyrogallol to a 100-ml 
yolumetnc fiask. Add sufficient water to dissoive. Add 
1.7 mL of sulfuric acid, and dilute with water to 
yolurne. 

Lecithin solution: 5 mg/mL of lecithln In 2,2, 
4-trimethylpentane 

Sample solution: Proceed as directed in Vitamin A , 
Method 2 , through "calculate the net weight of the 
Capsule contents." Transfer a portion of the Capsule 
contents, equlvalent to 55 mg of yitamin E, to a eon* 
tainer with a polytef-lined screw cap. Add 0,5 g of so¬ 
dium bicarbonate, 1.5 mL of Lecithin sofution, and 
12.5 ml of 2,2,4-trimethylpentane, and disperse on a 
vortex mixer. Add 6 mL of Sodium ascorbate-pyrogalfol 
sofution, shake slowly, and allow the solution to degas. 
Contlnue shaking until the eyolution of gas has ceased, 
and then shake for an additiona! 1 2 min. Add 6 mL of 
dimethyl su!foxide, mix on a vortex mixer to form a 
suspension, and shake for 12 min. Add 6 mL of 3 N 
methanolk sulfuric acid solution, mlx on a vortex mixer 
to form a suspension, and shake for 12 min, Add 
12.5 mL of 2,2,4-trimethylpentane, mtx on a vortex 
mixer to form a suspension, and shake for 10 min. Cen- 
trifuge for 10 min to break up the emulsion and to 
clarify the supernatant layer, Transfer a yolurne of the 
supernatant 2,2,4-thmetnyfpentane layer to a suitabie 
yolumetnc fiask, the yolurne of the specimen withdrawn 
from the 2 , 2 ,4-trimethylpentane layer and the size of 
the yolumetric fiask being such that the finał concentra¬ 
tion of the Sample solution Is equiva!ent to that of the 
Standard solution. Evaporate nearly to dryness, add sev- 
eral mL of methanol, and evaporate the remainlng 2,2, 
4-trimethylpentane. Dilute with methanol to yolurne. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
Flow ratę: 1.5 mL/min 
Injection volume: 25 p.L 
System suitability 

Samples: System suitability solution and Standard 
sofution 

[Notę—T he relative retention times for alpha tocopheryl 
acid sucdnate, alpha tocopherol, and alpha tocopheryl 
acetate are about 0 . 6 , 0 , 8 , and 1 . 0 , respectively.j 

Suitability reguirements 

Resoiution: NLT 4.0 between alpha tocopheryl acid 
succlnate and alpha tocopherol and NLT 3.0 between 
alpha tocopherol and alpha tocopheryl acetate, Sys¬ 
tem suitability solution 
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Relative standard deviation: NMT 3,0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas. Calcufate the percentage ot 
the labeled amount of alpha tocopherol (C 29 H 50 O 2 ), aL 
pha tocopheryt acetate (CbiHszOj), or alpha tocopheryl 
add succinate (C^H^Os) in the portion of Ca psules 
taken: 

Result = (fu/rj) X (Q/Cu) x 100 

ru ~ peak area of the relevant witamin E form from 
the Sample solution 

fs - peak area of the relevant yitamin E form from 
the Standard solution 

Q = concentration of the corresponding USP 

Reference Standard in the Standard solution 
(mg/ml) 

Cu - nominał concentration of the corresponding 
form of wtarnin E in the Sample solution 
(mg/mL) 

[Notę—A ccount for the initiaf extraction volume of 
26.5 mL of 2,2,4-trimethylpentane and the dilution 
factor to exchange the solvent from 2,2,4-trimethyl- 
pentane to methanol to calcufate the nominał 
concentration,] 

Aceeptance criteria: 90.0%-165.0% of the labeled 
amount of vitamrn E as alpha tocopherol (CzgEboOz), 
alpha tocopheryl acetate (CmH^Oj), or alpha 
tocopheryl add succinate (Cj 3 HmGs) 

• VITAMIN E, Method 3 

Diluent: Acetonitrile and ethyl acetate (1:1) 

Mobile phase: Methanol, acetonitrile, and n-hexane 
(46.5; 46.5: 7.0) 

Standard solution: 03 mg/mL of USP Alpha Tocoph¬ 
erol RS in methanol 

Sample solution: Proceed as directed in Vitamin A , 
Method 3 t through "calculate the net weight of the 
Capsule contents." Transfer a portion of the Capsule 
contents, equivalent to 8,0 mg of alpha tocopherol, to 
a glass-stoppered conical fiask. Add 25,0 mL of water, 
25,0 mL of dehydrated alcohol, and 33 g of potassium 
hydraxide pellets. Shake for 1 h in a water bath main- 
tained at 55°. Cool, and transfer with the aid of a mini¬ 
mum voIume of water to a 125-mL separatory funneL 
Rinse the fiask with 50 ml of n-hexane, and add the 
rinslng to the separatory funnel. Insert the stopper, 
shake vigorously for 60 s, and allow the layers to sepa- 
rate. Drain the aqueous layer into a second 250-mL 
separatory funnel, and repeat the extraction with 50 ml 
of n-hexane* Discard the aąueous layer, and combine 
the hexane extracts. Wash the combined extracts with 
25 mL of water, allow the layers to separate, and dis¬ 
card the agueous layer. Add 3 drops of gladal acetic 
acid, and repeat the washing procedurę two morę 
times. Filter the washed hexane layer through anhy- 
drous sodium sulfate into a 250-mL round-Bottom fiask, 
Rinse the funnel and sodium sulfate with a few mL of n* 
hexane, and add the rinsing to the hexane solution in 
the fiask. Place the fiask in a water bath malntalned at 
50", and evaporate the hexane solution with the aid of 
a rotary evaporator to dryness. Immediately add 
25.0 mL of Diluent, and swirl to dissolve the residue. 


Chromatographk system 

(See Chmmatography (621 ), System Suita bili ty.) 

Modę: LC 

Detector: UV 291 nm 

Column: 4,6-mm x 25-cm; packing LI 

Column temperaturę: 40° 

Flow ratę: 3 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 5.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas. Calculate the percentage of 
the labeled amount of vitarnin E, as alpha tocopherol 
(CzęHsoOz), in the portion of Capsules taken: 

Result = {fy/rO x (Cs/Cu) x 100 

ru - peak area of alpha tocopherol from the 
Sample solution 

n = peak area of alpha tocopherol from the 
Standard solution 

Cs = concentration of alpha tocopherol in the 
Standard solution (mg/mL) 

C u - nominał concentration of vitamin E, as alpha 
tocopherol, in the Sample solution (mg/mL) 
[NOTĘ— Calcuiate the alpha tocopherol equivafent 
(CzgHjoOz) of alpha tocopheryl acetate (C 3 iH 5 20 i) or 
alpha tocopheryl acid succinate (C 33 H 54 O 5 ) by multiply- 
ing their contents by the factors 0.91 or 0,81, 
respective]y,] 

Aceeptance criteria: 90.0%-165,Q% of the labeled 
amount of vitamin E 

• PHYTONADIONE 

[Notę—U se low~actinic glassware throughout this 
procedurę.] 

Mobile phase: Methanol and water (19:1) 

Standard stock solution: 200 pg/mL of USP Phytona- 
dione RS in methanol. Dissołve with the aid of sonica- 
tion if necessary. 

System suitability solution: 0,65 mg/mL of USP Alpha 
Tocopheryl Acetate RS and 2Qpg/mL of USP Phytona- 
dione RS from Standard stock solution diluted with 
methanol. [Notę —Dissolve USP Alpha Tocopheryl Ace¬ 
tale RS in a portion of methanol add the Standard 
stock solution, and then dii u te with methanol to 
volume.l 

Standard solution: 20 jig/mL of USP Phytonadione RS 
from Standard stock solution diluted with methanol 
Sample solution: Transfer NLT 20 mL of the solution 
p repa red as directed for the Sample solution in Vitamin 
Ą Method 1 to a suitable Container, and evaporate, tf 
necessary, under vacuum at room temperaturę to dry¬ 
ness. Transfer the contents of the fiask to a suitable vol- 
umetric fiask wfth the aid of methanol, and dilute with 
methanol to volume to obtain a solution with an ex- 
pected concentration of 20 jig/mL of phytonadione. 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector; UV 254 nm 
Column: 8 -mm x 10-cm; 5-pm packing LI 
Flow ratę: 2.0 ml/min 
Injection volume: 100 jiL 
System suitability 

Sam pies: System suitability solution and Standard 
solution 

[Notę—T he relative retention times for alpha tocopheryl 
acetate and phytonadione are about 0.68 and 1.0, 
respectlvely.] 

Suitability requirements 

Resolution: NLT 5 between alpha tocopheryl acetate 
and phytonadione, System suitability solution 
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flelatke standard deviation: NMT 3*0%, Standard 
sofution 
Analysis 

Samples; Standard solution and Sample solution 
Measure the peak areas. Caiculate the percentage of 
the labeled amount of phytonadione (CnH^Ol) in the 
portion of Capsules taken: 

Resuit = (rt//r s ) x (Cs/C^) x 100 

fu = peak area from the Sample solution 

n - peak area from the Standard solution 

Cs - concentration of USP Phytonadione RS In the 
Standard solution (jig/mL) 

Cu - nominał concentration of phytonadione in the 
Sample solution (jug/mL) 

Acceptance criteria: 9Q.0%-165.0% of the labeled 
amount of phytonadione (GstHtóCb) 

Beta Carotene 

[Notę—U se tow-actinic glassware throughout this 
procedurę,] 

Potassium hydroxide solution: Dissoke 58.8 g of po¬ 
tassium hydroxide in 50 mL of water. 
lodine solution: Transfer 10 mg of todine to a 100-mL 
volumetric fiask. Dissolve in cyaohexane, and diiute 
with cyclohexane to volume. Diiute 10 ml of this solu¬ 
tion with cyclohexane to 100 ml. [Notę— Prepare this 
solution fresh daily*] 

Sample solution A (for preparations containing beta car- 
otene in oil Solutions): Proceed as directed in Vitamin 
A , Method I, except use cyclohexane instead of n-hex- 
ane as the extrachon solvent, and diiute the filtered ex- 
tracts with cyclohexane, to obtatn a concentration of 
2 ^ig/mL of beta carotene. 

Sample solution B (for preparations containing beta car¬ 
otene in dry powder): Remove the eon ten ts of NLT 20 
Capsules by cutting open the Capsules. Mix, and deter- 
minę the weight of the eon ten ts. Transfer a quantity of 
the Capsule contents, equivalent to 2 mg of beta caro¬ 
tene, to a 500-mL saponification fiask. Add 100 mL of 
alcoho!, 6 ml of Potassium hydroxide solution, and a 
magnetic stirring bar* Aftach an air condenser to the 
fiask, and heat under reflux for 45 min with constant 
stirring. Cool to room temperaturę. Add 170 mL of sol- 
vent hexane, and sttr for 30 min. Quantitatively transfer 
the contents of the fiask to a 500-mL separatory funnel 
with portions of sokent hexane. Alfow the layers to sep- 
arate for 5-10 min, and transfer the upper organie layer 
to a 500-mL volumetrk fiask. Transfer tne lower aque- 
ous layer into the saponification fiask. Add 170 mL of 
sokent hexane, and stir for an additional 20 min. 
Quantitatkeiy transfer the contents of the saponification 
fiask to the separatory funnel with the aid of portions of 
solvent hexane. Alfow the layers to separate for 10 min. 
Drain the lower agueous layer, and discard. Transfer the 
organie layer to the yolumetrrc fiask containing the pre- 
viou$ly coflected organie layer. Rinse the separatory fun¬ 
nel wfth smali portions of sokent hexane, and transfer 
the washings to the volumetric fiask. Diiute the hexane 
extracts with solvent hexane to volume. Add 3 g of an- 
hydrous sodium sulfate, shake, and allow to settle. 
Quantitativeiy transfer a volume of this solution, equiva- 
lent to 100 pg of beta carotene, to a 50-mL volumetric 
fiask. £vaporate under a stream of nitrogen to dryness, 
and rmmediately add cycbhexane. Add 2 mL of lodine 
solution , and heat for 15 min in a water bath main- 
tained at 65°. Cool rapidly, and diiute with cyclohexane 
to volume. 


Insłrumental conditions 

{See Ultraviolet-Visible Spectroscopy (857).) 

Modę: Vis 

Analytical wavelength: 452 nm 
Blank: Cyc!ohexane 
Analysis 

Sample: Sample solution 

Determine the absorbance against the Blank Caiculate 
the percentage of the labeled amount of beta carotene 
(Ciorlss) in the portion of Capsules taken: 

Resuft = (Au/P) x (1 00/Cu) 

A v - absorbance of the Sample solution 
P - absorptkity of beta carotene at 452 nm, 223 
C u - nominał concentration of beta carotene in the 
Sample solution (mg/mL) 

Acceptance criteria: 90.0%-ló5.0% of the labeled 
amount of beta carotene (CjoHj*) 

• Ascorbic Acio, Calcium Ascorbate, and Sodium 
Ascorbate 

(See Vitamin C Assay (580).) 

[Notę—F or labeling purposes, consider Method I — Titri - 
metrk Method as Method 7.] 

Acceptance criteria: 90,0%-15G.O% of the labeled 
amount of ascorbic add (C ó Hs0 6 ) or its salts as calcium 
ascorbate (C\ 2 HuCaQ u - ZhhO) or sodium ascorbate 
(C 6 H ? Na0 6 ) 

* Biotin, Method I 

[NOTĘ—Use iow-actinic glassware throughout this 
procedurę.] 

Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium 
perchlorate, and 1 mL of phosphoric acid, and diiute 
with water to 1000 mL. 

Standard stock solution: 0.333 mg/mL of USP Biotln 
RS in dtmethyl sulfoxide 

Standard solution: 5yg/mL of USP Biotin RS prepared 
by diluting the Standard stock solution in water 
Sample solution: Weigh NLT 20 Capsules in a tared 
weighing bottle. Open the Capsules, without the loss of 
shelT materiał, and transfer the contents to a 100-mL 
beaker. Remove any contents adhering to the empty 
shells by washing, if neeessary, with several portions of 
ether, Discard the washings, and dry the Capsule shells 
with the aid of a turrent of dry air until the odor of 
ether is no longer perceptible. Weigh the empty Cap¬ 
sule shells in the tared weighing bottle, and caiculate 
the average net weight per Capsule. Transfer a portion 
of the Capsule contents, equivalent to 1 mg of biotin, 
to a 200-mL volumetric fiask. Add 3 mL of dimethyl 
sulfoxide, and swirl to wet the contents. Place the fiask 
in a water bath at 60°-70° for 5 min. Sonicate for 5 
min, diiute with water to vo!ume, and filter, 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 200 nm 

Column: 4.6-mm x 15-cm; 3-pm packing L7 
Flow ratę: 1,2 mL/min 
injection volume: 100 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relatke standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of biotin. Caiculate the percent¬ 
age of the labeled amount of biotin (CjoHigNjÓjS) in 
the portion of Capsules taken: 

Result = (ru/r$) x (CdCu) x 100 

r u = peak area of biotin from the Sample solution 

rs - peak area of biotin from the Standard solution 
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Q - concentration of USP Biotln R5 in the Standard 
solution (pg/mL) 

Cu - nominał concentration of biotin in the Sample 
solution (jig/ml) 

Acceptance crrteria: 9O*G%-150.O% of the labded 
amount of biotin (CioHiaNjChS) 

* Biotin, Method 2 

[NOTĘ—Use Iow-actinit glassware throughout this 
procedurę*] 

Dehydrated mixtures yleJding formulations similar to the 
media described herein may be used prov!ded that, 
when constituted as directed, they have growth-pro- 
moting properties equal to or superior to those ob- 
tained with the media prepared as described herein. 
Standard stock solution: SOpg/mL of USP Biotin RS in 
50% alcohol. Storę this solution in a refrigerator. 
Standard solution: 0.1 ng/mL of USP Biotin RS in 
water, prepared by dtlution of the Standard stock solu¬ 
tion with water on the day of the assay 
Sample solution: Proceeo as directed in Biotin , Method 
1 tnrough "calculate the average net weight per Cap- 
sule." Transfer a portion of the Capsufe contents, equiv- 
alent to 100 pg of biotin, to a 200-mL vo!umetric fiask* 
Add 3 mL of 50% alcohol, and swirl to wet the con¬ 
tents. Heat the fiask in a water bath at 60 Q -70° for 5 
min. Sonicate for 5 min, dilute with 50% alcohol to 
vo!ume, and filter Dilute a vofume of the filtrate quan- 
titatively, and stepwise if necessary, with water to ob- 
fain a solution with a concentration of 0.1 ng/mL 
Acid-hydrolyzed casein solution: Mix 100 g of vita- 
min-free casein with 500 mL of 6 N hydrochloric add, 
and reflux the mixture for 8-12 h. Remove the hydro- 
chloric acid from the mixture by distilfation under re~ 
dueed pressure until a thick pastę remains, Redissolve 
the resulling pastę in water, adjust the solution with 
1 N sodium hydroxide to a pH of 3.5 ± 0,1, and dilute 
with water to 1000 ml. Ado 20 g of activated eharcoal, 
stir for 1 h, and filter. Repeat the treatment with acti- 
vated eharcoal. Storę unaer toluene in a cool place at a 
temperaturę NLT 10°. Filter the solution if a precipitate 
forms during storage. 

Cystine-tryptophan solution: Suspend 4,0 g of L-cys- 
tine in a solution of 1 >0 g of i-tryptophan (or 2.0 g of 
D,L-tryptopHan) in 700-800 mL of water Heat to 
70 Q -8Ó° I and add dilute hydrochloric acid (1 in 2) 
dropwise, with stirring, until the solids are dissolved. 
Cool, and dilute with water to 1000 mL, Storę under 
toluene in a cool place at a temperaturę NLT 1 0°, 
Adenme-guanine-uratfl solution: Dissolve 200 mg 
each of adenine sulfate, guantne hydrochloride, and 
uracil, with the aid of heat, in 10 mL of 4 N hydrochlo- 
ric add, Cool, and dilute with water to 200 mL, Storę 
under toluene in a refrigerator, 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol 

Calcium pantothenate solution: 10 pg/mL of caldum 
pantothenate in 50% alcohol. Storę in a refrigerator. 
Ribof!avin-thiamine hydrochloride solution: 20 pg/ 
mL of ribofiavm and 10 pg/rnL of thiamine hydrochlo- 
ride in 0.02 N acetic acid. Storę under toluene, pro- 
tected from fight, in a refrigerator. 
p-Aminobenzoic acrd-niacrn-pyridoxine hydrochloride 
solution: 10 pg/mL of p-aminobenzoic acid, 50 pq/mL 
of niacin, and 40 pa/mL of pyndoxine hydrochloride in 
a mixture of neutraTized alconoi and water (1:3), Storę 
in a refrigerator. 

Salt solution A: 25 g of monobasic potassium phos- 
phate and 25 g of dibasic potassium phosphate in 
water to make 500 mL. Aad 5 drops of hydrochloric 
acid. Storę under toluene. 

Salt solution B; 10 g of magnesium sulfate, 0.5 g of 
sodium thloride, 0.5 g of ferrous sulfate, and 0,5 □ of 
manganese sulfate In water to make 500 mL. Add 
5 drops of hydrochloric acid, and mix. Storę under 
toluene. 


Basal medium stock solution: Dissolve the anhydrous 
Dextrose and anhydrous Sodium acetate in the Solutions 
previously mixed according to Tobie l f and adjust with 
1 N sodium hydroxide to a pH of 6.8. Dilute with water 
to 250 mL. 


Table 1 


Acid-hydrol vzed casein solution 

25 ml 

Cvstine-trvotooIian solution 

25 mL 

Polysorbate 80 solution 

0,25 mL 

Dextrose. anhydrous 

10 O 

Sodium acetate. anhydrous 

5q 

Adenine-auanine-uraril solution 

5 mL 

Calcium pantothenate solution 

5 mL 

Riboflavin-th3amine hydrochloride solution 

5 mL 

p-Aminobenzoic add-niadn-pyridoaine hydrochlo¬ 
ride solution 

5 mL 

Salt solution A 

5 ml 

Salt solution G 

5 mL 


Stock culture of Lactobacillus plantarum: Dissolve 
2.0 g of yeasf extract in 100 mL of water. Add 500 mg 
of anhydrous Dextrose f 500 mg of anhydrous Sodium 
acetate , and 1,5 g of agar, and heat the mixture on a 
steam bath, with stirring, until the agar dissolves, Add 
10-mL portions of the hot solution to test tubes, close 
or cover the tubes, sterilize in an autoclave at 121° for 
15 min, and allow the tubes to cool m an upright posh 
don, Prepare stab cuitures In three or morę of the 
tubes, using a pure culture of Lactobacillus plantarum , 1 
ineubating for 16-24 h at a temperaturę of between 
30° and 37° held constant to within ±0.5°, Storę in a 
refrigerator. Prepare a fresh stab of the stock culture 
every week, ano do not use for tnoculum if the culture 
ts morę Ihan 1 week old. 

Culture medium: To each of a series of test tubes con¬ 
taining 5,0 mL of BosaI medium stock solution add 
5,0 mL of water containing 0.5 ng of biotin. Pług the 
tubes with cotton, sterilize In an autodave at 121° for 
15 min, and cool, 

I noc u i urn: [NOTĘ—A f rożen suspension of Loctobadllus 
plantarum may be used as the stock culture, provided it 
yields an tnoculum tom pa rabie to a fresh culture.] Trans¬ 
fer cells from the Stock culture of Lactobacillus plantarum 
to a stenie tubę containing 10 mL of Culture medium . 
Incubate this culture for 16-24 h at a temperaturę of 
between 30° and 37° held constant to within ±0.5*. 

The celi suspension so obtained is the Inoculum. 

Analysis 

Sampfes: Standard solution and Sample solution 
To similar separate test tubes add, In dupiicate, 1.0 
and/or 1,5, 2.0, 3,0, 4,0, and 5,0 mL of the Standard 
solution . To each tubę and to four similar empty tubes 
add 5.0 mL of Basal medium stock solution and suffi- 
dent water to make 10 mL. 

To similar test tubes add, in dupiicate, volumes of the 
Sample solution corresponding to three or morę of the 
levefs specified for the Standard solution , including the 
ievels of 2*0, 3.0, and 4,0 mL. To each tubę add 
5,0 mL of the Basal medium stock solution and suffi- 
cient water to make 10 ml. Place one complete set of 
Standard and sample tubes together in one tubę rack 
and the dupiicate set in a second rack or sectlon of a 
rack, preferably in random order. 

Cover the tubes of both series to prevent contamma- 
tion, and sterilize in an autoc!ave at 121* for 5 min. 
Cool. Add 1 drop of inoculum to each tubę, except 
Iwo of the four tubes containing no Standard solution 
(the uninoculated blanks), Incubate the tubes at a 
temperaturę of between 30° and 37° held constant to 

1 ATCC No. 801 4 is suitable. This strain was formerly known as Loctobadlfus 

urobi no sus 17 - 5 , 
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withln ±Q.5 D until, following 16-24 h of incubation, 
there has been no substantial increase in turbtdity m 
the tubes containing the highest level of Standard dur- 
tng a 2-h period, 

Determine the transmittance of the tubes in the follow- 
ing ma n ner. Mix the eon ten ts of each tubę, and trans¬ 
fer to a spectrophotometer celi, Place the cel] tn a 
spectrophotometer that has been set at a specific 
wavefength of 540-660 nm, and read the transmit¬ 
tance when a steady State is reached, This steady State 
is observed a few seconds after agitation when the 
galvanometer reading remains constant for 30 s or 
morę, AJ Iow approximately the same time lnterval for 
the reading on each tubę. 

Wrth the transmittance set at 1.00 for the uninoeufated 
blank, read the transmittance of the inoculated blank, 
With the transmittance set at 1.00 for the inoculated 
bfank, read the transmittance for each of the remain- 
ing tubes. If there is evidence of contamination with a 
foretgn microorganism, disregard the resutt of the 
assay, 

Calculation: Prepare a standard concentration-response 
cuive as follows. For each leve! of the Standard, calcu- 
late the response from the sum of the duplicate values 
of the transmittance (Z 5 ) as the difference, y - 2.00 - 
Lj. Plot this response on the ordinate of cross-section 
paper against tne logarithm of the mL of Standard solu - 
don per tubę on the abseissa, using for the ordinate 
either an arithmetic or a Jogarithmic scalę, whichever 
gives the better approximation to a straight linę. Draw 
the straight Jine or smooth curve that best ffts the plot- 
ted points. 

Calculate the response, y ~ 2.00 - ly, adding together 
the fwo transmittances (Xy) for each leveJ of the 5om- 
ple solution. Read from the standard curve the loga- 
rithm of the voiume of the Standard solution corre- 
sponding to each of those vaiues of y that falls within 
tne rangę of fowest and highest points plotted for the 
Standard. Subtract from each logarithm so obtained 
the logarithm of the voJume, in mL, of the Sample 
solution to obtain the difference, X , for each dosage 
leveL Average the values of X for each of three or 
morę dosage !evels to obtain X, which eguals the log- 
relative potency, M', of the Sample solution , Determine 
the guantity, in pg, of biotin (ĆioHjJShOiS) in the por- 
tion of Capsules taken: 


antilog M - antilog ( M' + log R) 

R ~ number of pg of biotin assumed to be present 
in the portion of the Capsules taken 
Calculate the percentage of the labeled amount of 
biotin CC, d H 1ó N 20 1 S) in the portion of the Capsules 
taken; 

Result “ [(antilog M)/N] x 100 

N = nominał amount of biotin in the portion of 
Capsules taken (jeg) 

Replication: Repeat the entire determination at feast 
once, using separately prepared Sample Solutions. If the 
difference betweenjthe two log-potendes M is NMT 
0.08, Lhetr mean, M f is the assayed log-potency of the 
test materiał (see Design and Analysis of Biologicol Assays 
(111), The Confidence lntervaf ona Limits of Potency ), If 
the two determinations differ by morę than 0.08, con- 
duct one or morę additional determinations. From the 
mean of two or morę values of M that do not differ by 
morę than 0.15, compute the mean potency of the 
preparation under assay. 

Acceptance criteria: 90.0%-l 50.0% of the labeled 
amount of biotin (CioHieN^ChS) 

* Cv anocobalAM f n, Method 1 

[Notę —Use low-actinic glassware throughout this ■ 
procedurę.] 


Mobile phase: Methanol and water (7:13) 

Standard stock solution: 1 0 pg/mL of USP Cyanoco- 
balamin RS in water. [NOTĘ —Storę this stock solution in 
a dark place, and discard after 1 week.] 

Standard solution: 1 pg/mL of USP Cyanocobalamin 
RS from Standard stock solution dilutecf with water 
Sample solution: Proceed as directed in Biotin ; Method 
1 tnrough "calculate the average net weight per Cap- 
suie." Transfer a portion of the Capsufe contents, equiv- 
alent to 100 Lig of cyanocobalamin, to a 250-mL fiask. 
Quantitatively, add 1 00.0 mL of water, and carefulty ex- 
tract for 2 min. Fil ter 1 0 mL of the extract, and use the 
elear filtra te. 

Chromatographio system 

(See Chromatograpny (621 }, System Suita bili ty.) 

Modę: LC 
Detector: 550 nm 

Column; 4.6-mm x 1 5-cm; 5-pm packing LI 
Flow ratę: 0.5 mL/mm 
Injecdon vofume; 200 jiL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relatwe standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak area of cyanocobalamin. Calculate 
the percentage of the labeled amount of cyanocobala¬ 
min (Ce^HsaCoNnOi^P) in the portion of Capsules 
taken: 

Result = (rJr L ) x (C S /Q) x 100 

ry = peak area of the Sample solution 

r$ - peak area of the Standard solution 

C s = concentration of USP CyanocobalamFn RS in 
the Standard solution (pg/mL) 

Cy - nominał concentration of cyanocobalamin an 
the Sample solution (pg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of cyanocobalamin (C^HasCoNi-jOnP) 

* Cyanocobalamin, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Standard stock solution: 1.0 pg/mL of USP Cyanoco- 
balamin RS in 25% alcohol. Storę in a refrlgerator. 
Standard solution: Dilute a suitable volume of Standard 
stock solution with water to a measured volume such 
that after the ineubation period as described in the 
Analysis, the difference in transmittance between the in¬ 
oculated blank and the 5.0-mL level of the Standard 
solution is MLT that which conesponds to a difference of 
1.25 mg in driecl celi weight. This concentration usually 
falls between 0.01 and 0.04 ng/mL of the Standard so¬ 
lution, Prepare this solution fresh for each assay. 

Sample solution: Proceed as directed En Biotin, Method 
1 tnrough "calculate the average net weight per Cap- 
sule." Transfer a portion of the Capsule contents, equiv- 
alent to 1.0 pg of cyanocobalamin, to an appropriate 
vessel containing, for each g of Capsule contents taken, 
25 mL of an agueous extractinq solution prepared jusf 
before use to contain 12.9 mg/mL of di basie sodium 
phosphate, 11,0 mg/mL of anhydrous citric acid, and 
10 mg/mL of sodium rnetabisuifite. Autodave the mix- 
ture at 121° for 10 min. Al Iow any undissoNed partides 
of the extract to settle, and filter or centrifuge, if neces- 
sary. Dilute an aliquot of the elear solution with water 
to obtain a finał solution containing vitamin B łZ activity 
approximate!y egu iva lent to that of the Standard 
solution. 

Acid-hydrolyzed casein solution: Prepare as directed in 
Cakium Pantothenate, Method 2. 

Asparagine solution: Dissolve 2.0 g of L-asparaginę in 
water to make 200 mL. Storę under toluene in a 
refrigerator. 
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Adenine-guanine-uracil solution: Prepare as directed 
in Co Idu m Pantothenate, Methoci 2. 

Kanthine solution: Suspend 0.20 g of xanthine tn 
30-40 ml of water, beat to 70 p , add 6,0 mL of 6 N 
ammonrum hydroxide, and stir until tbe solid is dis- 
soiyed. Cook and dilute with water to 200 mL. Storę 
under toluene In a refrigerator. 

Salt solution A: Dissolve 10 g of monobasic potassium 
phosphate and 10 g of dibasfc potassium phosphate in 
water to make 200 ml, and add 2 drops of hydrochloric 
add. Storę this solution under toluene. 

Salt solution B: Dissolve 4,0 g of magnesium sulfate, 
0.20 g of sodium chloride, 0.20 g of ferrous sulfate, and 
0.20 g of manganese sulfate In water to make 200 mL. 
Add 2 drops of hydrochloric acid. Storę this solution 
under toluene. 

Polysorbate 80 solution: Drssolye 20 g of polysorbate 
80 in alcohol to make 200 mL. Storę in a refrigerator. 
Witamin solution A: Dissolye 10 mg of riboflavln, 

10 mg of thiamine hydrochlorlde, 100 pg of biotin, and 
20 mg of niaein in 0.02 N acetic acid to make 400 mL, 
Storę under toluene, protected from Hght, In a 
refrigerator, 

Witamin solution B: Dissolve 20 mg of p-aminobenzoic 
acid, 10 mg of caicium pantothenate, 40 mg of pyrl- 
doxine hydrochloride, 40 mg of pyridaxal hydrochlo- 
rtde, 8 mg of pyridoxamine dihydrochlonde, and 2 mg 
of folie add In a ml*turę of water and neutralized alca- 
hol (3:1) to make 400 mL, Storę, protected from Irght, 
in a refrigerator, 

Basa! medium stock solution: Prepare tbe medium ac- 
cording to the following formula and directions, A dę¬ 
by dra ted mlxture containing the same ingredients may 
be used provided that, when constituted as directed in 
the labeling, Et yietds a medium cormparable to that ob- 
tained from the formula given herein. 

Add the ingredients In the order listed in Tobie 2, ca re¬ 
fu! ly dlssoTying Cystine and Tryptophan in tbe hydro - 
chloric add before adding the next eight Solutions to 
the resulting solution, Add 100 mL of water, and dis- 
so!ve the Dextrose / Sodium acetale , and Ascorbic add, 
Filter, if necessary. Add the Polysorbate 80 solution, ad- 
just with 1 N sodium hvdroxide to a pH of 5,5-6,0, 
and dilute with Punfleo Water to 250 mL. 


Table 2 


l-Cvstine 

0.1 ci 

L-Tryptophan 

0.05 o 

1 N hydrachlonc acid 

10 mL 

Adenine-quanine-uracil solution 

5 mL 

Kanthine solution 

5 mL 

VEtamin solution A 

10 ml 

Vitamin solution 8 

10 mL 

Salt solution A 

5 mL 

Salt solution B 

5 mL 

Asparaqine solution 

5 mL 

Acid-hvdrolvzed caseln solution 

25 mL 

Dextrose, anhydrous 

10 q 

Sodium acetale, anhydrous 

5 q 

Ascorbic acid 

1 a 

Polysorbate 80 solution 

5 mL 


Tomato juice preparation: Centrifuoe commerdafly 
canned tomato juice so that most of the pulp is re- 
moved. Suspend 5 g/L of analytical fifter aid In the su- 
pernatant, and pass, with the aid of reduced pressure, 
through a layer of the fil ter aid. Repeat, If necessary, 
until a elear, straw-colored fiftrate is obtalned. Storę 
under toluene in a refrigerator. 

Culture medium: [NOTĘ—A dehydrated mrxture con¬ 
taining the same ingredients may be used proyided 
that, when constituted as directed in the labeling, it 


yieids a medium equivalent to that ohtained from the 
formula given herein.] Dissolye 0.75 g of yeast extract, 
0,75 g of dried peptone, 1,0 g of anhydrous dextrose, 
and 0.20 g of monobasic potassium phosphate in 
60-70 mL of water. Add 10 mL of Tomato juice prepara¬ 
tion and 1 mL of Polysorbate 80 solution . Adjust with 
1 N sodium hydroxide to a pH of 6.8, and add water to 
make 100 mL. Place 1 0-mL portlons of the solution in 
test tubes, and pług with cotton. Sterilize the tubes and 
contents In an autodaye at 121° for 15 min. Cool as 
rapidly as posslble to avold coior formation resulting 
from oyerneating the medium. 

Suspension medium: Dilute a measured volume of Bo¬ 
sa! medium stock solution with an equal voiume of 
water. Place 10-mL portions of the diluted medium in 
test tubes. Sterilize, and cool as directed for Culture 
medium. 

Stock culture of Laetobaeillus leichmannii: To 100 mL 
of Culture medium add 1.0-1.5 g of agar, and heat the 
mixture on a steam bath, with stirring, until the agar 
dissolves. Place IG-mL portions of the hot solution In 
test tubes, cover the tubes, sterilize at 121° for 15 min 
in an autodaye, and allow the tubes to coof in an up- 
right position. Inoculate three or morę of the tubes by 
stab transfer of a pure culture of Lactobadlius leichmam 
nii2 [Noni—Before first using a fresh culture in this 
assay, make NLT 10 successlye transfers of the culture 
in a 2-week period.] Incubate for 1 6-24 h at a tempera¬ 
turę of between 30° and 40° held constant to within 
±0.5°. Storę in a refrigerator. 

Prepare fresh stab cuitures at least three times each 
week, and do not use them for preparina the Inoculum 
if morę than 4 days ofd. The activity of tne mlcroor- 
ganism can be inereased by daify or twice-daily trans¬ 
fer of the stab culture, to tne point where definite tur- 
bidlty In the lrquid inoculum can be observed 2^4 h 
after Inocufation, A slow-growing culture seldom glves 
a suitable response curve and may tead to erratic 
results. 

Inoculum: [Notę—A frożen suspension of Lactobadlius 
leichmannii may be used as the stock culture, proyided 
it yieids an Inoculum com pa rabie to a fresh culture.] 
Transfer cells from the Stock culture of Lactobadlius 
leichmannii to two sterile tubes containing 10 mL each 
of the Culture medium. Incubate these cuitures for 
16-24 h at a temperaturę of between 30° and 40° held 
constant to within ±0.5*. Under aseptie conditions cen- 
trrfuge the cuitures, and decant the supernatant. Sus¬ 
pend the cells from the culture in 5 mL of sterile Sus¬ 
pens ion medium, and combine. Using sterile Suspension 
medium, adjust the volume so that a l-in-20 dilutjon in 
salinę TS produces 70% transmittance when read on a 
suitable spectrophotometer that has been set at a wave- 
lengfh of 530 nm, equipped with a 10-mm cefl, and 
read against salinę TS set at 100% transmittance, Pre¬ 
pare a 1-in-400 dilution of the adjusted suspension us¬ 
ing sterile Basa! medium stock solution. [Notę—T his dilu¬ 
tion may be aftered, when necessary, to obtain the 
desired test response.] The celt suspension so obtained 
is the Inoculum. 

Calibration of spectrophotometer: Check the wave- 
length of the spectrophotometer penodically, using a 
standard wavelength celi or other suitable device. 

Before readlng any tests, calibrate the spectrophotome¬ 
ter for 0% and 100% transmittance, using water, and 
with the wayelength set at 530 nm. 

Analysrs 

Samples: 5f an dard solution and Sampie solution 
Because of the high sensitivity of the test organ rsm to 
minutę amounts of vitamin Bi^ actiyity and to traces of 
many cleansing agents, cleanse meticulously by suita¬ 
ble means, followed preferably by heating at 250° .for 

1 Pure cuitures of Lactobocilkis leichmannii (listed as Lactobadlius delbruekif} 
be obtained as No. 7830 from ATCC, 10801 University Blvd., Manassas f 

VA 20110-2209 (www,a tcc.org). 
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2 h, using hard-glass 20-rnm x 150-mm test tubes and 
other necessary glassware. 

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 
3.0, 4.0, and 5.0 mL of the Standard soiution . To each 
of these tubes and to four similar empty tubes add 
5.0 ml of BasaI medium stock soiution and sufficient 
water to make 10 mL 

To simifar separate test tubes add, in duplicate, 1.0, 

1.5, 2.0, 3.0, and 4.0 mL of the Sampfe soiution . To 
each tubę add 5.0 mL of Basai medium stock soiution 
and sufficient water to make 10 mL. Place one com- 
plete set of Standard and sample tubes together in 
one tubę rack and the duplicate set m a second rack 
or section of a rack, preferably in random order. 

Cover the tubes to prevent bacterial contamination, 
and sterilrze in an autoclave at 121* for 5 min, arrang- 
ing to reach this temperaturę in NMT 10 min by 
preheating the autoclave if necessary. Cool as rapidly 
as posslble to avoid color formation resulting from 
overheating the medium. Take precautions to maintain 
uniformity of sterilizing and cooling condltions 
throughout the assay, because pacKing the tubes too 
closely in the autodave or overloading it may cause 
variation in the heating ratę. 

Aseptically add 0.5 mL of tnocutum to each tubę so pre- 
pared, except two of the four containing no Standard 
soiution (the uninoculated blanks), Incubate the tubes 
at a temperaturę of between 30 Q and 40*, heid con- 
stant to within ±0.5°, for 16-24 h, 

Termrnate growth by heating to a temperaturę NLT 80° 
for 5 min. Cool to room temperaturę. After agttating 
its contents, read the transmittance at 530 nm when a 
steady state is reached. This steady State is observed a 
few seconds after agitation when the reading remafns 
constant for 30 s or morę. Al Iow approximatdy the 
same time interval for the reading on each tubę. 

With the transmittance set at 100% for the unmocu- 
lated blank, read the transmittance of the moculated 
blank. !f the difference is greater than 5% or if there is 
evidence of contamination with a foreign microorgan- 
ism, disregard the resuits of the assay. 

With the transmittance set at 100% for the uninocu¬ 
iated blank, read the transmittance of each of the re~ 
maining tubes. Disregard the results of the assay if the 
slope of the standardcurve indicates a problem with 
sensitivity. 

Calculation: Prepare a standard concentration-response 
curve by the foliowing procedurę. Test for and replace 
any aberrant indtvidual transmittances, For each level of 
the Standard, calculate the response from the sum of 
the duplicate values of the transmittances (Ł s ) as the 
difference, y - 2.00 - Plot this response on the ordi- 
nate of cross-section paper against the logarithm of the 
ml of Standard soiution per tubę on the abscissa, using 
for the ordinate either an artthmetic or a logarithmic 
scalę, whichever gives the better approximation to a 
straight linę. Draw the straight linę or smooth curve 
that best fits the piotted pornts. 

Calculate the response, y = 2.00 - adding together 
the two transmittances (5^) for each !evel of the Sam¬ 
ple soiution. Read from the standard curve the loga¬ 
rithm of the voiume of the Standard soiution torre- 
sponding to each of those values of y that falls within 
the rangę of the lowest and highest points piotted for 
the Standard. Subtract from each logarithm so ob- 
tained the logarithm of the volume, rn mL, of the 
Sample soiution to obtain the difference, X, for each 
dosage ievel. Average the values of X for each of three 
or morę dosage levels to obtain X, which equais the 
iog-relative potency, A/f, of the Sample soiution . 
Determine the guantity, in pg, of cyanocobalamin 
{CeiHeeCoNijOi.sP) in the portion of Capsules taken: 

antilog M = antilog (A/f + log R) 


R ~ number of pg of cyanocobalamin assumed to 
be present in eacn mg in the portion of 
Capsules taken 

Calculate the percentaae of the labeled amount of 
cyanocobalamin (C^HsbCoNmOmP) in the portion of 
the Capsules taken: 

Result = [(antilog M)/N\ x 100 

N - nominał amount of cyanocobalamin in the 
portion of Capsules taken (pg) 

Repfication: Repeat the entire deterrnfnation at least 
once, using separately prepared Sample Solutions . If the 
difference betweenjtne two log-potencies M is NMT 
0.08, thdr mean, M, is the assayed log-potency of the 
test materiał (see Vitamm Bn Actmty in Design and Anol- 
ysis of Bioiogical Assoys (111), The Confidence lnterval 
and Llmits of Potency). If the two determinations differ 
by morę than 0.08, conduct one or morę additional 
determinations. From the mean of two or morę values 
of M that do not differ by morę than 0.15, compute 
the mean potency of the preparation under assay. 
Acceptance criteria: 90.0%-150,0% of the labeled 
amount of cyanocobalamin (C^HssCoN^OmP) 

* Fouc Ago, Method 1 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Reagent A: 25% soiution of tetrabutylammonium hy- 
droxide in methanol 

Reagent B: Transfer 5.0 g of pentetic add to a 50-mL 
volumetric fiask. Using sonication if necessary, dissolve 
in and dilute with 1 N sodium hydroxide to volume. 
Mobile phase: 2 g of monobasic potassium phosphate 
*n 650 mL of water. Add 12.0 mL of Reagent A t 7.0 mL 
of 3 N phosphoric add, and 240 ml of methanol. Cool 
to room temperaturę, adjust with phosphoric acid or 
ammonia TS to a pH of /,0, dilute with water to 
1000 ml, and filter. Recheck the pH foefore use by add¬ 
ing water or methanol to the prepared Mobile phase to 
obtain baseline separation of folie add and the intemal 
standard. The pH may be inereased up to 7.15 to ob¬ 
tain better separation. [NOTĘ—The methanol and water 
content may be varied (1 %-3%).] 

Interna! standard soiution: Transfer 40 mg of methyh 
paraben to a 1000-mL volumetric fiask, and add 
220 ml of methanol to dissolve. Dissolve 2,0 g of mon¬ 
obasic potassium phosphate in 300 mL of water in a 
separate beaker, quantitatjvely transfer this soiution to 
the fiask containing the methylparaben soiution, and 
add an additional 300 mL of water, Add 19 mL of Rea¬ 
gent A, 7 mL of 3 N phosphoric acid, and 30 mL of Rea¬ 
gent B, Adjust with ammonia TS to a pH of 9.8, bubble 
nitrogen tnrough the soiution for 30 min, dilute with 
water to voiume, and nm 

Standard soiution: 0.016 mg/mL of USP Folie Acid RS 
in Internal standard soiution 

Sample soiution: Proceed as directed in Biotin, Method 
I tnrough '"calculate the average net weight per Cap- 
suie." Transfer an amount of Capsuie contents to a suit- 
able centrifuge tubę, and add a volume of Internal stan¬ 
dard soiution to obtain a nominał concentration of 
0,016 mg/mL of folie acid, Shake by mechanical means 
for 10 min, and centrifuge, Filter a portion of the elear 
supernatant, and use the filtrate. 

Chromatographk system 
(See Chromatograpny (621), System SuitabUity.) 

Modę: LC 

Detector: UV 280 nm 
Column; 3.9-mm x 30-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 15 pL 
System suitabflity 
Sample: Standard soiution 

[Notę—T he re!ative retention times for folie acid and 
methylparaben are about 0.8 and 1.0, respectively.] 
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Suitability requirements 
Refative standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard solution and Sornple solution 
Measure the peak areas for folie acid and methylpara¬ 
ben. Calcuiate the percentage of the iabeied amount 
of folie acid (Ci9Ht9Nt 0 6 ) in the portion of Capsules 
taken: 

Result = (Ru/Rs) x (Q/C a ) x 100 

Ru = peak area ratio of folk acid to methylparaben 
from the Sample sofution 

Rs - peak area ratio of folie acid to methylparaben 
from the Standard solution 
Cs - concentration of USP Folie Acid RS in the 
Standard solution (pg/mL) 

Cu - nominał concentration of folie acid in the 
Sample solution (pg/mL) 

Acceptance criteria: 90,0%-150.0% of the tabeled 
amount of folie acid (CisHi^NbO*) 

* Fouc Acid, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Reagent: Dissolve 7.5 g of edetate disodium, with st*r- 
ring, in 500 ml of water containing 10 ml of ammo- 
nium hydroxide. 

Diluent: óOpg/mL of ammonium hydroxide 
Mobile phase: Transfer 0.4 mL of triethylamine, 15 ml 
of gfacfai acetic add, and 350 ml of methanol to a 
2000-mL volumetric fiask, and dilute with 0.008 M so- 
dium l-hexanesulfonate to volume. 

Standard stock solution: 60pg/mL of USP Folie Acid 
RS in Diluent. Prepare this solution fresh daily. 

Standard solution: Mix 5.0 ml of Standard stock solu¬ 
tion with 10.0 fnL of methanol and 35.0 mL of Reagent 
Shake for 15 min in a water bath maintained at 60°, 
and cooL Filier, discarding the first few mL of the 
fil tratę. 

Sample solution: Proceed as directed in Biotin, Method 
1 through "calcuiate the net weiaht of the Capsule 
contents." Transfer a portion of the Capsuie eon ten ts, 
equivalent to 0.3 mg of folie add, to a 125-mL stop- 
pered fiask. Add 10.0 ml of methanol and 35.0 mL of 
Reagent. Shake for 15 min in a water bath maintained 
at 60°, and cooL Fiiter, discarding the first few mL of 
the filtrate. 

Chromatographic system 

(See Chromotograpny <621), System Suitability .) 

Modę: LC 

Detector: UV 270 nm 

Column: 4,6-rnm x 25-cm; packing L7 

Cofumn temperaturę: 50° 

Flow ratę: 2 ml/min 
Injection volume: 5 pi 
System suitability 
Sample: Standard solution 
Suitability requirements 
Reiative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the areas of the major peaks. Calcuiate the 
percentage of the Iabeied amount of folie acid 
(Ct^HishbOs) in the portion of Capsules taken: 

Result = (ru/ri) x (Cj/Cu) x 100 

r u - peak area of folie acid from the Sample 
solution 

fi = peak area of folie add from the Standard 
solution 

Cs = concentration of USP Folie Add RS in the 
Standard solution (pg/mt) 

C u = nominał concentration of folie add in the . 
Sample solution (pg/mL) 


Acceptance criteria: 90.0%-15Q.Q% of the Iabeied 
amount of folie add (C 19 HT 9 M 7 O 6 ) 

* Dexpanthenol or Panthenol 

[Mote—T he folłowmg procedurę is applicable also to the 
determination of the dextrorotatory component of race- 
mic panthenol in preparations containing panthenolJ 

Dehydrated mixtures yielding formulations simtlar to the 
media described herein may be used provided that, 
when constituted as directed, they have growth-pro- 
moting properties egual to or superior to those ob- 
tained with the media prepared as described herein. 

Standard stock solution: 800 pg/ml of USP Dexpan- 
thenol RS or lóOOpg/mL of USP Racemic Panthenol RS 
in water Storę in a refrigerator, protected from light, 
and use within 30 days. 

Standard solution: On the day of the assay, prepare a 
difution of 1,2 pg/mL of dexpanthenol or 2.4 ug/ml of 
panthenol from Standard stock solution diiutea with 
water. 

Sample solution: Weigb NLT 30 Capsules in a tared 
welghing bottle. Open the Capsules, without loss of 
sheff materiał, and transfer the contents as completeiy 
as possibie to a beaker. Remove any contents adhering 
to the empty Capsule shells by washing with several 
portions of ethen Discard the washings, and dry the 
Capsule shells with the aid of a current of dry air until 
the odor of ether is no longer perceptible. Weigh the 
empty Capsuie shells in the tared weighing bottle, and 
calcuiate the average net weight per Capsuie. Dissolve a 
portion of the Capsule contents, nominally eouivalent 
to 1.2 mg of dexpanthenol or 2.4 mg of panthenol, in 
100.0 mL of water. Quantitatively dilute a portion of 
this solution with water to obtain a concentration of 
1.2 pg/ml of dexpanthenol or 2.4 pg/mL of panthenoL 

Acid-hydrolyzed casein solution: Mix 100 g of vita- 
min-free casein with 500 mL of 6 N hydrochloric add, 
and reflux the mixture for 8-12 b. Remove the hydro- 
chioric acid from the mixture by distillation under re- 
duced pressure until a thick pastę remains. Redlssolve 
the resulting pastę in about 500 mL of water, adjust the 
solution witn 1 N sodium hydroxide to a pH of 3.5 ± 
OJ, and add water to make 1000 mL. Add 20 g of acti- 
vated charcoal, stir for 1 h, and fiiter. Repeat the treat- 
ment with activated charcoal. Storę under toluene in a 
cool place at a temperaturę NLT 10°. Fiiter the solution 
if a predpitate forms during storage. 

Cystine-tryptophan solution: Suspend 4.0 g of L-cys- 
fine in a solution of 1.0 g of L-tryptophan (or 2.0 g of 
D,LJryptophan) in 700-800 mL of water, heat to 
75 ± 5 *, and add hydrochloric add solution (1 in 2 ) 
dropwise, with stirring, until the solids are dissolved. 
Cool, and dilute with water to make 1000 mL. Storę 
under toluene in a cool place at a temperaturę NLT 
10 °. 

Adenine-guantne-uracil solution: Dissolve 200 mg 
each of adentne sulfate, guanine hydrochloride, and 
u radl, with the aid of heat, in 1 0 mL of 4 N hydrochlo¬ 
ric acid. Cool, and add water to make 200 mL. Storę 
under toluene in a refrigerator. 

Połysorbate 80 solution: 100 mg/mL of poiysorbate 80 
in alcohol 

Ribofiavin-thiamine hydrochlonde-biotin solution: 

20 pg/mL of riboflayin, 10 pg/ml of thiamine hydro- 
chlonde, and 0.04pg/mL of biotin in 0.02 N acetic 
acid. Storę under toluene, protected from light, in a 
refrigerator. 

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride 
solution: 10 pg/mL of p-aminobenzoic acid, 50 pg/mL 
of niacin, and 40 pg/mL of pyridoxine hydrochloride in 
neutral 25% alcohol Storę in a refrigerator. 

Salt solution A: 50 mg/ml of monobasic potassium 
phosphate and 50 mg/mL of dibasic potassium phos- 
phate in water. Add TO drops of hydrochloric add per L 
of solution. Storę under toluene. 
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Salt solution B: 20 mq/mL of magnesium sulfate, 

1 mg/mL of sod Eu m cnloride, 1 mg/mL of ferrous suf- 
fate, and 1 mg/mL of manganese sulfate in water. Add 
10 drops of hydrochlorlc add per L of the solution. 
Storę under toluene. 

Pyridoxal’Caldum pantothenate solution: 200 pg/mL 
of pyridoxal hydrochlonde and 1,875 pg/mL of calcium 
pantothenate in 7 0% alcohol. Storę in a refrigerator, 
and use within 30 days. 

Pofysorbate 40-oleic add solution: 50 mg/mL of poly- 
sorbate 40 and 0,5 mg/mL of oleić acid in 20% alcohol. 
Storę in a refrigerator, and use within 30 days, 

Modified pantothenate medium: DissoJve anhydrous 
Dextrose and Sodium acetate in the Solutions previous]y 
mExed according to Tabfe 3, and adjust with 1 N so¬ 
dium hydroxide to a pH of 6 . 8 , Finally, difute with 
water to 250 mL. 


Takie 3 


Add-hydrolyzed casein solution 

25 mL 

Cystine-tryptophan sofution 

25 mL 

Polysorbate 80 solution 

0,25 mL 

Dextrose, anhydrous 

10 0 

Sodium acetate, anhydrous 

5 q 

Adenine-quanine-uracil solution 

5 mL 

RibofEavin-thiamine hydrochloride-biotin solution 

5 mL 

p-Aminobenzoic acid-niacin-pyridoxfne hydrodifo- 
ride solution 

5 mL 

Salt solution A 

5 ml 

Salt solution B 

5 mL 

Pyridoxal-calcium pantothenate solution 

5 ml 

Polysorbate 40-oleic acid solution 

5 mL 


Double-strength modified pantothenate medium: 

Prepare as directed in Modified pantothenate medium, 
but make the finał dilution to 125 mL instead of 
250 mL, Prepare fresh. 

Stock cuIturę of Pediococcus acidllactici: Dissolve In 
800 mL of water, with the aid of beat, 6,0 g of pep- 
tonę, 4,0 g of pancreatic digest of casein, 3.0 g of yeast 
extract, 1,5 g of beef extract, 1.0 g of dextrose, and 
15.0g of agar, Adjust with 0,1 N sodium hydroxide or 
0,1 N hydrochloric acid to a pH of 6 ,5-6,6, and di lute 
with water to 7 000 mL. Add TO-rnL portions of the so¬ 
lution to culture tubes, place caps on the tubes, and 
stenlfze in an autoclave at 121 5 for 15 min, Cool on a 
slant, and storę En a refrigerator, Prepare a stock culture 
of Pediococcus acidilacticP on a siant of this medium, 
Incubate at 35° for 20-24 h, and storę in a refrigerator. 
Maintain the stock culture by monthfy transfer onto 
fresh slants. 

Inoculum: Inoculate three 25 0-mL portions of Modified 
pantothenate medium from a stock culture siant, and in¬ 
cubate at 35° for 20-24 h. Centnfuge the suspension 
from the combined portions, and wash the cells with 
stenie Modified pantothenate medium. Resuspend the 
cel Es in sufficient Modified pantothenate meaium so that 
a 1 -in-50 dilution, when tested in a 13-mm diameter 
test tubę, gives 80% light transmission at 530 nm. 
Transfer 1 2-mL portions of this stock suspension to 
glass ampuls, seaf, freeze En liguid nitrogen, and storę in 
a freezer. On the day of the assay, allow the ampuls to 
reach room temperaturo, mix the contents, and dilute 
1 mL of thawed culture with stenie salinę T5 to 150 mL. 
[NOTĘ—This dilution may be altered when necessary to 
obtain the desired test response,] 

Anafysis: Prepare in triplicate a senes of eight culture 
tubes by adding the foliowing guantities ot water to the 
tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2,0, 1,0, and 
0.0 mL. To these same tubes and in the same order add 

J ATCC No. 8042 ts suftable. 


0.0, 0,5, 1,0, 1.5, 2 , 0 , 3.0, 4.0, and 5.0 mL of the Stan¬ 
dard solution. 

Prepare in duplicate a series of five culture tubes by 
adding the followEng quantities of water to the tubes 
within a set: 4.0, 3.5, 3.0, 2 . 0 , and 1 ,0 ml. To these 
same tubes and in the same order add 1 . 0 , 1 . 5 , 2 . 0 , 
3 . 0 , and 4,0 mL of the Sampie solution. 

Add 5.0 mL of Double-strength modified pantothenate 
medium to each tubę. Cover the tubes with metal 
caps, and sterlllze in an autoctave at 121 ° for 5 min. 
Cool to room temperaturę in a chilted water bath, and 
inoculafe each tubę with 0.5 ml of the inoculum. Al- 
low to incubate at 37° for 1 6 h. TermEnate growth by 
heating to a temperaturę NLT 80-, such as by steam- 
Ing at atmospherlc pressure in a sterjlizer for 5-10 
min. Cool, and determine the percentage transmif- 
tance of the suspensions, in cells of equal pathlength, 
on a suitable spectrophotometer, at a wavelength of 
530 nm. 

Calculation: Draw a dose-response curve on arithmetic 
graph paper by plotting the average response, in per- 
centage of transmittance, for each set of tubes of the 
standard curve against the standard level concentra- 
tions. The curve is drawn by connecting each adjacent 
pair of points with a straight linę. From this standard 
eurve, determine by mterpolaiion the potency of each 
tubę eon tarnina portions of the Sample solution , To ob¬ 
tain the indivicTual responses, divide the potency of 
each tubę by the amount of the Sample solution added 
to it. Calculate the mean response by averaging the 
individual responses that vary from tneir mean by NMT 
15%, using NLT half the total number of tubes. Calcu- 
late the potency of the portion of the materiał taken for 
the assay by multiplying the mean response by the ap- 
propriate dilution ractor. 

Calculate the percentage of the labeled amount of dex- 
pantheno! or panthenol (C 9 H 19 NO 4 ) En the portion of 
Capsules taken: 

Result = (P/N) x 100 

P = potency of dexpanthenol or panthenol in the 
portion of Capsules taken (mg) 

N = nominał amount of dexpanthenol or 

panthenol in the portion of Capsules taken 

( m g) 

Acceptance criteria: 90.0%-l 50,0% of the labeled 
amount of dexpanthenol or panthenol (C 9 H 19 NO,,) 

• Calcium Pantothenate, Method 1 

Mobile phase: Phosphoric acid and water (1:1 000) 
Internal standard solution: 80 mg of p-hydroxybenzoic 
add in 3 mL of alcohol Add 50 mL of water and 7.1 g 
of dibasic sodium phosphate, and dilute with water to 
1000 mL. Adjust with phosphoric acid to a pH of 6.7. 
Standard solution: 0.6 mg/mL of USP Caldum Panto¬ 
thenate RS in internaf standard solution 
Sample solution: Proceed as directed 1 n Biotin, Method 
1 through "calculate the average net weight per Cap- 
sule." To a centnfuge tubę transfer an amount of mExed 
Capsule contents and a volume of Interna! standard so¬ 
lution to obtain a concentration of 0,6 mg/mL In the 
Sample solution . 

Chromatographic system 
(See C hromatography (621), System Suitabiiity,) 

Modę: LC 

Detector: UV 210 nm 
Column: 3.9-mm x 7 5-cm; packfng LI 
Flow ratę: 1.5 mL/mfn 
Injection volume: 10 pL 
System suitabiiity 
Sample: Standard solution 

[Notę—T he relative retentEon times for calcium panto¬ 
thenate and p-hydroxybenzoic acid are about 0.5 and 
1 , 0 , respectively.] 
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Suitability requfrements 
Relative standard deviatron: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of calctum pantothenate and 
the internat standard. Calculate the percentage of the 
labeled amount of calcium pantothenate 
(GaH^CalShOio) in the portion of Capsules taken: 

Result = (Ru/ft) x (Cs/Cy) x 100 

Ru - peak area ratio of oalcium pantothenate to p- 
hydroxybenzoic acid from the Somple 
solution 

R$ - peak area ratio of calcium pantothenate to p- 
hydroxybenzoic acfd from the Standard 
solution 

Cs = concentration of USP Calcium Pantothenate 
RS in the Standard solution (mg/mL) 

C u - nominał concentration of calcium 

pantothenate in the Sample solution (mg/mL) 
Aceeptance criteria: 9Q.0%-15CLO% of the labeled 
amount of calcium pantothenate (Cish^CaNhO^) 

* Calcium Pantothenate, Method 2 

Standard stock solution: Disso!ve 50 mg of USP Cal- 
cium Pantothenate RS, prewously drred and stored in 
the dark over phosphorus pentoxide and protected 
from absorption of moisture while weighing, in 500 mL 
of water in a 1000-mL volumetric fiask. Add 10 mL of 
0.2 N acetic acid and 100 ml of sodium acetale solu¬ 
tion (1 in 60), and dilute with water to volume, to ob- 
tarn a concentration of 50jiq/mL of USP Calcium Pan¬ 
tothenate RS. Storę under toluene in a refrigerator. 
Standard sofution: On the day of the assay, dilute a 
volume of Standard stock solution with water to obtain a 
concentration of 0.01-0.04 pg/ml of calcium panto¬ 
thenate, the exact concentration being soch tnat the 
responses obtained as directed in the Anaiysis, 2.0 and 
4.0 mL of the Standard solution being used, are wlthin 
the linear portion of the log-concentration response 
curve. 

Sample solution: Proceed as directed in Biotin , Method 
1 through "calculate the average net weight per Cap- 
sule." Transfer a portion of the Capsule contents, equiv- 
alent to an amount of 50 mg of calcium pantothenate, 
to a 1000-mL vo!umetric fiask containing 500 mL of 
water. Add 10 mL of 0.2 N acetic acid and 100 mL of 
sodium acetale solution (1 in 60), dilute with water to 
valume, and filier. Dilute a volume of this sofution to 
obtain a solution with approxlmately the same concen¬ 
tration as that of the Standard solution. 

Acid-hydrolyzed casem solution: Mix lOOg of vita- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and reflux the mixture for 8-12 h. Remove the hydro- 
chloric acrd from the mixture by distillation under re- 
duced pressure until a thick pastę remains. Redtssolve 
the resulting pastę in water, adjust the solution with 
1 N sodium hydroxfde to a pH of 3.5 ± 0.1, and dilute 
with water to 1000 mL. Ado 20 g of aetivated charcoal, 
stir for 1 h, and filter. Repeat the treatment with acti- 
vated charcoal. Storę under toluene in a cool place at a 
temperaturę NLT 10°. Rlter the solution if a precipitate 
forms during sto ragę. 

Cystine-tryptophan solution: Suspend 4.0 g of L-eys- 
tine in a solution of 1.0 g of t-tryptophan (or 2.0 g of 
D,L-tryptophan) in 700-800 mL of water, heat to 
70 a -80°, and add dilute hydrochloric acid (1 in 2) 
dropwise, with stirnng, until the solids are disso!ved, 
Cool, and dilute with water to 1000 mL. Storę under 
toluene in a cool place at a temperaturę NLT 10°. 
Ademne-guanine-uracil solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
uradl, with the aid of heat, in 10 mL of 4 N hydrochlo¬ 
ric acid. Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator. 


Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol 

Riboflavin-thiamine hydrochioride-biotin solution: 

20 jig/mL of riboflavin, 10 pg/mL of thlamlne hydro- 
chlonde, and 0.04 pg/mL of biotin in 0.02 N acetic 
acid. Storę under toluene, protected from light, in a 
refrigerator. 

p-Aminobenzoic acid-njadn-pyridoxine hydrochloride 
solution: 10 ng/mL of p-aminobenzoic add, 50 ng/mL 
of niacin, and 40 jig/mL of pyrtdoxine hydrochloride In 
a mixture of neutralized alcohol and water (1:3). Storę 
in a refrigerator. 

Salt solution A: Dlssolve 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate in 
water to make 500 mL Add 5 drops of hydrochloric 
acid. Storę under toluene. 

Salt solution B: Dissolve 10 q of magnesium sulfate, 

0.5 g of sodium chloride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 mL. 
Add 5 drops of hydrochloric add. Storę under toluene. 

Basal medium stock solution: Dissofve the anhydrous 
Dextrose and anhydrous Sodium acetate in the Solutions 
previously mixed according to Tobie 4 t and adjust with 
1 N sodium hydroxide to a pH of 6.8. Dilute with water 
to 250 mL. 


Table 4 


Acid-hydrolyzed casdn sofution 

25 ml 

Cystine-trYptophan solution 

25 mL 

Polysorbate 80 solution 

0.25 mL 

Dextrose f anhydrous 

U) n 

Sodium acetale, anhydrous 

5 Q 

Adenine-auanine-uradl solution 

5 mL 

Riboflavirvthłamine hydrochioride-biotin solution 

5 mL 

p-Amfnobenzoic acid-niadn-pyridoxine hydro chlo- 
nde solution 

S ml 

Salt solution A 

5 ml 

Salt solution B 

5 ml 


Stock culture of Lactobacillus plantarum: DissoNe 
2.0 g of yeast extract in 100 mL of water. Add 500 mg 
of anhydrous Dextrose, 500 mg of anhydrous Sodium 
acetate , and 1.5 g of agar, and heat the mixture on a 
steam bath, with stirnng, until the agar dissolves. Add 
10-mL portions of the hot solution to the test tubes, 
close or cover the tubes, sterilize in an autoc!ave at 
121° for 15 min, and allow the tubes to cool in an 
upright position. Prepare stab cultures in tliree or morę 
of the tubes, using a pure culture of Lactobacillus 
plantarum^ incubating for 16-24 h at a temperaturę of 
30^-37° held constant to within ±0.5*. Storę in a refng- 
erator. Prepare a fresh stab of the stock culture every 
week, and do not use for Inoculum if the culture is morę 
than 1 week o Id. 

Culture medium: To each of a series of test tubes con¬ 
taining 5.0 mL of Basal medium stock solution add 
5.0 mL of water containing 0.2 pg of calcium panto¬ 
thenate. Pług the tubes with cotton, sterilize in an auto- 
clave at 121 c for 15 min, and cool. 

Inoculum: [Notę—A frozen suspension of Lactobacillus 
plantarum may be used as the stock culture, provided lt 
yields an Inoculum comparable to a fresh culture.] Trans¬ 
fer cel Is from the Stock culture of Lactobacillus plantarum 
to a sterile tubę containing 10 mL of Culture medium. 
fncubate this culture for 16-24 h at a temperaturę of 
between 30° and 37° held constant to within ±0.5°. 

The celi suspension so obtained is the Inoculum. 

Analysis 

Samples: Standard solution and Sample solution 
To similar separate test tubes add, in dupiicate, 1.0 
and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard 
solution , To each tubę and to four similar empty tubes 
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add 5.0 ml of Basol medium stock soiution and suffi- 
cient water to make 10 mL 

To simflar separate test tubes add, in duplicate, volumes 
of the Sambie soiution corresponding to three or morę 
of the leve(s spedfred for the Standard soiution , includ- 
mq the łevels of 2*0, 1,0, and 4.0 mL. To each tubę 
add 5.0 ml of the Basal medium stock soiution and $uf- 
ficient water to make 10 mL, Pface one complete set 
of Standard and sample tubes together in one tubę 
rack and the duplicate set In a second rack or section 
of a rack, preferably in random order. 

Cover the tubes of both series to prevent contamina- 
tion, and sterilize in an autoolave at 121° for 5 min. 
Cool, and add 1 drop of Inoculum to each tubę, ex- 
cept two of the four tubes containing no Standard so* 
lution (the uninoculated blanks), Incubate the tubes at 
a temperaturę of between 30° and 37°, heid constant 
£o witnin ±0.5° until, foflowintj 16-24 h of incubation, 
there has been no substantial increase in turbidity In 
the tubes containing the highest level of Standard dur- 
ing a 2-h period. 

Determine the transmittance of the tubes in the follow- 
ing manner. Mix the contents of each tubę, and trans¬ 
fer to an optical Container if necessary. Read the trans¬ 
mittance between 540 and 660 nm when a steady 
State is reached, This steady State is observed a few 
seconds after agłtation when the galvanometer read- 
ing rematns constant for 30 s or morę. Aflow approxi- 
mately the same time interval for the reading on each 
tubę. 

With the transmittance set at 1,00 for the uninoculated 
blank, read the transmittance of the inoculated blank. 
With the transmittance set at 1.00 for the inoculated 
blank, read the transmittance for each of the remain- 
ing tubes. If there is evidence of contamination with a 
foreign mrcroorganism, disregard the result of the 
assay. 

Calculation: Prepare a standard concentration-response 
curve as foflows. For each ievel of the Standard, calcu- 
late the response from the sum of the duplicate values 
of the transmittance (Es) as the difference, y - 2,00 - 
Es. Plot this response on the ordinate of cross-section 
paper against the logarithm of the mL of Standard solu- 
tion per tubę on the abscissa, using for the ordinate 
either an anthmetic or a logarithmic scalę, whichever 
gives the better approximatton to a straight linę, Draw 
the straight linę or smooth curve that best fits the plot- 
ted potnts, 

Calculate the response, y - 2.00 - E w , add Ing together 
the two trammsttances (Eu) for each level of the Sam¬ 
ple soiution. Read from the standard curve the loga¬ 
rithm of the volume of the Standard soiution corre¬ 
sponding to each of those values of y that falis within 
the rangę of the lowest and highest points plotted for 
the Standard, Subtract from each logarithm so ob- 
tained the logarithm of the vofume, in mL, of the 
Sample soiution to obtain the difference, X, for each 
dosage leveL Average the vaiues_of X for each of three 
or morę dosage leve!s to obtain X, which eguals the 
log-reiative potency, twf, of the Sample soiution. Deter¬ 
mine the guantity, in mg, of calcium pantothenate 
(CiflH^CaNzOto) in the portion of Capsules taken: 

antilog M - antilog ( M' + log R) 

R - number of mg of calcium pantothenate 

assumed to be presenl in the portion of the 
Capsules taken 

Calculate the percentage of calcium pantothenate 
(CaaH^CahbOio) in the portion of Capsules taken: 

Result - [(antilog M)/N] x 100 

N - nominał amount of calcium pantothenate in 
the portion of the Capsules taken (mg) 


Replication: Repeat the entire determination at least 
once, using separately prepared Sample Solutions . If the 
difference betweenjtne two log-potendes M is NMT 
0.08, their mean, H is the assayed log-potency of the 
test materiał (see Design and Analysis of Biofogical Assays 
(111), The Confidence lnterval and Limits of Potency ). If 
the two determinations dtffer by morę than 0,08, eon- 
duet one or morę additional determinations, From the 
mean of two or morę values of M that do not differ by 
morę than 0.15, compute the mean potency of the 
preparation under assay. 

Acceptance enteria: 90,0%~150,0% of the iabeled 
amount of calcium pantothenate (CteH^CaNbGto) 

* Calcium Pantothenate, Method 3 

Buffer soiution: Dissolve 10.0 g of monobasic potas- 
sium phosphate in 2000 mL of water, and adjusl with 
phosphorie actd to a pH of 3.5, 

Mobile phase: Methanol and Buffer soiution (1:9) 
Standard stock soiution; 0,25 mg/mL of USP Calcium 
Pantothenate RS in water, Prepare fresh every 4 weeks. 
Storę in a refricjerator. 

Standard soiution: 40 pg/ml of USP Calcium Panto¬ 
thenate RS from Standard stock soiution diluted with 
water 

Sample soiution: Proceed as directed in Biotin, Method 
1 tnrough "calculate the net weight of the Capsule 
contents." Transfer a portion of the Capsule contents, 
equivalent to 10 mg of calcium pantothenate, to a 
250-mL volumetric fiask. Add 10 mL of methanoi, and 
swirl the fiask to disperse the Capsules contents, Dilute 
with water to volume, mix, and frlter. 

Chromatographic system 
(See Chromatograpny (621), System Suitability,) 

Modę: LC 

Dełeetor: UV 205 nm 

Coiumn: 3.9-mm x 30-cm; 5-(jm packing LI 

Column temperaturę: 50° 

Flow ratę: 2 mL/min 
injection volume: 25 jiL 
System suitability 
Sample: Standard soiution 
Suitability reąuirements 
Relatrve standard deviation; NMT 3.0% 

Analysis 

Samples: Standard soiution and Sample soiution 
Measure the peak areas for calcium pantothenate. Cal¬ 
culate the percentage of the Iabeled amount of cal- 
cium pantothenate (CiaH^CaNijCho) in the portion of 
Capsules taken; 

Result - {rJh) x (Cs/G) x 100 

fu = peak area from the Sample soiution 

r s - peak area from the Standard soiution 

C$ - concentration of USP Calcium Pantothenate 
RS in the Standard soiution (mg/mL) 

= nominał concentration of calcium 

pantothenate tn the Sample soiution (mg/mL) 
Acceptance criteria: 90,0%-150.0% of the Iabeled 
amount of calcium pantothenate (OiiH^CaNhOio) 

• Niacin or Niacinamide, Pyridoxine HYDROCHLORIDE, RIBO 
flavin, and Thiamine, Method I 

[NoTE—Use low-actinic glassware throughout this 
procedurę.] 

Diiuent: Acetonitrile, glacial acetic add, and water 
(5:1:94) 

Mobile phase: A mixture of methanol, glacial acetic 
add, and water (27:1:73) containing 140 mg of sodium 
1-hexanesulfonate per 100 mL 
Standard soiution: [Notę—U se USP Niacin RS in place 
of USP Niacinamide RS for formulations containing nia- 
dn.] Transfer 80 mg of USP Niacinamide RS, 20 mg of 
USP Pyridoxine Hydrochlonde RS, 20 mg of USP Ribofla- 
vin RS, and 20 mg of USP Thiamlne Hydrochloride RS 
to a 200-mL volumetrit fiask, and ada 180 ml. of DHu- 
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ent. Immerse the fiask in a hot water bath maintained 
at 65°-70° for 10 min with regular shaking or ustng a 
vortex mixer, untit all the solid materials are dissolved. 
Chill rapidty in a cold water bath for 10 min to room 
temperaturę, and dilute with Diluent to vo!ume. 

Sample solution: Proceed as directed in Bioiin, Method 
1 through "calculate the average net weight per Cap¬ 
sule." Transfer a portion of the Capsule contents, equlv- 
alent to 10 mg of niadnamide and 2,5 mg each of pyrl- 
doxine hydrachtoride, riboflavm, and thiamine 
hydrochloride to a 50-mL centrifuge tubę, Add 25.0 mL 
of Diluent, and mix using a vortex mixer for 30 s to 
completely suspend the powden immerse the centrr- 
fuge tubę in a hot water bath maintained at 65°-7G s , 
heat for 5 min, and mix on a vortex mixer for 30 s. 
Return the tubę to the hot water bath, heat for another 
5 min, and mix on a vortex mixer for 30 s. Filter a 
portion of the solution, cool to room temperaturę, and 
use the elear ffltrate. [NOTĘ—Use the filtrate wkhin 3 h 
of filtrationj 

Chromatographic system 

(See Chromatography (62 1), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Cofumn: 3.9-mm x 3G-cm; packi ng LI 
Flow ratę: 1 mL/mtn 
Injection volume: 10 pL 
System suitahility 
Sample: Standard solution 

[Notę—T he relative retention tlmes for niadnamide, 
pyridoxine, nboflavln, and thiamine are about 03, 0.5, 
03, and 1.0, respectlvely.] 

Suitahility requirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard soiution and Sorapie solution 
Measure the peak areas for niadn or niadnamide, pyri- 
doxine, riboflavin, and thiamine. Calculate the percenb 
age of the labeled amount of niadnamide (C6H 6 N 2 0) 
in the portion of Capsules taken: 

Result - (ryfr$) x (G/G) x 100 

ru - peak area of niadnamide from the Sample 
solution 

rs = peak area of niacinamide from the Standard 
solution 

G = concentration of USP Niacinamide RS in the 
Standard solution (mg/mL) 

C u - nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

For formufations containing niadn: 

Result = (ru/rs) x (G/G) x 100 

fu - peak area of niadn from the Sampfe solution 

fs - peak area of niacin from the Standard soiution 

C$ = concentration of USP Niacin RS in the 
Standard solution (mg/mL) 

C u - nominał concentration of niacin in the Sample 
solution (mg/mL) 

Separately calculate the percentage of the tabeied 
amount of pyridoxine hydrochloride (CsHnNOa ■ HCI), 
hboflayin (Ci 7 H 2 dN 4 Qó), and thiamine hydrochloride 
(C u H n C\N A OS * HCI) in the portion of Capsufes taken: 

Result = (ru/rs) x (G/G) x 100 

ru = peak area of the corresponding vitamin from 
the Sample solution 

rs - peak area of the corresponding vitamin from 
the Standard soiution 


Cs = concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

Cu - nominał concentration of the corresponding 
vitamin in the Sample solution (mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (C^H^NsO^S) in the portion of Capsules 
taken: 

Result = (ru/r s ) x (Cs/Cu) x (M rS /M f2 ) x 100 

ru - peak area of thiamine from the Sample 
solution 

r s ~ peak area of thiamine from the Standard 
solution 

C s = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cy - nominał concentration of thiamine 

mononitrate in the Sampfe solution (mg/mL) 

M rT = molecular weight of thiamine mononitrate, 
32736 

Mr 2 = molecular weight of thiamine hydrochloride, 
337.27 

Acceptance criterla: 90.0%-150.0% of the labeled 
amount of niacin (GH 5 NO 7 ) or niadnamide (CgHg^O), 
pyridoxine hydrochloride (C 0 HnNO 3 - HCI), nboflavin 
(C^H^oN.jOfi), and thiamine as thiamine hydrochloride 
(C| 2 Hi 7 CIN<iOS - HCI) or thiamine mononitrate 
(C 12 H 17 N 3 O 4 S) 
o Niacin, Method 2 

[NOTĘ—Use low-actinic glassware throughout this 
procedurę.] 

Solution A: Transfer 1 mL of gtacial acetlc add and 
2.5 g of edetate disodium to a 100-mL volumetrlc fiask. 
Dissolve in and dilute with water to vofume. 

Extraction solvent: Solution A and methano! (3:1) 
Mobile phase: 0.1 M sodium acetate solution 
(13.6 mg/mL of sodium acetate in water). Adjust with 
acetlc add to a pH of 5.4, [NOTĘ—A smali amount of 
methano! (up to 1%) may be added to the Mobile 
phase to improve resolution.] 

Standard stock solution: 1 mg/mL of USP Niacin RS In 
Extraction soivent 

Standard solution: Transfer 5.0 ml of Standard stock 
solution to a 25-mL volumetric fiask and dilute with Ex- 
traction sofvent to vo!ume. 

Sample solution: [Notę—T hls preparation is suitable for 
the determination of niacin or niacinamide, pyrldoxlne, 
and riboflavin, when present in the formulation,] Weigh 
NLT 20 Capsules in a tared weigh Ing bottle. Open the 
Capsules, without foss of Shell materiał, and transfer the 
contents to a beaker. Remove any contents adhering to 
the shetis by washing with several portions of ether. 
Discard the washlngs, and dry the Capsule shelfs with 
the aid of a current of dry air. Weigh the empty Cap¬ 
sule shells in the tared weighing bottle, and calculate 
the net weight of the Capsule contents. Transfer a por¬ 
tion of the Capsule contents, egulvalent to 2 mg or n- 
boflavin, to a 200-mL volumetrlc fiask, if riboflavin is 
not present In Lhe formulation, use a portion equivalent 
to a nominał amount of 2 mg of pyndoxine, If pyridox- 
ine is not present in the formulation, use a portion 
equivalent to 20 mg of niadn or niacinamide. Add 
1 00.0 mL of Extraction solvent t and mbc for 20 min, us¬ 
ing a wrist-action shaker. Immerse the fiask in a water 
bath maintained at 70°-75°, and heat for 20 min. MEx 
on a vortex mixer for 30 s, coo! to room temperaturo, 
and filter. Use the elear filtra te. 
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Chromatographic system 

(See Chrom a tog ropny (621), System Suitability) 

Modę: LC 

Detector: UV 254 nm 
Column; 4,6-mm x 25-em; packing LI 
Flow ratę: 1 ml/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability reąuirements 
Relative standard deviation: NMT 3,0% 

[Notę—I f necessary, flush the column with methanol 
bet we en injections.] 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of niacin. Calculate the percent- 
age of the labeled amount of niacin (C^H^NG^) in the 
portion of Capsules taken: 

Result = ( rjr 5 ) x (CdC v ) x 100 

A/ = peak area of niacin from the Sample solution 

A = peak area of niacin from the Standard solution 

Cs - concentration of USP Niacin RS in the 
Standard solution (mg/ml) 

Cu = nominał concentration of niacin in the Sample 
solution (mg/mL) 

Acceptance criteria: 90.0%-15O.0% of the labeled 
amount of niacin (Gt-bNCy 

* Niacinamide, Method 2 

[Notę—U se low-actinrc gJassware throughout this 
procedurę.] 

Solution A, Extraction solyent, Mobile phase, Stan¬ 
dard stock solution. Standard solution, Sample solu¬ 
tion, Chromatographic system, and System suitability 
solution: Using USP Niacinamide RS in place of USP 
Niacin RS, proceed as directed in Niacin, Method 2. 
Analysis 

Samples: Standard salution and Sample solution 
Measure the peak areas of niacinamide. Calculate the 
percentage of the labeled amount of niacinamide 
(CńHsN.O) in the portion of Capsules taken: 

Result - (aj/a) x (CdCu) x 100 

A/ = peak area of niacinamide from the Sample 
solution 

r$ - peak area of niacinamide from the Standard 
solution 

Cj = concentration of USP Niacinamide RS in the 
Standard solution (mg/ml) 

Cu - nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

Acceptance criteria: 90.0%~T50.Q% of the labeled 
amount of niacinamide (C 6 HńN^O) 

• Pyridoxfne Hydrochloride, Method 2 

[Notę—U se low-actinic giassware throughout this 
procedurę.] 

Extraction soh/ent, Mobile phase, and Sample solu¬ 
tion: Prepare as directed in Niacin, Method 2 , 

Standard stock solution: 0.1 mg/mL of USP Pyridoxine 
Hydrochloride RS in Extraction solvent 
Standard solution: Transfer 20 jig/ml of USP Pyridox- 
ine Hydrochloride RS from Standard stock solution , and 
diiute with Extraction solveni to volume. 


Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4,6-mm x 25-cm; packing LI 
Flow ratę: 1 ml/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviatlon: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of pyridoxine. Calculate the 
percentage of the labeled amount of pyridoxine hy¬ 
drochloride (CbHuNOj * HO) in the portion of Cap¬ 
sules taken: 

Result “ (a/a) x (Cs/Cu) x 100 

A = peak area of pyndoxine from the Sample 
solution 

A = peak area of pyridoxine from the Standard 
solution 

Cs = concentration of USP Pyndoxine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of pyridoxine 
hydrochloride in the Sample solution 
(mg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of pyridoxine hydrochloride (CaHnNOj ■ HCI) 

• R(BOFLAVlN, Method 2 

[Notę—U se low-actinic giassware throughout this 
procedurę.] 

Extraction solvent and Sample solution: Prepare as di¬ 
rected in Niacin, Method 2. 

Solution A: 6.8 g/L of sodium acetate in water 
Mobile phase: Prepare a mixturę of Solution A and 
methanol (13:7). Add 2 ml of triethylamine per L of the 
mixture, and ad]ust with glacial acetic add to a pH of 
5.2. 

Standard stock solution: Transfer 20 mg of USP Ribo- 
flavin RS to a 200-mL volumetnc fiask, and add 180mL 
of Extraction sohrent fmmerse the fiask for 5 min in a 
water bath maintained at 65°-75°. Mix well, and repeat 
if necessary until di$solved, Chili rapidly in a cold water 
bath to room temperaturę, and dllute with Extraction 
so!vent to volume. 

Standard solution: Diiute 5.0 mL of Standard stock so- 
futhn with Extraction solvent to 25.0 ml. 
Chromatographic system 
(See Chromatograpny (621), System Suitability,) 

Modę: LC 

Detector: UV 254 nm 
Column: 4,6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability regurremenls 
Relative standard deyiatron: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of riboflavin. Calculate the per¬ 
centage of tne labeled amount of ribof!avin 
(CirHahUÓO > n the portion of Capsules taken: 

Result - (Wa) x (CdCu) x 100 

r u = peak area of riboflavin from the Sample 
solution 

A - peak area of iibof)avin from the Standard 
solution 

C 5 = concentration of USP Riboflavin RS in the 
Standard solution (mg/mL) 
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Cu - nominał concentration of ribofIavrn in the 
Sample solution (mg/mL) 

Acceptance criteda: 90.0%-! 50.0% of the labeled 
amount of ribofiavin (G7H20N.1O*) 

* THIAMINE, Method 2 

[Notę—U se iow-actinic glassware throughout this 
procedurę.] 

Solution A: 1.88 g/L of sodium 1 -hexanesuJfonate in 
0.1% phosphoric acid 

Mobile phase: Solution A and acetonitrile (46:9) 
Standard stock solution: 0.1 mg/mL of USP Thiamine 
Hydrochloride RS in 0,2 N hydrochlorrc acid 
Standard solution: 0.02 mg/mL of USP Thiamine Hy¬ 
drochloride RS from Standard stock solution diluted with 
0.2 N hydrochloric acid 

Sample solution: Proceed as directed in Biotin, Method 
1 through "calculate the net weight of the Capsule 
eon ten ts." MIx a portion of the Capsufe contents with a 
volume of 0.2 N nydrochloric acid to obtain a concen¬ 
tration of 0.02 mg/mL of thiamine. Shake for 15 min 
with a wrist-action shaker, and heat Lo boiiing for 30 
min. Cooi to room temperaturę, and filter, Use the elear 
fiitrate. 

Chromatographic system 

(See Chromatography (621\ System Suitability .) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
FIow ratę: 2 m L/min 
Injection vofume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability requirement5 
Refatlve standard deviation: NMT 3,0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for the major peaks. For prod¬ 
ucts containing thiamine hydrochloride, calculate the 
percentage of the labeled amount of thiamine hydro¬ 
chloride (Ci^Hi/ClhhOS - HCI) in the portion of Cap- 
sules taken: 

Result = (ft/M) x (Cs/Cu) x 100 

ru - peak area of thiamine from the Sample 
solution 

r$ = peak area of thiamine from the Standard 
solution 

Cs = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

C u = nominał concentration of thiamine 

hydrochloride in the Sample solution 
(mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (C^H^NsCLiS) in the portion of Capsules 
taken: 

Result = (r y /r 5 ) x (Cj/G) x (M,//M r j) x 100 

ty = peak area of thiamine from the Sample 
solution 

r* - peak area of thiamine from the Standard 
solution 

Cs - concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cv - nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 

Mn - molecular weiaht of thiamine mononitrate, 
327.36 

M f ? - molecular weight of thiamine hydrochloride, 
337.27 

Acceptance enteria: 90.0%“150.0% of the labeled 
amount of thiamine as thiamine hydrochloride 


(CuH^CINLjOS * HCI) or thiamine mononitrate 
(CrzH^NsO.S) 

• NlACIN OR NIACINAMIDE, PVRlDOXlNE HYDROCHLORIDE, HlBO 

flavin, and Thiamine, Method 3 
[NoTE—Use iow-actinic gfassware throughout thls 
procedurę.] 

Reagent: 25 mg/mL of edetate disodium in water 
Mobile phase: Transfer 0.4 mL triethylamine, 15,0 mL 
of glacial acetic acid, and 350 mL of methanol to a 
2000-mL volumetric fiask. Diiute with 0.008 M sodium 
l-hexanesulfonate to volume. 

Standard stock solution: 1.5 mg/mL of USP Niadn RS 
or USP Niacinamide RS, 0,24 mg/mL of USP Pyndoxme 
Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, 
and 0.24 mg/mL of USP Thiamine Hydrochloride RS in 
the Reagent, with heatlng if necessary 
Standard solution: Transfer 5.0 mL of Standard stock 
solution to a stoppered 125-mL fiask. Add 10,0 mL of a 
mixture of methanol and glacial acetic add (9:1) and 
30,0 mL of a mixture of methanol and ethyiene giycol 
(1:1), Insert the stopper, shake for 15 min in a water 
bath maintained at 60°, and cool, Filter, discarding the 
first few mL of the fiitrate. 

Sample solution: Proceed as directed In Biotin , Method 
1 through "calculate the net weight of the Capsule 
contents." Transfer a portion of tne Capsule contents, 
equivalent to 7.5 mg of niacin or niacinamide, 1 2 mg 
of pyridoxine hydrochloride, 0.4 mg of riboflavin, and 
1.2 mg of thiamine hydrochloride, to a stoppered 
125-mL fiask, Add lO.OmL of a mlxture of methanol 
and glacial acetic acid (9:1) and 30.0 mL of a mixture 
of methanol and ethylene giycol (1:1). Insert the stop¬ 
per, shake for 15 min in a water bath maintained at 
60°, and cool. Filter, discarding the first few mL of the 
fiitrate, 

Chromatographic system 

(See Chromotograpny (621), System Suitability:) 

Modę: LC 

Detector: UV 270 nm 

Column: 4.6-mm x 25-cm; packing L7 

Column temperaturę: 50° 

FIow ratę: 2.0 mL/min 
Injection volume: 5 j.iL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relath/e standard deviation: NMT 2,0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas of niacin or niacinamide, Calcu¬ 
late the percentage of the labeled amount of niadn 
(CfiHsNOz) or niacinamide (GH^N^O) in the portion of 
Capsules taken: 

Result = (ru/r 5 ) x (CdCu} x 100 

r y = peak area of niadn or niacinamide from the 
Sample solution 

n = peak area of niacin or niacinamide from the 
Standard solution 

Cj - concentration of USP Niacin RS or USP 

Niacinamide RS in the Standard solution 
(mg/mt) 

Cu - nominał concentration of niacin or 

niacinamide in the Sample solution (mg/mL) 
Separately calculate the percentage of the labeled 
amount of pyndoxine hydrochloride (CsHnNOj ■ HCI), 
riboflavin (Ci 7 H^N 40 *), and thiamine (Ci 2 Ht 7 CIN.,OS) 
(for products containing thiamine hydrochloride) in 
the portion of Capsules taken: 

Result = (fu/ń) x (Cs/Cu) x 100 

fu - peak area of the corresponding vitamin from 
the Sample solution 
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r$ - peak area of the corresponding vitamin from 
the Standard solution 

Q - concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

Cu - nominał concentration of the corresponding 
vitamin in the Sample solution (mg/mi) 

For products containing thiamine mononitrate, calcuiate 
the percentage of the labeled amount of thiamine 
mononitrate (C11H17N5O4S) in the portion of Capsules 
taken: 

Resuft = (rjr s ) x (Q/Cu) x (M,ifM r2 ) x 100 

r u - peak area of thiamine from the Sample 
solution 

r$ = peak area of thiamine from the Standard 
solution 

Cs - concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 
Mn = motecular weight of thiamine mononitrate, 
32736 

M f2 = molecular weight of thiamine hydrach Sondę, 
337.27 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of niacinamide (C e H 6 N 2 0) or niacin (QHśNOj), 
pyridoxine hydrochloride (CeHnNOi ■ HCI), riboflavin 
(CiyHaoN^Otf), and thiamine as thiamine hydrochloride 
(C^Hi^CIN^OS + HCI) or thiamine mononitrate 
(Ci 2 Hi ? N 5 0 4 S) 

[Notę—C ommercialły available atomie absorption stan¬ 
dard Solutions for the minerals, where applicable, may 
be used where preparation of a Standard stock solution 
*s described in the following assays. Use deionized 
water where water is specified. Where atomie absorp¬ 
tion spectrophotometry is specified in the assay, the 
Standard Solutions and the sample solution may be di- 
luted quantitatlvely with the soJvent specified, if neces- 
sary, to yield Solutions of suitable concentrations adapt- 
abfe to the linear or working rangę of the instrument.] 

* Calcium, Method 1 

Lanthanum chloride solution; 267 mg/mL of lantha- 
num chloride heptahydrate in 0.125 N hydrochloric 
acid 

Calcium standard solution; 400 pg/mL of calcium* Dis- 
solve 1.001 g of calcium carbonate, previously dried at 
300° for 3 h and eooled in a desiccator for 2 h, in 
25 mL of 1 N hydrochloric acid. Roi! to expe! carbon 
dioxide, and dilute with water to lOOOmL* 

Standard stock solution; 100 pg/mL of calcium from 
Calcium standard solution drluteeT with 0,125 N hydro- 
chloric acid 

Standard Solutions; Into separate 100-mL volumetric 
fiasks pipet 1.0, 1.5, 2.0, 2.5, and 3,0 mL of the Stan¬ 
dard stock solution. To each fiask add 1.0 mL of Lantha¬ 
num chloride solution, and dilute with water to vofume 
to obtain concentrations of 1,0, 1.5, 2.0, 2.5, and 
3,0 Mg/mL of calcium. 

Polysorbate 80 solution: Polysorbate 80 and alcohol 
(1:10) 

Sample solution: Transfer 5 Capsules to a 100-mL volu- 
metric fiask. [Notę—F or hard gelatin Capsules, weigh 
NLT 20 Capsules. Open the Capsules, without loss of 
shelf materiał, and transfer the contents to a suitable 
Container. Remove any contents adhering to the empty 
shells by washing with several portlons of ether. Discard 
the washings, and allow the Capsule shells to dry, 

Weigh the empty Capsule shells, calcuiate the net 
weight of the Capsule contents, and transfer a portion 
of the Capsule contents, equivalent to 5 Capsules, to a 
100-mL volumetric fiask*] Add 15 mL of water, 10 ml of 
6 N hydrochloric acid, and 1 mL of Polysorbate 80 solu¬ 
tion Lo the fiask. Heat on a hot piąte or steam bath, 
with mtermittent swirling, until the Capsules are eom- 


pletely disintegrated or the contents are dissoked, Boil 
gently for an addltlonal 15 min, Cool, dilute with water 
to volume, and fil ter, discard ing the first 5 mL of the 
filtrate. Dilute this solution with 0,125 N hydrochloric 
acid, to obtain a concentration of 2 pa/ruL of calcium, 
adding 1 mL of Lanthanum chloride solution per 100 ml 
of the finał volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytlcal wavelength: Calcium emission linę at 
422.7 nm 

Lamp: Calcium hollow-cathode 
Flame: Nitrous oxide-acetylene 
Blank: 0,125 N hydrochloric acid containing 1 mL of 
Lanthanum chloride solution per 100 mL 
Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank * Plot the absorbances of the Standard Solutions 
versu$ the concentration, In j.ttj/mL, of calcium, and 
draw the stralght linę best fittmg the five plotted 
points. From tne graph so obtained, determine the 
concentration, C, in mg/mt, of calcium in the Sample 
solution, 

Calcuiate the percentage of the labeled amount of cal¬ 
cium (Ca) in the portion of Capsules taken: 

Result = (C/Cu) x 100 

C - measured concentration of calcium in the 
5amp/e solution (pg/mL) 

Cu = nominał concentration of calcium in the 
Sample solution (pg/mL) 

Acceptance criteria: 9Q.0%-125.0% of the labeled 
amount of calcium (Ca) 

« Chromium, Method 1 

Chromium standard solution: lOOOpg/mL of chro¬ 
mium from potassium dichromate, previously dried at 
120° for 4 h in water. Storę in a polyethylene bottle. 
Standard stock solution: 10 pg/mL of chromium from 
Chromium standard solution diluted with 6 N hydrochlo¬ 
ric acid and water (1 in 20) 

Standard Solutions: Transfer 10.0 and 20,0 ml of the 
Standard stock solution to separate 100-mL vo!umetric 
flasks, and transfer 15.0 and 20,0 mL of the Standard 
stock solution to separate 50-mL volumetric flasks. Dilute 
the contents of each of the four flasks with 0,125 N 
hydrochloric acid to volume to obtain concentrations of 
1.0, 2.0, 3.0, and 4.0 pg/mL of chromium. 

Sample solution: Proceed as directed in Calcium, 
Method ?, except prepare the Sample solution to con- 
tain 1 jig/ml of chromium and omit the use of the Lam 
thanum chloride solution, 

Instrumental conditions 
(See Atomie Absorption Spedroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength; Chromium emission linę at 
357,9 nm 

Lamp: Chromium hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of chromium, and 
draw the straight linę best fitting the four plotted 
points* From tne graph so obtained, determine the 
concentration, C, in jug/mL, of chromium in the 5om- 
ple solution. 

Calcuiate the percentage of the labeled amount of 
chromium (Cr) in the portion of Capsules taken: 

ResuSt = (C/Cu) x 100 
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C - measured concentration of chromium in the 
Sample solution (pg/mL) 

Cu - nominał concentration of chromium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.Q%-1 60.0% of the labeled 
amount of chromium (Cr) 

■ Copper, Method 1 

Copper standard solution: Dissolve 1.00 g of copper 
foil in a minimum volume of a 50% sofution of nitric 
add, and dilute with a 1% solution of nitric acid to 
1000 ml. This solution contains 1000 pg/mL of copper. 
Standard stock solution: 100 pg/mL of copper from 
Copper standard solution diluted with 0.125 N hydro- 
chloric acid 

Standard Solutions: To separate 200-mL volumetric 
flasks transfer 1.0, 2.0, 4.0, 6.0, and 8.0 ml_ of the Stan¬ 
dard stock solution. Dilute with water to volume to ob- 
tain concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 fig/mL 
of copper. 

Sample solution: Proceed as directed in Caicium f 
Method 7, except prepare the Sample solution to con- 
tain 2 pg/mL of copper and omit the use of the Lantha- 
num chloride solution . 

Instrumental condltions 
(See Atomie Absorption Spectroscopy {852).) 

Modę: Atomie absorption spectrophotometry 
Analytkal wavelengtn: Copper emission iine at 324.7 
nm 

Lamp: Copper hollow-cathode 
Flame: Air-acetyfene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions agalnst the 
Blank . Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of copper, and 
dra w the straight linę best fitting the five pfotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/niL, of copper in the Sample 
solution. 

Calculate the percentage of the labeled amount of cop- 
per (Cu) in the portion of Capsules taken: 

Result - ( C/Cu ) x 100 

C = measured concentration of copper in the 
Sample solution (pg/ml) 

Cu - nominał concentration of copper in the 
Sample solution (pg/ml) 

Acceptance criteria: 9Q.0%~125.0% of the labeled 
amount of copper (Cu) 

0 FLUORIDE, Method 1 

[Notę— Storę all Solutions in plastic containers-I 
3 M sodium acetate solution: Dissolve 408 g of so- 
dium acetate in 600 mL of water contained In a 
1000-mL yolumetric fiask. Allow the solution to eguili- 
brate to room temperaturę, and dilute with water to 
volume. Adjust with a few drops of acetic acid to a pH 
of 7*0. 

Sodium citrate solution: Dissofve 222 g of sodium cit- 
rate in 250 mL of water in a 1000-mL volumetric fiask. 
Add 28 mL of perchloric acid, and dilute with water to 
volume. 

Fluoride standard stock solution: 500 pg/mL of fJuo- 
ride from a quantity of sodium fluoride, prevlously dried 
at 100° for 4 h and cooled in a desiccator, in water 
Intermediate stock solution A: 100 pg/mL of fluoride 
from Fluoride standard stock sofution diluted with water 
Intermediate stock solution B: lO jug/mL of fluoride 
from Fluoride standard stock solution diluted with water 
Standard Solutions: To five separate 100-mL volumetric 
flasks transfer 3.0, 5.0, and 10,0 mL of Intermediate 
stock solution B and 5.0 and 10.0 mL of Intermediate 
stock solution A. To each fiask add 10.0 ml of 1 N hy¬ 
drochloric acid, 25 mL of 3 M sodium acetate solution , 


and 25.0 mL of Sodium citrate solution. Dilute the con- 
tents of each fiask with water to volume to obtain con¬ 
centrations of 0.3, 0.5, 1.0, 5.0, and 10,Q pg/ml of 
fluoride. 

Sample solution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
weight of the contents. Transfer a guantity of the mixed 
Capsule contents, equivalent to 200 pg of fiuoride, to a 
100-mL volumetnc fiask. Add 10.0 ml of 1 N hydro- 
chloric acid, 25.0 mL of 3 M sodium acetate solution, 
and 25.0 mL of Sodium citrate solution. Dilute with 
water to voiume. 

Analysis 

Samples: Standard Solutions and Sample solution 
To separate plastic beakers, each containing a plastic- 
coated stirring bar, transfer 50.0 mL each of the Stan¬ 
dard Solutions and the Sample solution. Measure the 
potentials (see pH (79 1)), in mV, of the Standard solu- 
tions and the Sample solution, with a pH meter capable 
of a minimum reprodudbility of ±0.2 mV and 
eguipped with a fluoride-spedfic ron-indicafing elec- 
trode and a calomel reference electrode. [Notę —When 
taking measurements, immerse the electrodes in the 
solution, stir on a magnetic stirrer with an insulated 
top until eguiiibrium is attained (1-2 min), and record 
the potential. Rinse and dry the electrodes between 
measurements, taking care to avord damaging the 
crystal of the spedfic-ton electrode.] 

Plot the logarithms of fluoride concentrations, in 
pg/mL, of the Standard Solutions versus potential, in 
mV. From the standard response curve so obtained 
and the measured potential of the Sample solution, de¬ 
termine the concentration, C, in mg/mL, of fluoride in 
the Sample solution. 

Calculate the percentage of the labeled amount of 
fluorine (F) in the portion of Capsules taken: 

Result = (C/Cu) x 1 00 

C - measured concentration of fluoride in the 
Sample solution (pg/mL) 

C u ~ nominał concentration of fluorine in the 
Sample solution (pg/mL) 

Acceptance criteria: 9O.0%-1 60.0% of the labeled 
amount of fluorine (F) 

■ Fluoride, Method 2 

[NOTĘ—Use plastic containers and deionized water 
throughout this procedurę.] 

pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydrox- 
ide to 1000 mL of 0.05 M sodium bicarbonate. 

Mobile phase: Alcohol, 0.1 N sulfuric acid, and water 
(20:5:175) 

Standard stock solution: 220 pg/mL of USP Sodium 
Fluoride RS in water. This solution contains 100 pg/mL 
of fluoride. 

Standard solution: [Notę —Condition the solid-phase 
extraction column specified for use in the Standard solu¬ 
tion and the Sample solution In the following manner, 
Using a vacuum at a pressure not exceeding 5 mm of 
mercury, wash the column with one column voiume of 
methanol followed by one column volume of pH 10.0 
buffer. Do not allow the column top to dry. If the top 
of the column becomes dry, recondition the column.] 
Transfer 10.0 mL of Standard stock solution to a 100-mL 
volumetric fiask. Add 75 mL of water, and adjust with 
0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute 
with water to volume. Filter, discarding the first 15 mL 
of the flltrate. Transfer 25.0 mL of the flltrate to a 
50-rnL yolumetric fiask, add 15.0 mL of water, and ad- 
iust with 0.1 N sodium hydroxide to a pH of 10.0. Di¬ 
lute with pH 10.0 buffer to volume, Elute a portion of 
this solution through a 3-mL solid-phase extraction col¬ 
umn containing LI packing that is connected through 
an adaptor to a second soHd-phase extraction column 
containing sulfonylpropyl strong eation-exchange pack- 
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ing. Discard the first 3 mL of the eluate, and collect the 
rest of the eluate in a suitable fiask for Injection into the 
chromatograph. 

Sample solu tron: Weigh NIT 20 Capsules in a ta red 
weightng bottle. O pen the Capsules, without loss of 
shelf materia!, and transfer the eontents to a 100-mL 
Container- If necessary, remove any eontents adhering 
to the empty shefls by washing with several portions of 
ether, Discard the washings, and dry the Capsule shells 
with the aid of a current of dry air. Weigh the empty 
Capsule shells in the tared wetghing bottle, and calcu- 
Jate the net weight of the Capsule eontents. Transfer a 
portion of the Capsule eontents, equivalent to 1 mg of 
fluorine, to a 1 00~mL volumetric fiask. Add 15 mL of 
water, and shake vigorously. Rinse the sides of the fiask 
with 15 mL of water, and allow to stand for 10 min. 

Di lute with water to 85 mL, adjust with 1 N sodium hy* 
droxide to a pH of 10.4 ± OJ, and dilute with water to 
100 mL. Proceed as directed for the Standard solution, 
beginnlng with "Filter, discarding the first 15 ml of the 
fi ltra te/' 

Chromatographic system 
(See Chromatograpny {62^), System Su i ta bill ty.) 

Modę: LC 

Detector: Conduchvity 
Columns 

Guard: 4.6-mm x 3-cm; packing LI 7 
Analytical: 7.8-mm x 30~cm; packing LI 7 
Flow ratę: 0.5 rnL/mm 
Injection volume: 100 pL 
System suitabillty 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviafion: NMT 2.0% 

Analysis 

Sampfes: Standard solution and Sample solution 
Measure the peak areas of fluoride. Calculate the per- 
centage of tne labeled amount of fluorine (F) in the 
portion of Capsules taken: 

Resuft = (rofr$) x (CsłCu) x 100 

r u - peak area from the Sample solution 

r^ = peak area from the Standard solution 

Cs = concentration of fluoride in the Standard 
solution (pg/ml) 

Cu = nominał concentration of fluorine in the 
Sample solution (pg/mL) 

Acceptance crltena: 90.0%-160.0% of the labeled 
amount of fluorine (F) 

• lODIDE 

Bromine water: To 20 mL of bromine in a glass-stop- 
pered bottle add 100 mL of water. Insert the stopper 
into the bottle, and shake. Allow to stand for 30 min, 
and use the supernatant. 

Analysis 

Sample: Capsules 

Remove the eontents of Capsules by cutting open the 
Capsules. Mix, and determine the weight of the con- 
tents. Transfer a guantlty of the eontents, equivafent to 
3 mg of iodine, to a nrckel crucible. Add 5 g of sodium 
carbonate, 5 ml of 50% (w/v) sodium hvdroxrde solu¬ 
tion, and 10 mL of alcohol, taking care that the entire 
specimen is moistened, Heat the crucible on a steam 
bath to evaporate the alcohol, then dry the crucible at 
100° for 30 min to prevent spattering upon subse- 
ąuent heatina. Transfer the crucible with its eontents 
to a fu mace neated to 500°, and heat the crucible for 
15 min. [Notę —Heating at 500° is necessary to 
carbonize any organie matter present; a higher tem¬ 
peraturę may be used, if necessary, to ensure com- 
piete carbonization of all organie matter.] 

Cool the crucible, add 25 mL of water, cover the crud- 
ble with a watchglass, and boil gently for 10 miń. Fil- 
ter the solution, and wash the crucible with boiling 


water, coltecting the flltrate and washings in a beaker. 
Add phosphoric acid until the solution is neutral to 
methyl orange, then add 1 mL excess of phosphoric 
add. Add excess of Bromine water , and boil the solu¬ 
tion gently until coforless and then for 5 min longer. 
Add a few crystals of salicylic add, and cool the solu¬ 
tion to 20°, Add 1 mL of phosphoric acid and 0.5 g of 
potassium iodide, and titrate the iiberated iodine with 
0.005 N sodium thiosulfate VS, adding starch T5 when 
the Iiberated iodine color has nearly disappeared. 
Calculate the percentage of the labeled amount of io* 
dme (I) in the portion of Capsules taken: 

Result = 1 /xNaxFx /me x (AwjW) x (100/0 

V - volume of sodium thiosulfate consumed (mL) 

N a = actual normality of the sodium thiosulfate 
solution used 

F - correction factor to convert mg to ^ig, 

1000 pg/mL 

Ime = milliequivalent of I, 21.16 mg/meq 
Aw - average weight of the Capsules eontent 
W - weight of the sample of Capsules eontent 
taken 

i = labeled amount of iodine (pg/Cap$ule) 
Acceptance criteria: 9Q.Q%-16Q.G% of the labeled 
amount of iodine (I) 

• Iron, Method 7 

Iron standard stock solution: Transfer 100 mg of iron 
powder to a 1000-mL volumetnc fiask. Di5solve in 
25 mL of 6 N hydrochloric acid, dilute with water to 
volume, and mix. 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 2,0, 4.0, 5.0, 6.0, and 8.0 mL of Iron 
standard stock solution . Dilute the eontents of each fiask 
with water to volume to obtain concentrations of 2.0, 
4.0, 5.0, 6.0, and S.Opg/mL of iron, 

Polysorbate 80 solution: Prepare as directed in Cal- 
dum, Method 7, 

Sample solution: Proceed as directed in Cafdum, 
Method 7, except prepare the Sample solution to eon* 
tain a concentration of 5 pg/ml of iron and omit the 
use of the Lanthanum chfohde solution . 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption speetrophotometry 
Analytical wavelengin; Iron emission fine at 248.3 nm 
Lamp: Iron hoilow-cathode 
Flame: Air-acetylene 
Blank: OJ 25 N hydrochloric add 
Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blonk . Plot the absorbances of the Standard Solutions 
versus the concentration, in jtg/mL, of iron, and draw 
the straight linę best fitting the five plotted points. 
From the graph so obtained, determine the concentra* 
tron, C, in pg/mL, of iron in the Sample solution . 
Calculate the percentage of the labeled amount of iron 
(Fe) in the portion of Capsules taken: 

Result = (C/Cu) x 100 

C - measured concentration of iron m the Sample 
solution (pg/mL) 

Cu - nominał concentration of iron in the Sample 
solution (jig/ml) 

Acceptance criteria: 90.0%-125.0% of the labeled 
amount of iron (Fe) 

* Magnes ruM, Method 1 

Lanthanum chloride solution: Prepare as directed in 
Calcium, Method 1. 

Magnesium standard solution: Transfer TO g of mag* 
nesium ribbon to a 1000-mL volumetnc fiask, dissolve 
in 50 mL of 6 N hydrochloric acid, dilute with water to 
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yolume, and mix to obtain a solution with a known 
concentration of 1000 pg/mL of magnesium. 

Standard stock solution: 20 pg/mL of magnesium 
from Magnesium standard solution diluted with 0.125 N 
hydrochloric add 

Standard Solutions: To separate 100-mL yolumetric 
fiasks transfer 1,0, 1.5, 2.0, 2,5, and 3.0 ml of the Stan¬ 
dard stock solution. To each fiask add 1.0 mL of Lantha¬ 
nu m chloride solution, and dilute with 0.125 N hydro- 
chloric add to yolume to obtain concentrations of 0.2, 
0.3, 0.4, 0.5, and 0,6 j.ig/mL of magnesium. 

PoJysorbate 80 solution: Prepare as directed in Cal- 
cium, Method 1. 

Sam ple solution: Proceed as directed In Cafcium, 
Method 1, exeept prepare the Sample solution to con- 
tain 0.4 pg/mL of magnesium, 

Instrumental conditions 
(See Atomie Ahsorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelenqth: Maanesium emission linę at 
285.2 nm 

Lamp: Magnesium hollow-cathode 
Flame: Air-acetylene 

Blank: 0.125 N hydrochloric add eontaining 1 mL of 
Lanthanum chloride solution per 1 00 mL 
Analysis 

Sampies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of magnesium, 
and dra w the straight linę best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of magnesium in the Som- 
ple solution, 

Calculate the percentage of the labeled amount of 
magnesium (Mg) in tne portion of Capsules taken: 

Result - (C/CltJ x 100 

C ~ measured concentration of magnesium in the 
Sample solution (pg/mL) 

Cu - nominał concentration of magnesium En the 
Sample solution (ug/mL) 

Acceptance criteria: 90.0%-125.0% of the labeled 
amount of magnesium (Mg) 

* MANGANESE, Method 1 

Manganese standard stock solution: Transfer 1.00 g of 
manganese to a 1000-mL vo]umetric fiask. Disso!ve in 
20 mL of nitric add, dilute with 6 N hydrochloric acid 
to yolume, and mix to obtain a solution with a concen¬ 
tration of 1000 pg/mL of manganese. 

Standard stock solution: 50 pg/mL of manganese from 
Manganese standard stock solution diluted with 0,125 N 
hydrochloric add 

Standard Solutions: To separate 100-mL yolumetric 
flasks transfer 1,0, 1.5, 2.0, 3.0, and 4,0 mL of Standard 
stock solution. Dilute the contents of each fiask with 
0,125 N hydrochloric acid to volume to obtain Solu¬ 
tions with known concentrations of 0.5, 0.75, 1.0, 1.5, 
and 2,0 pg/mL of manganese. 

Potysorbate 80 solution: Prepare as directed in Cal- 
cium , Method 1. 

Sample solution: Proceed as directed in Caicium, 

Method ?, except prepare the Sample solution to eon- 
tain to 1 ug/mL of manganese and omit the use of the 
Lanthanum chloride solution. 
instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelenqtn: Manganese emission Itne at 
279.5 nm 


Lamp: Manganese hollow-cathode 

Flame: Air-acetylene 

Blank: 0.125 N hydrochloric acid 

Analysis 

Sampies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Bfank. Piot the absorbances of the Standard Solutions 
versus the concentration, rn pg/mL, of manganese, 
and draw the straight linę best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in uq/ml, of manganese in the Sam¬ 
ple solution. 

Calculate the percentage of the labeled amount of 
manganese (Mn) in the portion of Capsules taken: 

ResuEt = (C/Cu) x 100 

C - measured concentration of manganese in the 
Sample solution (pg/mL) 

C u = nominał concentration of manganese in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeled 
amount of manganese (Mn) 

o Molybdenum, Method 1 

Diluent: 20 mg/mL of ammonium chloride in water 
Molybderuim standard solution: Transfer 1,0 g of mo- 
lybdenum wire to a 1000-mL yolumetric fiask, and dis- 
solve in 50 mL of nitric acid, warming if necessary. Di- 
lute with water to yolume, and mix to obtain a solution 
with a concentration of 1000 pg/mL of molybdenum. 
Standard stock solution: 100 pg/mL of molybdenum 
from Molybdenum standard solution diluted with water 
Standard Solutions: To separate 100-mL yolumetric 
flasks transfer 5.0, 10.0, and 25,0 mL of the Standard 
stock solution , and add 5.0 ml of perchloric acid to 
each fiask. Gently boi! the solution in each fiask for 15 
min. Cool to room temperaturę, and dilute each with 
Diluent to yolume to obtain concentrations of 5,0, 10.0, 
and 25,0 pg/mL of molybdenum. 

Poiysorbate 80 solution: Prepare as directed in Caf- 
cium , Method 1. 

Sample solution: Proceed as directed in Caicium, 
Method 7, except take a number of Capsules or a por¬ 
tion of Capsule contents equivalent to 1000 Lig of mo- 
Jybdenum and make appropriate diluttons to obtain a 
finał concentration of 10 pg/mL of molybdenum, omit- 
ting the addition of the Lanthanum chloride solution . 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Molybdenum emission linę at 
31 3.3 nm 

Lamp: Molybdenum hollow-cathode 
Flame: Nltrous oxide-acetyfene 
Blank: Diluent and perchloric acid (20:1) 

Analysis 

Sampies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, In pg/mL, of molybdenum, 
and draw the straight linę best fitting the three plotted 
points, From the graph so obtained, determine the 
concentration, C, in pg/mL, of molybdenum in the 
Sample solution , 

Calculate the percentage of Lhe labeled amount of mo¬ 
lybdenum (Mo) in the portion of Capsules taken: 

Result = (C/Cy) x 100 

C - measured concentration of molybdenum in 
the Sample solution (pg/mL) 

Cu - nominał concentration of molybdenum in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.Q%-160.0% of the labeled 
amount of molybdenum (Mo) 
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• MOLYBDENUM, Method 2 

Sodium fluoride solution: Add 200 ml of water to 
10 g of sodium fluoride, stir until the solution is satu- 
rated, and fiJter. Storę in a polyethylene bottle. 

Ferrous sulfate solution: 4,98 mg/mL of ferrous suifaie 
in water 

Potassium thiocyanate solution: 200 mg/mL of potas¬ 
sium thiocyanate in water 

20% Stannous chloride solution: Transfer 40 mg of 
stannous chloride to a beaker, add 20 mL of 6.5 N hy¬ 
drach brie add solution, and heat the solution until tne 
stannous chloride is dissoh/ed. Cool, and dilute with 
water to 1 00 mL. 

Diluted stannous chloride solution: 20% Stannous 
chloride solution diluted with water (1 in 25), Prepare 
this solution fresh at the time of use. 

Standard solution: 20 pg/mL of molybdenum in water 
Sample: Remove the contents of a counted number of 
Capsules by cutting open the Capsules. Mix, and deter- 
minę the weight of the contents. Use a quantity of the 
Capsule contents, equivalent to 40 pg of molybdenum* 
Instrumental conditions 
(See Ultraviolet-Visible Spectroscopy (857).) 

Modę: UV-Vis 

Analytical wavelength: 465 nm 
Celi: 1-cm 
Blank: Amyl alcohof 
Anaiysis 

Sampies: Standard solution and Sample 
Transfer the Sample and 2*0 mL of the Standard solution 
to sępa ratę 200-mL beakers. Add 20 mL of nitric acid 
to each beaker, Cover each beaker with a watchglass, 
and boil siowly on a hot piąte for 45 min. Cool to 
room temperaturę. Add 6 mL of perchfonc add, cover 
the beakers with a watchglass, and continue the heat- 
ing until digestion is complete, as indicated when the 
liquid becomes cotorJess or pale yelJow. Evaporate the 
Solutions in the beakers to dryness, Rinse the sides of 
the beakers and the watchglasses with water, and dl- 
lute with water to 50 mL in each beaker, Gently boi] 
the water solution for a few min. Cool to room tem¬ 
peraturę, Add 2 drops of methyl orange T$, and neu¬ 
tralne with ammonium hydroxide. Add 8.2 mL of hy- 
drochloric add. Quantitatively transfer the contents of 
the beakers to separate 100-mL yolumetnc ffasks, rinse 
the beakers with water, transfer the rlnsings to the cor- 
responding yolumetric flasks, and dflute with water to 
yolume. Transfer 50.0 mL of each solution to separa¬ 
tory funnels. To each separatory funnel add 1,0 mL of 
Sodium fluoride solution, 0,5 mL of Ferrous sulfate solu¬ 
tion, 4.0 mL of Potassium thiocyanate solution, 1.5 ml 
of 20% Stannous chloride solution, and 15.0mLof amyl 
alcohof, and shake the separatory funnel for 1 min, 

Al Iow the layers to separate, and discard the aqueous 
layers, Add 25 mL of Diluted stannous chloride solution 
to each separatory funnel, and shake gently for 15 s* 

Al Iow the layers to separate, and discard the agueous 
layers. Transfer the organie layer from each separatory 
funnel to a centrifuge tubę, and centrifuge at 2000 
rpm for 10 min. Determine the absorbances of the 
organie phases obtarned from the Standard solution 
and the Sample , and correct with the Blank, 

Cafeulate the percentage of the labeled amount of mo¬ 
lybdenum (Mo) in the portion of Ca psuł es taken: 

Result - (Ao/As) x [(V x Q)/A4] x 100 

Au - absorbance of the Sample 
As - absorbance of the Standard solution 
K = yolume of the Standard solution analyzed, 

2.0 mL 

Q = concentration of molybdenum in the Standard 
solution (pg/mL) 

M u = nominał amount of molybdenum in the 
Sample (pg) 


Acceptance onteria: 90,0%~160,G% of the fabeled 
amount of molybdenum (Mo) 

* Phosphorus, Method 1 

Sulfuric acid solution: Cautiously add sulfuric add to 
water (37.5: 100), and mix. 

Ammonium molybdate solution: 50 mg/mL of ammo- 
nium molybdate in Sulfuric acid solution and water (2:3). 
[Notę—D sssoive in water first, and then dilute with Sui- 
furie acid solution to yolume,] 

Hydroquinone solution: 5 mg/mL of hyd rogu i nonę in 
water. Add 1 drop of sulfuric acid per 1 00 mL of 
solution, 

Sodium bisuIfite solution: 200 mg/mL of sodium bisul- 
fite in water 

Phosphorus standard stock solution: Weigh 4.395 g 
of monobasic potassium phosphate, previously dried at 
105° for 2 h and stored in a aesiccator, and transfer to 
a 1000-mL vo!umetric fiask. Dissolve in water, add 6mL 
of sulfuric acid as a preservative, dilute with water to 
yolume, and mix to obtain a solution with a concentra¬ 
tion of 1000 pg/mL of phosphorus. 

Standard solution: 20 pg/mL of phosphorus from Phos¬ 
phorus standard stock solution diluted with water 
Sample solution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
weight of the contents. Transfer a guantity of the Cap¬ 
sule contents, equivalent to 100 mg of phosphorus, to 
25 mL of nitric add, and digest on a hot piąte for 30 
min. Add 15 mL of hydrochlonc add, and continue the 
digestion to the cessation of brown fumes, Cool, and 
transfer the contents of the fiask to a 500-mL yolumet¬ 
ric fiask with the aid of smali portions of water. Dilute 
with water to yoiume* Transfer 10,0 mL of this solution 
to a 100-mL yolumetric fiask, and dilute with water to 
yolume. 

Instrumental conditions 

(See Ultravioiet- Visible Spectroscopy (857).) 

Modę: Vis 

Analytical wavelength: 650 nm 
Celi: 1-tm 
Anaiysis 

Sampies: Standard solution and Sample solution 
To tnree separate 25-mL yolumetric flasks transfer 
5.0 mL each of the Standard solution, the Sample solu¬ 
tion v and water toprovlde the blank. To each of the 
three flasks add 1.0 mL each of Ammonium molybdate 
solution, Hydroguinone solution , and Sodium bisulfite so¬ 
lution , and swrrl to mix. Dilute the contents of each 
fiask with water to yolume, and allow the flasks to 
stand for 30 min* Determine the absorbances of the 
Solutions against the blank. 

Cafeulate the percentage of the labeled amount of 
phosphorus (P) in the portion of Capsules taken: 

Result = (Au/As) x (Cs/Cu) x 1 00 

Au ~ absorbance of the Sample solution 
A$ = absorbance of the Standard solution 
C s ~ concentration of phosphorus in the Standard 
solution (pg/mL) 

Cu = nominał concentration of phosphorus in the 
Sample solution (pg/mL) 

Acceptance crlteria: 90,0%-125.0% of the labeled 
amount of phosphorus (P) 

* Potassium 

Potassium standard solution: 100 pg/mL of potassium 
from potassium chloride, previously dried at 105° for 2 
h, in water 

Standard stock solution: 1 0 pg/mL of potassium from 
Potassium standard solution diluted with 0.125 N hydro- 
chloric add 

Standard Solutions: Transfer 5*0, 10.0, 15.0, 20,0, and 
25.0 ml of the Standard stock solution to separate 
100-mL yolumetric flasks. Dilute the contents of each 
fiask with 0*125 N hydrochlonc acid to yolume to ob- 
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tain Solutions containing 0*5, 1,0, 1.5, 2*0, and 2*5 |ig/ 
mL of potassium* 

Polysorbate 80 solution: Prepare as directed in Cał- 
dum, Method h 

Sam ple solution: Proceed as directed In Cakium, 
Method 1 , except prepare the Sample solution to eon- 
tain 1 j-ig/mL ot potassium and omft the use of the Lan- 
thanum chbride solution. 

Instrumental conditions 
{See Afom/c Absorption Spectroscopy (852)*) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Potassium emtssion linę at 
766.5 nm 

Lamp: Potassium hollow-cathode 
Plamę: Air-acetylene 
Blank: Water 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of potassium, and 
draw the straight linę best fitting the five plotted 
points* From tne graph so obtained, determine the 
concentration, C, in pg/mL, of potassium in the Som- 
ple solution. 

Calculate the percentage of the labeled amount of po¬ 
tassium (K) in the portion of Capsules taken: 

Result = (C/Cu) x f 00 

C = measured concentration of potassium in the 
Sample solution (|iCj/mL) 

Cu - nominał concentration of potassium in the 
Sample solution (ug/mL) 

Acceptance criteria: 9Q*Q%-125.0% of the labeled 
amount of potassium (K) 

* Selenium, Method 1 

Diluent: Prepare as directed in Molybdenum, Method 1. 
Selenium standard solution: [Caution —Selenium is 
toxic; handle Et with carej Dissolve 1 g of metallic sele- 
nium in a minimum vo!ume of nitric add* Evaporate to 
dryness, add 2 mL of water, and evaporate to dryness* 
Repeat the addition of water and the evaporation to 
dryness three times. Dissolve the residue in 3 N hydro- 
chloric acid, transfer to a 1000-mL voJumetric fiask, and 
di lute with 3 |SJ hydrochloric acid to volume to obtain a 
concentration of 1000 pg/ml of selenium. 

Standard stock solution; 1 00 pg/mL of selenium from 
Selenium standard solution diJuted with water 
Standard Solutions: To separate 100-ml yolumetnc 
flasks transfer 5.0, 10.0, and 25.0 mL of the Standard 
stock solution , and add 5.0 mL of perchloric acid to 
each fiask. Gentiy boit the Solutions for 15 min, cool to 
room temperaturę, and difute each with Diluent to vol- 
ume to obtain Solutions with concentrations of 5.0, 

10,0, and 25.0 ug/mL of selenium. 

Sample solution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
weight of the contents* Transfer a guantity of the Cap- 
sute contents, equivatent to 1000 Lig of selenium, to a 
sultable fiask, and add 12mL of nitric acid. [Notę—T he 
volume of nitric acid may be varied to ensure that the 
powder is uniformly dispersed,] Carefuliy swirl the fiask 
to disperse the sample spedmen* Sonicate for 10 min 
or until the sample specimen is completely dissolved* 
Gentiy troił the solution for 15 min, and cool to room 
temperatura. Carefuliy add 8 mL of perchloric add to 
the fiask, heat the fiask until perchloric acid fumes ap- 
pear, and swirl the fiask to dissipate the fumes* Repeat 
the heating and swirling until the fumes appear again. 
Cool to room temperaturę* Transfer the contents of the 
fiask to a 50-mL volumetric fiask with the aid of the 
Diluent, and dii u te with Diluent to volume. 


instrumental conditions 
(See Atomie Absorption Spectroscopy (852)*) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength; Selenium emission linę at 
196.0 nm 

Lamp: Selenium hollow-cathode 

Flame: Air-acetylene 

Blank: Diluent and perchloric acid (20:1) 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of selenium, and 
draw the straight linę best fitting the three plotted 
points. From tne graph so obtained, determine the 
concentration, C, in pg/mL, of selenium in the Sample 
solution. 

Calculate the percentage of the labeled amount of sele¬ 
nium (Se) in the portion of Capsules taken: 

Result » (C/Cu) * 100 

C = measured concentration of selenium in the 
Sample solution (pg/mL) 

C u - nominał concentration of selenium in the 
Sample sofution (jig/mL) 

Acceptance criteria: 90.096-150.0% of the labeled 
amount of selenium (Se) 

• Selenium, Method 2 

Hydrochloric acid solution: Hydrochloric acid diluted 
with water (1 in 10) 

50% Ammonium hydroxide solution: Ammonium hy* 
droxide diluted with water (1 in 2) 

Reagent A: 9 mg/mL of ecletate disodium and 25 mg/ 
mL of hydroxylaminę hydrochSoride in water, [NoTE— 
Dissolve edetate disodium in a portion of water first, 
then add hydroxylamine hydrochloride, and dilute with 
water to volume.] 

Reagent B; Transfer 200 mg of 2,3-diaminonaphthalene 
to a 250-mL separatory funnd, and add 200 mL of 0.1 
N hydrochloric add* Wash the solution with three 
40-mL portions of eydohexane, and discard the cyclo- 
hexane iayer. Fiiter the solution into a brown bottle, 
and cover the solution with a l-cm Iayer of cyclohex- 
ane. This solution is stable for 1 week if stored in a 
refrigerator* 

Standard stock solution: [Caution —Selenium is toxic; 
handle it with tarę,] Dlssoke 1 g of metallic seienium in 
a minimum volume of nitric acid* Evaporate to dryness, 
add 2 mL of water, and evaporate to dryness. Repeat 
the addition of water and evaporation to dryness three 
times* Dissolve the residue in 3 N hydrochloric acid, 
transfer to a 1000-mL vo!umetric fiask, and dilute with 
3 N hydrochloric acid to volume to obtain a solution 
with a concentration of 1000 pg/mL of selenium. Dilute 
a volume of the solution with 0*125 N hydrochloric 
acid to obtain a concentration of 2*0 pg/mL of 
selenium* 

Standard solution: Transfer 10 mL of the Standard stock 
solution to a glass-stoppered fiask. Add 1 mL of perchlo¬ 
ric add and 1 mL of Hydrochloric add solution , and dh 
lute with water to 20 mL* 

Sample solution: Remove the contents of Capsules by 
cutting open the Capsules* Mix, and determine the 
weight of the contents* Transfer a guantity of the Cap- 
sule contents, equivalent to 20 pg of selenium, to a 
suitable fiask* Add 10 mL of nitric acid, and warm gen¬ 
tiy on a hot piąte. Continue heating until the initial 
nitric acid reaction has subsided, then add 3 mL of per- 
chlork acid* 

[Caution —Exercise care at this stage, because perchloric 
acid reaction becomes yigorous.] 

Continue heating on the hot piąte until the appearance 
of white fumes of perchloric add or until the digest 
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begins to darken. Add 0.5 mL of nitric add, and re- 
sumę heating, adding additional amounts of nitric acid 
tf further darlkening occurs. Drgest for 10 min after the 
first appearance of perchloric acid fu mes or untif the 
drgest becomes colorless. Cool the fiask. Add 2.5 mL 
of Hydrochloric odd soiution, , and return the fiask to the 
hot piąte to expei residual nitric acid. Heat the mixture 
for 3 min after it begins to boil. Cool the fiask to room 
temperaturę, and dilute with water to 20 mL. 
Instrumental conditions 
(See Uitraviatet-Visibie Spectroscopy (857).) 

IVIode: UV 

Analytical wavelength: 380 nm 
Celi: 1 -cm 

Blank: 1 mL of perchlonc acid and 1 mL of Hydrochio- 
ric add soiution diluted with water to 20 ml 
Analysis 

Sam pies: Standard soiution and Sampie soiution 
Treat the Sampie soiution , the Standard soiution , and the 
Blank as follows. Add 5 mL of Reagent A to each fiask, 
and swirl gently to mix. Adjust the soiution in each 
fiask with 50% Ammonium hydroxide soiution to a pH 
of 1.1 ±0,1. Add 5 mL of Reagent B to each fiask, and 
swrrl gently to mix. Place the Nasks in a water bath 
maintained at 50°, and eguilibrate for 30 min, takrng 
care that the flasks are covered to protect them from 
Irght. Cool to room temperaturę, and transfer the con- 
tents of each fiask to separate separatory funneis. 
Transfer 10.0 mL of cyclohexane to each separatory 
funnel, and extract yigorously for 1 min. Discard the 
agueous layer. Transfer the cydohexane layer to a cen- 
trifuge fube, and centrifuge at 1000 rpm for 1 min to 
remove any remaining water, Determine the ab- 
sorbances of the Solutions obtained from the Samples 
against the soiution obtained from the Bionk. 

Calcu !ate the percentage of the Jabeled amount of sele- 
nium (Se) in the portion of Capsules taken: 

Result - (AdA s ) x [(V x Q)/Mu] x 100 

Au - absorbances of the cydohexane layer from the 
Sampie soiution 

As = absorbances of the cydohexane layer from the 
Standard soiution 

V - volume of the Standard stock soiution used to 
p rep are the Standard soiution, 1 0 ml 
G - concentration of sefenium in the Standard 
stock soiution (pg/mL) 

My = nominał amount of selenium In the Sampie 
soiution (pg) 

Acceptance criteria: 90.0%-ló(XG% of the labeled 
amount of selenium (Se) 

Zinc, Method 1 

Zinc standard soiution: 1000 pg/niL of zinc from zinc 
ox!de En 5 M hydrochloric acid (3.89 mg/mL) and di¬ 
luted with water to finał volume, [Nem—Dissolye in 
5 M hydrochloric add by warming, if necessary, cool, 
and then dilute to finał yolume.] 

Standard stock Solutions: 50 pg/mL of zinc from Zinc 
standard soiution diluted with 0.125 N hydrochloric acid 
Standard Solutions: Transfer 1,0, 2.0, 3.0, 4.0, and 
5.0 mL of Standard stock soiution to separate 100-mL 
volumetric flasks. Dilute the contents of each fiask with 
0,125 N hydrochloric acid to volume to obtain concen- 
trations of 0.5, 1.0, 1.5, 2.0, and 2.5 pg/mL of zinc. 
Polysorbate 80 soiution: Prepare as directed in Cal- 
cium , Method 1 . 

Sampie soiution: Proceed as directed in Calcium, 

Method 7, except prepare the Sampie soiution to con- 
tain 2 pg/mL of zinc and omit the use of the Lantha- 
num chloride soiuthrt* 

Instrumentai conditions 
(See Atomie Absorpthn Spectroscopy (852).) 


Modę: Atomie absorption spectrophotometry 
Analytical wavelengtn: Zinc emission linę at 21 3.8 
nm 

Lamp: Zinc hoilow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sampie soiution 
Determine the absorbances of the Solutions against the 
BianL Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of zinc, and draw 
the straight linę best fittlng the flve plotted points. 
From the graph so obtained, determine the concentra¬ 
tion, C, in ug/mL, of zinc in the Sampie soiution . 

Calculale the percentage of the labeled amount of zinc 
(Zn) in the portion of Capsules taken: 

Result = (C/Cu) x 100 

C - measured concentration of zinc in the Sampie 
soiution (pg/mL) 

Cu - nominaf concentration of zinc in the Sampie 
soiution (pg/mL) 

Acceptance criteria: 90.0%™125,0% of the labeled 
amount of zinc (Zn) 

* Boroń, Nickel, Tin, and Vanadium, Method 7; Calcsum, 
Chromium, Copper, Iron, Magnesium, WIanganese, phos- 
phorus, and Zinc, Method 2 ; Molybdenum and Sele¬ 
nium, Method 3 

Stock aqua regla soiution: Prepare a mixture of hydro- 
chforic acid and nitric acid (3:1) by adding the nitric 
acid to the hydrochloric acid. [Notę—P enodically vent 
the soiution in an appropriate fume hood.] 

Dlluent: Prepare a mixture of Stock oąuo regia soiution 
and water (1:9) by adding 1 yolume of Stock agua regia 
soiution to 2 volumes of water. Dilute with additional 
water to volume, and mix well. 

System suitability soiution: Prepare a mixture of 
1000 mg/L of yttrium in 5% nitric acid soiution, 

1000 mg/L of scandium in 5% nitric acid soiution, and 
Diiuent ( 1:1:198), and mlx. 

Standard stock soiution 1 (Ca, Cu, Fe, Mg, Mn, P, and 
Zn): [Notę—I t is oniy necessary to include the minerals 
of interest in the soiution.] Using commercially ayaiiable 
element standard (single- or multi-element) Solutions in 
5% nitric acid soiution, pipet the appropriate amount 
of element standard soiution into a voiumetric fiask, 
and dilute with 5% nitric acid soiution to obtain a soiu- 
tion having finał concentrations of about 1000 mg/L of 
calctum, 100 mg/L of copper, 250 mg/L of iron, 

500 mg/L of magnesium, 100 mg/L of manganese, 

800 mg/L of phosphorus, and 250 mg/L of zinc. 
Standard stock soiution 2 (B, Cr, Mo, Ni, Se, Sn, and 
V): [Notę— It is only necessary to include the minerals 
of interest in the soiution.] Using commercially ayaiiable 
efement standard (single- or multi-element) Solutions in 
20% hydrochloric acid soiution, pipet the appropriate 
amount of element standard soiution into a volumetrlc 
fiask, and dilute with 20% hydrochloric acid soiution to 
obtain a soiution having finał concentrations of about 
200 mg/L of boron, and 100 mg/L each of chromium, 
molybdenum, nlckei, selenium, tin, and vanadium. 
Standard Solutions: Prepare a mixture of Standard 
stock soiution 1 and Standard stock soiution 2 t as re- 
guired, in Diiuent, to prepare a stX“point caiibration 
curve to bracket the concentration rangę of each min¬ 
era! of Interest 

Sampie soiution: Weigh, then transfer 5 Capsules to a 
250-ml yoiumetnc fiask, and heat gently on a hot piąte 
until the contents begin to release. Cautiously add 
25 mL of Stock aąua regia soiution in 5-mL inerements, 
and swirl. Heat, continue to swirl until the Capsules dis- 
solve into the acid, immediatefy remove from the heat 
source, and add 150 ml of water. Cool, and dilute with 
water to yolume. Fil ter a bout 30 mL into a centrifuge 
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tubę, using a 5-jim porę size nylon syringe fi]ter. If nec- 
essary, make any further adjustments usrng the Difuent. 
Instrumentaf conditions 
(See Plasma Spectrochemistry (730),) 

Modę: lnductively coupled plasma spectrometry, using 
a spectrometer set to measure the emission of each 
minerał of interest at about the corresponding wave- 
length. [Notę —The operating conditions may be de- 
ve!oped and opfimrzed based on the manufactureds 
recommendation. The waveiengths selected should be 
demon strated experimentally to provide sufficient 
specificity, sensitivity, linearity, aceuracy, and 
precisionÓ 
System suitability 

[Notę —Analyze the System suitability solution, and ob- 
tain the response as directed in the Ana/ys/s.] 

Sultabrfity requirements 
Relative standard deviation: NMT 2.0% 

Anafysis 

Samples: Standard soludom and Sample solution 
Determine the emission of each minera! of interest in 
the Standard Solutions and Sample solution with an in- 
ductively coupled plasma system using the Diluent as 
the blank. Plot the emission of the Standard Solutions 
yersus the concentration, in mg/L, of the minerals of 
interest, and dra w the straight linę best fitting the 
plotted points, From the graph so obtained, determine 
the concentration, C, in mg/L, for each minerat of in¬ 
terest In the Sample solution, Caloilate the percentage 
of the labeled amount for each minerał taken: 

Result = C x (V/W) x F x (C w /L) x 1 00 

C = measured concentration of the Sample solution 
(mg/L) 

V = yolume of the Sample solution (L) 

W = sample weight (mg) 
f - dilution factor of tne Sample solution 
Cw - ayerage Capsule weight (mg) 

L - labeled amount per Capsule (mg) 

Acceptance eriteria: 90.0%-125,0% of the labeled 
amount of calcium (Ca), copper (Cu), iron (Fe), magne- 
sium (Mq), manganese (Mn), phosphorus (P), and zinc 
(Zn); and 9Q.0%-1ó0.Q% of the labeled amounts of bo¬ 
ro n (B), chromium (Cr), molybdenum (Mo), nicket (Ni), 
selenium (Se), tin (Sn), and vanadium (V) 

PESSFORR/BANCE TESTS 

® DlSINTEGRATfON AND DlSSOLUTBON OF DlETARY 5UPFLEMENTS 

(2040): Meet the requirements for Dissoiution 

» Weight Vahiation of Dietary Supplements (2091): Meet 
the requErements 

CONTAMINANTS 

o Micrgbial Enumeration Tests (2021): The total aerobfc 
microbia! count does not exceed 3 x 1 0 3 cfu/g, and the 
combined molds and yeasts count does not exceed 
3 x 1O 2 cfu/g. 

*> ABSENCE OF SPECIFIED MfCROORGANfSMS (2022): Meet the 
requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

AODITIONAL REQUBREMENTS 

® Packaging and Storage: Preserve In tight, iight-resistant 
containers. 


* Labeling : 4 The label States that the product is OM- and 
Water-Soluble Vitamins with Minerals Capsules. The tabel 
also States the auantity of each vitamin and minera! per 
dosage unit and, where necessary, the Chemical form in 
which a vitamin is present and also States the salt form of 
the minera! used as the source of each element, Where 
the product contains vitamin E, the label indicates 
whether it is the d- or dl- form, Where morę than one 
assay method is given for a particuiar vftamin or minerał, 
the labeiing States with which assay method the product 
complies only if Method 1 is not used. 

■ USP Reference Standards (11) 

USP Biotin RS 

USP Calcium Pantothenate RS 

USP Cholecaldferol RS 

USP Cyanocobalamin RS 

USP Dexpanthenol RS 

USP Ergocalciferol RS 

USP Folie Acid RS 

USP Niacin RS 

USP NiacinamEde RS 

USP Phytonadione RS 

USP Pyridoxine Hydrochloride RS 

USP Racemic Panthenof RS 

USP Riboflavin RS 

USP Sodium Fluoride RS 

USP Thiamtne Hydrochloride RS 

USP Alpha Toeopherol RS 

USP Afpha Tocopheryl Acetate RS 

USP Alpha Tocopheryl Acid Succinate RS 

USP Vitamin A RS 


Oil- and Water-Soluble Vltarriins with 
Minerals Orał Solution 


DEFINITION 

Oli- and Water-Soluble Vitamins with Minerals Orał Solution 
contains one or morę of the following oil-soluble vitamins: 
Vifamin A, vitamin D as Ergocaldferol (yitamin D?) or 
Cholecafciferol (yitamin D*), and Vitamin E; one or morę 
of the foltowing water-solubie yitamins: Ascorbic Acid or 
its equivalent as Calcium Ascorbate or Sodium Ascorbate, 
Biotin, Cyanocobalamin, Niacin or Miacinamide, Dexpan- 
thenol or Panthenol, pantothenic acid (as Calcium Panto¬ 
thenate or Racemic Calcium Pantothenate), Pyridoxine 
Hydrochloride, Rfboffavrn or Riboflavin-5'-Phosphate So- 
dEum, and Thiamine Hydrochloride or Thiamtne Mononi- 
trate; and one or morę minerals derived from substances 
generafly recognlzed as safe, furnishrng one or morę of 
the foltowing elements in ionizable form: chromium, 
fluorine, iodine, iron, magnesium, manganese, molybde¬ 
num, and zinc. Ora! Solution contains NLT 90,0% and 
NMT 200.0% of the labeled amounts of yitamin A 
(C 20 H 30 O) as retinol or esters of retinot in the form of 

■’ USP Units of activJty for vitamin5 # where such exist or formErly existed r are 
equFvalent to the corresponding International units (1U), where soch formerly 
existed, The USP Unit for Yitamin E has been dlscontinued. IU for vitamins 
also have been discontinued; however, the use of EU on the labeb of yitamin 
Products continues. Where articies are fabeied in terms of Units in addition to 
the required labeiing, the relationship of the USP Units or IU to mass is as 
foJlows. One USP yitamin A Unit = 0.3 jig of ait-frons-rehnol (viEamin A alco- 
hot) or 0.344 |ig of all-tmm-reEinyl acetate (yitamin A acetate) or 0.55 ^ig of 
all-fram-retinyl palmrtate (yitamin A palmitate), and 1 j.ig of rettno! (3.3 USP 
yitamin A Unih; - 1 retinol equivalent (RE); I EU of beta ca rotę ne = 0.6 pg of 
alLfrons-beta carotene; 1 USP Yitamin D Unit = 0.025 ug of chalecaicrferoror 
ergocaldferol; and 1 mg of df-alpha toeopherol ^ 1.1 former USP Yitamin E 
UnŁts, 1 mg of d/-alpha tocopheryl acetate = 1 former USP Vitamin E Unit, 

1 mg of df-alptia tocopheryl acicT succinate = 0,89 former USP Yitamin E Unit, 

1 mg of d-alpha toeopherol = 1.49 former USP Yitamin E Units, and 1 mg of 
d-alpha tocopheryl acetate - 1 36 former USP Vitamin E Units; and 1 mg of 
d-alpha tocopheryl acid succinate = 1,21 former USP Yitamin E Units. In 
terms of d-alpha toeopherol equiva!ents, 1 mg of d-alpha tocopheryE acetate 
= 0.91, 1 mg of d-alpna tocopheryl acid succinate - 0.81, 7 mg of dZ-alpha 
toeopherol = 0.74, 1 mg of o/-a1pna tocopheryl acetate ^ 0.67, and 1 mg of 
d/-aIpha tocopheryl acid succinate = 0.60. 
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retinyl acetate (C^H^Os) or retinyl palmitate (C^HćoOz), 
vjtamin D as ergocaldferof (CaaH^O) or cholecalciferol 
(C 27 EUO), vitamin E as alpha tocopherol CG 9 H 50 O 2 } or al- 
pha tocopheryi acetate (C 3 TH 52 O 3 ) or alpha tocopheryi 
add succlnate (C 33 H 54 O 5 ), ascorbic acid (QHaO fi ) or its 
safts as calcium ascorbate (CiąHnCaOt 2 ■ 2HiO) or sodium 
ascorbate (CńHzNaOs), and thiamine (Ci 2 Hi ? CiN 4 05) as 
thiamine hydrochlonde or thiamine mononitrate; NLT 
90*0% and NMT 150.0% of the labeled amounts of biottn 
(CioH^NsOaS), calcium pantothenate (CuH^Ca^Cho), 
dexpanthenol (CgH^NCb) or panthenoi (QHi 9 N 0 4 ), niadn 
(CfiH^NO^) or niadnamrde (CgHeNaO), pyridoxine hydro- 
chloride (CflHnNCb* HO), riboflavln (C 17 H 2 oN 4 Oe) or ribc- 
flavin-5'-phosphate sodtum (Ci?H 2 oN 4 Na0 9 P); NLT 90.0% 
and NMT 450,0% of the labeled amount of cyanocobala- 
min (C^HaeCoNi^OHP); and NLT 90*0% and NMT 
160.0% of the labeled amounts of chromium (Cr), fluor- 
Ene (F), iodine (I), and moiybdenum (Mo); and NLT 
90,0% and NMT 125.0% of the labeled amounts of iron 
(Fe), magnesium (Mg), manganese (Mn), and ztnc (Zn). 

5TRENCTH 

[Notę—I n the following assays, where morę than one assay 
method is given for an individuai ingredient, the requlre- 
ments may be met by following any one of the specifled 
methods, the method used belng stated in the laoeling oniy 
if Method 1 is not used.] 

* VlTAMIN A 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Diluent: Tetrahydrofuran and acetonitrile ( 1 : 1 ) 

Mobile phase: Methanol, acetonitrile, and n-hexane 
(46*5:46*5: 7*0) 

Standard solution: 0.33 mg/mL of retinof (C 20 H 30 O) 
from USP Vitamln A RS in Diiuent [NOTĘ—USP Warnio 
A RS is retinyl acetate. Use it to analyze OraE Solution 
that contains vitamin A as retinol, retinyl acetate, or re¬ 
tinyl palmitate,] 

Sample solution: Transfer an accurately measured vol- 
ume of Orał Solution, equivalent to 3.3 mg of retinol, 
to a 500-mL separatory funnel containing 10 mL of 
water and 20 mL of debydrated alcohol. Add 150 mL of 
solvent hexane, insert the stop per, and shake for 1 min. 
Add another 150 mL of so[vent hexane, insert the stop- 
per, shake, and all ow the layers to sępa ratę. Discard tne 
aqueous layer, and filter the solvent hexane extract 
through anhydrous sodium suita te into a 500-mL 
round-bottom fiask* Evaporate the solution to dryness 
with the a id of a rotary evaporator over a water bath 
maintained at about 65°, Immediately add 10*0 ml of 
Diluent, swiri to disso!ve the residue, and filter* 
Chromatographic system 
(See Chromatograpny {62^) / System Suitabifity *) 

Modę: LC 

Detector: UV 265 nm 

Column: 4.6-mm x 50-cm (prepared from two concat- 
enated 4.6-mm x 25-cm coiumns); paddng LI 
Column temperaturę: 40° 

Flow ratę: 1.5 mL/min 
Injection volume: 20 pL 
System suitability 
S ampie: Standard soiution 
Suitability requirements 
Relative standard deviation: NMT 5.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
CalcuEate the percentage of the labeled amount of vita- 
min A as retinol (C 20 H 30 O) in the portion of Orał Sofu- 
tion taken: 

Result - (rjr$) x (Cs/CJ x fx 100 

r u - peak area of retinol or retinyl ester from the 
Sampfe solution 


r 5 = peak area of retinyl acetate from the Standard 
solution 

Q - concentration of retinyl acetate (C^hhzOz) in 
the Standard solution (ug/mL) 

Cu = nominał concentration of vitamin A as retinol 
(C 2 dH 3D 0) in the Sample solution (pg/mL) 

F = factor used to convert retinyl acetate, the ester 
form present in USP Wamin A RS, to retinol, 
0.872 

Acceptance cnteria: 90.0%-200*0% of the labeled 
amount of vitarnin A as retinol (C 2 qHjoO) 

® CHOLECALCIFEROL OR ERGOC AŁCJFEROL (VlTAIVflN D) 

[Notę—W here vitamfn D (cholecalciferol or ergocalcif- 
erol) is specified En the following procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use low-actinic glassware 
throughout this procedurę.] 

Diluent and Mobile phase: Prepare as dfrected for Vita- 
min A. 

Standard solution: 5 pg/mL of USP Cholecalciferol RS 
or USP Ergocaldferof RS in Diluent 
Sample solution: Transfer an accurately measured vol- 
ume of Orał Solution, equivalent to 50 pg of chofecal- 
ciferol or ergocalciferol, to a 500-mL separatory funnel 
containing 10 ml of water and 20 mL of dehydrated 
alcohol. Add 150.0 mL of solyent bexane, insert the 
stop per, and shake for 1 min. Add another 150 mL of 
soivent hexane, insert the stopper, shake, and allow the 
layers to separate, Discard the aqueous layer. Drain the 
solvent hexane extract through anhydrous sodium sul- 
fate Into a 500-mL round-bottom fiask. Evaporate the 
solution to dryness with the aid of a rotary evaporator 
over a water bath maintained at about 65°. Immedi- 
ately add 10*0 ml of Diiuent , swiri to dissoive the resi- 
due, and filter, 

Chromatographic system: Prepare as directed for Vita¬ 
rnin A* 

System suitability 
Sample: 5 tandard solu tio n 
Suitability reguirements 
Re!ative standard deviation: NMT 5.0% 

Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas of vitamln D. Calculate the per¬ 
centage of tne labeled amount of cholecalciferol 
(C 27 H., 4 O) or ergocalciferol (C 2 B H. h O) in the portion of 
Orał Soiutlon taken: 

Result = (ru/fs) x (Cs/Cu) x F x 1 00 

r u - peak areas of cholecalciferol or ergocalciferol 
from the Sample solution 

rj = peak areas of cholecalciferol or ergocalciferol 
from the Standard solution 
C s - concentration of USP Cholecalciferol RS or 

USP Ergocalciferol RS In the Standard solution 
Oig/mL) 

Cu - nominał concentration of cholecalciferol or 

ergocalciferol in the Sample solution (pg/mL) 

F = correction factor to account for the average 
amount of previtamin D present in the 
formulation, 1.09 

Acceptance criteria: 90.0%-200.O% of the labeled 
amount of vltamln D as cholecalciferol (C 27 H 44 O) or er- 
gocatciferol (CzaH-hO) 

* VlTAfV3IN E 

[Notę-—U se low-actinic glassware throughout this 
procedurę.] 

Diluent: Acetonitrile and ethyl acetate (1:7) 

Potassrum hydroxtde solution: Transfer 90 g of potas- 
sium hydroxide pellets to a 100-mL volumetric fiask 
containing 60 mL of water* Mix to dissolve, cool, and 
dilute with water to volume. 

Mobile phase: Methanol, acetonitrile, and n-hexane 
(46.5:46.5: 7,0) 
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Standard solution: 03 mg/ml of USP Alpha Tocoph- 
erol RS in Diluent 

Sample solutton: Transfer an amount of Ora! Solution, 
equivalent to 1.5 mg of alpha tocopherol, to a 125-mL 
eonical fiask fitted with a ground-glass joint, and add 
25.0 mL of dehydrated alcohol. Attach a reflux con- 
denser, and reffux in a boiling water bath for 1 min. 
Cautiously add 3 mL of Potassium hydroxide solution 
through the condenser, and continue to reflux for 30 
min. ftemove the fiask from the bath, and rinse the 
condenser with about 15 mL of water. Cool, and trans¬ 
fer with a minimum volume of water to a 250-mL sepa¬ 
ratory funnel. Rinse the fiask with 50 mL of n-hexane, 
and add the nnsings to the separatory funnel. Insert the 
stopper, shake yigorously for 1 min, and ailow the iay- 
ers to separate. Drain the aqueous layer into a second 
250-mL separatory funnel and repeat the extraction 
with 50 ml of n-hexane. Dlscard the aqueous layer, and 
combine the hexane extracts. Wash the eombined ex- 
tracts with 25 mL of water, alfow the Jayers to separate, 
and discard the aqueous iayer. Add 3 drops of gfacial 
acetic acid, and repeat the washing procedurę two 
morę times. Filter the washed hexane layer through an- 
hydrous sodium suffate into a 250-mL round-bottom 
fiask. Rinse the funnel and sodium sulfate with n-hex- 
ane, and add the rrnsrng to the hexane solution in the 
fiask. Evaporate the hexane solution to dryness with the 
aid of a rotary evaporator over a water bath maintained 
at about 50°. Immediately add 5.0 mL of Diluent , and 
swirl to dissolve the residue. 

Chromatographic system 
(See Chromatography (621), System Suita hi i i ty.) 

Modę: LC 

Detector: UV 291 nm 

Column: 4.6-mm x 25-cm; packing LI 

Column temperaturę: 40° 

Flow rafę: 3.0 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 5.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas. Calcufate the percentage of 
the iabeled amount of yitamfn E as alpha tocopherol 
(C^HsoOż) in the portidn of Orał Solution taken: 

Result = (rt//rs) x (Cs/Cu) x 100 

fu = peak area of alpha tocopherol from the 
Sample solution 

rs = peak area of alpha tocopherol from the 
Standard solution 

Cs = concentration of alpha tocopherol in the 
Standard solution (mg/mL) 

Cu = nominał concentration of vitamin £ as alpha 
tocopherol in the Sample solution (mg/mL) 
Aceeptance cnteria: 9G.O%-2O0 ł O°/o of the labeied 
amount of vitamin E 

■ Ascorbic Acid, Calcium Ascorbate, and Sodium 
Ascorbate 

See Witamin C Assay (580).) 

NOTĘ—For labeling purposes, consider Method Tttri- 
metrio Method as Method 7.] 

Aceeptance criteria: 90,Q%-200.0% of the labeied 
amount of ascorbic add (CćHbOs) or its salts as calcium 
ascorbate (CuHuCaOu * 2FhG) or sodium ascorbate 
(CćFUNaOfi) 

* Biotin, Method I 

[NOTĘ—Use Iow-actmic glassware throughout this 
procedurę.] 

Dehydrated mixtures, yielding formulations similar to the 
media desenbed herein, may be used provided that, 
when constituted as directecl, they have growth-pro- 


moting properties equal to or superior to those ob- 
tained with the media prepared as described herein. 
Standard stock solution: 50 jug/mL of USP Biotin RS in 
50% alcohol. Storę this solution in a refrigerator. 
Standard solution: On the day of the assay, prepare 
0.1 ng/mL of biotin from the Standard stock solution in 
water. 

Sample solution: DHute an accurately measured por* 
tion of the Orał Solution with water to an assumed con¬ 
centration of 0.1 ng/mL. 

Acid-hydrolyzed casein solution: Mix lOOg of vita- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and refiux the mixture for 8-12 h. Remove the hydro- 
chloric acid from the mixture by distillation under re- 
duced pressure until a thick pastę remarns. Redissolve 
the resulting pastę in water, adjust the solution with 
1 M sodium hydroxide to a pH of 33 ± 0.1, and dii u te 
with water to make 1000 mL. Add 20 g of activated 
charcoal, stir for 1 h, and filter. Repeat the treatment 
with activated charcoal. Storę under toluene fn a cooJ 
place at a temperaturę not below 10°. Filter the solu- 
tion if a precipitate forms during storage. 
Cystine-tryptophan solution: Suspend 4.0 g of L-cys- 
tlne in a solution of 1.0 g of i-tryptophan (or 2.0 g of 
D,L-tiyptophan) in 700-800 mL of water. Heat to 
7O°-80*, and add di lute hydrochloric acid (1 in 2) 
dropwise, with stining, until the soiids are dissolved. 
Cool, and diiute with water to make 1000 mL. Storę 
under toluene in a cool place at a temperaturę NLT 
10 *. 

Adenme-guanme-uraciJ solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
uracil, with the aid of heat, in 1 0 mL of 4 N hydrochlo- 
ric add. Cool, and diiute with water to make 200 mL. 
Storę under toluene in a refrigerator 
Polysorbate 80 solution: 1 00 mg/mL of polysorbate 80 
in alcohol 

Calcium pantothenate solution: 10 pg/mL of calcium 
pantothenate in 50% alcohol. Storę in a refrigerator. 
Rtboflavin-thiamine hydrochloride solution: 20 jjq/ 
mL of riboflavin and 10 pg/mt of thiamrne hydroehlo- 
ride in 0.02 N acetic acid. Storę under toluene, pro- 
tected from light, in a refrigerator. 
p-Amrnobenzoic acid-niadn“pyridoxIne hydrochloride 
solution: 10 pg/mL of p-aminobenzotc add, 50 fig/ml 
of niacin, and 40 pg/ml of pyridoxine hydrochloride in 
a mixture of neutraTized alcohol and water (1:3). Storę 
in a refrigerator. 

Salt solution A: Dissolve 50 mg/mL of monobasic po¬ 
tassium phosphate and 50 mg/mL of dibasic potassium 
phosphate in water. Add 5 drops of hydrochloric add. 
Storę under toluene. 

Salt solution B: Dissolve 20 g of magnesium sulfate, 

1 mg/mL of sodium chloridą 1 mg/mL of ferrous sul¬ 
fate, and 1 mg/mL of manganese sulfate in water Add 
5 drops of hydrochloric add, and mix. Storę under 
toluene. 

Basal medium stock solution: Dissolve the anhydrous 
Dextrose and anhydrous Sodium acetate in the Solutions 
previously mixed according to Tobie 7, and adjust with 
1 IM sodium hydroxfde to a pH of 6.8. Diiute with water 
to 250 mL. 


Table 1 


Acid*hvdrolvzed casein solution 

25 ml 

Cvstine-trvDtODhart solution 

25 mL 

Polysorbate 80 solution 

0.25 mL 

Dex trasę, anlwdrou* 

10 Q 

Sodium acetate. anhydrous 

5 q 

Adenine-auanine-uracil solution 

5 mL 

Calcium pantothenate solution 

S ml 

Rlboflavlr>-thiamine hydrochloride solution 

5 mL 
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Table 1 (Continued) 


p-Am i no benzole add-ntadn-pyridoxine hydrochlo- 
ride solution 

5 ml 

Salt solution A 

5 ml 

Salt solution B 

5 mL 


Stock cu Iturę of Lactobaeillus piantarum: DissoEve 
2.0 g of yeast extract En 100 mL of water. Add 500 mg 
of anhycfrous Dextro$e , 500 mg of anhydrous Sodium 
acetate, and 1.5 g of agar, and heat the mixture on a 
steam bath, wifh stirring, unti! the agar dissQives. Add 
10-mL portlons of the hot solution to test tubes, close 
or cover the tubes, stenllze m an autoclave at 121° for 
15 min, and aiEow the tubes to cooi in an upright posh 
tion. Prepare stab cultures in three or morę of the 
tubes, using a pure culture of Lactobaeillus piantarum, 1 
Encubating for 1 6-24 h at a temperaturę between 30° 
and 37° held constant to within ±0.5°* Storę En a refrig- 
erator. Prepare a fresh stab of the stock culture every 
week, and do not use for Inoculum Ef the culture is morę 
than I week old. 

Culture medium: To each of a series of test tubes eon- 
tainEng 5.0 ml of Basal medium stock solutlon add 
5,0 ml of water contaimng 0,5 ng of biotin. Ptug the 
tubes wlth cotton, sterEIEze En an autodave at 121 e for 
15 min, and cool. 

Inoculum: [Notę —A frożen suspension of Lactobaeillus 
piantarum may be used as the stock cuEture, provided Et 
ytelds an inoculum comparable to a fresh culture.] 
Transfer cefls from the Stock culture of Lactobaeillus 
piantarum to a sterile tubę containfng 10 mL of Culture 
medium. Incubate this cuEture for 16-24 h at a temper¬ 
aturę between 30^ and 37° held constant to within 
±0.5°, The ceEl suspension so obtained Es the Inoculum, 
Analysis 

Sam pies: Standard solu tion and Sample solutlon 
To sEmilar separate test tubes add, En duplicate, 1.0 
and/or 1.5, 2,0, 3.0, 4,0, and 5.0 mL of the Standard 
sol u tion. To each tubę and to four sEmilar empty tubes 
add 5.0 mL of Basal medium stock solution and suffi- 
cEent water to make 10 mL. 

To similar test tubes add, in duplicate, voEumes of the 
Sample solution corresponding to three or morę of the 
ievels speetfted for the Standard solution, induding the 
leve!s of 2,0, 3.0, and 4.0 mL To each tubę add 
5.0 mL of the Basal medium stock solution and suffi- 
cient water to make 10 mL. Place one compEete set of 
Standard and sampfe tubes together In one tubę rack 
and the duplicate set En a second rack or section of a 
rack, preferably in random order. 

Cover the tubes of both series to prevent contamina- 
tion, and sterilEze in an autoclave at 1 21 p for 5 min. 
Cool. Add 1 drop of Inoculum to each tubę, except 
two of the four tubes contaimng no Standard solution 
(the uninocuJated blanks). incubate the tubes at a 
temperaturę between 30° and 37° hefd constant to 
within +0.5 D untEI, foliowi ng 16-24 h of ineubatron, 
there has been no substantial inerease in turbłdity En 
the tubes containlng the highest level of Standard dur- 
Eng a 2-h period. 

Determine the transmittance of the tubes in the follow- 
Eng manner. JVlix the contents of each tubę, and trans¬ 
fer to a spectrophotometer celi. Place the celE in a 
spectrophotometer that has been set at a specific 
wavelength of 540-660 nm, and read the transmit¬ 
tance when a steady State Es reached. This steady State 
is observed a few seconds after agftatEon when the 
gaJvanometer reading remains constant for 30 s or 
morę. AiEow approximately the same time intervaJ for 
the reading on each tubę. 

With the transmittance set at 1.00 for the uninocuiated 
blank, read the transmittance of the inoculated blank. 

1 ĄTCC No. 8014 is suilabie, This Strain was formaty kmwn as taefobatto 

ombinosus 1 7-5. 


With the transmittance set at 1,00 for the inoculated 
blank, read the transmittance for each of the remaim 
Eng tubes. If there is evldence of contaminatEon with a 
foreign microorganism, disregard the result of the 
assay, 

Calculation: Prepare a standard concentration-re¬ 
sponse curve as follows. For each !eveE of the Stan¬ 
dard, caiculate the response from the sum of the du- 
piEcate vaEues of the transmittance (Is) as the 
difference, y = 2,00 - X*. Pfot this response on the 
ordinate of crass-section paper against the iogarithm 
of the mL of Standard solutlon per tubę on the ab- 
scissa, using for the ordinate either an anthmetic or a 
logarithmic scalę, whEchever gives the better approxi- 
mation to a straight linę. Draw the straEght linę or 
smooth curve that best fits the plotted points. 

CaEculate the response, y - 2.00 - E Ut adding together 
the two transmittances (Lu) for each levei of the Sam¬ 
ple solution. Read from the standard curve the loga- 
rithm of the volume of the Standard solution corre¬ 
sponding to each of those vaiues of y that falls within 
tne rangę of iowest and hEghest points plotted for the 
Standard. Subtract from each Iogarithm so obtained 
the Iogarithm of the volume. En mL, of the Sample 
solution to obtain the difference, X, for each dosage 
level. Average the vafues of X_for each of three or 
morę dosage leve!s to obtain X, which epuals the log- 
re!ative potency, M' f of the Sample solution . 

CaEculate the quantlty, in ng, of biotin (CioPiffiN^ChS) 
in the portion of Orał Solution taken: 

antflog M = antilog (M ł + log R) 

R - number of ng of biotin assumed to be present 
En the portion of Orał Solution taken 
Caiculate the percentage of the labeled amount of 
biotin (CioHieN^OjS) in the portion of Orał Solution 
taken: 

Result = [(antilog M)/N] x 100 

N = nominał amount of biotin, in ng, in the 
portion of Orał SoJution taken 
RepJication: Repeat the en tire determination at least 
once, using separately prepared Sample Solutions. If the 
difference betweenjthe two log-potendes M is NEVIT 
0.08, their mean, M, is the assayed log-potency of the 
test materiał (see Design and Analysis of Biological As- 
says (111), The Confidence lnterval and Limits of Po¬ 
tency). If the two determinations dtffer by morę than 
0.08, conduct one or morę additional determinations. 
From the mean of two or morę vatues of M that do 
not dtffer by morę than 0.15, compute the mean po¬ 
tency of the preparat!on under assay. 

Acceptance critena: 90.0%-l 50.0% of the labeled 
amount of biotin (CioHióNaOjS) 

* Biotin, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Solution A: Transfer 800 mL of water and 100 mL of 
tnethylamine to a 1000-mL volumetric fEask. Add 80 mL 
of 85% phosphorlc add, and dilute with water to 
volume. 

Mobite phase: Transfer 80 mL of acetonitrile and 10 mL 
of Solution A to a 1000-mL vo3umethc fiask, Dilute with 
water to vo!ume. 

Standard solution: 0.6 jug/mL of USP Biotin RS En 
water. [NGTE—A portion of the Standard solution will be 
used to determine the percent recovery of biotin from 
the Solid-phase extraction procedurę.] 

Sample solution: 0.6 pg/mL of biotin, from the Ora] 
Solution En water. Adjust the solution with either dilute 
acetfc acid or 0,1 N sodium hydroxide to a pH of 
6,0-7,0. 
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Solfd-phase extraction: [NoiE—Condition the extrac- 
tion cofumn specified in this procedurę in the followfng 
manner. Wash the column with a 2-mL portion of 
methanoL Eguilibrate with a 2-mL portion of water.] 
Separately pipet 5.0 mL each of the Sample solution and 
Standard solution into freshly conditioned soltd-phase 
extraction columns consisting of a mixed-mode packing 
with a sorbent-mass of 60 mg. [Notę—T he mIxed-mode 
packing consists of anion-exćnange and reversed-phase 
sorbents. The reverse-phase component ts a copolymer 
of N-yinylpyrrolidone and divinyibenzene, The anion ex- 
change moiety is a trialkylamino group. 2 ] 

Wash the column with 10 mL of 30% (v/v) methanol in 
water. Apply an appropriafe volume (4.9 ml) of 30% 
(v/v) methanol tn 0.1 N hydrochforic actd to the col¬ 
umn, Collect the efuate in a 5-mL volumetric fiask, 
containing 100 pL of 40% (w/v) sodium acetate in 
water, and di lute with 30% (v/v) methanol in OJ N 
hydroehlonc acid to voiume. 

Chrom atographk system 
(See Chromatography System Suita bili ty.) 

Modę: LC 

Detectorr UV 200 nm 
Column: 4,ó-mm x 25-cm; packing LI 
Flow ratę: 2 ml/min 
Injectron volume: 100 pL 
System suitability 

Samples: Stanaard solution and a portion of Standard 
solution that has undergone Solid-phase extraotion 
Suitability reguirements 
Tailing factor: NMT 1,5, Standard solution 
Relatlve standard deviation: NMT 2.0%, Standard 
solution and Standard solution that has undergone 
Solid-phase extraction 

Recovery: 95%-100%, Standard solution that has un¬ 
dergone Solid-phase extraetion 
AnalysTs 

Samples: Standard solution and Sample solution that 
have both undergone Soiid-phase extraction 
Measure the peak areas of biotin. Calculate the percent- 
age of the labeled amount of biotin (CioHujN^S) in 
the portion of Orał Solution taken: 

ResuiL = (fu/ris) x (Cś/Cu) x 1 00 

ro - peak area of biotin from the Sample solution 

rs - peak area of biotin from the Standard solution 

Cs = concentration of USF Biotin RS in the Standard 
solution (pg/mL) 

Cu = nominał concentration of biotin in the Sample 
solution (pg/mL) 

Acceptance criterla: 90,0%-l 50,0% of the iabefed 
amount of biotin (CtoHióN^ChS) 

O C V A N O CO BA LA MfN 

[Notę—-U se low-actinic gfassware throughout this 
procedurę,] 

Standard stock solution: 1,0 pg/ml of cyanocobalamin 
from USP Cyanocobalamin RS in 25% aicohol. Storę tn 
a refrigerator. 

Standard solution: Dilute a suitable yolume of Standard 
stock solution with water to a measured vofume such 
that after the incubation period as described in Analysls, 
the difference in transmittance between the inoculated 
blank and the 5.0-mL level of the Standard solution is 
NLT that which corresponds to a difference of 1.25 mg 
in dried celi wetght. Tnis concentration usuaily falis be¬ 
tween 0.01 and 0.04 ng/ml of Standard solution. Pre- 
pare this solution fresh for each assay. 

Sample solution: Transfer an aceurateJy measured vot- 
ume of Orał Solution, assumed to eon ta i n 1.0 pg of cy- 
anocobalamin, to an appropriate vesse! containing, for 
each mL of the Orał Solution taken, 25 mL of an aque- 
ous extracting solution prepared just before use to con- 

2 A suitable cartridge is the Waters Oasis MAX Vac RC cartridge, particie size 

30 ^m r part 18ÓGG0371. 


tain, in each 100 ml, 1.29g of di basie sodium phos¬ 
phate, 1.1 g of anhydrous citric acid, and 1.0 g of 
sodium metabisulfite. Autoclave the mixture at 121 3 for 
1 0 min. Allow any undtssoh/ed partides of the extract 
to settfe, and filter or centrifuge if necessary. Dilute an 
aliguot of the elear solution with water to obtain a finał 
solution containing vitamin Bi 2 activlty approximately 
equivalent to that of the Standard solution. 
Acid-hydrolyzed casein solution: Prepare as directed in 
Biotin, Metfiod 1 , 

Asparagine solution: DEssoke 2.0 g of L-asparagine in 
water to make 200 ml. Storę under toluene in a 
refrigerator. 

Adenine-guanine-uradl solution: Prepare as directed 
for Biotin, Method 1. 

Xanthine solution: Suspend 0.20 g of xanthine In 
30—40 mL of water, heat to 70°, add 6,0 mL of 6 N 
ammonium hydroxide, and stir untii the solid is dis- 
solved. Cool, and dilute with water to make 200 mL, 
Storę under toluene in a refrigerator. 

Salt solution A: Dissolve 1 0 g of monobasic potassium 
phosphate and 10 g of dibasic potassium phosphate in 
water to make 200 mL, and add 2 drops of bydrochioric 
add. Storę this solution under toiuene. 

Salt solution B: Dissofve 4.0 g of magnesium sulfate, 
0.20 g of sodium chloride, 0.20 g of ferrous sulfate, and 
0.20 g of manganese sulfate in water to make 200 mL, 
and add 2 drops of hydroehlonc acid. Storę this solu¬ 
tion under toiuene, 

Polysorbate 80 solution: 20 g of polysorbate 80 in al- 
co hol to make 200 mL, Storę in a refrigerator. 

Vjtamm solution A: TO mg of riboflavin, 1 0 mg of thia- 
mine hydrochloride, 100 ug of biotin, and 20 mg of ni- 
acin in 0.02 N acetic acid to make 400 mL. Storę under 
toluene protected from light in a refrigerator. 

Vitamin solution B: 20 mg of p-aminobenzoic acid, 

1 0 mg of calcium pantothenate, 40 mg of pyndoxine 
hydrochloride, 40 mg of pyndoxal hydrochloride, 8 mg 
of pyndoxamine di hydrochloride, and 2 mg of folie acid 
in a mixture of water and neutraiized aicohol (3:1) to 
make 400 mL, Storę, protected from light, in a 
refrigerator. 

Basal medium stock solution: Prepare the medium ac- 
cording to the following formula and directions. A de- 
hydrated mixture containing the same ingredients may 
be used provided that, when constituted as directed In 
the labehng, it yields a medium comparable to that ob- 
tained from the formula given herein, 

Add the ingredients in the order fisted in Tubie 2 t ca re¬ 
fu lly dissoMng Cystine and Tryptophan in the hydro¬ 
chioric add before adding the next eight soiutions. In 
the resulting solution add 100 mL of water, and dis- 
solve Dextrose t Sodium acetate, and Ascorbic add. Filter 
if necessary. Add the Polysorbate 80 solution , adjust 
with 1 N sodium hydroxide to a pH of 5.5-6,0, and 
dilute with Purified Water to make 250 mL 


TabBe 2 


L-Cystine 

0.1 ci 

L-Trvptophan 

0.0S o 

1 N hydrochioric acid 

10 mL 

Ad eni ne-ct nam n e-u raci 1 solu ti o n 

5 ml 

Xanthine solution 

5 mL 

Vitamin solution A 

10 ml 

VitamEn solution B 

10 mL 

Salt solution A 

5 mL 

Salt solution B 

5 ml 

Asparagine soi u ti on 

5 mL 

Acid-hydrolyzed casein solution 

25 mL 

Dextrose. anhydrous 

I0q 

Sodium acetate, anhydrous 

__ 
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Tub te 2 (Continued) 


Ascorbic add 

1 Q 

Polysorbate 80 solution 

5 mL 


Tomato juice preparation: Centrifuge commercially 
canned tomato juice so that most of the pulp is re- 
moved. Suspend 5 g/L of analytical filter aid in the su- 
pernatant, and filter with the aid of reduced pressure 
through a layer of the filter aid. Repeat, if necessary, 
until a elear, straw-colored filtrate is obtained. Storę 
under toluene tn a refrigerator. 

Culture medium: [Notę—A dehydrated mixture con- 
taining the same ingredients may be used provided 
that, when constituted as directed in the labeling, it 
yields a medium equivalent to that obtained from the 
formuła given herein.] Dissolve 0.75 q of yeast extract, 
0.75 g of drled peptone, 1.0 g of annydrous Dextrose, 
and 0.20 g of monobasic potassium phosphate in 
60-70 mL of water. Add 10 mL of Tomato juice prepara¬ 
tion and 1 mL of Polysorbate 80 solution. Adjust with 
1 N sodium hydroxide to a pH of 6.8, and dilute with 
water to make 100 mL. Place 10-mL portEons of the so¬ 
lu tion in test tubes, and pług with cotton. SterElize the 
tubes and contents in an autodave at !21 D for 15 min. 
Cool as rapidly as possible to avoid color forma tion re- 
sulting from overheating the medium. 

Suspension medium: Dilute a measured volume of Ba¬ 
sa! medium stock solution with an equal volume of 
water. Place 10-mL portions of the diluted medium in 
test tubes. Sterifize, and cool as directed for Culture 
medium , 

Stock culture of Lactobadllus łeichmannii: To 100 mL 
of Culture medium add 1.0-1.5 g of agar, and heat the 
mixture on a steam bath, with stirrrng, until the agar 
di$solves. Place 10-mL portions of the hot solution in 
test tubes, cover the tubes, sterilize at 121° for 15 min 
in an autodave, and allow the tubes to cool in an up- 
right position. inoculate three or morę of the tubes by 
stab transfer of a pure culture of Lactobadllus lekhman - 
n/7. 3 [NOTĘ—Before first using a fresh culture in this as¬ 
say, make NLT 10 successive transfers of the culture in a 
2-week period,] 

Incubate for 16-24 h at a temperaturę between 3G P 
and 40° held constant to within ±0.5°, Storę in a 
refrigerator. 

Prepare fresh stab cuitures at least three Times each 
week, and do not use them for preparing the Inocuium 
if morę than 4 days otd. The activfty of the microor- 
ganism can be Increased by daily or twice-daily trans¬ 
fer of the stab culture to the point where definite tur- 
bidity in the lrquid inocuium can be observed 2^4 h 
after inoculation. A slow-growing culture seldom give$ 
a suitable response curve and may lead to erratic 
results, 

Inocuium: [NOTĘ—A frożen suspension of Lactobaciflus 
łeichmannii may be used as the stock culture, provtded 
it yields an inocuium comparable to a fresh culture.] 
Transfer ceils from the 5tock culture of Loctobadllus 
łeichmannii to twa sterile tubes each confaining 10 mL 
of the Culture medium* incubate these cuitures for 
16-24 h at a temperaturę between 30° and 40° held 
constant to within ±0.5°. Under aseptre conditrons 
centrifuge the cuitures, and decant the supernatant. 
Suspend the ceils from the culture in 5 mL of sterile 
Suspension medium , and combine. Using sterile Suspen¬ 
sion medium, adjust the volume so that a i-in-20 oilu- 
tion m salinę TS produces 70% transmittance when 
read on a suitable spectrophotometer that has been 
set at a wavelength of 530 nm, equfpped with a 
10-mm celi, and read against salinę TS set at 100% 
transmittance. Prepare a l-in-400 diJution of the ad- 

3 Pure cuitures of ioctobocillui feichmcnnii (llsted as ioctobadftus defbrueckis) 

may be obtained as No. 7030 from ATCC, 10801 University B1vd., Manassas, 

VA 20110-2209 (www.atcc.orgT 


justed suspension using sterile Basai medium stock sołu- 
don. [Notę —This dtlution may be altered, when neces- 
sary, to obtain the desired test response.] The celi 
suspension so obtained is the Inocuium , 

Calibration of spectrophotometer: Chetk the wave- 
length of the spectrophotometer period ically using a 
standard wave!ength celi or other suitable device. 

Before reading any tests, calrbrate the spectrophotome- 
ter for 0% ano 100% transmittance using water and 
with the waveiength set at 530 nm. 

Analysis 

Sam pi es: Standard solution and Sample solution 
Because of the high sensitivity of the test organism to 
minimum amounts of vitamin B| 2 activity and to 
traces of many cleansing agents, cleanse metjculously 
by suitable means, foliowed preferably by heating at 
250° for 2 h, using hard-glass 20-mm x 150-mm test 
tubes and other necessary glassware. 

To separate test tubes adef, in duplicate, 1.0, 1.5, 2.0, 
3,0, 4.0, and 5.0 mL of the Standard solution. To each 
of these tubes and to four similar empty tubes add 
5.0 ml of Basol medium stock solution and sufficient 
water to make 10 ml, 

To similar separate test tubes add, in duplicate, 1.0, 

1.5, 2.0, 3.0, and 4.0 ml of the Sample solution. To 
each tubę add 5.0 mL of Basa! medium stock solution 
and sufficient water to make 10 mL, Place one com- 
plete set of Standard and sample tubes together in 
one tubę rack and the duplicate set in a second rack 
or section of a rack, preferably in random order. 

Cover the tubes to prevent bacterial contamination, 
and sterilize In an autoclave at 121° for 5 min, ar- 
ranging to reach this temperaturę in NMT 10 min by 
preneatmg the autoclave if necessary. Cool as rapidly 
as possible to avoid color formation resulting from 
overheating the medium, Take precautrons to mam- 
tain uniformity of sterilizing and cooling conditions 
throughout the assay, because packing the tubes too 
dosefy in the autoclave or overloading it may cattse 
variation in the heating ratę. 

AseptrcalJy add 0,5 ml of Inocuium to each tubę so 
preparea, except two of the four containing no Stan¬ 
dard solution (the untnoculated blanks), Incubate the 
tubes at a temperaturę between 30° and 40°, held 
constant to within ±0.5°, for 16-24 h. 

Ter mina te growth by heating to NLT 80° for 5 min. 
Cool to room temperaturę, After agitating the con¬ 
tents, read the transmittance at 530 nm when a 
steady State is reached, This steady state is observed a 
few seconds after agitation when the reading remains 
constant for 30 s or morę. Allow approximately the 
same time interval for the reading on each tubę. 

With the transmittance set at 100% for the uninocu- 
lated blank, read the transmittance of the inoculated 
blank. If the difference is greater than 5% or if there 
is evidence of contamination with a foreign mlcroor- 
ganism, disregard the results of the assay. 

With the transmittance set at 100% for the uninocu- 
lated blank, read the transmittance of each of the 
remaining tubes. Disregard the results of the assay if 
the slope of the standard curve indicates a problem 
with sensitivity. 

Cakulation: Prepare a standard concentration-re- 
sponse curve by the following procedurę. Test for and 
replace any aberrant indrndual transmittances. For 
each Ievel of the Standard, calculate the response from 
the sum of the duplicate values of the transmittances 
(Is) as the difference, y - 2.00 - I s . Plot this response 
on the ordinate of cross-section paper against the log- 
arithm of the mL of Standard sofutton per tubę on the 
absdssa, using for the ordinate either an arithmetic or 
a iogarithmic scalę, whichever gives the better approx- 
imation to a straight linę. Draw the straight linę or 
smooth curve that best fits the plotted points. 
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Calcu la te the response, y - 2,00 - Z Uf adding together 
the two transmittances (Eu) for each level of the 5om- 
ple solution. Read from the standard curve the loga- 
rithm of the volume of the Standard solution corre- 
sponding to each of those values of y that falls within 
tne rangę of the lowest and htghest points plotted for 
the Standard. Subtract from each logarithm so ob- 
tained the logarithm of the volume, in mL, of the 
Sample solution to obtain the difference, X, for each 
dosage ievel. Average the values of X for each of 
three or morę dosage levels to obtain X, which equals 
the log-relative potenoy, M\ of the Sample solution . 
Calculate the guantity, in pg, of cyanoeobalamin 
(CejHsaCoN mOmP) in the portion of Ora! Solution 
taken: 

antilog M = antilog (M ł + log R) 

R - ptj of cyanocobalamin assumed to be present 
in the portion of Orał Solution taken 
Calculate the percentage of the labefed amount of 
cyanocobalamin (CćjHeaCoNHOnP) in the portion of 
the Oraf Solution taken: 

Result = [(antilog M)fN } x 100 

N = nominał amount of cyanocobalamin in the 
portion of Orał Solution taken (pq) 

Replication: Repeat the entire determination at least 
once using separately prepared Sample Solutions . If the 
difference betweenjhe two log-potencies M is NMT 
0.08, their mean, H the assayed log-potency of the 
test materiał (see Design and Analysis of Biological As - 
says (111), The Confidence lnterval and Limits of Po- 
tency, Vitamin B, 2 Activity)> If the two determinations 
differ bv morę than 0.08, conduct one or morę addi- 
tionat determinations. From the mean of two or morę 
values of M that do not differ by morę than 0.15, 
compute the mean potency of the preparation under 
assay. 

Acceptance criterla: 90*0%-450.0% of the labeled 
amount of cyanocobalamin (Có^HasCoNnOMP) 

* Calcium Pantothenate, Method 1 

Mobile phase: 0.2 M monobaslc sodium phosphate 
and methanol (97:3). Adjust with 17 M pbosphoric 
add to a pH of 3.2 ± 0.1 . 

Standard solution: 80 pg/ml of USP Calcium Panto¬ 
thenate RS in Mobile phase 

System sultability solution: 80 pg/mL of USP Racemic 
Panthenol RS in Mobile phase . Mix the resulting solution 
and Standard solution (1:1). 

Sample solution: Equivalent to 8Gpg/mL of calcium 
pantothenate from tne Orał Solution in Mobile phase 
Chromatographic system 
(See Chromatograpny (621 ), System Sultability.) 

Modę: LC 

Detector: UV 210 nm 
Column: 4.0-mm x 10-cm; packing LI 
Flow ratę: I ml/min 
Injection volume: 20 pL 
System sultability 

Sam pies: Standard solution and System sultability 
solution 

Suitability requirements 

Resolution: NLT 1.5 between panthenol and calcium 
pantothenate, System suitability solution 
Tatling factor: NMT 2.0 for both the calcium panto¬ 
thenate and the panthenol peaks, Standard solution 
Reiative standard deviationi NMT 2.0%, Standard 
solution 
Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas of calcium pantothenate. 


Calculate the percentage of the labeled amount of cal¬ 
cium pantothenate (CisHj^CaN^O^) in the portion of 
Orał Solution taken: 

Result = (ru/h) X (Ck/C u ) x 100 

r 0 = peak area of calcium pantothenate from the 
Sample solution 

n = peak area of calcium pantothenate from the 
Standard solution 

Q - concentration of USP Calcium Pantothenate 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of calcium 

pantothenate in the Sample solution (mg/mL) 
Acceptance criteria: 90.0%-l 50.0% of the labeled 
amount of calcium pantothenate (CiaH^CaN^Oio) 

* CALCIUM PANTOTHENATE, Method 2 

Standard stock solution: Dissolve 50 mg of USP Cal¬ 
cium Pantothenate RS, previously dried and stored In 
the dark over phosphorus pentoxide and protected 
from absorption of moisture while weighlng, in 500 ml 
of water in a 1000-mL volumetric fiask. Ada 10 ml of 
0.2 N acetic acid and 100 mL of sodium acetate solu¬ 
tion (1 in 60), and dii u te with water to volume to ob¬ 
tain a concentration of 50 pq/mL of USP Calcium Pan¬ 
tothenate RS. Storę under toluene in a refrigerator. 
Standard solution: On the day of the assay, dilute a 
volume of Standard stock solutton with water to obtain a 
concentration of 0.01-0.04 pg/mL of calcium panto¬ 
thenate, the exact concentration being such that the 
responses obtained as directed in the Ano/tó, 2.0 and 
4.0 mL of the Standard solution being used, are within 
the linear portion of the fog-concentratron response 
curve. 

Sample solution: Transfer an accurately measured vol- 
ume of Orał Solution, equivalent to 50 mg of calcium 
pantothenate, to a 1000-mL volumetric fiask containing 
500 mL of water. Add 10 ml of 0.2 N acetic acid and 
100 ml of sodium acetate solution (1 in 60), dilute with 
water to volume, and filier. Dilute a measured volume 
of this solution quantrtatively, and stepwise if necessary, 
with water to obtain a solution having about the same 
concentration as that of the Standard solution . 
Add-hydrofyzed casein solution: Mix 100 g of vita- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and ref3ux the mixture for 8-12 h. Remove the hydro¬ 
chloric acid from the mixture by distillation under re- 
duced pressure until a th lek pastę remalns. Redisso!ve 
the resulting pasie in water, adjust the solution with 
1 N sodium hydroxide to a pH of 3.5 ± 0.1, and dilute 
with water to make 1000 mL. Add 20 g of activated 
charcoal, stir for 1 h, and fllter. Repeat the treatment 
with activated charcoal. Storę under toluene in a cool 
place at a temperaturę NLT 10°. Fllter the solution if a 
precipitate forms during storage. 

Cystme-tryptophan solution: Suspend 4.0 g of L-cys- 
tine in a solution of 1,0 g of i-tryptophan (or 2.0 g of 
DT-tryptophan) in 700-800 mL or water, heat to 
70°-80°, and add dilute hydrochloric add (1 in 2) 
dropwise, with stirrlng, until the solids are dissolved, 
Cool, and dilute with water to make 1000 mL. Storę 
under toluene in a cool place at a temperaturo NLT 
10 °. 

Adenine-guamne-uradl solution: Disso!ve 200 mg 
each of adenine sulfate, guanine hydrochlaride, and 
u radl, with the aid of heat, in 10 mL of 4 N hydrochlo¬ 
ric acid. Cool, and dilute with water to make 200 mL, 
Storę under toluene In a refrigerator. 

Poiysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol 

Rrboffavin-thiamine hydrochloride-biotin solution: 

20 pg/mL of nboffavin, 10 pg/mL of thiamine hydro- 
chlorlde, and 0.04 pg/mL of biottn in 0.02 N acetic 
acid. Storę under toluene, protected from light, in a 
refrigerator. 
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p-AminobenzoIc add-niadn-pyridoxine hydrochforrde 
soiution: TGpg/mL of p-aminobenzoic add, 50p.q/mL 
of niacin, and 40 pg/mL of pyndoxine hydrochJoride in 
a mixturę of neutraTized afconol and water (1:3). Storę 
in a refrigerator. 

Salt soiution A: Dissolye 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate in 
water to make 500 ml. Add 5 drops of hydroenlonc 
add. Storę under toluene. 

Salt soiution B: Dissofve 10 g of magnesium suffate, 

0,5 g of sodlum chioride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 mL 
Add 5 drops of hydrochloric add. Storę under toluene. 

Basa! medium stock soiution: Dissoive the anhydrous 
Dextrose and anhydrous Sodium acetate in the Solutions 
previousiy mixed according to Table 3, and adjust with 
1 N sodium hydroxide to a pH of 6.8. Diiute with water 
to 250 ml. 


Table 3 


AdcLhydrolyzed casein soiution 

25 ml 

Cystine-tryotoohan soiution 

25 ml 

Polysorbate 80 soiution 

0.25 mL 

Dex trasę, anhydrous 

10 0 

Sodium acetate. anhydrous 

5 q 

Ademne-quanineHJfadl soiution , 

5 ml 

Riboflavin-thiamIne hydrochloride-biotin soiution 

5 mL 

p-Aminobenzoic acid-n1adn-pyridoxine hydrochlo- 
rlde soiution 

5 mL 

Salt soiution A 

5 mL 

Salt soiution B 

5 mL 


Stock culture of Lactobaciilus plantarum: Dissolve 
2,0 g of yeast extract in 100 ml of water. Add 500 mg 
of anhydrous Dextrose, 500 mg of anhydrous Sodium 
acetale, and 1.5 g of agar, and heat tne mixture on a 
steam bath, with stirring, until the agar dissolves. Add 
10-mL portions of the hot soiution to the test tubes, 
close or cover the tubes, sterifize in an autodave at 
121° for 15 min, and ailow the tubes to cool in an 
upright position, Prepare stab eultures in three or morę 
ot the tubes, using a pure culture of Lactobaciilus 
lanlarumy incubating for 16-24 h at a temperaturę 
etween 30° and 37° heid constant to within ±0.5 a . 
Storę in a refrigerator, Prepare a fresh stab of the stock 
culture every week, and do not use for Inocufum if the 
culture is morę than 1 week old. 

Culture medium: To eath of a series of test tubes com 
taming 5.0 mL of Basa! medium stock soiution add 
5.0 mL of water containing 0,2 jig of calcium panto- 
thenate, Pług the tubes with cotton, sterilize in an auto- 
daye at 121° for 15 min, and cool. 

Inoculum: [NOTL—A frożen suspensfon of Lactobaciilus 
plantarum may be used as the stock culture, provlded it 
yieJds an Inoculum comparable to a fresh culture,] 
Transfer celis from the Stock culture of Loctobodilus 
plantarum to a sterile tubę containing 10 mL of Culture 
medium. Incubate this culture for 16-24 h at a temper¬ 
aturę between 30° and 37° heid constant to within 
±0,5°, The celi suspensie n so obtained is the inoculum. 
Anaiysis 

Samples: Standard soiution and Sample soiution 
To sśmilar separate test tubes add, En duplicate, 1.0 
and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard 
soiution. To each tubę and to four similar empty 
tubes add 5.0 mL of Basa! medium stock soiution and 
sufficient water to make 10 mL. 

To simiiar separate test tubes add, in duplicate, 
volumes of the Sampie soiution corresponding to 
three or morę of the leveis specified for the Standard 
soiution , including the levels of 2.0, 3.0, and 4.0 mL 
To each tubę add 5,0 mL of the Bosai medium stock 


soiution and sufficient water to make 10 mL. Place 
one com piete set of Standard and sample tubes to- 
gether in one tubę raek and the duplicate set in a 
second rack or section of a rack, preferably in random 
order. 

Cover the tubes of both series to prevent contamrna- 
tlon, and sterilize in an autodave at 121° for 5 min. 
Coof. Add 1 drop of inoculum to each tubę, except 
two of the four tubes containing no Standard soiution 
(the uninoculated blanks). incubate the tubes at a 
temperaturę between 30° and 37°, heid constant to 
within ±0.5°, following 16-24 h of ineubation, until 
there has been no substantiai inerease in turbidity in 
the tubes containing the highest level of Standard 
during a 2-h periodT 

Determine the transmittance of the tubes in the fol¬ 
lowing manner. Mix the contents of each tubę, and 
transfer to an optical Container if necessary. Read the 
transmittance between 540 and 660 nm when a 
steady State is reached. This steady State is observed a 
few seconds after agitation when the galvanometer 
reading remains constant for 30 s or morę. Ailow ap~ 
proximate!y the same time interval for the reading on 
each tubę, 

With the transmittance set at 1,00 for the uninocu- 
lated blank, read the transmittance of Ehe inoculated 
biank. With the transmittance set at 1.00 for the in¬ 
oculated blank, read the transmittance for each of 
the remaining tubes. If there is evidence of contami- 
nation with a foreign mferoorganism, disregard the 
result of the assay. 

Calculation: Prepare a standard concentration-re- 
sponse curve as follows. For each level of the Stan¬ 
dard, caiculate the response from the sum of the du- 
plicate yalues of the transmittance (I*) as the 
difference, y = 2.00 - Plot this response on the 
ordinate of cross-sectton paper against the logarithm 
of the mL of Standard soiution per tubę on the ab- 
scissa, using for the ordinate either an arithmetic or a 
logarithmic scalę, whichever give$ the better approxi- 
mation to a straight linę. Draw the straight linę or 
smooth curve that best fits the plotted points. 

Caiculate the response, y - 2,00 - Zu, adding together 
the two transmittances (Su) for each level of the 5am- 
ple soiution , Read from the standard curve the loga- 
rithm of the volume of the Standard soiution corre¬ 
sponding to each of those values of y that fafls within 
tne rangę of the lowest and highest points plotted for 
the Standard. Subtract from each logarithm so ob- 
tained the logarithm of the volume, in mL, of the 
Sample soiution to obtain the difference, X, for each 
dosage ievei. Average the vafues of X for each of 
three or morę dosage levels to obtain X, which eguals 
the locj-relative potency, AT, of the Sample soiution. 
Determine the guantity, in mg, of USP Calcium Panto- 
thenate RS corresponding to the calcium pantothen- 
ate (CigH^^CaN^Oio) in the portion of Orał Soiution 
taken: 

antifog M = antiiog (AT + log R) 

R = number of ma of calcium pantothenate 

assumed to be present in the portion of Ora! 
Soiution taken 

Caiculate the percentage of the labeled amount of 
calcium pantothenate (CishhzCaNaGio) in the portion 
of Orał Soiution taken: 

Result = [(antiiog A 4)/N] x 100 

N = nominał amount of calcium pantothenate in 
the portion of Ora! Soiution (mg) 

Replieation: Repeat the entire determination at least 
once, using separately prepared Sample Solutions. If the 
difference between the two log-potencies M is NMT 
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0.08, their mean, M, is the assayed log-potency of the 
test materia I (see Design and Anafysis of Bioiogkal As- 
says (111>, The C onfidence Interpol and Limits of Po¬ 
le ncy). If the two determinations differ by morę than 
0.08, conduct ane or morę additional determinations. 
From the mean of two or morę va3ues of M that do 
not differ by morę than 0.1 5, compute the mean pa¬ 
ten cy of the preparafion under assay* 

Aceeptance criteria: 90.0%-l50.0% of the labeled 
amount of calcium pantothenate (CishbiCaN^Oio) 
e Dexpanthinol or Panthenoi, Method 1 

Mobile phase and Chromatographic system: Proceed 
as d i ret te d in the assay for Calcium Pantothenate, 
Method L 

Standard solutlon: 80 pg/mL of USP Dexpanthenol RS 
or USP Racemic Panthenoi RS in Mobile phase * [NOTĘ— 
Use USP Dexpanthenol RS to analyze Orał Solution that 
contalns dexpanthenol and USP Racemic Panthenoi RS 
to analyze Orał Solution that contains panthenoi.] 
System suitability solutlon: 80 pg/mL of USP Calcium 
Pantothenate RS in Mobile phase , Mix the resulting solu¬ 
tion and Standard solution (1 :1)* 

Sample solution: Equivalent to 80 (ig/mL of dexpan- 
thenol or panthenoi from the Orał Solution In Mobile 
phase 
Analysis 

Sam pies: Standard solution and Sampie solution 
Measure the peak areas of panthenoi. 

Calcufate the percentage of the labeled amount of dex- 
panthenol or panthenoi (C^HigNO^) in the portlon of 
Orał Solution taken: 

Result = (r u /rj) x (G/Qy) x 100 

r u - peak area of dexpanthenof or panthenoi from 
the Sample solution 

h - peak area of dexpanthenoi or panthenoi from 
the Standard solution 

Cs = concentration of USP Dexpanthenol RS or USP 
Racemic Panthenoi RS In the Standard 
solution (mg/mL) 

Cu - nominał concentration of panthenoi or 
dex panthenoi in the Sample solution 
(mg/mL) 

Aceeptance criteria: 9CU3%-15Q.O% of the labeled 
amount of dexpanthenol or panthenoi (GHigIMCh) 

H Dexpanthenol or Panthemol, Method 2 

[NOPE—The following proceduro is applicable also to the 
determination of the dextrorotatory coniponent of race- 
mic panthenoi in preparations containing panthenoi.] 
Dehydrated mixtures yieiding formulations simtlar to the 
media described herein may be used provided that, 
when constltuted as drrected, they have growth-pro- 
moting properties egual to or superior to those ob- 
tained with the media prepared as described herein. 
Standard stock solution: 800 pg/mL of USP Dexpan- 
thenol RS or ] 600 pg/mL of USP Racemic Panthenoi RS 
in water* Storę in a refrigerator, protected from light, 
and use within 30 days. [Notę—U se USP Dexpanthenol 
RS to analyze Orał Solution that contains dexpanthenof 
and USP Racemic Panthenoi RS to analyze Orał Solution 
that contains panthenoi.] 

Standard solution: On the day of the assay, prepare 
1,2 pg/mL of dexpanthenol or 2.4 pg/mL of racemic 
panthenoi from the Standard stock solution with water. 
Sample solutlon: 1.2 pg/mL of dexpanthenol or 
2.4 pg/mL of panthenoi from Orał Solutlon in water 
Acid-hydrolyzed caseln solution: Mix 100 g of vlta- 
min-free casein with 500 ml of dilute hydrochloric acid 
(1 in 2) t and reflux the mixture for 8-12 h. Remove the 
hydrochloric add from the mixture by distiilation under 
reduced pressure untii a thick pastę remains. Redissolve 
the resulting pastę in about 500 mL of water, adjust the 
solution with 1 N sodium hydroxide to a pH of 3*5 ± 

0.1, and dilute with water to lOOOmL. Add 20 g of 


activated charcoal, stir for 1 h, and filter. Repeat the 
treatment with activated charcoal. Storę under toluene 
in a cool place at a temperaturę not below 1G°* Filter 
the solution if a precipitate forms during storage. 
Cystine-tryptophan solution: Suspend 4,0 g of L-cys- 
tine In a solutlon of 1.0 g of L-trypiophan (or 2.0 g of 
D,L“tryptophan) In 700-800 mL of water, heat to 
75 ± 5 D , and add 6 M hydrochloric add solution drop- 
wise, with stirring, untii the solids are dissolved. Cool, 
dilute with water to 1000 mL, and mix. Storę under 
toluene in a cool place at a temperaturę not below 10*. 
Adenin e-guanlne-u radl solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
u radl, with the aid of heat, in 10 mL of 4 N hydrochlo- 
rlc acid. Cool, dilute with water to 200 ml, and mix. 
Storę under toluene in a refrigerator. 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol 

Riboflavin-thiamine hydrochloride-biotln solution: 

Prepare a solution of riboflavln, thiamine hydrochloride, 
ano biotin in 0.02 N acetic add containing 20 pg/mL of 
riboflavin, 1 0 pg/mL of thiamine hydrochlorEde, and 
0.04 pg/mL of biotin. Storę under toluene, protected 
from light, in a refrigerator. 

p-Aminobenzoic acid-niadn-pyridoxlne hydrochloride 
solution: Prepare a solution in neutral 25% alcohol 
containing 10 pg/mL of />aminobenzoic acid, 50 pg/mL 
of niacin, and 40 pg/mL of pyridoxine hydrochloride. 
Storę in a refrigerator. 

Salt solution A: Dissolve 25 g of monobasic potasstum 
phosphate and 25 g of dibaslc potasstum phosphate in 
water to make 500 mL, Add 5 drops of hydrochloric 
add, and mix. Storę under toluene. 

Salt solution B: Disso!ve 10 g of magnestum sulfate, 

0.5 g of sodium dilorlde, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 mL. 
Add 5 drops of hydrochloric acid, and mix. Storę under 
toluene* 

Pyridoxal-calcium pantothenate solution: Dissolve 
40 mg of pyridoxal hydrochloride and 375 ug of cal¬ 
cium pantothenate In 10% alcohol to make 200 mL, 
and mix* Storę in a refrigerator, and use within 30 days* 
Polysorbate 40-ofeic add solutlon: Dtsso!ve 25 g of 
polysorbate 40 and 0,25 g of oleić add in 20% alcohol 
to make 500 mL, and mix, Storę in a refrigerator, and 
use within 30 days. 

Modified pantothenate medium: Dissolve onhydrous 
Dextrose and Sodium acetate in the Solutions previously 
mixed according to Tobie 4 > adjust with 1 N sodium 
hydroxide to a pH of 6.8, dilute with water to 250 mL, 
and mix. 


Table 4 


Add-hvdrołvzed casein solution 

25 mL 

Cvstine-trvotODhan solutlon 

25 mL 

Polysorbate 80 solution 

0.25 ml 

Dextrose r anhydrous 

10 q 

Sodium acetate, anhydrous 

5 q 

Ad en i n e-a u ani n e-u raci t solution 

5 ml 

RiboHavin-thiamrne hydro eh loride-biotin solution 

5 mL 

p-Aminobenzoic acrd-niacin-pyridoxine hydrochlo^ 
rrde solutlon 

5 mL 

Salt solution A 

5 mL 

Salt solution B 

5 mL 

Pyndoxal-caldum oantothenate solution 

5 ml 

Polysorbate 40-oleic add solution 

5 mL 


Double-strength modified pantothenate medium: 

Prepare as directed En Modified pantothenate medium, 
but make the finał dllution to 125 mL instead of 
250 mL. Prepare fresh* 
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Stock culture of Pediococcus addilactici : Dissoive m 
800 mL of water, with the a id of heat, 6.0 g of pep- 
tone, 4*0 g of pancreatrc digest of casein, 3.0 g of yeast 
extract, 1.5 g of beef extract, 1.0 g of dextrose, and 
15.0 g of agar Adjust with OJ N sodium hydroxide or 
OJ N hydmchlonc acid to a pH between 6.5 and 6*6, 
dilute with water to 1000 mL, and mix* Add 10-mL por 
tions of the solution to culture tubes, place caps on the 
tubes, and sterilize in an autodave at 121° for 15 min* 
Cool on a slant, and storę in a refrigerator. Prepare a 
stock culture of Pediococcus addilactici * on a slant of this 
medium. Incubate at 35 e for 20-24 h, and storę in a 
refrigerator. Maintain the stock culture by monthly 
transfer onto fresh slants* 

Inoculum: Inoculate three 250-mL portions of sterile 
Modified pantothenate medium from a stock culture 
slant, and incubate at 35° for 20-24 h. Centrifuge the 
suspension from the combined portions, and wash the 
celłs with sterile Modified pantothenate medium. Resus- 
pend the celfs in sufficient steriie Modified pantothenate 
medium so that a 1 -in-50 dilution, when tested in a 
13-mm diameter test tubę, gives 80% fight transmission 
at 530 nm. Transfer 1,2-mL portions of this stock sus¬ 
pension to sterile glass ampuls, seai, freeze in Iiquid ni- 
trogen, and storę rn a freezer* On the day of the assay, 
allow the ampuls to reach room temperaturę, mix the 
contents, and dilute 1 mL of tliawed culture with sterile 
salinę T5 to 150 mL. [NOTĘ—This dilution may be al- 
tered when necessary to obtain the desired test 
response.] 

Analysis 

Samples: Standard solution and Sample solution 
Prepare in tripiicate a series of eight culture tubes by 
aading the following quantrtres of water to the tubes 
within a set: 5,0, 4*5, 4.0, 3*5, 3.0, 2.0, 1.0, and 
0*0 mL. To these same tubes, and in the same order, 
add 0*0, 0.5, 1.0, 1.5, 2.0, 3.0, 4,0, and 5*0 mL of 
the Standard solution. 

Prepare in duplicate a series of five culture tubes by 
aading the foilowrng auanfities of water to the tubes 
within a set: 4.0, 3*5, 3*0, 2.0, and 1.0 mL* To these 
same tubes, and in the same order, add 1,0, 1*5, 2.0, 
3.0, and 4,0 mL of the Sample solution . 

Add 5,0 mL of Double-strength modified pantothenate 
medium to each tubę, and mix, Cover the tubes with 
meta! caps, and sterilize in an autoclave at 121° for 5 
min. Cool to room temperaturę in a chilled water 
bath, and inoculate each tubę with 0*5 mL of the Inoo 
ulum. Allow to incubate at 37° for 16 h* Terminale 
rowth by heating to a temperaturę NLT 80°, such as 
y steammg at atmospheric pressure In a sterilizer for 
5-10 min. Cool, and concomitantly determine the pen 
centage transmittance of the suspensions, In cells of 
equal path length, on a suitable spectrophotometer at 
a wavelength of 530 nm* 

CaJculation: Draw a dose-response curve on arithmetrc 
graph paper by plotting the average response, in per- 
cent transmittance, for each set of tubes of the stan¬ 
dard cuFve against the standard level concentrations. 
The curve is drawn by connecting each adjacent pair 
of points with a straight linę. From this standard curve, 
determine by interpolation the potency, in terms of 
dexpanthenol, of each tubę contaming portions of the 
Sample solution . Divide the potency of each tubę by 
the amount of the Sample solution added to it to ob¬ 
tain the individual responses. Calcu late the mean re¬ 
sponse by averaging the mdividual responses that vary 
from their mean by NMT 15%, using NLT haff the 
total nu m ber of tu Des. Calcu late the potency of the 
portion of the Orał Sołubon taken for assay by multi- 
plying the mean response by the appropriate dilution 


1 AT CC No, 8042 is suitable, This stratn was formerly known as lactobodfłus 
arahinosus 1 7-5. 


Calcu late the percentage of the labeled amount of 
dexpanthend or panthenol in the portion of Orał So¬ 
lution taken: 

Result = (PfN) x 100 

P s calculated potency of dexpanthenoJ or 

panthenol m the portion of Orał Solution 
taken (mg) 

N = nominał amount of dexpanthenol or 

panthenol in the portion of Orał Solution 
taken (mg) 

Acceptance criteria: 90*0%-150.G% of the labeled 
amount of dexpantheno! or panthenol (C 3 H 19 NO 4 ) 

* Niacin or Niacinamide 

[Notę—U se iow-actinic glassware throughout this 
procedurę*] 

Diluent: 25 mg/mL of edetate disodium in water 
Mobile phase: Mix 350 mL of methanol, 15.0 mL of 
glaciai acetic acid, 0.4 mL of triethylaminę, and dilute 
with 0,008 M sodium 1 -hexanesulfonate to 2000 mL. 
Standard solution: 0,10 mg/mL of OSP Niacin RS or 
USP Miacinamide RS in Diluent [Notę—U se USP Niacin 
RS for Orał Solution that contains niacin, and USP Nia- 
cinamide RS for Orai Solution that contains 
niadnamide,] 

Sample solution: Dilute an accurately measured vol- 
ume of Orał Solution with Diluent to obtain a solution 
with a concentration of OJ mg/mL of niacin or niacina- 
mide. 

Chromatographic system 

(See Chromatograpny (621), System Suitahility.) 

Modę: LC 

Detector: UV 270 nm 
Column: 4.6-mm x 25-cm; packing L7 
Flow ratę: 2 m L/min 
fnjection volume: 5 jiL 
System suitability 
Sample: Standard solution 
Suitability reąuirements 
Relative standard devration: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Caiculate the percentage of the labeled amount of nia¬ 
cin (C 6 HsNOj) or niacinamide (OshUNzO) in the por¬ 
tion of Orai Solution taken: 

Result - (ru/r$) x (Q/C u ) x 100 

tu ~ peak area of niacin or niadnamide from the 
Sample solution 

r* - peak area of niacin or niadnamide from the 
Standard solution 

Cj = concentration of USP Niacin RS or USP 
Niadnamide RS in the Standard solution 
(mg/mL) 

Q - nominał concentration of niacin or 

niacinamide in the Sample solution (mg/mL) 
Acceptance criteria: 90,0%-150.0% the labeled 
amount of niacin (CńHsNCb) or niacinamide (CńHńNzG) 

* PVRIDOXINE HYDROCHLORIDE 

Diluent, Mobile phase, and Chromatographic system; 
Proeeed as directed in Niacin or Niacinamide, 

Standard solution: Equrvalent to 24 pg/mL of USP Pyri- 
doxine Hydrochloride RS in Diluent 
Sample solution: Equivalent to 24 pg/mL of Pyridoxine 
Hydrochloride from Orai Solution in Diluent 
Analysis 

Samples: Standard solution and Sample solution 
Caiculate the percentage of the labeled amount of pyri- 
doxine hydrochlonde (C 8 HnNChHCI) in the portion 
of Orał Solution taken: 

Result - (fy/rj) x (Cs/Cu) x 100 
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fu = peak area of pyndoxine hydrochloride from 
the Sampie solution 

r$ = peak area of pyridoxine hydrochloride from 
the Standard solution 

Q = concentration of USP Pyridoxine Hydrochloride 
RS In the Standard solution (mg/mL) 

Cu - nominał concentration of pyrrdoxine 
hydrochloride tn the Sampie solution 
(mg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of pyridoxine hydrochloride (QHuN0 3 * HCI) 

• Ribofuwin-5-Phosphate Sodium, Method 1 

[NOTĘ—Riboflavin-5'-phosphate sodium is quantitated 
against USP Riboflavin RS in thrs procedurę. In the chro* 
matogram of the Sampie solution, the rjbofiavin-5 y -pho$- 
phate peak \s the only peak measured for calculation.] 
Diluent, Mobile phase, and Chromatographic system: 
Proceed as directed in Niacin or Niadnamlde. 

Standard solution: EquivaJent to 8 jttg/mL of USP Ribo- 
flavin RS in Diluent, by heating if necessary 
Sampie solution: Equivalent to 8 pg/rnL of riboflavin 
from the Orał Solution in Diluent 
Analysis 

Samples: Standard solution and Sampie solution 
[Notę—T he rdative retention times for riboflavm-5'~ 
phosphate and riboflavin are about 0.18 and 1.0, 
respectively.] 

Calculate the percentage of the labeled amount of ribo- 
flavin (CuH^oN^Oń) in the portlon of Orał Solution 
taken: 

Result = (rjrs) x (Ci/Cu) x F x 100 

ru - peak area of riboflavin-5^phosphate from the 
Sampie solution 

fs - peak area of riboflavin from the Standard 
solution 

Cs = concentration of USP Riboflavin RS in the 
Standard solution (mg/mL) 

C u - nominał concentration of riboflavin in the 
Sampie solution (mg/mL) 

F = factor for converting the response obtained 
for riboflavin-5'-phosphate to riboflavin, 

1.493. [Notę—R iboflavin phosphate sodium 
rs a mixture of isomeric monophosphates 
and diphosphates containing an average 
amount of 67% of rtboflavin-5'~ 
monophosphate, which separates in this 
chromatographic system. The factor 1.493 
assumes 67% of ribofiavtn~5'- 
monophosphate.] 

Acceptance criteria: 90.0%-T5O.0% of the labeled 
amount of riboffavin (C^H^NiO*) 

* Ribqflavin or Riboflavin-5'-Phosphate Sodium, Method 2 
[Notę—U se low-actinrc glassware throughout this 
procedurę,] 

Solvent blank: 1 N hydrochloric acid, 2.5 M sodium 
acetate, and water (1:2:97) 

Standard stock solution: transfer 0.16 mg/mL of USP 
Riboflavin RS In 1 N hydrochloric acid, 2.5 M sodium 
acetate, and water (1:2:97). Mix the resulting solution 
and water (1:9). 

Standard solution: Transfer 5,0 mL of the Standard 
stock solution to a 500-mL volumetric fiask, add 5.0 mL 
of 1 N hydrochloric acid, lG.OmL of 2.5 M sodium ace¬ 
tate, and diiute with water to vofume. 

Sampie solution: Transfer an accuratefy measured voi- 
ume of Orał Solution, equivaient to 0.8 mg of riboffavin 
to a 100-mL volumetrie fiask, and dilute with water to 
volume. Transfer 10,0 mL of the resulting solution to a 
500-rriL voiumetric fiask, add 5,0 mL of 1 N hydrochlo¬ 
ric add and 10.0 mL of 2.5 M sodium acetate, and di¬ 
lute with water to volume. 

Instrumental conditions 
(See Fluorescence Spectroscopy (853).) 


Modę: Fluorescence 
Analytical wavełengths 
Exatation: 440 nm 
Emission: 530 nm 
Blank: Soivent blank 
Analysis 

Samples: Standard solution and Sampie solution 
Determlne the maximum fluorescence intensitres, h and 
/u, of the Standard solution and the Sampie solution, 
respectively. 

Calculate the percentage of the labeled amount of ribo- 
flavin (CijHiohLiOć) in the portlon of Ora! Solution 
taken: 

Result= (l v /h) x (Q/Cu)xW)0 

lu - fluorescence mtensity from the Sampie solution 

t$ - fluorescence intensrty from the Standard 

solution 

C 5 = concentration of USP Riboflavin RS in the 
Standard solution (mg/mL) 

Cy = nominał concentration of ribof!avin in the 
Sampie solution (mg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of riboflavin (C^HaoNaOs) 

* Thiamine 

Diluent, Mobile phase, and Chromatographic system: 
Proceed as directed in Niacin or Niadnamlde. 

Standard solution: Equivalent to 24 pg/mL of USP Tht- 
amine Hydrochloride RS in Diluent 
Sampie solution: Eguivalent to 24 pg/mL of thiamine 
hydrochloride or thiamine mononitrate from Ora! Solu* 
tlon in Diluent 
Analysis 

Samples: Standard solution and Sampie solution 
Measure the areas of the major peaks. Calculate the 
percentage of the labeled amount of thiamine hydro¬ 
chloride (C 12 H 17 GN 4 OS . HCI) or thiamine mononitrate 
(CuHuN 5 O ą S) in the portlon of Orał Solution taken: 

Result = (r y /fj) x (G/Cu) x Fx 100 

fu - peak area of thiamine from the Sampie 
solution 

r s = peak area of thiamine from the Standard 
solution 

Cs - concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of thiamine 

hydrochloride or thiamine mononitrate in 
the Sampie solution (mg/mL) 

F - 1 (for products containing thiamine 

hydrochloride) and 0,97 (for products 
containing thiamine mononitrate) 

Acceptance criteria: 9Q.O%-2Q0.O% of the labeled 
amount of thiamine hydrochloride (C^H^CINjOS ■ HCI) 
or thiamine mononitrate (Ci^Hi^N^O^S) 
[Noi^Commercially avałlable atomie absorption stan¬ 
dard Solutions for the minerals, where applicable, may 
be used where preparation of a standard stock solution 
b described in the foliowi ng assays. Use deronized 
water where water is specified. Where atomie absorp¬ 
tion spectrophotometry Is specified in the assay, the 
Standard Solutions and the Sampie solution may be di- 
luted quantitatjvely with the soivent specified, »f neces¬ 
sary, to yield Solutions of sultable concentratrons adapt- 
able to the linear or working rangę of the instrument.] 

* Chromium 

Chromium standard solution: TOOO|ig/mL of chro- 
mium from potasstum dichromate, previously drred at 
120° for 4 h in water. Storę In a polyethylene bottle. 
Standard stock solution: 10 pg/mL of ehromium from 
Chromium standard solution diluted with 6 N hydrochlo¬ 
ric add and water (1 in 20) 
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Standard Solutions; Transfer 10.0 and 20.0 ml of the 
Standard stock solution to sępa ratę 100-mL volumetric 
flasks, and transfer 15.0 and 20.0 ml of the Standard 
stock solution to separate 50-mL voiumetrrc flasks. Di lute 
the contents of each of the four flasks with 0.125 N 
hydrochloric aeid to vo!ume to obtain concentrations of 
1.0, 2,0, 3.0, and 4,0 jig/mL of chromium. 

Sample solution: Dilute an accurately measured voJ- 
ume of Orał Solution to obtain a solution equivalent to 
1 pg/mL of chromium in 0.125 N hydrochloric add. 
Instruments! conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelengtn: 357.9 nm 
Lamp: Chromium hollow-cathode 
FLame: Air-acetyfene 
Blank: 0.125 N hydrochloric acid 
Anaiysis 

Sam pies: Standard Solutions and Sample solution 
Determśne the absorbances of the Solutions against the 
blank. Plot the absorbances of the Standard Solutions 
versus concentration, in pg/ml, of chromium, and 
draw the straight linę best fitting the four plotted 
points. From the graph so obtalned, determine the 
concentration, C, in fig/mL, of chromium in the 
ple solution. 

Calculate the percentage of the labeled amount of 
chromium (Cr) in the portion of Ora! Solution taken: 

Result ^ (C/Cu) x 1 00 

C - concentration of chromium in the Sample 
solution (pg/mL) 

Cu - nominał concentration of chromium in the 
Sample solution, (jjtg/mL) 

Acceptance criteria: 9Q.0%~1 60.0% of the labeled 
amount of chromium (Cr) 

• FLUORIDE 

[Notę—S torę alf Solutions in plastic containers.] 

Ascorbic acid solution: 70 mg/mL of ascorbic acid in 
water 

Mobile phase: Alcohol, water, and 1 N sulfurk add 
(50:449:1) 

Standard stock solution: 220 ug/mL of USP Sodium 
Fluoride RS in water. This solution contains lOOpg/mL 
of fluoride. 

Standard solution: Transfer 5.0 mL of Standard stock 
solution to a 100-mL vofumetric fiask. Add 2 mL of As¬ 
corbic acid solution , 10 mL of alcohol, and about 70 mL 
of water, and mix. Adjust wlth 1 N sodium hydroxide 
to a pH of 4.25 ±0.05. Dilute wlth water to volume, 
and mix to obtain 5 pg/mL of fluoride solution. 

Sample soiution: Transfer an accurately measured vol 
u me of the Ora! Solution, equivalent to 0.5 mg of fluo¬ 
ride, to a 100-mL volumetric fiask. Add 1 drop of hy¬ 
drochloric acid, 10 mL of alcohol, and about 75 ml of 
water, and mix. Adjust with 1 N sodium hydroxide to a 
pH of 4.25 ± 0.05, Diiute with water to yolume* 

Chrom atographic system 
(See Chromotography (621), System Suitability.) 


Modę: LC 

Detector: Conductwity 
Columns 

Guard: 4.6-mm x 3-cm; packing LI 7 
Analytical; 7.8-mm x 30-cm; packing LI 7 
Flow ratę: 0.6 mL/min 
Injection vo!ume: 100 pL 
System suitability 
Sample: S tan dard soi u tion 
Suitability reguirements 
Relative standard deviation: NMT 2.0% 

Anaiysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of fluoride, Calcufate the per- 
centage of tne labeled amount of fiuorine (F) in the 
portion of Orał Solution taken: 

Result - (fu!h) x (Cs/Cu) x 100 

ru = peak area of fluoride from the Sample solution 
= peak area of fluoride from the Standard 
solution 

C s - concentration of fluoride in the Standard 
soiution (pg/mL) 

Cu = nominał concentration of fiuorine in the 
Sample solution (pg/mL) 

Acceptance criteria: 9G.0%-160.0% of the labeled 
amount of fiuorine (F) 

° fiODJDE 

Mobile phase: DrssoJve 54 5 g of tetrabutylammonium 
bromide in 320 mL of acetonitrile. Dilute with water to 
2000 mL 

Standard stock solution: 1.3 mg/mL of potassium io- 
dide in Mobile phase. This solution has a concentration 
of 1 mg/mL of iodide. 

Standard solution: 2.5 pg/mL of iodide from the Stan¬ 
dard stock solution in Mobile phase 
System suitability soiution: Transfer 04 3 g of potas¬ 
sium iodide and 0.5 g of potassium iodate to a 100-mL 
volumetric fiask. Dissolve in Mobile phase , using son ka¬ 
tion if necessary, dilute with Mobile phase to volume, 
and mix. Transfer 1.0 mL of this soiution to a 100-mL 
voiumetric fiask, di fu te with Mobile phase to volume, 
and mix. Transfer 25.0 mL of this solution to a 100-mL 
voiumetric fiask, and dilute with Mobile phase to 
volume. 

Sample solution: Dilute an accurately measured vol- 
ume of the Ora! Sofution to obtain a solution with a 
concentration of 2.5 ug/mL of iodine in Mobile phase. 
Chromatographk system 
(See Chromatograpny (62^), System Suitability.) 

Modę: LC 

Detector: UV 225 nm 
Column: 4.6-mm x 1 5-cm; packing LI 
Flow ratę: 1.5 mL/min 
Injection volume: 30 pi 
System suitability 

Samples: Standard solution and System suitability 
solution 

[Notę—T he relative retention times for iodate and io¬ 
dide are about 0,32 and 1.0, respectively.J 

Suitability requirements 

Resolution: NLT 2.5 between iodate and iodide. Sys¬ 
tem suitability soiution 

Relath/e standard deviation: NMT 2.0% for the io¬ 
dide peak, Standard solution 
Anaiysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of io¬ 
dine (!) tn the portion of O rai Solution taken: 

Result - (. ru/fs ) x (G/Q) x 100 

ru - peak area of iodide from the Sample soiution 

rs = peak area of iodide from the Standard soiution 
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Q - concentration of iodide in the Standard 
soiution (pg/mL) 

C u = nominał concentration of iodrne in the Sample 
solution (pg/mL) 

Acceptance criteiia: 90.0%-160.G% of the fabeled 

amount of iodine (I) 

o Iron 

Iron standard stock soiution: Transfer 100 mg of iron 
owder to a 1 000-mL volumetric fiask, d]sso!ve in 6 N 
ydrochloric acid, and di lute with water to volume. 
Standard Solutions: To separate 100-mL volumetrlc 
flasks, transfer 2.0, 4.0, 5.0, 6.0, and 8.0 mL of the Iron 
standard stock solution . Di lute the contents of each fiask 
with 0.125 N hydrochlorie acid to volume to obtain 
concentrations of 2.0, 4.0, 5.0, ó.O, and 8.0 pg/mL of 
iron. 

Sample solution: 6 pg/mL of iron from Orał Solution in 
0.125 N hydrochlorie acid 
Instrumental conditions 
(See Atomie Absorption Spectroscopy {852}.) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelengtn: 248.3 nm 
Lamp: Iron hollow-cathode 
Flame: Air-aeetylene 
Blank: 0.125 N hydrochlorie acid 
Analysis 

Samples: Standard Solutions and Sample soiution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus concentration, in pg/mL, of iron, and draw the 
straight linę best fkting the five plotted points. From 
the graph so obtained, determine the concentration, 

C, in pg/mL, of iron in the Sample solution . 

Calculate the percentage of the fabeled amount of iron 
(Fe) In the portion of Orał Solution taken: 

Resuit = (C/Co) x 100 

C - concentration of iron in the Sample solution 
from the graph (pg/mL) 

Cu - nominał concentration of iron in the Sample 
solution (jug/mL) 

Acceptance criteria: 90.0%-I25.0% of the iabeled 
amount of iron (Fe) 

a MAGNESIUM 

Magnesium standard solution: Transfer 1.00 g of mag- 
nesium ribbon to a 1000-mL volumetric fiask. Dissolve 
in 50 mL of ó N hydrochlorie acid, and dilute with 
water to volume. 

Standard stock solution: 20 pg/mL of magnesium 
from Magnesium standard solution in 0.1 25 N hydro- 
chloric acid 

Standard Solutions: To separate 100-mL vofumetric 
flasks, transfer 5.0, 7.5, 10,0, 12.5, and 15.0 mL of 
Standard stock solution. Dilute with 0.125 N hvdroch!o- 
ric acid to volume to obtain concentrations of 1.0, 1.5, 
2.0, 2.5, and 3.0 pg/mL of magnesium. 

Sample soiution: 2.5 pg/mL of magnesium from Ora! 
Solution in 0.125 H hydrochlorie acid 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: 285.2 nm 
Lamp: Magnesium hollow-cathode 
Flame: Air-acetylene 
Blank: 0,125 N hydrochlorie acid 
Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus concentration, in pg/mL, of magnesium, and 
draw the straight linę best fittrng the five pfotted 
points. From the graph so obtained, determine the 
concentration, C, pg/mL, of magnesium in the Sample 
solution. 


Calculate the percentage of the Iabeled amount of 
magnesium (Mg) in tne portion of Ora! Solution taken: 

Resuit = (C/Cu) x 100 

C = concentration of magnesium in the Sample 
solution from the graph (pg/mL) 

Co - nominał concentration of magnesium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90,0%-125.0% of the Iabeled 
amount of magnesium (Mg) 

a Manganese 

Manganese standard solution: Transfer 1.0 g of man- 
ganese to a 1000-mL vofumetrlc fiask, Dissofve in 20 mL 
of nitric acid, and dilute with 6 N hydrochlorie acid to 
volume. 

Standard stock solution: 50 pg/mL of manganese from 
the Manganese standard stock solution diluted with 
0.125 N hydrochlorie acid 

Standard Solutions: To separate 100-mL volumetric 
flasks, transfer 1.0, 1.5, 2.0, 3.0, and 4,0 mL of Stan¬ 
dard stock solution . Dilute the contents of each fiask 
with 0.125 IM hydrochlorie acid to volume to obtain 
Solutions having known concentrations of 0,5, 0,75, 

1.0, 1.5, and 2.0 pg/mL of manganese, 

Sample soiution: Dilute an accurately measured voh 
ume of the Orał Solution to obtain 1.5 pg/mL of man¬ 
ganese in 0.125 N hydrochlorie acid. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy {852).) 

Modę: Atomie absorptEOn spectrophotometry 
Analytical wavelength: 279.5 nm 
Lamp: Manganese hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochlorie acid 
Analysis 

Sam pies: Standard soiutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versus concentration, in pg/mL, of manganese, and 
draw the straight linę best fitting the five plotted 
points. From tne graph so obtained, determine the 
concentration, C, in pg/mL, of manganese in the Sam- 
pfe solution. 

Calculate the percentage of the Iabeled amount of 
manganese (Mn) in the portion of Orał Solution taken: 

Resuit ~ (C/Cu) x 100 

C = concentration of manganese in the Sample 
soiution from the graph (pg/mL) 

Cu = nominał concentration of manganese in the 
Sampie solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the Iabeled 
amount of manganese (Mn) 

« Molybdenum 

Molybdenum standard solution: Transfer 1.0 g of mo- 
lybdenum wire to a 1000-mL volumetne fiask, and dis- 
solve in 50 mL of nitric acid, warming if necessary. Di¬ 
lute with water to volume. 

Standard stock soiution: 100 pg/mL of moiybdenum 
from the Moiybdenum standard solution in water 
Standard Solutions: To separate 100-mL volumetric 
flasks transfer 0.5, 1,0, 1.5, 2.0, and 3.0 mL of the Stan¬ 
dard stock solution. Add 0.1 25 N hydrochlorie acid to 
volume, and mix to obtain the Solutions havrng known 
concentrations of about 0,5, 1,0, 1.5, 2.0, and 3.0 pg/ 
mL of moiybdenum. 

Sample soiution: Diiute an accurately measured vof- 
ume of the Orał Solution to obtain 1 pg/mL of molyb- 
denum from the Orał Solution in 0.125 N hydrochlorie 
acid. 
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Instrument#! conditions 

(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption sp ec trop ho tom et ry 
Analytical wavelength: 313.3 nm 
Lamp: Molybdenum hollow-cathode 
Flame: Nitrous oxide-acetylene 
Blank: 04 25 N hydrochtorlc acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions, agatnst the 
Blank . Plot the absorbances of the Standard Solutions 
versus the concentration, in ng/mL, of molybdenum, 
and dra w the straight linę best fitdng the five plotted 
points. Prom the graph so obtained, determine the 
concentration, C m pg/mL, of molybdenum in the 
Somple solution . 

Calculate the percentage of the labeled amount of mo¬ 
lybdenum (Mo) tn the portion of Orał Solution taken: 

Result = (C/Cu) x 100 

C - concentration of molybdenum in the Somple 
solution from the graph (pg/mL) 

Q - nominał concentration of molybdenum in the 
Sample solution (ug/mL) 

Acceptance criteria: 90.0%-] 60.0% of the labeled 
amount of molybdenum (Mo) 

• ZlNC 

Zrnc standard solution: Transfer 311 mg of zinc oxide 
to a 250-mL volumetric fiask, and add 80 mL of 6 N 
hydroth lont add, warming if neeessary to dissolve, 
Cool, dilute with water to volume, and mix to obtain a 
solution having a known concentration of 1000 pg/mL 
of zinc. 

Standard stock solution: 50 pg/mL of zinc from the 
Zinc standard solution in 0.125 N hydrochloric acid 
Standard Solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 
5.0 mL of Standard stock solution to separate 100-mL 
volumetrrc flasks. Dilute the contents of each fiask with 
0.125 N hydrochloric acid to voiume to obtain concen- 
tratlons of 0.5, 1.0, 1.5, 2.0, and 2.5 pg/mL of zinc. 
Sample solution: Dilute an accurately measured vol- 
ume of the Orał Solution to obtain 1 pg/mL of zinc in 
0,125 N hydrochloric acid. 

Instruments conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelengtn: 21 3.8 nm 
Lamp: Zinc hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank, Plot the absorbances of the Standard Solutions 
versus concentration, in pg/ml, of zinc, and draw the 
straight linę best fitting the five plotted points. From 
the graph so obtained) determine the concentration, 

C, in pg/mL, of zinc in the Sample solution . 

Calculate the percentage of the labeled amount of zinc 
(Zn) In the portion of Orał Solution taken: 

Result = (C/Cu) * 100 

C = concentration of zinc in the Sample solution 
from the graph (pg/mL) 

Cu = nominał concentration of zinc in the Sample 
solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of fhe labeled 
amount of zinc (Zn) 

OTHER COMPONENTS 

* Alcohol Determination, Method i (611) (if present): 

9Q.0%-120.0% of the labeled amount of alcohol 
(C 2 H 5 OH) 


CONTAM1NANTS 

* Microbial Enumerahom Tests (2021): The total aerobic 

microbiai count does not exceed 3 x IG 3 cfu/mL, and the 
combined molds and yeasts count does not exceed 
3 x 10 2 cfu/mL. 

* ABSENCE OF SPECIFIED WIICItOORCANISMS (2022): Meet the 

requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

ADDITIONAL REQUIREMENTS 

* Packacinc and Storace: Preserve in tight, light-resistant 

containers, under an inert gas or with a minimum of 
headspace. 

* Labełjng:* The label States that the product is Oil- and 
Water-Soluble ViEamins with Minerals Orał Solution. The 
label also States the guanlity of each vitamin and minerał 
in a given volume of the Orał Solution and, where neces- 
sary, the Chemical form in which a vitamin is present, 
and also States the salt form of the minerał used as the 
source of each element, Where the product contams vita- 
min E, the label indicates whether it is the d- or dl- form. 
Where the product is labeled to tontain panthenol the 
label States the equivalent content of dexpanthenol. 
Where morę than one assay method is given for a partie- 
ular vitamin or minerał, the labeling States with which 
assay method the product compfies only if Method I is 
not used. 

* USP Referemce Standards (11) 

USP Alpha Tocopherol RS 

2H-1 -Benzopyran- 6 -ol, 3,4-dihydro-2,5,7,8-tetramethył- 
2-(4,8,l 2-trimethyltridecyl)-, 

C 29 HwQ 2 430.70 
USP Biotin RS 

1H-Thieno[3,4“C/]imidazole-4-pentanok add, hexahydro- 
2-0X0-, 3a5-[(3ao£,4/3,6aa)]-. 

CiqHi fi N z OjS 244.31 
USP Calcium Pantothenate RS 

/3-Alanine, N-{2,4-dihydroxy-3,3-dimethyl-l *oxobutyf)-, 
calcium salt ( 2 : 1 ), (/?}-. 

GeH^CaNzOio 476.53 
USP Cholecakiferol RS 

9,10-Secochofesta-5,7,10(19)-trien-3-ol, (35,52,7£)-. 
C 2 7 H^O 384.64 
USP Cyanocobalamin RS 
Vitamin Bt 2 . 

C 63 H flB CoN 14 0i4P 1355.37 
USP Dexpanthenol RS 

Butanamide, 2,4-dihydroxy-N~(3-hydroxypropyl)-3,3-di* 
methyl-, (/?)-. 

C 9 H 19 N0 4 205,25 

USP Erg o ca! cif e roi RS 

9,TG-Secoergo$ta-5,7,10 (19),22-tetraen-3-ol, (3/3,5Z,7£, 
22 £)-. 

CmHmO 396.65 
USP Niacin RS 
3 - Py rid i n e c a rboxyIic acid. 

C 6 H 5 NO 2 123,11 


s USP Unsts of activity for vftamins, where such exist or formerfy exisicd, are 
equiyaJent to the corresponding Internationa! uniU, where 5 uch formerly ex- 
isted The USP Unit For Vitamin E ha 5 been discontinued. International units 
(1U) lor yitamins also have been discontśnued; however the use of IU on the 
labels of vitamin produm continues. Where artides are labeled In term 5 of 
Units In addition to the required labellng, the relationship of the USP Unlts or 
IU to mass is as follows. One USP VitamTn A Unit - t}3 pg of ali-frons-retinol 
(yitamin A alcohol) or 0.344 pg of alh trans -retinyl acetate (vitamtn A acetale) 
or 0,55 j .19 of all-tron^retinyl palmitate (yitamin A palmitaie), and 1 pg of 
retinol (3.3 USP Vitarnin A Units) = 1 fetinol eouiva!ent (R£); 1 IU of beta 
carotene =? 0.6 pg of alhlrons-beta carotene; 1 USP Vitarnin D Unit = 0,025 |ig 
of ergocakiferol or cholecaltiferol; and 1 mg of <fl-a!pha tocopherol = 1.1 
former USP \6tamin E Units, 1 njq of d^alpha tocopheryi acetate = 1 former 
USP Vitamin E Unit, 1 mg of d^alpha tocopheryi acid suerinate = 0.69 former 
USP Vitamin E Unit, 1 mg of d-alpha tocopherol = 1,49 former USP Vitamin E 
Units. and 1 mg of Ralpha tocopheryi acetate = 1.36 former USP VJtamin E 
Units ( 1 mg of d-alpha tocopheryi acid suednate = 1.21 former USP Vitamin E 
Units. In terms of d-alpha tocopherol equiv3lents, 1 mg of d-alpha tocopheryi 
acetale = 0.91, 1 mg oF d-alpha tocopheryi add succinate = 0.81, 1 mg of w- 
alpha tocopherol = 0,74 # 1 mg of dZ-alpha tocopheryi acetate = 0.67, and 
1 mg of df-alpha tocopheryi add succinate = O.ćO. 
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USP Niacinamide RS 
3~Pyndinecarboxamide. 

122.12 

USP Pyridoxme Hydrochloride RS 
3,4-Pyridinedjmethanol, 5 -hydraxy- 6 -methy!-, 
hydrochloride. 

CsHuNOs-HCI 205.64 
USP Racemic Panthenol RS 

Butanamide, 2,4-dihydroxy“N-(3-hydroxypropyl)-3,3-di- 
methyb,(±)-. 

C 9 H 1 .NO., 205.25 

USP Riboflavin RS 
Riboflayine. 

C 1 ? Hz 0 N,O 6 376.36 
USP Sodium Fluoride RS 
Sodium fluoride, 

NaF 41,99 

USP Thiamine Hydrochloride RS 
Thiazo I ium, 3-[(4-amino-2-methyl- 
5 - py r j m E d i n y I) met hy I ] - 5 -(2- hy d roxy eth y I)~4-m e th y I 
eh lo ride, monohydrochlonde. 

C 12 Hi 7 CIN 4 OS - MCI 337.27 
USP Vitamin A RS 

3,7-Dimethyl-9-(2,6,6-trimethyl-l- cyclohexen -1 -yl) 2,4, 
6,8-nonatetraen-l-o3 acetate (vitamin A acetate). 


Oil- and Water-Soluble Vitamins with 
fWneraOs Tafolets 


DEFINITION 

Oil- and Water-SolubEe Vitamins with MEnerals TabJets con- 
tain one or morę of the following oiJ-soluble vitamin$: V\- 
tamin A, vitamin D as Ergocalciferol (vitamin D 2 ) or Cho- 
lecakiferol (vitamin D 3 ), Warnio E, Phytonadlone (vEtamin 
K ( ), and Beta Carotene; one or morę of the following 
water-soluble vitam*ns: Ascorblc Add or its equiva!ent as 
Calctum Ascorbate or Sodium Ascorbate, Biotin, Cyanoco- 
balamin, Folie Add, Niacin or Niadnamide, pantothenic 
acid (as Calcium Pantothenate or Racemic Calcium Panto- 
thenate), Pyrtdoxine Hydrochloride, Riboflavin, and Thia- 
minę Hydrochloride or Thiamine MononEtratę; and one or 
morę min era Is derived from substances generally recog- 
nized as safe, furnishing one or morę of the following 
elements En tonizable form: boron, calcium, chromium, 
copper, fluorine, iodine, iron, magnesium, manganese, 
mofybdenum, nickel, phosphorus, potassium, selenium, 
tin, yanadium, and zinc. Tablets contain NLT 90.0% and 
NMT 1 65.0% of the labeled amounts of vEtamin A 
(CąoHioO) as retinol or esters of retinol in the form of 
retinyl acetate (C 22 H 32 O 2 ) or retinyl palmitate (C 30 H 60 O 2 ), 
yitamin D as choiecalcifero! (C27H44O) or ergocalciferol 
(GbH.hO), vitamin E as alpha tocopherol (C29H50O2) or ah 
pha tocopheryl acetate (C^Hs^Oa) or alpha tocopheryl 
add succinate (C 33 H 54 O 5 ), phytonadione (C 31 H 46 O 2 ), and 
beta carotene (OoHss); NLT 90.0% and NMT 150.0% of 
the labefed amounts of ascorbic add (C^bOs) or its salts 
as calcium ascorbate (Cr 2 Hi 4 CaOi 2 * 2 H 7 0 ) or sodium as¬ 
corbate {QH ? Na0 6 ), biotin (C 10 H 16 N 2 O 3 S), cyanocobaia- 
min (CeHa^toNuO^P), folie acid (C^H^N^O*), niacin 
(C 6 H 5 NO 2 ) or nEadnamide (CsH^N^O), calcium pantothen- 
ate (CiaH^CaN^OuO, pyndoxIne hydrochloride 
(CsHuNOb HCI), nbofIavin (Ci 7 H 20 N 4 Gs), and thiamine 
(C 12 H 17 CIN 4 OS) as thiamine hydrochloride or thiamine 
mononitrate; and NLT 90.0% and NMT 125,0% of the 
labeled amounts of calcium (Ca), copper (Cu), iron (Fe), 
manganese (Mn), magnesium (Mg), phosphorus (P), po¬ 
tassium (K), and zinc (Zn); and NLT 90,0% and NMT 
160,0% of the labeled amounts of boron (B), chromium 
(Cr), fluorine (F), iodine (I), molybdenum (Mo), nickel 
(Ni), selenium (Se), ttn (Sn), and yanadium (V). 


They may contain other labeled added substances that are 
generally recognized as safe, in amounts that are 
unobjectionable. 

STRENGTH 

[Notę—I n the following assays, where morę than one assay 
method Es given for an indMduai ingredient, the reguire- 
ments may be met by following any one of the specified 
melhods, the method used being stated in the labeling only 
if Method 1 is not used.} 

* VlTAMiN A, Method 1 

[Notę —Where the use of a vitamin A ester (retinyl ace¬ 
tate or retinyl palmitate) is specified in the following 
procedurę, use the Chemical form present En the formu- 
lation. USP Vitamin A RS Es retinyl acetate. It is to be 
used where USP Vitamin A RS is specified, Use low-ac- 
tinic glassware throughout this procedurę.] 

Mobile phase: n-Hexane 

Standard solution: 15 ug/mL of retinyl acetate from 
USP Vitamin A RS in n-hexane 
System sultabiiity stock solution: 15 pg/mL of retinyl 
palmitate in n-hexane 

System sultabiiity solution: Mix eguaE volumes of the 
System suitability stock solution and the Standard solution 
to obtain concentrations of 7.5 jug/mL each of retinyl 
acetate and retinyl palmitate. 

Sample solution: Finely powder NLT 20 Tabtets. Trans¬ 
fer a portion of the powder, equivalent to 5 Tabtets, to 
a Container having a polytef-lined screw cap. Add 
10 mL of drmethyl sulfoxide and 15 ml of rr-hexane, 
and shake for 45 min on a wrist-actron shaker in a 
water bath maintained at 60°. [Notę —Set up the wrlst- 
action shaker to ensure that the contents of the Con¬ 
tainer are mixed vigorously and thoroughJy.] Centnfuge 
at 3000 rpm for 10 min, and transfer the nexane Jayer 
by means of a pipet to a 100-mL volumetric fiask. Add 
1 5 mL of n-hexane to the dimethyl sulfoxide layer, 
shake thoroughly for 5 min, and transfer the hexane 
layer by means of a pipet to the 100-mL volumetric 
fiask. Repeat this extraction with three additional 15-mL 
portions of n-hexane, Dilute the exfracts in the volu- 
metric fiask with n-hexane to volume. Dilute a TO-mL 
vo!ume of this solution with n-hexane to obtain a solu¬ 
tion with a concentration of 15 pg/mL of vitamin A as 
retinol (C20H30O), 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 325 nm 
Column: 4.6-mm x 15-cm; 3-pm packing L 8 
Flow ratę: 1 mL/min 
Injectlon volume: 40 pL 
System suitability 
Sample: System suitability solution 
Suitability requirements 

Resolution: NLT 10 between all-trons-retinyl acetate 
and ail-trans-retinyl palmitate 
Relative standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak area for all-frons-retinyl acetate from 
the Standard solution and the peak area for all-fram- 
retinyl acetate or alhtrans-retiny! palmitate in the 
chroma tog ram of the Sample solution. For products 
containing vitamin A acetate or vitamin A palmitate, 
calculate the percentage of the labeled amount of yi¬ 
tamin A, as retinol (CsoH^oO), in the portion of the 
Tabtets taken: 

Result - ( ru/fs ) x ( QfCu) x F x 1 00 

fu - peak area of the all-frans-retinyl ester from the 
Sample solution 

r$ = peak area of the all-trom-rednyl ester from the 
Standard solution 
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Gs - concentration of retinyl acetate (C 22 H 32 O 2 ) 
from USP Witamin A RS En the Standard 
solutbn (pg/mL) 

Cu - nominał concentration of yitamin A, as retinol 
(C 20 H 30 O), In the Sample soiution (pg/mL) 

F - factor used to convert retinyl acetate, the ester 
form present in USP Vitamin A RS to retlnol, 
0,872 

[Notę —The molar responses of retinyl acetale and re- 
tinyJ palmltate are equivalent.] 

Acceptance criteria: 9Q,0%-165.0% of the labefed 
amount of vitamin A as retlnol (C 20 H 30 O) 

Vitamin A, Method 2 

[Notę— Where the use of a vitamin A ester (retinyl ace¬ 
tale or retinyl palmitate) is specified in the following 
procedurę, use the Chemical form present in the formu* 
latlon. USP Vitamln A RS is retinyl acetate. It is to be 
used where USP VItamin A RS is specified. Use low-ao 
tinic glassware throughout this procedurę.] 

3 N methanolic sulfuric acid soiution; Cautiously add 
9 ml_ of sulfuric acid to 80 mL of methanol in a 100 -mL 
volumetric fiask. Cool, and dilute with methanol to 
volume. 

Sodium ascorbate-pyrogallol soiution: Transfer 10 g 
of sodium ascorbate and 5 g of pyrogalfol to a 100 -mL 
volumetric fiask, and add suffldent water to dis$oJve. 
Add 1.7 mL of sulfuric add, and dilute with water to 
yolume. 

Lecithin soiution: 5 mg/mL of lecithin in 2 , 2 , 

4 -tr i m ethy I p e n ta n e 

Mobile phase: n-Hexane and ethyl acetate (99.7: 03) 
Standard soiution: 15 pg/mL of retinyl acetate from 
USP Vitamin A RS in 2,2,4-trimethylpentane 
System suitability stod< soiution: 15 pg/mL of retinyl 
palmitate In 2,2,4-trimethytpentane 
System suitability soiution: Mix equaf volumes of the 
System suitability stock soiution and the Standard soiution 
to obtafn concentrations of 7.5 pg/mL each of retinyl 
acetate and retinyl palmitate. 

Sample soiution: [NOTĘ—This preparation is suitable for 
the determinadon of vitamin A, yitamin D, and vitamln 
E, when present In the formulation.] Finely powder NLT 
20 Tablets. If yitamin D Is present in the formulation, 
transfer a portion of the powder, equivalent to 30 pg of 
the labeled amount of cholecalciferol or ergocalciferol 
(yitamin D), to a Container having a pofytef-Hned screw 
cap. If vitamin D is not present in the formulation, use 
a portion of the powder equivalent to 90 mg of the 
labeled amount of vitamin £ (as afpha tocopherol, afpha 
tocopheryl acetate, or aipha tocopheryl hemisuccinate). 
If vitamin E is not present in the formulation, use a 
ortion of the powder equlvalent to 2.5 mg of the la- 
eled amount of yitamin A, as retinyl acetate or retinyl 
palmitate. Add 0.5 g of sodium bicarbonate, 1.5 mL of 
Lecithin soiution , and 12,5 mL of 2,2,44nmethylpentane, 
and dlsperse on a vortex mixer. Add 6 mL of Sodium 
ascorbate-pyrogallot soiution , shake slowly, and alfow the 
soiution to degas, Continue shaking until fhe evolution 
of gas has ceased, and then shake for an additional 12 
min. Add 6 mL of dimethyl suffoxrde, mix on a vortex 
mixer to form a suspension, and shake for 12 min. Add 
6 mL of 3 N methanolic sulfuric acid soiution , mix on a 
vqrtex mixer to form a suspension, and shake for 12 
min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a 
vortex mixer to form a suspension, and shake for 10 
min. Centrifuge for 10 min to break up the emulsion 
and to clarlfy the supernatant. [Notę—T he supernatant 
is used for tne determination of yitamin A, and also 
vkamin D and vitamin E, if present in the formulation.] 

If necessary, quantltatively ailute a vo!ume of the super¬ 
natant with 2,2,4-trimethylpentane to obtaln a concen- 
tratton close to that of the Standard soiution. 

Chromatographic system 
(See Chromatograpny (621), System Suitability ,) 


Modę: LC 

Detector: UV 325 nm 

Cokimn: 4.6-mm x 25-cm; 5-pm packing L24 
Flow ratę: 1.5 m L/min 
Injection volume: 40 pL 
System suitability 
Sample: System suitability soiution 
Suitability reguirements 

Resolution: NLT 8.0 between all-from-retlnyj acetate 
and aII- trans- retinyl palmitate 
Relative standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard soiution and Sample soiution 
Measure the peak area for all-trans-retlnyl acetate from 
the Standard soiution and the peak area of alLfram- 
retinyl acetate or al I-tram-retinyl palmitate from fhe 
Sample soiution. 

Calculate the percentage of the labeled amount of vi- 
tarnin A, as retinol (C 20 H 30 O), in the portion of Tablets 
taken: 

Result = (ru/rs) x ( C$/C u ) x Fx 100 

ru - peak area of the alhtram-retinyl ester from the 
Sample soiution 

r$ = peak area of the aJI-tram-retmyf ester from the 
Standard soiution 

Q = concentration of retinyl acetate (C 22 H 32 O 2 ) 
from USP Vrtamin A RS in the Standard 
soiution (pg/mL) 

Cu = nominał concentration of yitamin A as retinol 
(CjoHioO) in the Sample soiution (pg/mL) 

F - factor used to convert retinyl acetate, the ester 
form present in the USP Wtamin A RS, to 
retlnol, 0.872 

[NOTĘ—Account for the Infttal extraction volume of 
26.5 mL of 2,2,4-trimethylpentane to calculate the 
nominał concentration. The molar responses of retinyl 
acetate and retinyl palmitate are equivalent] 
Acceptance criteria: 90.0%-165.0% of the labefed 
amount of yitamin A as retinol (C 20 H 30 O) 

® Witamin A, Method 3 

[Notę— Where a yitamin A ester (retinyl acetate or retinyl 
palmitate) is specified In the following procedurę, use 
the Chemical form present in the formulation. USP yita¬ 
min A RS is retinyl acetate. It is to be used where USP 
Vitamin A RS is specified. Use iow-actinic glassware 
throughout this procedurę.] 

Extraction solvent: mHexane and methyiene chlorlde 

(3:1) 

Potassium hydroxrde soiution: 800 mg/ml of potas- 
slum hydroxide In water. [Notę —Cautiously add potas¬ 
sium hydroxlde in water. Mfx, and cool.j 
DiJuent: 10 mg/ml of pyrogallo! in alcohol 
Mobile phase: n-Hexane and Isopropyl alcohol (92:8) 
Standard stock soiution: 30 pg/mL of retinyl acetate 
from USP Vitamin A RS in OIluenL [Notę—T his soiution 
may be stored in a refrigerator for 1 week.] 

Standard soiution: Dilute a volume of Standard stock 
soiution with Diluent to obtain a concentration of 1 pg/ 
mL of USP yitamin A RS. Transfer 10.0 mL of this solu- 
tion to a stoppered 125-mL fiask, and add 5 mL of 
water, 5 mL of Diluent, and 3 mL of Potassium hydroxide 
soiution. Insert the stopper tightly, shake for 15 min 
over a water bath maintalned at 60 ± 5 °, and cool to 
room temperaturę. Add 7 mL of water and 25.0 mL of 
Extraction solvent. Insert the stopper tightly, and shake 
yigorously for 60 s. RInse the sides of the fiask with 
60 mL of water, and allow to stand for 10 min until the 
layers sępa ratę. Withdraw a portion of the organie layer 
for injection into the chromatograpb. This Standard so - 
ludon contains 034 pg/mL of retinol. 

Sample soiution: Finely powder a counted number of 
Tablets. Transfer a portion of the powder egu i va lent to 
1,5 mg of retinyl acetate to a stoppered 125-mL fiask. 
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Add 5 ml of water, 15 mL of Diluent, and 3 mL of Po- 
tossium hydroxide solution. Insert the stopper tightiy, 
shake for 15 min over a water bath maintalned at 60 
±5 Q , and cool to room temperaturę. Add 7 mL of water 
and 25.0 mL of Extractbn solvent Insert the stopper 
tightiy, and shake yigorously for 60 s or fonger, if nec- 
essary, for complete extraction. Rinse the sides of the 
fiask with 60 mL of water, and allow to stand for 10 
min until the layers separate. [Notę—D o not shake be- 
cause an emulsion may form.] Wtthdraw a portion of 
the organie layer, and difute with Extraction solvent to 
obtain a concentration of 034 pg/mL of retinoL 
Chromatographic system 
(See Chromatograpny (621), System Suitability). 

Modę; LC 

Detector: UV 335 nm 

Column: ó.2-mm x 8 -cm; paeking L3 

Column temperaturę: 40° 

Flow ratę: 4 mL/min 
Injection volume: 50 pL 
System suitability 
Sam ple: Standard solution 

[Notę —The relative retention times for 13-ds^retino! 
and all-frans-retinol are 0.92 and 1.0, respectively.] 
Suitability reguirements 
Relative standard devłat!on: NMT 5.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for all-traro-retino! and 1 3-c/j- 
retinol. 

Calculate the percentage of the labeled amount of vi- 
tamin A, as retinol (CioHjoO), in the portion of Tablets 
taken: 

Result = {rrf/rjj) x (Cs /Cu) x F x 100 

rn = sum of the areas of the alhfrons-retinol and 
13-ds-retrnol peaks from the Sample solution 
r u - sum of the areas of the all-trans-retinol and 
13-o's-retinol peaks from the Standard 
solution 

C s = concentration of retinyl acetate (C 23 H 32 O 2 ) 
from USP Vitamin A RS in the Standard 
solution (pg/mL) 

Cu = nominał concentration of vitamin A, as retinol 
(C 20 H 30 O), in the Sample solution (pg/mL) 

F = factor used to conyert retinyl acetate, the ester 
form present in USP Vi tarnin A RS, to retinol, 
0-872 

Acceptance criteria: 90.0%-165,Q% of the labeled 
amount of vitamin A as retinol (C 20 H 30 O) 

* Cholecalciferol or Ergocalciferol (Vitamjn D), Method 
1 

[NOTt—AA/here vitamin D (cholecalciferol or ergocalctf- 
erol) is specified in the foliowing procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard, Use low-actinic glassware 
throughout this procedurę.] 

Mobile phase: mHexane and isopropyl alcohol (99:1) 
Standard solution: 2 pg/mL of USP Cholecalciferol RS 
or USP Ergocaldferal RS in rj-hexane 
System suitability solution: Heat a volume of the Stan¬ 
dard solution b t 60° for I h to partially isomerize vita¬ 
rnin D (cholecalciferol or ergocalciferol) to its corre- 
spondfng precursor. 

Sample solution: Transfer NLT 20 mL of the solution 
prepared as directed for the Sample solution in Vitamin 
A, Method 1 to a suitable Container, and evaporate, if 
necessary, under vacuum at room temperaturę to ob¬ 
tain a concentration of 2 pg/mL of cholecalciferol or 
ergocalciferol, 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 


Modę: LC 

Detector: UV 265 nm 

Column: 4.6-mm x 15-cm; 3-pm paeking L 8 
Flow ratę: 1 mL/min 
Injection volume: 100 pi 
System suitability 

Sam pies: Standard solution and System suitability 
solution 

Suitability reguirements 

Resolution: NLT TO between the vitamin D form 
present and its corresponding precursor, System suita¬ 
bility solution 

Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for vitamin D. 

Calculate the percentage of the labeled amount of 
cholecalciferol (C 27 H 44 O) or ergocalciferol (GahLwO) rn 
the portion of Tablets taken: 

Result = (Wn) x (QfCo) x fx 100 

ru - peak area of cholecalciferol or ergocalciferol 
from the Sample solution 

r s - peak area of cholecalciferol or ergocalciferol 
from the Standard solution 
Cs ~ concentration of USP Cholecalciferol RS or 

USP Ergocaldferol RS in the Standard solution 

6*g/mp 

C u - nominał concentration of cholecalciferol or 

ergocalciferol in the Sample solution (pg/mL) 

F - correction factor to account for the average 
amount of previtamm D present in the 
Sample solution, 1.09 

Acceptance criteria: 90.0%-1ó5.Q% of the labeled 
amount of vitamin D as cholecalciferol (C 27 H 44 O) or er¬ 
gocalciferol (C 2 BH 44 O) 

* C HO LECĄ LC f FER0 L OR ERGOCALCIFEROL <VlTAMlN D), Method 
2 

[Notę—W here vitamtn D (cholecalciferol or ergocalcif¬ 
erol) is specified in the foli owi ng procedurę, use the 
Chemical form present in the formulation and the reie- 
vant USP Reference Standard. Use low-actinic glassware 
throughout this procedurę,] 

3 N methanolic sulfuric add solution, Sodium as- 
corbate-pyrogallol solution, Lecithin solution, and 
Sample solution: Proceed as directed in Vitamin A f 
Method 2, 

Mobile phase: n-Hexane and tertiary butyl alcohol 
(98.75:1.25) 

Standard solution: 1 jig/mL of USP Cholecalciferol RS 
or USP Ergocaldferol RS in 2,2,4-tnmethylpentane 
System suitability solution: Heat a volume of the Stan¬ 
dard solution at 60° for 1 h to partially isomerize vita- 
min D (cholecalciferol or ergocalciferol) to its corre¬ 
sponding precursor. 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 265 nm 

Column: 4 , 6 -mm x 25-cm; 5-pm paeking L24 
Flow ratę: 1 mL/min 
Injection volume: 40 pL 
System suitability 

Samples; Standard solution and System suitability 
solution 

Suitability reąuirements 

Resolution: NLT 4.0 between the vitamin D form 
present and its corresponding precursor. System suita¬ 
bility solution 

Relative standard deviatfon: NMT 3.0%, Standard 
solution 
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Anafysis 

Samples: Standard soiution and Sample soiution 
Measure the peak areas for vitamin D. Calculate the 
percentage of the labeled amount of cholecalciferol 
(C^KmG) or ergocalciferol (C 2 gH^O) in the portion of 
Tablets taken: 

Result = (r u /n) x (G/Cu) x 100 

fu = peak area of chofecaldferol or ergocaldferol 
from the Sample soiution 

rs = peak area of cholecalciferol or ergocaldferol 
from the Standard soiution 
Ci = concentration of USP Cholecalciferol RS or 

USP Ergocaldferol RS in the Standard soiution 

{pg/mO § t ( 

Co = nominał concentration of cholecalciferol or 

ergocaldferol in the Sompie soiution (pg/mL) 
fNOTE—Account for the rnitial extraction volume of 
26.5 ml of 2,2,4-trimethylpentane to calculate the 
nominał concentration,] 

Acceptance criteria: 90.0%-1ó5.G% of the labefed 
amount of vitamin D as cholecalciferol (CzjhUG) or er¬ 
gocaldferol (CjfattnO) 

Cholecalciferol or Ergocalciferol (Vitamen D), Method 
3 

[Notę—W here vitamin D (cholecalciferol or ergocaldf¬ 
erol) is specified in the following procedurę, use the 
Chemical form present in the formulation and the rele- 
vant USP Reference Standard. Use low-actinic glassware 
throughout this procedurę.] 

Diluted acetic aad: Glacial acet Ic add soiution (1 in 
10 ) in water 

Phenolphthalein soiution: 10 mg/ml of phenolphthal- 
ein in alcohol 

Potassium hydroxide soiution: Slowly dissolve 14 g of 
potassium hydroxide in a inlxture of 31 ml of dehy- 
drated alcohol and 5 ml of water, Prepare fresh daily, 
Extraction soivent: Methylene chloride and isopropyl 
alcohol (99.8: 0,2) 

Mobile phase: Acetonitrile and methanol (91:9) 
Standard stodc soiution: 0.2 mg/mL of USP Cholecal- 
dferol RS or USP Ergocaldferol RS rn dehydrated alco- 
hoL [MoTE—Prepare fresh every 4 weeks, Storę In a 
freezer.] 

Standard soiution: [Notę —Condition the soltd-phase 
exlractlon column specified for use in the Standard soiu¬ 
tion and Lhe Sample soiution by in i tially washing the col¬ 
umn with 4,0 mL of a mixture of methylene chloride 
and isopropyl alcohol (4:1), followed by 5,0 ml of £x- 
traction sofvent. Do not allow the column to dry,] Dilute 
a volume of Standard stock soiution with dehydrated al¬ 
cohol to obtain a concentration of 5 ng/ml of USP 
Cholecalciferol RS or USP Ergocaldfeiof RS, Prepare this 
soiution fresh daily, Transfer 2.0 mL of this soiution to a 
stoppered 125-mt fiask, Add 15.0 mL of water and 
15.0 mL of Potassium hydroxide soiution, insert the stop- 
per, and shake for 30 min in a water bath maintamed 
at 60°. Allow to cool to room temperaturę, and transfer 
the contents of the fiask to a 250-mL separatory funnel. 
Add 15.0 mL of water to the fiask, insert the stopper, 
shake vigorously, and transfer this soiution to the sepa¬ 
ratory funnel. Rinse the fiask with 60 mL of n-hexane, 
and transfer the rinsing to the separatory funnel. Insert 
the stopper, shake vigorously for 90 s, and allow to 
stand for 15 min until the layers separate. Drain, and 
discard the agueous layer, Aad 15,0 mL of water to the 
hexane layer in the separatory funnel, insert the stop¬ 
per, and shake vlgorously. Allow to stand for 10 min 
until the layers sępa ratę, and discard the aqueous layer. 
Add 1 drop of Phenolphthalein soiution and 15.0 mL of 
water to the separatory funnel. Add Diluted acetic acid 
dropwise, with sbaking, until the washing is neutral. Al¬ 
low to stand for 10 min until the layers sępa ratę, Drain, 
and discard Lhe agueous layer, Filter lhe hexane layer 


through anhydrous sodiurn sulfate supported by a smali 
pledget of cotton into a 100-mL round-bottom fiask. 
Rinse the funnel and sodium sulfate with a few mL of n- 
hexane, and collect the nnsings in the same fiask. Evap- 
orate the hexane in the fiask on a rotary evaporator at 
50° to dryness. Immediately add 2,0 mL of Extraction 
solvent to dissolve the residue. Transfer this soiution to a 
freshly conditioned solid-phase extraction column eon- 
taining silica packing with a sorbent mass-to-column 
volume ratio of 500 mg to 2.8 mL or equivalent, rinse 
the round-bottom fiask with 1.0 mL of Extraction sof- 
vent , and transfer to the column, Elute the column with 
2.0 mL of Extroction solvent , and discard this fraction, 
Elute the column with 7.0 mL of Extraction solvent, and 
collect the eluate in a suitable fiask. Place the fiask in a 
warm water bath maintained at 42°, and evaporate the 
solvent with the aid of a stream of nitrogen, Immedi- 
ately add 2,0 mL of acetonitrile to the residue, and use 
the soiution for injection into the chromatograph. 
Sample soiution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 10 fig of cho- 
lecaldferd or ergocalciferol, to the stoppered 125-mL 
fiask, and proceed as directed for the Standard soiution 
beginnlng with "Add 15.0 mL of water and 15.0 mL of 
Potassium hydroxide soiution". 

Chromatographrc system 
(See Chromatcgrapny (621), System Suitabiiity,) 

Modę: LC 

Deteetor: UV 265 nm 

Column: 4,6-mm x 25-cm; 5-j.tm packing LI 

Column temperaturę: 27° 

Flow ratę: 0,7 mL/min 
Injection vo!ume: 15 fiL 
System suitability 
Sample: Standard soiution 
Suitability requirements 
Relatlve standard deviatlon: NMT 4.0% 

Analysls 

Samples: Standard soiution and Sompie soiution 
Measure the peak areas for vifamin D. Calculate the 
percentage of the labeled amount of cholecalciferol 
(C^ELmO) or ergocalciferol (CzbKmO) in the portion of 
Tablets taken: 

Result = (ru/r 5 ) x (Cj/Q) x 100 

r u = peak area of cholecalciferol or ergocalciferol 
from the Sample soiution 

n - peak area of cholecalciferol or ergocalciferol 
from the Standard soiution 
Cs - concentration of USP Cholecalciferol RS or 

USP Ergocalciferol RS in the Standard soiution 
(pg/mL) 

Cu = nominał concentration of cholecalciferol or 

ergocalciferol in the Sample soiution (pq/ml) 
Acceptance criteria: 90,0%-165.0% of the labeled 
amount of vitamm D as cholecalciferol (C^H^O) or er¬ 
gocaldferol (Cza H.m O) 

* Vitamin E, Method 1 

[Notę—W here vitamin E (alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl acid succtnate) 
is specified in the following procedurę, use the Chemical 
form present in the formulation and the relevant USP 
Reference Standard. Use low-actinic glassware through¬ 
out this procedurę.] 

Soiution A: Phosphoric acid soiution (1 in 100) in 
water 

Mobile phase: Methanol and Soiution A (19:1) 

System suitability soiution: Prepare a 0.65-mg/mL so- 
fution of USP Ergocalciferol RS in methanol. Transfer 
1.0 mL of this soiution to a 100-rrtL volumetric fiask 
containing 100 mg of USP Alpha Tocopheryl Acetate RS. 
Dissolve m 30 mL of methanol, with the aid of sonica- 
tion if necessary, and dilute with methanol to voiume. 
Storę this soiution in a refngerafor. 
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Standard solution; 2 mg/mL of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, ar USP Alpha 
Tocopheryl Add Sucdnate RS in methanol 
Sample solution: Transfer NLT 20 ml of the solution 
p rep a red as directed for the Sample solution in VItarnin 
A, Method 1 to a suitable Container, and evaporate 
under vacuum at room temperaturę to dryness. Transfer 
the residue with the aid of methanol to a suitable volu- 
metric fiask, and dilute with methanol to yolume to ob- 
tain a concentration of 2 mg/mL of alpha tocopherol, 
alpha tocopheryl acetate, or alpha tocopheryl add 
sucdnate, 

Chromatographic system 

(See Chromatograpny {62 1), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 8 -mm x 10-cm; 5-pm packi ng LI 
Ftow ratę: 2 mL/min 
Injection yolume: 100pL 
System suitability 

Samples: Standard solution and System suitability 
solution 

[Notę—T he relative retention times for ergocalciferol 
and alpha tocopheryl acetate are about 0.5 and 1.0, 
respeotively«] 

Suitability requirements 

Resolution: NLT 12 between ergocalciferol and alpha 
tocopheryl acetate, System suitability solution 
Tailing factor: Between 0.8 and 1,2, System suitability 
solution 

Relative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Samples; Standard solution and Sample solution 
Measure the peak areas. Calculate tne percentage of 
the labeJed amount of alpha tocopherol (C 29 H 50 O 2 ), 
alpha tocopheryl acetate (C 31 H 52 O 3 ), or alpha 
tocopheryl acta sucdnate (C 33 H 54 O 5 ) in the portlon of 
Tablets taken: 

Result = (r u /r 5 ) x (Cs/ Cu) x 1 00 

ru “ peak area of the relevant vitarnin E form from 
the Sample solution 

rs - peak area of the relevant yitamin E form from 
the Standard solution 

Q = concentration of the corresponding USP 

Reference Standard in the Standard solution 
(mg/mL) 

Cu = nominał concentration of the corresponding 
form of vitamin £ in the Sample solution 
(mg/mL) 

Acceptance criteria: 90,0%“1 65,0% of the labeled 
amount of vitarnin E as alpha tocopherol (G 9 H 50 O 2 ), 
alpha tocopheryl acetate (CTiHszCh), or alpha 
tocopheryl acia sucdnate (CsbHmOs) 

e Witamin E, Method 2 

[Notę —Where yjtamin E (alpha tocopherol, alpha 
tocopheryl acetate, or alpha tocopheryl acid sucdnate) 
is specified in the foliowi ng procedurę, use the Chemical 
form present in the formufation and the relevant USP 
Reference Standard. Use low-actinic glassware through- 
out this procedurę.] 

Mobile phase: Mix 240 mL of methanol with 10 ml of 
water, rollowed by 0.5 mL of 50% phosphoric acid, and 
dilute with acetonitrile to 1000 mL, 

System suitability solution: 2 mg/mL each of USP Al¬ 
pha Tocopherol RS, USP Alpha Tocopheryl Acetate RS, 
and USP Alpha Tocopheryl Acid Sucdnate RS in 
methanol 

Standard solution: 2 mg/mL of USP Alpha Tocopherol 
RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha 
Tocopheryl Add Sucdnate RS in methanol 
Sample solution: Proceed as directed for the Sample 
solution in Yitamin A, Method 2 , Transfer a yolume of 


the supernatant 2,2,4-tnmethylpentane to a suitable 
volumetric fiask, the yolume of the spedmen withdrawn 
from the 2,2,4-trimethylpentane, and the size of the 
volumetric fiask being such that the finał concentration 
of the Sample solution is equfva!ent to that of the Stan¬ 
dard solution. Evaporate nearly to dryness, add several 
mL of methanol, and evaporate the remaintng 2,2,4-tri- 
methylpentane. Dilute with methanol to yolume. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 4.6-rnm x 25-cm; 5-jim packing L I 
Flow ratę: 1.5 mL/min 
Injection volume: 25 pL 
System suitability 

Samples; System suitability solution and Standard 
solution 

[Notę —The relative retention times for alpha tocopheryl 
add sucdnate, alpha tocopherol, and alpha tocopheryl 
acetate are about 0 . 6 , 0 . 8 , and 1 . 0 , respectiyely.j 
Suitability requirements 

Resolution; NLT 4.0 between alpha tocopheryl add 
succinate and alpha tocopherol and NLT 3.0 between 
alpha tocopherol and alpha tocopheryl acetate, Sys¬ 
tem suitability solution 

Re(ative standard deviation: NMT 3.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas. Calculate tne percentage of 
the labeled amount of alpha tocopherol (C 29 H 50 O 2 ), 
alpha tocopheryl acetate (CgiHssOs), or alpha 
tocopheryl add sucdnate (C 33 H 54 O 5 ) in the portion of 
Tablets taken; 

Result = (ru/r$) x (Cs/Co) x 100 

ru - peak area of the relevant vitarnin E form from 
the Sample solution 

rs = peak area of the releyant yitamin E form from 
the Standard solution 

Cs ~ concentration of the corresponding USP 

Reference Standard in the Standard solution 
(mg/mL) 

Cu “ nominał concentration of the corresponding 
form of yitamin E in the Sample solution 
(mg/mL) 

[Notę —Account for the initial extraetion yolume of 
26,5 mL of 2 , 2 , 4 -trimethylpentane and the dilution 
factor to excbange the solvent from 2,2,4-tnmethy]- 
pentane to methanol to calculate the nominał 
concentration.] 

Acceptance criteria: 90.0%~165.0% of the labeled 
amount of yitamin E as alpha tocopherol (C29H50O2), 
alpha tocopheryl acetate (C31H52O3), or alpha 
tocopheryl acid sucdnate (C 33 H 54 O 5 ) 
o Witamin E, Method 3 

Diluent: Acetonitrile and ethyl acetate (1:1) 

Mobile phase: Methanol, acetonitrile, and n-hexane 
(46.5: 4Ó.5: 7.0) 

Standard solution: 0.3 mg/mL of USP Alpha Tocoph¬ 
erol RS in methanol 

Sample solution: Flnely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powaer, equivalent to 8 mg of al¬ 
pha tocopherol, to a 125-mL fiask fitted with a ground- 
glass joint. Add 25.0 mL of water, 25.0 mL of dehy- 
drated alcohol, and 3.5 g of potasslum hydroxide pel- 
lets. Shake for 1 h in a water bath maintained at 55°. 
Cool, and transfer with the aid of a minimum yolume 
of water to a 125-mL separatory funneL Rinse the fiask 
with 50 mL of n-hexane, and add the rinsing to the 
separatory funneL insert the stopper, shake yigorously 
for 60 s, and allow the layers to separate, Drain the 
agueous layer into a second 250-mL separatory funnel. 


DS Monographs 




7380 Vitamtns / Dietory Supplements 


USP 40 


and repeat the extraction with 50 mL of n-hexane, Dis- 
card the aqueous layer, and combine the hexane ex* 
tracts. Wasri the combined extracts with 25 mL of 
water, allow the Jayers to sępa ratę, and dis card the 
aqueou$ layer, Add 3 drops of glacial acetk add, and 
repeat the washing procedurę two morę times. Filier 
the washed hexane layer through anhydrous sod tum 
suifate into a 250-mL round-bottom fiask. Rinse the fum 
nel and sod tum suifate with a few mL of rj-hexane, and 
add the rinsing to the hexane solution in the fiask. 

Place the fiask in a water bath maintained at 50°, and 
evaporate the hexane solution with the aid of a rotary 
evaporator to dryness. Immediately add 25,0 mL of the 
Diluent , and swirl to dissolve the residue. 
Chromatographic system 
(See Chromotography (621), System Suita bil i ty.) 

Modę: LC 

Detector: UV 291 nm 

Column: 4,6-mm x 25-cm; packing LI 

Column temperaturę: 40° 

Flow ratę: 3 mL/min 
Injection volume: 20 pL 
System suitability 
Sample; Standard solution 
Suitability requtrements 
Relative standard deyiation: NMT 5.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas, Calculate the percentage of 
the labeled amount of yitamin E, as alpha tocopherot 
in the portion of Tablets taken: 

Result - (rufr$) x (Cs/Cu) x 100 

r u - peak area of alpha tocopheroi from the 
Sample solution 

r 5 = peak area of alpha tocopheroi from the 
Standard solution 

Cs - concentration of alpha tocopheroi in the 
Standard solution (mg/mL) 

G, - nominał concentration of yitamin E, as alpha 
tocopheroi, in the Sample solution (mg/mL) 
[Notę—C alculate the nominał amount of vi tarnin E as 
alpha tocopheroi (G 9 H 50 O 2 ) by multiplying the con- 
tent of alpha tocopheryl acetate (C 31 H 52 O 3 ) or alpha 
tocopheryl add succinate (C 3 SH 54 O 5 ), in mg/Tablet, by 
the factors 0,91 or 0.81, respectively.] 

Acceptance criteria: 90,0%-l 65.0% of the labeled 
amount of yitamin E as alpha tocopheroi (G 9 H 50 O 2 ), 
alpha tocopheryl acetate (GtHszOs), or alpha 
tocopheryl add succinate (CsiHsjOs) 

* Phytonadione, Method 7 

[Notę—U se low-actinic glassware throughout this 
procedurę,] 

Mobile phase: Methanol and water (19:1) 

Standard stock solution: 200 pg/mL of USP Phytona- 
dione RS in methanol, Dissolve with the aid of sonica* 
tion if necessary. 

System suitability solution: 0,65 mg/mL of USP Alpha 
Tocopheryl Acetate RS and 20 pg/mL of USP Phytona- 
dione RS from the Standard stock solution diluted with 
methanol. [Notę—D issolve USP Alpha Tocopheryl Ace¬ 
tate RS in a portion of methanol, add the Standard 
stock solution f and then dii u te with methanol to 
yolume,] 

Standard solution: 20 pg/mL of USP Phytonadione RS 
from the Standard stock solution diluted with methanol 
Sample solution: Transfer NLT 20 mL of the solution 
prepared as directed for the Sample solution in Vitamin 
Ą Method 1 to a suitable Container, and evaporate, if 
necessary, under yacuurn at room temperaturę to dry¬ 
ness, Transfer the residue to a suitable volumetric fiask 
with the aid of methanol, and di lute with methanol to 
yolume to obtain a concentration of 20 pg/mL of * 
phytonadione. 


Chromatographic system 

(See Chromotography (62 1), System Suitability,) 

Modę: LC 

Detector: UV 254 nm 
Coiumn: 8-mm x 10-cm; 5-pm packing LI 
Flow ratę: 2 mL/min 
Injection yolume: 100 pL 
System suitability 

Sampies: System suitability solution and Standard 
solution 

[NOTĘ—The re!ative retention times for alpha tocopheryl 
acetate and phytonadione are 0.68 and 1,0, 
respectively,j 

Suitability requirements 

Resolution: NLT 5 between alpha tocopheryl acetate 
and phytonadione, System suitability solution 
Relative standard deyiation; NMT 3,0%, Standard 
solution 
Analysis 

Sampies: Standard solution and Sample solution 
Measure the peak areas, Calculate the percentage of 
the labeled amount of phytonadione (GiEUO?) in 
the portion of Tablets taken: 

Result = (rufr$) x (G/G) x 100 

ru - peak area of phytonadione from the Sample 
solution 

fs - peak area of phytonadione from the Standard 
solution 

Cs = concentration of USP Phytonadione RS in the 
Standard solution (pg/mL) 

Cu = nominał concentration of phytonadione in the 
Sample solution (pg/mL) 

Acceptance criteria: 90,0%-l65.0% of the labeled 
amount of phytonadione (CaiH^Oj) 

* Phytonadione, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Soivent: Methanol and isopropyl alcohoi (19:1) 

Mobile phase: Mix 800 mL of methanol, 200 mL of 
methylene chloride, 0,1 mL of gladal acetic acid, 1,36 g 
of zinc chioride, and 0.41 g of sodium acetate. 

Internal standard solution: 5 pg/mL of menaguinone 
4 (yitamin K 2 ) in the Soivent* [Notę—A concentrated 
stock solution of menaquinone 4 (100 pg/mL) can be 
stored for 2 months in a refrigerator,] 

Standard stock solution: 5 pcj/mL of USP Phytona¬ 
dione R$, prepared by dissolyfng in methylene chloride 
with the aid of sonication, and dilutrng with So/yenf to 
finał vofume 

Standard solution: Transfer 1,0 mL of the Standard 
stock solution and 1,0 mL of the Internal standard solu¬ 
tion to a suitable fiask, and dflute with Solvent to 5 mL, 
Pass through a membranę fil ter of 0,45-pm or fi ner 
porę size. 

Sample solution: Finely powder NLT 20 Tabtets. To a 
centrifuge tubę fitted with a cap transfer an amount of 
powder not exceeding 800 mg and equivalent to an 
amount of phytonadione not exceeding 50 pcj. Add 
4 mL of water. Insert the slopper, and mix using a vor- 
tex mixer untit the sample is dispersed, Place the tubę 
in a water bath at 60° for 5 min. Remove from the 
bath, and again shake or mix using a vortex mixer for 1 
min while the preparation h still hot. Add 8 mi of ako- 
hol, and swirl the contents to mix. Place the lube in a 
water bath at 60° for 5 min. Remove from the bath, 
and again shake or mix using a vortex mixer for 2 min 
while the preparation is still hot. Cool to room temper¬ 
atura, Ada a votume of the Internal standard solution t 
equivalent to 1.0 ml per each 5 pg of the expected 
amount of phytonadione in the aliguot taken. Add 
20.0 mL of petroleum ether, and cap the tubę tightly. 
Shake or mix using a vortex mixer for 15 min to thor- 
oughly mix the contents. Centrifuge to separate Lhe 
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two layers, Transfer a volume of the top layer of Petro¬ 
leum ether, equivalent to 5-50 ptg of the nominał 
amount of phytonadione, to an appropriate fiask. Place 
the fiask tn a water bath at 35°-4$ 0 , and evaporate the 
solvent under a stream of nitrogen until an oily residue 
is left. Dtssolve the residue m a volume of fhe Sohśnt te 
obtain a concentration of T pg/mL of phytonadione. 
Chromatographic system 
(See Ćhromatogrophy {621), System Su i ta bili ty.) 

Modę: LC 

Detector: Fluorometric detector set at 320 nm for ex- 
citation and 420 nm for emission 
Column: 4.6-mm x 25-cm; 5-pm, end-capped packing 
LI, and a postcolumn reactor constituted with a 4.6-“ 
mm x 3-cm PEEK column tightly packed with zinc 
powder. [Notę—P repare the postcolumn reactor daily, 
or as necessary, to me et the System suitability 
requirements.] 

Flow ratę: 1 mL/min 
Injection volume: 25 pL 
System suitability 
Sample: 5 tandard solution 
[Notę—T he relative retention times for the interna! 
standard and phytonadione are 1,0 and 1 .4, 
respectively.] 

Suitability requirements 

Column efficiency: NLT 2500 theoretical plates for 
the phytonadione peak 

Tailing factor: MMI 1,5 for the phytonadione peak 
Relative standard deviation: NMT 3,0% 

Analysis 

Samples: Standard solution and Sample solution 
Calcuiate the percentage of the labeled amount of 
phytonadione {CnK ł6 Oz) in the portion of Tabfets 
taken: 

Result - (RufRs) x (Cs/Cu) x 100 

Ru - peak response ratio of phytonadione to Lhat of 
the fn terna I standard from the Sample 
solution 

R s - peak response ratio of phytonadione to that of 
the interna! standard from the Standard 
solution 

Cs = concentration of USP Phytonadione RS in the 
Standard solution (pg/mL) 

Cu - nominał concentration of phytonadione in the 
Sample solution (pg/mL) 

Acceptance criteria: 90,0%-165,0% of labeled amount 
of phytonadione (CjiH^OO 

* Beta Carotene 

[Notę—U se low-actinic glassware througbout this 
procedurę.] 

Potassium hydroxide solution: Disso!ve 58.8 g potas- 
sium hydroxide in 50 ml of water, 
lodine solution: 0.01 mg/ml of iodine in tydohexane. 
[Notę— Prepare this solution Fresh daily.] 

Sample solution: Weigh NLT 20 Tablets. Grind the Tab- 
lets to a fine powder, and transfer a quantity of the 
powder, equivalent to 2 mg of beta carotene, to a 
500-mL saponification fiask, Add 100 mL of alcohol, 

6 mL of Potassium hydroxide solution , and a magnetic 
stirring bar, Attach an air condenser to the fiask, and 
heat under reflux for 45 min with constant stirring. 

Cool to room temperaturę. Add 170 mL of solvent hex- 
ane, and stir for 30 min, Quantitatively transfer the eon* 
tents of the fiask to a 500-mL separatory funnel with 


portions of solvent hexane, Allow the layers to separate 
for 5-10 min, and transfer the upper organie layer to a 
500-mL volumetric fiask. Transfer the lower aqueous 
layer into the saponification fiask. Add 170 mL of sol- 
vent hexane, and stir for an additional 20 min, Quan- 
titatively transfer the contents of the saponification fiask 
to the separatory funnel with the aid or portions of sol- 
vent hexane. Allow the iayers to separate for 10 min. 
Drain the lower aqueous layer, and discard. Transfer the 
organie layer to the vo!umetric fiask containing the pre- 
viously collected organie layer. Rlnse the separatory fun¬ 
nel with smali portions of solvent hexane, and transfer 
the washings to fhe volumetric fiask. Dilute the hexane 
extracts wifn solvent hexane to volume. Add 3 g of an- 
hydrous sodium sulfate, shake, and allow to settle. 
Quantitatively transfer a volume of this solution, equiva- 
lent to 100 pg of beta carotene, to a 50-mL volumetric 
fiask. Evaporate under a stream of nitrogen to dryness, 
and immediately add cyclohexane. Add 2 ml of lodine 
solution, and heat for 15 min in a water bath main- 
tained at 65°. Cool rapidly, and dilute with cyclohexane 
to volume. 

Instrumental conditlons 

(See Ultraviolet-Visihle Spectroscopy (857).) 

Modę: Vis 

Analytka! wavelength: 452 nm 
Blank: Cyclohexane 
Analysis 

Sample: Sample solution 
Determine the absorbance against the Blank. 

Calcuiate the percentage of the labeled amount of 
beta carotene (C^H SÓ ) in the portion of Tablets taken: 

Result = (AJF) x (1 00/Cu) 

A u = absorbance of the Sample solution 
F ^ absorptivity of beta carotene at 452 nm, 223 
C u - nominał concentration of beta carotene in the 
Sample solution (mg/mL) 

Acceptance criteria: 90.Q%-165,0% of fhe labeled 
amount of beta carotene (C-iohba) 

* Ascorbic Acid, Calcium Ascorbate, and Sodium 

A5CORBATE 

(See Vitamin C Assay (580).) 

[NOTĘ—For labeling purposes, consider Method I —77frf- 
metrk Method as Method / .] 

Acceptance criteria: 90,0%-!50.0% of the labeled 
amounts of ascorbic add (CóH b Og), or its salts as cal- 
dum ascorbate (CizHnCaOiz ■ 2HaO) or sodium as- 
corbate (CńH^NaOń) 

* Biotin, Method 7 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Mix 85 ml of acetonitnle, 1 q of sodium 
perchlorate, 1 mL of phosphoric add, and duute with 
water to 1000 mL. 

Standard stock solution: 0.333 mg/ml of USP Biotin 
RS in dimethyl sulfoxide 

Standard solution: 5 pg/mL of USP Biotin RS prepared 
by diluting the Standard stock solution in water 
Sample solution: Finely powder NLT 20 Tabfets. Trans¬ 
fer a portion of the powder, equivalent to 1 mg of bio¬ 
tin, to a 200-mL volumetric fiask. Add 3 mL of dimethyl 
sulfoxide, and swirl to wet the contents. Place the fiask 
!n a water bath at 60°-70 Cł for 5 min. Sonicate for 5 
min, dilute with water to volume, and filter. 
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Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 200 nm 

Cofumn: 4.6-mm x 15-cnn; 3-pm packing 17 
Flow ratę: 1.2 mL/min 
Injection volume: 100 ul 
System suitability 
Sampie: Standard solution 
Suitability reguirements 
Relative standard deviatton: NMT 3.0% 

Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas of biotin. Caicufate the per- 
centage of tne labeled amount of biotin 
(CioH 16 N 2 0 3 S) in the portion of Tabłets taken: 

Result = (ru/n) x (Cj/CJ x 100 

ru - peak area of biotin from the Somple solution 

n - peak area of biotin from the Standard solution 

C s - concentration of USP Biotin RS in the Standard 
solution (jig/mL) 

Cu - nominał concentration of biotin in the Somple 
solution (pg/mL) 

Acceptance criteria: 90.0%-150,G% of the labeled 
amount of biotin (Ci D Hi & N 2 Oj5) 

* Biotin, Method 2 

[Notę— Use low-actinic glassware throughout this 
procedurę.] 

Dehydrated mixtures yieiding formulations similar to the 
media described herein may be used provided fchat, 
when constituted as directed, they have growth-pro- 
moting properties equal to or superior to those ob- 
tained with the media prepared as described herein. 
Standard stock solution: 50pg/mL of USP Biotin RS ir 
50% alcohof. Storę this solution in a refrigerator. 
Standard solution: 0.1 ng/mL of USP Biotin RS in 
water, prepared by dilution of the Standard stock soiu - 
tion with water on the day of the assay 
Sampfe solution: Finely powder NLT iO Tablets. Trans¬ 
fer a portion of the powaer, equivaient to 100 pa of 
biotin, to a 200-mL voiumetrit fiask. Add 3mL or 50% 
alcohoi, and swirl to wet the contents, Heat the fiask in 
a water bath at 6Q°-7Q D for 5 min. Sonicate for 5 min, 
dilute with 50% alcohoi to volume, and filter. Difute a 
yolume of the fil tratę quantitative!y, and stepwise if 
necessary, with water to obtain a solution with a con- 
centratlon of 0.1 ng/mL. 

Acid-hydrolyzed casein sofution: Mix 100 g of vita- 
min-free casein with 500 ml of 6 N hydroehloric acid, 
and reffux the mixture for 8-12 h. Remove the hydro- 
chloric acid from the mlxture by distillation under re- 
duced pressure until a thick pastę remains. Redissolve 
the resuJting pastę in water, adjust the solution with 
1 N sodium hydroxide to a pH of 3.5 ± 0.1, and dilute 
with water to make 1000 mL Add 20 g of activated 
charcaal, stir for 1 h, and filter. Repeat Ehe treatment 
with activated charcoai. Storę under toluene in a cool 
place at a temperaturę not helów 10°. Filter the solu¬ 
tion if a precipitate forms during storage. 
Oystine-tryptophan solution: Suspend 4.0 g of L-cys- 
tine in a solution of 1 ,Gg of i-tryptophan (or 2,0 g of 
D,i-tryptophan) in 700-800 ml of water. Heat to 
70 p -8Q d , and add dilute hydroehloric acid (1 in 2) 
dropwise, with stirring, until the solids are dissolved, 
Cool, and add water to make 1000 ml. Storę under 
toluene in a cool place at a temperaturę NLT 10°. 
Adenine-guanirte-uradl solution: Dissolve 200 mg 
each of adenine suffate, guanine hydrochlonde, and 
uracil, with the ard of heat, in 10 mL of 4 N hydrochfo- 
ric acid. Cool, and add water to make 200 mL. Storę 
under toluene in a refrigerator. 

Polysorbate 80 solution: 100 mg/mL of poiysorbate 80 
in alcohoi 


Calcium pantothenate solution: 10 jig/mL of calcium 
pantothenate in 50% alcohoi. Storę in a refrigerator. 
Riboflavin-thiamine hydrochlonde solution: 20 fig/ 
mL of riboflavin and 10 jig/mL of thiamine hydrochTo- 
ride in 0.02 N acetfc add. Storę under toluene, pro- 
tected from light, in a refrigerator. 
p-Ammobenzoic acid-niadn-pyridoxine hydrochlonde 
solution: 10 pg/mL of p-aminobenzoic add, 50 pg/mL 
of niacin, and 40pg/mL of pyridoxine hydrochlonde in 
a mixture of neutralized alcohoi and water (1:3). Storę 
in a refrigerator. 

Salt solution A: 25 g of monobasic potassium phos- 
phate and 25 g of dibasic potassium phosphate in 
water to make 500 mL. Add 5 drops of hydroehloric 
add. Storę under toluene. 

Salt solution B: 10 g of magnesium sulfate, 0.5 g of 
sodium chioride, 0.5 g of ferrous sulfate, and 0.5 g of 
manganese sulfate in water to make 500 mL. Add 
5 drops of hydroehloric acid, and mix. Storę under 
toluene, 

Basal medium stock solution: Dissolve the anhydrous 
Dextrose and anhydrous Sodium acetale in the Solutions 
previously mixed according to Tobie 7, and adjust with 
1 N sodium hydroxide to a pH of 6.8. Difute with water 
to 250 ml. 


Tubie 1 


AdcWwcfrofy/ed casein solution 

25 mL 

Cvstine-trvDi:oohan sofution 

25 mL 

Polysorbate 80 solution 

025 ml 

Dextrose i anhydrous 

10 Q 

Sodium acetate, anhydrous 

5 q 

Adenine-quanine-uracil solution 

5 mL 

Calcium pantothenate solution 

S ml 

Riboftavln-thiamine hydrochlorfde solution 

5 mL 

p-Aminobenzoic add-niacin-pyridoxtne hydrochlo- 
rfde solution 

5 ml 

Salt solution A 

5 mL 

Salt solution B 

5 mL 


Stock culture of Lactobacillus plantarum: Dissolve 
2.0 g of yeast extract in 100 mL of water. Add 500 mg 
of anhydrous Dextmse f 500 mg of anhydrous Sodium 
acetale, and 1.5 g of agar, and heat the mixture on a 
steam bath, with stirring, until the agar dissolyes, Add 
10-ml portions of the hot solution to test tubes, close 
or cover the tubes, stenlize In an au£oclave at 121° for 
15 min, and ailow the tubes to cool in an uprlght posi- 
tion. Prepare stab cultures in three or morę of the 
tubes, ustng a pure culture of Lactobacillus plantarum/ 
ineubating for 16-24 h at a temperaturę between 30° 
and 37° held constant to within ±0.5°. Storę In a refrig- 
era Lor. Prepare a fresb stab of the stock culture every 
week, and do not use for Inoculum if the culture fs morę 
than 1 week old. 

Culture medium: To each of a senes of test tubes con- 
taming 5.0mLof Basal medium stock solution add 
5.0 mL of water containing 0.5 ng of biotin. Pług the 
tubes with cotton, sterilize in an autodave at 121° for 
15 min, and coo!. 

Inoculum: [NOTĘ—A frożen suspensie n of Lactobacillus 
plantarum may be used as the stock culture, provided it 
felds an inoculum comparable to a fresh culture.] 
ransfer celis from the Stock culture of Lactobacillus 
plantarum to a stenie tubę containing 10 mL of Culture 
medium , Incubate this culture for 16-24 h at a tempera¬ 
turę between 30 c and 37 c held constant to within 
±0.5°. The celi suspension so obtained ts the Inoculum. 

1 ATCC No. 8014 ii sui labie. This strain was formeriy known as Lactobacillus 
arabinosus 1 7-5, 
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Analysis 

Samples: Standard solution and Sample solution 
To similar separate test tubes add, in duplicate, 1.0 
and/or 1 .5, 2,0, 3,0, 4,0, and 5.0 mL of the Standard 
solution. To each tubę and to four similar ernpty tubes 
add 5.0 mL of BasaI medium stock solution and suffi- 
cient water to make 10 mL. 

To similar test tubes add, m duplicate, volumes of the 
Sample solution corresponding to three or morę of the 
leve(s specified for the Standard solution , including the 
ievels of 2.0, 3.0, and 4.0 mL. To each tubę add 
5.0 mL of the Bosa! medium stock solution and suffi- 
cient water to make 10 mL. Place one complete set of 
Standard and sample tubes together in one tubę rack 
and the duplicate set in a second rade or section of a 
rack, preferably in random order. 

Cover the tubes of both series to prevent contamina- 
tion, and sterilize in an autoclave at 121 = for 5 min. 
Cool. Add 1 drop of Inoculum to each tubę, except 
two of the four tubes containing no Standard solution 
(the uninoculated blanks). Incubate the tubes at a 
temperaturę between 30° and 37° held constant to 
within ±0.5° until, foliowing 16-24 h of ineubation, 
there has been no substantraf rnerease in turbidity in 
the tubes containing the highest level of Standard dur- 
Ing a 2 -h period. 

Determine the transmittance of the tubes in the foflow- 
ing manner. Mix the eon ten ts of each tubę, and trans¬ 
fer to a spectrophotometer cdi, Pface the celi in a 
spectrophotometer that has been set at a specific 
wavelength of 540-660 nm, and read the transmit- 
tance when a steady State ts reached. This steady State 
is observed a few seconds after agitatton when the 
galvanometer reading remains constant for 30 s or 
morę. AJlow approximatefy the same time interval for 
the reading on each tubę, 

With the transmittance set at 1.00 for the uninoculated 
blank, read the transmittance of the inoeufated blank. 
With the transmittance set at 1.00 for the inoculated 
blank, read the transmittance for each of the remain- 
ing tubes. !f there is evidence of contamination with a 
foreign microorganism, disregard the result of the 
assay. 

Calculation: Prepare a standard concentration-response 
curve as folfows. For each ievel of the Standard, cafcu- 
late the response from the sum of the duplicate value$ 
of the transmittance (I*) as the difference, y = 2.00 - 
Es. Plot this response on the ordinate of cross-sectlon 
paper against the logarithm of the mL of the Standard 
solution per tubę on the abscissa, usrng for the ordinate 
either an arithmetk or a logarithmic scalę, whichever 
qives the better approximation to a straight linę. Draw 
tne straight linę or smooth curve that best fits the plot- 
ted points. 

Calculate the response, y = 2.00 - Zu, adding together 
the two transmittances (Xtj) for each level of the Sam¬ 
ple solution, Read from the standard curve the loga¬ 
rithm of the volume of the Standard solution corre¬ 
sponding to each of those values of y that falls within 
the rangę of lowest and highest points plotted for the 
Standard. Subtract from each logarithm so obtained 
the logarithm of the volume, in mL, of the Sample 
solution to obtain the difference, X, for each dosage 
level. Average the va!ues of Xior each of three or 
morę dosage leve!s to obtain X, which equa!s the log- 
relative potency, of the Sample solution, 

Determine the guantiiy, in pg, of biotin (C }Q Hi 6 H 2 OsS) 
in the portion of Tabiets taken: 

antilog M - antilog ( M f + log R) 

R = number of pg of biotin assumed to be present 
in the portion of the Tabiets taken 


Calculate the percentage of the labeled amount of 
biotin (C 10 H 16 N 2 O 3 S) in the portion of the Tabiets 
taken: 

Result = [{antilog M)/N] x 1 00 

N = nominał amount of biotin in the portion of 
the Tabiets taken (pg) 

Replication: Repeat the entire determination at Jeast 
once, using separately prepared Sample Solutions, if the 
difference oetweenjne two log-potencies M is NMT 
0.08, their mean, M, ts the assayed log-potency of the 
test materiał (see Design and Analysis of Biotogical Assays 
(111), The Confidence Inten/al and Limits of Potency). If 
the two determinations differ by morę than 0.08, con- 
duct one or morę additional determinations. From the 
mean of two or morę value$ of M that do not differ by 
morę than 0.15, compute the mean potency of the 
preparation under assay. 

Acceptance criteria: 90.0%-150.0% of the labeied 
amount of biotin (CioHis^ChS) 

• Biotin, Method 3 

[NOTĘ—Use low-aetmic glassware throughout this 
proceduro.] 

Solution A: Transfer 800 mL of water and 100 mL of 
triethylamine to a 1000-mL volumetric fiask. Add 80 mL 
of 85% phosphoric acid, and dilute with water to 
volume. 

Mobile phase: Transfer 80 ml of acetonitrile and 10 mL 
of Solution A to a 1000-mL volumetric fiask. Dilute with 
water to volume. 

Standard solution: 0.6 pg/mL of USP Biotin RS in 
water. [Notę —A portion of the Standard solution will be 
used to determine the percent recovery of biotin from 
the Solid-phase extraction procedurę.] 

Sample solution: Finely powder NLT 20 Tabiets. Trans¬ 
fer an amount of powdered Tabiets to a volumetric fiask 
to obtain a nominał concentration of 0.6 pg/mL of bio- 
trn, Add water up to 80% of the fiask capadty, and 
sonicate for 30—40 min, with occasional mixing, to dis- 
solve. Dilute with water to volume, and fifter. Adjust Lhe 
pH of the solution with either dilute acetic acid or 0.1 
N sodium hydroxide to a pH of 6,0-7.0. 

Solid-phase extraction: [Notę— Condition the extrac- 
tion column specified in this procedurę in the foliowing 
manner. Wash the column with a 2-mL portion of 
methanol Eguillbrate with a 2-mL portion of water.] 
Separately pipet 5.0 mL each of the Sample solution and 
Standard solution into freshly conditioned solid-phase 
ex trać tron columns consisting of a mrxed-mode packing 
with a sorbent-mass of 60 ma [Notę —The mixed-mode 
packing conslsts of anion-exchange and reversed-phase 
sorbents. The reverse-phase component Is a poiymer of 
copolymer N-vinyipyrro!idone and divinylbenzene, The 
amon exchange moiety is a trialkylamino group. 2 ] 

Wash the column with 1 0 ml of 30% (v/v) methanol in 
water. Apply an appropriate volume (4.9 mL) of 30% 
(v/v) methanol in 0.1 N hydrochforic acid to the col¬ 
umn. Collect the eluate m a 5-mL volumetric fiask, 
containing 100 pi of 40% (w/v) sodium acetale in 
water, and dilute with 30% (v/v) methanol in 0.1 N 
hydrochloric acid to volume. 

Chromatographk system 
(See Chromatography (62 1), System Suitablliiy.) 

Modę: LC 

Detector: UV 200 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę; 2 mL/min 
Injection volume: IOOjuL 
System suita bil i ty 

Samples; Standard solution and portion of the Stan¬ 
dard solution that has undergone the Solid-phase 
extraction 


J A suilabie eartridge is the Waters Oasis MAX Vac RC cartridoe, particie size 
30 |im r part 186000371. r 
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Suitability reguirements 
Tallin g factor: NMT 1.5, Standard solution 
Relative standard deviatfon: NMT 2.0%, Standard 
solution and Standard sofution that has undergone 
Solid-phase extraction 

Recovery: 95%-100%, Standard solution that has ur- 
dergone Solid-phase extroction 
Analysfs 

Sam pies: Standard sofution and the Sample solution 
that have both undergone Solid-phase extraction 
Measure the peak areas of biotin. Calculate the per- 
centage of tne labeled amount of biotin 
CCioHińN^OaS) in the portion of Tablets taken: 

Result = (fy/rj) x (Cj/Ctr) x 100 


rv - peak area of biotm from the Sample solution 

r s - peak area of biotin from the Standard solution 

Cs = concentration of USP Biotin RS in the Standard 
solution (pg/mL) 

Cu - nomina! concentration of biotin in the Sample 
solution (pg/mL) 

Acceptance criteria: 90.0%-150,0% of the labeled 
amount of biotin (CmHi^OjS) 

• CYANOCOBALAMIN, Method 1 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Methanol and water {7:13) 

Standard stock solution: 10 pg/mL of USP Cyanoco- 
balamin RS in water, [NOTĘ—Storę this stock solution in 
a dark place, and discard after 1 week.) 

Standard sofution: 1 jig/mL of USP Cyanocobałamin 
RS from Standard stock solution difuted with water 
Sample solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, eguNalent to 100 po of 
cyanocobalamin, to a 250-mL ilask. Quantitatively add 
100.0 ml of water, and carefuily extract for 2 min. Fil- 
ter 10 ml of the extract, and use the filtrate, 
Chromatographrt system 
(See Chromatography System Suitability.) 

Modę: LC 
Detector: 550 nm 

Column; 4,6-mm x 15-cm; 5-pm packing LI 
Flow ratę: 0.5 ml/min 
Injection volume: 200 \il 
System suitability 
Sample: Standard solution 
Suitability reąuirements 
Relative standard deviation: NMT 3,0% 

Analysis 

Sampfes: Standard solution and Sample solution 
Measure the peak areas of cyanocobalamin. 

Calculate the percentage of the labeled amount of cy¬ 
anocobalamin (CsiHbsCgNmO^P) in the portion of 
Tablets taken: 

Result - (rufrs) x (Cs/Cu) x 100 


cyanocobalamin in 


fu = peak area from the Sample solution 

r$ - peak area from the Standard solution 

Cs = concentration of USP Cyanocobalamin R5 in 
the Standard solution yig/mL) 

Cu - nominał concentration ot cyanr 
the Sample solution ^ 

Acceptance criteria: 90.0%-f5t) ł 0% of the labeled 
amount of cyanocobalamin (C^HsaCoNi-tOMp) 
Cyanocobalamin, Method 2 
[Notę—U se !ow-actinic glassware throughout this 
procedurę.] 

Standard stock sofution: 1.0 jig/mL of USP Cyanoco- 
balamin RS in 25% alcohol. Storę in a refrigerator. 
Standard sofution: Dilute a suitable volume of the 
Standard stock solution with water to a measured vol- 
ume such that after the incubation period as described 
in the Analysis, the difference in transmittance between 


the inoculated blank and the 5.0-mL level of the Stan¬ 
dard solution Is NLT that which corresponds to a differ¬ 
ence of 1.25 mg in dried celi weight This concentration 
usually falls between 0.01 and 0.04 ng/mL of the Stan¬ 
dard solution . Prepare this solution fresh for each assay. 
Sampfe solution: Rnely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powdered Tablets, equivalent to 
1.0 pg of cyanocobalamin, to an appropriate vessel 
containing, for each g of powdered Tablets taken, 

25 mL of an aqueous extracting solution prepared just 
before use to contain, in each 100 mL, 1,29 g of dibasic 
sodium phosphate, 1,1 g of anhydrous dtric add, and 
1.0g of sodium metabisulfite. Autodave the mixture at 
121° for 10 min. Allow any undissoNed partkles of the 
extract to settle, and filter or centrifuge if necessary. 
Dilute an aliguot of the elear solution with water to 
obtain a finał solution containing vitamin Bactivity 
equivalent to the nominał aetivity of the Standard 
solution. 

Acid-hydrolyzed casein solution: Prepare as dlrected in 
Biotin, Method 2. 

Asparagine solution: DissoNe 2.0 g of L-asparagine in 
water to make 200 mL. Storę under toluene in a 
refrigerator. 

Adenine-guanine-uradl sofution: Prepare as directed 
in Biotin, Method 2. 

Xanth1ne solution: Suspend 0.20 g of xanthine in 
30-40 mL of water, heat to 70°, add 6,0 ml of 6 N 
ammonium hydroxide, and stir until the sofid is dis- 
soNed. Cool, and dilute with water to make 200 mL. 
Storę under toluene In a refrigerator. 

Salt solution A: DissoNe 10 ej of monobasic potassium 
phosphate and 10 g of dibasrc potassium phosphate in 
water to make 200 mL, and add 2 drops of hydrochlorie 
add. Storę this solution under toluene. 

Salt solution B: DissoNe 4.0 g of magnesrum sulfate, 
0,20 g of sodium chloride, 0.20 g of ferrous sulfate, and 
0.20 g of manganese sulfate In water to make 200 ml. 
Add 2 drops of hydrochlorie add. Storę this solution 
under toluene. 

Polysorbate 80 solution: DissoNe 20 g of polysorbate 
80 in alcohol to make 200 mL. Storę in a refrigerator, 
Vitamin sofution A: DissoNe 10 mg of riboflavin, 

10 mg of thiamine hydrochloride, 100 ug of biotin, and 
20 mg of niacin in 0.02 N acetic acid to make 400 mL, 
Storę under toluene, protected from light, in a 
refrigerator, 

Vitamln solution B: DissoNe 20 mg of p-amlnobenzoic 
acid, 10 mg of calcium pantothenate, 40 mg of pyri- 
doxine hyarochloride, 40 mg of pyridoxal hydrach lo- 
ride, 8 mg of pyridoxamme dihydrochforide, and 2 mg 
of folie acid in a mbeture of water and neutraiized alco¬ 
hol (3:1) to make 400 mL. Storę, protected from light, 
in a refrigerator. 

Basal medium stock solution: Prepare the medium ac- 
cording to the following formuła and directions. A de- 
hydrated mbeture containing the same ingredients may 
be used provided that, when constltuted as directed in 
the labeltng, it yfelds a medium comparable to that ob- 
tained from the formula gNen herein. 

Add the ingredients in the order listed in Table 2, care- 
fully dissoMng Cystine and Tryptophan in the hydro- 
chforic acid before adding the next eight Solutions to 
the resulting solution. Aad 100 mL of water, and dis- 
soNe the Dextrose, Sodium acetate, and Ascorbic add. 
Filter, if necessary, Add the Polysorbate 80 solution, ad- 
just with 1 N sodium hydroxide to a pH of 5.5-6.0, 
and dilute with Puriftea Water to make 250 mL. 


Table 2 


L-Cvstine 

OJ g 

t-Tryptophan 

0.05 a 

1 N hydrochlorie add 

10 mL 
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Ad en 1 n e-a ua n i ne-u rad f sol u U 0 n 

5 mL 

Xanthine solution 

5 ml 

Vitamin solution A 

10 ml 

Vitamin solution B 

10 mL 

Salt solution A 

5 mL 

Salt solution B 

5 mL 

Asparaoine sol u Li on 

5 mL 

Acid-hvdrolyzed casetn solution 

25 mL 

Dextrose. anhydrous 

iQq 

Sodium acetate. anhydrous 

5q 

Ascorbic add 

1 Q 

Polysorbate BO solution 

5 mL 


Toma to jukę preparat ion: Centrifuge cominerdally 
canned tomato juice 50 that most ot the pulp is re- 
moved. Suspend 5 g/L of analytkał frlter a id tn the su* 
pernatant, and pass with the aid of reduced pressure 
through a layer of the filier aid* Repeat if necessary untll 
a elear, straw-tolored filtrate is obtained. Storę under 
toluene in a refiigerator, 

Cul turę medium: [Notę— A dehydrated rmxture con- 
taining the same ingredtents may be used provided 
that, when constituted as directed in the labellng, it 
ytelds a medium equivalent to that obtained from the 
formula given herem/j Dissolve 0,75 g of yeast extract, 
0.75 g of dried peptone, 1.0 g of anhydrous dextrose, 
and 0,20 g of monobasic potassium phosphate in 
60-70 mL of water. Add 10 ml of Tom oto juice prepara- 
tion and 1 mL of Polysorbate 80 solution. Adjust with 
1 N sodium hydroxide to a pH of 6,8, and add water to 
make 100 ml. Place 10-mL port 1 ons of the solution in 
test tubes, and pług with cotton* Sterilize the tubes and 
contents in an autociave at 121° for 15 min. Cool as 
rapidfy as possibte to avoid color formation resulting 
from overneaUnej the medium. 

Suspension medium: Drlute a measured volume of the 
Basal medium stock solution with an equal volume of 
water. Place 10-mL portions of the diluted medium in 
test tubes. Sterilize, and cool as directed for Culture 
medium. 

Stock culture of Lactobacillus leichmannii: To 100 mL 
of Culture medium add 1.0-1,5 g of agar, and beat the 
mixture on a steam bath, with stirring, until the agar 
dissolves. Place 10-mL portions of the hot solution in 
test tubes, cover the tubes, sterilize at 121° for 15 min 
in an autoclave, and ailow the tubes to cool in an up- 
right position. Inoculate three or morę of the tubes Ły 
stab transfer of a pure culture of Lactobacillus leicbman- 
niL 1 [Notę—B efore first using a fresh culture in this as- 
say, make NLT 10 successive transfers of the culture in a 
2-week period.] Incubate for 16-24 h at a temperaturę 
between 30° and 40° held constant to withln ±0.5°, 
Storę in a refrigerator. 

Prepare fresh stab cultures at least three times each 
week, and do not use them for preparing the Inoculum 
if morę than 4 days old* The activrty of tne microor- 
ganism can be increased by daily or twice-daiJy trans¬ 
fer of the stab culture, to tne point where definite tur- 
bidrty in the liguid Inoculum can be observed 2-4 h 
after inoculation. A slow-growing culture seldom gives 
a suitable response curve and may lead to erratic 
results. 

Inoculum: [Notę— A frożen suspension of Lactobadllus 
leichmannii may be used as the stock culture, provided 
it yields an Inoculum comparable to a fresh culture.] 
Transfer cells from the Stock culture of Lactobacillus 
leichmannii to two sterile tubes containing 10 mL each 
of the Culture medium * Incubate these cultures for 

1 Pure cukures of Lactobacitku leichmannii (fisted as Lactobacillus detbruekłf) 

may be obtained as No. 2830 from ATCC, 10001 Umversity Blvd., Manassas, 

VA 20110-2209 {www.atec.orgJ. 


16-24 h at a temperaturę between 30° and 40 rj held 
constant to withln ±0.5°, Under aseptk conditrons cen¬ 
trifuge the cultures, and decant the supernatant. Sus¬ 
pend the cells from the culture in 5 mL of sterile 5us- 
pension medium , and combine, Using sterile Suspension 
medium, adjust the volume so that a l-in-20 dilutfon in 
salinę TS produces 70% transmittance when read on a 
suitable spectrophotometer that has been set at a wave^ 
length of 530 nm, eguipped with a 10-mm celi, and 
read against salinę TS set at 100% transmittance. Pre¬ 
pare a l*En-400 dilution of the adjusted suspension us- 
mg sterile Basai medium stock solution . [NOTĘ—This dilu- 
tion may be altered, when necessary, to obtain the 
desired test response*] The celi suspension so obtained 
is the Inoculum. 

Calibration of spectrophotometer: Check the wave- 
length of the spectrophotometer periodkally using a 
standard wavelength celi or other suitable devke. 

Before reading any tests, calibrate the spectrophotome¬ 
ter for 0% ano 100% transmittance, using water, and 
with the wavelength set ai 530 nm. 

Analysis 

Sam pies: Standard solution and Sampie solution 
Because of the high sensitivity of the test organism to 
minutę amounts of yitamin Bi* activity and to traces 
of many cleansrng agents, cleanse meticulously by 
suitable means, followed preferably by heating at 
250° for 2 h using hard-glass 20-mm x 150-mm test 
tubes and other necessary glassware. 

To separate test tubes adcf, in duplicate, 1.0, 1.5, 2.0, 
3.0, 4.0, and 5.0 mL of the Standard solution. To each 
of these tubes and £0 four similar empty tubes add 
5*0 mL of the Basal medium stock solution and suffk 
cient water to make 10 mL* 

To simtlar separate test tubes add, in duplicate, 1.0, 

1.5, 2.0, 3.0, and 4.0 mL of the Sampie solution. To 
each tubę add 5.0 mL of the Basal medium stock solu¬ 
tion and suffident water to make 10 mL Place one 
complete set of Standard and sampie tubes together 
in one tubę rack and the duplicate set in a second 
rack or section of a rack, preferably in random order. 
Cover the tubes to prevent bacterial contamination, 
and sterilize in an autodave at 121° for 5 min, ar- 
ranging to reach this temperaturę in NMT 10 min by 
preneating the autoclave if necessary. Cool as rapidly 
as possible to avoid color formation resulting from 
overheating the medium, Take precautrons to main- 
tain uniformity of sterilizing and cooltng conditions 
throughout the assay, because packing the tubes too 
ciosely in the autoclave or overloading it may cause 
variatłon in the heating ratę* 

Aseptically add 0*5 mL of Inoculum to each tubę so 
prepareo, except two of the four containing no Stan¬ 
dard solution (the uninoculated blanks)* Incubate the 
tubes at a temperaturę between 30° and 40°, held 
constant to within ±0*5°, for 16-24 h. 

Termrnate growth by heating to a temperatura NLT 
80° for 5 min. Cool to room temperaturę. After agi- 
tating its contents, read the transmittance at 530 nm 
when a steady State is reached* This steady State is 
observed a few seconds after agitation when the 
reading remains constant for 30 s or morę* Ailow ap- 
proximately the same time interval for the reading on 
each tubę* 

With the transmittance set at 100% for the uninocu¬ 
lated blank, read the transmittance of the inoculated 
blank. If the difference is greater than 5% or if there 
is evidence of contamination with a foreign microor- 
ganism, disregard the results of the assay. 

With the transmittance set at 100% for tne uninocu¬ 
lated blank, read the transmittance of each of the 
remaining tubes. Disregard the results of the assay if 
the slope of the standard curve indicates a problem 
with sensitivity. 
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Calculation: Prepare a standard concentration-re- 
sponse curve by the foflowmg procedurę. Test for and 
replace any aberrant individual transmiftances, For 
each level of the Standard, calculate the response from 
the sum of the duplicate values of the transmittances 
(Si) as the difference, y - 2,00 - Plot this response 
on the ordrnate of cross-section paper against the log- 
arithm of the mL of the Standard solution per tubę on 
the absdssa, using for the ordinate either an arithmetic 
or a logarithmic scalę, whichever gives the better ap- 
proximation to a strarght linę, Draw the straight linę or 
smooth curve that best fits the plotted points, 

Calculate the response, y = 2,00 - Su, adding together 
the two transmittances (Lu) for each level of the Sam- 
ple solution. Read from the standard curve the loga- 
rithm of the volume of the Standard solution corre- 
sponding to each of those value$ of y that falls with n 
the rangę of the lowest and highest points plotted for 
the Standard, Subtract from each locja rithm so ob- 
tained the fogarithm of the voiume, in mL, of the 
Sampie solution to obtain the difference, X, for each 
dosage level, Average the vaiue$ of X for each of 
three or morę dosage levels to obtain X, which equals 
the log-relative potency, of the Sampie solution. 
Determine the guantity, in pg, of cyanocobalamin 
(C^HasCoNnOi-łP) fn the portion of Tablets taken: 

antilog M - antilog (M* + log R) 

R ~ number of pg of cyanocobalamin assumed to 
be present in the portion of Tablets taken 
Calculate the percentage of the labeled amount of 
cyanocobalamin (CćiHbbCoNmOmP) in the portion of 
the Tablets taken: 

Result = [(antilog x 7 00 

N - nominał amount of cyanocobalamm in the 
portion of the Tablets taken (jug) 

Replkation: Repeat the entire determination al least 
once, using separately prepared Sampie Solutions. If the 
difference oetween tne two log-potencies M is NMT 
0.08, their mean, Ki, Is the assayed log-potency of the 
test materiał (see Yitamin B \2 Activity in Design and 
Analysis of Biological Assays (117), The Confidence Inter- 
val and iimits of Potency). If the two determinations 
dfffer by morę than 0.08, conduct one or morę addn 
lional determinations. From the mean of two or morę 
vatues of M that do not differ by morę than 0,15, 
compute the mean potency of the preparation under 
assay. 

Acceptance criteria: 9G.Q%-150.0% of the labeled 
amount of cyanocobalamin (CsjHbbCoNj^OmP) 

* FOUC ACiD, Method 1 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Reagent A: 25% solution of tetrabutyłammonium hy- 
droxide in methanol 

Reagent Br Transfer 5,0 g of pentetic acid to a 50-mL 
volumetric fiask. Using sontcation if necessary, dissolve 
in and dilute with 7 N sod tum hydroxide to volume. 
Mobile phase: 2 g of monobasic potassium phosphate 
in 650 mL of water, Add 12.0 mL of Reagent Ą 7.0 ml 
of 3 N phosphoric acid, and 240 mL of methanol. Cool 
to room temperaturę, adjust with phosphoric acid or 
ammonia TS to a pH of 7.0, dilute with wafer to 
1000 ml, and filter. Recheck the pH before use by add¬ 
ing water or methanol to the prepared Mobile phase to 
obtain basellne separation of folie acid and the internal 
standard. The pH may be inereased up to 7.15 to ob¬ 
tain better separation. [Notę —The methanol and water 
content may be vaned (1 %-3%)J 
Internal standard solution: Transfer 40 mg of methyl- 
paraben to a 1000-mL yolumetric fiask, and add 


220 mL of methanol to dissolve, Dissolve 2,0 g of mon¬ 
obasic potassium phosphate in 300 mL of water in a 
separate beaker, quantitatively transfer this solution to 
the fiask containing the methylparaben solution, and 
add an additional 300 mL of water. Add 19 mL of Rea¬ 
gent Ą 7 mL of 3 N phosphoric acid, and 30 mL of Rea¬ 
gent B . Adjust with ammonia TS to a pH of 9.8, bubble 
nitrogen tnrough the solution for 30 min, dilute with 
water to yoiume, and mix. 

Standard solution: 0.016 mg/mL of U5P Folie Add RS 
in the Internal standard solutmn 

Sampie solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of powder, egu i va lent to 0.4 mg of folie 
add, to a 50-mL amber-cofored centnfuge Lube. Add 
25.0 mL of the Internal standard solution , shake by me- 
chanical means for TO min, and centiifuge. Filter a por¬ 
tion of the elear supematant, and use the filtrate, 
Chromatographic system 
(See Chromotograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 280 nrn 
Cofumn: 3,9-mm x 30-cm; packing LI 
Fiow ratę: 1 mL/min 
Injection volume: 15 pL 
System suitability 
Sampie: Standard solution 

[NOTĘ —The relative retention times for folie acid and 
methylparaben are about 0,8 and 7.0, respectively.] 
Suitability reguirements 
Reiative standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard solution and Sampie solution 
Measure the peak areas for folie acid and methytpara- 
ben. Calculate the percentage of the labeled amount 
of folie acid (CjgHwNyO*) in the portion of Tablets 
taken: 

Result = (Ru/Rs) x (Q/Cu) x 100 

Ra ~ peak area ratio of folie acid to methylparaben 
from the Sampie solution 

Rs - peak area ratio of folie acid to methylparaben 
from the Standard solution 
Ci = concenlration of USP Folie Add RS in the 
Standard solution (pg/mL) 

Cu = nominał concentration of folie acid in the 
Sampie solution (Lig/ml) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of folie acid (CisH^N/O*) 

■ Folie Acid, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Reagent: Dissolve 7.5 g of edetate disodium, with stir- 
ring, in 500 mL of water containing 10 mL of ammo- 
nium hydroxide. 

Diluent: 60 pg/mL of am monium hydroxide 
Mobile phase: Transfer 0.4 mL of tnethylamine, 15 mL 
of glacial acetic acid, and 350 mL of methanol to a 
2000-mL yolumetric fiask, and dilute with 0.008 M so- 
dfum 7-hexanesu[fonate to volume. 

Standard stock solution: 60 jig/mL of USP Folie Acid 
RS in Diluent. Prepare this solution fresh daily. 

Standard solution: Mix 5.0 ml of the Standard stock 
solution with 10.0 mL of methanol and 35.0 mL of Rea¬ 
gent. Shake for 15 min in a water bath maintained at 
60°, and cool. Filter, discarding the first few mL of the 
filtra te. 

Sampie solution: Transfer a portion of finely powdered 
Tablets, equivalent to 0.3 mg of folie acid, to a 125-mL 
stoppered fiask. Add 10.0 mL of methanol and 35.0 mL 
of Reagent Shake for 15 min in a water bath main- 
tained at 60°, and cooL Filter, discarding the first few 
mL of the filtrate. 
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Chromatographk system 

(See Chromotograpny {621), System Suitability.) 

Modę; LC 

Detector: UV 270 nm 

Coiumn; 4.6-mm x 25-cm; packing 17 

Column temperaturę: 50° 

Flow ratę: 2 mL/min 
Injection volume: 5 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the areas of the major peaks. Cakulate the 
percentage of the labeled amount of folie add 
(CisHiyN/Oó) in the portion of Tablets taken: 

Result = (ru/fs) x (Cj /Cu) x 100 

fu = peak area of folie add from the Sample 
solution 

O - peak area of folie acid from the Standard 
solution 

C s = concentration of USP Folie Acid RS in the 
Standard solution (pg/mL) 

Cu - nominał concentration of folie acid in the 
Sampie solution (pg/mL) 

Acceptanee enteria: 90.0%-l 50,0% of the labeled 
amount of folie acid (CisH^NzOń) 

« CALCIUM PANTOTHlNATt, Method 1 

Mobile phase: Phosphoric acid and water (1:1000) 
Interna! standard soiution: 80 mg of p-hydroxybenzoic 
add in 3 mL of alcohoL Add 50 ml of water and 7.1 g 
of dtbasic sodium phosphate, and diiute wlth water to 
1000 mL Adjust with phosphoric add to a pH of 6.7 . 
Standard solution: 0.6 mg/mL of USP Calcium Panto¬ 
thenate RS in the Internat standard solution 
Sample solution: Ftnely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equlvalent to 15 mg of 
calcium pantothenate, to a centrifuge tubę. Adcf 
25.0 ml of the Internal standard solution, and shake vig- 
orously for 10 min. Centrifuge, filter, and use the elear 
filtra te. 

Chromatographk system 

(See Chromotograpny (621), System Su;mb/%.) 

Modę: LC 

Detector: UV 210 nm 
Column: 3,9-mm x 15-cm; packing LI 
Flow ratę: 1.5 mL/min 
Injection volume: 10 pL 
System suitability 
Sample: Standard solution 

[NOTE—The relative retention times for calcium panto- 
thenate and p-hydroxybenzoic acid are about 0.5 and 
1 ,0, respectivelv.] 

Suitability reguirements 
Relative standard deviat*on: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of calcium pantothenate and 
the internal standard. Calcu late the percentage of the 
labeled amount of calcium pantothenate 
(C^HjzCaN^Oio) in the portion of Tablets taken: 

Result = (Ru/R s ) x (Cs/Cu) x 100 

Rv ~ peak area ratio of calcium pantothenate to p- 
hydroxybenzoic add from the Sample 
solution 

Rs = peak area rafio of calcium pantothenate to p- 
hydroxybenzotc add from the Standard 
solution 

Cs - concentration of USP Calcium Pantothenate 
RS in the Standard solution (mg/mL) 


Cu = nominał concentration of calcium 

pantothenate In the Sample solution (mg/mL) 
Acceptanee criteria: 90.0%-l 50.0% of the labeled 
amount of calcium pantothenate (CiBHuCaNjGn) 

• Calcium Pantothenate, Method 2 

Standard stoek solution: Dissolve 50 mg of USP Cal- 
dum Pantothenate RS, previously dried and stored m 
the dark over phosphorus pentoxide and protected 
from absorption of moisture while weighing, in 500 mL 
of water in a 1000-mL volumetric fiask. Ada 10 mL of 
0.2 N acetic acid and 100 mL of sodium acetate soiu¬ 
tion (1 In 60), and diiute with water to volume to ob- 
tain a concentration of 50 pg/mL of USP Calcium Pan¬ 
tothenate RS. Storę under toluene in a refrigerator. 
Standard solution: On the day of the assay, diiute a 
volume of the Standard stock soiution with water to ob- 
tain a concentration of 0,01-0.04 jug/mL of calcium 
pantothenate, the exact concentration being such that 
the responses obtained as directed in the Analysis, using 
2.0 and 4.0 mL of the Standard solution, are within the 
linear portion of the log-concentration-response curve. 
Sample soiution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 50 mg of 
calcium pantothenate, to a 1000-mL voIumetrk fiask 
containing 500 mL of water. Add 10 mL of 0.2 N acetic 
add and 100 mL of sodium acetate solution (1 in 60), 
diiute with water to volume, and fil ter. Diiute a yolume 
of this solution to obtain a solution having approxi- 
mately the same concentration as that of the Standard 
solution. 

Aoid-hydrolyzed casein solution: Mrx 100 g of vrta- 
mtn-free casein with 500 mL of 6 N hydrochlork add, 
and reflux the mixture for 8-12 h. Remove the hydro- 
chloric acid from the mixture by distillation under re- 
duced pressure until a thick pastę remains. Redissolve 
the resulting pastę in water, adjust the soiution with 
1 N sodium hydroxide to a pH of 3.5 ± 0.1, and diiute 
with water to make 1000 mL. Add 20 g of activated 
charcoal, stir for 1 h, and filter. Repeat the treatment 
with activated charcoal. Storę under toluene in a coo! 
place at a temperaturę not below 10°. Filter the solu¬ 
tion if a precipitate forms during storage. 
Cystine-tryptophan solution: Suspend 4.0 g of L-cys- 
tine in a solution of 1.0 g of L-tryptophan (or 2.0 g of 
D, L-tryptophan) in 700-800 mL of water, heat to 
70 o -8tr', and add diiute hydrochtoric acid (1 in 2) 
dropwise, with stirring, until the solids are dissolved. 
Coof, and diiute with water to make 1000 mL, Storę 
under toluene in a cool place at a temperaturę not be¬ 
low 10°. 

Adenine-guanine-uradl solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
uracil, with the aid of heat, in 10 mL of 4 N hydrochlo- 
ric acid. Cool, and diiute with water to make 200 mL. 
Storę under toluene in a refrigerator. 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
m alcohoi 

Riboflayin-thiamine hydrocbloride-biotin solution: 

20 pg/mL of ribof!avin, TO pg/mL of thiamine hydro- 
ehionde, and 0.04 pg/mL of biotin in 0.02 N acetic 
acid. Storę under toluene, protected from light, in a 
refrigerator. 

p-Aminobenzok acid-niacin-pyridoxine hydrochloride 
solution: 10 pg/mL of p-aminobenzoic acid, 50 pg/mL 
of niacin, and 40 pg/mL of pyridoxine hydrochloride in 
a mixture of neutraltzed akohol and water (1:3). Storę 
in a refrigerator. 

Salt solution A: Dissolve 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate in 
water to make 500 mL. Add 5 drops of hydroenlonc 
acid. Storę under toluene. 

Salt solution B: Dissofve 10 g of magnestum sulfate, 

0,5 g of sodium chioride, 0,5 g of ferrous sulfate, and 
0.5 g of manganese sulfate In water to make 500 mL. 
Add 5 drops bf hydrochloric add. Storę under toluene. 
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Basal medium stock solution; DissGlve the anhydrous 
Dextrose and anhydrous Sodium acetale in the Solutions 
previously mixed according to Table 3, and adjust with 
1 N sodium hydroxide to a pH of 6,8. Dilute with water 
to 250 mL. 


Table 3 


Actd-hydrolyzed casein solution 

25 ml 

CvstJne-trvDtODhan 50 ! u tron 

25 mL 

Polysorbate 80 solution 

0.25 mL 

Dextros< 2 , anhydrous 

TOd 

Sodium acetate. anhydrous 

5q 

Ade n t ne-q u a n i ne-u radl solution 

5 mL 

Riboflavin-thiamine hvdroch!oride-biotin solution 

5 mL 

p-Amfnobenzoic add-niadn-pyridoxirie hydrochlo- 
ride solution 

5 mL 

Salt solution A 

5 mL 

Satt solution B 

5 mL 


Stock culture of tactobacillus plantarum: Dlssolve 

2.0 g of yeast extracf in 1 00 mL of water. Add 500 mg 
of anhydrom Dextrose, 500 mg of anhydrous Sodium 
acetale, and 1,5 g of agar, and heat the mrxture on a 
sleam bath, with stirring, until the agar dtssolyes. Add 
10-mL portions of the hot solution to the test tubes, 
close or tover the tubes, steriiize in an autodave at 
121 ° for 15 min, and aIJow the tubes to cool in an 
upright posrtion. Prepare stab cultures in three or morę 
of the tubes using a pure culture of Laclobacillus 
fantarumd incubatfng for 16-24 h at a temperaturę 
etween 30° and 37° held constant to within ±0.5°, 
Storę in a refrigerator. Prepare a fresh stab of the stock 
culture every week, and do not use for the Inoculum if 
the culture is morę than 1 week oJd. 

Culture medium: To each of a senes of test tubes eon- 
taining 5,0 mL of Basal medium stock solution add 
5.0 mL of water containing 0.2 pg of calcium panto¬ 
thenate. Pług the tubes with cotton, steriiize in an auto* 
clave at 121 G for 15 min, and cool. 

Inoculum: [Notę— A frozen suspension of iactobadilus 
plantarum may be used as the stock culture, provided it 
yields an Inoculum com pa rabie to a fresh culture.] 
Transfer cells from the Stock culture of Lactobacillus 
plantarum to a sterile tubę containing 10 mL of the 
Culture medium. Incubate this culture for 16-24 h at a 
temperaturę between 30 c and 37° held constant to 
within ±0.5°. The celi suspension so obtained is the 
Inoculum. 

Analysis 

Samples: Standard solution and Sample solution 
To similar separate test tubes add, in duplicate, 1.0 
and/or 1.5, 2.0, 3.0, 4,0, and 5.0 ml of the Standard 
solution. To each tubę and to four similar empty 
tubes, add 5,0 mL of the Basal medium stock solution 
and suffident water to make 10 mL. 

To similar separate test tubes add, in duplicate, 
vol umes of the Sample solution corresponding to 
three or morę of the level$ specifred for the Standard 
solution, including the !eveIs of 2.0, 3,0, and 4.0 mL. 
To each tubę add 5.0 mL of the Basal medium stock 
solution and suffident water to make 10 ml. Place 
one complete set of Standard and sample tubes to- 
gether in one tubę rack and the duplicate set in a 
second rack or section of a rack, preferabjy in random 
order. 

Cover the tubes of both series to prevent contamina- 
tion, and steriiize in an autodave at 121° for 5 min. 
Cool, and add 1 drop of Inoculum to each tubę, ex- 
cept two of the four tubes containing no Standard 
solution (the uninoeufated blanks). Incubate the tubes 
at a temperaturę between 30° and 37°, held constant 
to within ±0.5° until, following 16-24 h of ineuba- 


tion, until there has been no substantial inerease in 
turbidify in the tubes containing the highest teveJ of 
Standard during a 2-h period. 

Determine the transmittance of the tubes in the fol¬ 
lowing manner, Mix the contents of each tubę, and 
transfer to an optical Container if necessary. Read the 
transmittance between 540 and 660 nm when a 
steady State is reached. This steady state is observed a 
few seconds after agitation when the ga!vanometer 
reading remains constant for 30 s or morę. Al Iow ap- 
proximately the same time interval for the reading on 
each tubę. 

With the transmittance set at 1.00 for the uninocu- 
lated blank, read the transmittance of the Enoculated 
blank, With the transmittance set at 1.00 for the in- 
oculated blank, read the transmittance for each of 
the remaining tubes, If there is evidence of contami- 
na tion with a foreign microorgan ism, disregard the 
result of the assay. 

Cafculation: Prepare a standard concentration-re- 
sponse curve as follows. For each leve! of the Standard 
calculate the response from the sum of the duplicate 
values of the transmittance (£5) as the difference, y - 
2,00 - Plot this response on the ordinate of cross- 
section paper against the loganthm of the ml of the 
Standard solution per tubę on the absdssa, using for 
the ordinate either an arithmetic or a logarithmic 
scalę, whichever gives the better approximation to a 
straight linę. Draw the straight linę or smooth curve 
that best fits the plotted points. 

Calculate the response, y - 2,00 - Zu, adding together 
the two transmittances (Lu) for each level of the Sam¬ 
ple solution. Read from the standard curve the loga¬ 
nthm of the volume of the Standard solution corre¬ 
sponding to each of those values of y that falfs within 
tne rangę of the lowest and highest points plotted for 
the Standard. Subtractfrom each loganthm so ob¬ 
tained the loganthm of the volume, in mL, of the 
Sample solution to obtain the difference, X, for each 
dosage leveL Average the values of X for each of 
three or morę dosage !evels to obtain X, which equals 
the log-relatfve potency, of the Sample solution. 
Determine the guantity, in mg, of calcium panto- 
thenate (Cish^CaNjOio) in the portion of Tablets 
taken: 

antilog M = antilog (JVf + log R) 

R - number of mq of calcium pantothenafe 

assumed to be present in the portion of the 
Tablets taken 

Calculate the percentage of calcium pantothenafe 
(CieH 3 2CaN20 1 o) in the portion of the Tablets taken: 

Result - [(antilog M)/N] x 100 

N - nominał amount of calcium pantothenate in 
the portion of the Tablets taken (mg) 
Replication: Repeat the entire determination at least 
once, using separately prepared Sample Solutions. If the 
difference betweenjhe two log-potencies M i$ NMT 
0.08, their mean, M t is the assayed log-potency of the 
test materiał (see Design and Analysis of Biological As- 
says (111), The Confidence fnten/al and Umits of Po¬ 
tency). tf the two determinations differ by morę than 
0.08, conduct one or morę additionaf determinations, 
From the mean of two or morę values of M that do 
not differ by morę than 0.15, compute the mean po¬ 
tency of the preparation under assay, 

Acceptance criteria: 90.0%-150.Q% of the labeled 
amount of calcium pantothenate (CteH^CaN^Oio) 
Calcium Pantothenate, Method 3 
Buffer solution: Dissolve LO.Og of monobasic potas- 
siurn phosphate in 2000 ml of water, and adjust with 
phosphoric acid to a pH of 3.5. 
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Mobile phase: Methanol and Buffer solution (1:9) 
Standard stoclc solution: 0,25 mg/mL of USP Calcium 
Pantothenate RS in water. Prepare fresh every 4 weeks. 
Storę fn a refrigeraton 

Standard solution: 40 ^g/ml of USP Caldum Panto¬ 
thenate RS from the Standard stock solution diluted with 
water 

Sampie solution: Finely powder NIT 20 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 10 mg of 
calcium pantothenate, to a 250-mL volumetric fTasIc 
Add 1 0 ml of methanol, and swirl the fiask to disperse. 
DiJute witli water to volume, mix, and filier, 
Chromatographic system 
(See Chromatography (621), System Suitability .) 

Modę: LC 

Detector: UV 205 nm 
Column: 3.9-mm x 30-cm; 5-pm packing LI 
Column temperaturę: 50° 
flow ratę: 2 mL/mrn 
injection volume: 25 ^iL 
System suitability 
Sam ple: Standard solution 
Suitability requirements 
Relath/e standard deviation: NMT 3.0% 

Analysis 

Sampies: Standard solution and Sample solution 
Measure the peak areas of calcium pantothenate. 
Calculate the percentage of the labeled amount of cal- 
dum pantothenate (GaH^CaNiOio) rn the portion of 
Tablets taken: 

Result = (ry/fj) x (Cs/G) x 100 

ru = peak area of caldum pantothenate from the 
Sample solution 

rs - peak area of calcium pantothenate from the 
Standard solution 

Cs = concentration of USP Calcium Pantothenate 
RS in the Standard solution (mg/mL) 

C u - nominał concentration of calcium 

pantothenate in the Sample solution (mg/mL) 
Acceptance criteria: 90,0%-150.0% of the labeled 
amount of caldum pantothenate (CTaHizCaNsOia) 

<3 ftlAClN or Niacinamide, Pyridoxine Hydrochloride, IFŻIBO- 
flavin, and Thiamine, Method 1 
[Notę —Use low-actinic glassware throughout this 
procedurę,] 

Diluent: Aceton i tri le, glacial acetic add, and water 

(5:1:94) 

Mobile phase: A mixture of methanoi, glącial acetic 
add, and water (27:1:73) containEng 140 mg of sodium 
l-hexanesulfonate per lOOmL 
Standard solution: [Notę —Use USP Niacin RS in place 
of USP Niacinamide RS for formulations containing nia- 
ctm] Transfer 80 mg of USP Niacinamide RS, 20 mg of 
USP Pyridoxine Hydrochloride RS, 20 mq of USP Rtbofla- 
vin RS, and 20 mg of USP Thiamine Hydrochloride RS, 
to a 200-mL voJumetric fiask, and add 180 mL of Dilu- 
ent Immerse the fiask in a hot water bath maintained 
at 65 D “70 C for 10 min with regular shaking or using a 
vortex mixer, untif alt the solid materials are dissoNed. 
Chili rapidly in a cold water bath for 10 min to room 
temperaturę, and dilute with Diluent to voJume. 

Sample solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 10 mg of 
niacinamide and 2.5 mg each of pyridoxine hydrochlo¬ 
ride, ribofiavin, and thiamine hydrochloride, to a 50-mL 
centnfuge tubę. Add 25.0 ml of Diluent, and mix using 
a vortex mixer for 30 s to completety suspend the pow¬ 
der. Immerse the centrifuge tubę in a hot water bath 
maintained at 65°-70°, heat for 5 min, and mix on a 
vortex mixer for 30 s. Return the tubę to the hot water 
bath, heat for another 5 min, and mix on a vortex 
mixer for 30 s. Filter a portion of the solution, cool to 


room temperaturę, and use the elear filtrate. [Notę— 
Use the filtrate within 3 h of filfration.] 
Chromatographic system 
(See Chromatograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 3.9-mm x 30-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 10 pL 
System suitability 
Sample: Standard solution 

[Notę —The relative retention times for niacinamide, 
pyridoxine, riboflavin, and thiamine are about 0.3, 0.5, 
0 . 8 , and 1 . 0 , respectively.] 

Suitability requirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Sampies: Standard solution and Sampie solution 
Measure the peak areas for niacin or niacinamide, pyri- 
doxine, riborlavin, and thiamine. Calculate fhe per¬ 
centage of the labeied amount of niacinamide 
(CgH 6 N 2 0) in the portion of Tablets taken: 

Resuit - (ru/r s ) x (G/G) x 100 

fu = peak area of niacinamide from the Sample 
solution 

rs - peak area of niacinamide from the Standard 
solution 

Cs - concentration of USP Niacinamide RS in the 
Standard solution (mg/mL) 

Cu = nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

For formulations containing niacin: 

Result = (ru/rs) x (Cs/Cu) x 100 

ru = peak area of niacin from the Sample solution 

fs - peak area of niacin from the Standard solution 

C s = concentration of USP Niacin RS in the 
Standard solution (mg/mL) 

Cu - nominał concentration of niacin in the Sample 
solution (mg/mL) 

Separately cafculate the percentage of the labeled 
amount of pyridoxine hydrochloride (C E HnN 0 3 . • 

HCI), riboflavin (Csj^ohbOś), and thiamine 
hydrochioride (C^H^CIN^OS * MCI) in the portion of 
Tablets taken: 

Result = (ru/rs) x (Cs/Cu) x 100 

ru = peak area of the corresponding vitamin from 
the Sample solution 

rs = peak area of the corresponding vitamin from 
the Standard solution 

C s = concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

G = nominai concentration of the corresponding 
vitamin in the Sampie solution (mg/mL) 

For products containing thiamine mononitrate, 
calculate the percentage of the iabeled amount of 
thiamine mononitrate (C 12 H 17 N 5 O 4 S) in the portion of 
Tablets taken: 

Result - (r u /rs) x (G/G) x (M f dM r2 ) x 100 

r u - peak area of thiamine from the Sampie 
solution 

r 5 = peak area of thiamine from the Standard 
solution 

Cs = concentration of USP Thiamine Hydrochloride 
RS in the Standard soiution (mg/mL) 

Cu - nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 

Mn = mofecular weight of thiamine mononitrate, 
32736 
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Mri - molecuiar weiqht of thiamine hydrochloride, 
337.27 

Acceptance criteria: 90,Q%-150.0% of the labeled 
amount of niacinamide (CóHóNzO) or niacin (GH 5 NO 2 ), 
pyridoxine hydrochloride (CsHnNCb ■ HCI), riboflavin 
(Ci 7 H 30 N,oa and thiamine as thiamine hydroehforide 
(C^Ht/CIN^OS * HCi) or thiamine mononitrate 

(CizHi/NsO-sS) 

* Niacin, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę,] 

Solution A: Transfer 1 mL of glacial acetic add and 
2,5 g of edetate disadium to a 1 00-mL volumetric fiask. 
Dissoive in and difute with water to volume, 

Exlraction so!vent: Solution A and methanol (3:1) 
Mobile phase: 0.1 M sodium acetate solution 
(1 3.6 mg/mL of sodium acetale in water), Adjust with 
acetic acid to a pH of 5.4. [Notę—A smali amount of 
methanol (up to 1%) may be added to the Mobile 
phase to improve resolution.] 

Standard stock solution: 1 mg/mL of USP Niacin RS in 
the Extraction solvent 

Standard solution: Transfer 5.0 mL of the Standard 
stock solution to a 25-mL vo!umetric fiask, and di lute 
with the Extraction solvent to volume. 

Sample solution: [NOTĘ—This preparation is suitable for 
the determination of niacin or niacinamide, pyridoxine, 
and ribGflavin, when present in the formufation,] Finely 
powder NLT 20 Tablets. Transfer a portlon of the pow- 
der, equivalent to a nominał amount of 2 mg of ribofla- 
vin, to a 20G-mL yoiumetric fiask, If ribof 1 avin is not 
present in the formulation, use a portion of the powder 
equivalent to 2 mg of pyridox!ne. If pyridoxine is not 
present in the formulation, use a portion of the powder 
equivalent to 20 mg of niacin or niacinamide. Add 
100.0 mL of the Extraction solvent , and mix for 20 min, 
using a wrist-action shaker. Immerse the fiask in a water 
bath maintained at 70°-75°, and heat for 20 min. Mix 
on a vortex mixer for 30 s, cool to room temperaturę, 
and filter, Use the elear fiftrate. 

Chromatographic system 
(See Chromatograpny (62]), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4,6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviatton: NMT 3.0% 

[Notę—I f necessary, flush the cotumn with methanol 
bet we en injections.] 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas of niacin. Calculate the per- 
centage of tne labefed amount of niacin (CeH^NOz) in 
the portion of Tablets taken: 

Result = ( ru/rs ) x (G/Cu) x 1 00 

ru = peak area of niacin from the Sample solution 

r% - peak area of niacin from the Standard solution 

Cs = concentration of USP Niacin RS in the 
Standard solution (mg/mL) 

Cu — nominał concentration of niacin in the Sample 
solution (mg/mL) 

Acceptance criteria: 90.0%-150,0% of the labeled 
amount of niacin (CaHsNO?) 

Niacinamide, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Solution A, Extractron solvent. Mobile phase, Stan¬ 
dard stock solution, Standard solution, Samplesolu- 
tion, Chromatographic system, and System suitabil¬ 


ity: Using USP Niacinamide RS in place of USP Niacin 
RS, proceed as directed for Niacin, Method 2. 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of niacinamide. Calculate the 
percentage of the labeled amount of niacinamide 
(C ć H 6 N 2 0) in the portion of Tablets taken: 

Result - (Or/rs) x (G/G) x 100 

r u = peak area of niacinamide from the Sample 
solution 

ri - peak area of niacinamide from the Standard 
solution 

C s = concentration of USP Niacinamide RS in the 
Standard solution (mg/mL) 

C u = nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

Acceptance criteria: 90,0%-150.0% of the labeled 
amount of niacinamide (GH^N^O) 

* PvRiDOxrNE Hydrochloride, Method 2 

[Notę —Use low-actinic glassware throughout this 
procedurę.] 

Extraction solvent, Mobile phase, and Sample solu- 
tron: Prepare as directed for Niacin t Method 2. 
Standard stock solution: 0.1 mg/mL of USP Pyridoxine 
Hydrochloride RS in the Extraction solvent 
Standard solution: Transfer 5.0 mL of Standard stock 
solution to a 25-mL volumetric fiask, and dilute with the 
Extraction solvent to volume. 

Chromatographic system 
(See Chromatograpny (62 1), System Suitabifity.) 

Modę: LC 

Detector; UV 254 nm 
Column: 4,6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 20 jiL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 3,0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas of pyridoxine. Calculate the 
percentage of the fabeled amount of pyridoxine hy- 
drochioride (C s H n N0 3 * HCI) in the portion of Tablets 
taken: 

Result = (ru/rs) x (Cs/Cu) x 1 00 

ru = peak area of pyridoxine from the Sample 
solution 

rs - peak area of pyridoxine from the Standard 
solution 

G - concentration of USP Pyridoxine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of pyridoxine 
hydrochloride in the Sample solution 
(mg/mL) 

Acceptance criteria: 90.0%-! 50.0% of the labeled 
amount of pyridoxine hydrochloride (C b HiiN0 3 * HCJ) 

• Riboflavin, Method 2 

[Notę —Use tow-attinic glassware throughout this 
procedurę.] 

Extraction solvent and Sample solution: Prepare as di- 
rected for Niacin, Method 2. 

Solution A: 6,8 mg/mL of sodium acetale in water 
Mobile phase: Prepare a mixture of Solution A and 
methanol (1 3:7). Add 2 mL of triethylamine per L of the 
mixture, and adjust with glacial acetic add to a pH of 

Standard stock solution: Transfer 20 mg of USP Ribo- 
ffavin RS to a 200-mL volumetric fiask, and add 180 mL 
of the Extraction solvent. immerse the fiask for 5 min in 
a water bath maintained at 65°-75°. Mix wetl, and re- 
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peat if necessary until disso1ved. Chill rapidly tn a cold 
water bath to room temperaturę, and d ilu te with the 
Extraction solvent to volume. 

Standard solution: Dii u te 5,0 ml of the Standard stock 
solution with the Extraction salvent to 25.0 mL 
Chromatagraphic system 
(See Chromatograpny (62 m \\ System Suitabifity .) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1 ml/min 
Injection volume: 20 jiL 
System suitabifity 
Sam ple: Standard sofution 
SuitabifTty requirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sampie sofution 
Measure the peak areas of riboflavin. Calculate the 
percentage of the labeled amount of riboffavin 
(CuH^NLOe) in the portion of Tablets taken; 

Result = (/Wfs) x (Qi Cu) x 100 

fu ~ peak area of riboflavin from the Sampie 
solution 

fi = peak area of riboflavin from the Standard 
solution 

Q = concentration of USP Riboflavin RS in the 
Standard solution (mg/mL) 

Q = nominał concentration of riboflavin m the 
Sampie solution (mg/mL) 

Acceptance criteria; 90.0%-150.0% of the labefed 
amount of riboflavin (C^HioN^Ot) 

® Thiamine, Method 2 

[Notę—U se bw-actinic glassware throughout this 
procedurę,] 

Solution A: 1.88 g/L of sodium 1 -hexanesulfonate in 
0 .1% phosphoric acid 

Mobile phase: Sofution A and acetonitrile (46:9) 
Standard stock solution: 0,1 mg/mL of USP Thiamine 
Hydrochloride RS in 0.2 N hydroehloric acid 
Standard sofution: 0.02 mg/mL of USP Thiamine Hy¬ 
drochloride RS from the Standard stock solution diluted 
with 0.2 N hydroehloric acid 
Sampie solution: Weigh and finely powder NIT 20 
Tablets. Mix a portion of the powuer with a vo!ume of 
0.2 N hydroehloric acid to obtain a concentration of 
0.02 mg/mL of thiamine. Shake for 15 min with a wrist- 
action snaker, and heat to boiling for 30 min, Cool to 
room temperaturę, and fil ter, Use the dear fil tratę. 
Chromatographk system 
(See Chromatography (621>, System Suitabifity^) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 2 mL/min 
Injection volume: 20 pL 
System suitability 
Sampie: Standard solution 
Sultability reguirements 
Relative standard deviation: NMT 3,0% 

Analysis 

Samples: Standard soiution and Sampie soiution 
Measure the peak areas for the major peaks, For prod- 
ucts containing thiamine hydrochloride, calculate the 
percentage of the labeled amount of thiamine hydro¬ 
chloride (CtzH^CI^OS - HCI) in the portion of Tab¬ 
lets taken: 


fu - peak area of thiamine from the Sampie 
solution 

fs = peak area of thiamine from the Standard 
solution 

Cs = concentration of USP Thiamine Hydrochloride 
RS in the Standard soiution (mg/mL) 

Cy “ nominał concentration of thiamine 

hydrochloride In the Sampie solution 
(mg/mL) 

For products containing thiamine mononitrate, 
calculate the percentage of the labeled amount of 
thiamine mononitrate (C^H^NjChS) in the portion of 
Tablets taken: 

Result = (fu/n) x (Cs/Cu) x (foW/Uta) x 100 

r u ~ peak area of thiamine from the Sampie 
solution 

n - peak area of thiamine from the Standard 
solution 

Cs - concentration of USP Thiamine Hydrochloride 
RS in the Standard soiution (mg/mL) 

Cu - nominał concentration of thiamine 

mononitrate in the Sampie solution (mg/mL) 
M r i - moiecular weight of thiamine mononitrate, 
327.36 

Ma - moiecular weight of thiamine hydrochloride, 
337,27 

Acceptance arteria: 90.0%-150.0% of the labeled 
amount of thiamine as thiamine hydrochloride 
(CijHuCiN-łOS ■ HCI) or thiamine mononitrate 
(C^H^NsChS) 

e Niacin or Niacinamide, Pyridoxine Hydrochloride, Ribo 
flavin, and Thiamine, Method 3 
[Notę—U se fow-actinic glassware throughout this 
procedurę.] 

Reagent: 25 mg/mL of edetate disodium in water 
Mobile phase: Transfer 0.4 mL of triethylamine, 

15.0 mL of glacial acetic add, and 350 mL of methanol 
to a 2000-mL volumetric fiask. Dilute with 0.008 M so¬ 
dium 1-hexanesulfonate to volume. 

Standard stock solution: 1,5 mg/mL of USP Niacin RS 
or USP Niacinamide RS, 0.24 mg/mL of USP Pyridoxine 
Hydrochloride RS, 0.08 rng/mt of USP RibofIavin RS, 
and 0.24 mg/mL of USP Thiamine Hydrochloride RS in 
the Reagent, with heating if necessary 
Standard solution: Transfer 5.0 mL of the Standard 
stock solution to a stoppered 125-mL fiask, Add 10.0 ml 
of a mixture of methanol and glacial acetic acid (9:1) 
and 30.0 mL of a mixture of methanol and ethylene 
glycol (1:1). Insert the stopper, shake for 15 min in a 
water bath malntained at 60 rj , and cool. Filier, discard- 
ing the first few mL of the filtrate. 

Sampie solution: Weigh and finely powder NLT 20 
Tablets, Transfer a portion of the powder, equivalent to 
7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine 
hydrochloride, 0.4 mg of riboflavin, ana 1.2 mg of thia¬ 
mine hydrochloride to a stoppered 125-mL fiask. Add 
10.0 mL of a mixlure of methanol and giada! acetic 
acid (9:1), and 30,0 mL of a mixture of methanol and 
ethylene glycol (1:1). Insert the stopper, shake for 15 
min in a water bath maintained aL 60°, and cool. Filter, 
discarding the first few mL of the filtrate. 


Result - (ru/rs) X (Ci/Cy) X 100 
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Chromatographic system 

(See C hromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 270 nm 

Colomn: 4.ć-mm x 25-cm; packfng 17 

Colomn temperaturę: 50° 

Flow ratę: 2.0 mL/min 
Injection vofume: 5 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas of niacin or niacinamide. 
Calculate the percentage of the labeled amount of nia- 
cEn {C 6 H 5 NO 2 ) or niacinamide (GH 6 N 2 0 ) in the por- 
tion of Tablets taken: 

Result = ( rjr s ) x (G/Cu) x 100 

r u = peak area of niacin or niacinamide from the 
Sample solution 

= peak area of niacin or niacinamide from the 
Standard solution 

G - concentration of USP Niacin RS or USP 
Niacinamide RS in the Standard solution 
(mg/mL) 

- nominał concentration of niacin or 

niacinamide in the Sample solution (mg/ml) 
Separately calculate the percentage of the fabeled 
amount of pyridoxine hydrochloride (CsHnNCh ■ 

HCI), riboflavin (CizHzoN^Od), and thiamine 
hydrochloride (C 12 HizCIN.,OS ■ HCI) in the portion of 
Tablets taken: 

Result - (rjr s ) x (Cj/Cu) x 100 

ro - peak area of the corresponding vitamin from 
the Sample solution 

rj = peak area of the corresponding vitamin from 
the Standard solution 

G - concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

Cu - nominał concentration of the corresponding 
vitamin in the Sample solution (mg/ml.) 

For products containing thiamine mononitrate, 
calculate the percentage of the labeled amount of 
thiamine mononitrate (G12H17N5O4S) in the portion of 
Tablets taken: 

Result = (r u /rs) x (CdCu) x x 100 

fu “ peak area of thiamine from the Sample 
solution 

rs ~ peak area of thiamine from the Standard 
solution 

G = concentration of USP Thiamine Hydrochforide 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 

M rł = molecular weiaht of thiamine mononitrate, 
327,36 

M r2 - molecular weioht of thiamine hydrochloride, 
337.27 

Acceptance criteria: 90.0%-l 50.0% of the labeled 
amount of niacin (CóH 5 N0 2 ) or niacinamide (GHfiN 2 0 ), 
pyridoxjne hydrochloride (CeHnNCh ■ HG), riboflavtn 
(C 17 H 20 N 4 O 6 ), and thiamine as thiamine hydrochloride 
(C] 2 Hi 7 CfN. { OS ' MC!) or thiamine mononitrate 
(CuHuNsChS) 

[Notę—C ommerdally avarlabfe atomie absorption stan¬ 
dard Solutions for the mi nera Is, where applicable, may 
be used where preparation of a Standard stock sojution 
is described in the following assays. Use detonized 


water where water is specified. Where atomie absorp¬ 
tion spectra photometry is specified in the assay, the 
Standard Solutions and the Sample solution may be di- 
luted quantitatively with the solvent specified, if neces- 
sary, to yield Solutions of suitabie concentrations adapt- 
able to the linear or working rangę of the instrument.] 
o Calcium, Method 1 

Lanthanum chloride solution: 267 mg/ml of lantha- 
num chtoride heptahydrate in 0U25 N hydrochloric 
acid 

Calcium standard solution: 400 pg/mL of calcium. Dis- 
solve 1.001 g of calcium carbonate, previously dried at 
300° for 3 h and cooled in a desiccator for 2 h, in 
25 mL of 1 N hydrochloric acid. Bor! to expei carbon 
dioxide, and diiute with water to 1000 ml. 

Standard stock solution: 100 pg/mL of calcium from 
the Calcium standard solution diluted with 0,125 N hy¬ 
drochloric acid 

Standard Solutions: Into separate 100-mL vofumetric 
fiasks pipet TO, 1,5, 2.0, 2.5, and 3.0 ml of the Stan¬ 
dard stock solution. To each fiask add 1.0 ml of the Lam 
thanum chloride solution, and diiute with water to vol- 
ume to obtain concentrations of 1.0, 1.5, 2.0, 2,5, and 
3.0 pg/mL of cafcium. 

Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivatent to 5 Tablets, to 
a porcelain crucible. Heat the crucible in a muffle fur- 
nace maintained at 550° for 6-12 h, and cool. Add 
60 mL of hydrochloric acid, and boli gently on a hot 
piąte or steam bath for 30 min, intermittently rinsing 
the inner surface of the crucible with 6 N hydrochloric 
acid, Cool, and quantitatively transfer the contents of 
the crucible to a 100-mL vofumetrit fiask, Rinse the cru¬ 
dble with smali portions of 6 N hydrochloric add, and 
add the rinsings to the fiask, Diiute with water to vol- 
u me, and filter, discarding the first 5 mL of the fil tratę, 
Diiute this solution quantitatively, with 0,125 N hydro- 
chloric acid, to obtain a concentration of 2 pg/ml of 
calcium, adding 1 ml of the Lanthanum chloride solution 
per 100 ml of the finał vofume. 

Instrumenta! conditions 
(See 4 tom ic Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Analytical wavefength: Calcium emission linę at 
422.7 nm 

Lamp: Calcium hollow-cathode 
Flame: Nitrous 0 xide~acetylene 
Blank: 0,125 H hydrochloric add containing 1 mL of 
Lanthanum chloride solution per 1 00 mL 

Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank , Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/ml, of calcium, and 
dra w the stralght linę best fitting the five plotted 
points. From tne graph so obtalned, determine the 
concentration, C, in pg/mL, of calcium in the Sample 
solution ♦ 

Calculate the percentage of the labeled amount of cal¬ 
cium (Ca) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of calcium in the 
Sample solution (pg/mL) 

Cu - nominał concentration of calcium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90*0%-! 25.0% of the labeled 
amount of calcium (Ca) 

* CHROMiUM, Method 1 

Chromium standard solution: 1000 pg/mL of chro¬ 
mi u m from potasslum dichromate, previously dried at 
120° for 4 h in water. Storę in a polyethylene bottle. 
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Standard stock solution: 10 pg/mL of chromium from 
the Chromium standard solution diluted with 6 N hydro¬ 
chloric acid and water (1 in 70) 

Standard Solutions: Transfer 10.0 and 20.0 mL of the 
Standard stock solution to separate 100-mL vo!umetric 
flasks, and transfer 15.0 and 20.0 mL of the Standard 
stock solution to separate 50-mL volumetric flasks. Diiute 
the contents of each of the four flasks with 0.125 N 
hydrochloric acid to volume to obtain concentrations of 
1.0, 2,0, 3.0, and 4.0 pg/mL of chromium. 

Sample solution: Proceed as directed for Calcium, 
Method 7, except prepare the Sample solution to eon- 
tam 1 pg/mL of chromium and omlt the use of the lan- 
thanum chloride solution. 

Instrumentai conditions 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectroph oto metry 
Analytieal wavelength; Chromium emission linę at 
357.9 nm 

Lamp: Chromium hollow-cathode 
Flame: Air-acetylene 
Blank: OJ 25 N hydrochloric acid 
Analysis 

Sampies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank Piot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of chromium, 
and draw the straight linę best fitting the four plotted 
points, From the graph so obtained, determine the 
concentration, C, in pg/mL, of chromium in the Sam¬ 
ple solution , 

Calcu la te the percentage of the labeled amount of 
chromium (Cr) in the portion of Tabiets taken: 

Result = (Cl CJ) x 100 

C = measured concentration of chromium in the 
Sample solution (pg/mL) 

Cu = nominał concentration of chromium in the 
Sample solution (pg/ml) 

Acceptance enteria: 90.Q%-160.0% of the labeled 
amount of chromium (Cr) 

* Copper, Method 7 

Copper standard solution: Dissolve 1.00 g of copper 
fotl in a minimum volume of a 50% solution of nitrio 
add, and diiute with a 1% solution of nitric acid to 
1000 mL. This solution contains 1000 pg/mL of copper. 
Standard stock solution: 100 ug/mL of copper from 
the Copper standard solution diluted with OJ 25 IM hy¬ 
drochloric acid 

Standard Solutions: To separate 200-mL volumetric 
flasks transfer 1,0, 2,0, 4,0, 6,0, and 8,0 mL of the Ston- 
dard stock solution , Diiute with water to volume to ob¬ 
tain concentrations of 0,5, 1,0, 2.0, 3.0, and 4.0 pg/mL 
of copper. 

Sample solution: Proceed as directed for Calcium, 
Method 7, except prepare the Sample solution to eon- 
tain 2 pg/mL of copper and omit tne use of the iantha- 
num chfońde solution. 

Instrumentai conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectroph oto metry 
Analytieal wavelength: Copper emission linę at 324.7 
nm 

Lamp: Copper hollow-cathode 
Flame: Air-acetyfene 
Blank: OJ 25 N hydrochloric acid 
Analysis 

Sampies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank, Flot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of copper, and 
draw the straight linę best fitting the five ptotted 
points. From the graph so obtained, determine the 


concentration, C, in pg/mL, of copper in the Sample 
solution . 

Calculate the percentage of the labeled amount of 
copper (Cu) in the portion of Tabiets taken: 

Result = (C/Cu) x 100 

C = concentration of copper in the Sample solution 
from the graph (pg/ml) 

Cu - nominał concentration of copper in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-l25.0% of the labeled 
amount of copper (Cu) 

* Fluoride, Method 1 

[NOTĘ—Storę all Solutions in plastic contatners.] 

3 M sodium acetate solution: Dissolve 408 g of so¬ 
dium acetate in 600 mL of water contained in a 
1000-mL volumetric fiask. Allow the solution to eguili- 
brate to room temperaturę, and diiute with water to 
vo!ume. Adjust with a few drops of acetic acid to a pH 
of 7.0. 

Sodium citrate solution: Dissolve 222 g of sodium cit- 
rate in 250 mL of water in a 1000-mL volumetric fiask. 
Add 28 mL of perchloric acid, and diiute with water to 
volume. 

Fluoride standard stock solution: 500 pg/mL of fluo- 
ride from a quantity of sodium fluoride, previously dried 
at 100° for 4 h and cooled in a desiccator rn water 
Intermediate stock solution A: 100 pg/mL of fluoride 
from the Fluoride standard stock solution diluted with 
water 

Intermediate stock solution B: 10 pg/ml of fluoride 
from the Fluoride standard stock solution difuted with 
water 

Standard soiutions: To five separate 100-mL volumetric 
flasks transfer 3.0, 5.0, and 1 0.0 mL of Intermediate 
stock solution Band 5.0 and IG.OmL of Intermediate 
stock solution A. To each fiask add 10.0 mL of 1 N hy¬ 
drochloric acid, 25 mL of 3 M sodium acetate solution , 
and 25.0 mL of Sodium citrate solution, Diiute the con- 
tents of each fiask with water to volume to obtain con¬ 
centrations of 0.3, 0.5, 1.0, 5.0, and lO.Opg/mL of 
fluoride. 

Sample solution: Transfer a guantily of the finely pow- 
de red Tabiets, equiva[ent to 200 pg of fluoride, to a 
100-mL volumetric fiask. Add 10.0 mL of 1 N hydro- 
chlorlc acid, 25.0 mL of 3 M sodium acetate solution , 
and 25.0 mL of Sodium citrate solution, and diiute with 
water to volume. 

Analysis 

Sampies: Standard Solutions and Sample solution 
To separate plastic beakers, each containing a plastic- 
coated stimng bar, transfer 50.0 mL each of the Storn 
dard Solutions and the Sample solution. Measure the 
potentiais (see pH (791)), in mV, of the Standard Solu¬ 
tions and the Sample solution, with a pH meter capa- 
ble of a minimum reproducibility of ±0.2 mV and 
eguipped with a fluoride-specific ion-indieating efec- 
trode and a calomel reference dectrode. [Notę— 
When taking measurements, immerse the electrodes 
in the solution, stir on a magnetic stirrer havEng an 
insulated top untrl equiifbrium is attained (1-2 min), 
and record the potential. RJnse and dry the electrodes 
between measurements, taking tarę to avoid damag- 
ing the crystal of the specific-ion electrode.] 

Plot the logaiithms of fluoride concentrations, in 
pg/mL, of the Standard Solutions versus potential, in 
mV. From the standard response curve so obtained 
and the measured potential of the Sample solution, 
determine the concentration, C, in pg/mL, of fluoride 
in the Sample solution, 

Calculate the percentage of the labeled amount of 
fluorine (F) in the portion of Tabiets taken: 

Result = (C/Cy) x 100 
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C - measured concentration of fiuoride in the 
Sample solution (pg/mL) 

Cu - nominał concentration of fluorine in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-1 60.0% of the labeled 

amount of fluorine (F) 

# Fluoride, Method 2 

[Notę—U se plastic containers and delonized water 
throughout this procedurę.] 

pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydrox- 
ide to 1000 mL of 0.03 M sodium bicarbonate. 

Mobile phase: Alcohol, 0.1 N sulfunc acid, and water 
(20:5:175) 

Standard stock solution: 220 pg/mL of USP Sodium 
Fiuoride RS in water. This solution contalns 100 pg/mL 
of fiuoride. 

Standard solution: [NOTĘ—Condition the solid-phase 
extractlon column spedfied for use in the Standard solu¬ 
tion and the Sample solution In the folfowing manner. 
Using a vacuum at a pressure not exceedlng 5 mm of 
mercury, wash the column with one column vo!ume of 
methanol followed by one column volume of pH 10.0 
buffer. Do not allow the column top to dry. If the top 
of the column becomes dry, recondition Ene column.] 
Transfer 10.0 ml of the Standard stock solution to a 
100-mL yolumetric fiask. Add 75 mL of water, and ad- 
just with OJ N sodium hydroxide to a pH of 1 0.4 ± 

OJ. Dilute with water to volume. Fliter, discarding the 
first 15 ml of the filtrate. Transfer 25.0 mL of the Tiltrate 
to a 50-mL yolumetric fiask, add 15.0 mL of water, and 
adlust with OJ N sodium hydroxide to a pH of 10.0. 
Dilute with pH 10.0 b uff er to volume. Elute a portion of 
this solution through a 3-mL soltd-phase extraction col¬ 
umn contarning LI packing that is connected through 
an adaptor to a second soTid-phase extraction column 
contarning sulfonylpropyl strong cation-exchange pack- 
Ing. Discard the first 3 mL of the eluate, and coflect the 
rest of the eluate rn a suitable fiask for injectton into the 
chromatograph. 

Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of powdered Tablets, equivalent to 1 mg 
of fluorine, in 15 mL of water, and shake vlgorous!y. 
Rinse the sides of the fiask with 15 ml of water, and 
allow to stand for 10 min. Dilute wfth water to 85 ml, 
adjust with 1 N sodium hydroxide to a pH of 10.4 ± 

OJ, and dilute with water to 1 00 mL. Proceed as di- 
rected for the Standard solution , beginning with "Filter, 
discarding the first 15 ml of the filtrate". 

Chrom atographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Conductivity 
Coiumns 

Guard: 4.6-mm x 3-cm; packing LI 7 
Analytical: 7.8-mm x 30-cm; packing 117 
Flow ratę: 0.5 m L/min 
Injection volume: lOOpL 
System suitability 
Sample: Standard solution 
Suitability requrrements 
Relatwe standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of fiuoride. Cafculate the per- 
centage of tne labeled amount of fluorine (F) En the 
portion of Tablets taken: 

Result - ( r u frs ) x (Cr/CJ x 1 00 

fu - peak area from the Sample solution 


fs - peak area from the Standard solution 
Q - concentration of fiuoride in the Standard 
solution (pg/ml) 

Cu = nominał concentration of fluorine in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-160,0% of the labeled 

amount of fluorine (F) 

a lODIDE 

Bromine water: To 20 mL of bromine in a glass-stop- 
pered bottle add 100 mL of water. Insert the stopper 
into the bottle, and shake. Alfow to stand for 30 min, 
and use the supernatant 
Analysis 

Sample: Tablets 

Transfer an amount of finely powdered Tablets, equiva- 
lent to 3 mg of iodide, to a nicke! crudble. Add 5 g of 
sodium carbonate, 5 mL of 50% (w/v) sodium hvdrox- 
ide solution, and 10 mL of alcohol, taking care that 
the entire spedmen is moistened. Heat the crudble on 
a steam bath to evaporate the alcohol, then dry the 
crudble at 100° for 30 min to prevent spatterlng upon 
5ubsequent heating. Transfer the crudble with its eon- 
tents to a furnace heated to 500°, and heat the cruci- 
ble for 15 min. [NoiE—Heating at 500° is necessary to 
carbonrze any organie matter present; a hrgher tem¬ 
peraturę may be used, Ef necessary, to ensure com- 
plete carbonization of all organie matter.] 

Cool the crudble, add 23 mL of water, cover the crud¬ 
ble with a watchglass, and boli gentfy for 10 min. Fil- 
ter the solution, and wash the crudble with boi ling 
water, collecting the filtrate and washings in a beaker. 
Add phosphoric add untll the solution is neutral to 
methyl orange, then add 1 mL excess of phosphoric 
add. Add excess of Bromine water , and boli the solu¬ 
tion gently until colorless and then for 5 min longer. 
Add a few crystals of salicylic acid, and cool the solu¬ 
tion to 20°. Add 1 mL of phosphoric acid and 0.5 g of 
potassium Iodide, and Eitrate the liberated iodine with 
0,005 N sodium thiosulfate VS, adding starch TS when 
the liberated iodine color has nearly drsappeared, 
Calculate the percentage of the labeled amount of io¬ 
dine (i) in the portion of Tablets taken: 

Result - Vx N a x F>l Ime x ( Awj W) x (100/ i) 

V = vo]ume of sodium thiosulfate consumed (mL) 

N a = aclual normality of the sodium thiosulfate 
solution used 

F = correction factor to convert mg to pg, 

1000 pg/mL 

Ime - mEIIiequivalent of i, 21J 6 mg/meq 
Aw - ayerage weight of the Tablets 
W - weight of the portion of the Tablets taken 
i - labeled amount of iodine (pg/Tablet) 
Acceptance criteria: 90,0%-l 60,0% of the labeled 
amount of Iodine (1) 

* Iron, Method 1 

iron standard stock solution: Transfer 100 mg of iron 
powder to a 1000-mL yolumetnc fiask. Dissolve In 
25 mL of ó N hydrochloric acid, and dilute with water 
to Yolume. 

Standard Solutions: To separate 100-mL yolumetric 
flasks, transfer 2.0, 4.0, 5.0, 6.0, and 8.0 mL of the iron 
standard stock solution. Dilute the contents of each fiask 
with water to volume to obtain concentratlons of 2.0, 
4,0, 5.0, 6.0, and 8.0 pg/mL of Iron. 

Sample solution: Proceed as di rected for Colcium, 
Method 7, except prepare the Sample solution to con- 
tain a concentration of 5 pg/mL of iron and omit the 
use of the Lanthanum chloride solution. 
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Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Iron emission linę at 248.3 nm 
Lamp: Iron hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric add 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the coneentration, in pg/mL, of iron, and draw 
the straight linę best fitting the five plotted points. 
From the graph so obtained, determine the concen- 
tration, Q in pg/mL, of iron in the Sample solution. 
Calcu late the percentage of the labeled amount of iron 
(Fe) in the portion of Tablets taken: 

Resuit = (C/Qx 100 

C - measured coneentration of iron in the Sample 
solution (pg/mL) 

C u = nominał coneentration of iron in the Sample 
solution (pg/mL) 

Acceptance criteria: 9G.0%-125,G% of the labeled 
amount of iron (Fe) 

* WIagnesjum, Method 1 

Lanthanum chloride solution: Prepare as directed in 
Calcium, Method h 

Magnesium standard solution: Transfer 1.0 g of mag- 
nesium ribbon to a 1000-mL volumetric fiask, dissolve 
in 50 ml of 6 N hydrochloric add, dilute with water to 
volume, and mix to obtain a solution with a known 
coneentration of 1000 pg/mL of magnesium* 

Standard stock solution: 20 ug/ml of magnesium 
from the Magnesium standom solution diluted with 
0.125 N hydrochloric acid 

Standard Solutions: To separate 100-mL volumetric 
fiasks transfer 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Stan¬ 
dard stock solution. To each fiask add 1.0 mL of the Lan- 
thanum chloride solution , and dilute with 0.125 N hy¬ 
drochloric acid to volume to obtain concentrations of 
0.2, 0.3, 0.4, 0.5, and 0.6 pg/mL of magnesium, 

Sample solution: Proceed as directed for Calcium , 
Method except prepare the Sample solution to con- 
tain a coneentration of 0.4 pg/mL of magnesium. 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Magnesium emission linę at 
285.2 nm 

Lamp: Magnesium hollow-cathode 
Flame: Air-acetylene 

Blank: 0.125 N hydrochloric acid contaming 1 mL of 
Lanthanum chloride solution per 100 mL 
Analysis 

Samples: Standard Solutions and Sampie solution 
Determine the absorbances of the Solutions against the 
Blank, Plot the absorbances of the Standard Solutions 
versu$ the coneentration, in pg/mL, of magnesium, 
and draw the straight linę best fitting the nve plotted 
points. From the graph so obtained, determine the 
coneentration, C, in pg/mL, of magnesium in the 
Sample solution. 

Calculate the percentage of the labefed amount of 
magnesium (Mg) in tne portion of Tablets taken: 

Resuit = (C/Cu) x 100 

C - measured coneentration of magnesium in the 
Sample solution (pg/mL) 

Cu - nominał coneentration of magnesium in the 
Sample solution (pg/mL) 

Acceptance criteria: 9G.G%-125.G% of the labeled 
amount of magnesium (Mg) 


* Manganese, Method 1 

Manganese standard stock solution: Transfer 1.00 g of 
manganese to a 1000-mL volumetric fiask. Dissolve In 
20 mL of nitric acid, dilute with 6 N hydrochloric acid 
to voiume, and mix to obtain a solution with a concen- 
tration of 1000 pg/mL of manganese. 

Standard stock solution: 50 pg/mL of manganese from 
the Manganese standard stock solution difuteo with 
0.125 N hydrochloric acid 

Standard Solutions: To separate 100-mL volumetric 
fiasks transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Stan¬ 
dard stock solution . Dii u te the contents of each fiask 
with 0.125 N hydrochloric add to volume to obtain 
Solutions with known concentrations of 0.5, 0.75, 1.0, 
1.5, and 2.0 pg/mL of manganese. 

Sample solution: Proceed as directed for Calcium , 
Method 7, except prepare the Sample solution to con- 
tain a coneentration of 1 pg/mL oi manganese and 
omit the use of the Lanthanum chloride solution , 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelengtn: Manganese emission linę at 
279.5 nm 

Lamp: Manganese hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sampie solution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versus the coneentration, in pg/mL, of manganese, 
and draw the straight iine best fitting the five plotted 
points. From the graph so obtained, determine the 
coneentration, C f in pg/mL, of manganese in the 
Sample solution . 

Calculate the percentage of the labeled amount of 
manganese (Mn) in the portion of Tablets taken: 

Resuit = (C/4) x 100 

C - measured coneentration of manganese in the 
Sampie solution (pg/mL) 

C u - nominał coneentration of manganese in the 
Sample solution (pg/mL) 

Acceptance criteria: 90,0%-l 25.0% of the labeled 
amount of manganese (Mn) 

» Molybdenum, Metfiod 1 

Diluent: 20 mg/mL of ammonium chloride in water 
Molybdenum standard solution: Transfer 1.0 g of mo- 
lybdenum wire to a 1000-mL volumetric fiask, and dis- 
solve in 50 mL of nitric add, warmtng if necessary. Di¬ 
lute with water to volume, and mix to obtain a solution 
with a coneentration of 1000 pg/mL of molybdenum. 
Standard stock solution: 100 pg/mL of molybdenum 
from the Molybdenum standard solution diluted with 
water 

Standard soiutions: To separate 100-mL volumetric 
ffasks transfer 2.0, 10.0, and 25.0 mL of the Standard 
stock solution , and add 5.0 mL of perchloric acid to 
each fiask. Gently boN the solution in each fiask for 15 
min, cool to room temperaturę, and dilute each with 
Diluent to volume to obtain concentrations of 5.0, 10.0, 
and 25.0 ug/mL of molybdenum. 

Sample solution: Transfer a portion of the powder, 
equlvalent to lOOOpg of molybdenum, to a suitable 
fiask, and add 12 mL of nitric acid. [Notę —The volume 
of nitric acid may be varied to ensure that the powder 
is uniformly dispersed.] Carefuliy swirl the fiask to dis- 
perse the test specimen. Sonicate for 10 min or until 
the test specimen is compietely dissolved. Gently boli 
the solution for 15 min, and cool to room temperaturę. 
Carefuliy add 8 mL of perchloric add, heat until pen 
chloric add fumes appear, and swirl the fiask to dissi- 
pate the fumes. Repeat the heating and swfrllng until 
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the fumes appear again. Cool to room temperaturę, 
Quantitatively transfer the contents of the fiask to a 
TOO-mL yoiumetric fiask with the a id of the Diluent, and 
di lu te with Diluent to yolume, 

Instrumental condltions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wayelength: Molybdenum emission linę at 
31 3.3 nm 

Lamp: Molybdenum hollow-cathode 
Flame: Nitrous oxide-acetyferie 
Blank: Diluent and perchforic add (20:1) 

Anaiysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank Plot the absorbances of the Standard Solutions 
versus the eon centrali on, in pg/mL, of molybdenum, 
and draw the straight linę best fitting the tnree plot- 
ted pofnts, From the graph so obtained, determine 
the concentration, C, in pg/mL, of molybdenum in 
the Sample solution. 

Calculate the percentage of the labeled amount of 
molybdenum (Mo) in the portion of Tablets taken: 

Resuit = (C/G) x 100 

C = measured concentration of molybdenum In 
the Sample solution (pg/mL) 

C u = nominał concentration of molybdenum in the 
Sample solution (pg/mL) 

Acceptance crileria: 90,0%-1ó0.0% of the labeled 
amount of molybdenum (Mo) 

Molybdenum, Method 2 

Sodium fluoride solution: Add 200 mL of water to 
10 g of sodium fluoride, stir until the solution is satu¬ 
ra ted, and filter, Storę in a polyethylene bottle. 

Ferrous sulfate solution: 4,98 mg/ml of ferrous sulfate 
in water 

Potassium thiocyanate solution: 200 mg/ml of potas¬ 
sium thiocyanate In water 

20% Stan no us chloride solution: Transfer 40 mg of 
stannous chloride to a beaker, add 20 mL of 6.5 N hy- 
drochloric acid solution, and heat the solution until the 
stannous chloride is dissolved. Cool, and dii u te with 
water to 100 mL. 

Difuted stannous chloride solution: 20% Stannous 
chloride solution diluted with water (1 in 25). Prepare 
this solution fresh at the time of use. 

Standard solution: 20 pg/mL of molybdenum in water 
Sample: A portion of flnely powdered Tablets equiva- 
lent to 40 pg of molybdenum 
instrumental condltions 
(See Atomie Absorption Spectroscopy (852).) 

Modę; Vrs 

Analytical wayelength: 465 nm 
Celi: 1 cm 
Blank: Amyl alcohol 
Anaiysis 

Samples: Standard solution and Sample 
Transfer the Sample and 2.0 mL of the Standard solu¬ 
tion to separate 200-mL beakers. Add 20 mL of nitric 
add to each beaker. Cover each beaker with a watch- 
giass, and boi! sfowly on a hot piąte for 45 min. Cod 
to room temperaturę, Add ó mL of perchloric acid, 
cover the beakers with a watchgtass, and continue 
the beating until digestion is complete, as indicated 
when the figuid becomes colorfess or pale yellow. 
Lyaporate the Solutions in the beakers to dryness. 

Rinse the sides of the beakers and the watcnglasses 
with water, and add morę water to compEete 50 mL 
in each beaker, Gently boli the water solution for a 
few min, Cool to room temperaturę. Add 2 drops of 
methyl orange TS, and neutralne with ammonium 
hydroxide, Add 8.2 mL of hydrochlonc acid. Quan- 
titatively transfer the contents of the beakers to sepa¬ 


rate 100-mL yoiumetric flasks, rinse the beakers with 
water, transfer the rinsings to the corresponding volu- 
metric flasks, and dilute with water to yolume. Trans¬ 
fer 50.0 mL of each solution to separatory funnels. To 
each separatory funnel add 1.0 mL of Sodium fluoride 
solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL of 
Potassium thiocyanate solution , 1.5 mL of 20% Stan¬ 
nous chloride solution , and 15,0 mL of amyl alcohol, 
and shake the separatory funnel for 1 min. Allow the 
layers to separate, and discard the aqueous layers. 

Add 25 mL of Diluted stannous chforiae solution to 
each separatory funnel, and shake gently for 15 s, 
Allow the layers to separate, and discard the aqueous 
layers. Transfer the organie layer from each separatory 
funnel to a centrifuge tubę, and centrifuge at 2000 
rpm for 10 min, Determine the absorbances of the 
organie phases obtained from the Standard solution 
and the Sample, and correct with the Blank. 

CaJcuiate the percentage of the labeled amount of 
molybdenum (Mo) in the portion of Tablets taken: 

Resuit = (Au/A s ) X [(V X CjJ/My] x 1 00 

Ao = absorbance of the Sample 
As = absorbance of the Standard solution 
V = yolume of the Standard solution anaiyzed, 

2.0 mL 

Cs = concentration of molybdenum in the Standard 
solution (pg/mL) 

My - nominał amount of molybdenum In the 
Sample (pg) 

Acceptance criteria: 90,0%-l 60,0% of the labeled 
amount of molybdenum (Mo) 

o Phosphorus, Method 1 

Sulfuric acid solution: Cautiously add sulfuric acid to 
water (37.5: 100), and mix. 

Ammonium molybdate solution: 50 mg/mL of ammo- 
nium molybdate in the Sulfuric acid solution and water 
(2:3), [NOTĘ—Dissolve In water first, and then dilute 
with the Sulfuric acid solution to yolume.] 

Hydroquinone solution: 5 mg/ml of hydroguinone in 
water. Add 1 drop of sulfuric acid per 100 mL of 
solution. 

Sodium bisulfite solution: 200 mg/mL of sodium bisuh 
fi te in water 

Phosphorus standard stock solution: Weigh 4,395 g 
of monobask potassium phosphate, previously dried at 
105° for 2 h and stored in a desiccator, and transfer to 
a lOGO-mL yoiumetric fiask. Dissolve in water, add 6 mL 
of sulfuric acid as a preservative, dilute with water to 
yolume, and mix to obtain a solution with a concentra¬ 
tion of 1000 pcj/rnL of phosphorus. 

Standard solution: 20 pg/mL of phosphorus from Phos¬ 
phorus standard stock solution diluted with water 
Sample solution: [Notę—F inely powder and weigh a 
counted number of Tablets,] Transfer a portion of the 
powder, equivalent to 100 mg of phosphorus, to 25 mL 
of nitric acid, and digest on a hot piąte for 30 min, Add 
15 mL of hydrochlonc add, and continue the digestion 
to the cessation of brown fu mes. Cool, and transfer the 
contents of the fiask to a 500-mL yoiumetric fiask with 
the aid of smali portions of water. Dilute with water to 
yolume. Transfer 10.0 ml of this solution to a 100-mL 
yoiumetric fiask, and dilute with water to yolume. 
Instrumental conditions 
(See Ultraviolet-Visible Spectroscopy (857),) 

Modę: Vis 

Analytical wayelength: 650 nm 
Celi: 1 cm 
Anaiysis 

Samples: Standard solution and Sample solution 
To three separate 25-mL yoiumetric flasks transfer 
5.0 mL each of the Standard solution, the Sample solu¬ 
tion, and water to provide the blank. To each of the 
three flasks add 1,0 mL each of Ammonium molybdate 
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sołution, Hydroąuinone sołution, and Sodium bisulfite 
sołution, and swirl to mix. Di lute the contents of each 
fiask with water to voiume, and allow the flasks to 
stand for 30 min. Determine the absorbances of the 
Solutions against the blank. 

Caiculate the percentage of the labeled amount of 
phosphorus (P) in the portion of Tabfets taken: 

Re suit - ( Au! Ai) x (C S /C v ) x 100 

Au = absorbance of the Sampfe sołution 
As - absorbance of the Standard sołution 
Cs = concentration of phosphorus in the Standard 
sołution (pg/mL) 

Cu - nominał concentration of phosphorus in the 
Sampłe sołution (pg/mL) 

Acceptance criteria: 90.0%-125,0% of the labeled 
amount of phosphorus (?) 

® POTASSIUM 

Potassium standard sołution: 100 pg/mL of potassium 
from potassium chforide, previously dried at 105° for 2 
h, in water 

Standard stock sołution: 10 pg/mL of potassium from 
the Potassium standard sołution diluted wtth 0,125 N 
hydrochloric acid 

Standard sofutions: Transfer 5.0, 10.0, 15,0, 20.0, and 
25.0 mL of the Standard stock sołution to sępa ratę 
100-mL vołumetric flasks. Dilute the contents of each 
fiask with 0.125 N hydrochloric acid to voIume to ob- 
tain Solutions containing 0.5, 1.0, 1.5, 2.0, and 2.5 pg/ 
mL of potassium, 

Sample sołution: Proceed as directed for Całcium , 
Method 1, except prepare the Sampfe sołution to eon- 
tam a concentration of 1 pg/mL of potassium and omit 
the use of the Lanthanum chloride sołution. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Anałytical wavelength: Potassium emtssion linę at 
766.5 nm 

Lamp: Potassium hollow-cathode 
fłame: Air-acetylene 
Blank: Water 
Analysis 

Sam pies; Standard Solutions and Sampłe sołution 
Determine the absorbances of the Solutions against the 
Blank , Plot the absorbances of the Standard sofutions 
versus the concentration, in pg/mL, of potassium, 
and draw the straight linę best fitting tne five plotted 
points, From the graph so obtained, determine the 
concentration, C in uq/mL, of potassium m the Sam¬ 
płe sołution. 

Caiculate the percentage of the labeled amount of po¬ 
tassium (K) in the portion of Tabfets taken: 

Result = (C/Cu) x 100 

C - measured concentration of potassium in the 
Sampłe sołution (pg/mL) 

Cu - nominał concentration of potassium in the 
Sampłe sotution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeled 
amount of potassium (K) 

* Selenium, Method 1 

Diluent: Prepare as directed in Mołybdenum , Method 1. 
Selenium standard sołution: [CautiON —Selenium is 
toxic; handle it with care.] Dissolve 1 g of metal lic sele¬ 
nium in a minimum volume of nitric acid. Evaporate to 
dryness, add 2 mL of water, and evaporate to dryness, 
Repeat the addition of water and the evaporation to 
dryness three times. Dissolve the residue in 3 N hydra- 
chloric add, transfer to a 1000-mt volumetric fiask, and 
difute with 3 N hydrochloric acid to voiume to obtain a 
concentration of 1000 pg/mL of selenium. 


Standard stock sołution: 100 pg/mL of selenium from 
the Selenium standard sołution diluted with water 
Standard Solutions: To separate 100-mL volumetric 
flasks transfer 5.0, 10.0, and 25,0 mL of the Standard 
stock sołution , and add 5.0 mL of perchloric acid to 
each fiask. Gently boil the Solutions for 15 min, cool to 
room temperaturę, and dilute each with Diluent to vol- 
ume to obtain Solutions with concentrations of 5,0, 
10,0, and 25.0 pg/mL of selenium, 

Sample sołution: Transfer a portion of the powder, 
equivalent to lOOGpg of selenium, to a suitabfe fiask, 
and add 12 mL of nitric acid. [Non—The volume of 
nithe acid may be varied to ensure that the powder is 
uniformly dispersed.] Carefully swirl the fiask to disperse 
the test specimen. Sonicate for 10 min or until the test 
specimen is completely dissolved. Gently boil the solu- 
tion for 15 min, and cool to room temperaturę. Care¬ 
fully add 8 mL of perchloric add to the fiask, heat the 
fiask until perchloric acid fumes appear, and swirl the 
fiask to dissfpate the fumes. Repeat the heating and 
swirling until the fumes appear agatn. Cool to room 
temperaturę. Transfer the contents of the fiask to a 
50-mL volumetric fiask with the aid of the Diluent , and 
dilute with Diluent to volurme, 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometiy 
Analyticai wavelength; Selenium emission linę at 
196.0 nm 

Lamp: Selenium hollow-cathode 

Fłame: Air-acetylene 

Blank: Diluent and perchloric acid (20:1) 

Analysis 

Sampfes: Standard sofutions and Sample sołution 
Determine the absorbances of the sofutions against the 
Blank , Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of selenium, and 
draw the straight linę best fitting the three plotted 
points. From tne graph so obtained, determine the 
concentration, C, m pg/ml, of selenium in the Sampłe 
sołution . 

Caiculate the percentage of the labeled amount of se¬ 
lenium (Se) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = concentration of selenium in the Sampłe 
sołution from the graph (pg/mL) 

C u - nominał concentration of selenium in the 
Sampłe soiution (pg/mL) 

Acceptance criteria: 90.0%-1ć0.0% of the labeled 
amount of selenium (Se) 

* Selenium, Method 2 

Hydrochloric acid sołution: Hydrochloric acid diluted 
with water (1 in 10} 

50% Ammonium hydroxide sołution: Ammonium hy- 
droxide diluted with water (1 in 2) 

Reagent A: 9 mg/ml of edetate disodium and 25 mg/ 
mL of hydroxylaminę hydrochloride in water, [NOTĘ— 
Dissolve edetate disodium in a portion of water first, 
then add hydroxylamine hydrochloride, and dilute with 
water to volume.] 

Reagent B: Transfer 200 mg of 2,3-dlaminonaphthalene 
to a 250-mL separatory funnel, and add 200 mL of 0.1 
N hydrochloric acid, wash the sołution with three 
40-mL portions of cyclohexane, and discard the eydo- 
hexane layer. Fil ter the sołution into a brown bottle, 
and cover the sołution with a 1-cm layer of cyclohex- 
ane. This sołution is stabfe for 1 week if stored in a 
refrigerator, 

Standard stock sołution: [Caution— Selenium is toxic; 
handle it with care.] Dissolve 1 g of metalik selenium in 
a minimum volume of nitric acid. Evaporate to dryness, 
add 2 mL of water, and evapora£e to dryness. Repeat 
Lhe addition of water and evaporation to dryness three 
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times. Dissolve the restdue in 3 N hydrochloric add, 
transfer to a 1000-mL volumetric fiask, and dilute with 
3 N hydrocliloric add to voiume to obtain a solution 
with a concentration of 1000 pg/mL of selenium. Dilute 
a volume of the solution with 0.125 N hydrochloric 
add to obtain a concentration of 2.0 pg/mL of 
selenium. 

Standard solution: Transfer 10 mL of the Standard stock 
solution to a glass-stoppered fiask, Add 1 ml of perchlo- 
ric acid and 1 mL of Hydrochloric acid solution, and di¬ 
lute with water to 20 mL. 

Sample solution: Transfer a portion of finely powdered 
Tabiets, equivalent to 20 pg of selen ium, to a suitable 
fiask. Add 10 ml of nitric acid, and warm gently on a 
hot piąte. Continue heating untii the initial nitric acid 
reaction has subsided, then add 3 ml of perchloric add, 
[CAUTION—Exercise care at thrs stage because the perchlo¬ 
ric acid reaction becomes vigorous.] 

Continue heating on the hot piąte untii the appearance 
of white fu mes of perchloric acid or untii the digest 
begrns to darken. Add 0.5 ml of nitric acid and re¬ 
sume heating, adding additional amounts of nitric acid 
if further darkening occurs. Digest for 10 min after the 
first appearance of perchloric acid fumes or untii the 
digest becomes colorless. Cool the fiask, add 2.5 ml of 
Hydrochloric add solution , and return the fiask to the 
hot piąte to expel residual nitric acid, Heat the mixture 
for 3 min after it begins to boil. Cool the fiask to room 
temperaturę, and dilute with water to 20 mL. 
Instrumental conditions 
(See Ultraviofed Vtsibie Spectroscopy (857).} 

Modę: UV 

Analytical wavelength; 380 nm 
Celi: 1 cm 

Blank: 1 mL of perchloric acid and 1 mL of Hydrochlo- 
ńc add solution diluted with water to 20 mL 
Analysis 

Sam pies: Standard solution and Sample solution 
Treat the Sample solution, the Standard solution, and 
the Blank as foilows. Add 5 ml of Reagent A to each 
fiask, and swlrl gentty to mix* Adiust the solution in 
each fiask with 50% Ammonium hydroxide solution to 
a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each 
fiask, and swirl gently to mtx. Place the fiasks in a 
water bath maintained at 5G G , and equilibrate for 30 
min, taking care that the ftasks are covered to protect 
them from light. Coof to room temperaturę, and 
transfer the contents of each fiask to sępa ratę separa¬ 
tory funnels. Transfer 10.0 ml of cydohexane to each 
separatory funnel, and extract vigorously for 1 min. 
Diseard the agueous layer. Transfer the cydohexane 
layer to a centrifuge tubę, and centrifuge at 1000 
rpm for 1 min to remove any remaining water. De- 
termine the absorbances of the Solutions obtained 
from the Samples against the solution obtained from 
the Blank * 

Calcuiate the percentage of the labeled amount of se- 
lenium (Se) in the portion of Tabiets taken: 

Result = (AJAs) x [(V x Cs)/ Mu] x 100 

Au - absorbances of the cyclohexane layer from the 
Sample solution 

As - absorbances of the cycfohexane layer from the 
Standard solution 

V - voiume of the Standard stock solution used to 
prepare the Standard soiution, 10 mL 
Cs = concentration of selen ium in the Standard 
Stock solution (pg/mL) 

Mu - nominaf amount of selenium in the Sample 
solution (pg) 

Aceeptance criterfa: 9G.0%-160.0% of the labeled 
amount of selenium (Se) 


® Zinc, Method 1 

Zinc standard stock solution: 1 000 pg/mL of zinc from 
zinc oxide in 5 M hydrochloric add (3,89 mg/mL) and 
diluted with water to finał volume. [Notę—D issofve In 
5 M hydrach Eonc acid by warming, if necessary, cool, 
and then dilute to finał voiume.] 

Standard stock solution: 50 pg/mL of zinc from the 
Zinc standard stock soiution diluted with 0.125 N hydro¬ 
chloric add 

Standard Solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 
5.0 ml of Standard stock soiution to sępa ratę 100-mL 
volumetric fiasks. Dilute the contents of each fiask with 
0.125 N hydrochloric add to volume to obtain concen- 
trations of 0.5, 1.0, 1.5, 2.0, and 2.5 pg/mL of zinc. 
Sample soiution: Proceed as directed for the Sample 
solution in Caicium, Method 1, except prepare the Sam- 
ple solution to eon tai n a concentration of 2 ug/mL of 
zinc and omit the use of the Lanthanum chloride 
solution . 

Instrumental conditions 

(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Zinc emission linę at 213.8 
nm 

Lamp: Zinc hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 M hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. PJot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of zinc, and draw 
the straight linę best fitting the five plotted points. 
From the graph so obtained, determine the concen¬ 
tration, C, in pg/mL, of zinc in the Sample solution . 
Calcuiate the percentage of the labeled amount of zinc 
(Zn) in the portion of Tabiets taken: 

Result = (C/Cu) x 100 

C = measured concentration of zinc in the Sample 
solution (pg/mL) 

Cy = nominaf concentration of zinc in the Sample 
solution (pg/mL) 

Aceeptance criteria: 9G.0%-125.0% of the labeled 
amount of zinc (Zn) 

• Boroń, Nickei, Tin, and Vanadium, Method I; Caicium, 
Chromjuiui, Copper, Iron, EV8agnesium, IWanganese, Pmos- 
pkgrus, and Zinc, Method 2; Molybdenum and Selenium, 

Method 3 

Stock aqua regia solution: Prepare a mixture of hydro- 
chioric acid and nitric add (3:1) by adding the nitric 
acid to the hydrochloric add. [Notę —PeriodicaNy vent 
the solution in an appropriate fume hood.] 

Diluent: Prepare a mixture of the Stock aqua regia solu - 
tion and water (1:9) by adding one volume of Stock 
agua regia solution to two volumes of water. Dilute with 
additional water to volume, and mix weli. 

System suitability solution: Prepare a mixture of 
1000 mg/L of yttrium in 5% nitric acid soiution, 

1000 mg/L of scandium in 5% nitric acid solution, and 
Diluent (1:1:198), and mix. 

Standard stock soiution 1 (Ca, Cu, Fe, Mg, Mn, P, and 
Zn): [NOTĘ—It is oniy necessary to In dudę the minerals 
of Interes! in the solution.] Using commerdally availahle 
element standard (single- or multi-element) Solutions in 
5% nitric add soiution, pipet the appropriate amount 
of element standard soiution into a volumetrie fiask, 
and dilute with 5% nitric add solution to obtain a soiu¬ 
tion having finał concentrations of about 1000 mg/L of 
caicium, 100 mg/L of copper, 250 mg/L of iron, 

500 mg/L of magnesium, 100 mg/L of manganese, 

800 mg/L of phosphorus, and 250 mg/L of zinc. 
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Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and 
V): [Notę —It is on]y necessary to indude the minerais 
of interest in the solution.] U$Fng commerdally available 
element standard (single- or multhelement) Solutions in 
20% hydrachloric ada solution, pipet the appropriate 
amount of element standard solution into a volumetric 
fiask, and difute with 20% hydroehloric acid solution to 
obtain a solution having finał concentrations of about 
200 mg/L of boron, and 100 mg/L each of chromium, 
molybdenum, nickel, selen tum, tin, and vanadium. 
Standard Solutions: Prepare a mixture of Standard 
stock solution 1 and Standard stock solution 2, as re¬ 
pu ired, in the Diluent to prepare a six-point calibration 
curve to bracket the concentration rangę of each min¬ 
erał of interes!* 

Sample solution 1 (for Tablets containing minerais 
found in Standard stock solution 1 and Standard stock 
solution 2): Weigh and finely powder NLT 20 Tablets. 
Transfer a portion, egual to 3.5 times the average Tab¬ 
let weight, to a 250-mL vofumetric fiask. Slowly add 
25 mL of the Stock aqua regia solution in 5-mL Incre¬ 
ments, followed by mixing. [Notę —If the sample con¬ 
tains a carbonate, bubbling will occur. Wait until bub- 
blrng ends to proceed.] Bring the solution to a boiJ on a 
hot piąte. Continue to heat gently until fumes cease 
(about 1 h). [Notę—I f the sample contains selenium, 
dtgest for NMT 15 min.] Remove from heat, cool, and 
dilute with water to volume. Filter about 30 mL Into a 
centrifuge tubę using a 5-j.im porę size nylon syringe 
filter. If necessary, make any further dilutions using the 
Diluent. 

Sample solution 2 (for Tablets containing minerais 
found only in Standard stock solution 2): Weigh and 
finely powder NLT 20 Tablets* Transfer a portion, equai 
to 3.5 times the average Tablet weight, to a 250-mL 
volumetnc fiask. Slowly add 25 mL of the Stock aąua 
regia solution In 5-mL increments followed by mlxing. 
[Notę —If the sampfe contains a carbonate, oubblfncj 
will occur. Wart until bubbling ends to proceed.] Bnng 
the solution to a boil on a hot piąte, Continue to heat 
gently until fumes cease (about 1 h). [Notę —If the sam¬ 
ple contains selenium, digest for NMT 15 min.] Remove 
from heat, cool, and dilute with water to volume, Filter 
about 30 ml into a centrifuge tubę using a nylon sy¬ 
ringe filter of 5-j.im porę size. If necessary, make any 
further dilulions using the DiluenL 
Sample solution 3 (for Tablets containing minerais 
found only In Standard stock solution 1): Weigh and 
finely powder NLT 20 Tablets. Transfer a portion, equai 
to the average Tablet weight, to a 250-mL volumetric 
fiask. Slowly add 25 mL of the Stock aquo regio solution 
in 5-mL increments, followed by mixing. [Nott— If the 
sample contains a carbonate, bubbling will occur. Wait 
until bubbling ends to proceed.] Bring the solution to a 
boil on a hot piąte. Continue to heat gently (about 1 h) 
until fumes cease. Remove from heat, cool, and dilute 
with water to vo!ume. Filter about 30 mL into a centri¬ 
fuge tubę using a nylon syringe filter of 5-Lim porę size. 
If necessary, make any further dilutions usinq the 
Diluent 

Instrumentai tonditions 

(See Plasma Spectrochemistry (7 30),) 

Modę: lnductively coupled plasma spectrometry, using 
a spectrometer set to measure the emission of each 
minerał of interest at about the corresponding wave- 
length. [Notę—T he operating conditlons may be de- 
veloped and optimlzed basea on the manufactureris 
recom menda tion. The wavelengths selected should be 
demonstrated experimentally to provide sufficient 
specifidty, sensitivity, linearity, accuracy, and 
predsion.j 
System suitabiUty 

[Notę—A nalyze the System suit a bil i ty solution, and ob¬ 
tain the response as directed In the Analysis .] 


Surtability reguirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the emission of each minerał of interest in 
the Standard Solutions and Sample solution with an in- 
ductive!y coupled plasma system using the Diluent as 
the blank. Plot the emission of the Standard Solutions 
versus the concentration, in mg/L, of the minerais of 
interest, and draw the straightline best fitting the 
plotted points. From the graph so obtained, aetermine 
the concentration, C, in mg/L, for each minerał of in¬ 
terest in the Sample solution , 

Calculate the percentage of the labeled amount for 
each minerał taken: 

Result rCx (V/W) xfx (C w /L) x 100 

C = measured concentration of the relevant 
element in the Sample solution (mg/L) 

V = volume of the Sample solution (L) 

W = sample weight (mg) 

f = dilution factor of the Sample solution 

Cw - average Tablet weight (mg) 

i = labeled amount (mg/Tablet) 

Acceptance criteria: 90.0%-125.G% of the labeled 
amount of calcium (Ca), copper (Cu), iron (Fe), magne- 
sium (Mg), manganese (Mn), phosphorus (P), and zinc 
(Zn); and 90,0%-160.0% of the labeled amounts of bo¬ 
ron (B), chromium (Cr), molybdenum (Mo), nickel (Ni), 
selenium (Se), tin (Sn), and vanadium (V) 

PERFORMANCE TE5TS 

■ DJSINTECRATION AND DlSSOLUTlON OF DIETARY SUPPLEMENTS 
(2040): Meet the requirements for Dissolution 

* Weight Variation of Dietary Supplements (2091): Meet 

the requirements 

CONTAMINANTS 

P Mic robial Enumeration Tests (2021): The total aerobfc 
microbiaJ count does not exceed 3 x ID 3 cfu/g, and the 
combined molds and yeasts count does not exceed 
3 x TO 2 cfu/g* 

* Absence of Specified Microorganisms (2022): Meet the 

requirements of the tests for absence of Salmonella spe- 
des and Escherichia colt 

ADBITIONAL REQU1REMENT5 

* Packaginc ano Storage: Presen/e in tight, light-resistant 
containers. 

* Labeling: 1 The label States that the product is Oli- and 
Water-Soluble Vitamins with Minerais Tablets. The label 
also States the guantity of each vitamin and minerał per 
dosage unit and where necessary the Chemical form in 
whicFi a vitamin is present and also States the salt form of 
the minerał used as the souree of each element. Where 
the product contains vitamin E, the label indicales 
whether jt is the D- or DL- form, Where morę than one 
assay method is given for a particular vitamin, the label- 

4 USP Units of activfty for yltamrns, where such exist or formerly existed, are 
equivalerłt to the corresponding internationaf unrts, where sucn formerly ex- 
isted. The USP Unit for VUamin E has been disconlinued. International units 
(IU) for vitarnins atso have been discontinued; however # the use of fU on the 
labels of vitarnin products continuei. Where artides are labeled rn terms of 
Unfts in addition to the required labeling, ihe relatronship of the USP Units or 
IU to mass is as foJlows, One USP Vitamin A Unit - 0.3 ng of all-fmns^elinol 
(vitamin A alcohol) or 0,344 jig of ail-frons retinyl aceute {vitamin A acetate) 
or 0.55 4 g ot all-frons-retinyl palmttate (y Sta min A pajmitate), and 1 pg of 
retinol (3 3 USP Vitamin A Units) = 1 retinot equivaient (RE); 1 IU of beta 
carotene = 0.6 pg of all*trafis-beta carotene; 1 USP Vitamin O Unit = 0,025 ng 
of cholecakiferoi or ergocaFciferoF; and 1 mg of dAalpba tocopheroF -1.1 
former USP Vitamin E Unib, 1 mq of df-atpha tocopheryf acetale = 1 former 
USP Vitarnin E Unit, 1 mg of d/-alpha tocopheryl acid suerinate = 0,89 former 
USP Vjtamin E Unit, 1 mg of tf^afpha tocopheroi » 1.49 former USP Vftamin E 
Unfts, and 1 mg of r^alpha tocopheryl acetale = 136 former USP Vitamin E 
Unib, 1 mg of d-aFpha tocopheryl acid succinate = 1,21 former USP Vitamin E 
Units. In terms of o-atpha tocopfierol equlvalents, 1 mg of d-alpha tocopheryl 
acetate = 0.91, 1 mg of d-alpha tocopheryl add succinate = 0.81, 1 mg of <?F 
alpha locopherol = 0.74, 1 mg of d/-alpha tocopheryl acetale = 0,67, and 
1 mg of df-alpha tocopheryl acid succinate = 0,60. 
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ing States with which assay method the product complies 
on ty if Method 1 rs not used. 

* USP Reference Stakdards (11) 

USP Alpha Tocopherol RS 

2H-1 -Benzopyran-ó-ot, 3,4“dihydro-2,5,7,8,-tetramethyh 
2-(4,8,12-trimethyltridecyl)-. 

C 2 flHsoO a 430-70 
USP Alpha Tocopheryl Acetate RS 
USP Alpha Tocopheryl Acid Succinate RS 
USP Biotin RS 

lH-Thieno[3 # 4^imidazole-4-pentanoic acid, hexahydro- 
2-0X0-, 3a5-[(3aa,4$6aa)]-. 

CioHuNjOjS 244,31 
USP Caldum Pantothenate RS 

/f-Alanine, /V-(2,4-dihydroxy- 3,3-dimethy I-1 -oxobutyl)- # 
calcium salt ( 2 : 1 ), (fi)-. 

Ci S H 33 CaN_>Oi 0 476.53 
USP Cholecaldferol RS 

9.10- Secoeholesta-5,7,10(19)-trien-3-ol, (3p f 5Z,7E)-. 
CijHmO 384.64 

USP Cyanocobalamin RS 
Vitamin 617 . 

C 03 H 8 BC 0 N 14 O 14 P 1355.37 

USP Ergocaldferol RS 

9.10- Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3/l5Z,7£, 
22 £}-, 

CmH-mO 396.65 
USP Folk Acid RS 
USP Niacin RS 
3-Pyridinecarboxylic acid. 

C 6 H 5 N0 2 123.11 

USP Nlacinamide RS 
3-Pyndinecarboxamide. 

C 6 H*M,0 122.12 

USP Phytonadione RS 
USP Pyridoxine Hydrochloride RS 
3,4-Pyhdinedimetha nol, 5-hy droxy- 6 -methy b, 
hydrochloride. 

QHmN 0 3 -HCI 205.64 
USP Riboflavin RS 
Riboflavine. 

C, ? H Z 0 N 4 O 6 376.36 
USP Sodium Fluoride RS 
Sodium fluoride. 

NaF 41.99 

USP Thiamine Hydrochloride RS 
Thiazolium, 3-[(4-amino-2-rnethy[- 
5-py ri midi ny ijmethy l]-5-(2- hydraxyethyf}-4-methy h, 
chloride, monohydrochloride. 

C^Hi^CINiOS * HCi 337.27 
USP Vitamin A RS 

3,7-Dimethyl-9-(2,6,6~trimethyM- cyclohexen-1 -yl) 2,4, 
6 , 8 -nonatetraen-l-ol acetate (vitamin A acetate). 


Water-Soluble Vitamins Capsules 

DEFINITION 

Water-Soluble Vilamins Capsules contain two or morę of the 
following water-soluble vitamms: Ascorbic Acid or its 
equivalent as Calcium Ascorbate or Sodium Ascorbate, Bi¬ 
otin, Cyanocobafamin, Folk Acid, Dexpanthenol or 
Panthenol, Niacin or Nlacinamide, pantothenic acid (as 
Calcium Pantothenate or Racemic Calcium Pantothenate), 
Pyridoxtne Hydrochloride, Riboflavin, and Thiamine Hy- 
drochloride or Thiamine Mononitrate, Capsules contain 
NLT 90.0% and NMT 150.0% of the labeled amounts of 
ascorbic acid (CsHsO*), biotin (CioHińN^OjS), calcium pan¬ 
tothenate (CtsHszCahbOio), cyanocobalamin (C ć iHfl B Co- 
NmOhP), folie acid (CwHigNjO*), dexpanthenol or 
panthenol (QHt&N0 4 ), niacin (CńHsNOz) or nlacinamide 
(CńH^N^O), pyridoxlne hydrochloride (C 0 H T 1 NO 3 ■ HCi), ri- 


boflavin (C 17 Hz 0 N 4 O & ), and thiamine (C 12 H 17 CIN 4 OS) as 
thiamine hydrochloride or thiamine mononitrate. 

They do not contain any form of Beta Carotene or Vitamin 
A, D, E, or K. They do not contain any minerals for which 
nutrrtional value is claimed. They may contain other la¬ 
beled added substances in quantities that are 
unobjectionable. 

STRENCTH 

[Notę—I n the following assays, where morę than one assay 
method is given for an individual ingredient, the reguire- 
ments may be met by following any one of the specified 
methods, the method used being stated rn the tabelmg only 
if Method 1 is not used.] 

* Ascorbic Acid, Całciuivt Ascorbate, and Sodium 
Ascorbate 

(See Yitomin C Assay (580).) 

[Notę —For labeling purposes, consider Method /—77tr/- 
metrk Method as Method /.] 

Acceptance criteria; 90,0%“150,0% of the labeled 
amount of ascorbic acid (QHbQg) 

* Biotin, Method 1 

[Notę—U se low-actinic glassware throughout Lhis 
procedurę.] 

Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium 
perchlorate, and 1 mL of phosphoric add, and dilute 
with water to 1 000 mL, 

Standard stock solution: 0.333 mg/mL of USP Biotin 
RS in dimethyi suifoxide 

Standard solutlon: 5 pa/mL of USP Biotin RS prepared 
by diluting the Standard stock soluthn in water 
Sample solution: Weigh NLT 20 Capsules In a tared 
weighing bottle. Open the Capsules, wlthout the loss of 
shelt materiał, and transfer the contents to a lOG-mL 
beaker. Remove any contents adhering to the empty 
shells by washing, if necessary, with several partiom of 
ether. Discard the washmgs, and dry the Capsule shells 
with the aid of a current of dry air until the odor of 
ether is no longer perceptibie, Weigh the empty Cap- 
suie shells in the tared weighing bottle, and cafculate 
the average net weigh t per Capsule. Transfer a portion 
of the Capsule contents, equrva)ent to a nominał 
amount of 1 mg of biotin, to a 200-mL voltimetric fiask. 
Add 3 mL of dimethyi sulfoxide, and swirl to wet the 
contents. Place the fiask in a water bath at 60°-70 D for 
5 min. Sonicate for 5 min, dilute with water to volume, 
and fiiter. 

Chromatographie system 
(See Chromatograpny (621), System Suitahility.) 

Modę: LC 

Detector: UV 200 nm 

Column: 4.6-mm x 15-cm; 3-pm packing L7 
Flow ratę; 1.2 mL/min 
Injection volume: 100 pL 
System suitahility 
Sample: Standard solution 
Suitabrfity requirements 
Relative standard deviatlon: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solutlon 
Measure the peak areas of biotin, Calcufate the percent- 
age of the labeled amount of biotin (CtoH^NzOES) in 
the portron of Capsules taken: 

Result = (Wr s ) x (C 5 /Cu) x 100 

Tu - peak area of biotin from the Sample solution 

rs = peak area of biotin from the Standard solution 

C 5 = concentration of USP Biotin RS in the Standard 
solution (pg/mL) 

Cu = nominał concentration of biotin rn the Sample 
solution (pg/mL) 

Acceptance criteria: 90.0%-150,0% of the labeled 
amount of biotin (CmHióNzOaS) 
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* Biotin, Method 2 

[Notę— Use low-actinic glassware throughout this 
procedurę.] 

Dehydrated mixtures yielding formulattons similar to the 
media described herein may be used provided that, 
when constituted as directed, they have growth-pro- 
moting properties eguaf to or superior to those ob- 
tained with the media prepared as described herein. 
Standard stock solution: 50 pg/mL of USP Biotin R$ in 
50% alcohol. Storę this solution in a refrigerator. 
Standard solution: 0.1 ng/mL of USP Biotin RS in 
water, prepared by dilution of the Standard stock solu- 
tian with water on the day of the assay. 

Sample solution: Proceea as directed in Biotin , Method 
? through "calculate the average net weight per Cap- 
sule." Transfer a portion of the Capsule contents, equiv- 
alent to 100 iig of biotin, to a 200-mL volumetric fiask, 
Add 3 mL of 50% alcohol, and swirl to wet the con¬ 
tents. Heat the fiask in a water bath at 6O°-70 Cł for 5 
min. Sonicate for 5 min, dilute with 50% alcohol fo 
volume, and fllter. DiEute a volume of the filtrate quan- 
titatwely, and stepwise if necessary, wEth water to ob- 
tain a solution with a concentration of 0.1 ng/mL 
Add-hydrolyzed casein solution: Mix 100 g of vita- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and reflux the rmxture for 8-12 h. Remove the hydro¬ 
chloric acid from the mixture by distillation under re- 
duced pressure unttl a thick pastę remains. Redissolve 
the resulting pastę in water, adjust the solution with 
1 N sodium hydroxrde to a pH of 3.5 ± 0.1, and dilute 
with water to 1000 ml, Ada 20 g of activated charcoai, 
stir for 1 h, and fllter. Repeat the treatment with acti- 
vated charcoal. Storę under toluene in a cooi place at a 
temperaturę NLT 10°, Fllter the solution if a preciprtate 
forms during storage. 

Cystine-tryptophan solution: Suspend 4.0 g of L-cys- 
tine in a solution of 1.0 g of L-tryptophan (or 2.0 g of 
D,L-tryptophan) in 700-800 mL of water, Heat to 
70°-80°, and add dilute hydrochloric add (1 in 2) 
dropwise, with stirring, until the solids are dissolved. 
Cooi, and dilute with water to 1000 mL. Storę under 
toluene in a cooi place at a temperaturę NLT 10°. 
Adenine-guanine-uraciI solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
uracil, with the aid of heat, in 10 mL of 4 N hydrochlo¬ 
ric add, Cooi, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator. 

Polysorbate 80 solution: 100 mg/mL of poiysorbate 80 
in alcohol 

Calcium pantothenate solution: 10 pg/mL of calcium 
pantothenate in 50% alcohol. Storę in a refrigerator. 
Riboflavin-thiamine hydrochloride solution: 20 pg/ 
mL of riboflavm and 10 pg/mL of thiamine hydrochto- 
ride in 0.02 N acetk acid. Storę under toluene, pro- 
tected from light, in a refrigerator. 
p-Aminobenzotc acid-niadn-pyndoxine hydrochloride 
solution: 10 pg/mL of p-aminobenzoic add, 50 pq/mL 
of niacin, and 40 pg/mL of pvridoxine hydrochloride in 
a mixture of neutralized alcohol and water (1:3). Storę 
in a refrigerator. 

Salt solution A: 25 cj of monobasic potassmm phos- 
phate and 25 g of dibasic potassium phosphale in 
water to make 500 ml. Acfd 5 drops of hydrochloric 
acid. Storę under toluene. 

Salt solution B: Dis$olve 10 g of magnesium sulfate, 

0.5 g of sodium chloride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 mL. 
Add 5 drops of hydrochloric acid, and mix. Storę under 
toluene. 

Basal medium stock solution: Dissolve anhydrous Dex- 
trose and anhydrous Sodium acetale in the Solutions pre- 
yiously mixed according to Table 1 , and adjust with 1 N 
sodium hydroxide to a pH of 6.8. Dilute with water to 
250 mL. 


Table 1 


Acid-hvdrolv 2 ed casein solution 

25 mL 

Cvstine-tryploohan solution 

25 mL 

Polysorbate 80 solution 

0,25 mL 

Dextrose, anhydrous 

10 a 

Sodium acetale, anhydrous 

5 g 

Adenine-nuanine-uraci! solution 

5 mL 

Catcium pantothenate solution 

5 mL 

Riboflayin-thiamine hydrochloride solution 

5 mL 

p-Aminobenzoic acid-niacin-pyridoitine hydrochlo- 
ride sol u tron 

5 mL 

Salt solution A 

5 mL 

Salt solution B 

5 mL 


Stock culture of Lactobacilius plantarum: Dissolve 
2,0 g of yeast extract in 100 mL of water. Add 500 mg 
of anhydmus Dextrose f 500 mg of anhydrous Sodium 
acetate, and 1.5 g of agar, and heat the mixture on a 
steam bath, with stirring, until the agar dissolves. Add 
10-mL portions of the hot solution to test tubes, close 
or tover the tubes, sterilize in an autoclave at 121° for 
15 min, and allow the tubes to cooi in an upright posi- 
tion, Prepare stab cultures tn three or morę of the 
tubes, using a pure culture of Lactobacilius plantarum, 1 * 
incubating for 16-24 h at a temperaturę between 30 rj 
and 37° heid constant to within ±0.5°. Storę in a refrig¬ 
erator. Prepare a fresh stab of the stock culture every 
week, and do not use for Inoculum if the culture is morę 
than 1 week old. 

Culture medium: To each of a series of test tubes con- 
taining 5.0 mL of Bosa/ medium stock solution add 
5.0 mL of water containing 0.5 ng of biotin. Pfug the 
tubes with cotton, sterilize in an autoclave at 121° for 
15 min, and cod, 

Inoculum: [NOTĘ—A frozen suspension of Lactobacilius 
ptantamm may be used as the stock culture, provided it 
yields an inoculum comparable to a fresh culture.] Trans¬ 
fer cel Is from the Stock culture of Lactobacilius plantarum 
to a sterile tubę containing 10 ml of Culture medium. 
Incubate this culture for 16-24 h at a temperaturę be¬ 
tween 30 3 and 37° held constant to within ±0,5°. The 
celi suspension so obtained is the Inoculum. 

Anaiysis 

Sam pies: Standard solution and Sample solution 
To similar sępa rafę test tubes add, in duplicate, 1.0 
and/or 1.5, 2.0, 3.0, 4.0, and 5,0 mL of the Standard 
solution. To each tubę and to four similar empty tubes 
add 5.0mL of Basal medium stock solution and suffi- 
cient water to make 10 ml. 

To similar test tubes add, in duplicate, vo!umes of the 
Sample solution corresponding to three or morę of the 
leve(s specrfred for the Standard solution , inciuding the 
levels of 2.0, 3.0, and 4.0 mL. To each tubę add 
5,0 mL of the Basal medium stock solution and suffi- 
cient water to make 10 mL, Place one complete set of 
Standard and sample tubes together in one tubę rack 
and the duplicate set in a second rack or section of a 
rack, preferably in random order, 

Cover the tubes of both series to prevent contamina- 
tion, and sterilize in an autoclave at 121° for 5 min. 
Cooi. Add 1 drop of Inocuium to each tubę, except 
two of the four tubes containing no Standard solution 
(the uninoculated blanks). incubate the tubes at a 
temperaturę between 3Q a and 37° held constant to 
within ±0.5° until, followtng 16-24 h of incubation, 
there has been no substarraal increase in turbidity in 
the tubes containing the highest level of Standard dur¬ 
ing a 2-h period. 

Determine the transmittance of the tubes in the foflow- 
ing manner. Mix the contents of each tubę, and trans- 

1 ATCC No. S01^ ii suitable. This Slrain was formerly knovvn as Loctobadllus 

orabinosus 17-5. 
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fer to a speetrophotometer celi, Place the celi in a 
speetrophotometer that has been set at a spetific 
wavelength 540-660 nm, and read the transmittance 
when a steady State is reached. This steady State Is 
observed a few seconds after agitation when the gal- 
vanometer readlng remains constant for 30 s or morę, 
Alfow approximately the same time interval for the 
reading on each tubę. 

With the transmittance set at 1.00 for the unlnoculated 
blank, read the transmittance of the inoculated blank, 
Wlth the transmittance set at 1.00 for the inoculated 
blank, read the transmittance for each of the rema i n- 
ing tubes, If there is evidence of contamination wfth a 
foreign mieroorganlsm, disregard the result of the 
assay. 

Calculation: Prepare a standard concentration-response 
curve as follows, For each level of the Standard, calcu- 
late the response from the sum of the dupllcate values 
of the transmittance (I 5 ) as the difference, y = 2,00 - 
Zs- Plot this response on the ordinate of cross-section 
paper against the logarithm of the mL of Standard soiu¬ 
tion per tubę on the abscissa, using for the ordinate 
elther an aritlimetic or a logarithmic scafe, whtchever 
gives the better approximation to a straight linę, Draw 
the straight linę or smooth curve thaf best fits the plot- 
ted poinfs. 

Calculate the response y = 2.00 - adding together 
the twa transmittances (I y ) for each level of the Sam - 
ple soiution* Read from the standard curve the loga¬ 
rithm of the volume of the Standard soiution corre- 
sponding to each of those values of y that fali wrthin 
the rangę of fowest and high est points plotted for the 
Standard. Subtract from each logarithm so obtained 
the logarithm of the volume, in mL, of the Sample 
soiution to obtain the difference, X , for each dosage 
level. Average the values of X for each of three or 
morę dosage levels to obtain X, which equais the log- 
relative potency, M' , of the Sample soiution . 

Determine the guantity, in jag, of biotin (CioHińlSbOsS) 
in the portion of Capsules taken: 

antilog M = antilog (M' + log /?) 

R - number of jug of biotin assumed to be present 
in the portion of Capsules taken 
Calculate the percentage of the labeled amount of 
biotin (CioHtsNiObS) in the portion of Capsules taken: 

Result = [(antilog M)/N\ x 100 

N = nominał amount of biotin in the portion of 
Capsules taken (pg) 

Replkation: Repeat the entire determination at least 
once, using separately prepared Sample Solutions. If the 
difference oetweenjihe two log-potencies M is NMT 
0,08, their mean, M, is the assayed log-potency of the 
test materiał (see Design and Analysis of Biological Assays 
(111), The Confidence lnterval and Limits of Potency). If 
the two determination s differ by morę Lhan 0.08, eon- 
duet one or morę additlonal determinatlons. From the 
mean of two or morę values of M that do not differ by 
morę than 0.15, compute the mean potency of the 
preparation under assay, 

Acceptance criteria: 90.0%-150,0% of the labeled 
amount of biotin (CjoHifiNzOaS) 

* C v ajmo co bałam IN, Method 1 

[Notę —Use low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Methanol and water (7:13) 

Standard stock soiution: 10 jig/mL of USP Cyanoco- 
baiamin RS in water. [Notę—S torę this stock soiution in 
a dark place, and discard after 1 week.] 

Standard soiution: 1 iig/mL of USP CyanocobaJamin 
RS from the Standard stock soiution dii u ted with water 


Sample soiution: Weigh NLT 30 Capsules in a tared 
weigh i ng bottle. Open the Capsules, without the ioss of 
sheit materiał, and transfer the contents to a 100-mL 
beaker. Remove any contents adherrng to the empty 
shells by washing, if necessary, with several portlons of 
ether, Discard the washings, and dry the Capsuie shells 
with the aid of a current of dry air until the odor of 
ether is no longer perceptible. Weigh the empty Cap- 
sule shells in the tared weighing bottle, and calculate 
the average net weight per Capsuie. Transfer a portion 
of the Capsuie contents, equivalent to 1 00 pg of cyano- 
cobalamin, to a 250-mL fiask, Quantitatively add 
100.0 mL of water, and carefuliy extract for 2 min. Fil¬ 
ier 10 ml of the extract, and use the elear fil tratę. 
Chromatographic system 
(See Chramotograpny (62 1), System Suita bil i ty.) 

Modę; LC 
Detector: 550 nm 

Column: 4.6-mm x 15-cm; 5-pm packing LI 
Flow ratę: 0.5 mL/min 
Injection volume: 200 pL 
System suitability 
Sample: Standard soiution 
Suitability requirements 
Relative standard deviation: NMT 3,0% 

Analysis 

Sampies: Standard soiution and Sample soiution 
Measure the peak areas of cyanocobalamin, Calculate 
the percentage of the labeled amount of cyanocobala- 
min (C 63 Hb 8 CoNi, s OmP) in the portion of Capsules 
taken: 

Result = (ru/rs) x (Q/C u ) x 100 

fu - peak area of cyanocobalamin from the Sample 
soiution 

r$ = peak area of cyanocobalamin from the 
Standard soiution 

Q - concentration of USP Cyanocobalamin RS in 
the Standard soiution (pg/ml) 

Cu - nominał concentration of cyanocobalamin in 
the Sample soiution (pg/ml) 

Acceptance criteria: 90,0%-l 50,0% of the labeled 
amount of cyanocobalamin (C^HsbCoNmOhP) 

• Cyanocobalamin, Method 2 

[NOTĘ—Use low-actimc glassware throughout this 
procedurę,] 

Standard stock soiution: 1.0 pg/mL of USP Cyanoco¬ 
balamin RS in 25% alcohol. Storę in a refrigerator. 
Standard soiution: Dilute a suitable volume of Standard 
stock soiution with water to a measured volume such 
that after the ineubation period as desenbed in the 
Analysis , the difference in transmittance between the in¬ 
oculated blank and the 5.0-mL level of the Standard 
soiution is NLT that which corresponds to a difference of 
1,25 mg in dried celi weight. This concentration usualiy 
falls between 0,01 and 0.04 ng/mL of the Standard so- 
lution . Prepare this soiution fresh for each assay. 

Sample soiution: Proceed as directed in Biotin , Method 
1 through "'calculate the average net weight per Cap- 
sufe." Transfer a portion of the Capsuie contents, equiv- 
a lent to 1.0 ug of cyanocobalamin, to an approprlate 
vessel containing, for each g of Capsuie contents taken, 
25 mL of an agueous extracting soiution prepared just 
before use to contain 12.9 mg/mL of dibasic sodium 
phosphate, 11.0 mg/mL of anhydrous citric acid, and 
1 0 mg/mL of sodium metabisulfite. Autoclave the mix- 
ture at 121 D for 10 min. Al Iow any undissolved particles 
of the extract to settle, and fil ter or centrifuge, if neces¬ 
sary. Dilute an aliguot of the elear soiution with water 
to obtain a finał soiution containing vitamin Bu activity 
approKimately equlvalent to that of the Standard 
sofutbn. 

Acid-hydrolyzed casein soiution: Prepare as directed in 
Caldum Pantothenate, Method 2. 
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Asparagine solution: Dissolve 2.0 g of L-asparagine i n 
water to make 200 ml. Storę under toJuene in a 
ref rig era tor. 

Adenine-guanme-uraril solution: Prepare as directed 
in Catcium Pantothenate, Method 2 , 

Xartlhine solution: Suspend 0.20 g of xanthine in 
30-40 mL of water, heat to 7G°, add 6.0 mL of 6 N 
ammonium hydroxide, and stir until the solid is dis- 
so!ved. Coof, and dilute with water to 200 mL. Storę 
under toiuene in a refrigerator. 

Salt solution A: Dissotve 10cj of monobasic polassrum 
phosphate and 10 g of dibasic potassium phosphate in 
water to make 200 mL, and add 2 drops of hydrocblorc 
acid. Storę this solution under toiuene. 

Sak solution B: Dtssolve 4.0 g of magnesium suffate, 
0.20 g of sodium chloride, 0.20 g of ferrous sulfate, and 
0,20 g of manganese sulfate in water to make 200 mL. 
Add 2 drops of hydrochloric add. Storę this solution 
under toiuene. 

Polysorbate 80 solution: Dissolve 20 g of polysorbate 
80 in alcohol to make 200 mL, Storę in a refrigerator. 

Vitamin solution A: Dissolve 10 mg of riboftavin, 

10 mg of thiamine hydrochloride, IGOpg of biotin, and 
20 mg of niadn in 0.02 N acetic acid to make 400 mL. 
Storę under toiuene, protected from light, in a 
refrigerator. 

Vitamin solution B: Dissoke 20 mg of p-aminobenzok 
acid, 10 mg of calcium pantothenate, 40 mg of pyrf- 
doxine hydrochloride, 40 mg of pyridoxal hydrochlo¬ 
ride, 8 mg of pyridoxamine dihydrochloride, and 2 mg 
of folie add in a mixture of water and neutralized alco¬ 
hol (3:1) to make 400 mL Storę, protected from light, 
in a refrigerator. 

Basal medium stock solution: Prepare the medium ac- 
cording to the following formula and directions. A de- 
hydrated mixture contalning the same ingredients may 
be used provided that, when constituled as directed in 
the labellng, it yields a medium comparable to that ob- 
tained from lhe formula given herein. 

Add the ingredients in the order listed in Tobie 2, ca re¬ 
fu lly dissoTvtng Cystine and Tryptophan in the hydro¬ 
chloric acid before addina the next eight Solutions to 
the resulting solution. Add 100 mL of water, and dis- 
solve the Dextrose f Sodium acetale, and Ascorbic acid. 

Fi Eter, if necessary. Add the Polysorbate 80 solution , ad- 
just with 1 N sodium hvdroxide to a pH of 5.5-6.0, 
and dilute with Purified Water to 250 mL 


Tahle 2 


L-Cystjne 

0.1 a 

L-Ip/otophan 

0.0S a 

1 N hydrochloric acid 

10 mL 

Aden i n e-q ua n i n e- u ra c i t sofutio n 

5 mL 

Kanthine solution 

5 ml 

Vicamin solution A 

TO mL 

Vitamfn solution B 

10 ml 

Salt solution A 

5 mL 

Salt solution B 

5 mL 

Asoaraaine solution 

5 ml 

Acid-hydrofyzed casein solution 

25 mL 

Dextrose r anhydrous 

10 0 

Sodium acetatę, anhydrous 

^ Q 

Ascorbic acid 

La 

Polysorbate 80 solution 

5 mL 


Tomato jukę preparation: Centrifuge commercially 
canned tomato juice so that most of the pulp is re- 
moved. Suspend 5 g/L of analytical filter aid in the su- 
pernatant, and pass, with the aid of reduced pressure, 
through a layer of the filter aid. Repeat, if necessary, 
until a elear, straw-colored filtra te is obtained. Storę 
under toiuene in a refrigerator. 


Culture medium: [Notę—A dehydrated mixture con- 
tarning Lhe same ingredients may be used proytded 
that, when constituted as directed in the labeling, it 
yields a medium equivalent to that obtained from the 
formula qłven herein.] Dissolve 0.75 g of yeast extract, 
0,75 g ordried peptone, 1.0 g of anhydrous dextrose, 
and 0.20 g of monobasic potassium phosphate in 
60-70 mL of water. Add 10 mL of Tomato juice prepara - 
f/on and 1 mL of Polysorbate 80 solution . Adjusl with 
1 N sodium hydroxide to a pH of 6.8, and dilute with 
water to 100 mL. Place 10-mL portions of the solution 
in test tubes, and pług with cotton. Sterilize the tubes 
and contents in an autodave at 121 0 for 15 min. Cool 
as rapidly as possibfe to avoid cofor formation resulting 
from overheating the medium, 

Suspension medium: Dilute a measured volume of Ba¬ 
sa! medium stock solution with an equal volume of 
water. Place 10-mL portions of the diluted medium in 
test tubes. Sterilize, and cool as directed for Culture 
medium . 

Stock culture of Lactobadllus fekhrnannii: To 100 mL 
of Culture medium add 1.0-1.5 g of agar, and heat the 
mixture on a steam bath, with stirring, until the agar 
disso!ves. Place 10-mL portions of the hot solution in 
test tubes, cover the tubes, sterilize at 121 a for 15 min 
in an autodave, and allow the tubes to cool in an up- 
right position, fnoculate three or morę of the tubes by 
stab transfer of a pure culture of Lactobadllus lekhman- 
nii, 2 [NoTE—Before first using a fresh culture in this as- 
say, make NLT 10 successive transfers of the culture in a 
2-week period.] Incubate for 16-24 h at a temperaturę 
between 30 c and 40° held constant to within ±0.5°, 
Storę in a refrigerator. 

Prepare fresh stab cultures at Jeast three times each 
week, and do not use them for preparing the Inocuium 
if morę than 4 days old. The activlty of the microor- 
ganism can be inereased by daily or twice-daily trans¬ 
fer of the stab culture, to the point where definite tur- 
bidity in the liguid Inocuium can be observed 2-4 h 
after inoculation. A slow-growing culture seldom gives 
a suitable response curve and may lead to erratic 
results, 

Inocuium: [Notę —A frożen suspension of Lactobadllus 
leichmannti may be used as the stock culture, provided 
it yields an Inocuium comparable to a fresh culture.] 
Make a transfer of cells from the Stock culture of Locto- 
badlius leichmannii to two stenie tubes containing 
10 mL each of the Culture medium. Incubate these cul¬ 
tures for 16-24 h at a temperaturę between 30° and 
40° held constant to within ±0.5°, Under aseptic condi- 
tions, centrifuge the cultures, and deeant the super na* 
tant. Suspend the cells from the culture in 5 mL of ster- 
ile Suspension medium t and combine. Using stenie 
Suspension medium , adjust the volume so that a 1-in-20 
dilution in salinę TS produces 70% transmittance when 
read on a suitable spectrophotometer that has been set 
at a wavelength of 530 nm, eguipped with a 10-mm 
celi, and read aga insi salinę TS set at 100% transmit¬ 
tance. Prepare a 1-in-40G dilution of the adjusted sus- 

f łension using sterile Basal medium stock solution. 

Notę—T his dilution may be altered, when necessary, to 
obtain the desired test response.] The cel! suspension so 
obtained is the Inocuium . 

Calibration of spectrophotometer: Check the wave- 
lenglh of the spectrophotometer perlodically, using a 
standard wavelength celi or other suitable deviee. 

Before reading any tests, callbrate the spectrophotome¬ 
ter for 0% and 100% transmittance, using water, with 
the wavelength set at 530 nm. 

2 Pure cultures of Lartobaallus teichmofmh (llsied as ioctobodllus defbmekii) 
may be obtarned as No, ZB30 from ATCC, 10801 Uniyer^ity BWd., Maoassas, 
VA 20110-2209 (www.atccorg). 
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Analysis 

Samples: Standard solution and Sample solution 
Because of the high sensitMty of the test organism to 
minutę amounts of vitamln activity and to traces of 
many deansing agents, deanse metrculously by suita- 
ble means, followed preferabfy by heating at 250° for 
2 h, using hard-glass 20-mm x 150-mm test tubes and 
other necessary glassware. 

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 
3.0, 4.0, and 5.0 ml of the Standard solution . To each 
of these tubes and to four similar empty tubes add 
5.0 mL of Basai medium stock solution and sufficient 
water to make 10 mL. 

To similar separate test tubes add, rn duplicate, T.0, 

1.5, 2.0, 3.0, and 4,0 mL of the Sample solution . To 
each tubę add 5,0 mL of Basal medium stock solution 
and sufficient water to make 10 mL. Place one tom- 
piete set of Standard and sample tubes together In 
one tubę rack and the duplicate set in a second rack 
or section of a rack, preferably in random order. 

Cover the tubes to prevent bacterial contamlnation, 
and sterilize in an autoclave at 121 D for 5 min, arrang- 
ing to reach this temperaturę in NMT T O min by 
preheating the autoclave if necessary. Cool as rapidly 
as possible to avoid color formation resulting from 
overheating the medium. Take precautions to maintain 
uniformity of sterilizing and cooling conditions 
throughout the assay, because paddng the tubes too 
closeły in the autoclave or overloading it may cause 
yariatlon in the heating ratę. 

Aseptically add 0.5 mL of Inoculum to each tubę so pre- 
pared, except two of the four containing no Standard 
solution (the uninoculated blanks). fncubate the tubes 
at a temperaturę between 30° and 40°, held constant 
to within ±0,5°, for 16-24 h. 

Terminale growth by heating to a temperaturę NIT 80° 
for 5 min. Cool to room temperaturę, After agitating 
contents, read the transmittance at 530 nm when a 
steady State is reached. This steady State is obsen/ed a 
few seconds after agitation when the reading remains 
constant for 30 s or morę, Allow approximately the 
same time interval for the reading on each tubę. 

With the transmittance set at 100% for the uninocu¬ 
lated blank, read the transmittance of the inoculated 
blank. If the difference is greater than 5% or if there is 
evidence of contamination with a foreign microorgan- 
ism, disregard the results of the assay. 

With the transmittance set at 100% for the uninocu¬ 
lated blank, read the transmittance of each of the re- 
maining tubes. Disregard the results of the assay if the 
slope or the standard curve indicates a problem with 
sensitivity, 

Calculation: Prepare a standard concentration-response 
curve by the fol łowi ng procedurę. Test for and replace 
any aberrant individual transmittances. For each leve! of 
the Standard, calculate the response from the sum of 
the duplicate vafues of the transmittances (I 5 ) as the 
difference, y = 2,00 - Plot this response on the ordi- 
nate of cross-section paper agarnst the logarithm of the 
ml of Standard solution per tubę on the abscissa, using 
for the ordinate either an ahthmetic or a Jogarithmic 
scalę, whichever gives the better approximation to a 
straight tine. Draw the straight linę or smooth curve 
that oest fits the plotted points. 

Calculate the response, y = 2.00 - Z Ut addtng together 
the two transmittances (I u) for each level of the Sam¬ 
ple solution . Read from the standard curve the loga¬ 
rithm of the volume of the Standard solution corre- 
sponding to each of those va!ues of y that falls within 
the rangę of the lowest and hlghest points plotted for 
the Standard, Subtract from each logarithm so ob- 
tained the togarithm of the voIume, in mL, of the 
Sample solution to obtain the difference, X, for each 


dosage level. Average the value5_of X for each of three 
or morę dosage levels to obtain X, which equals the 
log-relative potency, M\ of the Sample solunon. 
Determine the quantity, in pg, of cyanocobalamin 
{CńjHaeCoN uOmP) in the portion of Capsules taken: 

antilog M - antilog (M' ± log R ) 

R = number of pg of cyanocobalamin assumed to 
be present m the portion of Capsules taken 
Calculate the percentage or the labeled amount of 
cyanocobalamin (Casna&CoNuO H P) in the portion of 
Capsules taken: 

Result = [(antilog M)fN] x 100 

N = nominał amount of cyanocobalamin in the 
portion of Capsules taken (pg) 

Replication: Repeat the entire determination at least 
once, using separately prepared Sample Solutions, If the 
difference betweenjhe two log-potencies M is NMT 
0.08, their mean, M, is the assayed log-potency of the 
test materiał (see Vitamin B u Activity in Design and Anal¬ 
ysis of Biological Assoys (111), The Confidence Inten/al 
and Umlts of Potency), If the two determinations differ 
by morę than 0.08, conduct one or morę additional 
determinations, From the mean of two or morę values 
of M that do not differ by morę than 0.15, compute 
the mean potency of the preparation under assay. 
Acceptance critena: 90.0%-150.0% of the labeled 
amount of cyanocobalamin (CfiiHseCoN^O^P) 

* Folic Acid, Method I 

[NOTĘ—Use low-actinic glassware throughout this 
procedurę.] 

Reagent A: 25% solution of tetrabutylammonium hy- 
droxide in methanol 

Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL 
volumetric fiask. Using sonication rf necessary, dissolve 
in and dilute with 1 N sodium hydroxide to volume. 
Mobile phase; 2 g of monobasic potassium phosphate 
in 650 mL of water, Add 12,0 mL of Reagent A , 7.0 mL 
of 3 N phosphoric acid, and 240 mL of methanol. Cool 
to room temperaturę, adjust with phosphoric acid or 
ammonia TS to a pH of 7.0, dilute with water to 
1000 mL, and fil ter. Recheck the pH before use by add¬ 
ing water or methanol to the prepared Mobile phase to 
obtain baseline separatfon of folie acid and the internal 
standard. The pH may be Increased up to 7.15 to ob¬ 
tain better separation. [NOTE—The methanol and water 
content may be varied (between 1% and 3%).] 

Internal standard solution: Transfer 40 mg of methyl- 
paraben to a 1000-mL volumetric fiask, and add 
220 mL of methanol to drssolve. Dissoive 2.0 g of mon¬ 
obasic potassium phosphate in 300 mL of water in a 
separate beaker, quantitatively transfer this solution to 
the fiask containing the methylparaben solution, and 
add an additional 300 mL of water. Add 19 mL of Rea¬ 
gent Ą 7 mL of 3 N phosphoric acid, and 30 ml of Rea¬ 
gent 8. Adjust with ammonia T5 to a pH of 9.8, bubble 
nitrogen tnrough the solution for 30 min, dilute with 
water to volume, and mix. 

Standard solution; 0.016 mg/mL of USP Folie Acid RS 
in Internal standard solution 

Sample solution: Proceed as directed in Biotin, Method 
1 tnrough “calculate the average net weight per Cap- 
sute/' Transfer an amount of Capsule contents to a suit- 
able centrifuge tubę, and add a volume of Internal stan¬ 
dard solution to obtain a nominał concentration of 
0.016 mg/mL of folie acid. Shake by mechanical means 
for 10 min, and centrifuge, Fifter a portion of the elear 
supernatant, and use the filtrate. 

Chromatographic system 
(See Chromatograpny (621), System Suita bili ty,) 
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Modę: LC 

Detector: UV 280 nm 
CoEumn: 3.9-mm x 30-cm; packing LI 
Ffow ratę: 1 mL/min 
Injection volume: 15 pi 
System suitability 
Sample: Standard solution 

[Notę —The rela£tve retention tlmes for folie acid and 
methylparaben are about 0.8 and 1 . 0 , respectively,] 

Suitability requirements 
Relative standard deviation: NMT 3.0% 

Anatysfs 

Samples: Standard solution and Sample solution 
Measure the peak areas for folie acid and methylpara- 
ben. Calculate the percentage of the labeled amount 
of folie acid (CisHięN/O^) in the portion of Capsules 
taken; 

Result = { Ru/R,) x (G/G) x 100 

Ru - peak area ratio of folie acid to methylparaben 
from the Sample solution 

Rs - peak area ratio of folie acid to methylparaben 
from the Standard solution 
C s — concentration of USP Folie Acid RS in the 
Standard solution (pg/mL) 

G = nominał concentration of folie acid in the 
Sample solution (pg/mL) 

Acceptanee crlteria; 90*0%-150.0% of the labeled 
amount of folie acid (C^H ig N 7 O e ) 

* Folic Acid, Metbod 2 

[Notę—U se low-actinic glassware throughout this 
procedurę*] 

Diluent: 60 pg/mL of ammonium hydroxide 
Mobile phase: Transfer 0*4 mL of triethylaminę, 

15.0 mL of glacial acetic acid, and 350 mL of methanol 
to a 2000-mL voiumetric fiask, and dilute with 0.008 M 
sodium l-hexanesu!fonate to volume. 

Standard stock solution: 60 pg/mL of USP Folie Acid 
RS in Diluent. Prepare this solution fresh daily. 

Standard solution: Mix 5.0 mL of the Standard stock 
solution with 10,0 ml of a mixture of methanol and gla- 
cial acetic acid (9:1) and 30.0 mL of a mixture of meth¬ 
anol and ethylene glycol (1:1). Shake for 15 min in a 
water bath mainlained at 60®, and cool Filter, discard- 
ing the first few mL of the filtrate* 

Sample solution: Proceed as directed In Biotin, Method 
1 through "calculate the net average weight per Cap- 
sule." Transfer a portion of the Capsuie contents, equlv- 
alent to 0.3 mg of fofic add, to a 125-mL stoppered 
fiask. Add IG.OmL of a mixture of methanol and glacial 
acetic acid (9:1) and 30*0 mL of a mixture of methanol 
and ethylene glycol (1:1). Shake for 15 min in a water 
bath maintained at 60°, and cool, Filter, discardtng the 
first few ml of the filtrate. 

Chromatographic system 
(See Chromatography {62]), System Suitability,) 

Modę: LC 

Detector: UV 270 nm 

Column: 4.6-mm x 25-cm; packing L7 

Cofumn temperaturę: 50* 

Flow ratę: 2 mL/min 
Injection volume: 5 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the areas of the major peaks. Calculate the 
percentage of the labeled amount of folic acid 
(C }9 H X9 N 7 Q 6 ) in the portion of Capsules taken: 

Result = (ru/r 5 ) x (G/G) x 1 00 


r u - peak area of folic acid from the Sample 
solution 

rs = peak area of folie acid from the Standard 
solution 

Cs ~ concentration of USP Folic Acid RS in the 
Standard solution (pg/mL) 

Cu = nominał concentration of folie add in the 
Sample solution (pg/mL) 

Acceptanee criteria: 90.0%-] 50.0% of the labeled 
amount of folie add (C 19 H 10 N 7 O 5 ) 

* Oexpanthenol or Panthenol 

[Notę—T he following procedurę is applicable also to the 
determination of the dextrorotatory component of race- 
mic panthenol in preparations containing panthenol.] 
Dehydrated mixtures yielding formulations similar to the 
media described herein may be used provided that, 
when constituted as directed, they have growth-pro- 
moting properties equal to or superior to those ob- 
tained with the media prepared as described herein. 
Standard stock soiution: 800 pg/mL of USP Dexpan- 
thenol RS or 1600jug/mL of USP Racemic Panthenol RS 
in water Storę in a refrigerator protected from light, 
and use within 30 days* 

Standard solution: On the day of the assay, prepare a 
dilution of 1.2 pg/mL of dexpanthenol or 2.4 pg/mL of 
panthenol from the Standard stock solution diluted with 
water. 

Sample solution: Weigh NLT 30 Capsules in a tared 
weighing bottle. Open the Capsules, without loss of 
shefl materiał, and transfer the contents as compieteiy 
as posstble to a beaker* Remove any contents adhering 
to the empty Capsuie shells by washmg with several 
portions of ether* Discard the washings, and dry the 
Capsuie shells with the aid of a current of dry air until 
the odor of ether is no fonger percepfible, Weigh the 
empty Capsuie shells in the tared weighing bottle, and 
cakulate the average net weight per Capsuie. Dlssolve a 
portion of the Capsuie contents, nominally equivalent 
to 1.2 mg of dexpanthenol or 2.4 mg of panthenol, in 
100.0 mL of water. Quantitative!y dilute a portion of 
this solution with water to obtain a nominał concentra¬ 
tion of 1.2 pg/mL of dexpanthenol or 2*4 pg/mL of 
panthenol. 

Arid-hydrolyzed casein solution: Mix lOOg of vita- 
minTree casein with 500 mL of 6 N hydrochlorrc acid, 
and reflux the mixture for 8-12 h, Remove the hydro- 
chloric add from the mixture by distillation under re- 
duced pressure until a thick pastę remains. Redissoive 
the resulting pastę in about 500 ml of water, adjust the 
solution witn 1 N sodium hydroxide to a pH of 3.5 ± 
OJ, and dilute with water to 1000 mL Add 20 g of 
activated charcoal, stirfor 1 h, and filter. Repeat the 
treatment with activated charcoal. Storę under toluene 
in a cool place at a temperaturę NLT 10°. Filter the 
solution ir a predpitate form 5 during storage, 
Cystine-tryptophan solution: Suspend 4,0 g of L-cys- 
tine in a solution of L0 g of L-tryptophan (or 2.0 g of 
D,L-tryptophan) in 700-800 ml or water, heat to 
75 ± 5°, and add hydrochloric add solution (1 in 2} 
dropwrse, with stirring, until the solids are dissolved, 
Cool, and dilute with water to 1000 mL Storę under 
toluene in a cool place at a temperaturę NLT 1Q°* 
Adenine-guanine-uracil solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
uracil, with the aid of heat, In 10 mL of 4 N hydrochlo- 
ric add. Cool, and dilute with water to 200 mL, Storę 
under toluene in a refrigerator. 

Poiysorbate 80 solution: lOOmg/mL of polysorbate 80 
in aleohol 

Riboffavin-thiamine hydrochloride-biotin solution: 

20 pg/mL of riboflavin, 10 pg/mL of thlaminę hydro- 
chloride, and 0.04 pg/mL of biotin in 0.02 N acetic 
acid, Storę under toluene, protected from fight, in a 
refrigerator. 
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p-Amrnobenzoic add-njacin-pyridGxme hydrocbloride 
solution: 10 tig/ml of p-aminobenzoic add, 50 [tg/mL 
of niadn, and 40 pg/mL of pyridoxine hydrach tande in 
neutral 25% alcohol. Storę in a refngerator. 

Salt solution A; 50 mg/ml of monooasic potassium 
phosphate and 50 mg/mL of dibasic potassium phos- 
phate in water. Add 10 drops of hydrochlonc acid per L 
of solution. Storę under tofuene. 

Salt solution B: 20 mg/ml of magnesium sulfate, 

1 mg/ml of sodium chloride, 1 mg/mL of ferrous sul 
fate, and 1 mg/mL of manejanese sulfate in water. Add 
10 drops of hydrochloric add per L of the solution* 

Storę under toluene* 

Pyndoxal-caldum pantothenate solution: 200 pg/mL 
of pyridoxal hydrocbloride and 1.875 pg/mL of calcium 
pantothenate in 10 % alcohol. Storę in a refngerator, 
and use within 30 days* 

Pofysorbate 40-oleic acid solution: 50 mg/ml of poly- 
sorbate 40 and 0*5 mg/ml of oleić acid in 20% alcohol 
Storę En a refngerator, and use within 30 days* 

Modified pantothenate medium: Dissoiye anhydrous 
dextrose and sodium acetafce in the Solutions previousEy 
mixed according to Tobie 3 , and adjust with 1 N so¬ 
dium hydroxide to a pH of 6.8. Di lute with water to 
250 ml 


Table 3 


Add-hvdrolvzed casein solution 

25 mL 

Cystine-tryptophan solution 

25 ml 

Polysorbate 80 soJution 

0.25 mL 

Dextrose ł anhydrous 

1Q o 

Sodium acetate, anhydrous 

5 Q 

Ad e n i n e-q u a n f n e~uradl sol u t i on 

5 mL 

Riboflavin-thEamine hvdrochloride-biotin solution 

5 ml 

p Arninobenzoic add-niadn-pyndoxine hydrochlo¬ 
nde solution 

5 mL 

Salt solution A 

5 mL 

Salt solution B 

5 mL 

Pyrldoxakcaldum pantothenate solution 

5 mL 

Polysorbate 40-o|eic add sotution 

5 mL 


Double-strength modified pantothenate medium: 

Prepare as directed In Modified pantothenate medium , 
but make the finał diJutson to 125 mL instead of 
250 ml* Prepare fresh. 

Stock culture of Pediococcus acidilactkh Dissolve in 
800 ml of water, with the aid of heat, 6,0 g of pep- 
tone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast 
extract, 1.5 g of beef extract, 1.0 g of dextrose, and 
15*0 g of agar. Adjust with 04 N sodium hydroxide or 
0,1 N hydrochlonc acid to a pH of 6 ,5^6. 6 , and dilute 
with water to 1000 mL. Add 10-mL portions of the so¬ 
lution to culture tubes, place caps on the tubes, and 
sterilize in an autoclave at 121° for 15 min. Cool on a 
siant, and storę in a refngerator* Prepare a stock culture 
of Pediococcus acidiiacticP on a slant of this medium. 
Incubate at 35° for 20-24 h, and storę in a refngerator. 
Maintain the stock culture by monthly transfer onto 
fresh slants. 

Inoeulum: InocuEate three 250-ml portions of sterile 
Modified pantothenate medium from a stock culture 
slant, and incubate at 35° for 20-24 h. Centrifuge the 
suspension from the combfned portions, and wash the 
cells with sterile Modified pantothenate medium * Resus- 
pend the cells in sufficient Modified pantothenate me- 
dium so that a 1 -in-50 difution, when tested in a 
13-mm diameter test tubę, gives 80% light transmission 
at 530 nm* Transfer 1,2-mL portions of this stock sus¬ 
pension to sterile glass ampuls, seal, freeze in liguid m- 
trogen, and storę En a freezer, On the day of the assay, 


allow the ampuls to reach room temperaturę, mix the 
eontents, ano dilute 1 ml of thawed culture with sterile 
salinę TS to 150 ml, [Notę—T his clElution may be al- 
tered when necessary to obtain the desired test 
response,] 

Analysis: Prepare in triplicate a senes of esght culture 
tubes by adding the foliowing guantities of water to the 
tubes within a set: 5*0, 4*5, 4.0, 3*5, 3*0, 2*0, 1,0, and 
0.0 mL. To these same tubes and in the same order add 
0*0, 0,5, 1,0, 1*5, 2,0, 3,0, 4.0, and 5,0 mL of the 5tcrr?- 
dard solution. 

Prepare En duplieate a series of five culture tubes by 
adding the followtng quanfities of water to the tubes 
within a set: 4*0, 3*5, 3.0, 2.0, and 1.0 mL, To these 
same tubes and in the same order add 1 . 0 , 1.5, 2.0, 
3,0, and 4,0 mL of the S ample solution . 

Add 5.0 mL of Doubie-strength modified pantothenate 
medium to each tubę, Cover the tubes with metal 
caps, and sterilize in an autodave at 121° for 5 min, 
Cool to room temperaturę En a chifled water bath, and 
Enoculate each tubę with 0,5 mL of the Inoeulum * Al¬ 
low to incubate at 37° for 16 h* lerminate growth by 
heating to a temperaturę NLT 80°, such as by steam- 
ing at atmospberic pressure in a sterilizer for 5-10 
min. Cool, and determine the percentage transmit- 
tance of the suspensions, in cells of equal path length, 
on a suitable spectrophotometer at a wave!ength of 
530 nm. 

Calculation: Draw a dose-response curve on arithmetic 
graph paper by plotting the average response, in per¬ 
centage of transmittance, for each set of tubes of the 
standard curve against the Standard level concentra- 
tions* The curve is drawn by connecting each adjacent 
patr of points with a straight Itne. From this standard 
curve, determine by interpolation the potency of each 
tubę containing portions of the Surnple solution. To ob- 
tain the individual responses, divide the potency of 
each tubę by the amount of the Sampie solution added 
to it. Catculate the mean response by averaging the 
individuat responses that vary from tneir mean by NMT 
15%, using NLT half the total number of tubes. Calcu- 
late the potency of the portion of the materiał taken for 
assay by muStiplying the mean response by the appro- 
priate dilution factor. 

Calcuiate the percentage of the labeled amount of dex- 
panthenol or panthenol (C 9 H 19 NO. 1 ) in the portion of 
Capsules taken: 

Result = (P/N) x 100 

P — potency of dexpanthenol or panthenol in the 
portion of Capsules taken (mg) 

N - nominał amount of dexpanfhenol or 

panthenol in the portion of Capsules taken 
(mg) 

Acceptance criteria: 90,0%-l 50.0% of the labeled 
amount of dexpanthenol or panthenol (CgHisNO*} 
Calcium Pantothenate, Method 1 
Mobile phase: Phosphoric acid and water (1:1000) 
Interna! standard solution: 80 mg of p-hydroxybenzoic 
acid in 3 ml of alcohol. Add 50 mL of water and 7.1 g 
of dibasic sodium phosphate, and dilute with water to 
1000 mL. Adjust with phosphoric acid to a pH of 6*7. 
Standard solution: 0.6 mg/mL of USP Calcium Panto¬ 
thenate RS in In terna I standard solution 
Sampie solution: Proceed as directed in Biotin , Method 
1 tnrough "calcuiate the average net weight per Cap- 
sule." To a centrifuge tubę, transfer an amount of 
mixed Capsute contents and a volume of internal stan¬ 
dard soiufion to obtain a nominał concentration of 
O.ómg/mL in the Sampie solution , 

Chromatographic system 
(See Chromatograpny (621), System Suitabiiity.) 


1 ATCC No, BO 42 is sufctabJe* 
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Modę: LC 

Detector; UV 210 nm 
Cofumn: 3,9-mm x 15-em; packmg LI 
FJow ratę: 1.5 mL/min 
Injection volume: 10 ]iiL 
System suitability 
Sample; Standard solution 

[NOTĘ—The relative retentlon tirnes for calcium panto¬ 
thenate and p-hydroxybenzoic acid are about 0.5 and 
1.0, respective!y,] 

Suitabifity requirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard solution and Sample sotution 
Measure the peak areas of calcium pantothenate and 
the interna! standard. Calculate the perć en ta ge of the 
labeied amount of calcium pantothenate 
(CiaH^CaNjOio) i n the portion of Capsules taken: 

Result = (Ru/Rs) x (Cj/Cy) x 1 00 

Ru ~ peak area ratio of calcium pantothenate to p - 
hydroxybenzoic acid from the Sample 
solution 

R% = peak area ratio of calcium pantothenate to p~ 
hydroxybenzoic acid from the Standard 
sotution 

Cs - concentration of USP Calcium Pantothenate 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of calcium 

pantothenate in the Sampte sotution (mg/mL) 
Acceptance critena: 90.0%=150.0% of the labeied 
amount of calcium pantothenate (CtflhhzCaNzOio) 

• Calcium Pantothenati, Method 2 

Standard stock solution: Dissolve 50 mg of USP tal- 
cium Pantothenate RS, previously dried and stored m 
the dark over phosphorus pentoxide and protected 
from absorption of moisture while weighing, in 500 mL 
of water in a 1000-mL volumetric fiask. Ado 10 mL of 
0.2 N acetic add and 100 mL of sodium acetate solu¬ 
tion (1 in 60), and dilute with water to volume to ob- 
tain a concentration of 50 pg/mL of USP Calcium Pan¬ 
tothenate RS. Storę under toluene in a refrigerator. 
Standard solution: On the day of the assay, dilute a 
volume of Standard stock solution with water to obtain a 
concentration of 0,01-0,04 pg/mL of calcium panto¬ 
thenate, the exact concentration being such tnat the 
responses obtained as directed in the Analysis , 2.0 and 
4.0 mL of the Standard sotution being useo, are within 
the linear portion of the log-concentration response 
curve. 

Sample solution: Proceed as directed in Biotin, Method 
1 tnrough "calculate the average net welght per Cap- 
sule." Transfer a portion of the Capsule contents, equiv- 
alent to a nominał amount of 50 mg of calcium panto¬ 
thenate, to a 1000-mL volumetric fiask containino 
500 mL of water. Add 10 ml of 0.2 N acetic acrdand 
100 mL of sodium acetate solution (1 in 60), dilute with 
water to volume, and filier. Dilute a volume of this solu¬ 
tion to obtain a solution with approxfmately the same 
concentration as that of the Standard solution, 
Add-hydrolyzed casefn solution: Mix 100 g of vita- 
mtn-free casem with 500 mL of 6 N hydrochlonc acid, 
and reffux the mixture for 8-12 h. Remove the hydro- 
chloric acid from the mixture by distillation under re- 
duced pressure until a thick pastę remains. Redissolve 
the resulting pastę in water, adjust the solution with 
1 N sodium hydroxide to a pH of 3.5 ±0.1, and dilute 
with water to 1000 mL. Add 20 g of activated charcoal, 
stir for 1 h, and filter Repeat the treatment with acti- 
vated charcoal. Storę unaer toluene in a cool place at a 
temperaturę NLT 10°. Filter the solution if a predpltate 
forms during storage. 

Cystine-tryptophan solution: Suspend 4.0 g of L-cys- 
tlne in a solution of 1.0 g of utryptophan (or 2.0 g of 


D,L-tryptophan) in 700-800 ml of water, heat to 
7G o -80°, and add dilute hydrochlonc add (1 in 2) 
dropwise, with stirring, until the solids are dissolved, 
Cool, and dilute with water to 1000 ml. Storę under 
toluene in a cool place at a temperaturę NLT 10 g , 

Adenine-guanine-uradl solution: Disso(ve 200 mg 
each of adenine suifate, guanine hydrochloride, ano 
uracil, with the aid of heat, tn 10 mL of 4 N hydrochlo- 
rtc acid. Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator. 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol 

RibofIavin-thiamine hydrach loride-biotin solution: 

20 pg/mL of riboflavin, 10 pg/mL of thiamine hydro¬ 
chloride, and 0.04 pg/mL of biotin in 0.02 N acetic 
add. Storę under toluene, protected from lighl, in a 
refrigerator. 

p-Ammobenzoic add~nfacin“pyridoxine hydrochloride 
solution: 10 pg/mL of p-aminobenzoic acid, 50 pg/mL 
of niacin, and 40 pg/mL of pyridoxlne hydrochloride in 
a mixture of neutraTized alcohol and water (1:3). Storę 
In a refrigerator. 

Salt solution A: Dissoke 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate in 
water to make 500 mL. Add 5 drops of hydrochlonc 
add. Storę under toluene. 

Salt solution B: Disso!ve 10 g of magnesium suifate, 

0.5 g of sodium chloride, 0.5 g of ferrous suifate, and 
0.5 g of manganese suifate in water to make 500 mL. 
Add 5 drops of hydrochlonc acid. Storę under toluene. 

Basal medium stock solution: Dissolve anhydrous Dex- 
trose and anhydrous Sodium acetate in the Solutions pre- 
vlously mixed accordlng to Table 4, and adjust with 1 N 
sodium hydroxide to a pH of 6,8. Dilute with water to 
250 mL. 


Table 4 


Acid-hvdrolvzed casein solution 

25 mL 

Cvsiine"trvptophan solution 

25 mL 

Polysorbate 80 solution 

0.25 mL 

Dextrose ( anhydrous 

1Qq 

Sodium acetale, anhydrous 

5 q 

Adenlne-nuanine-uracil solution 

5 ml 

Riboflayin-thiamine hydrochlonde-biotin solution 

ml 

p-Aminobenzofc acid-niacin^pyridoxine hydrochlo¬ 
ride solution 

5 mt 

Sak solution A 

5 mL 

Salt solution B 

5 ml 


Stock culture of Lactobodtlus plantarum : Dissolve 
2.0 g of yeast extract in 100 mL of water. Add 500 mg 
of anhydrous dextrose, 500 mg of anhydrous sodium 
acetate, and 1.5 g of agar, and heat the mixture on a 
steam bath, with stirring, until the agar dissołves. Add 
10-mL portions of the hot solution to the test tubes, 
close or cover the tubes, sterilize in an autoclave at 
121° for 15 min, and allow the tubes to cool in an 
upright posltfon. Prepare slab cultures in three or morę 
of the tubes, using a pure culture of Lactobaciflus 
ptontorum* incubating for 16-24 h at a temperaturę be- 
tween 30° and 37° held constant to within ±0.5°. Storę 
in a refrigerator. Prepare a fresh stab of the stock cul¬ 
ture every week, and do not use for tnoculum if the 
culture is morę than 1 week old. 

Culture medium: To each of a senes of test tubes con- 
taining 5.0 mL of Basat medium stock solution, add 
5.0 mL of water containmg 0.2 pg of calcium panto¬ 
thenate. Pług the tubes with cotton, sterilize in an auto- 
clave at 121 c for 15 min, and cool. 

Inocufum: [Notę—A frożen suspension of Lactobadlius 
plantarum may be used as the stock culture, provided it 
yields an tnoculum comparable to a fresh culture.] Trans- 
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fer cells from the Stock cufture of Lactobacillus plantarum 
to a stenie tubę containing 10 mL of Cufture medium . 
Incubate this culture for 16-24 h at a temperaturę be- 
tween 30° and 37 c held constant to within ±0.5 The 
celi suspension so obtained is the Inoeulum * 

Analysis 

Samples: Standard solution and Sample solution 
To simiiar separate test tubes add, in duplicate, 1,0 
and/or 1,5, 2*0, 3,0, 4.0, and 5.0 mL of the Standard 
solution. To each tubę and to four simiiar empty tubes 
add 5*0 mL of Basal medium stock solution and suffi- 
dent water to make 10 mL* 

To simiiar separate test tubes add, in duplicate, volurms 
of the Sample solution corresponding to three or morę 
of the levets specified for the Standard solution, inctud- 
ino the levels of 2.0, 3*0, and 4*0 mL* To each tubę 
add 5.0 mL of the Basal medium stock solution and suf- 
ficient water to make 10 ml. Place one compfete set 
of Standard and sample tubes together in one tubę 
rack and the duplicate set in a second rack or section 
of a rack, preferably in random order. 

Cover the tubes of both series to prevent contamina- 
tion, and sterili ze in an autoclave at 121° for 5 min. 
Cool, and add 1 drop of inoeulum to each tubę, ex~ 
cept two of the four tubes containing no Standard so¬ 
lution (the uninoculated blanks)* fneubate the tubes at 
a temperaturę between 30° and 37°, held constant to 
within ±0,5°, untlJ, followinig 16-24 h of ineubation, 
there has been no substantia! inerease in turbidity in 
the tubes containing the highest level of Standard dur- 
ing a 2-h period. 

Determine the transmittance of the tubes in the foltow- 
ing manner. Mix the contents of each tubę, and trans- 
fer to an optical Container if necessary* Read the trans¬ 
mittance between 540 and 660 nm when a steady 
state is reached* This steady State is observed a few 
seconds after agitation when the galvanometer read- 
ing remains constant for 30 s or morę. Allow approxh 
mately the same time interval for the reading on each 
tubę, 

With the transmittance set at 1.00 for the uninoculated 
blank, read the transmittance of the inoculated blank* 
With the transmittance set at 1.00 for the inoculated 
blank, read the transmittance for each of the remain- 
ing tubes. If there is evidence of contamination with a 
forelgn mferoorganism, disregard the result of the 
assay, 

Calculation: Prepare a standard concentradon-response 
curve as follows* For each leve! of the Standard, calcu- 
late the response from the sum of the duplicate values 
of the transmittance (Es) as the difference, y — 2*00 - 
Es* Plot this response on the ordinate of cross-section 
paper agalnst tne logarithm of the mL of Standard solu - 
don per tubę on the absdssa, using for the ordinate 
either an arithmetic or a logarithmic scalę, whichever 
gives the better approximation to a straight linę, Draw 
the straight linę or smooth curve that best fits the piot- 
ted points* 

Cal cu la te the response, y - 2,00 - Z Uf adding together 
the two transmittances (ly) for each leve! of the Sam* 
ple solution. Read from the standard curve the loga¬ 
rithm of the volume of the Standard solution corre- 
sponding to each of those values of y that fali within 
tne rangę of the lowest and highest points plotted for 
the Standard* Subtract from each logarithm so ob¬ 
tained the logarithm of the volume, in mL, of the 
Sample solution to obtain the difference, X, for each 
dosage level* Average the values jaf X for each of three 
or morę dosage levels to obtain X, which equals the 
log-relative potency, M\ of the Sample solution. 
Determine the guantity, in mg, of calcium pantothen- 
ate (CiaH^CaN^Ojo) in the portion of Capsules taken: 

antilog M = antilog ( M' + log R) 


R = num ber of mg of calcium pantothenate 
assumed to be present in the portion of 
Capsuies taken 

Calcu late the percentage of the labeled amount of 
calcium pantothenate (CuHuCaNjOw) in the portion 
of Capsules taken: 

Result - [(antilog x 100 

N - nominał amount of calcium pantothenate in 
the portion of Capsules taken (mg) 
Replication: Repeat the entire determlnation at least 
once, using separately prepared Sample Solutions . If the 
difference Detweenjne two log-potencies M is NMT 
0.08, their mean, 1$, is the assayed log-potency of the 
test materiał (see Design and Analysis of Biological Assoys 
(111), The Confidence lnterval and Limits of Potency). If 
the two determinations differ by morę than 0*08, con- 
duct one or morę additionaJ determinations, From the 
mean of two or morę values of M that do not differ by 
morę than 0.15, compute the mean potency of the 
preparation under assay. 

Acceptance criteria: 90,0%-150*0% of the labeled 
amount of calcium pantothenate (CiaH^CaNjO^) 

■ Calcium Pantothenate, Method 3 

Buffer solution: Dissolve 10.0 g of monobasic potas- 
sium phosphate in 2000 mL of water, and adjust with 
phosphoric add to a pH of 3*5* 

Mobile phase: Methanol and Buffer solution (1:9) 
Standard stock solution: 0.25 mg/mL of U5P Calcium 
Pantothenate RS in water* Prepare fresh every 4 weeks. 
Storę in a refriejerator* 

Standard solution: 40 jtig/mL of USP Calcium Panto¬ 
thenate RS from the Standard stock solution diluted with 
water 

Sample solution: Proceed as directed in Biotin, Method 
1 tnrough "cakulate the averagę net weight per Cap* 
sule. w Transfer a portion of the Capsule contents, equiv- 
alent to a nominał amount of 10 mg of cakiurn panto¬ 
thenate, to a 250~mL volumetric fiask. Add 10 mL of 
methanol, and swirl the fiask to disperse the Capsule 
contents, Dilute with water to volume, mix, and filter. 
Chromatographlc system 
(See Chromatogropny (621), System Suitabifity ,) 

Modę: LC 

Detector: UV 205 nm 

Column: 3.9-mm x 30-cm; 5-pm packing LI 

Column temperaturę: 50° 

Flow ratę: 2 mL/min 
Injection volume: 25 pL 
System sultability 
Sample; Standard solution 
Suita bili ty requirements 
Relative standard devlation: NMT 3*0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of calcium pantothenate. Caku- 
late the percentage of the labeled amount of calcium 
pantothenate (CiaH^CaMzOso) in the portion of Cap¬ 
sules taken: 

Result = (fy/fs) x (CdC u ) x 100 

Tu = peak area of calcium pantothenate from the 
Sample solution 

r$ = peak area of calcium pantothenate from the 
Standard solution 

Ci - concentration of USP Calcium Pantothenate 
RS in the Standard solution (mg/mL) 

C u = nominał concentration of calcium 

pantothenate in the Sample solution (mg/mL) 
Acceptance criteria: 90.0%-150.0% of the labefed 
amount of calcium pantothenate (CisH^CaNzOio) 
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® Niacin or Niacinamide, Pyridokine Hydrochloride, Ribo- 
flavin, and Thiamine, Method 1 
[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Diluent: Acetomtrile, glacial acetic acid, and water 
(5:1:94) 

Mobile phase: A mixture of methanol, glacial acetic 
acid, and water (27:1:73) containing 140 mg of sodium 
t-hexanesulfonate per 100 mL 

Standard solution: [Notę—U se USP Niacin RS in place 
of USP Niadnamide RS for formulations containing nia¬ 
cin,] Transfer 80 mg of USP Niadnamide R5, 20 mg of 
USP Pyridoxine Hydrochloride RS, 20 mg of USP Rioofla- 
vin RS, and 20 mg of USP Thiamine Hydrochloride RS 
to a 200-mL yolumetric fiask, and add 180 mL of Dilu- 
ent. Immerse the fiask in a hot water batli maintained 
at 65°-70 Q for 10 min with regular shaking or using a 
vortex mixer, untif all the solicf materials are dissolved. 
Chill rapidly in a cold water bath for 10 min to room 
temperaturo, and diiute with Diluent to voiume. 

Sample solution: Proceed as directed in Biotin , Method 
1 tnrough "calculate the average net weight per Cap- 
sule." Transfer a portion of the Capsule contents, equlv- 
alent to 10 mg of niadnamide and 2.5 mg each of pyrL 
doxine hydrochioride, riboflavin, and thiamine 
hydrochloride, to a 50-mL centrifuge tubę. Add 
25.0 mL of Diluent, and mix using a vortex mixer for 30 
s to completeiy suspend the powder. Immerse the cen¬ 
trifuge tubę m a hot water bath maintained at 65°-70 c ', 
heat for 5 min, and mix using a vortex mtxer for 30 s. 
Return the tubę to the hot water bath, heat For another 
5 min, and mix using a vortex mixer for 30 s. Filter a 
portion of the solution, cool to room temperaturę, and 
use the elear filtrate. [Notę—U se the filtrate within 3 h 
of filtration,] 

Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 3,9-mm x 30-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 10 pL 
System suitability 
Sam ple: Standard solution 

[Notę—T he relative retention times for niacinamide, 
pyndoxlne, riboflavin, and thiamine are about 0.3, 0.5, 
0.8, and 1 0, respectiyely.] 

Suitability requirements 
Relative standard deyiatlon: NMT 3.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for niacin or niadnamide, pyri~ 
doxine, riboflavin, and thiamine. Calculate the percent- 
age of the iabeled amount of niadnamide (CgHgN^O) 
in the portion of Capsules taken: 

Result = (r^M) x (CdC u ) x 100 

ru - peak area of niacinamide from the Sample 
solution 

r* = peak area of niacinamide from the Standard 
sotution 

Cs ~ concentration of USP Niadnamide RS in the 
Standard solution (mg/mL) 

Cu - nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

For formulations containing niacin: 

Resuft - (ru/rs) x (Cs/Cu) x 1 00 

ru = peak area of niacin from the Sample solution 

D = peak area of niadn from the Standard solution 

Cs - concentration of USP Niacin RS In the 
Standard solution (mg/mL) 


C L ; = nominał concentration of niacin in the Sample 
solution (mg/mL) 

Separately calculate the percentage of the Iabeled 
amount of pyrśdoxine hydrochioride (CaHnNOj * HCI), 
ribof3avin (C 17 H 20 N 1 O 6 ), and thiamine hydrochloride 
(CT 2 H 17 CIN. 10 S ■ HCI) In the portion of Capsules taken: 

Result = (r u /rs) x (Q/C u ) x 100 

ru - peak area of the corresponding yltamln from 
the Sample solution 

r s = peak area of the corresponding vitamln from 
the Standard solution 

Cs = concentration of the rdevant USP Reference 
Standard in the Standard solution (mg/mL) 

Cu - nominał concentration of the corresponding 
witamin in the Sample solution (mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the iabeled amount of thiamine 
mononitrate (C^H^N^S) In the portion of Capsuies 
taken: 

Result = (rjr s ) x (Cs/Cu) x (Hj/Kz) x 100 

ru ~ peak area of thiamine from the Sample 
solution 

/s - peak area of thiamine from the Standard 
solution 

Cs - concentration of USP Thiamine Hydrochioride 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of thiamine 

mononitrate In the Sample solution (mg/mL) 

Mn = molecular weight of thiamine mononitrate, 
327,36 

Mr 2 - molecular weight of thiamine hydrochloride, 
337.27 

Acceptance criteria: 90.0%-1 50.0% of the Iabeled 
amount of niacinamide (CJ-bNiO) or niadn (C^H^NCh), 
pyridoxine hydrochloride (CbHuNOs ■ HCI), riboffavfn 
(Ci 7 H 2 nN 40 6 ), and thiamine as thiamine hydrochloride 
(CuH^CfN^OS ■ HCI) or thiamine mononitrate 
(C 12 Hi7N 5 0 4 S) 

® Niacin, Method 2 

[NoTE—Use low-actinic giassware throughout this 
procedurę.] 

Solution A: Transfer 1 mL of glacial acetic acid and 
2.5 g of edetate disodlum to a 100-mL volumetric fiask. 
Dissolve In and dllute with water to volume. 

Extraction soivent: Solution A and methanol (3:1) 
Mobile phase: 0.1 M sodium acetate solution 
(1 3,6 mg/mL of sodium acetate in water). Adjust with 
acetic acid to a pH of 5.4. [Notę —A smali amount of 
methanol (up to 1 %) may be added to the Mobile 
phase to lmprove resolution.] 

Standard stock solution: 1 mg/mL of USP Niacin RS In 
Extraction solvent 

Standard solution: Transfer 5.0 mL of Standard stock 
solution to a 25-mL yolumetric fiask, and diiute with 
Extracthn solvent to yolume, 

Sample solution: [NOTĘ—This preparation is suitable for 
the determination of niacin or niacinamide, pyrldoxine, 
and nboflavin, when present in the formulatlon.] Weigh 
NLT 20 Capsules in a tared weigh Ing bottle. Open the 
Capsules, without loss of shell materiał, and transfer the 
contents to a beaker. Remove any contents adherfng to 
the sbells by washing with several portions of ether, 
Discard the washings, and dry the Capsule shelfs with 
the aid of a current of dry air. Weigh the empty Cap¬ 
sule shells in the tared weighing bottle, and calculate 
the net weight of the Capsule contents. Transfer a por¬ 
tion of the Capsule contents, equivalent to a nominał 
amount of 2 mg of riboflavin, to a 200-mL yolumetric 
fiask. If rlboflavin is not present in the formulation, use 
a portion eguiyalent to a nominał amount of 2 mg of 
pyridoxine. If pyridoxfne rs not present In the formula- 
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tion, use a portion egutvalent to a nominał amount of 
20 mg of macin or niacinamide. Add 100.0 ml of Ex- 
traction sobent, and mix tor 20 min, using a wrist-ac- 
tion shaker. Immerse the fiask fn a water bath main- 
tained at 70°~75°, and heat for 20 min. Mix on a 
vortex mrxerfor 30 s, cool to room temperaturo, and 
filter. Use the elear fiitrate. 

Chromatographic system 
(See Chromatograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4,6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
Injection vo!ume: 20jiL 
System suitability 
Sam ple: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 3.0% 

[Notę— If necessary, flush Lhe column with methanol 
between injections.] 

Anaiysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas of niacin, Caiculate the percent- 
age of the labeled amount of niacin (QH 5 NO ? ) in the 
portion of Capsules taken: 

Result = (ry/rj) x (Cs/Cu) x 100 


r 0 - peak area of niacin from the Sample solution 

fi = peak area of niacin from the Standard solution 

Cs - concentration of USP Niacin RS in the 
Standard solution (mg/mL) 

Cu - nominał concentration of niacin in the Sample 
solution (mg/mL) 

Acceptance criteria: 90,0%-150.0% of the labeled 
amount of niacin (GiHsNO?) 

• NIACINAMIDE, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Extraction soivent, Mobile phase, Standard stock solu- 
tion, Standard solution, Sample solution, and Chro¬ 
matographic system: Using USP Niacinamide RS in 
place of USP Niacin RS, proceed as directed in Niacin , 
Method 2. 

Anaiysis 

Sampies: Standard solution and Sample solution 
Measure the peak areas of niacinamide, Caiculate the 
percentage of the labeled amount of niacinamide 
(CfiHt.NzO) in the portion of Capsules taken: 

Result = (ru/fj) x (CdCu) x 100 



r u - peak area of niacinamide from the Sample 
solution 

rs - peak area of niacinamide from the Standard 
solution 

Cs - concentration of USP Niacinamide RS in the 
Standard solution (mg/mL) 

Cu = nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

Acceptance criteria: 90,0%“150,0% of the labeled 
amount of niacinamide (QH 6 NiO) 

• Pyridokine Hydrochloride, Method 2 

[NOTĘ—Use low-actinic glassware throughout this 
procedurę.] 

Extraction sofvent, Mobile phase, and Sample solu- 
tion: Prepare as directed in Niacin , Method 2. 

Standard stock solution: 0.1 mg/mL of USP Pyndoxine 
Hydrochloride RS in Extraction sobent 

Standard solution: 20|ig/mL of USP Pyridoxlne Hydro¬ 
chloride RS from the Standard stock solution diluted 
willi Extraction sobent 

Chromatographic system 
(See Chromatography (621), System Suitability*) 


Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing U 
Flow ratę: 1 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability regulrements 
Relative standard deviatton: NMT 3.0% 

Anaiysis 

Sampies: Standard solution and Sample solution 
Measure the peak areas of pyridoxine. Caiculate the 
percentage of the labeled amount of pyridoxine hy¬ 
drach londe (CaHnNOi * HCI) in the portion of Cap¬ 
sules taken: 


Result * (rjrd x (CdCu) x 100 

ru - peak area of pyridoxine from the Sample 
solution 

r s - peak area of pyridoxine from the Standard 
solution 

Cj = concentration of USP Pyridoxme Hydrochloride 
RS in the Standard sofution (mg/mL) 

Qt - nominał concentration of pyridaxine 
hydrochloride in the Sample solution 
(mg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of pyridoxine hydrochlonde (CsHnNOs * HCI) 

* RiBOFLAViN, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Extraction solvent and Sample solution: Prepare as di¬ 
rected in Niacin, Method 2. 

Solution A: 6.8 mg/mL of sodium acetate in water 
Mobile phase: Prepare a mixture of Solution A and 
methanol (13:7). Add 2 mL of triethylamine per L of the 
mixture, and adjust with glacial acetic acid to a pH of 
5.2. 

Standard stock solution: Transfer 20 mg of USP Ribo- 
flavin RS to a 200-mL volumetric fiask, and add 180 ml 
of Extroction sobent Immerse the fiask for 5 min tn a 
water bath maintained at 65°-75°. Mix well, and repeat 
if necessary until dissolved, CliiiI rapidly in a cofd water 
bath to room temperaturę, and dii u te with Extraction 
sobent to volume. 

Standard solution: Dilute 5.0 mL of Standard stock so- 
lution with Extraction sobent to 25,0 mL. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing 11 
Flow ratę: 1 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability reąuirements 
Relative standard deviation: NMT 3.0% 

Anaiysis 

Sampies: Standard solution and Sample sofution 
Measure the peak areas of riboflavm. Caiculate the pen 
centage of the labeled amount of riboflavin 
(CtzHzoN^ó) in the portion of Capsules taken; 

Result - (fy/fj) x (CdCy) x 100 

fu - peak area of ribofIavin from the Sample 
solution 

rs - peak area of riboflavin from the Standard 
solution 

Cj - concentration of USP Riboflavin RS In the 
Standard solution (mg/mL) 

Cu = nominał concentration of riboflavin in the 
Sample solution (mg/mL) 
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Acceptance crfteria: 9G.0%-15Q.O% of the labeled 
amount of riboflavin (C 17 H 20 N 4 O*) 

■ Thiamine, Method 2 

[Notę—U se low-actinic glassware throughout Łhis 
procedurę.] 

Solution A; 1.88 mg/mL of sodium 1~hexanesulfonate 
in 0 , 1 % phosphoric add 

Mobile phase: Solution A and aceton itrile (46:9) 
Standard stock solution: 0.1 mg/mL of USP Thiamine 
Hydrochloride RS in 0.2 N hydrochloric acid 
Standard solution: 0.02 mg/mL of USP Thiamine Hy¬ 
drochloride RS from the Standard stock solution diluted 
with 0,2 N hydrochloric acid 

Sample solution: Proceed as directed rn Biotin, Method 
l tnrough "calcutatę the average net weight per Cap¬ 
sule/' Mix a portion of the Capsule contents with a 
volume of 0.2 N hydrochloric acid to obtain a nominał 
concentration of 0.02 mg/mL of thiamine. Shake for 15 
min with a wrist-action śnaker, and heat to boiling for 
30 min. Cool to room temperaturę, and fil ter. Use the 
elear filtra te. 

Chromatographic system 

(See Chromatography (621), System Suitability .) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 2 mL/min 
tnjection vo!ume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 3.0% 

Analysls 

Sam pies: Standard solution and Sample solution 
Measure the peak areas of the major peaks. For prod- 
ucts containlng thiamine hydrochloride, calculate the 
percentage of the labeled amount of thiamine hydro- 
chloride (CuH^CI^OS . HCI) in the portion of Cap- 
sules taken: 

Result = (fy/fs) x (QfCu) x 1 00 

r a - peak area of thiamine from the Sample 
solution 

r$ - peak area of thiamine from the Standard 
solution 

Cs = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/ml) 

Cu ~ nominał concentration of thiamine 

hydrochloride in the Sample solution 
(mg/mL) 

For products containing thiamine monom tratę, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (CuHi/NsO-iS) in the portion of Capsules 
taken: 

Result - (ruin) x (Cs/C y ) x (MJM r2 ) x 100 

ru = peak area of thiamine from the Sample 
solution 

n = peak area of thiamine from the Standard 
solution 

Cs - concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu ~ nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 

Mn = molecular weight of thiamine mononitrate, 
327.36 

Ma = molecular weight of thiamine hydrochloride, 
337.27 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of thiamine as thiamine hydrochloride 
(C 12 H 17 CIM 4 OS * HCI) or thiamine mononitrate 
(C 12 H 17 N 5 O 4 S) 


• NIACIN OR NlAClNAMIDE, PYRIDOXENE HYDROCHLORIDE, RlBO 

flavin, and Thiamine, Method 3 
[NOTĘ—Use Sow-actinic glassware throughout this 
procedurę.] 

Reagent: 25 mg/mL of edetate disodium in water 
Mobile phase: Transfer 0.4 mL of triethylamine, 

15.0 mL of glacial acette acid, and 350 mL of methanol 
to a 2000-mL volumetric fiask. Dii Ute with 0.008 M so- 
dium 1-hexanesulfonate to volume. 

Standard stock solution: 1.5 mg/mL of USP Niacin RS 
or USP Niadnamide RS, 0.24 mg/mL of USP Pyridoxine 
Hydrochloride RS, 0,08 mq/mL of USP Riboflavin RS, 
and 0.24 mg/mL of USP Thiamine Hydrochloride RS in 
the Reagent, with heating if necessary 
Standard solution: Transfer 5.0 mL of Standard stock 
solution to a stoppered 125-mL fiask, Add 10.0 mL of a 
mixture of methanol and glacial acetic acid (9:1) and 
30,0 mL of a mixture of methanol and ethylene glycol 
(1:1). Insert the stopper, shake for 15 min in a water 
bath maintained at 60°, and cool. Fil ter, discarding the 
first few mL of the filtra te, 

Sample solution: Proceed as directed in Biotin, Method 
1 through "calculate the average net weight per Cap¬ 
sule." Transfer a portion of the Capsule contents, equiv- 
alent to 7.5 mg of niacin or niadnamide, 1.2 mg of pyr- 
idoxine hydrochloride, 0.4 mg of riboffavin, and 1.2 mg 
of thiamine hydrochloride, to a stoppered 125-mL fiask. 
Add 10.0 mL of a mixture of methanol and glacial ace¬ 
tic acid (9:1), and 30.0 mL of a mixture of methanol 
and ethylene glycol {1:1). Insert the stopper, shake for 
15 min in a water bath maintained at 60 c , and cool, 
Filter, discarding the ffrst few mL of the fil tratę. 
Chromatographic system 
(See Chromatography (62 1), System Suitability .) 

Modę: LC 

Detector: UV 270 nm 

Column: 4,6-mm x 25-cm; packing L7 

Column temperaturę: 50° 

How ratę: 2.0 mL/min 
Injection vo(ume: 5 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 2.0% 

Analysis 

5a m p les: 5 land ord s o lu tion and Sa mple solu t/o n 
Measure the peak areas of niacin or niadnamide, Calcu- 
late the percentage of the labeled amount of niacin 
(C 0 H 5 MO 2 ) or niadnamide (CeHćNjO) in the portion of 
Capsules taken: 

Result = (ry/r s ) x (CdCu) x 100 

ru - peak area of ntaetn or niadnamide from the 
Sample solution 

ń = peak area of niacin or niacinamide from the 
Standard solution 

Ci = concentration of USP Niacin RS or USP 

Niacinamide RS in the Standard solution 
(mg/mL) 

Cu - nominał concentration of niacin or 

niadnamide in the Sample solution (mg/mL) 
Separately calculate the percentage of the labeled 
amount of pyridoxine hydrochloride (CaHnNOs * HCI), 
riboflavin (Ci 7 H 2 £jN.iO ć ), and thiamine hydrochloride 
(CizHirCINiOS ■ HCI) (for products containing thiamine 
hydrochloride) in the portion of Capsules taken: 

Result = (r^/rs) x (Cs/Cu) x 100 

ro - peak area of the corresponding vitamin from 
the Sample solution 

q - peak area of the corresponding vitamin from 
the Standard solution 
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Cj - concentration of the relevant U5P Referenoe 
Standard in the Standard satution (mg/mL) 

Cu - nominał concentration of the corresponding 
vitarnin in the Sample solution (mg/mL) 

For products containtng thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (C^H^NsO-łS) in the portion of Capsules 
taken: 

Resułt = (njr$) x (Q/C y ) x (M r ,/H* *) x 100 

r u - peak area of thiamine from the Sample 
solution 

r$ - peak area of thiamine from the Standard 
solution 

C s = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Co = nominał concentration of thiamine 

mononltrate in the Sample solution (mg/mL) 
Hi = molecular weight of thiamine mononitrate, 
32736 

M r 2 = molecular weight of thiamine hydrochloride, 
337.27 

Acceptance criteria: 90.0%-150<0% of the labeled 
amount of niacin (C ć HsN0 2 ) or niadnamide (C*H*N 2 0), 
pyridoxine hydrochloride (CaHnNOj* HCI), riboflavin 
(C^HjoN^O*), and thiamine as thiamine hydrochloride 
(CuHi/CINłOS ■ HC1) or thiamine mononitrate 
(C !2 H 1? N 5 O^S) 

PERFORMANCE TEST5 

• DlSINTEGRATION AND DlSSOLUTION OF 0IETARY SUPPLEMENTS 

<2040): Meet the requirements for Dissolution 

• Weight Variation of Dietary Supplements (2091): Meet 

the requirements 

CONTAMINANT5 

• Microbial Enumeration Tests (2021): The total aerobic 

microbiai count does not exceed 3 x 10* tfu/g, and the 
combined molds and yeasts count does not exceed 
3 x 10 2 cfu/g. 

• Absence of Specified Microorcanisms (2022): Meet the 

requirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

A0DITIONAL REQUIREIVfENT5 

• Fackaging and Storage: Preserve in tlght, Ifght-resistant 

containers. 

• Labeling: The labef states thal Lhe product is Water-Solu- 

ble Vitamins Capsules. The fabef also states the guandty 
of each vitamm in terms of metric units per dosage unit, 
and where necessary, the salt form in which it is present, 
Where morę than one assay method is given for a partk- 
ular vitarnin, the labeling States which assay method is 
used only if Method 1 rs not used. Where products are 
labeled to contain panthenol, the label States the equiva- 
lent content of dexpanthenol. 

• USP Reference Standards (11) 

USP Biotin RS 

(3a5,45,6afl)Hexahydro-2-axo-1H-Lhieno[3,4- 
d)imidazole‘4-valeric acid. 

CioH, ó N,0,S 244.31 
USP Caldum Pantothenate RS 
Caldum D-pantothenate (1:2). 

C JB H 32 CaN 2 O l0 476.53 
USP Cyanocobalamin RS 
Vitamin 

C^iHbsCoNuOhP 135537 
USP Dexpanthenol RS 

D-(*)-2,4-Dihydroxy~N-(3-hydroxypropyl)-3,3- 

dimethylbutyramide. 

C 9 H 19 NO., 205.25 

USP Folie Acid RS 

L-Clutamic acid, N-[4-[[(2-amina-l,4-dihydro-4-oxD- 
6-ptendinyJ)methyl]amino]benzoyl]-. 

CipnighbOG 441.40 


USP Niacin RS 
Nicotink acid. 

C ó H,NG 2 123.11 
USP Niadnamide RS 
Nicotinamide. 

GH^O 122.12 
USP Racemic Pantheno! RS 

Butanamide, 2,4-dihydroxy-N-(3-hydroxypropyl}-3,3-di- 
methyl-, (±)-. 

OH X9 NQ ą 205.25 
USP Pyndoxjne Hydrochloride RS 
Pyndoxoi hydrochloride. 

CbHhNOi ■ HCI 205.64 
USP Riboflavin RS 
Riboflavine. 

C.^oRO* 37636 
USP Thiamine Hydrochloride RS 
Thiamine monohydrochloride. 

G 2 H 1 /GN 4 O 5 ■ HCI 337.27 


Water-Soluble Yitamins Tablets 


DEFINITION 

Water-Soluble Vltamins Tablets contain two or morę of the 
following water-soluble vitamins: Ascorbic Acid or its 
equivalent as Calcium Ascorbate or Sodium Ascorbate, Bi¬ 
otin, Cyanocobalamin, Folie Acid, Niacin or Niadnamide, 
pantotnenic add (as Caldum Pantothenate or Racemic 
Caldum Pantothenate), Pyridoxrne Hydrochloride, Ribofla- 
vin, and Thiamine Hydrochloride or Thiamine Mononl¬ 
trate. Tablets contain NLT 90.0% and NMT 150.0% of the 
labeled amounts of ascorbic acid (CńHaO*) or its equiva- 
lent as sodium ascorbate or calcium ascorbate, biotin 
(C 10 H 10 N 2 O 35 ), calcium pantothenate (CisH^CaNiOio), cy¬ 
anocobalamin (C 6 3 HbsCoNhOuP), folie acid (Ci 9 Hf 9 N? 06 ), 
niacin (C fi H 5 NO?) or niadnamide (C 0 H ć N 2 O), pyridoxine 
hydrochloride (GHnNOj■ HCI), riboflavin (C^H^oN^Os), 
and thiamine (C^HijCIN-iOS) as thiamine hydrochloride 
or thiamine mononitrate. 

They do not contain any form of Beta Carotene or Vitamin 
A, D, E, or K. They do not contain any minerals for which 
nutritional value is claimed. They may contain other la¬ 
beled added substances in quanlities that are 
unobjectionable, 

STRENGTH 

[NOTE“ln the following assays, where morę than one assay 
method is given for an inclividual ingredient, the require- 
ments may be met by following any one of the specified 
methods, the method used being stated in the labeling 
only if Method 1 is not used.] 

* Ascorbic Acid, Calcium Ascorbate, and Sodium 
Ascorbate 

(See Vitamin C Assay (580).) 

(Notę—F or labeling purposes, consider Method l—Titrb 
metric Method as Method 1 .] 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of ascorbic add (GHaOń), or its equlvalent as 
caldum ascorbate (CuH H CaGi 2 ■ 2H 2 0), or sodium as¬ 
corbate (CsHzNaO*) 

• Biotin, Method 1 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Mix 85 ml of acetonitrile, 1 g of sodium 
perchlorate, and 1 mL of phosphoric add, and dilute 
with water to 1000 mL 

Standard stock solution: 0333 mg/mL of USP Biotin 
RS in dimethyf su!foxide 

Standard solution: 5 |iq/mL of USP Biotin RS prepared 
by diluting the Stondara stock solution in water 
Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivalent to a nominał 
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amount of 1 mg of biotin, to a 200-mL volumetric Basic* 
Add 3 mL of dimethyl sulfoxide, and swirl to wet the 
contents. Place the fiask in a water bath at 60°-70 G for 
5 min* Son i ca te for 5 min, dilute with water to volume, 
and filter. 

Chromatographk system 

(See Chromatograpny (621), System Suitability.) 

Modę; LC 

Detector: UV 200 nm 

Column: 4.6-mm x 15~cm; 3-pm packing L7 
FIow ratę: 1 *2 mL/min 
Injection volume: lOOgL 
System surtability 
Sample: Standard solution 
Suitabflity requirements 
Re!ative standard deviation: NMT 3.0% 

Analysis 

Sam pies; Standard sofution and Sample solution 
Measure the peak areas of biotin. Calcufate the percent- 
age of the labeled amount of biotin (CjoHióN^OjS) in 
the portion oflablets taken: 

Result = (Wfj) x (Ci/C/) x 100 

fu - peak area of biotin from the Sample sofution 

r s ” peak area of biotin from the Standard solution 

Cs = concentration of USP Biotin RS in the Standard 
solution (pg/mL) 

Cu - nominał concentration of biotin in the Sample 
solution (jig/mL) 

Acceptance criteria: 90,0%-15Q.Q% of the labeled 
amount of biotin (CioHińN^OjS) 

* Biotin, Method 2 

[Notę— Use tow-acttnic glassware throughout this 
procedurę.] 

Dehydrated mixtures yielding formulations similar to the 
media described herein may be used provided that, 
when constituted as directed, they have growth-pro- 
moting properties equal to or superior to those ob- 
tained with the media prepared as described herein* 
Standard stock solution: 50 pg/mL of USP Biotin RS in 
50% alcohoL Storę this solution in a refrigerator. 
Standard solution: 0.1 ng/mL of USP Biotin RS in 
water, prepared by dilution of the Standard stock solu¬ 
tion with water on the day of the assay 
Sample solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 100 pg of 
biotin, to a 200-mL yolumelric fiask. Add 3 ml ot 50% 
alcohol, and swirl to wet the contents. Heat the fiask in 
a water bath at 60°-70 fl for 5 min. Sonicate for 5 min, 
dilute with 50% alcohol to volume, and filter Diiute a 
vo!ume of the filtrate quantitativefy, and stepwise if 
necessary, with water to obtain a solution with a con¬ 
centration of 0.1 ng/mL* 

Acid-hydrolyzed casein solution: Mix l OOg of vita- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and reflux the mrxture for 8-12 h. Remove the hydro- 
chloric add from the mixture by distillation under re* 
duced pressure until a thick pastę remains. Redissolve 
the resulting pastę in water, adjust the solution with 
1 N sodium hydroxide to a pH of 3*5 ± 0*1, and dilute 
with water to 1000 mL. Add 20 g of activated tharcoal, 
stir for 1 h, and filter. Repeat the treatmeni with acth 
vated charcoal. Storę under toluene in a cod place at a 
temperaturę NLT 10*. Filter the solution if a precipitate 
forms during storage. 

Cystine-tryptophan solution: Suspend 4 r 0 g of l-cys- 
tine in a solution of 1*0 g of L-tryptophan (or 2.0 g of 
D,utryptophan) in 700-800 mL of water. Heat to 
70MKT, and add dilute hydrochloric add (1 in 2) 
dropwise, with stirring, until the sofids are dissolved. 
Cool, and difute with water to 1000 mL. Storę under 
toluene in a cool place at a temperaturę NLT 10*. 
Adenine-guanine-uracil solution: Dissolve 200 mg 
each of adeninę sulfate, guanine hydrochloride, and 


uraril, with the aid of heat, in 10 mL of 4 N hydrochlo¬ 
ric add. Cool, and dilute with water to 200 mL* Storę 
under toluene in a refrigerator* 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol 

Calcium pantothenate solution: 10 pg/mL of calcium 
panLothenate in 50% alcohol. Storę in a refrigerator. 

Riboflavin-thiamine hydrochloride solution: 20 pq/ 
mL of riboflavin and lOpg/mL of thtamine hydrocmo- 
ride in 0.02 N acetic acid. Storę under toluene, pro- 
tected from light, in a refrigerator. 

p-Ammobenzoic acid-niacin-pyridoxrne hydrochloride 
solution: 10 pg/mL of p-aminobenzoic acid, 50 pg/mL 
of niaein, and 40 pg/mL of pyridoxine hydrochloride in 
a mixture of neutratized alcohol and water (1:3). Storę 
in a refrigerator. 

Salt solution A: Dissolve 25 g of monobaste potassium 
phosphate and 25 g of di ba sic potassium phosphate in 
water to make 500 mL Add 5 drops of hydrochloric 
acid. Storę under toluene. 

Salt solution B: Dissoive 10 g of magnesium sulfate, 

0*5 g of sodium thloride, 0.5 g of ferrous sulfate, and 
0*5 g of manganese sulfate in water to make 500 mL* 
Add 5 drops of hydrochloric acid, and mix. Storę under 
toluene. 

Basal medium stock solution: Dtssoive anhydrous Dex- 
trose and anhydrous Sodium acetate in the Solutions pre- 
yiously mixed according to Table 1 , and adjust with 1 N 
sodium hydroxide to a pH of 6.8. Dilute with water to 
250 mL. 


Tubie T 


Acid’hvdraSvzed casein solution 

25 ml 

Cystrne-trvDtQphan solution 

25 mL 

Polysorbate 80 solution 

025 mL 

Dextrase. anhydrous 

10 ci 

Sodium acetale* anhydrous 

5q 

Adenine-auanine-uradl solution 

5 ml 

Calcium pantothenate solution 

5 mL 

ftiboflavin-thiamine hydrochloride solution 

5 mL 

pAminobenzoic add-niarin-pyridoxfne hydrochlo¬ 
ride solution 

5 mL 

Salt solution A 

5 mL 

Salt solution B 

5 ml 


Stock culture of Lactobadllus plantarum: Dissolve 

2.0 g of yeast extract in 100 ml of water. Add 500 mg 
of anhydrous Dextrose, 500 mg of anhydrous Sodium 
ocetate , and 1.5 g of agar, and heat the mixture on a 
steam bath, with stirring, until the agar dissolves. Add 
10-mL portions of the hot solution to test tubes, close 
or cover the tubes, sterilize in an autodave at 121° for 
15 min, and allow the tubes to cool in an upright posi- 
tion* Prepare stab cultures in three or morę of the 
tubes, using a pure culture of Lactobadllus plantarum,' 
incubating for 16-24 h at a temperaturo between 30° 
and 37° held constant to within ±0.5°. Storę in a refrig¬ 
erator. Prepare a fresh stab of the stock culture every 
week, and do not use for Inoculum if the culture is morę 
than 1 week old. 

Culture medium: To each of a series of test tubes con- 
taining 5.0 mL of Basal medium stock solution add 
5.0 ml of water eontaining 0.5 ng of biotin* Pług the 
tubes with cotton, sterilize in an autodave at 121 3 for 
15 min, and cool* 

Inocutum: [Notę—A frożen suspension of Lactobadllus 
plantarum may be used as the stock culture, provided it 
yields an Inoculum comparabfe to a fresh culture.) Trans¬ 
fer cells from the Sfock culture of Lactobadllus plantarum 
to a sterife tubę eontaining 10 ml of Culture medium, 

1 ATCC No. 801^ is suitable. This strafn was formerly known as Laętobacilhrt 
arahincmts 17-5. 
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Incubate this culture for 16-24 h at a temperaturę be- 
tween 30° and 37° held constant to within ±0,5°. The 
celi suspension so obtained Is the Inoculum. 

Analysis 

Samples: Standard solution and Sample solution 
To simiiar separate test tubes add, in duplicate, 1,0 
and/or 1.5, 2.0, 3,0, 4.0, and 5*0 mL of the Standard 
solution. To each tubę and to four simiiar empty tubes 
add 5*0 mL of Bosal medium stock solution and suffi- 
cient water to make 10 mL* 

To simiiar test tubes add, in duplicate, volumes of the 
Sample solution corresponding to three or morę of the 
levels specified for the Standard solution, induding the 
!evefs of 2.0, 3.0, and 4.0 mL. To each tubę add 
5*0 mL of the Basai medium stock solution and suffi- 
cient water to make 10 mL, Place one complete set of 
Standard and sample tubes together in one tubę rack 
and the duplicate set in a second rack or section of a 
rack, preferably in random order, 

Cover the tubes of both series to p,revent contamina- 
don, and sterilize in an autoclave at 121° for 5 min. 
Cool. Add 1 drop of Inoculum to each tubę, except 
two of the four tubes containing no Standard solution 
(the uninocułated blanks), Incubate the tubes at a 
temperaturę between 30° and 37° held constant to 
within ±0*5° until, following 16-24 h of incubation, 
there has been no substantial increase in turbidity in 
the tubes containing the highest level of Standard dur- 
ing a 2-h period. 

Determine the transmittance of the tubes in the follow¬ 
ing manner* Mix the contents of each tubę, and trans¬ 
fer to a spectrophotometer celi. Place the celi In a 
spectrophotometer that has been set at a specific 
wavelength of 540-660 nm, and read the transmit¬ 
tance when a steady State h reached. This steady State 
is observed a few seconds after agitation when the 
galvanometer reading remains constant for 30 s or 
morę. Allow approximately the same time interval for 
the reading on each tubę. 

With the transmittance set at 1*00 for the uninoculated 
blank, read the transmittance of the inoculated blank. 
With the transmittance set at 1.00 for the inoculated 
blank, read the transmittance for each of the remain- 
ing tubes. If there is evidence of contamination with a 
foreign mkroorganism, disregard the result of the 
assay. 

Cafculation: Frepare a standard concentration-response 
curve as follows* For each fevel of the Standard, calcu- 
late the response from the sum of the duplicate values 
of the transmittance (I s ) as the difference, y= 2*00 - 
Is. Plot this response on the ordinate of cross-section 
paper against the logarithm of the mL of Standard solu¬ 
tion per tubę on the abscissa, using for the ordinate 
either an arithmetic or a loganthmic scalę, whichever 
give$ the better approximation to a straight linę* Draw 
the straight linę or smooth curve that best fits the plot- 
ted points, 

Calculate the response, y = 2.00 - adding together 
the two transmittances (L v ) for each level of the Sam- 
ple solution * Read from the standard curve the ioga- 
rithm of the volume of the Standard solution corre¬ 
sponding to each of those vaiues of y that falls within 
the rangę of lowest and highest points plotted for the 
Standard. Subtract from each logarithm so obtained 
the logarithm of the volume, in ml, of the Sample 
solution to obtain the difference, X, for each dosage 
level. Average the values of Xtpv each of three or 
morę dosage levels to obtain X, which equals the log- 
relative potency, of the Sample solution. 

Determine the quantity, in jag, or biotin (CtoHtBN.OijS) 
in the portion of Tabfets taken: 

antilog M = antilog ( M f w- log R ) 


f? = number of gg of biotin assumed to be present 
in the portion of Tablets taken 
Calculate the percentage of the labeled amount of 
biotin (CioHieNiOjS) in the portion of Tablets taken: 

Result == [(antilog M)/N] x 100 

N = nominał amount of biotin in the portion of 
Tablets taken (gg) 

Replication: Repeat the entire determination at least 
once, using separately prepared Sample Solutions * If the 
difference between_the two log-potencies M h NMT 
0.08, their mean. W, is the assayed log-potency of the 
test materiał (see Design and Analysis of Biological Assoyj 
(111), The Conftdence lnterval ana Limits of Potency). If 
the two determinations differ by morę than 0.08, con- 
duet one or morę additionaf determinations* From the 
mean of two or morę values of M that do not differ by 
morę than 0.15, compute the mean potency of the 
preparation under assay. 

Acceptance criteria: 90.Q%-1 50*0% of the labeled 
amount of biotin (CioHnsN^OsS) 

* Biotin, Method 3 

[NOTĘ—Use low-aetinie glassware throughout this 
procedurę.] 

Solution A: Transfer 800 mL of water and 100 mL of 
triethylamine to a 1000-mL volumetric fiask. Add 80 mL 
of 85% phosphoric acid, and dii u te with water to 
vo!ume. 

Mobile phase: Transfer 80 mL of acetonitrile and 10 mL 
of Solution A to a 1000-mL volumetnc fiask. Dilute with 
water to volume* 

Standard solution: 0*6 gg/mL of USP Biotin RS in 
water* [NOTĘ—A portion of the Standard solution will be 
used to determine the percent recovery of biotin from 
the Solid-phase extractbn procedurę.] 

Sample solution: Finely powder NLT 20 Tablets* Trans¬ 
fer an amount of powaered Tabfets to a volumetnc fiask 
to obtain a nominał concentration of 0.6 gg/mL of bio¬ 
tin* Add water up to 80% of the fiask capacity, and 
sonicate for 30-40 min, with occasional mixing, to dis- 
solve. Dilute with water to volume, and filter, Adjust the 
H of the solution with either difuted acetic acid or 0*1 
sodium hydroxide to ć.0-7.0. 

Solid-phase extraction: [Notę—C ondition the extrac- 
tion column specified rn this procedurę in the following 
manner, Wash the colurnn with a 2-mL portion of 
methanol, Eguilibrate with a 2-mL portion of water,] 
Separately pipet 5.0 mL of the Sample solution and 
Standard solution into freshly conditioned solid-phase 
extraction columns conslstlng of a mixed-mode pack- 
ing with a sorbent mass of 60 mg* [Notę—T he mixed- 
mode packing consists of anion-exchange and re- 
versed-phase sorbents* The reverse-phase component 
is a copolymer of N-vinylpyrrolidone and 
divinylbenzene. The anion exchange moiety is a triah 
kylamino group*^] 

Wash the column with 10 mL of 30% (v/v) methanol in 
water. Apply an appropriate volume (4*9 mL) of 30% 
(v/v) methanol in 0*1 N hydrochloric acid to the coh 
umn* Collect the eluate in a 5-mL voiumetric fiask, 
containing 100 gL of 40% (w/v) sodium acetate in 
water, ana dilute with 30% (v/v) methanol in 0*1 N 
hydrochloric acid to vofume. 

1 A sui labie cartridge ts the Walera Oasis MAX Vac RC cartridgE* partide size 
30 pm, part 186000371* 
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Chromatographic system 

(See C/i ro ma tog ra p ny (621), System Suitability.) 

Modę: LC 

Detector: UV 200 nm 
Column: 4.6-mm x 25-cm; packing LI 
Fiow ratę: 2 mL/mtn 
Injection volume: 100 pL 
System suitability 

Sam pies: Standard sal u don and a portion of Standard 
soludon that has undergone Solid-phase extraction 
Suitability requirements 
Tailing factor: NMT 1,5, Standard soiudan 
Reiative standard deviation: NMT 2,0%, Standard 
soludon and Standard solution that has undergone 
Solid-phase extracdon 

Recovery: 95%-100%, Standard soludon that has un¬ 
dergone Solid-phase extracdon 

Analysis 

Samples: Standard soludon and Sample soludon that 
have both undergone Solid-phase extracbon 
Measure the responses for the biotin peak, Calculate 
the percentage of the labeled amount of biotin 
(CioHińNaOiS) En the portion of Tablets taken: 

Result = (r v /rś) x (OJ Co) x 100 

ru - peak response from the Sample soludon 

r s = peak response from the Standard soludon 

Cs - concentration of USP Biotin RS in the Standard 
soludon (pg/mL) 

Cu = nominał concentration of biotin in the Sample 
soludon (pg/mL) 

Acceptance eriteria: 9G.0%-150.0% of the fabeEed 
amount of biotin (CioFhóNkOsS) 

* C V A NO CO BAŁA MIN, Metliod 1 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Methanol and water (7:13) 

Standard stock solution: lOpg/mL of USP Cyanoco- 
bafamin RS rn water. [NOTĘ—Storę this stock solution in 
a dark place, and discarcl after 1 weelc] 

Standard solution: 1 jug/mL of USP CyanocobalamEn 
RS from Standard stock soludon diluted with water 
Sample solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 100 pq of 
cyanocobalamin, to a 250-mL fiask. Quantitatrvely add 
100,0 ml of water, and carefully ęxtract for 2 min. Fik 
ter 10 mL of the extratt, and use the fil tratę. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 
Detector: 550 nm 

Column: 4.6-mm x 15-em; 5-pm packing LI 
Fiow ratę: 0.5 m L/min 
injection volume: 200 pL 
System suitability 
Sample: Standard soludon 
Suitability requirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard soludon and Sample solution 
Measure the peak responses For cyanocobalamtn. Calcu¬ 
late the percentage of the labeled amount of cyanoco- 
balamin (QaHtfaCoN N QnP) in the portion of Tablets 
taken: 

Result = (rufrs) x (OJCu) x 100 

tu - peak area of cyanocobalamin from the Sample 
soludon 

rs = peak area of cyanocobalamin from the 
Standard solution 

Cs - concentration of USP Cyanocobalamin RS En 
the Standard soludon (pg/ml) 


Cu = nominał concentration of cyanocobalamin in 
the Sample soludon (pg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of cyanocobalamin (C^HesCoNnOuP) 

■ Cyanocobalamin, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę, j 

Standard stock solution: 1.0 pg/mL of USP Cyanoco¬ 
balamin RS in 25% alcohoL Storę in a refrigerator. 
Standard solution: Dilute a suEtabfe volume of Standard 
stock soludon with water to a measured volume such 
that after the incubatfon period as descrtbed En the 
Anaiysis f the difference in transmlttanee between the En- 
oculated bfank and the 5,0-mL levei of the Standard 
soludon Es NLT that which corresponds to a difference of 
1.25 mg in dried celi weight. This concentration usually 
falls between 0.01 and 0.04 ng/mL of Standard soludon . 
Prepare this solution fresh for each assay. 

Sample solution: Finely powder NLT 20 Tablets, Trans¬ 
fer a portion of the powdered Tablets, equivalent to 
1.0 pg of cyanocobalamin, to an appropriate vessel 
containing, for each g of powdered Tablets taken, 

25 mL of an agueous extracting solution prepared just 
before use to contain. En each 100 mL, 1,29 g of dibasic 
sodium phosphate, 1.1 g of anhydrous citric add, and 
1,0 g of sodium metabisulfite. Autoctave the mixture at 
121° for 10 min. Allow any undissolved particles of the 
extract to settle, and filter or centrifuge if necessary, 
Dilute an aliguot of the elear solution with water to 
obtain a finał solution containing yftamin activity 
approximately equlvalent to that of the Standard 
soludon. 

Acid-hydrolyzed casein solution: Prepare as directed in 
Biotin, Method 2 . 

Asparagine solution: Dissolve 2.0 g of L-asparagine in 
water to make 200 mL. Storę under toluene in a 
refrigerator. 

Ademne-guanine-uradi solution: Prepare as directed 
in Biotin, Method 2. 

Xanthine solution: Suspend 0.20 g of xanthine in 
30-40 mL of water, heat to 70°, add ó.O mL of 6 N 
ammonium hydroxsde, and stir untll tbe solid Es dis- 
solved. Cool, and dilute wfth water to 200 mL, Stare 
under toluene in a refrigerator. 

Salt solution A: Dissoh/e 10 g of monobasic potassium 
phosphate and 1 0 g of dibasic potassium phosphate in 
water to make 200 mL, and add 2 drops of hydrochloric 
acid. Storę this solution under toluene. 

Salt solution B: DissoEve 4.0 g of magnesium suifate, 
0.20 g of sodium chloride, 0,20 g of ferrous suifate, and 
0.20 g of manganese suifate in water to make 200 mL. 
Add 2 drops of hydrochloric acid. Storę this sotution 
under toluene. 

Polysorbate 80 solution: Dissolve 20 g of polysorbate 
80 rn alcohol to make 200 niL. Storę in a refrigerator. 
Vitamin solution A: Dissoive 1 0 mg of riboflavin, 

10 mg of thiamine hydrochloride, 100 pg of biotin, and 
20 mg of niacin in 0.02 N acetic acid to make 400 mL, 
Storę under toluene, protected from fight, in a 
refrigerator. 

Vitamm solution B: Dissolve 20 mg of p-aminobenzoic 
acid, 1 0 mg of caldum pantothenate, 40 mg of pyri- 
doxEne hydrochloride, 40 mg of pyndoxal hydrocnlo- 
ride, 8 mg of pyrEdoxamine di hydrochloride, and 2 mg 
of folie add in a mixture of water and neutralized alco¬ 
hol (3:1) to make 400 ml. Storę, protected from light, 
in a refrigerator. 

Basal medium stock solution: Prepare the medium ac- 
cordEng to the following formula and directions. A de- 
hydrated mixture containing the same ingredients may 
be used provtded that, when constituted as directed En 
the labeling, it yieids a medium comparable to that ob- 
tained from the form ufa given herein, 

Add the ingredients in the order listed in Tobie 2, care¬ 
fully dissoMng Cyst/ne and Tryptophan En the hydro- 
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chloric add before adding the next eight Solutions to 
the resulting solution. Add lOO mL or water, and dis- 
solve Dextrose, Sodium acetate, and Ascorbic add. Fil ter, 
if necessary. Add the Polysorbate 80 solution, adjust 
with 1 N sodium hydroxide to a pH of 5.5-6,0, and 
dilute with Purified Waler to 250 mL. 


Table 2 


L-Cystine 

0.1 q 

L-Tryptophan 

0.05 a 

1 N hydro chloric acid 

10 mL 

Adenfne-quanine-uracil solution 

5 mt 

Kanthine sotulion 

5 mL 

Vilamin solution A 

10 ml 

Vitarnin solution B 

10 mt 

Salt solution A 

5 ml 

Salt solution B 

5 rnl 

Asoaracirne solution 

5 mL 

Acid-hvdroivzed casein solution 

25 mt 

Dextrose, anhydrous 

10 q 

Sodium acetate. anhydrous 

5 q 

Ascorbic acid 

1 q 

Polysorbate 80 solution 

5 mL 


Tomato juice preparation: Centrifuge commercially 
canned tomato juice so that most of the pulp is re* 
moved. Suspend 5 g/L of analytrcaf filter aid in the su- 
pernatant, and pass, with the aid of reduced pressure, 
through a layer of the filter aid, Repeat, if necessary, 
until a elear, straw-eolored fiitrate is obtained. Storę 
under toluene in a refrigerator. 

Cul turę medium: [Notę —A dehydrated mixture con- 
taining the same ingredients may be used provided 
that, when constituted as directed in the labeling, it 
yields a medium equivalent to that obtained from the 
formula qiven herein.] Dissolve 0-75 g of yeast extrael, 
0.75 g of dried peptone, 1.0 g of anhydrous dextrose, 
and 0.20 g of monobasic potassium phosphate in 
60-70 mL of water. Add 10 mL of Tomato juice prepara¬ 
tion and 1 mt of Polysorbate 80 solution. Ad\ust with 
1 N sodium hydroxide to a pH of 6.8, and dilute with 
water to 100 mL. Place 10-mL portions of the solution 
in test tubes, and pług with cotton, Sterilize the tubes 
and eon ten ts in an autociave at 121° for 15 min. Cool 
as rapidly as possible to avoid color formation resulting 
from overheating the medium. 

Suspension medium: Dilute a measured volume of Bo¬ 
so! medium stock solution with an egual volume of 
water. Race 10-mL portions of the diluted medium in 
test tubes. Sterilize, and cool as directed for Culture 
medium, 

Stock culture of Lactobacillus kkhmannii: To 100 mL 
of Culture medium add 1,0-1.5 g of agar, and heat the 
mixture on a steam bath, with stirring, untif the agar 
dissolves. Place 10-mL portions of the hot solution in 
test tubes, cover the tubes, sterilize ai 121° for 15 min 
in an autoclave, and allow the tubes to cool in an up- 
nght position, Inoculate three or morę of the tubes by 
stab transfer of a pure culture of Lactobacillus leichman- 
niiA [Notę— Before first using a fresh culture In this a$- 
say, make NLT 10 succes$ive transfers of the culture in a 
2-week period.] Incubate for 16-24 h at a temperaturę 
between 30° and 40° held constant to within ±0.5°. 
Storę in a refrigerator. 

Prepare fresh stab cultures at least three times each 
week, and do not use them for p repa ring the Inoculum 
if morę than 4 days old. The activity of tne microor- 
ganism can be inereased by daily or twice-daily trans* 
fer of the stab culture, to tne point where definite tur- 

J Pure cultures of Lactobodtlus. teichmonnu (lisic-d ds Lactobodlius detbrueckii) 
may be oblained as No. 7830 from ATCC, 10801 University 8Jvd. H Manassas, 
VA 20110-2209 (www.atcc.org). 


bidity in the liguld Inoculum can be observed 2-4 h 
after inoculation. A slow-growing culture seldom gives 
□ suitable response curve and may lead to erratic 
results. 

Inoculum: [Notę— A frożen suspension of Lactobacillus 
lekhmannii may be used as the stock culture, provided 
it yields an Inoculum comparable to a fresh culture.] 
Make a transfer of cells from the Stock culture of Lacto * 
bacillus lekhmannii to two stenie tubes contatning 
10 mL each of the Culture medium, (neubate these cul¬ 
tures for 16-24 h at a temperaturę between 3CT and 
40° held constant to within ±0,5°, Under aseptic condi- 
tions centrifuge the cultures, and decant the superna- 
tant. Suspend the cells from the culture in 5 mL of Sus- 
pension medium , and combine. Using sterile Suspension 
medium, adjust the volume so that a 1-in-2Q dilution in 
salinę TS produces 70% transmittance when read on a 
suitable spectrophotometer that has been set at a wave- 
length of 530 nm, equipped with a 10-mm celi, and 
read against salinę TS set at 100% transmittance. Pre¬ 
pare a l-in-400 dilution of the adjusted suspension us¬ 
ing sterile Basol medium stock solution . [NOTĘ—This dtlu- 
tion may be a I te red, when necessary, to obtain the 
desired test response.] The cel) suspension so obtained 
is the Inoculum. 

Calibration of spectrophotometer: Check the wave- 
leogth of the spectrophotometer periodically, using a 
standard wave!ength celi or other suitable devite, 

Before reading any tests, calibrate the spectrophotome¬ 
ter for 0% and 100% transmittance, using water, the 
wavelength set at 530 nm. 

Analysis 

Samples: Standard solution and Sample solution 
Because of the high sensitMty of the test organism to 
minutę amounts of vitamin Bi 2 activity and to traces of 
many deansing agents, cleanse meticulously by suita¬ 
ble means, foliowed preferably by heating at 250° for 
2 h, using hard-glass 20-mm x 150-mm test tubes and 
other necessary glassware. 

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 
3.0, 4.0, and 5.0 mL of the Standard solution . To each 
of these tubes and to four similar empty tubes add 
5.0 ml of Basal medium stock solution and sufficient 
water to make 10 ml. 

To similar separate test tubes add, in duplicate, 1.0, 

1,5, 2.0, 3.0, and 4.0 ml of the Sample solution . To 
each tubę add 5,0 mL of Basal medium stock solution 
and sufficient water to make 1 0 mL, Place one cam- 
plete set of Standard and sample tubes together in 
one tubę rack and the duplicate set in a second rack 
or section of a rack, preferably in random order. 

Cover the tubes to prevent bactenal contamination, 
and sterilize in an autoclave at 121° for 5 min, arrang- 
ing to reach this temperaturę in NMT 10 min by 
preheating the autoclave if necessary. Cool as raptdiy 
as possible to avoid coior formation resulting from 
overheating the medium. Take precautions to maintain 
uniformity of sterifizing and cooling conditions 
throughout the assay, because pacTing the tubes too 
dosely in the autoclave or overloading it may cause 
variatron in the heating ratę. 

Aseptically add 0.5mL of Inoculum to each tubę so pre- 
pared, except two of the four containing no Standard 
solution (the uninoculated blanks). Incubate the tubes 
at a temperaturę between 30° and 40°, held constant 
to within +0.5°, for 16-24 h. 

Terminale growth by heating to a temperaturę NLT 8G d 
for 5 min. Cool to room temperaturę. After agitating 
contents, read the transmittance at 530 nm when a 
steady State is reached. This steady State is observed a 
few seconds after agitation when the reading remains 
constant for 30 s or morę. Allow approximately the 
same time interval for the reading on each lube. 

With the transmittance set at 100% for the uninocu¬ 
lated blank, read the transmittance of the inocuiated 
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blank. If the difference is greater Lhan 5%, or if there 
is evidence of contamination with a foreign microor- 
ganism, disregard the results of the assay. 

With the transmittance set at 100% for the uninocu- 
lated blank, read the transmittance of each of the re- 
maining tubes. Disregard the results of the assay if the 
slope of the standard curve indicates a problem with 
sensitivity. 

Cakulation: Prepare a standard eoncentration-re- 
sponse curve by the folfowlng procedurę. Test for and 
replace any aberrant indMdual transmittances. For 
each leve! of the Standard, calculate the response from 
the sum of the duplicate vaiues of the transmittances 
(Is) as the difference, y - 2.00 - I s . Plot this response 
on the ordinate of cross-section paper against the log- 
arithm of the mL of Standard sofution per tubę on the 
abscissa, using for the ordinate either an anthmetic or 
a logarithm ic scalę, whichever gi'ves the better approx- 
imation to a straight linę. Draw the straight linę or 
smooth curve that best fits the plotted points. 

Calculate the response, y - 2.00 - Zn, adding together 
the two transmittances (1^) for each level of the Sam- 
Iofe sofution . Read from the standard curve the loga- 
rithm of the volume of the Standard sofution corre- 
sponding to each of those vafues of y that falls within 
tne rangę of the lowest and highest polnts plotted for 
the Standard. Subtract from each logarithm so ob- 
tained the logarithm of the volume, in ml, of the 
Sample sofution to obtain the difference, X, for each 
dosage level. Average the values of X for each of 
three or morę dosage levels to obtain X, which eguals 
the log-relative potency, M' f of the Sample sofution. 
Determine the guantity, in pg, of cyanocobalamin 
(C^HbsCoN^OhP) in the portion of Tablets taken: 

antilog M = antilog (A/f + log R) 

R - number of pg of cyanocobalamin assumed to 
be present in the portion of Tablets taken 
Calculate the percentage of the labeied amount of 
cyanocobalamin (CńjHasColMuOi^P) in the portion of 
Tablets taken: 

Result - [(antilog A4)/N] x 100 

N — nominał amount of cyanocobalamin in the 
portion of Tablets taken (pg) 

Replication: Repeat the entire determination at least 
once, using separately prepared Sample Solutions. If the 
difference betweenjhe two log-potencies M is NMT 
0.08, their mean, M f is the assayed log-potency of the 
test materiał (see Vitamin B u Activity in Design and 
Anaiysis of Biologicat Asscrys (111), The Confiaence Inter- 
vaf and Limils of Potency). If the two determinations 
differ by morę tlian 0.08, conduct one or morę addi- 
tional determinations. From the mean of two or morę 
vafues of M that do not differ by morę than 0.15, 
eompute the mean potency of the preparation under 
assay. 

Acceptanee critena: 90.0%-! 50.0% of the labeied 
amount of cyanocobalamin ^aHaaCoNuiOuP) 

o Folic Ac ID, Method 1 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Reagent A: 25% solution of tetrabutylammonium hy- 
droxide in methanol 

Reagent B: Transfer 5,0 g of pentetic add to a 50-mL 
volumetnc fiask. Using sonlcation if necessary, dissoke 
in and dilute with 1 N sodium hydroxide to vo!ume. 
Mobile phase: 2 g of monobasic potassium phosphate 
in 650 mL of water. Add 12.0 mL of Reagent A , 7.0 mL 
of 3 N phosphoric acid, and 240 mL of methanol. Cool 
to room temperaturę, adjusl with phosphoric add.or 
ammonia TS to a pH of 7.0, dilute with water to 
1000 mL, and filter. Recheck the pH before use by add¬ 


ing water or methanol to the prepared Mobile phase to 
obtain baseline separation of fofic acid and the internal 
standard. The phi may be increased up to 7.15 to ob¬ 
tain better separation. [NOTĘ—The methanol and water 
content may be varied (between 1% and 3%).] 

Interna! standard solution: Transfer 40 mg of methyl¬ 
paraben to a 1 000-mL vo!umetnc fiask, and add 
220 mL of methanol to dissolve. Dissoke 2.0 g of mon¬ 
obasic potassium phosphate in 300 mL of water in a 
sępa ratę beaker, quantltatively transfer this solution to 
the fiask containing the methylparaben solution, and 
add an additional 300 mL of water. Add 19 mL of Rea¬ 
gent Ą 7 mL of 3 N phosphoric acid, and 30 mL of Rea¬ 
gent B. Adjust with ammonia TS to a pH of 9.8, bubble 
nitrogen through the solution for 30 min, dilute with 
water to volume, and mix. 

Standard solution: 0.016 mg/mL of USP Fofic Add RS 
in internal standard solution 

Sample solution: Ffnely powder NLT 30 Tablets. Trans¬ 
fer a portion of powder, equśvalent to 0,4 mg of folic 
acid, to a 50-mL amber-colored centrifuge tubę. Add 
25.0 mL of fnternal standard solution . Shake by mechan- 
ical means for 10 min, and centrifuge. Filter a portion 
of the elear supernatant, and use the fiitrate. 

Chromatograpnic system 
(See Chromatograpny (62 1), System Suitabillty.) 

Modę: LC 

Detector; UV 280 nm 
Column: 3.9-mm x 30-cm; packing LI 
How ratę: 1 mL/rnin 
Injection vo!ume: 15 ML 
System suitabillty 
Sample: Standard sofution 

[Notę—T he re!ative retention times for folic add and 
methylparaben are about 0.8 and 1.0, respectively.] 
Suitabillty requirements 
Relative standard deviation: NMT 3.0% 

Anaiysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for folic acid and methylpara¬ 
ben, Calculate fhe percentage of the labeied amount 
of folic acid (C^HigN^Ofi) in the portion of Tablets 
taken: 

Result = (Ru/Rs) x (Cj/Q) x 100 

Ru — peak area ratio of folic acid to methylparaben 
from the Sample solution 

Re ~ peak area ratio of folie acid to methylparaben 
from the Standard solution 
Ce = concentration of USP Folic Acid RS in the 
Standard solution (jig/mL) 

Cu - nominał concentration of folie add in the 
Sample sofution (pg/mL) 

Acceptance criteria: 90.0%-150,0% of the labeied 
amount of folie acid (C^I-h^Os) 

fi Folic Acid, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Diluent: 60 pg/mL of ammonium hydroxtde 
Mobile phase: Transfer 0.4 ml of triethylamine, 

15.0 mL of glacial acetic acid, and 350 ml of methanol 
to a 2000-mL volumetric fiask, and dilute with 0.008 M 
sodium l -hexanesulfonate to volume. 

Standard stock solution: 60 pg/mL of USP Fofic Add 
RS in Diluent . Prepare this solution fresh daily. 

Standard solution: Mix 5.0 mL of Standard stock solu¬ 
tion with 10.0 mL of a mixture of methanol and glacial 
acetic acid (9:1) and 30.0 mL of a mixture of methanol 
and ethylene gfycol (1:1). Shake for 15 min in a water 
bath maintaineo at 60°, and cooL Filter, discarding the 
first few mL of the fiitrate. 

Sample solution: Transfer a portion of finefy powdered 
Tablets, equivalent to 03 mg of folic acid, to a 125-mL 
stoppered fiask. Add 10.0 mL of a mixture of methanol 
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and glacial acetic acid (9:1) and 30.0 mL of a mixture 
of methanol and ethylene glycol (1:1). Shake for 15 
min in a water bath maintained at 60°, and cool. Filter, 
discarding the first few mL of the filtrate. 
Chromatographk system 
(See Chromalography (62]), System Suita bili ty.) 

Modę: LC 

Detector: UV 270 nm 

Column: 4,ó-mm x 25-tm; packing L7 

Column temperaturę: 50° 

Flow ratę: 2 mL/min 
Injection volume: 5 pl 
System suitability 
Sample: Standard solution 
Suitability reąuirements 
Relatlve standard deviation: NMT 2,0% 

Analysis 

Sampies: Standard safution and Sample solution 
Measure the areas of the major peaks, Calculate the 
percentage of the labeled amount of folie acid 
(CipHięNjOń) in the portion of Tablets taken: 

Result = (ru/fs) x (Cj/Cu) x 100 

r u = peak area of folie acid from the Sample 
solution 

fi - peak area of folie acid from the Standard 
solution 

Cj = concentration of USP Folie Acid RS in the 
Standard solution (pg/mL) 

Cu - nominał concentration of folk acid in the 
Sample solution (pg/mL) 

Acceptance criteria: 9G.0%-1 50,0% of the labeled 
amount of folie acid (CigH^NjOć) 

* Calcśum Pantothenate, Method 1 

Mobile phase: Phosphoric acid and water (1:1000) 
Interna! standard solution: 80 mg of p-hydroxybenzoic 
acid in 3 mL of alcohoL Add 50 mL of water and 7,1 g 
of dibasie sodium phosphate, and dii u te with water to 
1000 mL, Adjust with phosphoric acid to a pH of 6.7. 
Standard sotution: 0.6 mg/ml of USP Calcium Panto- 
t hen a te RS in Interna I standard solution 
Sample solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 15 mg of 
calcium panlothenate, to a centrifuge tubę. Add 
25.0 mL of the Internai standard solution, and shake vig- 
orously for 10 min. Centrifuge, filter, and use the elear 
filtrate, 

Chromatographic system 

(See Chromatograpny (62]), System Suitability ,) 

Modę: LC 

Detector: UV 210 nm 
Column: 3.9-mm x 15-cm; packing LI 
Flow ratę: 1.5 ml/rnln 
Injection voIume: lOpL 
System suitability 
Sample: Standard solution 

[Notę —The relative retention ttmes for calcium panto¬ 
thenate and p-hydroxybenzoic acid are about 0.5 and 
1.0, respectively,] 

Suitability requtrements 
Relative standard deviation: NMT 3.0% 

Analysis 

Sampies: Standard solution and Sample solution 
Measure the peak areas for calcium pantothenate and 
the internaI standard. Calculate the percentage of the 
labeled amount of calcium pantothenate 
(CisHazCaNiOio) in the portion of Tablets taken: 

Result = (Ry/R s ) x (CsfCu) x 100 

Ru - peak area ratio of calcium pantothenate to p- 
hydroxybenzoic acid from the Sample 
solution 


R$ - peak area ratio of calcium pantothenate to p- 
hydroxybenzoic acid from the Standard 
solution 

Cs = concentration of USP Calcium Pantothenate 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of calcium 

pantothenate in the Sample solution (mg/mL) 
Acceptance criteria: 90.0%-150.0% of the labeled 
amount of calcium pantothenate {CiahlBzCaNzOia) 

» Calcium Pantothenate, Method 2 

Standard stock solution: Dissolve 50 mg of USP Cal¬ 
cium Pantothenate RS, previousIy dried and stored in 
the dark over phosphorus pentoxide and protected 
from absorption of moisture while weighing, tn 500 mL 
of water in a 1000-mL volumetric fiask. Add 10 mL of 
0.2 N acetic acid and 100 mL of sodium acetate solu¬ 
tion (1 in 60), and dilute with water to volume to ob- 
tam a concentration of 50pg/mL of USP Calcium Pan¬ 
tothenate RS. Storę under toluene in a refrigerator. 
Standard solution: On the day of the assay, dilute a 
volume of Standard stock solution with water to obtain a 
concentration of 0,01-0.04 pg/mL of calcium panto¬ 
thenate, the exact concentration being such that the 
responses obtained as directed in the Analysis, 2,0 and 
4.0 ml of the Standard solution being used, are within 
the linear portion of the log-concentration response 
curve, 

Sample solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to a nominał 
amount of 50 mg of calcium pantothenate, to a 
1000-mL volumetric fiask containing 500 mL of water. 
Add 10 mL of 0,2 N acetic acid and 100 mL of sodium 
acetate solution (1 in 60), dilute with water to volume, 
and filter, Dilute a volume of this solution to obtain a 
solution with approximately the same concentration as 
that of the Standard solution* 

Acld-hydrolyzed casein solution: Mix 100 g of vtta- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and reflux the mixture for 8-12 h. Remove the hydro- 
chloric acid from the mixture by distMlation under re- 
duced pressure until a thick pastę remains. Redissolve 
the resulting pastę in water, adjust the solution with 
I N sodium hydroxtde to a pH of 3.5 ± 0,1, and dilute 
with water to 1000 mL, Add 20 g of acfivated charcoal, 
stir for 1 h, and filter. Repeat the treatment with acti- 
vated charcoal. Storę under toluene in a cool place at a 
temperaturo NLT 10"'. Filter the solution if a precipltate 
forms during storage, 

Cystlne-tryptophan solution: Suspend 4.0 g of L-cys- 
tine in a solution of 1.0 g of L-tryptophan (or 2.0 g of 
D,L-tryptophan) in 700-800 mL of water, heat to 
70 o -8Ó c> , and add dilute hydrochloric add (1 in 2) 
dropwise, with stirring, until the solids are dissolved, 
Cool, and dilute with water to 1000 mL Storę under 
toluene in a cool place at a temperaturę NLT 10 c . 
Adenine-guanine-uracii solution: Dissoive 200 mg 
each of adenlne sulfate, guanine hydrochloride, and 
uracil, with the ald of heat, in 10 mL of 4 N hydrochlo¬ 
ric add, Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator. 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol 

Rfboflavin-thiamine hydrochloride-biotin solution: 

20 pg/mL of riboflavin, 1 0 pg/mL of thiamine hydro¬ 
chloride, and 0.04 pg/mL of biotin in 0.02 N acetic 
acid. Storę under toiuene, protected from light, in a 
refrigerator. 

p-Amln o benzole acid-niacin-pyridoxine hydrochloride 
solution: 10 pg/mL of p-aminobenzoic acid, 50 pg/mL 
of niacin, and 40 pg/mL of pyridoxine hydrochloride in 
a mixture of neutralized altano! and water (1:3). Storę 
in a refrigerator. 

Salt solution A: Dlssolve 25 g of monobasic potassium 
phosphate and 25 g of dibasie potassium phosphate in 
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water to make 500 ml. Add 5 drops of hydrochloric 
add. Storę under toluene. 

Salt sofution B: Dissoke 10 g of magnesrum sulfate, 

0,5 g of sodium chloride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 ml. 
Add 5 drops of hydrochloric acid. Storę under toluene. 

Basa* medium stock sofution; Dissolve the anhydrous 
Dextrose and anhydrous Sodium acetate in the Solutions 
previously mixed according to Tobie 3 and adjust with 
1 N sodium hydroxide to a pH of 6.8. Dilute with water 
to 250 mL, 


Table 3 


Add-hvdrolv2ed casein sol u don 

25 ml 

Cvstine-trvDtoDhan solution 

25 ml 

Po!vsorbate 80 solution 

025 ml 

Dextrose, anhydrous 

. 10 a 

Sodium acetale, anhydrous 

5 q 

Adenine-piianine-uracil sofution 

5 mL 

RiboflavEn-thiamine hvdrochioride-biotin solution 

5 mL 

p-Aminobenioic acid-niacin-pyridoxine hydrochlo- 
ride sofution 

5 ml 

Salt solution A 

5 mL 

Salt solution B 

5 mL 


Stock cu Iturę of Lactobacilius plantarum: Dissolve 

2.0 g of yeast extract in 100 ml of water. Add 500 mg 
of anhydrous Dextrose, 500 mg of anhydrous Sodium 
acetate, and 1.5 g of agar, and heat the mixture on a 
steam bath, with stirring, unttl the agar dissolves, Add 
10-mL portions of the hot solution to the test tubes, 
close or cover the tubes, sterilize in an autoclave at 
121 c for 15 min, and allow the tubes to cool in an 
upright position. Prepare stab cultures in three or morę 
of the tubes, using a pure cufture of Lactobacilius 
plantarum 1 incubating for 16-24 h at a temperaturę be- 
tween 30° and 37° held constant to within ±0.5°. Storę 
in a refrigerator. Prepare a fresh stab of the stock cul¬ 
ture every week, and do not use for tnoculum if the 
cufture is morę than 1 week old. 

Cul turę medium: To each of a series of test tubes con- 
tainfng 5,0 ml of Basal medium stock solution add 
5,0 mL of water contaimnęj 0.2 pg of calcium panto¬ 
thenate, Pług the tubes with eotton, sterilize in an auto- 
clave at 121 for 15 min, and cool 
Inoculum: [Note™~A f rożen suspension of Lactobadllus 
plantarum may be used as the stock c ul turę, provided i t 
yields an Inoculum compa rabie to a fresh culture.] Trans* 
fer tells from the Stock culture of Lactobacilius plantarum 
to a sterile lube containing 10 ml of Culture medium . 
Incubate this culture for 16-24 h at a temperaturę be- 
tween 30° and 37° held constant to within ±0.5°. The 
celi suspension so obtained is the Inoculum. 

Analysis 

Sampfes: Standard sofution and Sample solution 
To similar separate test tubes add, in duplicate, 1.0 
and/or 1.5, 2.0, 3.0, 4,0, and 5.0 mL of the Standard 
solution . To each tubę and to four similar empty tubes 
add 5.0 ml of Basal medium stock solution and suffi- 
cient water to make 10 ml. 

To similar separate test tubes add, in duplicate, volumes 
of the Somple solution corresponding to three or morę 
of the 1eve(s spedfled for the Standard solution , includ- 
mg the Jevels of 2,0, 3.0, and 4.0 mL. To each tubę 
add 5.0 ml of the Basal medium stock solution and suf- 
ficient water to make 10 ml. Place one complete set 
of Standard and sampfe tubes together in one tubę 
rack and the duplicate set In a second rack or section 
of a rack, preferably in random order. 

Cover the tubes of both series to prevent contamina- 
tion, and sterilize in an autoclaye at 121° for 5 min. 
Cool, and add 1 drop of Inoculum to each tubę, ex- 


cept two of the four tubes containing no Standard so- 
lution (the uninoculated btanks), Incubate the tubes at 
a temperatur# between 30° and 37°, held constant to 
within ±0,5° until, following 16-24 h of incubation, 
there has been no substantial increase in turbidity tn 
the tubes containing the highest !evel of Standard dur* 
ing a 2-h period. 

Determine the transmittance of the tubes in the follow¬ 
ing manner. MEx the contents of each tubę, and trans¬ 
fer to an optical Container if necessary. Read the trans- 
mittance between 540 and 660 nm when a steady 
state is reached. This steady State is observed a few 
seconds after agitatlon when the galvanometer read- 
ing remains constant for 30 s or morę. Allow approxi~ 
mately the same time interval for the reading on each 
tubę. 

With the transmittance set at 1,00 for the uninoculated 
blank, read the transmittance of the inoculated blank, 
With the transmittance set at 1,00 for the inoculated 
blank, read the transmittance for each of the remain- 
ing tubes. If there is evidence of contamination willi a 
foreign microorganism, disregard the resuit of the 
assay. 

Cakulation: Prepare a standard concentration-re- 
sponse turve as follows. For each level of the Stan¬ 
dard, calculate the response from the sum of the du¬ 
plicate values of the transmittance (Z s ) as the 
difference, y- 2.00 - E*. Plot this response on the 
ordlnate of cross-section paper against the logarilhm 
of the mL of Standard solution per tubę on the ab- 
scissa, using for the ordinate either an arithmetic or a 
logarithmic scalę, whichever gives the better approxi- 
mation to a straight linę. Draw the straight linę or 
smooth curve that best fits the plotted points. 

Calculate the response, y = 2.00 - T. u , adding together 
the two transmittances (1J) for each level or the Sam - 
ple solution . Read from the standard curve the loga- 
rithm of the volume of the Standard solution corre¬ 
sponding to each of those values of y that fali within 
the rangę of the lowest and highest points plotted for 
the Standard. Subtract from each logarithm so ob¬ 
tained the logarithm of the vo!ume, in mL, of the 
Somple solution to obtain the difference, X, for each 
dosage level. Average the values of X for each of 
three or morę dosage levels to obtain X, whlch eguals 
the 3og-relatrve potency, of the Sample solution . 
Determine the quantity, in mg, of calcium pantothen- 
ate (CisHiaCaN^Oło) in the portion of Tablets taken: 

antilog M = antilog { M' + log R) 

R = number of mg of calcium pantothenate 
assumed to be present in the portion of 
Tablets taken 

Calculate the percentage of the labeled amount of 
calcium pantothenate (C^H^CaNjOio) in the portion 
of Tablets taken: 

Resuit = [(antilog M)/N] x 100 

N - nominał amount of calcium pantothenate in 
the portion of Tablets taken (mg) 

Replication: Repeat the en tire determination at least 
once, using separately prepared Sample Solutions . If the 
difference betweenjne two log-potendes M is NMT 
0.08, their mean, M, is the assayed fog-potency of the 
test materiał (see Design and Analysis of Biological As- 
says <111), The C onfidence lntervol and Umits of Po¬ 
tency). If the two determinations differ by morę than 
0.08, conduct one or morę additional determinations. 
From the mean of two or morę values of M that do 
not differ by morę than 0,15, compute the mean po¬ 
tency of the preparation under assay. 

Acceptance criteria: 90,0%-150.0% of the labeled 
amount of calcium pantothenate (CtaH^CaNbOiu) 
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* Calcium Pantothenate, Method 3 

Buffer solution: Dissolve 10.0 g of monobasic potas- 
sium phosphate in 2000 ml_ of water, and adjust with 
phosphoric add to a pH of 3,5. 

Mobile phase: Methano! and Buffer solution (1:9) 
Standard stock solution: 0.25 mg/mL of USP Calcium 
Pantothenate RS in water. Prepare fresh every 4 weeks. 
Storę in a refrigerator. 

Standard solution: 40 pg/mL of USP Calcium Panto¬ 
thenate RS from Standard stock solution diluted with 
water 

Sampfe solution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equiva!ent to a nominał 
amount of 10 mg of calcium pantothenate, to a 
250-mL volumetric fiask. Add lOmL of methanol, and 
swirl the fiask to disperse. Dilute with water to vo!ume, 
mix, and filter. 

Chromatographic system 
(See Chromatograpny {62^) / System Suitability.) 

Modę: LC 

Detector: UV 205 nm 

Column: 3.9-mm x 30-cm; 5-pm packing LI 

Column temperaturo: 50° 

F!ow ratę: 2 mL/min 
Injection volume: 25 pL 
System suitability 
S ample: Standard solution 
Suitability requirement$ 

Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for calcium pantothenate. Cal- 
culate the percentage of the labeled amount of cal- 
cium pantothenate (CisH^CaNjOio) in the portion of 
Tablets taken: 

Result = (fy/fj) x (Qf Cu) x T00 

fy - peak area of calcium pantothenate from the 
Sample solution 

fs - peak area of calcium pantothenate from the 
Standard solution 

Cs - concentration of USP Calcium Pantothenate 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of calcium 

pantothenate in the Sample solution (mg/mL) 
Acceptance criteria: 9O.0%-150.0% of the labeled 
amount of calcium pantothenate (Crah^CaNzOio) 

« NlACtN OR NIACINAMIDE, PYRID0X!NE HYDROCHLORIDE, IRlBO 

flavsn, and Thiamine, Method I 
[Notę—U se low-actinic glassware throughout thts 
procedurę.] 

Diluent: Ac eto ni tnie, glacial acetic add, and water 
(5:1:94) 

Mobile phase: A mixture of methanol, glacial acetic 
acid, and water (27:1:73) containing 140 mg of sodium 
1-hexanesulfonate per 100 mL 

Standard solution: [Notę—U se USP Niacin RS in place 
of USP Niacinamide RS for formufations containing nia¬ 
cin.] Transfer 80 mg of USP Niadnamide RS, 20 mg of 
USP Pyridoxfne Hyarochloride RS, 20 ma of USP Rtbofla- 
vin RS, and 20 mg of USP Thiamine Hyarochloride RS 
to a 200-mL volumetric fiask, and add 180 mL of Dilu- 
ent. Immerse the fiask in a hot water bath maintained 
at 65*-70 a for 10 min with regular shaktng or using a 
vortex mixer, until all the solid materials are disso!ved. 
Chill rapidly in a coJd water bath for 10 min to room 
temperaturę, and dilute with Diluent to volume. 

Sample solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to 10 mg of 
niadnamide and 2.5 mg each of pyridoxine hydrochlo- 
ride, nboflavin, and thiamine hydrochloride, to a 50-mL 
centrifuge tubę, Add 25,0 mL of Diluent , and mix using 
a vortex mixer for 30 s to completely suspend the pow¬ 
der, Immerse the centrifuge tubę in a hot water bath 


maintained at 65°-70°, heat for 5 min, and mix using a 
vortex mixer for 30 s* Return the lube to the hot water 
bath, heat for another 5 min, and mix on a vortex 
mixer for 30 s. Filter a portion of the solution, cool to 
room temperatury and use the elear filtrate* [Notę— 
Use the fil tratę wfthin 3 h of filtrattom] 

Chrom atographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 3.9-mm x 30-cm; packing LI 
Fiow ratę: 1 ml/min 
injection voiume: lOpl 
System suitability 
Sample: Standard solution 

[Notę—T he relative retention times for niadnamide, 
pyridoxine, riboflavin, and thiamine are about 0.3, 0.5, 
0.8, and 1.0, respectively.] 

Suitability requirement$ 

Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for niacin or niadnamide, pyri- 
doxine, ribofiavin, and thiamine. Calculate the percent¬ 
age of the labeled amount of niacinamide (C^KaN^O) 
in the portion of Tablets taken: 

Result = (fi//r s ) x (C dCu) x 100 

fu = peak area of niadnamide from the Sample 
solution 

rj - peak area of niadnamide from the Standard 
solution 

Cs - concentration of USP Niacinamide RS in the 
Standard solution (mg/mL) 

Cu - nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

For formulations containing niacin: 

Result = (Wn) x (Cs/Cy) x 100 

Tu - peak area of niacin from the Sample solution 

fs = peak area of niacin from the Standard solution 

G - concentration of USP Niacin RS in the 
Standard solution (mg/mL) 

Cu = nominał concentration of niacin in the Sampfe 
solution (mg/mL) 

Separately calculate the percentage of the labeled 
amount of pyridoxine hydrochloride (C B HnN0 3 - HCI), 
riboflavin (C^H^N^Oć)# and thiamine hydrochloride 
(CłjHpClNłGS ♦ HCI) in the portion of Tablets taken: 

Result = (r y /fs) x (CdCu) x 100 

f y - peak area of the corresponding vitamin from 
the Sample solution 

r s - peak area of the corresponding vitamin from 
the Standard solution 

Cs = concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

Cu ” nominał concentration of the corresponding 
vitamin in the Sample solution (mg/mL) 

For products containing thiamine monomtrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (CuHoNjOłS) in the portion of Tablets 
taken: 

Result - (r u fr 5 ) x (CdCu) x ( ?) x 100 

r y = peak area of thiamine from the Sample 
solution 

rs = peak area of thiamine from the Standard 
solution 

Cs “ concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 
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Cu = nominał concentration of thiamine 

mononitrate in the Somple solution (mg/mL) 
Mrj = molecular weight of thiamine mononitrate, 
327.36 

Mn = molecular weight of thiamine hydroehloride, 
337,27 

Acceptance criteria: 90,0%-l 50,0% of the labeled 
amount of niacinamide (CńH 6 N 2 0) or niacin (CóHsNO*), 
pyridoxine hydroehloride (CaHnNOj ■ HCI), riboflavin 
(C^H^oN-jOii), and thiamine as thiamine hydroehloride 
(Ci 3 H,/CIN^OS * HCI) or thiamine mononitrate 
(CuHpNsCW) 

* Niacin, Method 2 

[Notę —Use low-actinic glassware throughout this 
procedurę,] 

Solution A: Transfer 1 mL of glacial acetic add and 
2,5 g of edetate disodium to a 100-mL volumetric fiask* 
Dissolve in and dilute with water to volume. 

Extraction solvent: Solution A and methanol (3:1) 
Mobile phase; 0.1 M sodium acetate solution 
(13*6 mg/mL of sodium acetate in water). Adjust with 
acetic acid to a pH of 5.4. [Notę—A smali amount of 
methanol (up to 1 %) may be added to the iWoMe 
phase to improve resolution.J 

Standard stock solution: 1 mg/mL of USP Niacin RS in 
Extraction solvent 

Standard solution: Transfer 5.0 mL of Standard stock 
solution to a 25-mL volumetric fiask, and dilute with 
Extraction $olvent to volume* 

Sample solution: [NOTĘ—This preparation is suitable for 
the determination of niacin or niacinamide, pyridoxine, 
and riboflavin, when present in the form ula tion.] Finely 
powder NLT 20 Tablets* Transfer a portion of the pow¬ 
der, equivalent to a nominał amount of 2 mg of nbofla- 
vin, to a 200-mL volumetrrc fiask* \f riboflavm is not 
present in the formulation, transfer a portion of the 
powder equivalent to a nominał amount of 2 mg of 
pyridoxine* If pyridoxine is not present in the formula¬ 
tion, use a portion of the powder equivalent to a nomi¬ 
nał amount of 20 mg of niacin or niacinamide. Add 
100*0 mL of Extroction solvent , and mix for 20 min, us- 
ing a wrist-action shaker. Immerse the fiask in a water 
bath mamtained at 70°-75°, and heat for 20 min. Mix 
on a vortex mixer for 30 s, cool to room temperaturę, 
and filter. Use the elear filtrate* 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: ió-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 20 pL 
System sultability 
Sample: Standard solution 
Sultability requirements 
Re lat i ve standard deviation: NMT 3.0% 

[NOTĘ—If necessary, flush the column with methanol 
between injections.] 

Analysis 

Sam pies: Standard solution and Somple solution 
Measure the peak areas for niacin* Calculate the per- 
centage of the labeled amount of niacin (CóHsNOa) in 
the portion of Tablets taken: 

Result = (fiz/fj) x (Cj/Clt) x 100 

r u ~ peak area of niacin from the Sample solution 
rs = peak area niacin from the Standard solution 
Cs = concentration of USP Niacin RS in the 
Standard solution (mg/mL) 

C u = nominał concentration of niacin in the Sample 

solution (mg/mL) 

Acceptance criteria: 9O*O%~150.0% of the labeled 
amount of niacin (CńHsNO*) 


* Niacinamide, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Solution A, Extraction $olvent, Mobile phase, Stan¬ 
dard stock solution, Standard solution, Sample solu¬ 
tion, Chromatographic system, and System suitabil- 
ity: Using USP Niacinamide RS in place of USP Niacin 
RS, proceed as directed m Niacin , Method 2* 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for niacinamide. Calculate the 
percentage of the labeled amount of niacinamide 
(CćHsNiO) in the portion of Tablets taken: 

Result = (fu/rs) x (Q/Cu) x 100 

r u = peak area of niacinamide from the Sample 
solution 

n = peak area of niacinamide from the Standard 
solution 

C s = concentration of USP Niacinamide RS in the 
Standard solution (mg/mL) 

Cu = nominai concentration of niacinamide in the 
Sample solution (mg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of niacinamide (CćH 6 N 2 0) 

* Pyridoxine Hvd ROCH lor i DE, Method 2 

[NOTĘ— Use low-actinic glassware throughout this 
procedurę*] 

Extraction solvent. Mobile phase, and Sample solu- 
tion: Prepare as directed in Niacin, Method 2. 
Standard stock solution: 0.1 mg/mL of USP Pyridoxine 
Hydroehloride RS in Extraction soivent 
Standard solution: Transfer 5.0 mL of Standard stock 
solution to a 25-mL volumetric fiask, and dilute with 
Extraction solvent to volume. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4*6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Reiative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for pyridoxme. Calculate the 
percentage of the labeled amount of pyridoxine hy- 
drochloride (C B HnNQj - HCI) in the portion of Tablets 
taken: 

Result - (r^/rs) x (Cs /Cu) x 100 

ru - peak area of pyridoxine from the Sample 
solution 

h = peak area of pyridoxine from the Standard 
solution 

Cs = concentration of USP Pyridoxine Hydroehloride 
RS in the Standard solution (mg/mL) 

Cu ~ nominai concentration of pyridoxine 
hydroehloride in the Sample solution 
(mg/mL) 

Acceptance criteria: 90*0%-150*0% of the labeled 
amount of pyridoxine hydroehloride (CaHnNOi * HCI) 

* Riboflavin, Method 2 

[NOTĘ—Use low-actinic glassware throughout this 
procedurę.] 

Extraction solvent and Sample solution: Prepare as di¬ 
rected in Niacin , Method 2* 

Solution A: 6.8 mg/ml of sodium acetate in water 
Mobile phase: Prepare a mixture of Solution A and 
methanol (1 3:7). Add 2 mL of triethylamme per L of the 
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mixture, and adjust wilh glacial acetic add to a pH of 
5.2. 

Standard stock solution; Transfer 20 mg of USP Rabo- 
flavin RS to a 200-mL volumetric fiask, and add 1 80 mL 
of Extraction solvent . Immerse the fiask for 5 min in a 
water bath malntalned at ó5°-75°. Mlx wefl, and repeat 
if neeessary until dlssolyed. Chill ra pldly in a told water 
bath to room temperaturę, and dl lute with Extracthn 
solvent to vofume. 

Standard solution: Di lute 5.0 ml of Standard stock so¬ 
fa don with Extraction solvent to 25.0 ml. 
Chromatographrc system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; paeking LI 
Ffow ratę: 1 mL/mln 
Injection vofume: 20 pL 
System suitability 
Sample: Standard soludon 
Suitability requirements 
Relatlve standard deviation: NMT 3,0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for nboflavin. Calculate the per- 
centage of the labeled amount of riboflavtn 
(C )7 H 2D N40,) In the portion of Tablets taken: 

Result - (ru/rs) x (O/C u ) x 100 

fu = peak area of rtboflavin from the Sample 
solution 

o - peak area of rlboflavin from the Standard 
sofution 

Q = concentration of USP Ribofiavin RS in the 
Standard solution (mg/mL) 

C u = nominał concentration of nboflavin in the 
Sample solution (mg/mL) 

Aceeptance crlteria: 90.0%-l 50.0% of the labeled 
amount of rlboflayin (Ci^HzoN-iOe) 
o Thiamine, Method 2 

[Notę —Use low-actinic glassware throughout this 
procedurę.] 

Solution A: 1.88 mg/mL of sodium Uhexanesutfonate 
In 0.1% phosphoric add 

Mobile phase: Solution A and aceton itr ile (46:9) 
Standard stock solution: 0.1 mg/mL of USP Thiamine 
Hydrochloride RS in 0.2 N hydrochloric add 
Standard solution: 0.02 mg/mL of USP Thiamine Hy- 
drochjoride RS from Standard stock solution diluled with 
0.2 N hydrochloric add 

Sample solution: Weigh and finely powder NLT 20 
Tablets. Mtx a portion of the powdered Tablets with a 
volume of 0.2 N hydrochloric acid to obtain a nominał 
concentration of 0.02 mg/mL of thiamine. Shake for 15 
min with a wrist-actron śhaker, and heat to boiling for 
30 mtn. CooJ to room temperaturę, and filter. Use the 
elear fil tratę. 

Chromatographrc system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cnn; paeking LI 
FIow ratę: 2 mL/mln 
Injection volume: 20 jiL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard soludon and Sample solution 
Measure the peak areas of the major peaks. For prod- 
ucts contarntng thiamine hydrochloride, calculate the 


percentage of the labeled amount of thiamine hydro¬ 
chloride (Ci 2 Hi 7 CIN 4 OS HCI) in the portion of Tablets 
taken: 

Result = (fu/fj) x (Ci/ Cu) x 100 

tu = peak area of thiamine from the Sample 
solution 

rs = peak area of thiamine from the Standard 
solution 

Cj - concentration of USP Thiamine Hydrochloride 
RS m the Standard solution (mg/mL) 

Cu = nominał concentration of thiamine 

hydrochloride in the Sample solution 
(mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (C^H^NsCUS) in the portion of Tablets 
taken: 

Result = (fuM) x (Cs/Cu) x (Kr/Ka) x 100 

ru - peak area of thiamine from the Sample 
solution 

rs = peak area of thiamine from the Standard 
solution 

Cs - concentration of USP Thiamine Hydrochloride 
RS in the Standard soludon (mg/mL) 

Cu = nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 

Kj = mofecular weight of thiamine mononitrate, 
327.36 

Ki - molecular weight of thiamine hydrochloride, 
337,27 

Aceeptance criteria: 90,0%-l 50.0% of the labeled 
amount of thiamine as thiamine hydrochloride 
(Ci 2 H i; CIN 4 OS ■ HCi) or thiamine mononitrate 
(C,aH,7NiO<S) 

* Neacin on Niacinamide, Pybidokine Hydrochloride, Ribo 
flavin, and Thiamine, Method 3 
[NOTT—Use Jow-actlnic glassware throughout this 
procedurę.] 

Reagent: 25 mg/mL of edetate disodium in water 
Mobile phase: Transfer 0,4 mL of trief Hyla minę, 

15.0 mL of glacial acetic acid, and 350 mL of methano! 
to a 2000-mL volumetrfc fiask. Dilute with 0.008 M so- 
dium 1-hexanesulfonate to yolume. 

Standard stock solution: 1.5 mg/mL of USP Niacin RS 
or USP Niadnamlde RS, 0,24 mg/mL of USP Pyridoxine 
Hydrochloride RS, 0.08 mg/mL of USP Riboflayin RS, 
and 0.24 mg/mL of USP Thiamine Hydrochloride RS In 
the Reagent, with heating if neeessary 
Standard solution: Transfer 5.0 mL of Standard stock 
solution to a stoppered 125-mL fiask. Add 10.0 mL of a 
mhdure of methanol and glacial acetic add (9:1), and 
30.0 mL of a mixture of methanol and ethylene glycol 
(1:1). Insert the stopper, shake for 15 min in a water 
bath maintalned at 60°, and cooL Filter, discarding the 
first few ml of the fil trale. 

Sample solution: Weigh and finely powder NLT 20 
Tablets. Transfer a portion of the powder, equivalent to 
7.5 mg of niacin or niadnamlde, 1,2 mg of pyndoxIne 
hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thia¬ 
mine hydrochloride, to a stoppered 125-mL fiask. Add 
10,0 mL of a mlxture of methanol and glacial acetic 
acid (9:1) and 30.0 mL of a mixture of methanol and 
ethylene glycol (1:1). Insert the stopper, shake for 15 
min In a water bath maintained at 60°, and cool. Filter, 
dtscardrng the first few mL of the filtra te. 
Chromatographic system 
(See Chromatography (621), System Suitability.) 
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Modę: LC 

Detecton UV 270 nm 

Column: 4.6-mm x 25-cm; packing L7 

Column temperaturę: 50° 

Flow ratę: 2*0 mL/min 
tnjection volume: 5 \il 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 2,0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas of macin or niadnamide. Calcu- 
late the percentage of the labeled amount of niacin 
(CóHsNO?) or niadnamide (CóH 6 N ? 0) in the portion of 
Tablets taken: 

Result = (ru/rs) x (Cs/C u) x 100 

r u - peak area of niacin or niadnamide from the 
Sample solution 

rj - peak area of niacin or niadnamide from the 
Standard solution 

Q * concentration of USP Niacin RS or USP 
Niadnamide RS in the Standard solution 
(mg/mL) 

C u - nominał concentration of niacin or 

niacinamide in the Sample solution (mg/mL) 
SeparateJy calcu lale the percentage of the labeled 
amount of pyridoxine hydrochloride (C&HnNOs* MCI), 
ribofJavin (G/H^NtO*), and thiamine hydrochloride 
(C^H^CIN.jOS * HCI) (for products containing thiamine 
hydrochloride) in the portion of Tablets taken: 

Result - (fa/rs) x (Cs/ Cd) x 100 

r u = peak area of the corresponding vitarnin from 
the Sample solution 

Cs - peak area of the corresponding vitamin from 
the Standard solution 

C s = concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

Cu - nominał concentration of Ihe corresponding 
vitamin in the Sample solution (mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (Ci 2 H 1? M 5 0 4 S) in the portion of Tablets 
taken: 

Result - (ru/rs) x ( C s /C v ) x (Mn/M^ x 100 

fu = peak area of thiamine from the Sample 
solution 

fs = peak area of thiamine from the Standard 
solution 

Cs = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 

M r] - molecular weight of thiamine mononitrate, 
327,36 

M r j = molecular weight of thiamine hydrochloride, 
337.27 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of niacin (CńHsNOj) or niacinamide {CeHńN^O), 
pyridoxine hydrochloride (CaHnNOj ■ HCI), rrboflavin 
(C l7 H 20 N 4 O*>, and thiamine as thiamine hydrochloride 
(Ci 2 Hi ? CIN 4 OS * HCI) or thiamine mononitrate 
(CuHwNaCW) 

PERFORMANCE TESTS 

• DlSiNTECRATION AND DlSSOLUTION OF DlETARY SUPPLEMENTS 

(2040): Me et the requirements for Dissolution 

• Weight Variation of Dietary Supplements (2091): Meet 

the reguirements 


CONTAMfNANTS 

* Microbial Enumeration Tests (2021): The Lolal aerobic 

microbial count does not exceed 3x10 3 cfu/g, and the 
combined molds and yeasts count does not exceed 
3 x 10^ cfu/g. 

* Absence of Specified Microorcanisms (2022): Meet the 

reguirements of the tests for absence of Salmonella spe- 
eies and Escherichia coli 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight/light-resistant 
containers* 

* Labeung: The label States that the product is Water-Solu- 
ble Vitamins Tablets. The label also States the quantity of 
each vitamin in terms of metric units per dosage unit, 
and where necessary, the salt form in which it is present. 
Where morę than one assay method is given for a partic- 
ular vitamin, the labeling States which assay method is 
used only if Method 1 is not used. 

o USP Reference Standards (Tl) 

USP Biotin RS 

USP Calcium Pantothenate RS 

USP Cyanocobalamin RS 

USP Folk Add RS 

USP Niacin RS 

USP Niacinamide RS 

USP Pyridoxine Hydrochloride RS 

USP Riboflavin RS 

USP Thiamine Hydrochloride RS 


Water-Soluble Vitamins with Minerals 
Capsules 

DEFINmON 

Water-Soluble Yitamins with Minerals Capsules contain one 
or morę of the foliowing water-soluble vitamins: Ascorbic 
Add or Its eguivalent as Calcium Ascorbate or Sodium 
Ascorbate, Biotin, Cyanocobalamin, Folie Add, Dexpan~ 
thenol or Panthenol, Niacin or Niacinamide, pantothenic 
add (as Calcium Pantothenate or Racemic Calcium Panto- 
thenate), Pyndoxine Hydrochloride, Riboflavin, and Thia¬ 
mine Hydrochloride or Thiamine Mononitrate; and one or 
morę minerals derived from substances generally recog- 
nized as safe, furnishrng one or morę of the following 
eJemenfs in tonizabie form: boron, calcium, chromium, 
copper, fluorine, iodine, iron, magnesium, manganese, 
molybdenum, nickel, phosphorus, potassium, selen ium, 
tin, vanadium, and zinc. Capsules contain NLT 90*0% and 
NMT 150*0% of the labeled amounts of ascorbic add 
(CńHeOfi), or its salts as calcium ascorbate (CuHMCaOi* - 
2 H 2 0 ) or sodium ascorbate (CńH/NaOs), biotin 
(CioHiaNaOjS), cyanocobalamin (Cć 3 H Ba CoN 14 Ov.iP), folie 
add (CTęHigN^Os), dexpanthenol or panthenol 
(CaH^NO.t), calcium pantothenate (CisHiaCaNaOio), niacin 
(CfjHsNOi) or niacinamide (GHJsbO), pyridoxine hydro* 
chlonde (CaHuNOj * HCI), riboflavin (G 7 H 20 N 4 O*), and 
thiamine (G?Hi 7 CIN 4 GS} as thiamine hydrochloride or thL 
aminę mononitrate; NLT 90*0% and NMT 125*0% of the 
labeled guantkies of calcium (Ca), copper (Cu), iron (Fe), 
magnesium (Mg), manganese (Mn), phosphorus (P), po¬ 
tassium (K), and zinc (Zn); and NLT 90.0% and NMT 
160*0% of the labeled quantitres of boron (B), chrornium 
(Cr), fluorine (F), iodine (1), molybdenum (Mo), nickel 
(Ni), selenium (Se), tin (Sn), and vanadium (V)* 

They do not contain any form of Beta Carotene or Vitarnin 
A, D, E, or K* They rnay contain other labeled added sub- 
stances that are generally recognized as safe, in guantities 
that are unobjectionable* 
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STRENGTH 

[Notę—I n the following assays, where morę than one assay 
method is given for an fndiyiduai ingredient, the require- 
ments may be met by following any one of the specified 
methods, the method used being stated in the labeling 
only if Method 1 is not used.] 
o Ascorbic Acid, Calcium Ascorbate, and Sodium 
Ascorbate 

(See Vitamin C Assay {580}.) 

[NoTE“For labeling purposes, comider Method I —T/tri- 
metric Method a5 Method 1 .] 

Acceptance criteria: 9G.0%-150.0% of the labeied 
amount of ascorbic acid (CśHaOs), or its salts as calcium 
ascorbate (Ci 2 Hi 4 CaOi 2 * 2H 2 0), or sodium ascorbate 
{QH 7 NaO e ) 

o BIOTIN, Method 1 

[Notę-—U se low-actinic glassware throughout this 
procedurę,] 

Mobile phase: Mix 85 mL of ace toni tr ile, 1 g of sodium 
perchlorate, and 1 mL of phosphoric acid, and dilute 
with water to 1000 mL, 

Standard stock solution: 0333 mg/ml of USP Biotin 
RS in dimethyl sulfoxide 

Standard solution: 5 pg/mL of USP Biotin RS prepared 
by dlluttng the Standard stock sofution with water 
Sample solution: Weigh NLT 20 Capsules in a tared 
weighing bottle. Open the Capsules, without the loss of 
shefl materiał, and transfer the contents to a 100-ml 
beaker. Remove any contents adhenng to the empty 
shells by washing, if neeessary, with several portions of 
ether. Discard the washings, and dry the Capsule shells 
with the aicl of a current of dry air untii the odor of 
ether is no longer perceptible. Weigh the empty Cap- 
sule shells in the tared weighing bottle, and cafculate 
the average net weight per Capsule. Transfer a portion 
of the Capsule contents, equivalent to a nominał 
amount of 1 mg of biotin, to a 200-mL volumetric fiask. 
Add 3 ml of dimethyl sulfoxide, and swlrl to wet the 
contents. Place the fiask In a water bath at 60°-70° for 
5 min. Sonicate for 5 min, dilute with water to vo!ume, 
and filter, 

Chromatographic system 

(See Chmmatography (621), System Suitability.) 

Modę: LC 

Deteetor: UV 200 nm 

Column: 4,6-mm x 15-cm; 3-pm packing L7 
Flow ratę: 1,2 mL/min 
Injectson vofume: 1 00 j_iL 
System suitability 
Sample: Standard sofution 
Suitability reąuirements 
Relative standard deviation: NMT 3.0% 

Anatysis 

Samptes: Standard solution and Sample sofution 
Measure the responses for the biotin peaks. Calcułate 
the percentage of the labeied amount of biotin 
(CioHi 6 N203) in the portion of Capsules taken: 

Resuit = (ful is) x (Q/Cu) x 100 

ru - peak response from the Sample solution 

r$ = peak response from the Standard solution 

Q = concentration of USP Biotin RS in the Standard 
solution (pg/mL) 

Cu - nominał concentration of biotin in the Sample 
solution (pg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeied 
amount of biotin (CioHis^OjS) 

* Biotin, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Dehydrated mixtures yleiding formulations simliar to the 
media described herein may be used provided that, 
when constituted as directed, they have grawth-pro- 


moting properties equa! to or superior to those ob- 
tained with the media prepared as described herein. 
Standard stock solution: 50 Lig/ml of USP Biotin RS in 
50% alcohol. Storę this solution in a refrigerator, 
Standard solution: On the day of the assay, dilute the 
Standard stock solution with water to a concentration of 
0.1 ng/mL of USP Biotin RS. 

Sample solution: Proceed as directed in Biotin, Method 
1 tnrough "'calcułate the average net weight per Cap¬ 
sule". Transfer a portion of the Capsule contents, equiv- 
afent to a nominał amount of 100 ug of biotin, to a 
200-mL yolumetric fiask. Add 3 mL of 50% alcohol, and 
swirl to wet the contents. Heat the fiask in a water hath 
at óO°-70° for 5 min. Sonicate for 5 min, dilute with 
diluted alcohol to volume, and filter, Dilute a volume of 
the fil tratę quantitatively, and stepwise if neeessary, 
with water to obtain a solution with a concentration of 
0.1 ng/mL. 

Acid-hydrolyzed casein solution: Mix 1 00 g of vita- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and reflux the mixture for 8-12 h, Remove the hydro- 
chloric add from the mixture by distillation under re- 
duced pressure untii a thick pastę remains* Redissolye 
the resuiting pastę in water, adjust the solution with 
1 N sodium hyclroxide to a pH of 3.5 ± 0.1, and dilute 
with water to 1 000 mL, Ada 20 g of activated charcoal, 
stir for 1 h, and filter. Repeat the treatment with actl- 
vated charcoal. Storę under toluene in a cool place at a 
temperaturę NLT 10°. Filter the solution if a precipitate 
forms durlng storage. 

Cystine-tryptophan solution: Suspend 4.0 g of L-cys- 
tine In 1 .0 g ot L-tryptophan (or 2,0 g of 
D,L-tryptophan) In 700-800 ml of water, Heat to 
70°-80°, and add dilute hydrochloric acid (1 in 2} 
dropwlse, with stirring, untii Ehe solids are dissolved. 
C 00 J, and dilute with water to 1000 mL. Storę under 
toluene in a cool place at a temperaturę NLT 10°* 
Adenine-guanine-uradl solution: DissoEye 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
uracil, with the atd of heat, in 10 mL of 4 N hydrochlo¬ 
ric acid. Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator, 

PoJysorbate 80 solution: 1 00 mg/mL of pofysorbate 80 
in afcohol 

Calcium pantothenate solution; 10 pg/mL of calcium 
pantothenate in 50% alcohol* Storę in a refrigerator. 
Rtboflavin-Ehiamine hydrochloride solution; 20 pg/ 
mL of riboflayin and 1 0 pg/mL of thiamine hydrochlo- 
ride in 0.02 N acetic acid. Storę under toluene, pro- 
tected from light, and in a refrigerator. 
p-Ammobenzoic acid-n]acin-pyridoxme hydrochforide 
solution; 10 pg/mL of p-aminobenzoic acid, SOpo/ml 
of niadn, and 40 pg/mL of pyridoxine hydrochloride in 
a mixture of neutralized alcohol and water (1:3). Storę 
in a refrigerator. 

Salt solution A: DissoJye 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate In 
water to make 500 mL. Add 5 drops of hydrochloric 
acid. Storę under toluene. 

Salt solution B: Dissolye 10 g of magnesium sulfate, 

0,5 g of sodium chlonde, 0.5 g of ferro u s sulfate, and 
0.5 g of manganese sulfate in water to make 500 mL. 
Add 5 drops of hydrochloric add, and mix. Storę under 
toluene. 

Basai medium stock solution: Dissolye the anhydrous 
Dextrose and anhydrous Sodium acetate in the Solutions 
previously mixed according to Tobie l f and adjust with 
1 N sodium hydroxide to a pH of 6.8, Dilute with water 
to 250 mL. 


Tabfe 1 


Add-hvdrolvzed casein solution 

25 mL 

Cystine-tryptophan solution 

25 ml 
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Table 1 (Continued) 


Polysorbate 80 solution 

0,25 mL 

Dextrose. anhydrous 

10 o 

Sodium acetate, anhydrous 

5 g 

Adenine-ouantne-uracil solution 

5 mL 

Caldum pantothenate solution 

5 mL 

Riboflavin-thiamine hvdrochlorlde solution 

5 mL 

p-Am fnob enzo ic acid-n i ac i n—pyri doxine 
hycfrochloride solution 

5 mL 

Salt solution A 

5 mL 

Salt solution B 

5 mL 


Stock cu I turę of Lactobodllus piontarum'. Dissolve 
2.0 g of yeast extract in 100 mL of water. Add 500 mg 
of anhyarous Dextrose r 500 mg of onhydrous Sodium 
acetale, and 1.5 g of agar, and heat the mixture on a 
steam bath, with stirring, until the agar dissolves, Add 
10-mL portions of the hot solution to test tubes, close 
or cover the tubes, stenlize in an autodave at 121°, and 
ailow the tubes to cool in an upright position. Prepare 
stab cultures in three or morę of the tubes, using a 
pure culture of Lactobodllus plantarum r ] incubating for 
16-24 h at a temperaturę between 30* and 37° held 
constant to within ±0.5°* Storę in a refrigerator, Prepare 
a fresh stab of the stock culture every week, and do not 
use for Inoculum if the culture is morę than 1 week old. 
Culture medium: To each of a senes of test tubes con¬ 
taining 5.0 mL of Basal medium stock soiution add 
5.0 mL of water containing 0.5 ng of biotin. Pług the 
tubes with cotton, sterilize in an autoclave at 121°, 
and cool 

Inoculum: [Notę—A frozen suspension of Lactobodllus 
piontarum may be used as the stock culture, provided 
k ylelds an Inoculum comparable to a fresh culture,] 
Make a transfer of cells from the Stock culture of Lado - 
baciflus piontarum to a sterite tubę containing 10 mL of 
Culture medium. Incubate this culture for 16-24 h at a 
temperaturę between 30° and 37 c held constant to 
within ±0.5°. The celi suspension so obtained is the 
Inoculum. 

Analysis 

Sam pies: Standard solution and Sample solution 
To similar sępa ratę test tubes add, in duplieate, 1,0 
and/or 1.5, 2.0, 3.0, 4.0, and 5,0 mL of the Stan¬ 
dard solution. To each tubę and to four similar 
empty tubes add 5.0 ml of Basal medium stock solu¬ 
tion and sufficient water to make 10 mL. 

To similar test tubes add, in dupMcate, vo!ume$ of the 
Sample solution corresponding to three or morę of 
the levels specified for the Standard solution, includ- 
ing the levels of 2,0, 3.0, and 4.0 mL. To each tubę 
add 5.0 ml of the Basal medium stock solution and 
sufficient water to make 10 mL. Place one complete 
set of Standard and sample tubes together in one 
lube rack and the duplieate set in a second rack or 
section of a rack, prererably in random order. 

Cover the tubes of both senes to prevent contamina- 
tion, and sterilize in an autoclave at 121° for 5 min. 
Cool. Add 1 drop of Inoculum to each tubę, except 
two of the four tubes containing no Standard solu¬ 
tion (the uninoculated blanks). Incubate the tubes at 
a temperaturę between 30° and 37° held constant 
to within ±0.5* until, followfng 16-24 h of ineuba- 
tion, there has been no substantial inerease in tur- 
bidity in the tubes containing the highest level of 
Standard during a 2-h period. 

Determine the transmittance of the tubes in the fol- 
lowing manner. Mix the contents of each tubę, and 
transfer to a spectroph otom eter celL Place the celi in 
a spectrophotometer that has been set at a specifie 

1 ATCC No. SOI 4 is suitabte. Thls strain was formerly known as Lactobaciłłus 
arabinosuś 17 - 5 . 


wavelenqth 540-660 nm, and read the transmrt- 
tance wnen a steady State is reached. This steady 
State is observed a few seconds after agitation when 
the galvanometer reading remains constant for 30 s 
or morę, Ailow approximately the same time interval 
for the reading on each tubę. 

With the transmittance set at 1,00 for the uninocu¬ 
lated blank, read the transmittance of the inoculated 
blank. With the transmittance set at 1.00 for the in¬ 
oculated blank read the transmittance for each of 
the remaining tubes, If there is evidence of cantami- 
nation with a foreign microorganism, disregard the 
result of the assay. 

Cakulation: Prepare a standard concentration-re- 
sponse curve as follows. For each level of the Stan¬ 
dard, calculate the response from the sum of the du¬ 
plicate values of the transmittance (I) as the 
difference, y = 2.00 - Ł Plot this response on the 
ordinate of cross-section paper against the logarithm 
of the mL of Standard solution per tubę on the ab- 
sdssa, using for the ordinate either an arithmetic or a 
logarithmic scalę, whichever gives the better approxt- 
mation to a straight linę. Draw the straight linę or 
smooth curve that best fits the plotted points, 

Calculate the response, y ; adding together the iwo 
transmittances for each level of the Sample solution. 
Read from the standard curve the logarithm of the 
volume of the Standard soiution corresponding to 
each of those va!ues of y that fali within the rangę of 
lowest and highest points plotted for the Standard. 
Subtract from each logarithm so obtained the loga¬ 
rithm of the vo!ume, in mL, of the Sample solution to 
obtain the difference, X, for each dosage level, Aver- 
age the values of X for each of three or morę dosage 
levels to obtain X, which eguals the log-relative po- 
tency, of the Sample solution. 

Determine the guantity, in fig, of USP Biotin RS corre¬ 
sponding to the biotin in each mg of the portion of 
Capsules taken: 

antilog M = antilog + log R) 

R - number of pg of biotin assumed to be present 
in each mg of the portion of the Capsules 
taken 

Replication: Repeat the entire determination at least 
once, using separately prepared Sample Solutions . If the 
difference oetween_tne two log-poteneres M is NMT 
0.08, their mean, M, is the assayed log-potency of the 
test materiał (see Design and Analysis of Biological As- 
soys (111), The Confidenee Internat and Umits of Po- 
tency ), If the two determinations differ by morę than 
0.08, conduet one or morę addltional determinations. 
From the mean of two or morę values of M that do 
not drffer by morę than 0.15, compute the mean po- 
tency of the preparation under assay. 

Acceptance criterla: 90,0%-150.0% of the labeJed 
amount of biotin (CtoM^N^OjS) 

* Cyanocobalamin, Method I 

[Notę—U se low-actimc glassware throughout this 
procedurę.] 

Mobile phase: Methanol and water (7:13) 

Standard stock solution: 10 pg/mL of USP Cyanoco- 
balamin RS in water. [Notę— Storę this stock solution in 
a dark place, and discard after 1 week.] 

Standard solution: 1 pg/mL of USP Cyanocobalamin 
RS from Standard stock solution diluted with water 
Sample solution: Proceed as directed in Biotin, Method 
1 tnrough "'calculate the average net weight per Cap- 
sule," Transfer a portion of the Capsule contents, equiv- 
alent to a nominał amount of 100 pg of cyanocobala¬ 
min, to a 250-mL fiask. Quantitatively add 100,0 mL of 
water, and ca ref ul ly extract for 2 min. Fifter 10 ml of 
the extract, and use the elear fil tratę. 
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Chromatographic system 
(See Chromatograpny {621), System Suitability.) 

Modę: LC 
Detector: 550 nm 

Colurnn: 4.6-mm x 15-cm; 5-pm packing LI 
Ffow ratę: 0,5 ml/min 
Injection volume: 200 pL 
System suitabflity 
Sample: Standard solution 
Sultabllity requlrements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak respomes for cyanocobalamin, Calcu- 
late the percentage of the labeled amount of cyanoco- 
ba lamin (C 63 HaeCoNMOi, t P) in the portion of Capsules 
taken: 

Resuft = (ru/rs) x ( Cs/C u ) x 100 

r u = peak response of cyanocobalamin from the 
Sample solution 

n = peak response of cyanocobalamin from the 
Standard solution 

Ci = concentration of U5P Cyanocobalamin RS in 
the Standard solution (pg/mL) 

Cu - nominał concentration of cyanocobalamin m 
the Sample solution (pg/mL) 

Acceptance criteria: 90,0%-150,0% of the labeled 
amount of cyanocobalamin (CńjHaBCoNuOuP) 

* Cyanocobalamin, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Standard cyanocobalamin stock solution: 1*0 pg/mL 
of USP Cyanocobalamin RS tn 25% alcohol. Storę in a 
refrigerator. 

Standard solution: Dilute a suitable volume of Standard 
cyanocobalamin stock solution with water to a measured 
vofume such that after the incubation period as de- 
scrtbed In the Analysis, the difference in transmittance 
between the inoculated blank and the 5.0-mL level of 
the Standard solution is NLT that which corresponds to 
a difference of 1.25 mg in dried celi weight. This con- 
centration usually falls netween 0.01 and 0,04 ng/ml of 
the Standard solution . Prepare this solution fresh for 
each assay* 

Sample solution: Proceed as clirected in Biotin, Methoa 
I tnrough "calculate the average net weight per Cap- 
sule." Transfer a portion of the Capsule contents, equiv- 
alent to a nominał amount of 1.0 pg of cyanocobala¬ 
min, to an appropriate vessel containing, for each g of 
Capsule contents taken, 25 ml of an aqueous ex- 
tracting solution prepared just before use to contain 
12,9 mg/mL of dibastc sodium phosphate, 11.0 mg/mL 
of anhydrous citric add, and 10 mg/mL of sodium 
metabisulflte. Autodave the mixture at 121° for 10 min. 
Allow any undissolved partides of the extract to settfe, 
and filter or centrifuge, if necessary, Dilute an aliquot of 
the elear solution with water to obtain a finał solution 
containing vitamin B u activrty approximately equivafen: 
to that or the Standard solution . 

Acid-hydrolyzed casein solution: Prepare as directed in 
Calcium Pantothenate, Method 2, 

Asparagine solution: Dissoive 2,0 g of L-asparagrne in 
water to make 200 mL. Storę under toluene in a 
refrigerator. 

Adenrne-guanine-uracN solution: Prepare as directed 
in Calcium Pantothenate, Method 2. 

Xanthine solution: Suspend 0.20 g of xanthine in 
30-40 mL of water, heat to 70 D , add 6,0 ml of 6 N 
ammonlum hydroxide, and strr until the solid is dis* 
solved, Cool, and dilute with water to 200 ml. Storę 
under toluene in a refrigerator. 

Salt solution A: Dissolve 10 g of monobasic potassium 
phosphate and 10 g of dibasfc potassium phosphate in 


water to make 200 mL, and add 2 drops of hydrochloric 
acid* Storę this sotutron under toluene. 

Salt solution B: Dissolve 4.0 g of magnesium sulfate, 
0.20 g of sodium chloride, 0,20 g of ferrous sulfate, and 
0,20 g of manganese sulfate in water to make 200 mL 
Add 2 drops ot hydrochloric add. Storę this soiution 
under toluene. 

Polysorbate 80 solution: Dissolve 20 g of polysorbate 
80 in alcohol to make 200 mL Storę in a refrigerator. 

Vitamin solution A; Dissolve 10 mg of riboflavin, 

10 mg of thiamine hydrochloride, 100 pg of biotin, and 
20 mg of niadn in 0.02 N glacial acetic add to make 
400 mL. Storę under toluene, protected from light, in a 
refrigerator. 

Vitamin solution B: Di$solve 20 mg of p-aminobenzoic 
acid, IG mg of calcium pantothenate, 40 mg of pyri- 
doxine hydrochloride, 40 mg of pyridoxal hydrocnlo- 
ride, 8 mg of pyridoxamIne dihydrochloride, and 2 mg 
of folie acid in a mixture of water and neutralized alco- 
hol (3:1) to make 400 mL. Storę, protected from light, 
fn a refrigerator* 

Basa! medium stock solution: Prepare the medium ac- 
cording to the following formula and directions. A de- 
hydrated mixture containing the same ingredients may 
be used provided that, when constituted as directed in 
the Jabelmg, ityields a medium comparable to that ob¬ 
tained from the formula given herein. 

Add the ingredients in the order listed according to To¬ 
bie 2, carefully dissolving cystine and tryptophan in 
the hydrochloric acid before adding the next eight So¬ 
lutions in the resulting solution. Ada 100 mL of water, 
and dissolve the dextrose, sodium acetale, and as- 
corbic acid, Filter, if necessaiy, Add the Polysorbate 80 
solution, adjust with 1 N sodium hydroxide to a pH of 
between 5.5 and 6.0, and dilute with Purified Water to 
250 mL. 


Tobie 2 


L-Cvstrne 

0.1 q 

L-Trvqtophan 

0.05 a 

1 N hydrochloric add 

10 mL 

Adenine-quanine-uraci! solution 

5 mL 

Xanthine solution 

5 ml 

Vitamin solution A 

10 mL 

Vilamin soiution 13 

10 mL 

Salt solution A 

5 mL 

Sait solution B 

S mL 

Ascaraarne solution 

5 mL 

Acfd-hvdrolvzed casein solution 

25 ml 

Dextrose* anhydrous 

10 a 

Sodium acetate* anhydrous 

5 a 

Ascorbk acid 

i. 

Polysorbate 80 solution 

5 ml 


Tomato jukę preparation: Centrifuge commerdally 
canned tomato juice so that most of the pulp is re* 
moved, Suspend 5 g/L of analytical filter aid in the su- 
pernatant, and pass, with the aid of reduced pressure, 
through a layer of the filter aid. Repeat, if necessary, 
until a elear, straw-cofored filtrate is obtained. Storę 
under toluene in a refrigerator. 

Culture medium: [Notę—A dehydrated mixture eon- 
taining the same ingredients may be used provided 
that, when constituted as directed in the labeling, it 
yields a medium equivalent to that obtained from the 
formula qiven herein.] Dlssolve 0.75 g of yeast extract, 
0,75 a or dried peptone, 1,0 g of anhydrous dextrose, 
and 0.20 g of monobasic potassium phosphate in 
60-70 mL of water. Add 10 mL of Tomato juice prepara¬ 
tion and 1 mL of Polysorbate 80 solution , Adjust with 
1 N sodium hydroxiae to a pH of 6.8, and dilute with 
water to 100 mL. Place 10-mL porrions of the solution 
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in test tubes, and pług with cotton. Sterilize the tubes 
and contents in an autoelave at 121° for 15 min. Cool 
as rapidly as possible to avoid color formation resultmg 
from overheating the medium. 

Suspension medium: Dilute a measured volume of Bo¬ 
rni medium stock solution with an equal volume of 
water. Place 10-mL portions of the diluted medium in 
test tubes. Sterilize, and cool as directed for Culture 
medium . 

Stock culture of Loctobadiius lelchmannii: To 100 ml 
of Culture medium add 1.0-1.5 g of agar, and heat the 
mixture on a steam bath, with stirring, until the agar 
dissolves. Pface 10-mL portions of the hot solution in 
test tubes, cover the tubes, sterilize at 121 ° for 15 min 
in an autoclave (exhaust linę temperaturę), and allow 
the tubes to cool in an upright position. tnoculate three 
or morę of the tubes by stab transfer of a pure culture 
of Loctobadiius lelchmannii, 2 [Notę— Before first using a 
fresh culture In this assay, make NLT 10 successive 
transfers of the culture in a 2-week period.] Incubate for 
16-24 h at a temperatura between 30“ and 40° held 
constant to within ±0.5°. Storę in a refrigerator. 

Prepare fresh stab cultures at least three times each 
week, and do not use them for prepanng the Inoculum 
if morę than 4 days old. The activity of tne microor- 
ganism can be increased by daily or twice-daily trans¬ 
fer of the stab culture, to the point where definite tur- 
bidity in the liquid Inocufum can be observed 2-4 h 
after inoculation. A slow-growing culture seldom gives 
a suitable response curve and may lead to erratic 
resuits. 

Inoculum: [Notę—A frożen suspension of Lactobacillus 
lekhmonnii may be used as the stock culture provided rt 
yields an Inoculum comparable to a fresh culture.] Make 
a transfer of cells from the Stock culture of Loctobadiius 
teichmannli to two sterile tubes each containing 10 mL 
of the Culture medium, Incubate these cultures for 
16-24 h at a temperaturę between 3G a and 40 g held 
constant to within ±0.5 . Under aseptic conditions cen- 
trifuge the cultures, and decant the supernatant. Sus- 
pena the cells from the culture In 5 ml of sterile Sus- 
penshn medium, and combi ne. Using sterile Suspension 
medium , adjust the vo!ume so that a 1-in-2G dilution in 
salinę TS produces 70% transmittance when read on a 
suitable spectrophotometer that has been set at a wave- 
length of 530 nm, equipped with a 10-mm celi, and 
read agalnst salinę TS set at 100% transmittance. Pre¬ 
pare a 1 -in-400 dilution of the adjusted suspension us- 
tng Basal medium stock solution. [NOTĘ—-This dilution 
may be altered, when necessary, to obtain the desired 
test response.] The celi suspension so obtained is the 
Inoculum. 

Callbratron of spectrophotometer; Check the wave- 
length of the spectrophotometer penodically, using a 
standard wavelength celi or other suitable devtce, 

Before reading any tests, calibrate the spectrophotome¬ 
ter for 0% and 100% transmittance, using water and 
with the wavelength set at 530 nm. 

Analysis 

Sampies: Standard solution and Sample solution 
Because of the high sensithhty of the test organism to 
minutę amounts of vrtamin B ł2 activity and to traces of 
many cleansing agents, cleanse meticuiously by suita¬ 
ble means, folfowed preferably by heating at 250° for 
2 h using hard-glass 20-mm x 150-mm test tubes and 
other necessary glassware. 

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 
3.0, 4.0, and 5.0 mL of the Standard solution. To each 
of these tubes and to four similar empty tubes add 
5.0 mL of Basal medium stock solution and suffident 
water to make 10 mL 


2 Pure cultures of tactobadlbs leich mannit (listed as Loctobadiius ddbntekii) 
may be obtained as No. 7830 from ATCC, 10801 Unfversity Blvd., Manassas, 
VA 20110-2209 (www.alcc.org). 


To similar separate test tubes add, in duplicate, 1.0, 

1.5, 2.0, 3.0, and 4.0 ml of the Sample solution . To 
each tubę add 5.0 mL of Basal medium stock solution 
and suffident water to make 10 mL. Pface one com- 
plete set of Standard and sample tubes together in 
one tubę rack and the duplicate set in a second rack 
or section of a rack, preferably in random order. 

Cover the tubes to prevent bacterlal contamination, 
and sterilize in an autOClaye at 121° for 5 min, arrang- 
ing to reach this temperaturę in NMT 7 0 min by 
preheating the autocfave if necessary. Cool as rapidfy 
as possible to avoid color formation resulting from 
overheating the medium. Take precautions to maintain 
uniformity of sterilizing and cooling conditions 
throughout the assay, because pacTdng the tubes too 
closely in the autodave or over(oading it may cause 
variation in the heating ratę. 

Aseptically add 0.5 mL of Inoculum to each tubę so pre- 
pared, except two of the four containing no Standard 
solution (the uninoculated blanks). Incubate the tubes 
at a temperaturę between 30 c and 40°, held constant 
to within ±0.5°, for 16-24 h. 

Terminale growth by heating to a temperaturę NLT 80° 
for 5 min. Cool to room temperaturę. After agitating 
contents, place the Container in a spectrophotometer 
that has been set at a wavefength of 530 nm, and 
read the transmittance when a steady State is reached. 
This steady State is observed a few seconds after agtla- 
tion when the reading remains constant for 30 s or 
morę. Atlow approximately the same time interval for 
the reading on each tubę. 

With the transmittance set at 100% for the uninocu¬ 
lated blank, read the transmittance of the inoculated 
blank. If the difference is greater than 5% or if there is 
evidence of contamination with a foreign microorgan- 
ism, dlsregard the resuits of the assay. 

With the transmittance set at 100% for the uninocu¬ 
lated blank, read the transmittance of each of the re- 
maining tubes. Pisregard the resuits of the assay if the 
slope oT the standard curve indicates a problem with 
sensitivity. 

Cakulatron: Prepare a standard concentration-re¬ 
sponse curve by the followtng procedurę. Test for and 
replace any aberrant indhndual transmittances. For 
each level of the Standard, caJcuiate the response from 
the sum of the duplicate values of the transmittances 
(X) as the difference, y - 2.00 - X. Plot this response 
on the ordinate of cross-section paper agalnst the log- 
arithm of the ml of Standard solution per tubę on the 
abscissa, using for the ordinate either an arithmetic or 
a logarithmic scalę, whichever gives the better approx* 
imation to a straight linę. Draw the strafght linę or 
smooth curve that best fits the plotted polnts. 

Calculate the response, y, adding together the two 
transmittances for each level of the Sample solution. 
Read from the standard curve the logarithm of the 
volume of the Standard solution corresponding to 
each of those values of y that falls within the rangę of 
the lowest and highest points plotted for the Stan¬ 
dard. Subtract from eacn logarithm so obtained the 
logarithm of the volume, in mL, of the Sample solu- 
tion to obtain the difference, X, for each dosage levek 
Average the values of X2or each of three or morę 
dosage levels to obtain X, which equals the log-rela- 
£lve potency, of the Sample solution . 

Determine tne guantity, in jig, of USP Cyanocobala- 
min RS corresponding to fhe cyanocobalamin in each 
mg of the portion of Capsules taken: 

antilog M = antilog ( M' + log R) 

R - number of pcj of cyanocobalamin assumed to 
be present in each mg of the portion of the 
Capsules taken 
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RepHcation: Repeat the entire delerminatlon at leasł 
once, u sina separately p repa red Sampie Solutions. If the 
difference oetweenjne two log-potendes M is NMT 
0.08, their mean, M , is the assayed log-potency of the 
test materiał (see Design and Anaiysh of Biologtcal As- 
says (111), The Confidence Interwal and Limits of Po - 
tency). if the two determinations differ by morę than 
0.08, conduct one or morę additional determinatlons. 
From the mean of two or morę values of M that do 
not differ by morę than OJ5, compute the mean po- 
tency of the preparation under assay. 

Acceptance crrterra; 90.G%-150.0% of the labeled 
amount of cyanocobalamin (QiHmCoNi 40 mP) 

* FOLIC Acid, Method 1 

[Notę—L ise low-actinic glassware throughout this 
procedurę.] 

Reagent A: 25% solution of tetrabutylammonium hy- 
droxide tn methanol 

Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL 
volumetric fiask. Using somcatian if necessary, dissolve 
in and dilute with 1 N sodiuni hydroxide to volume. 
Mobile phase: 2 g of monobasic potassium phosphate 
in 650 mL of water. Add 12,0 mL of Reagent A , 7.0 ml 
of 3 N phosphoric add, and 240 ml of methanol. Cool 
to room temperaturę, ad jus t with phosphoric acid or 
ammonia TS to a pH of 7-0, dilute with water to 
1000 ml, and filter, Recheck the pH before use by add- 
ing water or methanol to the prepared Mobile phase to 
obtain baseline separation of folie acid and the internal 
standard. The pH may be inereased up to 7.15 to ob¬ 
tain better separation, [NOTĘ—The methanol and water 
content may be yarfed (between 1% and 3%).] 

Internal standard solution: Transfer 40 mg of methyl- 
araben to a 1000-mL volu mętne fiask, and add 
20 mL of methanol to dtssolve, Dissolve 2,0 g of mon¬ 
obasic potassium phosphate in 300 ml of water in a 
separate beaker, quantltativefy transfer this solution to 
the fiask containing the methylparaben solution, and 
add an additional 300 mL of water. Add 19 mL of Rea¬ 
gent A t 7 mL of 3 N phosphoric acid, and 30 ml of Rea¬ 
gent B L Adiust with ammonia TS to a pH of 9.8, bubble 
nitrogen tnrough the solution for 30 min, dilute with 
water to volume, and mix* 

Standard solution; 0.016 mg/mL of USP Folk Add RS 
in Internal standard solution 

Sampie solution: Proceed as directed in Biotin, Method 
1 tnrough "calculate the average net weight per Cap¬ 
sule." Transfer an amount of Capsule contents to a suit- 
able eentrifuge tubę, and add a volume of Internal stan¬ 
dard solution to obtain a nominał concentration of 
0.016 mg/mL of folie acid. Shake by mechanica! means 
for 10 min, and eentrifuge. Filter a portion of the elear 
supernatant, and use the filtrate. 

Chromatographic system 
(See Chromatograpny (621), System Suitabiiity.) 

Modę: LC 

Detector: UV 280 nm 
Column: 3.9-mm x 30-em; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 15pL 
System suitabiJity 
Sampie: Standard solution 

[Notę—T he relative retentlon times for folie add and 
methylparaben are about 0.8 and 1.0, respectively,] 
Suitabiiity reąuirements 
Relative standard deviatlon: NMT 3.0% 

Analysrs 

Samples: Standard solution and Sampie solution 
Measure the peak areas for folie add and methylpara¬ 
ben, Calculate the percentage of the labeled amount 
of folie acid (Ci 9 FIie?N ? Oó} in the portion of Capsules 
taken: 

Result = (Ru/R s ) x (Cj fC u ) x 100 


Ru - peak area rado of folie acid to methylparaben 
from the 5omp/e solution 

R y - peak area ratio of folie acid to methylparaben 
from the Standard solution 
Q - concentration of USP Folie Acid RS in the 
Standard solution (mg/mL) 

Cu ~ nominał concentration of folie acid in the 
Sampie solution (mg/ml) 

Acceptance criteria; 90.0%-l 50.0% of the labeled 
amount of folie acid (C 19 H 19 N 7 G&) 

■ Folic Acid, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę,] 

Reagent: Dissolve 7.5 g of edetate disodiiim, with stir- 
ring, in 500 mL of water containing 10 mL of ammo- 
nium hydroxide. 

Diluent: 60 pg/mL of ammonium hydroxide 
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL 
of gtacia! acetic acid, and 350 mL of methanol to a 
2000-mL volumetric fiask, and dilute with 0.008 M so- 
dium 1 -hexanesu!fonate to voiume. 

Standard stock solution: 60 jig/mL of USP Folie Acid 
RS in DiluenL Prepare this solution fresh daily. 

Standard solution: Mix 5.0 mL of Standard stoek solu* 
tion with 10.0 mL of methanol and 35.0 mL of Reagent . 
Shake for 15 min in a water bath maintained at 60°, 
and cooL Filter, discarding the First few mL of the 
filtrate. 

Sampie solution: Proceed as directed in Biotin, Method 
I tnrough "calculate the average net weight per Cap¬ 
sule /' Transfer a portion of the Capsule contents, equiv- 
afent to a nominał amount of 0.3 mg of folic add, to a 
125-mL stoppered fiask. Add 10.0 mL of methanol and 
35.0 mL of Reagent. Shake for 15 min in a water bath 
maintained at 60°, and cool. Filter, discarding the first 
few mL of the filtrate. 

Chromatographic system 
(See Chromatograpny (621), System Suitabiiity.) 

Modę: LC 

Detector: JV 270 nm 

Column: 4.6-mm x 25-cm; packing L7 

Column temperaturę: 50° 

Flow ratę: 2 mL/min 
Injection volume; 5 pL 
System suitabiiity 
Sampie: Standard solution 
Suitabiiity requlrements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sampie solution 
Measure the areas of the major peaks. Calculate the 
percentage of the labeled amount of folic acid 
(O 9 H 19 N 7 O 6 ) in the portion of Capsules taken: 

Result - (rjrs) x (Cs/Cu) x 100 

fu = peak area of folie acid from the Sampie 
solution 

= peak area of folie add from the Standard 
solution 

Cs = concentration of USP Folic Acid RS in the 
Standard solution (jig/mL) 

Cu = nominał concentration of folk acid in the 
Sampie solution (pg/mL) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of folie add (Cj-jH^N/Oó) 

• Dekpanthenol or Panthinoi 

[Notę—T he following procedurę is applicable also to the 
determination of the dextro rota tory component of race- 
mk panthenol in preparations containing panthenoLJ 
Dehydrated mixtures yielding formulations similar to the 
media described herein may be used provided that, 
when constituted as directed, they have growth-pro- 
moting properties egual to or superior to those ob¬ 
ła ined with the media prepared as described herein. 
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Standard stock solution: 800 gq/mL of U5P Dexpan- 
thenol RS in water. Storę in a refrigerator protected 
from light, and use within 30 days. 

Standard solution: On the day of the assay, prepare a 
dilution of 1.2 pg/mL of dexpanthenol from Standard 
stock solution diluted with water. 

Sample solution: Weigh NLT 3G Capsules tn a tared 
weighing boftle. Open the Capsules, without loss of 
shefl materiał, and transfer the eon ten ts as completely 
as possible to a beaker. Remove any contents adhering 
to the empty Capsule shells by washtng with several 
portions of ether* Discard the washings, and dry the 
Capsule shells with the aid of a current of dry air untif 
the odor of ether ts no longer perceptible. Weigh the 
empty Capsule shells in the tared weighing bottle, and 
cale ufa te the average net weight per Capsule. Dissolve a 
portton of the Capsule eon ten ts, nominał !y equivalent 
to 1.2 mg of dexpanthenol or 2,4 mg of pantnenol, in 
100.0 ml of water. Quantitatively dilute a portion of 
thls solution with water to obtain a nominał concentra- 
tion of 1.2 uq/mL of dexpanthenot or 2.4 uq/mL of 
panthenol. 

Add-hydrolyzed casein solution: Mlx 100 g of vita~ 
min-free casein with 500 ml of 6 N hydrochloric add, 
and reflux the mixture for 8-12 h. Remove the hydro- 
chloric add from the mixture by distiJlation under re- 
duced pressure until a thick pastę remains. Redtssolve 
the resulting pastę in about 500 mL of water, adjust the 
solution with T N sodium hydroxide to a pH of 3.5 ± 
0.1, and dilute with water to 1000 mL. Add 20 g of 
activated charcoal, stir for 1 h, and filter. Repeat the 
treatment with activated charcoaL Storę under toluene 
in a cool place at a temperaturę NLT 10 G . Fifter the 
solution if a precipitate rorms during storage. 
Cystlne-tryptophan solution: Suspend 4.0 g of L-cys- 
tine and 1.0 g of L-tn/ptophan (or 2.0 g of 
D,L-tryptophan) in 700-800 mL of water, heat to 
75 ± 5°, and add hydrochloric add solution (1 in 2) 
dropwise, with stirring, untii the solids are dissolved. 
Cool, and dilute with water to 1000 mL. Storę under 
toluene m a cool place at a temperaturę NLT 1CP. 
Adenine-guanine-uracil solution: Drssolve 200 mg 
each of adenlne sulfate, guanine hydrochloride, and 
uracil, with the aid of heat, in 1 0 mL of 4 N hydrochlo- 
ric acid. Cool, and dilute with water to 200 mL Storę 
under toluene in a refrigerator. 

Polysorbate 80 solution: 100 mci/mL of polysorbate 80 
in alcohol 

Riboflavin-thiarmne hydrochloride-biotin solution: 

20 pg/mL of riboflavin, 10jng/mL of thiamine hydro- 
chlonde, and 0.04 pg/mL of biotin rn 0.02 N acetic 
acid. Storę under toluene, protected from light, in a 
refrigerator. 

p-Aminobenzoie add-niadn-pyridoxJne hydrochloride 
solution: 10 pg/mL of p-aminobenzośc add, 50 pg/mL 
of niacin, and 40 pg/mL of pyridoxine hydrochloride in 
neutral 25% alcohol. Storę in a refrigerator. 

Salt solution A: Dissolye 50 mg/mL of monobasic po- 
tasslum phosphate and 50 mg/mL of drbasic potassium 
phosphate In water. Add 10 drops of hydrochloric acid 
per L of solution. Storę under toluene. 

Salt solution B: Dissolve 20 mg/mL of magnesium sul¬ 
fate, 1 mg/mL of sodium chJoride, 1 mg/mL of ferrous 
sulfate, and 1 mg/mL of manganese sulfate in water. 

Add 10 drops of hydrochloric acid per L of the solution. 
Storę under toluene. 

Pyridoxal-ealdum pantothenate solution: Dissolve 
200 pg/mL of pyridoxal hydrochloride and 1.875 pg/mL 
of caldum pantothenate in 10% alcohol Storę in a re¬ 
frigerator, and use within 30 days, 

Polysorbate 40-oleic acid solution: DissoNe 50 mg/mL 
of polysorbate 40 and 0.5 mg/mL of oleić acid in 20% 
alcohol. Storę in a refrigerator, and use within 30 days. 
Modified pantothenate medium: Dissolve anhydrous 
dextrose and sodium acetate In the Solutions previousfy 


mixed according to Tobie 3 , and adjust with 1 N so¬ 
dium hydroxide to a pH of 6.8. Finally, dilute with 
water to 250 mL. 


Table 3 


Acid-hydrofyzed casein soluiion 

25 ml 

Cystine-tryptophan solution 

25 ml 

Polysorbate 80 solution 

0.25 mL 

Oextrose f anhydrous 

iGa 

Sodium acetate. anhydrous 

5 a 

Adenine-ouanine-uracii solution 

5 mL 

Riboflavin-thiamine hydrochloride-biotin solution 

5 mL 

p- Am i n obenzoic a cid^n iac in-py ri dox i ne 
hydrochloride solution 

5 mL 

Salt solution A 

5 mL 

Salt solution B 

5 ml 

Pvridoxai-calcium pantothenate solution 

5 mL 

Polysorbate 40-oleic acid solution 

5 mL 


Double-strength modified pantothenate medium: 
Prepare as directed for the Modified pantothenate me¬ 
dium , but make the finał dilution to 125 mL instead of 
250 mL. Prepare fresh. 

Stock eufture of Pediococcus acidilactici: Drssolve in 
800 mL of water, with the aid of heat, ó.O g of pep- 
tone, 4.0 g of panereatie digest of casein, 3.0 g of yeast 
extract, 1.5 g of beef extract, 1.0 g of dextrose, and 
15.0 g of agar, Adjust with OJ N sodium hydroxtde or 
OJ N hydrochloric add to a pH of 6.5-6.Ó, and dilute 
with water to 1000 ml. Add 10-mL portions of the so¬ 
lution to culture tubes, place caps on the tubes, and 
Sterilrze in an autoclave at 121° for 15 min. Cool on a 
slant, and storę in a refrigerator, Prepare a stock culture 
of Pediococcus aciditacticP on a slant of this medium. 
Incubate at 35° for 20-24 h, and storę in a refrigerator. 
Maintain the stock culture by monthly transfer onto 
fresh slants. 

Inoculum: Inoculate three 250-mL portions of Modified 
pantothenate medium from a stock culture slant, and in¬ 
cubate at 35° for 20-24 h. Centrifuge the suspension 
from the combined portions, and wash the cells with 
stenie Modified pantothenate medium. Resuspend the 
cells in suffident Modified pantothenate medium so that 
a 1 -in-50 dilution, when tested in a 13-mm diameter 
test tubę, gives 80% light Lrammission at 530 nm, 
Transfer 1,2-mL portions of this stock suspenslon to 
sterile glass ampuls, seal, freeze in liguid nitrogen, and 
storę In a freezer. On the day of the assay, allow the 
ampuls to reach room temperaturę, mix the contents, 
and dilute 1 mL of thawed eufture with sterile salinę TS 
to 150 mL [NOT£—This dilution may be aitered when 
necessary to obtain the desired test response.] 

Analysls: Prepare in triplicate a series of eight culture 
tubes by adding the foliowinq guantities of water to the 
tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1,0, and 
0.0 mL. To these same tubes and in the same order add 
0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Stan¬ 
dard solution, 

Prepare in dupiicate a series of flve culture tubes by 
adding the following auantities of water to the tubes 
within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL To these 
same tubes and in the same order add 1.0, 1.5, 2.0, 
3.0, and 4.0 mL of the Sample solution. 

Add 5.0 mL of Double-strength modified pantothenate 
medium to each tubę. Cover the tubes with metal 
caps, and sterilize in an autoclave at 121 c for 5 min. 
Cool to room temperaturę in a chilled water bath, and 
inoculate each tubę with 0.5 mL of the Inoculum . Al- 
iow to incubate at 37° for 16 h. Terminate growth by 
heating to a temperaturę NLT 80°, such as by steam- 
ing at atmospheric pressure in a sterilizer for 5-10 

’ ATCC No. 0042 is suitable. 
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min, Cool, and determine the percentage transmit- 
tance of the suspenslons, in cells of equal pathlength, 
on a suftable spectrophotometer at a wave!ength of 
530 nm, 

Cakulatron: Draw a dose-response curve on arithmetic 
graph paper by pSotting the averąge response, in per¬ 
centage of transmittance, for each set of tubes of the 
standard curve against the Standard ievel eoncentra- 
tions. The curve is drawn by connecting each adjacent 
pair of points with a straight Eine. From this standard 
curve, determine by Enterpotation the potency, in 
terms of dexpanthenof, of each tubę containing por- 
tions of the Sample solution. To obtain the individual 
responses, divide the potency of each tubę by the 
amount of the Sampfe solution added to it. CaJculate 
the mean response by averaging the individual re- 
sponses that vary from their mean by NMT 1 5%, us- 
ing NLT haff the total number of tubes. Calculate the 
potency of the portion of the materiał taken for assay, 
m terms of dexpanthenol, by muitEplying the mean 
response by the approprlate diEution factor. 

Acceptance criterra; 90*0%-! 50.0% of the labeled 
amount of dexpanthenol or panthenol (C 9 H 19 NO 4 } 

® Calcium Pantothenate, Method 1 

Mobile phase: Phosphoric acid and water (1 ;1 000) 
Internal standard solution: 80 mg of p-hydroxybenzoic 
acid in 3 ml of alcohol. Add 50 mL of water and 7.1 g 
of dibasic sodium phosphate, and diEute with water to 
1000 mL. Adjust with phosphoric acid to a pH of 6.7. 
Standard solution; 0.6 mg/mL of USP Calcium Panto¬ 
thenate RS in Internal standard solution 
Sample solution: Proceed as directed in Biotin, Method 
7 tnrough "calculate the average net weight per Cap¬ 
sule/' Transfer the equivafent to 0.6 mg/mL of catcium 
pantothenate, from mExed Capsule contents, in Internal 
standard solution , and shake yigorously for 10 min, Cen- 
trifuge, filter, and use the dear filtrate. 
Chromatographic system 
(See Chromatograpny {621), System Suita bil i ty.) 

Modę: LC 

Detector: UV 210 nm 
Ooiurrm: 3,9-mm x 15-cm; packing LI 
Flow ratę: 1.5 mL/min 
Injection yolume: lOpL 
System suitability 
Sample: Standard solution 

[Notę—T he re!ative retention times for calcium panto¬ 
thenate and p-hydroxybenzoic acid are about 0.5 and 
1,0, respectiyeEy.] 

Suitability requirements 
Relative standard deviation: NMT 3,0% 

Analysls 

Samples: Standard solutbn and Sample solution 
Measure the peak responses for calcium pantothenate 
and the interna! standard. Calculate the percentage of 
the labeled amount of calcium pantothenate 
(C^HsiCaNzOio) in the portion of Capsules taken: 

Result = (RufRs) x (C s /Cu) x 100 

Ru - peak response ratio of calcium pantothenate 
to />hydroxybenzoic acid from the Sample 
solution 

R s = peak response rado of caEcium pantothenate 
to p-hydroxybenzoic acid from the Standard 
solution 

Q = concentration of USP Calcium Pantothenate 
RS in the Standard solutbn (mg/mL) 

Cu - nominał concentration of calcium 

pantothenate in the Sample solutbn (mg/mL) 
Acceptance critena: 90.0%-1 50.0% of the labeled 
amount of calcium pantothenate (C^f^CaNzOio) 

« Calcium Pantothenate, Method 2 

Standard stock solution: Dissolye 50 mg of USP Cal- 
dum Pantothenate RS, previously dried and stored in 


the dark over phosphorus pentoxide while protected 
from absorption of moisture during the weighing, in 
500 mL of water in a lOGO-mL vofumetric fiask. Add 
10 mL of 0.2 N acetic add and 100 mL of sodium ace¬ 
tale solution (1 in 60), and diEute with water to yolume 
to obtain a concentration of 50 jug/mL of USP Calcium 
Pantothenate RS. Storę under toluene in a refrigerator 
Standard solution: On the day of the assay, dilute a 
yolume of Standard stock solution with water to obtain a 
concentration of 0.01-0.04 jjg/mL of calcium panto¬ 
thenate, the exact concentration being such that the 
responses obtained as directed for Analysis, 2.0-4.0 mL 
of the Standard solution being used, are within the lin- 
ear portion of the log-concentration response curve. 
Sample solution: Proceed as directed En Biotin, Method 
1 tnrough "calculate the average net weight per Cap¬ 
sule." Transfer a portion of the Capsule contents equiv- 
alent to a nominał amount of 50 mg of calcium panto¬ 
thenate to a 1000 -ml vo!umetric fiask containing 
500 mL of water. Add 10 mL of 0.2 N acetic add and 
100 mL of sodium acetate solution (16,66 mg/ml), di- 
lute with water to volume, and filter. DiEute a yolume of 
this solution to obtain a solution with approximately 
the same concentration as that of the Standard solution. 
Acid-hydrolyzed tasem solution: Mix 1 00 g of vita- 
min-free casein with 500 mL of 6 N hydrochloric add, 
and reflux the mixture for 8-1 2 h. Remove the hydro- 
chloric acid from the mixture by distillation under re- 
duced pressure until a thick pastę remalns. Redissolve 
the resulting pastę 3n water, adjust the solution with 
1 N sodium hydroxide to a pH of 3.5 ± 0,1, and dilute 
with water to 1000 mL. Add 20 g of activated charcoal, 
stir for 1 h, and filter. Repeat the treatment with acti- 
vated charcoaE. Storę under toluene in a cool pEace at a 
temperaturę NLT 10°. Fi Eter the solution if a precipitate 
forms during storage, 

Cystine-tryptophan solution: Suspend 4.0 g of L-cys- 
tine and 1.0 g of L-tryptophan (or 2.0 g of 
D,L-tryptophan) in 700-800 mL of water, heat to 
70°-80°, and add dilute hydrochloric acid (1 in 2) 
dropwise, with stirring, until the solids are dissoEved. 
Cool, and dilute with water to 1000 mL. Storę under 
toluene in a coof place at a temperaturę NLT 10°. 
Adenine-guanine-uracll solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochioride, and 
uracil, with the aid of heat in 10 mL of 4 N hydrochloric 
acid. Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator. 

Polysorbate 80 solution: 1 00 mg/mL of polysorbate 80 
in alcohol 

Riboflavin-thiamine hydrochloride-biotin solution: 

20 ftg/ml of rrboffavin, 10 Lig/ml of thiamine hydro- 
chloride, and G,04|ig/mL of biotin in 0.02 N acetic 
acid. Storę under toluene, protected from light, in a 
refrigerator. 

p-Aminobenzok add-niacin-pyridoxme hydrochioride 
solution: 10 pg/mL of p-am ino benzole acid, 50 fig/ml 
of niadn, and 40 pg/mL of pyridoxine hydrochioride in 
a mixture of neutralized alcohol and water (1:3). Storę 
in a refrigerator. 

Salt solution A: D1ssolve 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate in 
water to make 500 mL. Add 5 drops of hydrochloric 
add. Storę under toluene. 

Salt solution B: Dissolve 10 g of magnesium sulfate, 

0.5 g of sodium chloride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 mL. 
Add 5 drops of hydrochloric acid. Storę under toluene. 
Basal medium stock solution: Dissolye the anhydrous 
Dextrose and anhydrous Sodium acetate 3n the Solutions 
prevrously mlxed according to Table 4 , and adjust with 
1 N sodium hydroxide to a pH of 6 . 8 . Dilute with water 
to 250 mL. 




USP 40 


Dietary Supplements / Vitamins 7431 


Table 4 


Add*hydrotvzed casein solution 

25 mL 

Cystine-tryDtophan solution 

25 ml 

Polysorbate 80 solution 

0.25 ml 

Dextrose, anhydrous 

I0q 

Sodium acetate, anhydrous 

5 q 

Adenine-quantne-uradl solution 

5 mL 

Riboflavin-thiamlne hydrochloride-biotin solution 

5 ml 

p-Am i nobenzoic a dd-nia ci n-pyrid oxi ne 
hydrochEoride solution 

5 ml 

Salt solution A 

5 mL 

Salt solution B 

5 mL 


Stock culture of Lactobadllus ptantarum: Dissofve 
2.0 g of yeast extract in 100 ml of water, Add 500 mg 
of anhyarous Dextrose, 500 mg of anhydrous Sodium 
acetale, and 1.5 g of agar, and heat the mixture on a 
steam bath, with stirring, unttl the agar dissolyes. Add 
10-mL portions of the hot solution to the test tubes, 
close or cover the tubes, sterilize in an autoofave at 
121 and allow the tubes to cool in an upright posi- 
tion. Prepare stab cultures in three or morę of the 
tubes, using a pure culture of Lactobadllus plantarum' 
incubating for 16-24 h at a temperaturę between 30 fl 
and 37 D held constant to wrthin ±0.5°. Storę in a refrig- 
era tor. Prepare a fresh stab of the stock culture every 
week, and do not use for Inoculum if the culture ts morę 
than 1 week old. 

Culture medium: To each of a series of test tubes con- 
tainino 5.0 mL of Basai medium stock solution add 
5.0 mt of water containing 0.2 pg of calcium panto- 
thenate. Pług the tubes with cotton, sterilize In an auto- 
dave at 121 Q r and cool 

fnocuium: [NOTĘ—A frożen suspension of Lactobadllus 
ptantarum may be used as the stock culture, provided it 
yields an Inoculum comparable to a fresh culture.] Trans* 
fer cells from the Stock culture of Lactobadllus ptantarum 
to a stenie tubę containing 10 mL of Culture medium. 
fncubate this culture for 16-24 h at a temperaturę be¬ 
tween 30* and 37° held constant to within ±0.5°. The 
celi suspension so obtained is the Inoculum. 

Analysis 

Samples: Standard solution and 5omp/e solution 
To similar separate test tubes add, in duplicate, 1.0 
and/or 7.5, 2.0, 3,0, 4.0, and 5.0 ml of the Standard 
solution. To each tubę and to four similar empty tubes 
add 5.0 mL of Basal medium stock solution and suffi- 
cient water to make 10 mL. 

To similar separate test tubes add, in duplicate, volumes 
of the Sambie solution corresponding to three or morę 
of the levefs speclfted for the Standard solution indud- 
ino the leveJs of 2.0, 3.0, and 4.0 mL. To each tubę 
add 5,0 ml of the Boso! medium stock solution and suf- 
ficient water to make 10 mL, Place one eomplete set 
of Standard and sample tubes together in one tubę 
rack and the duplicate set in a second rack or section 
of a rack, preferably in random order. 

Cover the tubes of ooth series to prevent contamina- 
tion, and sterilize In an autoclave at 121° for 5 min, 
Cool, and add 1 drop of Inoculum to each tubę, ex- 
cept two of the four tubes containing no Standard so¬ 
lution (the uninoculated blanks). In tuba te the tubes at 
a temperaturę between 30° and 3 7°, held constant to 
within ±0.5 C until, foliowing 16-24 h of incubatlon, 
there has been no substantial increase in turbidity in 
the tubes containing the highest level of Standard dur- 
ing a 2-h period, 

Determine the transmittance of the tubes in the fol Iow- 
ing manner, Mix the contents of each lube, and trans¬ 
fer to an optical Container if necessary. Place the Con¬ 
tainer in a spectropholometer that has been set at- a 
specific wavelength between 540 and 660 nm, and 
read the transmittance when a steady State is reached. 


This steady State is observed a few seconds after agita- 
tion when the galvanometer reading remains constant 
for 30 s or morę. Allow approximately the same time 
interval for the reading on each tubę. 

With the transmittance set at 1,00 for Ehe uninoculated 
blank, read the transmittance of the inocuiated blank. 
With the transmittance set at 1,00 for the inoculated 
blank, read the transmittance for each of the remain- 
ing tubes. If there is evidence of contamination with a 
foreign microorganism, disregard the result of the 
assay. 

Calculation: Prepare a standard concentration-re- 
sponse curve as foflows. For each !evel of the Stan¬ 
dard, calculate the response from the sum of the du¬ 
plicate values of the transmittance (Z) as the 
difference, y = 2.00 - Z. Plot this response on the 
ordinate of cross-section paper against the logarithm 
of the mL of Standard solution per tubę on the ab- 
scissa, using for Lhe ordinate either an arithmetic or a 
logarithmrc scalę, whicheyer gives the better approxi- 
mation to a straight linę. Draw the straight linę or 
smooth curve that best fits the plotted points. 
Calculate the response, y, adding together the two 
transmittances tor each level or the Sample solution* 
Read from the standard curve the logarithm of the 
yolume of the Standard solution corresponding to 
each of those yalues of y that fali within the rangę of 
the lowest and highest points plotted for the Stan¬ 
dard. Subtract from each logarithm so obtained the 
logarithm of the yolume, in ml, of the Sample solu¬ 
tion to obtain the difference, X, for each dosage level. 
Average the yalues of X for each of three or morę 
dosage level$ to obtain X, which equais the log-rela- 
tiye potency, M of the Sample solution. 

Determine the guantity, in mg, of USP Calcium Panto¬ 
thenate RS corresponding to the calcium pantothen- 
ate in each mg or the pardon of Capsules taken: 

antilog M ~ antiiog ( M ' + log R) 

R = number of mg of calcium pantothenate 

assumed to be present in each mg of the 
portion of the Capsules taken 
Replkation: Repeat the entire determination at least 
once, using separately prepared Sample Solutions . If the 
difference betweenjihe two log-potencies M is NMT 
0.08, their mean, M t is the assayed log-potency of the 
test materiał (see Design and Analysis of Biological As - 
says (111), The Canfidence lnterval and Limits o f Po¬ 
tency). If the two determinations differ by morę than 
0.08, conduct one or morę additional determinations. 
From the mean of two or morę yalues of M that do 
not differ by morę than 0.15, compute the mean po¬ 
tency of the preparation under assay, 

Acceptance crlteria: 90.0%-150,0% of the labeled 
amount of calcium pantothenate (CtsH^CalNbOio) 

• Calcium Pantothenate, Method 3 

Buffer solution: Dissolye 10.0 g of monobasic potas- 
sium phosphate in 2000 mL of water, and adjust with 
phosphoric acid to a pH of 3.5. 

Mobile phase: Methanof and Buffer solution (1:9) 

Standard stock solution: 0.25 mg/mL of USP Calcium 
Pantothenate RS in water. Prepare fresh every 4 weeks. 
Storę in a refrigerator. 

Standard solution: 40 pg/mL of USP Calcium Panto¬ 
thenate RS from the Standard stock solution diluted with 
water 

Sample solution: Proceed as directed in Biotin , Method 
I through ''calculate the ayerage net weight per Cap- 
sule/' Transfer a portion of the Capsule contents, equiv- 
alent to a nominał amount of 10 mg of calcium panto¬ 
thenate, to a 250-mL yofumetric fiask. Add 10 mL of 
methanol, and swirl the fiask to disperse the Capsules' 
contents. Dilute with water to volume, mix, and filter. 
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Chromatographic system 

(See Chromatogrophy {62 1), System Suitability,) 

Modę: LC 

Detector: UV 205 nm 

Column: 3.9-mm x 30-cm; 5-pm packing LI 

Column temperaturę: 50° 

Flow ratę: 2 m L/min 
Injection volume: 25 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for ca Idu m pantothenate. Cab 
culate the percentage of the labeled amount of cal- 
dum pantothenate (CisH^CaNjOio) in the partiom of 
Capsules taken: 

Result = (ru/rs) x (C s/CJ) x 100 

fu - peak area from the Sample solution 

^ ~ peak area from the Standard solution 

Cs - concentration of USP Calcium Pantothenate 
RS im the Standard solution (mg/mL) 

Cu = nominał concentration of calcium 

pantothenate in the Sample solution (mg/mL) 
Acceptance cnteria: 90.0%-150,0% of the labeled 
amount of calcium pantothenate (GsH^Ca^Oio) 

* NlACtN OR NlAaNAMlDE, PYRIDOJUNE HYDROCHLORIDE, RlBO- 
flavin, and Thiamine, Method 1 
[Notę —Use low-actinic glassware throughout this 
procedurę.] 

Diluent: Aeetonitrlle, glacial acetic add, and water 
(5:1:94) 

Mobile phase: A mixture of methanol, glacial acetic 
add, and water (27:1:73) containing 140 mg of sodium 
1 -hexanesulfonate per 100 mL 
Standard solution: [NOTĘ —Use USP Niadn RS tn place 
of USP Niarinamide RS for formulations containing Nia¬ 
dn.] Transfer 80 mg of USP Niacinamide RS, 20 mg of 
USP Pyridoxine Hydrochloride RS, 20 mg of USP Rfboffa- 
vin RS, and 20 mg of USP Thiamine Hydrochloride RS 
to a 200-mL volumetric fiask, and add 180 mL of Dilu- 
ent. Immerse the fiask in a hot water bath maintained 
al 65°-70° for 10 min with regular shaking or using a 
vortex mixer, until all the solid materia Is are dissolved. 
Chill rapidly in a cold water bath for 10 min to room 
temperaturę, and dilute with Diluent to volume, 

Sample solution: Proceed as direcfed in Biotin, Method 
1 through "caiculate the average net weight per Cap- 
sule." Transfer a portion of the Capsule contents, equiv- 
alent to 10 mg of niacinamide and 2.5 mg each of pyri- 
doxine hydrochloride, riboflavin, and thiamine 
hydrochloride, to a 50-mL centrifuge tubę. Add 
25.0 mL of Diluent , and mix using a vortex mixer for 30 
s to completely suspend the powder. Immerse the cen¬ 
trifuge tubę In a hot water bath maintained at 65°—70°, 
heat for 5 min, and mix on a vortex mixer for 30 s. 
Return the tubę to the hot water bath, heat for another 
5 min, and mix on a vorfex mixer for 30 s, Filter a 
portion of the solution, cool to room temperaturę, and 
use the elear fil tratę. [Notę —Use the filtra te within 3 h 
of filtration.] 

Chromatographic system 
(See Chromatograpny (621), System Suitability .) 


Modę: LC 

Detector: UV 280 nm 
Column: 3.9-mm x 30-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 10 pi 
System suitability 
Sample: Standard solution 

[NOTt—The relative retention times for niacinamide, 
pyridoxine, riboflavin, and thiamine are about 0.3, 0.5, 
0.8, and 1.0, respectively.] 

Suitability requirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for niadn or niacinamide, pyri- 
doxme, riboflavin, and thiamine. Calculate the percent¬ 
age of the labeled amount of niacinamide (C^N^O) 
tn the portion of Capsules taken: 

Result = (Wr s ) x (Cs/Cy) x 100 

ru = peak area of niacinamide from the Sample 
solution 

rj = peak area of niacinamide from the Standard 
solution 

Cs - concentration of USP Niacinamide RS in the 
Standard solution (mg/mL) 

Cu - nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

For formulations containing niadn: 

Result - (rjrs) x (Cs/Cu) x 100 

ry ~ peak area of niacin from Lhe Sample solution 

r s - peak area of niacin from the Standard solution 

C s ~ concentration of USP Niacin RS in the 
Standard solution (mg/ml) 

C u - nominał concentration of niadn in the Sample 
solution (mg/mL) 

Separately calcu late the percentage of the labeled 
amount of pyridoxine hydrochloride (CaHuNOj * HCI), 
riboflavin (C^HioN.tOd), and thiamine hydrochloride 
(C12H17CIN4O5 ■ HCI) in the portion of Capsules taken: 

Result - (rjrs) x (Cj/Cy) x 100 

fu = peak area of the eorresponding vitamtn from 
the Sample solution 

rj - peak area of the eorresponding vitamin from 
the Standard solution 

Cs = concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

C u = nominał concentration of the eorresponding 
vitamin in the Sample solution (mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (Ci^H^NsChS) in the portion of Capsules 
taken: 

Result = (fu/r*) x (Os/Cu) x ( M r JM rZ ) x 1 00 

ru ~ peak area of thiamine from the Sample 
solution 

Cs - peak area of thiamine from the Standard 
solution 

Cs = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 

M r t - molecular weight of thiamine mononitrate, 
327.36 

M T 2 - molecular weight of thiamine hydrochloride, 
337.27 

Acceptance criteria: 90.0%-! 50.0% of the labeled 
amount of niacinamide (GH^O), niacin (CeHjNOj), 
pyridoxine hydrochloride (CbHuNOj - HCI), riboflavin 
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GjHzoN-tGs), and thiamine as thiamme hydrochloride 
CuHwCIN^OS ■ HCI) or thiamine mononitrate 
(CuHuNsOaS) 

* Niacin, Method 2 

[Notę—U se iow-actinic glassware throughout this 
procedurę.] 

Solution A: Transfer 1 ml of gladal acetic acid and 
2.5 g of edetate disodium to a 100-mL vo!umetric fiask. 
Dissolve in and diiute with water to volume. 

Extraction soivent: Solution A and methanol (3:1) 
Mobile phase: OJ M sodium acetate solution 
(13,6 mg/mL of sodium acetate in water). Adjust with 
acetic acid to a pH of 5.4, [NOTĘ—A smali amount of 
methanol (up to 1 %) may be added to the Mobile 
phase to improve resolution.] 

Standard stock solution: 1 mg/mL of USP Niacin RS in 
Extraction solvent 

Standard solution: Transfer 5.0 mL of Standard stock 
solution to a 25 -mL volumetnc fiask, and diiute with 
Extraction solvent to volume. 

Sample solution: [Notę—T his preparadon is suitable for 
the determination of niadn or niacinamide, pyridoxine 
hydrochloride, and riboflavin, when present in the for- 
mulation.] Weigh NLT 20 Capsules in a tared weighing 
bottle, Open the Capsules, without loss of shell mate¬ 
riał, and transfer the contents to a beaker Remave any 
contents adhering to the shells by washing with several 
portions of ether. Discard the washings, and dry the 
Capsule shells with the a id of a current of dry air, 

Weigh the empty Capsule shells in the tared weighing 
bottTe, and cafculate the net weight of the Capsule con¬ 
tents. Transfer a portion of the Capsule contents, equiv- 
alent to 0.02 mg/mL of riboflavin. If riboflavin is not 
present in the formulation, use a portion equivalent to 
0.02 mg/mL of pyridoxine. If pyridoxine is not present 
in the formulation, use a portion equivalent to 0.2 mg/ 
mL of niadn or niacinamide in Extraction solvent f and 
mix for 20 min using a wrist-action shaker. Immerse the 
fiask in a water bath maintained at 70°-75 o , and heat 
for 20 min. Mix on a vortex mixer for 30 s, cool to 
room temperaturo, and filter. Use the elear filtrate. 
Chromatographic system 
(See Chromatography (62^) ł System Suitobility.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1 m L/min 
Injection volume: 20 pl 
System suitability 
Sample: Standard solution 
Suitability reąuirements 
Relative standard deviation: NMT 3.0% 

[Nott—I f necessary, flush the column with methanol 
between injections.] 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for niacin. Caltufate the per¬ 
centage of tne labeled amount of niacin (C ó HsNOj) in 
the portion of Capsules taken: 

Resuft = (ru/fs) x ( C s /Cu ) x 100 

fu - peak area of niacin from the Sample solution 

n - peak area of niacin from the Standard solution 

C$ = concentration of USP Mado RS in the 
Standard solution (mg/mL) 

Cu ś nominał concentration of niacin in the Sample 
solution (mg/mL) 

Acceptance enteria: 90.0%-150,0% of the labeled 
amount of niacin (CńHsNOi) 

* Niacinamide, Method 2 

[Notę —Use Iow-actinic glassware throughout this 
procedurę.] 

Extractlon solvent, Mobile phase, Standard stock solu¬ 
tion, Standard solution, Sample solution, and Chro¬ 


matographic system: Using USP Niacinamide RS in 
place of USP Niacin RS, proceed as directed m Niacin , 
Method 2. 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for niacinamide. Cafculate the 
percentage of the labeled amount of niacinamide 
(CóHóN^O) in the portion of Capsules taken: 

Resułt = {r 0 /n) x ( Q/C u ) x 100 

Tu - peak area of niacinamide from the Sample 
solution 

n - peak area of niacinamide from the Standard 
solution 

C* = concentration of USP Niacinamide RS in the 
Standard solution (mg/mL) 

Cu = nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

Acceptance enteria: 90.0%-150,0% of the labeled 
amount of niacinamide (Cei-feN^O) 

* Pvridoxine Hydrochloride, Method 2 

[NOTĘ—Use Iow-actinic glassware throughout this 
procedurę.] 

Extraction soivent and Mobile phase: Prepare as di¬ 
rected in Niacin, Method 2 . 

Standard stock solution: 0.1 mg/mL of USP Pyridoxine 
Hydrochloride RS in Extraction solvent 
Standard solution: 20 pg/mL of USP Pyrodoxine Hy¬ 
drochloride RS from Standard stock solution diluted with 
Extraction solvent 

Sample solution: Prepare as directed in Niacin , Method 

2 , 

Chromatographic system 

(See Chromatography (621), System Suitability,) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1 m L/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 
Suitability reąuirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for pyridoxine. Calcufate the 
percentage of the labeled amount of pyridoxine hy¬ 
drochloride (CtsHnNOi ■ HCI) in the portion of Cap¬ 
sules taken: 

Result = {ruin) * (Cs/Cu) x 100 

A# ~ peak area of pyridoxine hydrochloride from 
the Sample solution 

n - peak area of pyridoxme hydrochloride from 
the Standard solution 

Cj - concentration of USP Pvridoxine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of pyridoxine 
hydrochloride In the Sample solution 
(mg/mL) 

Acceptance oriteria: 90,0%-150.G% of the fabeled 
amount of pyndoxine hydrochloride (CeHnNÓj - HCI) 

* RiBOFLAViN, Method 2 

[Notę—U se Iow-actinic glassware throughout this 
procedurę,] 

Extractron solvent: Prepare as directed in Niacin. 

Method 2. 

Solution A: 6.8 mg/mL of sodium acetate in water 
Mobile phase: Prepare a mixture of Solution A and 
methanol (1 3:7). Add 2 mL of triethylamine per L of the 
mixture, and adjust with glacial acetic acid to a pH of 
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Standard stock solution: Transfer 20 mg of USP Ribo- 
ffavin RS to a 200-mL vołumetric fiask, and add 180 mi¬ 
ot Extroction solvent, Immerse the fiask for 5 min in a 
water bath maintained at 65 a -75° T Mix well, and repeat 
if necessary untii dissolved. Chifl rapidly In a cold water 
bath to room temperaturę, and dilute with Extraction 
solvent to volume. 

Standard solution: Dilute 5.0 mL of Standard stock so¬ 
lution with Extraction solvent to 25.0 mL 
Sample solution: Prepare as directed in Niacin, Method 

Chromatographte system 

(See Chromatography (621), System Suita bili ty.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 1 ml/min 
Jnjection volume: 20 gL 
System suitabiiity 
Sampie: Standard solution 
Suitabiiity requirements 
Relative standard devration: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for riboflavin. Calcu late the per- 
centage of tne labeled amount of riboflavin 
(Cł;H 2 oN 4 Oń) in the portion of Capsules taken: 

Result = (fy/rj) x (Q/Cii) x 100 

fu - peak area of nboflavrn from the Sample 
solution 

r$ = peak area of riboflavin from the Standard 
solution 

Cs = concentration of USP Riboflavin RS in the 
Standard solution (mg/mL) 

Q - nominał concentration of riboflavin in the 
Sample solution (mg/mL) 

Acceptance criteria: 9Q.G%-T 50.0% of the labeled 
amount of riboflavin (CuH^oN^Oń) 
o Thiamine, Method 2 

[NOTĘ—Use low-actrnic glassware throughout this 
procedurę.] 

Solution A: 1.88 mg/ml of sodium 1 -hexanesulfonate 
in 0.1% phosphorie add 

Mobile phase: Solution A and acetonitrile (46:9) 
Standard stock solution: 0.1 mg/mL of USP Thiamine 
Hydrochloride RS in 0.2 N hydrochloric acid 
Standard solution: 0.02 mg/mL of USP Thiamine Hy- 
drochloride RS from Standard stock solution diluted with 
0.2 N hydrochloric add 

Sample solution: Proceed as directed in Biotin, Method 
1 through "calculate the average net weight per Cap* 
suie." Mix a portion of the Capsule contents with a 
volume of 0.2 N hydrochloric acid to obtain a nominał 
concentration of 0,02 mg/mL of thiamine. Shake for 15 
min with a wrist-action snaker, and heat to boiling for 
30 min. Cool to room temperaturę, and frlter. Use the 
elear filtrate. 

Chromatographic system 

(See Chromatography (621), System Suitabiiity.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 2 mL/min 
Injection volume: 20 pL 
System suitabiiity 
Sample: Standard solution 
Suitabiiity reąuirements 
Relatrve standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the areas for the major peaks. For products 
containing thiamine hydrochloride, calculate the per- 


centage of the labeled amount of thiamine hydrochlo- 
ride (CuHpCINjOS ■ HCI) in the portion of Capsules 
taken: 

Result = (rjrs) x (Q/Q) x 100 

ru - peak area of thiamine from the Sample 
solution 

rs = peak area of thiamine from the Standard 
solution 

- concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of thiamine 

hydrochloride in the Sample solution 
(mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (CUH 17 N 5 O 4 S) in the portion of Capsules 
taken: 

Result = (ru/fs) x (Q/Q,) x ( M f} /M f2 ) x 100 

r v - peak area of thiamine from the Sample 
solution 

h - peak area of thiamine from the Standard 
solution 

C$ - concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

C u = nominał concentration of thiamine 

mononitrate in the Sampie solution (mg/mL) 

Mn - molecular weight of thiamine mononitrate, 
327.36 

M ,2 - molecular weight of thiamine hydrochloride, 

337,27 

Acceptance criteria: 9Q.O%-150.0% of the labeled 
amount of thiamine as thiamine hydrochloride 
(Ci 2 Hi?CIN,iOS * HCI) or thiamine mononitrate 

(CiiHtj-NsO.iS) 

• Niacin or Niacinamide, pyridoxine Hydrochloride, ribo 
FLAViN, and Thiamine, Method 3 
[NOTĘ—Use low-actinic glassware throughout this 
procedurę.] 

Reagent: 25 mg/mL of edetate disodium in water 
Mobile phase: Transfer 0.4 mL of triethylaminą 
15.0 mL of gladal acetic acid, and 350 mL of methanol 
to a 2000-mL volumetric fiask. Dilute with 0.008 M so¬ 
dium l*hexanesulfonate to volume. 

Standard stock solution: 1.5 mg/mL of USP Niacin RS 
or USP Niacinamide RS, 0.24 mg/mL of USP Pyridoxine 
Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, 
and 0.24 mg/mL of USP Thiamine Hydrochloride RS in 
Reagent , with heating if necessary 
Standard solution: Transfer 5.0 mL of Standard stock 
solution to a stoppered 125-mL fiask. Add 10.0 ml of a 
mixt.ure of methanol and glacial acetic add ( 9 : 1 ) and 
30.0 mL of a mixture of methanol and ethylene glycol 
(1:1). Insert the stopper, shake for 15 min in a water 
bath maintained at 60°, and cooL Fil ter, discarding the 
first few mL of the filtrate. 

Sample solution: Proceed as directed in Biotin, Method 
1 through "calculate the average net weight per Cap¬ 
sule." Transfer a portion of the Capsule contents, equiv- 
alent to a nominał amount of 7,5 mg of niacin or nra- 
cinamide, 1.2 mg of pyridoxine hydrochloride, 04 mg 
of riboflavin, and 1.2 mg of thiamine hydrochloride, to 
a stoppered 125-mL fiask. Add 10.0 ml of a mtxture of 
methanol and alacial acetic acid (9:1), and 30.0 mL of a 
mixture of methanol and ethylene glycol (1:1). Insert 
the stopper, shake for 15 min in a water bath main¬ 
tained at 60 c , and cool. Filter, discarding the first few 
mL of the filtrate* 

Chromatographic system 
(See Chromatography (621), System Suitabiiity ,) 
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Modę: LC 

Detector: UV 270 nm 

Column: 4,6-mm x 25-cm; packing L7 

Column temperaturę: 50° 

FIow ratę: 2 m L/min 
Injection vołume: 5 pL 
System sultabftity 
Sample: Standard solution 
Suitabilfty requirements 
Relative standard deviation; NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the areas of the peak responses. Calculate the 
percentage of the labeled amount of niadn (C^H^NO^) 
or niadnamide (C&HńNzO) m the portion of Capsules 
taken: 

Result - (fu/rs) x (Cs/Cu) x 100 

r u = peak area of niadn or niadnamide from the 
Sample solution 

rj - peak area of niadn or niadnamide from the 
Standard solution 

C$ - concentration of USP Niadn RS or USP 
Niadnamide RS in the Standard solution 
(mg/mL) 

Cu = nominał concentration of niadn or 

niaeinamide in the Sample solution (mg/mL) 
Separately calculate the percentage of the labeled 
amount of pyridoxine hydrochloride (CbHuNOj ■ HCI), 
ribof!avin (C^NjoN^Oń}, and thiamine (CizHi/CIN-iOS) 
(for products containing thiamine hydrochloride) in 
the portion of Capsules taken: 

Result = (ry/r s ) x (Cj /Cu) x 100 

ru - peak area of the corresponding vitamm from 
the Sample solution 

rs - peak area of the corresponding vitamin from 
the Standard solution 

Cs = concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

= nominał concentration of the corresponding 
anaiyte in the Sompfe solution (mg/mL) 

For products containing thiamine mononitrate, cakulate 
the percentage of the labeled amount of thiamine 
mononitrate (C 12 H 17 N 5 O 4 S) in Lhe portion of Capsules 
taken: 


Result = (fu/rs) x {CJ Cu) x x 100 

Ty - peak area of thiamine from the Sample 
solution 

rs = peak area of thiamine from the Standard 
solution 

Cs = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 

M f j - molecular weight of thiamine mononitrate, 
327*36 

M f 2 = molecular weight of thiamine hydrochloride, 

337 27 

Acceptance criteria: 9G*0%-150.0% of the labeled 
amount of niaein (CćHsNOż) or niaeinamide (CćHsN^O), 
pyridoxine hydrochloride (CuHuNOi- MCI), riboflavin 
(Ci 7 H 20 N,O ń ), and thiamine as thiamine hydrochloride 
(C12H17CIN4OS) or thiamine mononitrate (CtzHtzNsCLtS * 
HCI). 

[Notę— Commerdafly avaifable atomie absorption stan* 
dard Solutions for the minerals, where applitable, may 
be used where preparation of a Standard stock solution 
is described in the following assays, Use deionized 
water where water is spedfied. Where atomie absorp¬ 
tion spectrophotometry is specified in the assay, the 


Standard Solutions and the Sample solution may be dt- 
luted quantitatively with the solvent specified, if neces- 
sary, to yield Solutions of suitable concentrations adapt- 
able to the linear or worklng rangę of the instrument.] 

• Caloum, Method 1 

Lanthanum chloride solution: 267 mg/ml of lantha¬ 
num chloride heptahydrate in 0.125 N hydrochloric 
acid 

Calcium standard solution: 400 pg/mL of calcium. Dis- 
solve 1.001 g of calcium carbonate previously dried at 
300* for 3 h and cooled in a desiccator for 2 h In 
25 mL of 1 N hydrochloric acid. Boil to expe! carbon 
dioxide, and diiute with water to 1000 mL* 

Standard stock solution: 100 pg/mL of calcium from 
Calcium standard solution diiutea with 0.125 N hydro¬ 
chloric acid 

Standard Solutions: Into separate 100-mL volumetric 
flasks pipet 1 .0, 1 .5, 2.0, 2.5, and 3.0 mL of the Stan- 
dard stock solution. To each fiask add 1,0 mL of Lantha¬ 
num chloride soiution f and diiute with water to volume 
to obtaln concentrations of 1.0, 1.5, 2 . 0 , 2.5, and 
3.0 pg/mL of calcium. 

Polysorbate 80 solution: Diiute polysorbate 80 with al- 
cohol (1 in 10 ) 

Sample solution: Transfer 5 Capsules to a 100-mL volu- 
metric fiask. [Notę —For hard geiatin Capsules, weigh 
NLT 20 Capsules. Open the Capsules, without loss of 
shell materiał, and transfer the contents to a suitable 
Container. Remove any contents adhering to the empty 
shells by washing with several portions of ether. Discard 
the washings, and allow the Capsule shells to dry* 

Weigh the empty Capsule shells, calculate the net 
weight of the Capsule contents, and transfer a portion 
of the Capsule contents, equivalent to 5 Capsules, to a 
100-mL volumetric fiask*] Add 15 mL of water, 10 mL of 
6 N hydrochloric add, and 1 mL of Polysorbate 80 solu¬ 
tion to the fiask. Heat on a hot piąte or steam bath, 
with intermittent swirling, until the Capsules are com- 
pletely disintegrated or fne contents are dissolved. Boil 
gently for an additional 15 min* Cool, diiute with water 
to volume, and fil ter, discarding the first 5 mL of the 
filtra te, Diiute this solution with 0.125 N hydrochloric 
acid to obtain a concentration of 2 pg/mL of calcium, 
adding 1 mL of Lanthanum chloride solution per 100 mL 
of the finał votume, 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852)*) 

Modę: Atomie absorption spectrophotometry 
Lamp: Calcium holiow-cathode 
Fiame: Nitrous oxide-acetylene 
Anafytkal wavelength: Calcium emissfon linę at 
422*7 nm 

Blank: 0.125 N hydrochloric acid containing 1 mL of 
Lanthanum chloride solution per 100 mL 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pcj/mL, of calcium, and 
draw the straight linę best fittmg the five plotted 
points* From the graph so obtained, determine the 
concentration, C, in pg/mL, of calcium in the Sample 
solution. 

Calculate the percentage of the labeled amount of cal¬ 
cium (Ca) in the portion of Capsules taken: 


1/1 


Result = (C/Cu) x 100 


C = measured concentration of calcium in the 
Sample solution (pg/mL) 

Cu = nominał concentration of calcium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%“125.0% of the labeled 
amount of calcium (Ca) 
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Chromium, Method 1 

Chromlum standard soiution: 1000 pg/mL of chro¬ 
mi um from potassium dlehromate, previously dried at 
120° for 4 h in water. Storę in a polyethylene bottle. 
Standard stock soiution: 10 jig/mL of chromium from 
Chromium standard soiution diluted with 6 H hydrochlo¬ 
ric acid and water (1 in 20) 

Standard Solutions: Transfer 10.0 and 20.0 ml of the 
Standard stock soiution to separate 100-mL volumetric 
flasks, and transfer 15.0 and 20.0 mL of the Standard 
stock soiution to separate 5G~mL volumetric flasks. Dilute 
the contents of each of the four flasks with 0.125 N 
hydrochloric acid to volume to obtain concentrations of 
1.0, 2.0, 3.0, and 4.0 pg/mL of chromium. 

Sam ple soiution: Proceed as directed in Calcium, 
Method 1 f exeept prepare the Sample soiution to con- 
tain 1 pg/mL of chromium and omit the use of the Lan- 
thanum chloride soiution. 

Instrumental conditions 
(See Atomie Absorption Spectroseopy (8 52).) 

Modę: Atomie absorption spec tropho to metry 
Lamp: Chromium hollow-cathode 
Fiame: Air^acetylene 

Analytkal wave(ength: Chromium emission linę at 
357.9 nm 

Blank: 0.125 N hydrochloric acid 
Anaiysis 

Sam pies: Standard Solutions and Sampfe soiution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versU5 the eoncentration, in pg/mL, of chromium, anc 
draw the straight linę best fitting the four plotted 
points. From the graph so obtained, determine the 
eoncentration, C, in pg/mL, of chromium in the Sam- 
ple soiution, 

Calculate the percentage of the laheled amount of 
chromium (Cr) in the portion of Capsules taken: 

Result = (C/Cu) x1 00 

C = measured eoncentration of chromium in the 
Sample soiution (pg/mL) 

C u - nominał eoncentration of chromium In the 
Sample soiution (pg/mL) 

Acceptance criteria: 90.0%-160.0% of the iabeled 
amount of chromium (Cr) 

* COPPER, Method 1 

Copper standard soiution: Dissolve 1.00 g of copper 
foil in a minimum volume of a 50% (v/v) soiution of 
nitric acid, and dilute with a 1% (v/v) soiution of nitric 
acid to lOOOmL. This soiution contains 1000 pg/mL of 
copper. 

Standard stock soiution: 100 pg/mL of copper from 
Copper standard soiution diluted with 0.125 N hydro- 
chloric acid 

Standard Solutions: To separate 200-mL volumetrk 
flasks transfer 1.0, 2.0, 4,0, 6.0, and 8.0 mL of the Stan¬ 
dard stock soiution. Dilute with water to volume to ob- 
tain concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 pg/mL 
of copper. 

Sample soiution: Proceed as directed in Calcium t 
Method 7, except prepare the Sample soiution to eon- 
tain 2 pg/mL of copper and omit the use of the Lantha- 
num chloride soiution. 

Instrumental conditions 
(See Atomie Absorption Spectroseopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Copper hoilow-cathode 
Fiame: Air-acetylene 

Analytical wavelength: Copper emission linę at 324.7 
nm 


Blank: 0.125 N hydrochloric acid 
Anaiysis 

Samples: Standard Solutions and Sampfe soiution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the eoncentration, in pg/mL, of copper, and 
draw the straight 11 ne best fitting the five plotted 
points, From the graph so obtained, determine the 
eoncentration, C, in pg/ml, of copper in the Sample 
soiution. 

Calculate the percentage of the labeted amount of cop¬ 
per (Cu) in tne portion of Capsufes taken: 

Result - (C/Cu) x 100 

C - measured eoncentration of copper in the 
Sample soiution (pg/mL) 

Cu = nominał eoncentration of copper in the 
Sample soiution (jig/mL) 

Acceptance criteria: 90.0%-! 25.0% of the Iabeled 
amount of copper (Cu) 

* Fluoride, Methoa 1 

[Notę—S torę all Solutions in plastic containers.] 

3 M sodium acetale soiution: 408 mg/mL of sodium 
acetate in water. Adjust with a few drops of acetic acid 
to a pH of 7.0. [Notę—D isso!ve in a portion of water, 
and allow the soiution to equi libra te to room tempera¬ 
turę, then dilute with water to voJurne, and adjust the 

pH.] 

Sodium citrate soiution: Dissolve 222 g of sodium cit- 
rate in 250 mL of water in a 1000-mL volumetric fiask. 
Add 28 mL of perchloric acid, and dilute with water to 
volume. 

Fluoride standard stock soiution: 500 pg/mL of fluo¬ 
ride from a guantity of sodium fluoride, previousiy dried 
at 100° for 4 h and cooied in a desiccator in water 
Intermediate stock soiution A: 100 pg/mL of fluoride 
from Fluoride standard stock soiution dHfuted with water 
Intermediate stock soiution B: 10 pg/mL of fluoride 
from Fluoride standard stock soiution diluted with water 
Standard Solutions: To five separate 100-mL volumetrit 
flasks transfer 3.0, 5.0, and 10.0 mL of intermediate 
stock soiution B and 5.0 and 10.0 mL of intermediate 
stock soiution A. To each fiask add 10.0 mL of 1 N hy¬ 
drochloric acid, 25 mL of 3 M sodium acetate soiution , 
and 25,0 ml of Sodium citrate soiution\ Dilute the con¬ 
tents of each fiask with water to volume to obtain con¬ 
centrations of 0.3, 0,5, 1,0, 5,0, and lO.Opg/mL of 
fluoride. 

Sample soiution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
weight of the contents. Transfer a quantrty of the mixed 
Capsute contents, equivalent to a nominał amount of 
200 mg of fluoride, to a 100-mL volumetric fiask. Add 
10.0 mL of 1 N hydrochloric add, 25.0 mL of 3 M so¬ 
dium acetate soiution , and 25.0 mL of Sodium citrate so¬ 
iution, and dilute with water to vo!ume. 

Anaiysis 

Samples: Standard Solutions and Sample soiution 
To separate plastic beakers, each containing a plastic- 
coated stirring bar, transfer 50.0 mL each of the Stan¬ 
dard Solutions and the Sample soiution , Measure the 
potentials (see pH (791)), in mV, of the Standard Solu¬ 
tions and the Sample soiution with a pH meter ca pa b te 
of a minimum reproducibility of ±0.2 mV and 
equipped with a fluoride-spedfic ion-indicating elec- 
trode and a calomel reference electrode. [Notę—W hen 
taking measurements, rmmerse the dectrodes in the 
soiution, stir on a magnetic stirrer with an insulated 
top until eguilibrium is attained (1-2 min), and record 
the potential. Rlnse and dry the electrodes be twe en 
measurements, taking care to avoid damaging the 
crystal of the specific-ion electrode.] 

Plot the logarithms of fluoride concentrations, in 
pg/mL, ot the Standard Solutions versus the potential, 
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in mV. From the standard response curve and the 
me as u red potential of the Sampie soiution, determine 
the concentration, C, in pg/mL, of fluoride in the Som- 
ple soiution. 

Calculate the percentage of the tabeJed amount of 
fiuorine (F) in the portion of Capsules taken: 

Result - {CiC u ) x 1 00 

C - measured concentration of fluoride in the 
Sample soiution (pg/mL) 

Cu ~ nominał concentration of fiuorine In the 
Sample soiution (pg/mL) 

Acceptance criteria: 90.0%-! 60.0% of the labeled 
amount of fiuorine (F) 
a Fluoride, Method 2 

[Notę—U se pJastrc containers and deionized wat er 
throughout this procedurę.] 

pH 10,0 buffer: Add 214 mL of 0,1 N sodium hydrox- 
Ide to 1000 mL of 0.05 M sodium bicarbonate. 

Mobile phaser Alcohol, 0.1 N sulfuric add, and water 
(20:5:175) 

Standard stock soiution; 220 pg/mL of USP Sodium 
Fluoride RS m water. This soiution contains 100 pg/mL 
of fluoride. 

Standard soiution 

[Notę —Condition the solid-phase extraction column 
spedfied for use in the Standard soiution and the S a ni¬ 
pie soiution in the foliowi ng manner. Using a vaeuum 
at a pressure not exceeding 5 mm of mercury, wash 
the column with 1 column volume of methanol fol- 
towed by 1 column volume of pH 10.0 buffer. Do not 
allow the column top to dry. If the top of the column 
becomes dry, reconcirtion the column.] Transfer 
10.0 mL of the Standard stock soiution to a 100-mL 
volumetric fiask, Add 75 mL of water, and adjust with 
0.1 N sodium hydroxide to a pH of 10,4 ± 0.1, Dilute 
With water to volume. Fi Eter, aiscarding the first 15 ml 
of the fil trale. Transfer 25.0 mL of the filtrate to a 
50-mL volumetrtc fiask, and add 15.0 ml of water, 
and adjust with 0.1 N sodium hydroxide to a pH of 
10.0. Dilute with pH 10,0 buffer to volume. Eiute a 
portion of this soiution through a 3-mL, solid-phase 
extractlon column containing LI packing that is con- 
nected through an adapter to a second solid-phase 
extraction column containing suifonylpropyl strong 
cation-exchange packing. Discard the first 3 ml of the 
eluate, and coTlect the rest of the eluate in a suitable 
Fiask for injection info the chromatograph. 

Sample soiution; Weigh NLT 20 Capsules in a tared 
weighing bottle. Open the Capsules, without loss of 
shelT materiał, and transfer the contents to a 100-mL 
Container, If necessary, remove any contents adhering 
to the empty shells by washing with several portions of 
ether. Discard the washings, and dry the Capsule shells 
with the a id of a current of dry air. Weigh the empty 
Capsule shefls in the tared weighing bottle, and calcu¬ 
late the net weight of the Capsule contents. Transfer a 
portion of the Capsule contents, equivalent to a nomi¬ 
nał amount of 1 mg of fiuorine, to a 100-mL volumetnc 
fiask. Add 15 mL of water, and shake vigorously. Rinse 
the sides of the fiask with 15 mL of water, and allow to 
stand for 10 min. Dilute with water to 85 mL, adjust 
with 1 N sodium hydroxide to a pH of 10,4 ± 0.1, and 
dilute with water to 100 mL. Proceed as directed for the 
Standard soiution beginning with "Fitter, discarding the 
first 15 ml of the filtrate." 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 


Modę: LC 

De tect o r: C o n d u ctwity 

Columns 

Guard: 4,6-mm x 3-cm; packing LI 7 
Anafytrcal: 7.8-mm x 30-cm; packing LI 7 
Flow ratę: 0.5 mL/min 
injection volume: lOOpL 
System suitability 
Sample: Standard soiution 
Suitability requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Sampfes: Standard soiution and Sample soiution 
Measure the peak areas for fluoride. Calculate the per¬ 
centage of tne labeled amount of fiuorine (F) in the 
portion of Capsules taken: 

Result - ( r u frs ) x (Cs/Cj) x 100 

r u - peak area from the Sampie soiution 

r$ - peak area from the Standard soiution 

Q = concentration of fluoride in the Standard 
soiution (pg/ml) 

Cu = nominał concentration of fiuorine in the 
Sampie soiution (pg/mL) 

Acceptanee criteria: 90,0%-1ó0.0% of the labeled 
amount of fiuorine (F) 

* Hodide 

Bromine water: Bromine and water (1:5). Shake. Ailow 
to stand for 30 min, and use the supernatant. 

Analysis 

Sample: Capsules 

Remove the contents of Capsules by cutting open the 
Capsules. Mix, and determine the weight of the con¬ 
tents. Transfer a guantity of the contents, equivafent 
to 3 mg of iodine, to a nickei crucible. Add 5 g of 
sodium carbonate, 5 mL of 50% (w/v) sod tum hy- 
droxide soiution, and lOmL of alcohol, ta ki na care 
that the entire spedmen is morstened. Heat the cruci¬ 
ble on a steam bath to evaporate the alcohol, Lhen 
dry the crucible at 100* for 30 min to prevent spal- 
tering upon subsequent heating. Transfer the crucible 
with its contents to a furnace heated to 500°, and 
heat the crucible for 15 min. [Notę —Heating at 500° 
is necessary to carbonize any organie matter present; 
a higher temperaturę may be used, if necessary, to 
ensure complete carbonization of aJI organie matter.] 
Coot the crucible, add 25 ml of water, cover the cru¬ 
cible with a watchglass, and boif gently for 10 min. 
Fifter the soiution, and wash the crucible with boiling 
water, collecting the filtrate and washings in a 
beaker, Add phosphoric add unfil the soiution is neu- 
trał to methyf orange, then add 1 mL excess of phos- 
phoric acid. Add excess of Bromine water , and boli 
the soiution gently until coloriess, and then for 5 min 
ionger. Add a few crystals of salicylic acid, and cool 
the soiution to 20 n . Add 1 mL of phosphoric add and 
0.5 g of potasslum iodide, and titrate the Jiberated 
iodine with 0.005 N sodium thiosulfate VS, adding 
starch T5 when the liberated iodine color has nearly 
disappeared. 

Calculate the percentage of the labeled amount of io¬ 
dine (1) in the portion of Capsules taken: 

Result - V x Ną x F x l mc x (A, v /W) x (100/L) 

V = volume of sodium thiosulfate consumed (ml) 

N a - actual normality of the sodium thiosulfate 
soiution used (meq/mL) 

F “ correction factor to convert mg to pg, 

1000 pg/mg 

Ime = miJlfequiva!ent of I, 21.1 6 mg/meq 
A w - ayerage weight of the Capsules' contents 
W = weight of the sample of Capsules' contents 
taken 
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L - labeied amount of iodine (pg/Capsule) 
Acceptance criferia: 90.0%-1ó0,G% of the labeied 
amount of iodine (I) 

« ARON, Method 1 

Iron standard stock soiution: Transfer 100 mg of iron 
powder to a 1000-mL volumetric fiask, Dissolue in 
25 mL of 6 N hydrochloric acid, dilute with water to 
voJume, and mix. 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 2.0, 4,0, 5-0, 6.0, and 8.0 mL of iron 
standard stock soiution . Dilute the contents of each fiask 
with water to volume to obtain concentratlons of 2,0, 
4.0, 5.0, 6.0, and 8.0 pg/mL of iron. 

Polysorbate 80 soiution: Prepare as directed in Cal- 
dum, Method 1. 

Sample soiution: Proceed as directed In Caldum , 
Method 7, except prepare the Sample soiution to con- 
tain a nominał concentration of 5 ug/rnL of iron and 
o mit the use of the Lanthanum chloride soiution. 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Iron hollow-cathode 
FIame: Alr-acetyI ene 

Analytical wavefength: Iron emlssion Nne at 248.3 nm 
Blank: 0.125 N hydrochloric add 
Analysis 

Sampies: Standard Solutions and Sample soiution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of iron, and draw 
the straight linę best fitting the flve plotted points. 
From the graph so obtalned, determine the coneentra- 
tlon, C, *n pg/mL, of iron in the Sample soiution. 
Calculate the percentage of the labeied amount of iron 
(Fe) In the portion of Capsules taken: 

Result = (C/Cij) x 100 

C - measured concentration of iron in the Sampie 
soiution (pg/mL) 

Co = nominał concentration of iron in the Sample 
soiution (pg/mL) 

Acceptance errteria: 90.0%-125,0% of the labeied 
amount of iron (Fe) 

* MAGNE5IUM, Method 1 

Lanthanum chloride soiution: Prepare as directed in 
Caldum , Method h 

Magnesium standard stock soiution: lOOOpg/ml of 
magnesium from magnesium ribbon in 6 N hydrochJo- 
rfc acid and water (1:19) 

Standard stock soiution: 20 pg/mL of magnesium 
from Magnesium standard stock soiution diluted with 
0.125 N hydrochloric add 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Stan¬ 
dard stock soiution. To each fiask add 1.0 mL of Lantha¬ 
num chloride soiution , and dilute with 04 25 N hydro¬ 
chloric acid to volume to obtain concentrations of 0.2, 
0.3, 0,4, 0,5, and 0.6 pg/mL of magnesium. 

Polysorbate 80 soiution: Prepare as directed rn Cal- 
dum , Method h 

Sample soiution: Proceed as directed in Cafcium , 

Method 7, except prepare the Sample soiution to con- 
tain a nominał concentration of 0,4 pg/mL of 
magnesium. 

Instrumental conditions 

(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Magnesium hollow-cathode 
Flame: Air-acetylene 

Analytical wavefength: Magnesium emlssion linę at 
285,2 nm 

Blank: 04 25 N hydrochloric acid contalning 1 mL of 
Lanthanum chloride soiution per 100 mL 


Analysis 

Sampies: Standard Solutions and Sampie soiution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of magnesium, 
and draw the straight linę best fitting the five plotted 
points. From the graph so obtalned, determine the 
concentration, C, in pg/mL, of magnesium In the Sam- 
ple soiution. 

Calculate the percentage of the labeied amount of 
magnesium (Mg) in the portion of CapsuJes taken: 

Result - (C/Cu) x 100 

C - measured concentration of magnesium in the 
Sample soiution (pg/mL) 

C u ~ nominał concentration of magnesium in the 
Sampie soiution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeied 
amount of magnesium (Mg) 
o R/lANGANESE, Method 1 

Manganese standard stock soiution: 1000 pg/mL of 
manganese in 6 N hydrochloric acid and nitne acid 
(49:1). [NOTĘ—Dissolve the manganese in nitne acid, 
and dilute with ó N hydrochloric acid to finał volume.] 
Standard stock soiution: 50 pg/mL of manganese from 
Manganese standard stock soiution diluted with 0.125 N 
hydrochloric acid 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 1.0, 1.5, 2.0, 3.0, and 4.0 ml of Standard 
stock soiution. Dilute the contents of each fiask with 
04 25 N hydrochloric acid to volume to obtain Solu¬ 
tions with concentrations of 0,5, 0.75, 1.0, 1.5, and 
2.0 pg/mL of manganese. 

Polysorbate 80 soiution: Prepare as directed in Cal¬ 
dum, Method h 

Sample soiution: Proceed as directed Sn Caldum , 
Method 7, except prepare the Sample soiution to eon- 
tain a nominał concentration of 1 pg/mL of manganese 
and omit the use of the Lanthanum chloride soiution. 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Manganese hollow-cathode 
Flame: Alr-acetylene 

Analytical wave(ength: Manganese emission linę at 
279.5 nm 

Blank: 04 25 N hydrochloric acid 
Analysis 

Sampies: Standard Solutions and Sample soiution 
Determine the absorbances of the Solutions against the 
Blank , Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of manganese, 
and draw the straight Irne best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of manganese in the Sam¬ 
ple soiution. 

Calculate the percentage of the labeied amount of 
manganese (Mn) in the portion of Capsules taken: 

Result - (C/Cu) x 100 

C = measured concentration of manganese in the 
Sampie soiution (pg/mL) 

Ca - nominał concentration of manganese in the 
Sample soiution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeied 
amount of manganese (Mn) 

G MOLYBDENUtyl, Method 1 

Drluent: 20 mg/mL of ammonium chloride In water 
Molybdenum standard soiution: Transfer 1,0 g of mo- 
lybdenum wire to a 1000-mL vo!umetric fiask, and dis- 
solve in 50 mL of nitric acid, warmlng if necessary. Di¬ 
lute with water to volume, and mix to obtain a soiution 
with a concentration of 1000 pg/mL of molybdenum. 




USP 40 


Dletary Supplements / Vitamins 7439 


Standard stock solution: 100 pg/mL of molybdenum 
from Molybdenum standard solution diluted with water 
Standard Solutions: To sępa ratę 100-mL Yolumetric 
flasks transfer 5.0, 10.0, and 25.0 mL of the Standard 
stock solution , and add 5,0 mL of perchloric acid to 
each fiask. Gently bofl the solution in each fiask for 15 
min, CooJ to room temperaturę, and dilute each wlth 
Diluent to volume to obtain coneentrations of 5.0, 10.0, 
and 25,0 pg/mL of molybdenum, 

Polysorbate 80 solution: Prepare as drrected m Cal- 
cium t Method 1. 

Sample solution: Proceed as directed in Caldum , 
Method 1, except take a nurnber of Capsules or a por¬ 
tion of Capsule contents nominałly equivalent to 
1000 pg of molybdenum and make appropriate dilu- 
tions to obtain a finał concentration of 10 pg/mL of 
molybdenum, omitting the addition of the Lanthanum 
chloride solution. 

[nstrumenta! conditions 
(See Atom/c Absorpdon Spectroscopy (852).) 

Modę: Atomie absorpoon spectraphotometry 
Lamp: Molybdenum hollow-cathode 
Flame: Nitrous oxide-acetylene 

Analytical wave1ength: Molybdenum emission linę at 
313.3 nm 

Blank: Diluent and perchloric add (20:1) 

Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of molybdenum, 
and dra w the straight linę best fittrng the three plotted 
points. From the graph so obtalned, determine the 
concentration, C, in pg/mL, of molybdenum in the 
Sample solution. 

Calcu late the percentage of the labeled amount of mo¬ 
lybdenum (Mo) in the portion of Capsules taken: 

Result = (C/Cu) x 100 

C = measured concentration of molybdenum in 
the Sample solution (pg/ml) 

Cu - nominał concentration of molybdenum in the 
Sample solution (pg/mL) 

Acceptance arteria: 9Q.Q%-160,0% of the labeled 
amount of molybdenum (Mo) 

• Molybdenum, Method 2 

Sodium fluoride solution: Add 200 mL of water to 
10 g of sodium fluoride, stir until the solution is satu- 
rated, and fliter. Storę In a polyethylene bottle, 

Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate 
in water 

Potassium throcyanate solution: 200 mg/mL of potas- 
sium thiocyanate in water 

20% Stannous chloride solution: 400 mg/mL of stan¬ 
nous chloride in 6,5 N hydrochloric acid solution and 
water (1:4). [Notę—D is$ofve frrst in 6.5 N hydrochloric 
acid, and heat the solution until the stannous chloride 
is dissolved. Then di lute with water to voIume.] 

Diluted stannous chloride solution: 20% Stannous 
chloride solution and water (1:24). Prepare this solution 
fresh at the time of use. 

Standard solution: 20 pg/mL of molybdenum from 
ammonium molybdate in water 

Sample: Remove the contents of a counled number of 
Capsules by cutting open the Capsules. Mix, and deter¬ 
mine the weight ot the contents. Transfer a guantity of 
the Capsule contents, equivalent to a nominał amount 
of 40 mg of molybdenum, to a 200-mL beaker, 
Instrumental conditions 
(See Ultraviolet-Visible Spectroscopy (857).) 


Modę: UV-Vis 
Celi: 1 cm 

Analytical wavelength: 465 nm 
Blank: Amyf alcohol 
Analysis 

Sam pies: Standard solution and Sample 
Transfer the Sample and 2.0 ml of the Standard solution 
to separate 200-mL beakers. Add 20 mL of nitric add 
to each beaker. Cover each beaker with a watchglass, 
and boif slowly on a hot piąte for 45 min, Cool to 
room temperaturę. Add 6 mL of perchloric acid, cover 
the beakers with a watchglass, and continue the heat- 
tng until digestion is complete, as indicated when the 
(iquid becomes colorless or pale yellow, Evaporate the 
Solutions in the beakers to dryness. Rinse the sides of 
the beakers and the watchglasses with water, and add 
morę water to make 50 mL in each beaker. Gently boil 
the water solution for a few min. Cool to room tem¬ 
peraturę. Add 2 drops of methyl orange TS, and neu¬ 
tralne with ammonium hydroxide, Add 8,2 mL of hy¬ 
drochloric add. Quanti ta ti vely transfer the contents of 
the beakers to separate 100-mL yolumetric flasks, rinse 
the beakers with water, transfer the rinsings to the cor- 
responding volumetric flasks, and dilute with water to 
volume. Transfer 50.0 mL of each solution to separa¬ 
tory funnels. To each separatory funnel add 1.0 mL of 
Sodium fluoride solution, 0.5 mL of Ferrous sulfate solu- 
f/on, 4,0 mL of Potassium thiocyanate solution , 1.5 mL 
of 20% Stannous chloride solution , and 15.0 mL of amyl 
alcohol, and shake the separatory funnel for 1 min. 
Allow the layers to separate, and discard the aqueous 
layers, Add 25 mL of Diiuted stannous chloride solution 
to each separatory funnel, and shake gently for 15 s, 
Aflow the layers to separate, and discard the aqueous 
layers. Transfer the organie layers from each separatory 
funnel to a centrifuge tubę, and centrifuge at 2000 
rpm for 10 min. Determine the absorbances of the 
organie phases obtained from the Standard solution 
and the Sample , and correct with the Blank, 

Calculate the percentage of the labeled amount of mo¬ 
lybdenum (Mo) in the portion of Capsules taken: 

Result = (Au/As) x [(V x G)/M„] x 100 

Au - absorbance of the Sample 
A* - absorbance of the Standard solution 
V - volume of the Standard solution analyzed, 

2,0 mL 

Cs - concentration of molybdenum in the Standard 
solution (pg/mL) 

M u = nominał amount of molybdenum in the 
Sample (pg) 

Acceptance criteria: 90.0%-1 60,0% of the labeled 
amount of molybdenum (Mo) 

• Phosphorus, Method I 

Sulfuric add solution: Cautiously add sulfuric acid to 
water (37.5:100), and mix. 

Ammonium molybdate solution: 50 mg/mL of ammo¬ 
nium molybdate in Sulfuric add solution and water (2:3). 
[Notę —Dissolve in water first, and then drlute with Sul- 
furie acid solution to volume.] 

Hydroguinone solution: 5 mg/mL of hydroquinone in 
water. Add 1 drop of sulfuric add per 100 mL of 
solution. 

Sodium bisulfite solution: 200 mg/mL of sodium bisul- 
fite in water 

Phosphorus standard stock solution: Weigh 4,395 g 
of monobasic potassium phosphate, previously dried at 
105° for 2 h and stored in a desiccator, and transfer to 
a 1000-mL volumetric fiask, Dissolve in water, add 6 mL 
of sulfuric acid as a preservative, dii u te with water to 
volume, and mix to obtain a solution with a concentra¬ 
tion of 1000 pg/mL of phosphorus. 

Standard solution: 20 pg/mL of phosphorus from Phos¬ 
phorus standard stock solution diluted with water 
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Sample soiution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
weight ot the contents. Transfer a quantity of the Cap- 
sule contents, equivalent to a nominał amount of 
100 mg of phosphorus, to 25 mL of nitric acid, and di- 
gest on a hot piąte for 30 min. Add 15 ml of hydro- 
chforic add, and continue the digestion to the cessatton 
of brown fumes. Cool, and transfer the contents of the 
fiask to a 500-mL yolumetric fiask with the aid of smali 
portions of water Dilute with water to vofume, Transfer 
10.0 mL of this solution to a 100-mL y/olumetric fiask, 
and diiute with water to vo3ume. 

Instrumental conditions 
(See Ultraviolet-Visib!e Spectroscopy <857).) 

Modę; UV-Vis 
Celi: 1 cm 

Anaiytical wavelength: 650 nm 
Analysis 

Samples: Standard solution and Sample solution 
To tnree separate 25-mL volumetric flasks transfer 
5.0 mL each of the Standard solution, the Sample solu¬ 
tion, and water to provide the blank. To each of the 
three flasks add 1.0 mL each of Ammonium molyhdate 
solution, Hydroquinone solution, and Sodium bisu!fi te so¬ 
lution, and swirl to mix, Dilute the eon ten ts of each 
fiask with water to volume, and allow the flasks fo 
stand for 30 min. Determine the absorbances of the 
Solutions against the btank. 

Calculate the percentage of the labeEed amount of 
phosphorus (P) in the portion of Capsules taken; 

Result = (Au/Aj) x (Q/C u ) x 1 00 

Au - absorbance of the Sample solution 
A$ - absorbance of the Standard solution 
Cs - concentration of phosphorus In the Standard 
solution (jjLg/ml) 

Cu - nominał concentration of phosphorus in the 
Sample solution (pg/ml) 

Acceptance enteria: 90,0%-125.0% of the tabeted 
amount of phosphorus (P) 

* POTASSIUM 

Potassium standard solution: 100 (ug/ml of potassium 
from potassium chlonde, previously dried at 105° for 2 
h, in water 

Standard stock soiution: 10 pg/mL of potassium from 
Potassium standard solution diluted with 0.125 N hydro- 
chforic acid 

Standard Solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 
25,0 mL of the Standard stock solution to separate 
100-mL volumetric flasks. Dilute the contents of each 
fiask with 0.125 N hydrochloric add to volume to ob- 
tain Solutions containing 0.5, 1.0, 1.5, 2.0, and 2.5 fig/ 
mL of potassium. 

Pofysorbate 80 solution: Prepare as directed in Col- 
dum , Method 1. 

Sample solution: Proceed as directed in Caldum, 

Method 7, except prepare the Sample solution to con- 
tain a nominał amount of 1 pg/mL of potassium and 
omit the use of the Lanthanum chloride soiution. 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Lamp: Potassium hollow-cathode 
Fiame: Air-acetylene 

Anaiytical wavefength: Potassium emlssion linę at 
766.5 nm 
Blank: Water 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/ml, of potassium, and 
dra w the straight linę best fitting the five plottecf 
points. From tne graph so obtained, determine the 


concentration, C, in pg/mL, of potassium in the Sam¬ 
ple solution. 

Calculate the percentage of the labeied amount of po¬ 
tassium (K) in the portion of Capsules taken: 

Result = (C/G) X 100 

C = measured concentration of potassium En the 
Sample soiution (pg/mL) 

Gj = nominał concentration of potassium in the 
Sample soiution (pg/mL) 

Acceptance enteria: 90.0%“125.0% of the labeied 
amount of potassium (K) 

o Selenium, Method 1 

Diluent: Prepare as directed in Molybdenum, Method 7. 
Seienium standard solution: [Caution—-S elentum is 
toxic; handle it with care.] Dissolve 1 g of meta filc seie¬ 
nium in a minimum volume of nitric add, Evaporate to 
dryness. Add 2 mL of water, and evaporate to dryness. 
Repeat the addition of water and the evaporation to 
dryness three times. Dissolve the resldue m 3 N hydro¬ 
chloric acid, transfer to a 1000-ml vofumetric fiask, and 
dilute with 3 N hydrochloric acid to volume to obtain a 
concentration of 1000 pg/mL of seienium. 

Standard stock solution: 100 pg/mL of seienium from 
Seienium standard solution difutea with water 
Standard Solutions: To separate 100-mL volumetric 
flasks transfer 5.0, 10.0, and 25,0 mL of the Standard 
stock solution, and add 5.0 mL of perchloric acid to 
each fiask. Cently boil the Solutions for 15 min, cool to 
room temperaturo, and dilute each with Diluent to vol- 
ume to obtain Solutions containing 5.0, 10.0, and 
25.0 pg/mL of seienium, 

Sample solution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
weight of the contents. Transfer a guanttty of the Cap- 
sule contents, equivalent to a nominai amount of 
lOOOpg of seienium, to a suitabfe fiask, and add 12 mL 
of nitric add, [NOTĘ —The voiume of nitric acid may be 
varied to ensure that the powder is unifomnly dis- 
persed.] Carefully swirl the fiask to disperse the sample 
specimen. Sonicate for 10 min or until the sample spec- 
imen is completely dissolved, Gently boil the solution 
for 15 min, and cool to room temperaturę. Carefully 
add 8 mL of perchiohc add to the fiask, heat the fiask 
until perchloric add fumes appear, and swirl the fiask to 
dissipate the fumes. Repeat the heating and swirling 
until Lhe fumes appear again, Cool to room tempera¬ 
turę. Transfer the contents of the fiask to a 50-mL volu- 
metric fiask with the aid of the Diluent, and difute with 
Diluent to volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Seienium holJow-catnode 
Fiame: Air-acetylene 

Anaiytical wavefength: Seienium emlssion linę at 
196.0 nm 

Blank: Diluent and perchloric acid (20:1) 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of seienium, and 
dra w the straight linę best fitting the three plotted 
points. From tne graph so obtained, determine the 
concentration, C, in pg/mL, of seienium in the Sample 
solution . 

Calculate the percentage of the labeied amount of seie¬ 
nium (Se) in the portion of Capsules taken: 

Result = (C/Cu) x 100 

C = measured concentration of seienium in the 
Sample solution (pg/mL) 
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Q = nominał concentration of seienium in the 
Sampie solution (pg/mL) 

Acceptance criteria: 90.0%-l 60.0% of the labeled 
amount of seienium (Se) 

* Selenium, Method 2 

Hydrochloric add solution: Hydrochloric acid diluted 
with water (1 in 10) 

50% Ammonium hydroxide solution: Ammonium hy- 
droxide diluted with water (1 m 2) 

Reagent A: 9 mg/mL of edetate disodium and 25 mg/ 
mL of hydroxylamine hydrochloride in water. [NOTĘ-— 
Dis sol ve edetate disodium in a portion of water first, 
add hydroxylamine hydrochloride, then dilute with 
water to voJume.] 

Reagent 8: Transfer 200 mg of 2,3-diaminonaphthalene 
to a 250-mL separatory funnel, and add 200 mL of 0.1 
N hydrochloric add. Wash the solution with three 
40-mL portions of cyclohexane, and discard the cydo- 
hexane layer, Filter the solution into a brown bottle, 
and cover the solution with a 1 -cm layer of cydobex- 
ane. This solution is stable for 1 week if stored in a 
refriaerator, 

Standard stock solution: [CAirnoN—Seienium is toxic; 
handle it with care.] DIssolve 1 g of metalik seienium in 
a minimum volume of nitric add, Evaporate to dryness. 
Add 2 mL of water, and evaporate to dryness. Repeat 
the addition of water and evaporation to dryness three 
times. Dissolve the residue in 3 M hydrochork add, 
transfer to a 1000-mL volumetric fiask, and dilute with 
3 N hydrochloric add to volume to obtain a solution 
with a concentration of lOOOpg/mL of seienium. Dilute 
a volume of the solution with 0.125 N hydrochloric 
add to obtain a concentration of 2.0 pg/mL of 
seienium. 

Standard solution: Transfer 10.0 mL of Standard stock 
solution to a glass-stoppered fiask. Add 1 mL of perchto- 
ric acid, and 1 mL of Hydrochloric add solution , and di¬ 
lute with water to 20 mL. 

Sampie solution: Remove the contents of Capsules by 
cutting open the Capsules. Mix, and determine the 
weight of the contents. Transfer a quantity of the Cap- 
sule contents, equlvalent to a nominał amount of 20 pę 
of seienium, to a suitable ffask. Add 10 mL of nitrk 
acid, and warm gentiy on a hot piąte. Continue heating 
until the initial mtric acid reaction has subsided, then 
add 3 mL of perchloric add. [Caution— Exercise care at 
this stage because perchloric acid reaction becomes vig- 
orous.] Continue heating on the hot piąte until the ap- 
pearance of white fumes of perchloric acid or until the 
digest begins to darken. Ada 0,5 mL of nitric add, and 
resume heating, adding addftional amounts of nitric 
acid if further darken ing occurs. Digest for 10 min after 
the first appearance of perchloric acid fumes or until 
the digest becomes colorfess. Cool the fiask. Add 
2,5 mL of Hydrochloric add solution, and return the fiask 
to the hot piąte to expel residua! nitric acid. Heat the 
mixture for 3 min after it begins to boil, Cool the fiask 
to room temperaturę, and dilute with water to 20 mL. 
InstrumentaJ condltions 
(See Ultraviolet-Visible Spectroscopy (857).) 

Modę: UV 
Celi: 1 cm 

Analytical wavelength: 380 nm 
Blank: 1 mL of perchloric acid and 1 mL of Hydrochlo¬ 
nc acid solution diluted with water to 20 mL 
Analysis 

Samples: Standard solution and Sampie solution 
Treat the Sampie solution, Standard solution, and Blank 
as follows. Add 5 ml of Reagent A to eath fiask, and 
swirl gentiy to mix. Adjust the solution in each fiask 
with 50% Ammonium hydroxide solution to a pH of 1.1 
± 0.1. Add 5 mL of Reagent B to each fiask, and swirl 
gentiy to mix. Place the flasks in a water bath main- 
tained at 50°, and eguilibrate for 30 min, takingxare 


that the flasks are covered to protect Ehem from light 
Cool to room temperaturę, and transfer the contents 
of each fiask to separate separatory funnels. Transfer 
10.0 mL of cyclohexane to each separatory funnel, and 
extract vigorously for 1 min. Discard the aqueous 
layer. Transfer the cyclohexane layer to a centrffuge 
tubę, and centrifuge at 1000 rpm for 1 min to remove 
any remaining water. Determine the absorbances of 
the Solutions obtained from the Samples against the 
solution obtained from the Blank. 

Calculate the percentage of the labeled amount of seie¬ 
nium (Se) in the portion of Capsules taken: 

Result = (AJ As) x [(Vx Q)fMy] x 100 

A u ~ absorbance of the cyclohexane layer from the 
Sampie solution 

As - absorbance of the cyciohexane layer from the 
Standard solution 

V = volume of the Standard stock solution used to 
prepare the Standard solution , 10 mL 
Cs = concentration of seienium in the Standard 
stock solution (pg/mL) 

Mu = nominał amount of seienium in the Sampie 
solution (mg) 

Acceptance criteria: 90.0%-160.0% of the labeled 
amount of seienium (Se) 

* Zinc, Method I 

Zinc standard solution: 1000 pg/mL of zinc from zinc 
oxide dissolved in 5 M hydrochloric acid (3.89 mg/mL), 
and diluted with water to finał voiume. [Mon —Dissofve 
in 5 M hydrochloric add by warming if necessary, cool, 
and then dilute to finał vofume.3 
Standard stock solution: 50 pg/mL of zinc from Zinc 
standard solution diluted with 0.125 N hydrochloric acid 
Standard Solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 
5.0 mL of Standard stock solution to separate 100-ml 
yolumetrk flasks. Dilute the contents of each fiask with 
0.125 N hydrochloric acid to volume to obtain concen- 
trations of 0,5, 1,0, 1.5, 2,0, and 2.5 pg/mL of zinc. 
Polysorbate 80 solution: Prepare as directed in Cal - 
dum, Method 7, 

Sampie solution: Proceed as directed in Calcium, 

Method 1 , except prepare the Sampie solution to eon- 
taln a nominał concentration of 2 Lig/mL of zinc and 
omit Ehe use of the Lanthanum chloride solution. 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Zinc hollow-cathode 
Flame: Air-acetylene 

Analytical wavelength: Zinc emission linę at 213.8 
nm 

Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: 5 tandard Solutions and Sampie s olution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, rn pg/ml, of zinc, and draw 
the straight linę best fitting the five plotted points. 

From the graph so obtained, determine the concentra¬ 
tion, C, in pg/m L, of zinc in the Sampie solution. 
Calculate the percentage of the labeled amount of zinc 
(Zn) in the portion of Capsules taken: 

Result = (C/Cu) x 100 

C - measured concentration of zinc in the Sampie 
solution (pg/mL) 

Cu - nominał concentration of zinc in the Sampie 
solution (pg/mL) 

Acceptance criteria: 9G.0%-125.0% of the labeled 
amount of zinc (Zn) 
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* Boroń, Nickel, Tin, and Vanadium, Method 1; Calcium, 
Chromium, Copper, Iron, Magnesium, Manganese, Phos 
p horus, and Zinc, Method 2 ; Molybdenum and Selenium, 

Method 3 

Stock aqua regia sofution; Prepare a mixture of hydro- 
chtoric acid and nitric acid (3:1) by adding the nitric 
acid to the hydrochloric acid. [Notę —Periodically vent 
the solution m an appropriate fu me hood.] 

Di Client: Prepare a mixture of Stock aqua regia sofution 
and water (1:9) by adding one volume of Stock aqua 
regia solution to two volumes of water. Dii u te with addi- 
tional water to volume, and mix welL 
System suitability solution: Prepare a mixturę of 
1000 mg/L of yttrium in 5% (v/v) nitric acid solution, 
and 1000 mg/L of scandium in 5% (v/v) nitric acid so¬ 
lution with Diluent (1:1:198), and mtx. 

Standard stock solution 1 {Ca, Cu, Fe, Mg, Mn, P, and 
Zn): [Notę —It is necessary to include only the minerals 
of interest in the solution.] Using commeretally avai labie 
element standard (single- or multi-element) Solutions in 
5% (v/v) nitric acid solution, pipet the appropriate 
amount of element standard solution into a volumetric 
fiask, and dilute with 5% (v/v) nitric add solution to 
obtain a solution with finał concentrations of about 
1000 mg/L of calcium, 100 mg/L of copper, 250 mg/L 
of iron, 500 mg/L of magnesium, 100 mg/L of manga- 
nese, 800 mg/L of phospnorus, and 250 mg/L of zinc. 
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and 
V): [NOTE-“it is necessary Lo include only the minerals 
of interest In the solution.] Using commerdally available 
element standard (single- or multi-element) Solutions In 
20% (v/v) hydrochloric acid solution, pipet the appro¬ 
priate amount of element standard solution into a volu- 
metric fiask, and dilute with 20% (v/v) hydrochloric 
acid solution to obtain a solution with finał concentra- 
tlons of about 200 mg/L of boron and 100 mg/L each 
of chromium, molybdenum, nickel, selenium, tin, and 
vanadium. 

Standard Solutions: Prepare a mixture of Standard 
stock solution 1 and Standard stock solution 2 as re- 
quired, in Diluent, to prepare a six-point calibration 
curve to bracket the concentration rangę of each min* 
era! of interest. 

S ample solution: Weigh, then transfer 5 Capsules to a 
250-mL volumetric fiask, and heat gently on a hot piąte 
until the contents begin to release, Cautfously add 
25 mL of Stock aqua regia solution in 5-mL increments, 
and swirf. Heat, eon tin ue to swirl until the Capsules dis- 
solve Into the acid, fmmedlately remove from the heat 
source, and add 150 mL of water. Cool, and dilute with 
water to volume t Filter about 30 mL into a centrifuge 
tubę, using a 5-jjrn porę size nylon syringe filter. If nec¬ 
essary, make any further adjustments using Diluent, 
Instrumental conditions 
(See Piasmo Spectrochemhtry (730).) 

Modę: lnductively coupled plasma emission speclrom- 
etry, using a spectrometer set to measure the emission 
of each minera! of interest at about the corresponding 
wavelength. [Notę —The operating conditions may be 
developed and optimized on the basts of Ehe manufac- 
tureCs recommendation. The wavdenqtbs selected 
shouid be demonstrated expenmentally to provide suf- 
ficient specifidty, sensitivity, linearity, accuracy, and 
precislon.] 

System suitability 
Sam ple: System suitability solution 
[Notę —Analyze the System suitability solution and obtain 
the response as directed for AnalysisĄ 


Suitability requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the emission of each minerał of interest in 
the Standard Solutions and solution with an in- 

ductively coupled plasma system using the Diluent as 
the blank. Plot the emission of the Standard Solutions 
versus the concentration, in mg/L, of the minerals of 
Interest, and dra w the straighl linę best fitting the 
plotted points. From the grach so obtained, determine 
the concentration, C, in mg/L, for each minera! of im 
terest in the Sample solution. 

Calculate the percentage of the labeled amount for 
each minerał: 

Result = Cx (VfW) x P x (Cw/L) x 100 

C - measured concentration of the relevant 
element m the Sample solution (mg/L) 

V - volume of the Sample solution (L) 

W = sample weight (mg) 

F - dilution factor of the Sample solution 
C w = average Capsule weight (mg) 
l = labeled amount of the relevant element/ 

Capsule (mg/Capsule) 

Acceptance enteria: 90.0%-l 25.0% of the labeled 
amount of calcium (Ca), copper (Cu), iron (Fe), magne¬ 
sium (Mg), manganese (Mn), phosphorus (P), potas- 
sium (K), and zinc (Zn); and 90.0%-1óCL0% of the la¬ 
beled amounts of boron (B), chromium (Cr), fluorine 
(F), iodine (I), molybdenum (Mo), nickel (Ni), selenium 
(Se), tin (Sn), and vanadium (V) 

PERFORMANCE TESTS 

* DlSINTEGRATION AND DlSSOLUTlON OF DlETARY SUPPLEMENTS, 

Dissolution (2040): Meet the reguirements for DiSSOfution 

* Weight Variatjon of Dietary Supplements (2091): Meet 

the requlrements 

SPEC!FIC TESTS 

* Microbial Enumeration Tests (2021): The total aerobic 

microbial count does not exceed 3x10* cfu/g, and the 
combined molds and yeasts count does not exceed 
3 x 10 2 cfu/g. 

* Absence of Specified Mkroorganisms (2022): Meet the 

reguirements of the tests for absence of Salmonella spe- 
cies and Escherichia coli 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight, light-resistant 

containers. 

* Labeling; The iabel States that the product is Water-Solu- 

ble Vitamins with Minerals Capsules. The Iabel also States 
the guantity of each vitamln and minerał in terms of 
mętne units per dosage unit and, where necessary, the 
Chemical form in which a v \tarnin is present, and also 
States the salt form of the minera! used as the source of 
each element. Where morę than one assay method is 
given for a particular vitamin or minerał, the labeling 
States with which assay method the product complies 
only if Method 1 rs not used. 
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o USP Reference Standards (11) 
USP Biotin RS 

USP Calcium Pantothenate RS 

USP Cyanocobalamin RS 

USP Dexpanthenoi RS 

USP Folie Acid RS 

USP Niacin RS 

USP Niacinamtde RS 

USP Pyridoxine Hydrochloride RS 

USP Riboflavin RS 

USP Sodium Fluoride RS 

USP Thiamine Hydrochforlde RS 


Water-Sol uble Vitamins with Minerals 
Orał Solution 


DEFINITION 

Water-Soluble Vitamins with Minerals Orał Solution contains 
one or morę of the following water-soluble vitamtns: Cya- 
nocobalamin, Niacin or Niacinamide, Dexpanthenof or 
Panthenol, Pantothenic Acid (as Calcium Pantothenate or 
Racemic Calcium Pantothenate), Pyridoxine Hydrochlo- 
ride, Ribof!avin or Riboftayin-S^Phosphate Sodium, and 
Thiamine Hydrochloride or Thiamine Mcnonitrate; and 
one or morę minerals derived from substances generally 
recognized as safe, furnishing one or morę of tne folfow- 
fng elements in ionizable form: iodine, iron, magnesium, 
manganese, and zinc. Orał Solution contains NLT 90.0% 
and NMT 250.0% of the labeled amount of thiamine 
(C 12 H 1? CIN^OS) as thiamine hydrochloride or thiamine 
mononitrate; NLT 90.0% and NMT 150.0% of the labeled 
amounts of caldum pantothenate (CieHuCaN^Oio), dex- 
panthenol or panthenol (C 9 H 19 NO 4 ), niacin (C^HsŃO^) or 
niadnamide (C^HeN^O), pyridoxine hydrochloride 
(CbHmNO? ■ HCI), and riboflavin (C^HzoN.tOs) or riboffa- 
vin-5^phosphate sodium CCt/H.^N^NaO^P); NLT 90.0% 
and NMT 450.0% of the labeled amount of cyanocobala- 
min (C 63 Hb B CoNi,0 14 P); NLT 90.0% and NMT 160,0% of 
the labeled amount of iodine (I); and NLT 90.0% and 
NMT 125.0% of the iabeleci amounts of iron (Fe), magne¬ 
sium (Mg), manganese (Mn), and zinc (Zn). 

STRENGTH 

[NoTE—4n the following assays, where morę than one assay 
method is given for an individual ingredient, the reguire- 
ments may be met by following any one of the spedfled 
methods, the method used being stated in the labeling only 
if Method 1 ts not used.] 

* Cyanocobalamin 

[Notę—U se low-actinic glassware throughout this 
procedurę,] 

Standard stock solution: 1.0 jig/mL from USP Cyano¬ 
coba] amin RS in 25% alcohol. Storę En a ref rig era tor. 
Standard solution: Dilute a suitable volume of Standard 
stock solution with water to a measured volume such 
that after the Incubation period as described in Anafysis, 
the difference in transmittance between the inoculated 
blank and the 5,0-mL ievel of the Standard solution is 
NLT that which corresponds to a difference of 1.25 mg 
in dried celi weighL Tnis concentration usually falls be¬ 
tween 0.01 ng/mL and 0.04 ng/mL of Standard solu¬ 
tion, Prepare this solution fresh for each assay. 

Sample solution: Transfer an accurately measured vob 
ume of Orał Solution, assumed to contarn 1.0 pg of cy¬ 
anocoba la min, to an appropriate vessef containing, for 
each mL of the Orał Solution taken, 25 mL of an aque- 
ous extracting solution prepared just before use to con- 
tain, in each 100 mL, 1.29 g of dibasic sodium phos- 
phate, 1.1 g of anhydrous citric acid, and 1.0 g of 
sodium metabisulfite, Autoclave the mlxture at 12.1° for 
10 min. Al Iow any undissolved particles of the extract 


to settle, and filter or centrifuge if necessary. Dilute an 
aliguot of the elear solution with water to obtain a finał 
solution containing vitamin B 12 activity approximately 
equlvafent to that of the Standard solution , 
Add-hydrolyzed casein solution: Mlx lOOg of vita- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and reflux the mixture for 8-12 h. Remove the hydro¬ 
chloric acid from the mixture by distilfation under re- 
duced pressure until a thick pastę remains. Redissolve 
the resulting pastę in water, ad just the soiution with 
1 N sodium hydroxide to a pH of 3.5 ±0.1, and dilute 
with water to 1 000 mL. Add 20 g of activated charcoal, 
stir for 1 h, and filter. Repeat the treatment with actl- 
vated charcoal. Storę under toiuene in a coof place at a 
temperaturę NLT 10°. Rlter the solution if a precipitate 
forms during storage. 

Asparagine solution: Dissolve 2,0 g of L-asparagine in 
water to make 200 mL. Storę under toiuene in a 
refrigerator. 

Adenine-guanine-uracil solution: DEssolve 200 mg 
each of adenlne sulfate, guanine hydrochloride, and 
uracil, with the aid of heat in 10 mL of 4 N hydrochloric 
acid. Cool, and dilute with water to 200 mL, Storę 
under toiuene in a refrigerator. 

Kanthme solution: Suspend 0.20 g of xanthine in 
30-40 mL of water, heat to 70°, add 6.0 mL of 6 N 
ammonium hydroxide, and stir until the solid is dis- 
solved. Coof, and dilute with water to 200 mL, Storę 
under toiuene in a refrigerator. 

Salt solution A: Dissolve 10 g of monobasic potassium 
phosphate and 10 g of dibasic potassium phosphate in 
water to make 200 mL, and add 2 drops of hydrochloric 
acid. Storę this solution under toiuene. 

Salt solution B: Dissolve 4.0 g of magnesium sulfate, 
0,20 g of sodium chloride, 0.20 g of rerrous sulfate, and 
0.20 g of manganese sulfate in water to make 200 mL, 
and add 2 drops of hydrochloric acid. Storę this solu¬ 
tion under toiuene. 

Polysorbate 80 solution: 20 g of polysorbate 80 in al- 
cohol to make 200 mL. Storę in a refrigerator. 

Vitamin solution A: 10 mg of riboflavin, 10 mg of thia¬ 
mine hydrochloride, 100 ug of biotin, and 20 mg of ni¬ 
acin in 0.02 N acetic acid to make 400 mL Storę under 
toiuene protected from iight in a refrigerator, 

Vitamm solution B: 20 mg of p-aminobenzoic acid, 

10 mg of caldum pantothenate, 40 mg of pyndoxine 
hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg 
of pyndoxamine dihydrochloride, and 2 mg of folie acid 
in a mixture of water and neutralized alcohol (3:1) to 
make 400 mL. Storę, protected from Iight, in a 
refrigerator. 

Basal medium stock solution: Prepare the medium at- 
cording to the following formula and directions. A de- 
hydrated mixture containing the same ingredients may 
be used provided that, when constituted as directed in 
the labeling, it yrelds a medium comparable to that ob- 
tained from the formula given herein. 

Add the ingredients in the order listed in Table 1, tare- 
fully dissoTv]ng l-Cystine and i-Tiyptophan in the hydro¬ 
chloric acid before adding the next eight Solutions. To 
the resulting solution add 100 mL of water, and dis- 
solve Dextrose f Sodium acetate , and Ascorhic add, Filter 
if necessary. Add the Polysorbate 80 solution , ad just 
with 1 N sodium hydroxide to a pH of 5.5-6.0, and 
dilute with Purified Water to 250 ml. 


Table 1 


L-Cystine 

0,1 q 

L-TryptophEin 

0,05 0 

1 N hydrochloric add 

10 ml 

Adenine-ouanine-uracif solution 

5 mL 

Xanthine solution 

5 mL 

Vitarnin solution A 

10 mL 
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Tabłe 1 (Continued) 


Vitamin solution 8 

10 mL 

Salt solution A 

5 mL 

Salt solution 6 

5 mL 

Asparaoine solution 

5 mL 

Acid-hvdrolvzed casein solution 

25 mL 

E>extrose, anhydrous 

10 a 

Sodium acetate* anhydrous 

5q 

Ascorbic acid 

1 q 

Polvsorbate 80 solution 

5 mL 


Tomato juice preparation: Centrifuge commercially 
canned tomato juice so that most of the pulp is re- 
moved* Suspend 5 g/L of analytical fslter aid In the su¬ 
per na tan t, and filter with the aid of reduced pressure 
through a layer of the filter aid* Repeat, if necessary, 
until a elear, straw-colored fi [tratę is obtained* Storę 
under toluene in a refrigerator* 

Culture medium: [MOTE-—A dehydrated mlxture eon- 
taining the same ingredients may be used provided 
that, when constituted as directed in the labeling, it 
yields a medium equtvalent to that obtained from the 
formula given herein*] Disso!ve 0,75 g of yeast extract, 
075 g of dried peptone, 1,0 g of annydrous Dextrose, 
and 0,20 g of monobasic potassium phosphate in 
60-70 mL of water. Add 10 mL of Tomato juice prepara - 
tion and 1 mL of Polysorbate 80 solution. Adjust with 
1 N sodium hydroróde to a pH of 6.8, and dilute with 
water to 100 mL. Place 10-mL portions of the solution 
in test tubes, and pług with cotton, Sterilize the tubes 
and contents in an autoclave at 121° for 15 min. Cool 
as rapidly as possible to avoid color formation resulting 
from overheatinq the medium* 

Suspension medium: Dilute a measured volume of the 
Basai medium stock solution with an equal volume of 
water. Place 10-mL portions of the diluted medium in 
test tubes* Sterilize, and cool as directed in Culture 
medium. 

Stock culture of Loctobadllus lekhmannih To 100 mL 
of the Culture medium add 1,0-1.5 g of agar, and heat 
the mixture on a steam bath, with stirring, until the 
agar dissofves. Place 10-mL portions of the hot solution 
in test tubes, cover the tubes, sterilize at 121° for 15 
min in an autocla\ze, and allow the tubes to cool in an 
□pright position. Inoculate three or morę of the tubes 
by stab transfer of a pure culture of Lactobaciflus 
leichmannii.' [Notę—B efore first using a fresh culture in 
this assay make NIT 10 successive transfers of the cul¬ 
ture in a 2-week period*] 

Incubate for 16-24 h at a temperaturę between 30° 
and 40° held constant to with i n ±0 .5°. Storę in a 
refrigerator. 

Prepare fresh stab cultures at least three times each 
week, and do not use them for preparing the Inoculum 
if morę than 4 days old* The activity of the microor- 
ganism can be inereased by daily or twice-daily trans¬ 
fer of the stab culture to the point where definite tur- 
bidity in the liguid Inoculum can be observed 2-4 h 
after inoculation* A slow-growing culture seldom gives 
a suitable response turve and may lead to erratic 
results. 

Inoculum: [NOTĘ—A frozen suspension of Lactobadlius 
leichmannii may be used as the stock culture, provided 
it yields an inoculum comparabie to a fresh culture*] 
Transfer cells from the Stock culture of Lactobodilus 
leichmannii to two stenie tubes each containing 10 mL 
of the Culture medium . Incubate these cultures for 
16-24 h at a temperaturę between 30 D and 40° held 
constant to within ±0.5°* Under aseptic conditions cen¬ 
trifuge the cultures, and decant the supematant. Sus- 

1 Turę cultures of Laaabadlkn leichmannii (lisLed as Lactobacilius deibrueckii) 
may be obtained as No. 7830 from ATCC, 10601 Unfrerslty Blvd., Mamassas, 
VA 70110-2209 fvv ww.atec.org), 


pend the cells from the culture in 5 ml of sterile Sus¬ 
pens/on medium, and comblne, Using sterile Suspension 
medium , adjust the volume so that a 1 -in-20 dilution in 
salinę IS produces 70% transmittance when read on a 
suitable spectrophotometer that has been set at a wave- 
length of 530 nm, equipped with a 10-mm celi, and 
read against salinę TS set at 100% transmittance* Pre¬ 
pare a 1 -in-400 dilution of the adjusted suspension us¬ 
ing sterile Basal medium stock solution, [Notę—T his dilu¬ 
tion may be aitered, when necessary, to obtain the 
desrred test response.] The celi suspension so obtained 
is the Inoculum . 

Calibration of spectrophotometer: Check the wave- 
length of the spectrophotometer perioditally using a 
standard wavelength cel) or other suitable device* 

Before reading any tests calibrate the spectrophotome¬ 
ter for 0% and 100% transmittance using water and 
with the wavelength set at 530 nm. 

Analysis 

Samples: Standard solution and Sampie solution 
Because of the high sensltivfty of the test organism to 
minimum amounts of yitamin actlvity and to traces 
of many cleansing agents, cleanse meticulously by suit¬ 
able means followedjpreferably by heating at 250* for 
2 h using hard-glass 20-mm x 150-mm test tubes and 
other necessary glassware. 

To separate test tubes add, in duplicate, 1*0, 1*5, 2,0, 
3*0, 4,0, and 5*0 mL of the Standard solution * To each 
of these tubes and to four srmilar empty tubes add 
5*0 mL of the Basal medium stock solution and sufft- 
cient water to make 10 mL* 

To similar separate test tubes add, in duplicate, 1,0, 

1*5, 2.0, 3.0, and 4.0 mL of the Somple solution. To 
each tubę add 5*0 mL of the Basal medium stock solu¬ 
tion and sufficient water to make 10 mL Place one 
complete set of Standard and sampie tubes together 
in one tubę rack and the duplicate set in a second 
rack or section of a rack, preferably in random order. 
Cover the tubes to prevent bacterial contamination, 
and sterilize in an autodave at 121° for 5 min, arrang- 
ing to reach this temperaturę in NMT 10 min by 
preheating the autodave if necessary* Cool as rapidly 
as possible to avoid color formation resulting from 
over heating the medium. Take precautions to maintain 
uniformity of sterilizing and cooling conditions 
throughout the assay, because packing the tubes too 
closely in the autoclave or over(oading it may ca use 
yarlation in the heating ratę. 

Aseptically add 0*5 mL of the Inoculum to each tubę so 
prepared, except two of the four containing no Stan¬ 
dard solution (the uninoculated blanks). Incubate the 
tubes at a temperaturę between 30° and 40°, held 
constant to within ±0,5° for 16-24 h* 

Terminale growth by heating to a temperaturę NLT 80° 
for 5 min. Cool to room temperaturę. After agitating 
contents read the transmittance at 530 nm when a 
steady State is reached. This steady State is observed a 
few seconds after agitation when the reading remains 
constant for 30 s or morę. Allow approximately the 
same time interval for the reading on each tubę. 

With the transmittance set at 100% for the uninocu¬ 
lated blank, read the transmittance of the inoculated 
blank. If the difference is greater than 5% or if there is 
evidence of contamination with a foreign microorgan- 
ism, disregard the results of the assay. 

With the transmittance set at 100% for the uninocu- 
lated blank, read the transmittance of each of the re¬ 
ma ining tubes. Disregard the results of the assay if the 
slope of the standard curve indicates a problem with 
sensitivity* 

Calcu la tion: Prepare a standard concentration-re¬ 
sponse curve by the folJowIng procedurę. Test for and 
repface any aberrant individual transmittances. For 
each ievel of the Standard, calcuiate the response from 
the sum of the duplicate vafues of the transmittances 
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(Is) as the difference, y - 2.00 - £ 5 . Plot this response 
on the ordinate of cross-section paper against the iog- 
arithm of the mL of the Standom solution per tubę on 
the absdssa, using for the ordinate either an arithmetic 
or a logarithmic scalę, whichever gives the better ap- 
proximation to a straight linę. Draw the straight linę or 
smooth curve that best fits the plotted pointa. 

Calcu [ate the response, y = 2.00 - T Uł adding together 
the two transmittances (Zv) for each fevel of the 5 am- 
ple solution. Read from the standard curve the loga- 
rithm of the volume of the Standard solution corre- 
sponding to each of those values of y Lhat falls within 
tne rangę of the towest and highest points plotted for 
the Standard, Subtract fronn each Joga rithm so ob- 
tained the logarithm of the voiume, in mL, of the 
Sample solution to obtain the difference, X, for each 
dosage level. Average the vaiues of X for each of 
three or morę dosage !evels to obtain X, which equafs 
the loq-relatlve potency, M\ of the Sample solution. 
Determine the quantity, in pg, of cyanocobalamin 
(C^HaaCoNt 40 i 4 P) Jn the portion of Orał Solution 
taken: 

antilog M - antilog ( M ' + log R) 

R = Lig of cyanocobalamin assumed to be present 
in the portion of Orał Solution taken 
Ca kula te the percentage of the labeled amount of 
cyanocobalamin in the portion of Orał SoJution taken: 

Result - [(antilog M)/N] x 100 

N ~ nominał amount of cyanocobalamin in the 
portion of Ora! Solution taken 
Repiication: Repeat the entire determination at least 
once using separately prepared Sample Solutions. If the 
dlfference betweenjhe two log-potencies M is NMT 
0.08, their mean, M, is the assayed log-potency of the 
test materiał (see Design and Analysis of Biologicai As- 
says (111), The Confidence lnterval and Limits of Po¬ 
tency, Vitamln Bu Activity). Jf the two determinations 
differ by morę than 0.08, conduct one or morę addb 
tional determinatEons. From the mean of two or morę 
values of M that do not differ by morę than 0.15, 
compute the mean potency of the preparation under 
assay, 

Acceptance criteria: 90,Q%-450.0% of the labeled 
amount of cyanocobalamin (Cs^FUbCoNhOmP) 

* Calcium Pantothenate, Melhod 1 

Mobile phase: Methanol and 0.2 M monobasic sodium 
phosphate (3:97). Adjust with 1.7 M phosphoric acid to 
a pH of 3.2 ± OJ. 

Standard solution: 80 pg/mL of USP Calcium Panto- 
thenate RS in Mobile phase 

System suitability solution: 80 pg/mL of USP Racemic 
Panthenol RS in Mobile phase . Mix the resulting solution 
and Standard solution (1:1). 

Sample solution: Equivalent to 80 pg/mL of calcium 
pantothenate from Ora! Solution in tne Mobile phase 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV210nm 
Column: 4,0-mm x 10 -em; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 20 pL 

System suitability 

Sam pies: Standard solution and System suitability 
solution 

Suitability requirements 

Resolution: NLT 1.5 between panthenof and caldum 
pantothenate. System suitability solution 
Tarling factor: NMT 2.0 for both the calcium panto¬ 
thenate and the panthenol peaks, System suitability 
soiution 


Relative standard deviation: NMT 2.0%, Standard 
solution 

Analysis 

Samples: Standard soiution and Sample solution 
Calculate the percentage of the labeled amount of cal¬ 
cium pantothenate {CuH^CaN^Oio} in the portion of 
Orał Solution taken: 

Result - (rjrs) x (QfCu) x 100 

r v = peak area of calcium pantothenate from the 
Sample solution 

r$ ~ peak area of calcium pantothenate from the 
Standard soiution 

Cs = concentration of USP Calcium Pantothenate 
R5 in the Standard solution (mg/mL) 

Cy — nominał concentration of the Sample solution 
(mg/mL) 

Acceptance criteria: 90,0%-150.0% of the labeled 
amount of calcium pantothenate (CisHjzCaN^Ouj) 

■ Calcium Pantothenate, Method 2 

Standard stock solution: Dissolve 50 mg of USP Cal¬ 
cium Pantothenate RS, previousfy dried and stored in 
the dark over phosphorus pentoxide and protecled 
from absorptlon of moisture while weighing, in 500 mL 
of water in a lOOO^mL volumetric fiask. Add 10 mL of 
0,2 N acetic acid and 100 mL of sodium acetale solu¬ 
tion (1 in 60), and di lute with water to volume to ob¬ 
tain a concentration of 50 pg/mL of USP Calcium Pan¬ 
tothenate RS. Storę under toluene in a refrigerator. 

Standard solution: On the day of the assay, diiute a 
volume of the Standard stock solution with water to ob¬ 
tain a concentration of 0.01-0.04 pg/mL of caldum 
pantothenate, the exact concentration being such that 
the responses obtain ed as directed In Analysis , 2.0 and 
4.0 mL of the Standard soiution being used, are within 
the linear portion of the log-concentration response 
curve. 

Sample soiution: Transfer an accurately measured voS- 
ume of Orał Solution, equivalent to 50 mg of caldum 
pantothenate, to a lOGG-mL volumetric fiask eontaining 
500 mL of water. Add 10 mL of 0.2 N acefic acid and 
100 mL of sodium acetale solution (1 in 60), diJute with 
water to volume, and fil ter. Diiute a measured vo!ume 
of this solution quantitative[y, and stepwise if necessary, 
with water to obtain a solution with about the same 
concentration as that of the Standard solution . 

Acid-hydrolyzed casein solution: Mix 1 00 g of vita- 
min-free casein with 500 mL of 6 N hydrochtoric acid, 
and reflux the mixture for 8-12 h. Remove the hydro- 
chloric add from the mixture by distrllation under re- 
duced pressure until a thlck pastę remains. Redissolve 
the resulting pastę in water, adjust the solution with 
1 N sodium hydroxlde to a pH of 3.5 ± 0.1, and diiute 
with water to 1000 mL. Add 20 g of activated charcoal, 

5 tir for 1 h, and fliter, Repeat the treatment with acti- 
vated charcoal. Storę under toluene in a refrigerator at 
a temperaturę NLT 10°, Filter the solution if a precipi- 
tatę forms during storage. 

Cystine-tryptophan soiution: Suspend 4.0 g of L-cys- 
tine in a solution of 1.0 g of L-tryptophan (or 2.0 g of 
D,L-tryptophan) in 700-800 mL of water, beat to 
70°-80 D , and add diiute hydrochloric acid (1 in 2) 
dropwise, with stirring, until the solids are dissolved. 
Coof, and diiute with water to 1000 mL. Storę under 
toluene in a refrigerator at a temperaturę NLT 10 D . 

Adenine-guanine-uradl solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochlonde, and 
u radl, with the aid of heat tn 10 mL of 4 N hydrochloric 
add. C 00 J, and diiute with water to 200 mL. Storę 
under toluene En a refrigerator, 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol 

Riboflavin-thiarmne hydrochloride-biotin solution: 

20 pg/mL of riboflavin, 10 pg/mL of thiamine hydro- 
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chloride, and 0,04 |ig/mL of biotin in 0.02 N acetic 
add. Storę under toluene, protected from Itght, in a 
refrigerator. 

p-Aminobertzok acid“nradn“pyridoxme hydrochloride 
solution: 10 pg/mL of p-aminobenzoic add, 50 pg/mL 
of niacin, and 40 po/mL of pyridoxine hydrochioride in 
a mbcture of neutralized alconof and water {1; 3). Storę 
in a refricjerator* 

Salt solution A: Dissolve 25 ej of rnonobasic potassium 
phosphate and 25 g of dibasic potassium phosphate in 
water to make 500 ml. Add 5 drops of hydrocnloric 
add. Storę under toluene. 

Saft solution B: Dfsso]ve 10 g of magnesium sulfate, 

0.5 g of sodtum chloride, 0*5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 mL* 
Add 5 drops of hydrochloric add. Storę under toluene. 

Basa! medium stock solution: Dissolve the anhydrous 
Dextrose and onhydrous Sodtum acetale in the sofudons 
previously mixed according to Tabfe 2 t and adjust with 
1 N sodium hydroxide to a phi of 6*8* Dilute with water 
to 250 mL* 


Table 2 


Acid-hvdrolvzed casein solution 

25 mL 

Cystine-tryptophan solution 

25 mL 

Polysorbate 80 solution 

0,25 mL 

Oextrose r anhydrous 

10 q 

Sodtum acetale, anhydrous 

5 Q 

Adenine-ouanine-uracii solution 

5 mL 

RiboFlavin-thiamtne hydrocNoride-biotin solution 

5 mL 

p-Aminobenzolc acid-niacm-pyridoxine hydrocbb- 
ride solution 

5 ml 

Salt solution A 

5 mL 

Salt solution B 

5 mL 



Stock cu I turę of Lactobacillus plantarum: Dissolve 
2*0 g of yeast extract in 100 mL of water; add 500 mg 
of anhydrous dextrose, 500 mg of anhydrous sodium 
acetate, and 1*5 g of agar; and heat the mixture on a 
steam bath, with stimng, until the agar dissolves* Add 
10-mL portions of the hot solution to the test tubes, 
close or cover the tubes, sterilize in an autodave at 
121° for 15 min, and allow the tubes to cool in an 
upright position, Prepare stab cultures in three or morę 
of the tubes using a pure culture of Lactobacillus 

C lantarum, 2 incubating for 16-24 h at a temperatura 
etween 30° and 3 7° held constant to wrfhtn ±0.5°* 
Storę in a refrigerator* Prepare a fresh stab of the stock 
culture every week, and do not use for the fnoculum if 
the culture is morę than 1 week old. 

Culture medium: To each of a series of test tubes can¬ 
ta ining 5.0mL of the Bosa! medium stock solution add 
5*0 mL of water containincj 0,2 pg of calcium panto¬ 
thenate. Pług the tubes with cotton, steriitze in an auto- 
clave at 121" for 15 min, and cool. 

Inoculum: [Notę—A frożen suspension of Lactobadllus 
plantarum may be used as the stock culture, provided it 
yields an Inoculum comparabie to a fresh culture.] Trans¬ 
fer cells from the Stock culture of Lactobadllus plantarum 
to a stenie tubę containing 10 mL of the Culture me¬ 
dium. Incubate this culture for 16-24 h at a tempera¬ 
turę between 30° and 37 D hefd constant to within 
±0.5°. The celf suspension so obtained is the Inoculum , 
Analysis 

S ample s: Standard solution and Sample solution 
To similar separate test tubes add, En duplicate, 1,0, 

1*5, 2.0, 3.0, 4*0, and 5.0 mL of the Standard solution * 
To each tubę and to four similar empty tubes add 
5*0 mL of the Basal medium stock solution and suffi- 
cient water to make 10 ml* 


To similar separate test tubes add, in duplicate, volumes 
of the Sample solution corresponding to three or morę 
of the leve(s specifled for the Standard solution includ- 
tng the levels of 2.0, 3.0, and 4.0 mL. To each tubę 
add 5.0 mL of the Basal medium stock solution and suf- 
ficient water to make 10 mL. Place one complete set 
of Standard and sample tubes together in one tubę 
rack and the duplicate set in a second rack or section 
of a rack, preferably in random order* 

Cover the tubes of both series to prevent contamina- 
tion, and sterilize in an autoclave at 121° for 5 min. 
Cool, add 1 drop of the inoculum to each lube, except 
two of the four tubes containing no Standard solution 
(the uninoculated blanks). Incubate the tubes at a 
temperaturę between 30 Q and 37 C , held constant to 
within ±0.5°, following 16-24 h of incubation, until 
there has been no substantial increase in turbidity in 
the tubes containing the highest level of Standard dur- 
ing a 2-h period. 

Determine the transmittance of the tubes in the follow¬ 
ing manner, Mix the contents of each tubę, and trans¬ 
fer to an optical Container if necessary, Read the trans¬ 
mittance between 540 and 660 nm when a steady 
State is reached. This steady State Es observed a few 
seconds after agitation when the ga!vanometer read- 
ing remains constant for 30 s or morę* Altów approxi- 
mately the same time interval for the readino on each 
tubę. 

With the transmittance set at 1.00 for the uninoculated 
blank, read the transmittance of the inoculated blank. 
With the transmittance set at 1*00 for the inoculated 
blank, read the transmittance for each of the rematn- 
Ing tubes. If there is evidence of contammation with a 
foreign microorganism, disregard the result of the 
assay* 

Cafculatlon: Prepare a standard concentration-re- 
sponse curve as foliows* For each level of the Standard 
calculate the response from the sum of the duplicate 
values of the transmittance (Ł) as the difference, y = 
2.00 - Plot this response on the ordtnate of cross- 
section paper against the logarithm of the ml of the 
Standard solution per tubę on the absdssa using for 
the ordinate either an artthmetic or a logarrthmic 
scalę, whichever gives the better approximatron to a 
straight linę. Draw the straight linę or smooth curve 
that best fits the plotted pomts* 

Calculate the response, y= 2,00 - Lu, adding together 
the two transmittances (Lu) for each level of the Sam- 
ple solution. Read from the standard curve the toga- 
rithm of the vo!ume of the Standard solution corre¬ 
sponding to each of those values of y that fails within 
the rangę of the lowest and highest points plotted for 
the Standard. Subtract from each logarithm so ob¬ 
tained the logarithm of the volume, in mL, of the 
Sample solution to obtain the difference, X, for each 
dosage level. Average lite va!ues of X for each of 
three or morę dosage levels to obtain X f which eguals 
the fog-relative potency, M% of the Sample solution * 
Determine the quantity, in mg, of USP Calcium Panto¬ 
thenate RS corresponding to the calcium pantothen- 
ate (CiaH^CaNzOio) in the portion of Orał Solution 
taken; 


antilog M = antilog ( M' + log /?) 

R - number of mg of calcium pantothenate 

assumed to be present in the portion of Orał 
Solution taken 

Calculate the percentage of the labeled amount of 
calcium pantothenate (CisH^CaN^Oio) in the portion 
of Orał Solution taken: 


ATCC No. 8014 is suliabk?, This sirain was formerly known as Lactobadtlus 
orabinosus 17-5. 


Result - [(antilog M)} A/] x 100 
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N - nominał amount gf caldum pantothenate In 
the portion of Orał Soiution (mg) 

Replicaiion: Repeat the entire determination at least 
once, using separately prepared Sample Solutions . Jf the 
dlfference betweerHdie two log-potendes M is NMT 
0,08, their mean, M f is the assayed log-potency of the 
test materiał (see Design and Analysis of Bhiogical As- 
soys (111), The Confidence lntervaf and Limits of Po- 
tency ), If the two determinations differ by morę than 
0,08, conduct one or morę additional determinations. 
Prom the mean of two or morę values of M Chat do 
not differ by morę than OJ 5, compute the mean po- 
tency of the preparatton under assay, 

Acceptance arteria: 90.0%-1 50.0% of the labeled 
amount of caldum pantothenate (CiflFh^CaNzOio) 

* Dekpanthenol or Panthenol, Method 1 

Mobile phase and Chromatographk system; Proceed 
as dlrected in Caldum Pantothenate, Method 1. 

Standard soiution: 80 pg/mL of USP Dexpanthenol RS 
or USP Raeemic Panthenol RS in the Mobile phase. 
[Notę—U se USP Dexpanthenol RS to analyze Orał Solu- 
tion that contaim dexpanthenol, and use USP Raeemic 
Panthenol RS to analyze Orał Soiution that contains 
panthenol.] 

System sułtabiiity soiution: 80 pg/mL of USP Caldum 
Pantothenate RS in the Mobile phase, Mlx the resuliing 
soiution and the Standard soiution (1:1). 

Sample soiution; Equivalent to 80 pg/mL of dexpan- 
thenol or panthenol from Orał Soiution in the Mobile 
phase 
Analysis 

Sam pies: Standard soiution and Sample soiution 
Calculate the percentage of the labeled amount of dex- 
panthenol or panthenol (GFGNCh) in the portion of 
Orał Soiution taken: 

Result - (ru/rs) x (G/Cu) X 100 

fu - peak area of dexpanthenol or panthenol from 
the Sample soiution 

r s = peak area of dexpanthenol or panthenol from 
the Standard soiution 

G = coneentratfon of USP Dexpanthenol RS or USP 
Raeemic Panthenol RS in the Standard 
soiution (mg/mL) 

Cu = nominał concentration of the Sample soiution 
(mg/mL) 

Acceptance criteria: 9Q.0%-15G,0% of the labeled 
amount of dexpanthenol or panthenol (GH 19 NO 4 ) 

® DiXPANTHENOŁ OR PANTHENOL, Method 2 

[Notę —The followtng procedurę is applicable afso to the 
determination of the dextrorotatory component of race- 
mic panthenol in preparations contajning panthenol.] 
Dehyclrated mixtures yieldlng formulations similar to the 
media described hereln may be used provided that, 
when constituted as dlrected, they have growth-pro- 
moting properties equal to or superior to those ob- 
talned with the media prepared as described herein. 
Standard stock soiution: 800 ug/ml of USP Pexpan- 
thenol RS or 1600j.ig/mL of UŚP Raeemic Panthenol RS 
in water. Storę in a refrigerator, protected from llght, 
and use wlthln 30 days. [Notę— Use USP Dexpanthenof 
RS to analyze Orał Soiution that eon tai ns dexpanthenol, 
and use USP Raeemic Panthenol RS to analyze Orał So¬ 
lu tion that eontafns panthenol.] 

Standard soiution: On the day of the assay, prepare 
1.2 pg/mL of dexpanthenol or 2.4 pg/mL of raeemic 
panthenol from the Standard stock soiution with water. 
Sample soiution: 1 .2 pg/mL of dexpantheno! or 
2.4 pg/mL of panthenol from Orał Soiution En water 
Acid-hydrolyzed casein soiution: Mix 100 g of vita- 
min-free casein with 500 mL of 6 N hydrochloric acid (1 
in 2), and reftux the mixture for 8-12 h. Remove the 
hydrochloric acid from the m!xture by distillation under 
reduced pressure untll a thick pastę remains. RedissoJve 


the resulting pastę in about 500 ml of water, adjust the 
soiution with 1 N sodium hydroxide to a pH of 3*5 ± 
OJ, and dllute with water to 1000 ml. Add 20 g of 
activated charcoal, stir for 1 h, and fil ter* Repeat the 
treatment with activated charcoal. Storę under toluene 
in a refrigerator at a temperaturę NLT 10°, Fitter the 
soiution If a precipltate forms durlng storage. 

Cystine-tryptophan soiution: Suspend 4*0 g of L-cys- 
tine in a soiution of 1.0 g of L-tryptophan (or 2.0 g of 
D,L-tryptophan) in 700-800 ml of water, heat to 
75 ±5°, and add 6 M hydrochloric acid dropwlse, with 
stirring, until the solids are dissolved. Cool, dilute with 
water to 1000 ml, and mix. Storę under toluene in a 
refrigerator at a temperaturo NLT 10°. 

Adentne^guanme-uradl soiution: Dissoke 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
uracil, with the aid of heat, In 10 mL of 4 N hydrochlo- 
ric acid, Cool, add dilute with to 200 mL, and mix* 

Storę under toluene in a refrigerator, 

Polysorbate 80 soiution: 100 mg/mL of polysorbate 80 
in alcoho! 

Riboflayin-thiamme hydrochloride-biotm soiution: 
Prepare a soiution of nboflavin, thramine hydrochloride, 
and biotin in 0.02 N acetlc acid containing 20 j.ig/mL of 
riboflavin, 10 jig/ml of thlaminę hydrochloride, and 
0,04 pg/mL of biotin. Storę under toluene protected 
from fight in a refrigerator. 

p-Aminobenzoit add-niaciri“pyridoxine hydrochloride 
soiution: Prepare a soiution in neutra! 25% alcohol 
containing 10 pg/mL of p-amEnobenzolc acid, 50 pq/mL 
of niacin, and 40 pg/mL of pyridoxine hydrochloride. 
Storę In a refrigerator. 

Salt soiution A: Dissolve 25 g of monobasic potassium 
phosphate and 25 g of di basie potassium phosphate in 
water to make 500 mL Add 5 drops of hydrochloric 
add, and mix. Storę under toluene. 

Salt soiution B: Dlssolve 10 g of magnesium sulfate, 

0.5 g of sodium chloride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 mL. 
Add 5 drops of hydrochloric add, and mix. Storę under 
toluene* 

PyridoxaLcalcium pantothenate soiution: Dlssolve 
40 mg of pyridoxal hydrochloride and 375 pg of cal¬ 
dum pantothenate En 10% alcohof to make 200 mL, 
and mix. Storę in a refrigerator, and use witbin 30 days. 

Polysorbate 40-oleic acid soiution: Dissolve 25 g of 
polysorbate 40 and 0,25 g of oleić add in 20 % alcohof 
to make 500 mL, and mix. Storę En a refrigerator, and 
use within 30 days. 

Modifred pantothenate medium: Dissoh/e anhydrous 
Dextrose and Sodium acetate in the Solutions previously 
mixed accordtng to Tobie 3, and adjust with 1 N so¬ 
dium hydroxtde to a pH of 6 . 8 . FinalEy, dilute with 
water to 250 ml, and mlx. 


Table 3 


Add-hydrolvzed casein sotuEton 

25 mL 

Cystine^tryptophan soiution 

25 mL 

Polysorbate 80 soiution 

0.25 mL 

Oextrose* anhydrous 

iQ q 

Sodium acetate, anhydrous 

5 q 

Adenine-ouanine-uradl soiution 

5 mL 

Riboflćtvin-thtarninę hvdrochloride-biotin soiution 

5 ml 

p -Aminobenzoic add-ntadn-pyridoxIne hydrochlo- 
ride soiution 

5 mL 

Salt soiution 1 

5 mL 

Salt soiution 2 

5 ml 

Pvfidoxal-calcium pantothenate soiution 

5 mL 

Polysorbate 40-oieic add soiution 

5 mL 


Double-strength modified pantothenate medium: 

Prepare as dlrected In Modified pantothenate medium, 
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but make the finał dilution to 125 ml instead of 
250 ml. Prepare fresh. 

Stock culture of Pediococcus acidilactkh Dis 5 olve in 
800 ml of water, with the aid of heat, 6.0 g of pep- 
tonę, 4.0 g of pancreatic digest of casein, 3.0 g of yeast 
extract, 1.5 g of beef extract J 1.0 g of dextrose, and 
15.0 g of agar. Adjust with 0.1 N sodium hydroxide ot 
0.1 N hydrochloric aeid to a pH between 6.5 and 6.6, 
dilute with water to 1000 mL, and mix. Add 10-mL por- 
tions of the solution to culture tubes, place caps on the 
tubes, and sterilize in an autoclave at 121 3 for 15 min. 
Cool on a slant, and storę in a refrigerator. Prepare a 
stock culture of Pediococcus aadilacticfi on a siani of ths 
medium. Incubate at 35° for 20-24 h, and storę in a 
refrigerator. Mainlain the stock culture by monthly 
transfer onto fresh slants. 

Inoculum: Inoculate three 250-mL portions of sterile 
Modified pantothenate medium from a stock culture 
slant, and incubate at 35° for 20-24 h. CenErifuge the 
suspension from the combined portions, and wash the 
cefls with the Modified pantothenate medium . Resuspend 
the cells in sufficient sterile Modified pantothenate me¬ 
dium so that a 1-in-50 dilution, when tested In a 
13-mm diameter test tubę, gives 80% Itght transmission 
at 530 nm, Transfer 1.2-mL portions of this stock sus¬ 
pension to sterile glass ampuls, seal, freeze m Irguid ni- 
trogen, and storę in a freezer. On the day of the assay, 
allow the ampuls to reach room temperaturę, mix the 
contents, and dilute 1 mL of thawed culture with sterile 
salinę T5 to 150 mL. [Notę —This dilution may be al« 
tered when necessary to obtain the desired test 
response.] 

Analysis; Prepare in tripiicate a senes of eiqht culture 
tubes by adding the following quantities of water to the 
tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 
0.0 mL. To these same tubes, and in the same order, 
add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the 
Standard solution. 

Prepare in duplicate a series of five culture tubes by 
adding the following quantities of water to the tubes 
within a set; 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these 
same tubes, and in the same order, add 1.0, 1.5, 2.0, 
3.0, and 4.0 mL of the Sample solution . 

Add 5.0 mL of Doubie-strength modified pantothenate 
medium to each tubę, and mix. Cover the tubes with 
metal caps, and sterilize in an autoclave at 121° for 5 
min. Cool to room temperaturę in a chilled water 
balh, and inoculate eacn tubę with 0.5 mL of the inoc - 
ulum . Allow to incubate at 37* for 16 h. Terminate 
rowth by heating to a temperaturę NLT 80°, such as 
y steammg at atmospheric pressure in a sterilizer for 
5-10 min, Cool, and concomitantly defermine the per- 
centage transmittance of the suspensions, in celfs of 
equal pathlength, on a suitable spectrophotometer, at 
a wavefength of 530 nm. 

Calculation: Draw a dose-response curve on arithmetic 
graph paper by plotting the average response, in per- 
cent transmittance, for each set of tubes of the stan¬ 
dard curve against the standard level concentrations. 
The curve is drawn by connecting each adjacent pair 
of points with a straight linę. Prom this standard curve, 
determine by interpólation the potency, in terms of 
dexpanthenol, of each tubę contaming portions of the 
Sample solution. Divide the potency of each tubę by 
the amount of the Sample solution added to it to ob¬ 
tain the individual responses. Calcu late the mean re¬ 
sponse by averaging the individual responses that vary 
from their mean by NMT 15%, using NLT haJf the 
total number of tubes. Calculate the potency of the 
portion of the Orał Solution taken for assay, by multi- 
plying the mean response by the appropriate dilution 
ractor. 


Calculate the percentage of the labeled amount of 
dexpanthenol or panthenol in the portion of Orat So¬ 
iution taken: 

Result = ( P/N) x 100 

P s calculated potency of dexpantbenol or 

panthenol in the portion of Orał Solution 
taken (mg) 

N = nominał amount of dexpanthenol or 

panthenol in the portion of Orał Solution 
taken (mg) 

Acceptance criteria: 90.0%-150.0% of the labeled 
amount of dexpanthenol or panthenol {C^B^NO*} 

* Niacin or Niacinamide 

[Notę—U se low-actlnic glassware throughout this 
procedurę.] 

Diluent: 25 mg/mL of edetate disodium in water 
Mobile phase: Methanol, glacial acetic add, triethyl- 
amine, and 0.008 M sodium l-hexanesutfonate 
(350: 15: 0.4: 1 634.6) 

Standard solution: 0.10 mg/mL of USP Niacin RS or 
USP Niacinamide RS in the Diluent. [Notę—U se USP Ni¬ 
acin RS for Oraf Solution that contains niacin, and use 
USP Niacinamide RS for Orał Solution that contains 
niacinamide.] 

Sample solution: Dilute an accurately measured vol- 
ume of Orał Solution with Diluent to obtain a soiution 
with a concentration of 0.1 mg/mL of niacin or niacina¬ 
mide. 

Chromatographk system 

(See Chromatogropny (621), System Su i to bili ty.) 

Modę: LC 

Detector: UV 270 nm 
Column: 4.6-mm x 25-cm; packing L7 
Flow ratę: 2 mL/min 
Jnjectron voiume: 5 pL 
System suitability 
Sample; Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Sa m pies; Standard solution and Somple soiution 
Calculate the percentage of the tabeJed amount of nia¬ 
cin (QHsNG 2 ) or niacinamide (GH&NzG) in the por¬ 
tion of Orał Solution taken: 

Result = (ru/rO x (G/Cy) x 100 

ru - peak area of niacin or niacinamide from the 
Sample solution 

r$ = peak area of niacin or niacinamide from the 
Standard solution 

Cs = concentration of USP Niacin RS or USP 
Niacinamide RS in the Standard soiution 
(mg/mL) 

Cu = nominał concentration of niacin or 

niacinamide in the Sample solution (mg/mL) 
Acceptance criteria: 90.0%-l 50.0% of the labeled 
amount of niacin (C ć HsNOz) or niacinamide {CaHńNzO) 

• Pyridoxine Hydrochłoride 

Diluent, Mobile phase, and Chromatographk system: 
Proceed as directed in Niacin or Niacinamide. 

Standard solution: Equivalent to 24 pg/mL of USP Pyri- 
doxme Hydrochłoride RS in the Diluent 
Sample soiution: Equivaient to 24 pg/mL of pyridoxine 
hydrochłoride from Orał Solution in the Diluent 
Analysis 

Sam pies; Standard solution and Sample solution 
Calculate the percentage of the labeled amount of pyri- 
doxine hydrochłoride (CgHnNOi ■ HCI) in the portion 
of Orał Solution taken: 


WCC No, 8042 is Suitable. 


Result = (ru/r 5 ) x ( Q/C u ) x 100 
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fu = peak area of pyridoxine hydrochloride from 
the Sample so/ut/on 

rs - peak area of pyridoxine hydrochloride from 
the Standard solution 

Cs = concentration of USP Pyridoxine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of pyridoxine 
hydrochloride in the Sample solution 
(mg/mL) 

Acceptance criteria: 90*0%-150.0% of the labeled 
amount of pyridoxine hydrochloride (OHitNOj * HCI) 

• RlBOFLAVIN OR RlBOFLAVIN-5'-PH0SPHATE Sodium, Method I 

[Notę—R iboflavin-5'-phosphate sodium Is quantkated 
against USP Riboflavin RS in this procedurę* In the chro- 
matogram of the Sample solution, the nboflavin-5'-phos- 
phate peak is the only peak measured for caiculationj 
Diluent, Mobile phase, and Chromatographic system: 
Proceed as dtrected in Niacin or Niacinamiae. 

[Notę—T he relative retention times for riboffavin-5'- 
phosphate and riboflavin are about Od 8 and 1 , 0 , 
respectively.] 

Standard solution: Equivalent to 8 )ig/mL of USP Ribo- 
flavin RS in the Diluent, by heating if necessary 
Sample solution: Equivalent to 8 pg/mL of riboflavin 
from Orał Solution rn the Diluent 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of ribo- 
flavin (Ci 7 H 2 Q N 4 0 6 ) in the portion of Orał Solution 
taken: 

Result = (rufr 5 ) x (Cj/C w ) x Fx 100 

ru = peak area of riboflavin-5'-phosphate from the 
Sample solution 

r 5 - peak area of riboflavin from the Standard 
solution 

Cs = concentration of USP Riboflavin RS in the 
Standard solution (mg/mL) 

Cy - nominał concentration of riboflavin in the 
Sample solution (mg/mL) 

F - factor for converting the response obtained 
for riboflavin-5'-phosphate to riboftavin, 

1*493, [MOTE—Riboflavin Phosphate Sodium 
is a mrxture of isomeric monophosphates 
and diphospbates contarmng an average 
amount of 67% of riboflavin-5'- 
monophosphate, which separates in this 
chromatographic system, The factor 1,493 
assumes 67% of ri6oflavin-5'- 
monophosphate.] 

Acceptance criteria: 90*0%-150,0% of the labeled 
amount of riboflavin (C 17 H 20 N 4 O 6 ) 

* Riboflav!n or Riboflav!N-5'-phosphate Sodium, Method 2 

[Notę —Use low-actinic glassware throughout this 
procedurę,] 

Solvent blank: 1 N hydrochloric add, 2.5 M sodium 
acetale, and water ( 1 :2:97) 

Riboflavln stock solution: Transfer OJ 6 mg/mL of USP 
Riboflavin RS in 1 N hydrochloric acid, 2,5 M sodium 
acetate, and water (1:2:97)* Mix the resulting solution 
and water (1:9). 

Standard solution: Rlboflavin stock solution , 1 N hydro¬ 
chloric add, 2.5 M sodium acetate, and water 
(1:1:2:96) 

Sample solution: Transfer the equivalent to 0.8 mg of 
riboflavin from the Orał Solution to a lOO-ml vo!umet- 
ric fiask, and di lute with water to volume. Mix the re¬ 
sulting solution, 1 N hydrochloric acid, 2.5 M sodium 
acetate, and water (2:1:2:95). 

Instrumentaf conditions 
(See Fluorescence Spectroscopy (853).) 


Modę: Fluorescence 
Analytical wavelengths 
Excitation: 440 nm 
Emissron: 530 nm 
Blank: Solvent blank 
Analysis 

Samples: Standard solution and Sample solution 
Determine the maximum fluorescence intensities, Is and 
lu, of the Standard solution and the Sample solution, 
respectively. 

Calculate the percentage of the labeled amount of ribo- 
flavin (CizH^N+Oć) in the portion of Orał Solution 
taken: 

Result ^ {Uh) x (CdCu) x 100 

lu - fluorescence intensity from the Sample solution 

h - fluorescence intensity from the Standard 

solution 

Cs - concentration of USP Riboflavin RS in the 
Standard solution (mg/mL) 

Cu = nominał concentration of riboflavin in the 
Sample solution (mg/mL) 

Acceptance criteria: 90,0%-150.0% of the labeled 
amount of riboflavin (Ci/H^N^Ga) 

* THIAMINE 

Diluent, Mobile phase, and Chromatographic system: 
Proceed as directed in Niacin or Niadnamide. 

Standard solution: Equivalent to 24 pg/mL of USP Thi- 
aminę Hydrochloride RS in the Diluent 
Sample solution: Equivalent to 24 pq/mL of thiamine 
hyarochloride from Orał Solution in tne Diluent 
Analysis 

Samples: Standard solution and Sample solution 
For products contafning thiamine hydrochloride, calcu¬ 
late the percentage or the labeled amount of thiamine 
hydrochloride (CUH 17 CIN 4 OS ■ HCI) in the portion of 
Orał Solution taken: 

Result ^ (fy/fj) x (Ci/Cy) x 100 

fu - peak area of thiamine from the Sample 
solution 

rj - peak area of thiamine from the Standard 
solution 

C 3 = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of thiamine 

hydrochloride in the Sample solution 
(mg/mL) 

Acceptance criteria: 90.0%-250.0% of the labeled 
amount of thiamine hydrochloride (CizHizGNjOS * HCI) 

* IGDIDE 

Mobile phase: Dissolve 5,15 3 of tetra bu tyłam mon i urn 
bromide in 320 mL of acetonitrile, Dilute with water to 
2000 mL 

Standard stock solution: 1.3 mq/mL of potassium io- 
dide in the Mobile phase. This solution has a concentra¬ 
tion of 1 mg/mL of iodide. 

Standard solution: 2,5 pg/mL of iodide from the Stan* 
dard stock solution in the Mobile phase 
System suitability solution: Transfer 0.13 g of potas¬ 
sium iodide and 0.5 g of potassium iodate to a 100-mL 
volumetric fiask. Dissolve in the Mobile phase , using 
sonication if necessary, dilute with the Mobile phase to 
volume, and mix. Transfer 1,0 ml of this solution to a 
100-mL volumetric fiask, dilute with the Mobile phase to 
volume, and mix. Transfer 25,0 mL of this solution to a 
100-mL volumetric fiask, and dilute with the Mobile 
phase to volume. 

Sample solution: Dilute an accurately measured vol- 
ume of Orał Solution to obtain a solution with a con¬ 
centration of 2*5 jiig/mL of iodine in the Mobile phase. 
Chromatographic system 
(See Chromatograpny (621), System Suitability *) 
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Modę: LC 

Detector: UV 225 nm 
Column: 4.6-mm x 15-cm; packing LI 
FJow ratę: 1.5 mL/min 
Injection volume: 30 pL 
System suitability 

Samples: Standard solution and System suitability 
solution 

[Nott—T he relative retention limes for iodate and io- 
dide are about 0.32 and 1.0, respectively.] 

Suitability requirements 

Resolution: NLT 2.5 between iodate and iodide, Sys¬ 
tem suitability solution 

Relative standard deviation; NMT 2.0% for the io¬ 
dide peak, Standard solution 
Analysis 

Samples: Standard solution and Sample solution 
Calcuiate the percentage of the labeied amount of io- 
dine (i) in the portfon of Orał Solution taken: 

Result = (ru/n) x (Q/Cu) x 100 

r u = peak area of iodide from the Sample solution 

n - peak area of iodide from the Standard solution 

Cs - concentration of iodide in the Standard 
solution (pg/mL) 

Cu = nominał concentration of iodine in the Sample 
solution (pg/mL) 

Acceptance criteria; 90.0%-l 60.0% of the łabełed 
amount of iodine (I) 

• Iron 

Iron standard stock solution: Transfer T00 mg of iron 
powder to a 1000-mL volumetric fiask, dissolve in 6 N 
hydrochloric add, and dłlute with water to volume. 
Standard Solutions: To separate 100-mL voiumetric 
flasks, transfer 2.0, 4.0, 5.0, 6.0, and 8.0 mL of the Iron 
standard stock solution. Dłlute the contents of each fiask 
with 0.125 N hydrochloric acid to volume to obtain 
concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 pg/mL of 
iron. 

Sample solution: 6 pg/mL of iron from Orał Solution in 
0.125 N hydrochloric acid 
Instrumental conditions 
(See Atomie Ahsorption Spectroscopy (852).) 

Modę: Atomie aosorption spectrophotometer 
Lamp: Iron hollow-cathode 
Ffame: Air-acetyfene 
Anaiytical wavelength: 248.3 nm 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in jig/nnL, of iron, and draw 
the stralght linę best fitting the five plotted points. 
From the graph so obtained, determine the concentra¬ 
tion, C, in ug/mL, of iron in the Sample solution . 
Calcuiate the percentage of the labeied amount of iron 
(Fe) in the portion of Ora! Solution taken: 

Result = (C/Cu) x 100 

C = concentration of iron in the Sample solution 
from the graph (pg/mL) 

Cu = nominał concentration of Iron in the Sample 
solution (pg/mL) 

Acceptance arteria; 90.0%-125.G% of the labeied 
amount of iron (Fe) 

* Magnesium 

Magnesium standard solution: Transfer 1.00 g of mag¬ 
nes! u m ribbon to a 1000-mL volumetric fiask. Dissolve 
in 50 mL of 6 N hydrochloric add, and diiute with 
water to voiume. 


Standard stock solution: 20 jig/mL of magnesium 
from the Magnesium standard solution in 0.125 N hy¬ 
drochloric acid 

Standard Solutions: To separate 100-mL volumetrtc 
flasks, transfer 5.0, 7.5, 10.0, 12.5, and 15.0 ml of the 
Standard stock solution. Dłlute with 0.125 N hydrochlo- 
ric add to volume to obtain concentrations of 1.0, 1.5, 
2.0, 2.5, and 3.0 pg/mL of magnesium. 

Sample solution: 2.5 pq/mL of magnesium from Orał 
Solution in 0.125 N hydrochioric acid 
Instrumental conditions 
(See Atomie Ahsorption Spectroscopy <852).) 

Modę: Atomie ahsorption spectrophotometer 
Lamp: Magnesium hollow-cathode 
Flame: Air-acetylene 
Anaiytical wavefength: 285,2 nm 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versii5 the concentration, In pg/mL, of magnesium, 
and draw the stralght linę best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of magnesium in the 5om- 
ple solution, 

Calcuiate the percentage of the labeied amount of 
magnesium (Mg) in the portion of Orał Solution taken: 

Result = (C/Cu) x 1 00 

C = concentration of magnesium in the Sample 
solution from the graph (pg/mL) 

Cu = nominał concentration of magnesium in the 
Sample solution (pg/mL) 

Acceptance criteria; 90.0%-125.0% of the labeied 
amount of magnesium (Mg) 

* Manganese 

Manganese standard stock solution: Transfer 1.0g of 
manganese to a 1000-mL volumetric fiask. Dfssolve in 
20 mL of nitric add, and diiute with ó N hydrochloric 
add to vofume. 

Standard stock solution: 50 pg/mL of manganese from 
the Manganese standard stock solution in 0.125 N hy¬ 
drochloric add 

Standard Solutions: To separate 100-mL voiumetric 
flasks transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Stan¬ 
dard stock solution . Diiute the contents of each fiask 
with 0.125 N hydrochloric add to volume to obtain 
Solutions with known concentrations of 0.5, 0.75, 1.0, 

1.5, and 2.0 pg/mL of manganese. 

Sample solution: Diiute an accurately measured vol- 
ume of Ora! Solution to obtain a solution with a con¬ 
centration of 1,5 pg/mL of manganese in 0.125 N hy¬ 
drochloric acid. 

Instrumental conditions 
(See Atomie Ahsorption Spectroscopy (852).) 

Modę: Atomie ahsorption spectrophotometer 
Lamp: Manganese hollow-cathode 
Flame: Air-acetylene 
Anaiytical wavelength: 279.5 nm 
Blank: 0.125 H hydrochloric add 
Analysis 

Samples: Standard Solutions and Sampfe solution 
Determine the absorbances of the Solutions against the 
Blank , Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of manganese, 
and draw the straight linę best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of manganese in the Sam¬ 
ple solution. 

Calcuiate the percentage of the labeied amount of 
manganese (Mn) in tne portion of Oraj Solution taken: 

Result = (C/Cu) x 100 
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C = concentration of manganese in the Sample 
solution from the graph (pg/mL) 

C u = nominał concentration of manganese in the 
Sample solution (fig/ml) 

Acceptance criteria: 90,0%-] 25.0% labeled amount of 
manganese (Mn) 

a Zinc 

Zinc standard solution: Transfer 311 mg of zinc oxide 
to a 250-mL volumetric flasie and add 80 mt of 6 N 
hydrochloric acid, warmrng if necessary to dissofye. 
Cool, dilute with water to yolurne, and mix to obtain a 
solution with a known concentration of 1000 pg/mL of 
zinc* 

Standard stock solution: 50 pg/mL of zinc from the 
Zinc standard solution in 0.125 N hydrochloric add 
Standard Solutions: Transfer 1.0, 2.0, 3,0, 4.0, and 
5,0 ml of the Standard stock solution to sępa ratę 
100-mL volumetric flasks. Dl lute the contents of each 
fiask with 0,125 N hydrochloric acid to volume to ob¬ 
tain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 pg/mL 
of zinc. 

Sample solution: Di lute an accurately measured vof- 
ume of Grat Solution to obtain a solution with a eon* 
centration of 1 pg/mL of zinc in 0.125 N hydrochloric 
acid* 

Instrumental condltions 

(See Atomie Absorption Spectroscopy <852}*) 

Modę: Atomie absorption spectrophotometer 
Lamp: Zinc holiow-cathode 
FI am e; Ai r-acety 1 e n e 
Anaiytical wavefength: 21 3*8 nm 
Blank: 0*125 N hydrochloric add 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank * Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of zinc, and draw 
the straight linę best fitting the five piotted points. 
From the graph so obtained determine the concentra¬ 
tion, C, in pg/mL, of zinc in the Sample solution. 
Caiculate the percentage of the labeled amount of zinc 
(Zn) in the portion of Orał Solution taken: 

Result = (C/Cu) x 100 

C = concentration of zinc in the Sample solution 
from the graph (pg/mL) 

Cu - nominał concentration of zinc in the Sample 
solution (pg/mL) 

Acceptance criteria: 90,Ó%-125*0% of the labeled 
amount of zinc (Zn) 

OTHEH CGR/IPONENT5 

* Alcohol Determination, Method l (611) (if present): 

90,0%-120.0% of the labeled amount of alcohol 
(CzHsOH) 

CONTAMINANTS 

* 1V1icrob!al Enumeratfon Tests (2021); The total aerobic 

microbia! count does not exceed 3x 10 3 cfu/mL, and the 
combined molds and yeasts count does not exceed 
3 x IG 2 cfu/mL. 

® Absence of Sfecified R/i i cro organ i sm s (2022): Meets the 
reguirements of the tests for absence of Salmonella spe- 
cies and Eschehchia coli 

ADDITIONAL REQU!REMENTS 

* Packaging and Storage: Preserve in tight, light-resistant 
containers, under an inert gas or with a minimum of 
headspace* 

* Labeling: The label States that the product is Water-Solu- 
ble Vitamin$ with Minerals Ora! Solution. The label States 
the quantity of each vitamin and minerał present in 
terms of metric units in a given vofume or the Orał Solu¬ 
tion and, where necessary, the Chemical form in which a 


vEtamin is present, and also States the salt form of the 
minerał used as the source of each element. Where prod- 
ucts are labeled to contain panthenol, the label States the 
equivafent eon tent of dex panthenol. Where morę fhan 
one assay method is given for a particular vitamin or 
minerał, the labeling states with which assay method the 
product complies on ty if Method 1 is not used. 
o USP reference standards (11) 

USP Caldum Pantothenate RS 

USP Cyanocobafamin RS 

USP DexpanthenoJ RS 

U5P Niacin RS 

USP Niacinamide RS 

USP Pyridoxine HydrochJoride RS 

USP Racemic Panthenol RS 

USP Riboflavin RS 

USP Thiamine Hydrochloride RS 


Water-Soluhle Vifamins with Minerals 
Tablets 


DEHN1TION 

Water-Soluble Vitamins with Minerals Tablets contain one or 
morę of the following water-soluble vitamins: Ascorbic 
Acid or its equivalent as Calcium Ascorbate or Sodium 
Ascorbate, Biotin, Cyanocobaiamin, Folie Acid, Niacin or 
Niacinamide, panlothenic add (as Caldum Pantothenate 
or Racemic Calcium Pantothenate), Pyridoxine Hydrochlo- 
ride, Riboflavin, and Thiamine Hydrochloride or Thiamine 
Mononitrate; and one or morę minerals derived from sub- 
stances generally recognized as safe, furnishing one or 
morę of the following elements in lonizable form: boron, 
calcium, chromium, copper, fluorine, iodine, iron, magne- 
sium, manganese, molybdenum, nickel, phosphorus, po- 
tassium, selenium, tin, vanadium, and zinc, Tablets con¬ 
tain NU 90.0% and NMT 150.0% of the labeled amounts 
of ascorbic add (QH b Gó) , biotin (Cy D Hi fi N 20 B S), cyanoco- 
balamin (C ó 3 H flB CoNi 40 i,iP), folie acid (CiejH^NzGć), cal¬ 
dum pantothenate (CisH^CaN^Oio), niacin (CóH fł NOz) or 
niacinamide (GHńN 2 0), pyridoxine hydrochloride 
(CgHnNOi - HCJ), riboflavln (C^f-ho^Os), and thiamine 
(CizHf/CIN.jOS) as thiamine hydrochloride or thiamine 
mononitrate; NLT 90.0% and NMT 125.0% of the labeled 
amounts of calcium (Ca), copper (Cu), iron (Fe), magne- 
sium (Mg), manganese (Mn), phosphorus (P), potassium 
(K), and zinc (Zn); and NLT 90.0% and NMT 160,0% of 
the labeled amounts of boron (B), chromium (Cr), fluor¬ 
ine (F), iodine (1), molybdenum (Mo), nickel (Ni), sele¬ 
nium (Se), tin (Sn), and vanadium (V). 

They do not contain any form of Beta Carotene or Vitamin 
A, D, E, or K. They may contain other labeled added sub- 
stances that are generally recognized as safe, In guantities 
that are unobjectionable. 

5TRENGTH 

[Notę —In the following assays, where morę than one assay 
method is given for an tndividual ingredient, the reguire- 
ments may be met by following any one of the speetfied 
methods, the method used being stated in the labeling 
only if Method 1 is not used.] 

• Ascorbic Acid, Calcium Ascorbate, and Sodium 
Ascorbate 

(See Vitamin C Assay (580).) 

[Notę—F or labeling purposes, consider Method /—77fr/- 
metric Method as Method 7*] 

Acceptance criteria: 90,0%’-]50,0% of the labeled 
amount of ascorbic acid (CsHaOs) 

* Biotin, Method 1 

[Notę —Use taw-atLinlc glassware throughout this 
procedurę.] 
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Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium 
perehiorate, and 1 mL of phosphoric add, and dii u te 
with water to 1 000 mL. 

Standard stock solution: OJ33 mg/mL of USP Biotin 
RS in dimethyl sulfoxide 

Standard solution: 5 jag/mL of USP Biotin RS prepared 
by dlluting the Standard stock solution in water 
Sample sofution: Finely powder NLT 20 Tabletu Trans¬ 
fer a portion of powder, equivalent to a nominał 
amount of 1 mg of biotin, to a 20G-mL voJumetrtc fiask. 
Add 3 mL of dimethyl sulfoxide, and swfrl to wet the 
contents. Place the fiask in a water bath at 6Q*-70 D for 
5 min. Sonicate for 5 min, diiute with water to yolume, 
and filter. 

Chromatographic system 
(See Chroma tog raphy (621), System Suitability .) 

Modę: LC 

Detector: UV 200 nm 

Column: 4.6-mm x 15-cm; 3-jim packing L7 
FJow ratę: 1 .2 mL/min 
Injection vofume: IOOjjL 
System suitability 
Sam pie: Standard sofution 
Suitability requirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard sofution and Sampie sofution 
Measure the responses for the biotin peaks. Calculate 
the percentage of the labeied amount of biotin 
(C 10 H 16 N 2 G 3 S) in the portion of Tablets Laken: 

Result - (ry/rs) x (Q/C u) x 100 

fu = peak response from the Sampfe sofution 

r* - peak response from the Standard sofution 

Cs = concentration of USP Biotin RS in the Standard 
sofution (jag/mL) 

Cu ~ nominał concentration of biotin in the Sampfe 
sofution (jag/mL) 

Acceptance crfterfa: 90,0%-150.0% of the labeied 
amount of biotin (CroHifiNkOjS) 
a Biotin, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę,] 

Dehydrated mixtures yielding formulations simiiar to the 
media described herein may be used provided that 
when constituted as directed, they have growth-pro- 
moting properties equal to or superior to those ob- 
tained with the media prepared as described herein. 
Standard stock solution: 50 jag/mL of USP Biotin RS in 
50% alcohoL Storę thls solution in a refrigerator. 
Standard solution: On the day of the assay,- diiute the 
Standard stock sofution with water to a concentration of 
0.1 ng/ml of USP Biotin RS. 

Sampie solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to a nominał 
amount of 100 jag of biotin, to a 200-mL volumetric 
fiask. Add 3 mL of 50% alcohof, and swirl to wet the 
contents. Heat the fiask in a water bath at 60°~7G° for 
5 min. Sonicate for 5 min, diiute with diluted alcohol to 
volume, and filier, Diiute a volume of the filtrate quan- 
titativeiy, and stepwise if necessary, with water to ob- 
tain a solution with a concentration of 0.1 ng/mL, 
Acid-hydrolyzed casein solution: Mix lOOg of vlta- 
min-free casein with 500 mL of 6 N hydrochloric acid, 
and reflux the mixture for 8-12 h. Remove the hydro¬ 
chloric acid from the mixture by distiltation under re- 
duced pressure unti! a thftk pastę remains, Redissolve 
the resulting pastę in water, adjust the sofution with 
1 N sodium hydroxide to a pH of 3.5 ±0.1, and diiute 
with water to 1000 mL. Ado 20 g of activated charcoal, 
stir for 1 h, and filter. Repeat the treatment with acti- 
vated charcoaL Storę under toluene En a coot place at a 
temperaturę NLT 10°. Filter the solution if a precipitate 
forms during storage. 


Cystine-tryptophan solution: Suspend 4.0 g of L-cys- 
tine in 1.0 q of L-tryptophan (or 2.0 g of 
D,L-tryptopnan) in 700-800 mL of water, Heat to 
70 D “80°, and add diiute hydrochloric acid (1 in 2 ) 
dropwise, with stirring, unti! the solids are dissoived. 
Cod, and diiute with water to 1000 mL. Storę under 
toluene in a cool place at a temperaturę NLT 10 °. 
Adenlne-guanine-uradl solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochlorlde, and 
uracil, with the aid of heat, in 10 mL of 4 N hydrochfo- 
ric acid, Cool, and diiute with water to 200 mL. Storę 
under toluene in a refrigerator. 

Polysorbate 80 solution: 1 00 mg/mL of pofysorbate 80 
in alcohol 

Calcium pantothenate solution: lOpg/mL of ealcium 
pantothenate in 50% alcohol. Storę in a refrigerator. 
Riboflavin-thiamine hydrochlorlde solution: 20 |ig/ 
mL of riboflavin and 10 pg/mL of thiamine hydrochTo- 
ride in 0,02 N acetic add. Storę under toluene, pro- 
tected from light, in a refrigerator. 
p-Aminobenzoic add-niacin-pyridoxine hydrochloride 
solution: IGpg/mL of p-aminobenzoic acid, 50jig/mL 
of ntadn, and 40 pg/mL of pyridoxine hydrochloride in 
a mixture of neutralized alcohol and water (1:3), Storę 
in a refrigerator. 

Salt sofution A: Disso!ve 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate In 
water to make 500 mL. Add 5 drops of hydrochloric 
add. Sforę under toluene. 

Salt solution B: Dissolve 10 g of magnesium sulfate, 

0.5 g of sodium chloride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate in water to make 500 mL. 
Add 5 drops of hydrochloric add, and mix. Storę under 
toluene. 

Basal medium stock solution: Dissoive the anhydrous 
Dextrose and anhydrous Sodium acetate in the Solutions 
previously mixed actording to Tobie l t and adjust with 
1 N sodium hydroxide to a pH of 6.8. Diiute with water 
to 250 mL. 


Table 1 


Acid-hydrolyzed casein solution 

25 mL 

Cystine-tryptophan solution 

25 mL 

Polysorbate 80 solution 

0.25 mL 

Dextrose, anhydrous 

10 Q 

Sodium acetate, anhydrous 

5 q 

Adenine-ouanine-uracif solution 

5 mL 

Catcium pantothenate solution 

5 mL 

Rlboflayin-thiamine hydrochloride solution 

5 mL 

p-Ami no benzole acrdmiadn-pyridoxrne hydrochlo¬ 
ride solution 

5 mL 

Salt solution A 

5 ml 

Salt solution B 

5 ml 


Stock culture of Lactohacilfus plantarum: Dis$olve 
2.0 g of yeast extract in 1 00 mL of water. Add 500 mg 
of anhyarous Dextrose, 500 mg of anhydrous Sodium 
acetate, and 1,5 g of agar, and heat the mixlure on a 
steam bath, with stirring, untii the agar dissolves. Add 
10-mL portions of the hot solution to test tubes, close 
or cover the tubes, sterilize in an autodave at 121 °, and 
ailow the tubes to cool in an upright position, Prepare 
stab cultures in three or morę of the tubes, ustng a 
pure culture of Lactobadlfus plantarum f ] tncubating for 
16-24 h at a temperaturę between 30 a and 37° held 
eon stan t to witbin ±0,5°. Storę in a refrigerator. Prepare 
a fresh stab of the stock culture every week, and do not 
use for Inocuium if the culture is morę than 1 week old. 

Culture medium: To each of a series of test tubes con- 
taining 5.0 mL of Basal medium stock solution add 

■ ATCC No. SOI 4 is sui labie. Thfs sLrain was formerly known as Lactobadtius 
arabinosus 17 - 5 . 
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5.0 ml ol water containing 0*5 ng of biotin. Pług the 
tubes with cotton, sterilize in an autoclave at 121°, and 
cool. 

Inoculum: [Notę —A f rożen suspension of Loctobaciflus 
plantarum may be used as the stock culture, provided it 
yields an Inoculum comparable to a fresh ailture.] Make 
a transfer of cells from the Stock culture of Lactobaciflus 
piantarum to a sterite tubę containing 10 ml of Culture 
medium . Incubate this culture for 16-24 h at a tempera¬ 
turę between 30° and 37° held constant to within 
+0.5°, The celi suspension so obtained is the Inoculum. 
Analysis 

Samples: Standard solution and Somple solution 
To simiłar separate test tubes add, in duplicate, 1*0 
and/or 1,5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard 
solution , To each tubę and to four simiłar empty tubes 
add 5.0 mL of Basal medium stock solution and suffl- 
cient water to make 10 mL 
To simiłar test tubes add, in duplicate, volumes of the 
Sample solution corresponding to three or morę of the 
levels specifled for the Standard solution , including the 
levels of 2*0, 3*0, and 4*0 mL. To each tubę add 
5.0 mL of the Basal medium stock solution and suffi- 
cient water to make 10 mL. Place one complete set of 
Standard and sample tubes together in one tubę rack 
and the duplicate set m a second rack or section of a 
rack, preferably in random order. 

Gover the tubes of both senes to prevent contamina- 
tion, and sterilize in an autoclave at 121° for 5 min. 
Cool* Add 1 drop of Inoculum to each tubę, except 
two of the four tubes containing no Standard solution 
(the uninoculated blanks). incubate the tubes at a 
temperaturę between 30° and 37° held constant to 
within ±0*5° until, foliowing 16-24 h of meubation, 
there has been no substanoal increase m tu rb i di ty in 
the tubes containing the highest fevei of Standard dur- 
ing a 2~h period, 

Determine the transmittance of the tubes in the foilow- 
ing manner. Mix the contents of each tubę, and trans¬ 
fer to a spectrophotometer celi. Place the celi in a 
spec trop notom eter that has been set at a specific 
wavelenqth of 540-660 nrn, and read the transmit¬ 
tance w hen a steady State is reached. This steady State 
is observed a few seconds after agitatlon when the 
galvanometer reading remains constant for 30 s or 
morę, Allow approximately the same time interval for 
the reading on each tubę. 

With the transmittance set at 1,00 for the uninoculated 
blank, read the transmittance of the inoculated blank. 
With the transmittance set at 1.00 for the inoculated 
blank, read the transmittance for each of the remain- 
ing tubes, If there is evidence of contamination with a 
foreign mkroorganism, disregard the result of the 
assay. 

Calculation: Prepare a standard eon cen trat ion-re- 
sponse curve as foilows* For each level of the Stan¬ 
dard, calculate the response from the sum of the du¬ 
plicate values of the transmittance ( Z } as the 
difference, y = 2,00 - I. Plot this response on the 
ordinate of cross-section paper against the logarithm 
of the mL of Standard solution per tubę on the ab- 
scissa, using for the ordinate either an arrthmetic or a 
logarithmic scalę, whichever gives the better approxi- 
mation to a straight iine* Draw the straight linę or 
smooth curve that best fits the plotted points. 

Calculate the response, y, add ing together the two 
transmittances for each le\zel of the Sample solution. 
Read from the standard curve the logarithm of the 
vaJume of the Standard solution corresponding to 
each of those values of y that fali within the rangę of 
lowest and highest points plotted for the Standard. 
Subtract From each logarithm so obtained the loga¬ 


rithm of the volume, in ml, of the Sample solution to 
obtain the difference, X, for each dosage level. Aver- 
age the values of X for each of three or morę dosage 
levels to obtain X, which eouals the log-relative po- 
tency, M\ of the Sample solution, 

Determine the quantity, in jig, of U5P Biotin RS corre¬ 
sponding to the biotin in each mg of the portion of 
Tablets taken: 

antilog M = antilog + log fi) 

R = number of ng of biotin assumed to be present 
in each mg in the portion of Tablets taken 
Replication: Repeat the en tire determination at least 
once, using separately prepared Sample Solutions. If the 
difference betweenjne two log-potencies M is NMT 
0.08, thelr mean, M, is the assayed log-potency of the 
test materiał (see Design and Anaiysis of Riological As- 
says (111), The Confidence lntervai and Limits of Po- 
tency )* if the two determinations differ by morę than 
0.08, conduct one or morę additional determinations, 
From the mean of two or morę vaiues of M that do 
not differ by morę than 0.15, compute the mean po- 
tency of the preparation under assay. 

Acceptance criterja: 90*0%-150.0% of the labeied 
amount of biotin (CioHieNiOjS) 

» Biotin, Method 3 

[NOTĘ—Use iow-actinic glassware throughout this 
procedurę*] 

Solution A: Transfer 800 mL of water and 100 mL of 
triethylamine to a 1000-ml volumetric fiask* Add 80 mL 
of 85% phosphoric acid, and dNułe with water to 
volume. 

Mobile phase: Transfer 80 ml of acetonifrile and 10 ml 
of Solution A to a 1000-mL vo!umetric fiask. Dilute with 
water to volume. 

Standard solution: 0.6 pg/mL of USP Biotin RS in water 
[NOTĘ—A portion of the Standard solution will be used 
to determine the percent recovery of biotin from the 
Solid-phase extraction procedurę.] 

Sample solution: FineJy powder NIT 20 Tablets. Trans¬ 
fer an amount of powdered Tablets to a vo1umetric fiask 
to obtain a nominał concentration of 0,6 jig/mL of bio¬ 
tin, Add water up to 80% of the fiask capacjty, and 
sonicate for 30-40 min, with occasional mixing, to dis- 
solve, Dilute with water to volume, and fliter. Adjust the 
pH of the solution with either diluted acetic acid or 0.1 
N sodium hydroxide to 6.0-7.0. 

Solid-phase extraction: [Notę—C ondition the extrac- 
tion column specified in this procedurę in the foliowing 
manner, Wash the column with a 2-ml portion of 
methanol Eguilibrate with a 2-mL portion of water.] 
Separately pipet 5*0 mL of the Sample solution and 
Standard solution into freshly conditioned solid-phase 
extraction columns conshting of a mixed-mode packing 
with a sorbent mass of 60 mg* [NOTĘ—The mixed-mode 
packing consists of anion-excnange and reversed-phase 
sorbents. The rever$e-phase component is a copolymer 
N-vinylpyrrolidone and divinylbenzene. The anion ex- 
change moiety is a triaikyiamino group. 2 ] 

Wash the column with 10 mL of 30% (v/v) methanol in 
water* Apply an appropriate volume (4.9 ml) of 30% 
(v/v) methanol in 0*1 N hydrochloric acid to the col¬ 
umn. Coilect the eluate in a 5-mL volumetric fiask, 
containing 100 pL of 40% (w/v) sodium acetate in 
water, and dilute with 30% (v/v) methanol in 0.1 N 
hydrochloric acid to volume. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

2 A suitable cartrtdge is the Waters Oasis MAX Vac RC cartridge, particie 
30 pm, part 186000371. 
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Modę: LC 

Detector: UV 200 nm 
Column: 4.6-mm x 25<m; packing LI 
Flow ratę: 2 ml/min 
Injection vofume: 100 jiL 
System suftabHity 

Sam pies: Standard sotution and a portion of Standard 
solution that has undergone Solid-phase extraction 
Suitability requirements 
Tafling factor: NMT 1.5, Standard solution 
Relative standard deviation: NMT 2.0%, Standard 
solution and Standard solution that has undergone 
Sofid-phase extraction 

Recovery: 95%-100%, Standard solution that has un¬ 
dergone Solid-phase extroction 
Analysis 

Samples: Standard sotution and Sample solution that 
have both undergone Solid-phase extraction 
Measure the responses for the biotin peak, Calculate 
the percentage of the labeled amount of biotin 
{C,t}H lfi N20iS} in the portion of Tablets taken: 

Result = (fu/rs) x (CsfQ } ) x 100 

ru = peak response from the Sampfe solution 

n - peak response from the Standard solution 

Cs - concentration of USP Biotin RS in the Standard 
solution (jig/mL) 

Co - nominał concentration of biotin in the Sample 
solution (pg/mL) 

Acceptance criteria: 9G.0%-150.0% of the labeled 
amount of biotin (CiaHjshbOjS) 

* Cyanocobalamin, Method 1 

[NOTĘ—Use low-actinic glassware throughout this 
procedurę.] 

Mobile phase: Methanol and water (7:13) 

Standard stock solution: 10 pg/mL of USP Cyanoco¬ 
balamin RS in water. [NOTĘ—Storę this stock solution in 
a dark place, and discard after 1 week.j 
Standard solution: 1 pg/mL of USP Cyanocobalamin 
RS from the Standard stock solution diluted with water 
Sample solution: Finely powder NIT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to a nominał 
amount of lOOpg of cyanocobalamin, to a 250-mL 
fiask. Quantitatively add 100,0 mL of water, and care- 
fully extract for 2 min. Fil ter 10 mL of the extract, and 
use the filtrate. 

Chromatographic system 
(See Chromatograpny (621), System Suitahility.) 

Modę: LC 
Detector: 550 nm 

Column: 4.6-mm x 15-cm; 5-pm packing 11 
Fiow ratę: 0.5 mL/rnin 
Injection yolume: 200 pL 
System su itability 
Sample: Standard solution 
Suftability requirement$ 

Relative standard deviatlon: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak responses for cyanocobalamin. Calcu- 
late the percentage of the labeled amount of cyanoco¬ 
balamin (CgiHs&CoNhOi^P) in the portion of Tablets 
taken: 

Result = (fu/f 5 ) x (Cs/Cu) x 100 

ru - peak response of cyanocobalamin from the 
Sample solution 

O = peak response of cyanocobalamin from the 
Standard soiution 

Q = concentration of USP Cyanocobalamin RS in 
the Standard soiution (pg/mL) 

Cu - nominał concentration of cyanocobalamin in 
the Sample sotution (pg/ml) 


Acceptance criteria: 90.0%-150.0% of the labeled 
amount of cyanocobalamin (C ć jHaBCoN 14 Oj 4 P) 

* Cyanocobalamin, Method 2 

[NoTE—Use low-actinic glassware throughout this 
procedurę.] 

Standard cyanocobalamin stock solution: I.Opg/mL 
of USP Cyanocobalamin RS in 25% alcohot. Storę in a 
refrigerato r. 

Standard solution: Dilute a suitable yolume of Standard 
cyanocobalamin stock solution with water to a measured 
yolume such that after the incubation period as di- 
rected in the Analysis , the difference in transmittance 
between the inoculated blank and the 5.0-mL !evel of 
the Standard solution is NLT that which corresponds to 
a difference of 1,25 mg in dried celi weight This con¬ 
centration usually fafls between 0.01 and 0,04 ng/mL of 
Standard sotution. Prepare this soiution fresh for each 
assay. 

Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powdered Tablets, equivalent to a 
nominał amount of 1.0 pg of cyanocobalamin, to an 
appropriate yessel containing, for each g of powdered 
Tablets taken, 25 mL of an agueous extracting solution 
repared just before use to eon tai n, in each T00 mL, 

.29 g of dibasie sodium phosphate, 1,1 g of anhydrous 
citric acid, and 1,0 g of sodium metabisulffte. Autodave 
the mixture at 121° for 10 min. Allow any undissolyed 
partrcles of the extract to settle, and filter or centrifuge 
if necessary. Dilute an aliquot of the elear solution with 
water to obtain a finał solution containing vitamm 
activity equivalent to the nominał actwity of the Stan¬ 
dard sotution. 

Add-hydrolyzed casein solution: Prepare as directed in 
Caicium Pantothenote, Method 2. 

Asparagine solution: Dissofve 2.0 g of L-asparagine in 
water to make 200 mL. Storę under toluene in a 
refrigerator. 

Adenine-guanine-uradl soiution: Prepare as directed 
in Caicium Pantofhenate ; Method 2. 

Xanthine solution: Suspend 0.20 g of xanthine in 
30-40 ml of water, heat to 70°, add 6,0 mL of 6 N 
ammonium hydroxide, and stir until the solid is dis- 
solved. Cool, and dilute with water to 200 mL. Storę 
under toluene in a refrigerator. 

Salt soiution A: Disso(ve 10 g of monobasic potassium 
phosphate and 10 g of dtbasic potassium phosphate in 
water to make 200 mL, and add 2 drops of hydrochloric 
acid. Storę this solution under toluene. 

Salt solution B: Disso!ve 4,0 g of magnesium sulfate, 
0.20 g of sodium ehloride, 0.20 g of ferrous sulfate, and 
0.20 g of manganese sulfate in water to make 200 mL. 
Add 2 drops of hydrochloric acid. Storę this solution 
under toluene. 

Po łyso rb a te 80 soiution: Dissolve 20 g of polysorbate 
80 in alcohol to make 200 mL. Storę in a refrigerator. 
Vitamin solution A: Dissołve 10 mg of riboflavm, 

10 mg of thiamine hydrochloride, 100 jag of biotin, and 
20 mg of niacin in 0,02 N glacial acetio acid to make 
400 mL, Storę under toluene, protected from light, in a 
refrigerator. 

Vitamin solution B: Dissolve 20 mg of p-aminobenzoic 
acid, 10 mg of caicium pantothenate, 40 mg of pyri- 
doxine hydrochloride, 40 mg of pyridoxal hydrochlo- 
ride, 8 mg of pyndoxamine dihydrochloride, and 2 mg 
of folie add in a mixture of water and neutralized alco¬ 
hol (3:1) to make 400 mL. Storę, protected from light, 
in a refrigerator. 

Basal medium stock solution: Prepare the medium ac- 
cording to the following formula and directions, A de- 
hydrated mixture containing the same ingredients may 
be used provided that, when constituted as directed in 
the labeling, it yields a medium comparable to that ob- 
tained from the formula given herein. 

Add the ingredients In the order listed accordlng to To¬ 
bie 2, carefully dissolving cystine and tryptophan in 
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the hydrochloric add before adding the next eight so- 
futions in the resulting solution. Ada 100 mL of water, 
and dissolve the dextrose, sodium acetate, and as- 
corbic add. Filter, if necessary. Add the Polysorbote 80 
solution, adjust with 1 N sodium hydroxide to a pH of 
between 5.5 and 6.0, and d ilu te with Punfied Water to 
250 mL. 


Tafale 2 


L-Cysltne 

0.1 q 

L*TrvDtODhan 

0.05 a 

1 N hydrochloric add 

10 mL 

Adenine^auanine-uracil solution 

5 mL 

Kanthine solution 

5 mL 

Viiamin soluLion A 

10 mL 

Vttamin solution B 

10 mi 

Salt solution A 

5 mL 

Salt solution B 

5 ml 

Asparaaine solution 

5 mL 

Add-lwdrolyzed casein solution 

25 mL 

Oextrose. anhydrous 

10 a 

Sodium acetale, anhydrous 

5q 

Ascorbic add 

i a 

Polysorbate BO solution 

5 mL 


Tomato jukę preparationr Centnfuge commerdalfy 
canned tomato juice so that most of the pulp is re- 
moved, Suspend 5 g/l of anafytical filier aid in the su- 
pernatant and pass, with the aid of reduced pressure, 
through a Jayer of the filter aid. Repeat, if necessary, 
until a elear, straw-colored fil tratę is obtained. Storę 
under toluene in a refrigerator. 

Cuiture medium: [NOTĘ—A dehydrated mixture eon- 
taining the same ingredients may be used provided 
that, when consEituted as directed in the iabeltng, it 
yields a medium equivalent to that obtained from the 
formula given herein.] DrssoIve 0,75 g of yeast extract, 
0.75 g of diied peptone, 1.0 g of annydrous dextrose, 
and 0.20 g of monobasic potassium phosphate in 
60-70 ml of water. Add 10 mL of Tomato juice prepara * 
tion and 1 ml of Polysorbote 80 solution . Adjust with 
1 N sodium hydroxide to a pH of 6,8, and dilute with 
water to 100 mL Place 10-mL portions of the soiution 
in test tubes, and pług with cotton. Sterilize the tubes 
and contents in an autodave at 121° for 15 min. Cool 
as rapidly as possible to avoid eolor formation resulting 
from overheating the medium. 

Suspension medium: Dilute a measured voiume of Ba¬ 
sa! medium stock solution with an egual volume of 
water. Place 10-mL portions of the diluted medium in 
test tubes. Sten liże, and coo! as directed for Cuiture 
medium , 

Stock cuiture of Lactobodlius teichmannii ; To 100 ml 
of Cuiture medium add L0-1.5 g of agar, and beat the 
mixture on a steam bath, with stirring, until the agar 
dissolves. Place 10-mL portions of the hot solution into 
test tubes, eover the tubes, sterilize at 121° for 15 min 
in an autoclave (exhaust linę temperaturę), and allow 
the tubes to cool in an uprighl position. InocuJate three 
or morę of the tubes by stab transfer of a pure cuiture 
of Lactobodlius teichmannii.* [Notę —Before first using a 
fresh cuiture in this assay, make NLT 10 successive 
transfers of the cuiture in a 2-week period,] Incubate for 
16-24 h at a temperaturę between 30 D and 40 p held 
constant to within ±0.5°. Storę in a refrigerator, 

Prepare fresh stab cultures at teast three limes each 
week, and do not use them for preparino the Inoculum 
if morę than 4 days ofd. The activity of tne mitroor- 
ganism can be inereased by daily or twice-daily trans- 

1 Pure cultures of Lactoboalius teichmannii (llstecf as Lactobodlius ćelbrueRii) 
may be oblainecl as No. 7830 from ATCC, T0B01 UniversiLy Blvd., Manassas, 
VA 201 10-2209 (www.atcc.org). 


fer of the stab cuiture, to the point where definite tur- 
bidity in the llquid Inoculum can be observed 2-4 h 
after inoculation, A slow-growing cuiture seldom gives 
a suitable response curve and may lead to erratic 
results, 

fnoculum; [Notę—A frozen suspension of Lactobodlius 
leichmannii may be used as the stock cuiture, proylded 
tt yields an Inoculum comparable to a fresh cuiture,] 
Make a transfer of celis from the Stock cuiture of Lacto- 
bacillus leichmannii to two stenie tubes each containing 
10 ml of the Cuiture medium . Incubate these cultures 
for 16-24 h at a temperaturę between 30° and 40 € 
heJd constant to within ±0,5°, Under aseptic conditions 
centnfuge the cultures, and decant the supematant, 
Suspend the cells from the cuiture in 5 mL of stenie 
Suspens/on medium , and combine. Using stenie Suspen¬ 
sion medium , adjust the volume so that a 1-in-20 ailu- 
tion in salinę T5 produces 70% transmittance when 
read on a suitable spectrophotometer that has been set 
at a wave!enqth of 530 nm, eąuipped with a 10-mm 
celi, and read against salinę T5 set at 100% transmit¬ 
tance. Prepare a l-in-400 dilution of the adjusted sus¬ 
pension using Basal medium stock soiution . [Notę—T his 
dilution may be aftered, when necessary, to obtain the 
desired test response.] the celi suspension so obtained 
is the Inoculum. 

Cafibration of spectrophotometer: Check the wave- 
length of the spectrophotometer periodicaliy, using a 
standard wavelength celi or other suitable deviee, 

Before reading any tests, calibrate the spectrophotome¬ 
ter for 0% and 100% transmittance, using water and 
with the waveiength set at 530 nm, 

Analysis 

Samples: Standard solution and Somple solution 
Because of the high sensitivity of the test organism to 
minutę amounts of vitarnin Bu activity and to traces of 
many cieansing agents, cleanse meticuiously by sui Ła¬ 
bie means, foffowed preferably by heating at 250° for 
2 h, using hard-glass 20-mm x 150-mm test tubes and 
other necessary glassware. 

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 
3.0, 4,0, and 5,0 mL of the Standard solution , To each 
of these tubes and to four similar empty tubes add 
5.0 mL of Basal medium stock solution and s uff rei en t 
water to make 10 mL. 

To similar separate test tubes add, in duplicate, 1.0, 

1.5, 2.0, 3,0, and 4.0 mL of the Sample soiution . To 
each tubę add 5.0 ml of Basal medium stock solution 
and sufficient water to make 10 mL. Place one com- 
plete seL of Standard and sample tubes together in 
one Lube rack and the duplicate set in a second rack 
or sec tion of a rack, preferably in random order. 

Cover the tubes to prevent bacterial cantami nation, 
and sterilize in an autoclave ai 121° for 5 min, arrang- 
ing to reach this temperaturę in NMT 10 min by 
preheatmg the autoclave if necessary. Cool as rapidly 
as possible to avoid eolor formation resulting from 
overheating the medium. Take precautions to maintain 
uniformity of sterilizing and coolina conditions 
throughout the assay, because packing the tubes too 
closely in the autocfave or overloading it may cause 
variation in the heating ratę, 

Asepticaily add 0.5 mL of inoculum to each tubę so pre- 
pared, except two of the four containing no Standard 
soiution (the uninoculated blanks), Incubate the tubes 
at a temperaturę between 30° and 40°, held constant 
to within ±0.5*, for 16-24 h. 

Terminale growth by heating to a temperaturę NLT 80° 
for 5 min. Cool to room temperaturę. After agitating 
contents, place the Container in a spectrophotometer 
that has been set at a wave!ength of 530 nm, and 
read the transmittance when a steady State is reached, 
This steady State is observed a few seconds after agita- 
tion when the reading remains constant for 30 s or 
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morę. Al Iow approxtmately the same time interva3 for 
the reading on each tubę, 

With the transmittance set at 100% for the uninocu- 
lated blank, read the transmittance of the inoculated 
blank. If the difference is greater than 5%, or if there 
is evidence of eontamination with a foreign microor- 
ganism, disregard the results of the assay. 

With the transmittance set at 100% for the uninocu- 
lated blank, read the transmittance of each of the re- 
maining tubes. Disregard the results of the assay if the 
slope of the standard curve indicates a problem with 
sensitrvity. 

Calculation: Prepare a standard concentration-re- 
sponse curve by the foli owi ng procedurę. Test for and 
rep face any aberrant mdividual transmittances. For 
each Eevet of the Standard, calculate the response from 
the sum of the duplicate values of the transmittances 
(£) as the difference, y = 2.00 - Z. Plot this response 
on the ordinate of cross-section paper against the log- 
arlthm of the ml of Standard solution per tubę on the 
abscissa, using for the ordinate either an anthmetic or 
a logarithm ic scalę, whichever gives the better approx- 
Imation to a straight linę. Draw the straight linę or 
smooth curve that best fits the plotted ooints. 

Calculate the response, y, adding togę tri er the two 
transmittances for each level of the Sample solution , 
Read from the standard curve the logarithm of the 
volume of the Standard solution correspondjng to 
each of those values of y that falls witrnn the rangę of 
the lowest and highest points plotted for the Stan¬ 
dard. Subtract from each logarithm so obtained the 
logarithm of the volume, in mL, of the Sample solu¬ 
tion to obtain the difference, X, for each dosage leveL 
Average the values of X_for each of three or morę 
dosage leve!s to obtain X, which eguals the log-rela- 
tive potency, M\ of the Sample solution . 

Determine the quantlty, in pg, of USP Cyanocobala- 
min RS correspondEng to the cyanocobalamin in each 
mg of the portion of Tablets taken: 

anttlog M - antilog { M f + fog R) 

R - number of pg of cyanocobalamin assumed to 
be present in each mg in the portion of 
Tablets taken 

Replkation: Repeat the entire determination at least 
once, using separately p repa red Sample Solutions , If the 
difference betweerMthe two log-potencies M is NMT 
0.08, their mean, M, is the assayed log-potency of the 
test materiał (see Design and Analysis of Riological As¬ 
say s (111), The Confldence Inlerwl and Limits of Po¬ 
tency). If the two determinations differ by morę than 
0.08, conduct one or morę additional determinations. 
From the mean of two or morę values of M that do 
not differ by morę than 0,15, compuLe the mean po¬ 
tency of the preparation under assay. 

Acceptance critena: 90.0%-1 50.0% of the labeled 
amount of cyanocobalamin (C^HsaCoNnOuP) 

Fouc Acid, Method 1 

[Notę—U se low-actinic glassware Lhroughout thts 
procedurę] 

Reagent A: 25% solution of tetra bu tyłam monium hy- 
droxide in methanol 

Reagent B; Transfer 5.0 g of pentetic acid to a 50-mL 
volumetric fiask. Using sonication if necessary, dissolve 
in and dilute with 1 N sodium hydroxide to volume. 

Mobile phase: 2 g of monobasic potassium phosphate 
in 650 mL of water. Add 12.0 mL of Reagent A, 7,0 mL 
of 3 N phosphoric add, and 240 mL of methanol Cool 
to room temperaturo, adjust with phosphoric acid or 
ammonia TS to a pH of 7,0, di lute with water to 
1000 ml, and filter. Recheck the pH before use by add- 
Eng water or methanol to the prepared Mobile phase to 
obtain baseifne separation of folie acid and the interna! 
standard. The pH may be inereased up to 7,15 to ob¬ 


tain better separation, [Notę—T he methanol and water 
content may be varied (between 1% and 3%).] 

Internat standard solution: Transfer 40 mg of methyl- 
paraben to a 1000-mL volumetric fiask, and add 
220 mL of methanol to dissolve. Dissolve 2.0 g of mon- 
obasic potassium phosphate in 300 mL of water in a 
sępa ratę beaker, quantitatively transfer this solution to 
the fiask containing the methylparaben solution, and 
add an additional 300 mL of water. Add 1 9 ml of Rea¬ 
gent A t 7 mL of 3 N phosphoric add, and 30 mL of Rea¬ 
gent 8 , Adjust with ammonia TS to a pH of 9.8, bubble 
nitrogen through the solution for 30 min, dilute with 
water to volume, and mix. 

Standard solution: 0.016 mg/mL of USP Folie Acid RS 
in Interna! standard solution 

Sample solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to a nominał 
amount of 0.4 mg of folie add, to a 50-mL amber- 
colored centrifuge tubę. Add 25,0 mL of Interna! stan¬ 
dard solution , shake by mechanical means for 1 0 min, 
and centrifuge, Filter a portion of the elear supematant, 
and use the liltrate. 

Chromatographic system 
(See C hromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 3.9-mm x 30-cm; packing LI 
Flow ratę: 1 mL/min 
Injection volume: 15 jiL 
System suitability 
Sample: Standard solution 

[Notę—T he relative retention times for folie add and 
methylparaben are about 0.8 and 1.0, res pecti vely«] 

Surtability requiremenfs 
Relatfve standard deviation: NMT 3.0% 

Analysis 

Samples: Standard so/uf/on and Sample solution 
Measure the peak areas for fotic acid and methylpara¬ 
ben. Calculate the percentage of the labeled amount 
of folie acid (CisHi^Gó) in the portion of Tablets 
taken: 

Resuft - (Ru/Rs) x (Cs/Cu) x 100 

Ru - peak area ratio of folie acid to methylparaben 
from the Sample solution 

R s = peak area ratio of folie acid to methylparaben 
from the Standard solution 
C 5 - concentration of USP Folie Add RS in the 
Standard solution (pg/mL) 

Cu - nominał concentration of folie acid in the 
Sample solution (pg/mL) 

Acceptance criteria: 90,0%-150.0% of the labeled 
amount of folie acid (Cti>FhyN 70 ń) 

* Fouc Acid, Method 2 

[NOTĘ—Use law-actimc glassware throughout this 
procedurę.] 

Reagent: Dissolve 7.5 g of edetate disodium, with stir- 
rlng, in 500 mL of water containing 10 mL of ammo- 
nium hydroxrde. 

Diluent: 60 jig/mL of ammonium hydroxide 
Mobile phase: Transfer 0.4 mL of trlethylamine, 15 ml 
of giacial acetic acid, and 350 mL of methanol to a 
2000-mL volumetnc fiask, and dilute with 0,008 M so¬ 
dium l -hexanesulfonate to volume. 

Standard stock solution: 60 pg/mL of USP Folie Acid 
RS in Diluent. Prepare this solution fresh daily. 

Standard solution: Mix 5.0 mL of Standard stock solu¬ 
tion with 10.0 mL of methanol and 35.0 mL of Reagent , 
shake for 15 min En a water bath maintained at 60 c , 
and cool. Filter, discarding the first few mL of the 
fil tratę. 

Sample solution: Transfer a portion of finely powdered 
Tablets, equiva!ent to a nominał amount of 0.3 mg of 
folie acid, to a 125-mL stoppered fiask. Add 10.0 mL of 
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methanol and 35.0 mL of Reagent Shake for 15 min rn 
a water bath maintarned at 60 c , and cool. Filier, dis- 
carding the first few ml of the filtrate. 
Chromatographk system 
(See Ćhromatogmpfiy (621), System Suitability.) 

Modę: LC 

Detector: UV 270 nm 

Column: 4.6-mm x 25-cm; packing L7 

CoKimn temperaturę: 50° 

Flow ratę: 2 mL/mm 
Injection volume: 5 pL 
System suitability 
Sam ple: Standard solution 
Suitability requlrements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the areas of the major peaks. Calcuiate the 
percentage of the labeled amount of folie acid 
(C ig H t9 N ? 0 6 ) in the portion of Tablets taken: 

Result - (ru/r s ) x (O/G) x 100 

r u - peak area of folie acid from the Sample 
solution 

r* - peak area of folie acid from the Standard 
solution 

C s - concentration of USP Folk Acid RS in the 
Standard solution (pg/mL) 

Cu = nominał concentration of folie acid in the 
Sample solution (pg/mL) 

Acceptance arteria: 90.0%-150.0% of the labeled 
amount of folie acid (Ci 9 H T9 N 7 0*) 

* Calcium Pantothenate, Method I 

Mobile phase: Phosphoric acid and water (1:1000) 
Interna! standard solution: S0 mg of p-hydroxybenzoic 
acid in 3 mL of alcohol. Add 50 mL of water and 7.1 g 
of dibasic sodium phosphate, and dii u te with water to 
1000 mL. Adjust with phosphoric acid to a pH of 6.7. 
Standard solution: 0.6 mg/mL of USP Cafcium Panfo- 
thenate RS in Internat standard solution 
Sample solution: Flnely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivafent to a nominał 
amount of 15 mg of calcium pantothenate, to a centri- 
fugę tubę. Add 25.0 mL of the internal standard solu- 
tion f and shake vigorously for 10 min. Gentrifuge, fiiter, 
and use the elear filtra te. 

Chromatographk system 
(See Chromatogrophy (62 1 >, System Suitability.} 

Modę: LC 

Detector: UV210nm 
Cofurnn: 3.9-mm x 15-cm; packing LI 
Flow ratę: 1.5 mL/min 
Injection voiume: lOpL 
System suitability 
Sample: Standard solution 

[Noi£“The relative retention times for calcium panto¬ 
thenate and p-hydroxybenzaic acid are about 0.5 and 
1.0, respectively.] 

Suitability reguirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak responses for calcium pantothenate 
and the internal standard. Calcuiate the percentage of 
the labeled amount of calcium pantothenate 
(CrabbiCalShOio) in the portion of Tablets taken: 

Result ^ (Ru/R s ) x (C s /Q,) x 100 

Ru - peak response ratio of calcium pantothenate 
to p-hydroxyben 2 oic acid from the Sample 
solution 


Ri = peak response ratio of calcium pantothenate 
to p-hydroxybenzoic acid from the Standard 
solution 

C s - concentration of USP Calcium Pantothenate 
RS rn the Standard solution (mg/mL) 

Cu = nominał concentration of calcium 

pantothenate in the Sample solution (mg/mL) 
Acceptance criteria: 90,G%-150.0% of the labeled 
amount of calcium pantothenate (CisHizCaNiOto) 

* Calcium Pantothenate, Method 2 

Standard stock solution: Dissolve 50 mg of USP Cal¬ 
cium Pantothenate RS, previously dried and stored in 
the dark over phosphorus pentoxide while protected 
from absorption of moisture during the weighing, in 
500 mL of water in a 1000-mL volumetric fiask. Add 
10 mL of 0.2 N acetic acid and 100 mL of sodium ace¬ 
tale solution (1 in 60), and dilute with water to volume 
to obtain a concentration of 50 pg/mL of USP Calcium 
Pantothenate RS. Storę under toluene in a refrigerator. 
Standard solution: On the day of the assay, dilute a 
volume of Standard stock solution with water to obtain a 
concentration of 0.01-0.04 pcj/mL of catcium panto¬ 
thenate, the exact concentration being such tnat the 
responses obtained as directed in Analysis , 2.0-4.0mL 
of the Standard solution being used, are within the lin- 
ear portion of the log-concentratron response curve. 
Sample solution: Finely powder NLT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalenl to a nominał 
amount of 50 mg ar calcium pantothenate, to a 
1000-mL vo!umetric fiask containing 500 ml of water. 
Add 10 mL of 0.2 N acetic acid and 100 mL of sodium 
acetale solution (16.66 mg/ml), dilute with water to 
volume, and filter. Dilute a volume of this solution to 
obtain a solution with approximately the same concen¬ 
tration as that of the Standard solution. 

Add-hydrolyzed casein solution: Mix 100 g of vita- 
min-free casein with 500 mL of 6 N hydrochioric acid, 
and reflux the mixture for 8-12 h. Remove the hydro- 
chlork acid from the mixture by distillation under re- 
duced pressure until a thick pastę remains. RedlssoIve 
the resuiting pastę in water, adjust the solution with 
1 N sodium hydroxide to a pH of 3.5 ±0.1, and dilute 
with water to 1000 mL. Add 20 g of activated charcoal, 
stir for 1 h, and filter. Repeat the treatment with acth 
vated charcoal. Storę under toluene in a coo! place at a 
temperaturę NLT 10*. Filter the solution if a precipitate 
forms during storage. 

Cystine-tryptophan solution: Suspend 4.0 g of L-tys- 
tine and 1.0 g of L-tiwtophan (or 2.0 g of 
D,L-tryptophan) tn 700-800 mL of water, heat to 
70 o -8Ó°, and add dilute hydrochloric add (1 in 2) 
dropwise, with stirring, until the solids are dissolved. 
Cool, and dilute with water to 1000 mL, Storę under 
toluene in a cool place at a temperaturę NLT 10°. 
Adenine-guanine-uradl solution: Dissolve 200 mg 
each of adenine sulfate, guanine hydrochloride, and 
uracil, with the a id of heat, in 10 mL of 4 N hydrochlo¬ 
ric acid. Cool, and dilute with water to 200 ml. Storę 
under toluene in a refrigerator. 

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 
in alcohol 

Riboflavin-thiamine hydrochloride-biotin solution: 

20 pg/mL of riboflavin, 10 pg/mL of thiamme hydro- 
chlonde, and 0.04 pg/mL of biotin in 0.02 N acetic 
acid. Storę under toluene, pmtected from light, in a 
refrigerator, 

p-Aminobenzoic add-niacin-pyridoxine hydrochloride 
solution: lOpg/mL of p-aminobenzoic acid, 50pq/mL 
of niacin, and 40 pg/mL of pyridoxine hydrochloride in 
a mixture of neutralized alcohol and water (1:3), Storę 
in a refrigerator. 

Salt solution A: Dissoive 25 g of monobasic potassium 
phosphate and 25 g of dibasic potassium phosphate in 
water to make 500 mL. Add 5 drops of hydrochloric 
acid. Storę under toluene. 
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Salt solution B: Dissolve 10 g of magnesium sulfate, 

0,5 g of sodium chloride, 0.5 g of ferrous sulfate, and 
0.5 g of manganese sulfate tn water to make 500 ml. 
Add 5 drops of hydrochfonc acid. Storę under toluene. 
Basal medium stock solution: Disso!ve the anhydrous 
Dextrose and anhydrous Sodium acetote in the Solutions 
previous(y mixed according to Tobie 3, and adjust with 
1 N sodium hydroxide to a pH of 6,8. Dilute with water 
to 250 mL. 


labie 3 


Acid-hvctrolvzed casein solution 

25 mL 

Cvstine~trvDtophan solution 

25 mL 

Pofysorbate SO solution 

0.25 ml 

De xt rosę. anhydrous 

10 q 

Sodium acetale. anhydrous 

5 g 

Adenine-cruanine-uracil solution 

5 mL 

Riboflayin-thiamine hydrochloride-biotln solution 

5 mL 

p-Aminobenzoic add“niadn-pyridoxine hydrochlo- 
ride solution 

5 mL 

Salt solution A 

5 mL 

Salt solution B 

5 mL 


Stock culture of Lactobacilius plantarum: Disso!ve 
2.0 g of yeast extract in 100 mL of water; add 500 mg 
of anhydrous Dextrose f 500 mg of anhydrous Sodium 
acetote, and 1 >5 g of agar; and heat the mixture on a 
steam ba tli, with stirring, until the agar dtssoh/es. Add 
10-ml portions of the hot solution to the test tubes, 
cJose or cover the tubes, sterilize in an autoclave at 
121 p , and allow the tubes to cool in an upright posi- 
tion, Prepare stab cultures in three or morę of the 
tubes, using: a pure culture of Lactobacilius plantarum\ 
incubating for 16-24 h at a temperaturę between 30° 
and 37° he!d constant to with i n ±0,5°. Storę in a refrig- 
erator. Prepare a fresh stab of the stock culture every 
week, and do not use for Irtoculum if the culture is morę 
than 1 week old. 

Culture medium: To each of a series of test tubes con- 
taining 5.0 ml of Basal medium stock solution add 
5,0 mL of water containing 0.2 pg of calcium panto¬ 
thenate. Pług the tubes with cotton, sterilize in an auto- 
clave at 121°, and cool. 

Inoculumr [Notę—A frożen suspension of Lactobacilius 
plantarum may be used as the stock cutture, provided it 
yieids an Inoculum comparable to a fresh culture.] Trans¬ 
fer cells from the Stock culture of Lactobacilius plantarum 
to a sterile tubę containing 10 mL of Culture medium . 
Incubate this culture for 16-24 h at a temperaturę be¬ 
tween 30 p and 37° held constant to within ±0,5°. The 
celi suspension so obtained is the Inoculum. 

Analysis 

Sam pies: Standard solution and Sample solution 
To simiiar separate test tubes add, tn duplicate, 1,0 
and/or 1,5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard 
solution. To each tubę and to four simiiar empty tubes 
add 5.0 ml of Basal medium stock solution and suffi- 
dent water to make 10 mL. 

To simiiar separate test tubes add, in duplicate, volumes 
of the Sample solution corresponding to three or morę 
of the levels specified for the Standard solution, includ- 
ing the !evels of 2.0, 3.0, and 4.0 mL. To each tubę 
add 5.0 mL of the Basal medium stock solution and suf- 
ficient water to make 10 mL. Place one complete set 
of Standard and sample tubes together in one tubę 
rack and the duplicate set in a second rack or section 
of a rack, preferably in random order, 

Cover the tubes of both series to prevent contamina- 
tion, and sterilize in an autodave at 121° for 5 min, 
Cool, and add 1 drop of Inoculum to each tubę, ex- 
cept two of the four tubes containing no Standard so¬ 
lution (the uninoculated blanks). Incubate the tubes at 


a temperaturę between 30° and 37 a , held constant to 
within +0,5° until, following 1 6-24 h of ineubation, 
fhere has been no substantial inerease in turbidity in 
the tubes containing the highest level of Standard dur- 
ing a 2-h period, 

Determine the transmittance of the tubes in the folfow- 
ing ma n ner, Mix the contents of each tubę, and trans¬ 
fer to an optical Container if necessary. Place the Con¬ 
tainer in a spectrophotometer that has been set at a 
specific wavelength between 540 and 660 nm, and 
read the transmittance when a steady State is reached. 
This steady State is observed a few seconds after agita- 
tion when the galvanometer reading remains constant 
for 30 s or morę, Allow approximately the same time 
intervai for the reading on each tubę, 

With the transmittance set at 1,00 for the uninoculated 
blank, read the transmittance of the Enoculated blank. 
With the transmittance set at 1.00 for the Inoculated 
blank, read the transmittance for each of the remain- 
ing tubes. If there is evidence of contamination with a 
foreign mlcroorganism, disregard the result of the 
assay. 

Calcuiation: Prepare a standard concentradon-re- 
sponse curve as foliows. For each Ievel of the Stan¬ 
dard, calculate the response from the sum of the du¬ 
plicate values of the transmittance (Ż) as the 
difference, y = 2.00 - Z. Plot this response on the 
ordinate of cross-section paper against the logarithm 
of the mL of Standard solution per tubę on the ab- 
sdssa, using for the ordinate either an arithmetlc or a 
logarithmic scalę, whichever gives the better approxi- 
ma tion to a straight linę. Draw the straight linę or 
smooth curve that best fits the plotted points. 

Calculate the response, y f add ing together the two 
transmlttances for each Jevel of the Sample solution, 
Read from the standard curve the logarithm of the 
vo!ume of the Standard solution corresponding to 
each of those values of y that fali within the rangę of 
the lowest and highest points plotted for the Stan¬ 
dard. Subtract from each logarithm so obtained the 
logarithm of the volume, in mL, of the Sample solu¬ 
tion to obtain the difference, X, for each dosage level. 
Average the values of X jpr each of three or morę 
dosage !evels to obtain X, which eguals the log-rela- 
ttve potency, M', of the Sample solution . 

Determine tne quantity, in mg, of USP Calcium Pa nto- 
thenate RS corresponding to the calcium pantothen- 
ate in each mg of the portion of Tablets taken: 

antilog M = antilog (M' + log R) 

R - number of mg of calcium pantothenate 

as su med to be present in each mg in the 
portion of Tablets taken 

Replicaiion: Repeat the entire determination at teast 
once, using separately prepared Sample Solutions. If the 
difference betweenjhe two log-potencies M is NMT 
0,08, their mean, M, is the assayed log-potency of the 
test materiał (see Design and Analysis of Biologicol As- 
soys (111), The Confiaence interwal and Limits of Po¬ 
tency). If the two determinations dlffer by morę than 
0.08, conduct one or morę additional determinations. 
From the mean of two or morę va!ues of M that do 
not dlffer by morę than 0.15, compute the mean po¬ 
tency of the preparation under assay. 

Acceptance criteria: 9Q,0%-150.Q% of the labeled 
amount of calcium pantothenate (CisH^CaNiOio) 

* Calcium Pantothenate, Method 3 

Buffer solution: 5.0 mg/mL of monobasic potassium 
phosphate in water. Adjust with phosphoric add to a 
pH of 3.5. 

Mobile phase: Methanol and Buffer solution (1:9) 

Standard stock solution: 0.25 mg/mL of USP Calcium 
Pantothenate RS in water. Prepare fresh every 4 weeks. 
Storę in a refrigerator. 
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Standard solution: 40 jig/mL of USP Caldum Panto¬ 
thenate RS from Standard stock solution diluted with 
water 

Sample solution: Finely powder NLT 20 Tablets. Trans¬ 
fer a portion of the powder, equivalent to a nominał 
amount of 10 mg or caldum pantothenate, to a 
250-mL volumetric fiask. Add 1 0 mL of methanol, and 
swirl the fiask to disperse. Difute with water to volume, 
mix, and filter, 

Chromatographic system 
(See Chromatograf ny {621), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 

Column: 3.9-mm x 30-cm; 5-j.im packmg LI 

Coiumn temperaturę: 50° 

Flow ratę: 2 mL/min 
Injection voiume: 25 jll 
System suitability 
Sample: Standard solution 
Suitability reąuirements 
Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for caldum pantothenate, Cal- 
culate the percentage of the labeled amount of cal- 
cium pantothenate (CtaHjjCaNjOjo) in the portion of 
Tablets taken: 

Result = (r y /r s ) x (Cs/Cy) x 100 

r u = peak area from the Sample solution 

r s = peak area from the Standard solution 

Q = concentration of USP Caldum Pantothenate 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of calcium 

pantothenate in the Sample solution (mg/mL) 
Acceptance criteria: 90.0%-150.0% of the labeled 
amount of calcium pantothenate (C^H^CaNiOto) 

* NiACIN OR Miacinamide, Pyrjdoxine Hydrochloride, Ribo 
flavin, and Thiamine, Method 1 
[Notę —Use low-actinic glassware throughout this 
procedurę,] 

Diluent: Acetonitrile, gladal acetic add, and water 
(5:1:94) 

Mobile phase: A mixture of methanol, glacial acetic 
add, and water (27:1:73) containing 140 mg of sodium 
1 -hexanesuifonate per 100 mL 
Standard solution: [NOTĘ—Use USP Niacin RS in place 
of USP Miacinamide RS for formulations containing nia- 
dn>] Transfer 80 mg of USP Miacinamide RS, 20 mg of 
USP Pyhdoxine Hydrochloride RS, 20 mg of USP Rioofla- 
vin RS, and 20 mg of USP Thiamine Hyarochlonde RS 
to a 200-mL volumetrk fiask, and ada 180 mL of Dilu¬ 
ent Immerse the fiask tn a hot water bath maintained 
at 65°-70 & for 10 min with regular shaking, or using a 
vortex mixer, until ail the solid materials are dissolved. 
Chill raptdly In a cold water bath for 10 min to room 
temperaturę, and di lute with Diluent to volume. 

Sample solution: Finely powder MIT 30 Tablets. Trans¬ 
fer a portion of the powder, equivalent to a nominał 
amount of 10 mg of niacinamide and 2.5 mg each of 
pyrtdoxine hydrochloride, ribof!avln, and thiamine hy- 
drochloride, to a 50-mL centrifuge tubę. Add 25.0 mL 
of Diluent , and mix using a vortex mtxer for 30 s to 
completeiy suspend the powder, Immerse the centri¬ 
fuge tubę tn a hot water bath maintained at 65°-7G d , 
heat for 5 min, and mix on a vortex mixer for 30 s. 
Return the tubę to the hot water bath, heat for another 
5 min, and mix on a vortex mtxer for 30 s. Riter a 
portion of the solution, cool to room temperaturę, and 
use the elear filtrate. [NOTĘ—Use the fil tratę within 3 h 
of filtrat!on.] 


Chromatographic system 
(See Chromatograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 
Column: 3.9-mm x 30-cm; packing LI 
Flow ratę: I mL/mtn 
Injection voluine: 10 pL 
System suitability 
lampie: Standard solution 

[Notę—T he relatlve retention times for niacinamide, 
pyridoxine, riboflavin, and thiamine are about 0,3, 0.5, 
0.8, and 1.0, respeetivefy.] 

Suitability requirements 
Rełative standard deviatlon: NMT 3,0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the peak areas for niacin or niacinamide, pyri- 
doxine, riboflavin, and thiamine. Calculate the percent¬ 
age of the labeled amount of niacinamide (GH^N^O) 
in the portion of Tablets taken: 

Result = (ft/M) x (Cs/C u) x 100 

r y - peak area of niacinamide from the Sample 
solution 

r% = peak area of niacinamide from the Standard 
solution 

Cs - concentration of USP Niacinamide RS in the 
Standard solution (mg/mL) 

Cy = nominał concentration of niacinamide in the 
Sample solution (mg/mL) 

For formulations containing niacin: 

Result - (r u /r) x (ts/Cu) x 100 

ry - peak area of niacin from the Sample solution 

r 5 = peak area of niacin from the Standard solution 

Cs = concentration of USP Niacin RS in the 
Standard solution (mg/mL) 

Cu - nominał concentration of niacin in the Sample 
solution (mg/ml) 

Separately calculate the percentage of the labeled 
amount of pyridoxtne hydrochloride (C fl HnNOi ■ HCI), 
riboflavin (Cr/HzoNjOt), and thiamine hydrochloride 
(CtzHi 7 GN,iÓS ■ HCI) in the portion of Tablets taken: 

Result = (ry/n) x (C 5 fCu) x 100 

r if = peak area of the correspondlng vitamln from 
the Sample solution 

r% - peak area of the corresponding vitamin from 
the Standard solution 

Cs - concentration of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

Cy = nominał concentration of the corresponding 
vitamin in the Sample solution (mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the labeled amount of thiamine 
mononitrate (Ci 2 HifNsQ 4 $) in the portion of Tablets 
taken: 

Result - (fu/rs) x (Cs/Cu) x (Mn/Ma) x 100 

fu - peak area of thiamine from the Sample 
solution 

r* “ peak area of thiamine from the Standard 
solution 

Ci = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 

Mn - molecular weight of thiamine mononitrate, 
327.36 

Mri - molecular weight of thiamine hydrochloride, 
337.27 
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Acceptance criteria: 9Q.0%-150.0% of the labeled 
amount of niadnamide (CthUsbO), niacin (C 6 HsN0 2 ) t 
pyridoxine hydrochloride (C B HnN0 3 - HCI), riboflavin 
{C 1 7 H 20 N 4 O ń ), and thiamine as thiamine hydrochloride 
(Ci 2 H T? CIN 4 OS ■ HO) or thiamine mononrtrate 
{Ci 2 H x? N s O ą S) 

* Niagn, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Solution A: Transfer 1 ml of glacial acetic acid and 
2,5 g of edetate disodium to a IGO-mL volumetric fiask, 
Dissolve in and dilute with water to volume. 

Extraction solvent: Solution A and methanol (3:1) 
Mobile phase: 0,1 M sodium acetate solution 
(13.6 mg/mL of sodium acetate in water). Adjust with 
acetic acid to a pH of 5.4. [Ngte—A smali amount of 
methanol (up to 1%) may be added to the Mobile 
phase to improve resolution.] 

Standard stock solution: 1 mg/mL of USP Niacin RS in 
Extraction so!vent 

Standard solution: Transfer 5.0 mL of Standard stock 
solution to a 25-mL volumetric fiask, and dilute with 
Extracthn solvent to volume. 

S ample solution: [NO?e—T his preparation is suitable for 
the determination of niacin or niadnamide, pyridoxine, 
and nbofiavm, when present in the formulation.] Finely 
powder NLT 20 Tablets. Transfer a portion of the pow¬ 
der, equivaient to a nominał amount of 2 mg of ribofla- 
vin, to a 200-mL volumetnc fiask, If r]boflavin is not 
present in the formuJation, use a portion of the powder 
equivalent to a nominał amount of 2 mg of pyridoxine. 
If pyridoxine is not present in the formulatton, use a 
portion of the powder equivaJent to a nominał amount 
of 20 mg of niacin or niadnamide. Add 100.0 mL of 
Extraction solvent t and mix for 20 mm, ustna a wrist- 
action shaker. fmmerse the fiask in a water bath main- 
tained at 70 a ~75°, and beat for 20 min, Mix on a vor- 
tex mtxer for 30 s, cool to room temperaturę, and filier. 
Use the elear filtrate. 

Chroma tographic system 
(See Chromatogropny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Ffow ratę: 1 mL/min 
Injection volume: 20 pL 
System suitability 
Sam ple: Standard solution 
Suitability requirements 
Refative standard deviation: NMT 3.0% 

[Notę—I f necessary, flush the column with methanol 
between mjections.] 

Anafysis 

Sam pies: Standard solution and Sampie solution 
Measure the peak areas for niacin. Calculate the per¬ 
centage of the labeled amount of niacin (CńhLNOa) in 
the portion of Tablets taken: 

Result - (ru/rj) x (Q/C u ) x 100 

fu = peak area of niacin from the Sampie solution 

r s - peak area of niacin from the Standard solution 

Cs - concentration of USP Ntacin RS in the 
Standard solution (mg/mL) 

Co = nominał concentration of niacin in the Sampie 
solution (mg/mL) 

Acceptance criteria: 9Q.0%-150.0% of Lhe labeled 
amount of niacin (C 6 H 5 NG 2 ) 

« Neacinamide, Method 2 

[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Extraction soivent, Mobile phase, Standard stock solu* 
tion, Standard solution, Sampie solution, and Chro- 
matographrc system: Using USP Niadnamide RS in 


place of USP Niacin RS, proceed as directed in Niacin , 
Method 2. 

Analysrs 

Samples: Standard solution and Sampie solution 
Measure the peak areas for macinamide. Calculate the 
percentage of the labeled amount of niaciniamide 
{CfiHńN^O) in the portion of Tablets taken: 

Result = (fy/rj) x (C s /Cy) x 100 

r u = peak area of niaciniamide from the Sampie 
solution 

n = peak area of niaciniamide from the Standard 
solution 

C s - concentration of USP Niadnamide RS in the 
Standard solution (mg/mL) 

Cu = nominał concentration of niadnamide in the 
Sampie solution (mg/mL) 

Acceptance criteria: 90,0%**150.0% of the labeled 
amount of niaciniamide (CeH^NiG) 

* Pyriooxine Hydrochloride, Method 2 

[NOTĘ—Use low-actinic glassware throughout this 
procedurę.] 

Extraction salvent. Mobile phase, and Sampie solu¬ 
tion: Prepare as directed in Niacin , Method Z 
Standard stock solution: 0.1 mg/mL of USP Pyridoxine 
Hydrochloride RS in Extroction solvent 
Standard solution: Transfer 5.0 mL of Standard stock 
solution to a 25-mL volumetnc fiask, and dilute with 
Extraction solvent to volume. 

Chromatographic system 
(See Chromatogropny (621 \ System Suitability.) 

Modę: LC 

Detector UV 254 nm 
Column: 4,6-mm x 25-cm; packing LI 
Flow ratę: 1 mL/min 
Injection voiume: 20 pL 
System suitability 
Sampie: Standard solution 
Suitability requirements 
ftelative standard deviatron: NMT 3.0% 

Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas for pyridoxine. Calculate the 
percentage of the labeled amount of pyridoxine hy- 
drochloricle (CgHnNOj ■ HCI) in the portion of Tablets 
taken: 

Result ~ (r u /n) x (Cs/Cy) x 1 00 

r u - peak area of pyridoxine from the Sampie 
solution 

r$ - peak area of pyridoxine from the Standard 
solution 

Cs = concentration of USP Pyridoxine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of pyridoxine 
hydrochloride in the Sampie solution 
(mg/mL) 

Acceptance criteria: 90.0%~150.0% of the labeled 
amount of pyridoxine hydrochloride (CaHuNO* - HCI) 

* Riboflavin, Method 2 

[Notę —Use low-actinic glassware throughout this 
procedurę.] 

Extraction solvent: Prepare as directed in Niacin, 

Method 2. 

Solution A: 6.8 g/L of sodium acetate in water 
Mobile phase: Prepare a mixture of Solution A and 
methanol (13:7). Add 2 mL of triethylamine per L of the 
mixture, and adjust with glacial acetk acid to a pH of 
5.2. 

Standard stock solution: Transfer 20 mg of USP Ribo- 
flavin RS to a 200-mL vo!umetric fiask, and add ISO mL 
of Extraction sofvenL Immerse the fiask for 5 min in a 
water bath maintained at 65°~75 D , Mix welJ, and repeat 
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if necessary until dissolved. Chill rapidly in a cold water 
bath to room temperaturę, and dilute wlth Extraction 
solvent to volume. 

Standard solution: Dilute 5,0 mL of Standard stock so- 
iution with Extraction solvent to 25.0 mL 
Sam ple solution: Prepare as dlrectecl in Niacin r, Method 

Chromatographic system 

(See Chromatography (621), System Suitabiiity.) 

Modę: LC 

Detecton UV 254 nm 
Column: 4.6-mm x 25*cm; packing LI 
Flow ratę: 1 ml/min 
Injection volume: 20 pL 
System suitabiiity 
S am p i e: Standard s olu tion 
Suitabiiity reguirements 
Relatrve standard deviation: NMT 3.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the peak areas for riboflavin. Calculate the pen 
centage of tne iabeled amount of riboflavin 
(Ci/HjoNjOfi) in the portion of Tablets taken: 

Result “ (rufrd x (O/Cy) x 100 

fu - peak area of ribof/avrn from the Sample 
solution 

n - peak area of riboflavin from the Standard 
solution 

Cs = concentration of USP Riboflavin R5 in the 
Standard solution (mg/mt) 

Cu = nominał concentration of ribofJavin in the 
Sample solution (mg/mL) 

Acceptance criteria: 90.0%-l 50.0% of the Iabeled 
amount of ribofiavm (C 17 H 20 N 4 O 5 ) 

* Thiamine, Method 2 

[Notę—U se low-actink glassware throughout this 
procedurę.) 

Solution A: 1,88 mg/mL of sodium 1 -hexanesulfonate 
in 0 . 1 % phosphorfc acid 

Mobile phase: Solution A and acetonitrife (46:9) 
Standard stock solution: 0.1 mg/mL of USP Thiamine 
Hydrochloride RS in 0,2 N hydrochloric acid 
Standard solution: 0.02 mg/mL of USP Thiamine Hy¬ 
drochloride RS from Standard stock solution diluted with 
0,2 N hydrochloric acid 

Sample solution: Weigh and finely powder NIT 20 
Tablets. Mix a portion of the powdered Tablets with a 
vofume of 0.2 N hydrochloric acid to obtain a nominał 
concentration of 0.02 mg/mL of thiamine. Shake for 15 
min with a wrist-action snaker, and heal to boiling for 
30 min. Cool to room temperaturę, and filter. Use the 
dear fiftrate. 

Chromatographic system 

(See Chromatography (621), System Suitabiiity.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 25-cm; packing LI 
Flow ratę: 2 mL/min 
injection volume: 20 f.il. 

System suitabiiity 
Sample: Standard solution 
Suitabiiity requirements 
Reiative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Measure the areas for the major peaks. For products 
containing thiamine hydrochloride, calculate the per- 
centage of the labelecf amount of thiamine hydrochlo¬ 


ride (CUH 17 CIN 4 OS ■ HCI) In the portion of Tablets 
taken: 

Result = (te/r 5 ) x (Cs/Cu) x 100 

ru — peak area of thiamine from the Sample 
solution 

n - peak area of thiamine from the Standard 
solution 

Cj - concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of thiamine 

hydrochloride in the Sample solution 
(mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the Iabeled amount of thiamine 
mononitrate (C^H^NiChS) in the portion of Tablets 
taken: 

Result - (ru/n) x ( Cs/Cu ) x (MrifM*) x 100 

ru = peak area of thiamine from the Somple 
solution 

n = peak area of thiamine from the Standard 
solution 

G = concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu - nominał concentration of thiamine 

mononitrate rrt the Sample solution (mg/mL) 

Mri = molecuJar weight of thiamine mononitrate, 
327.36 

M r2 = molecular weight of thiamine hydrochloride, 
337.27 

Acceptance criteria: 90.0%-150,0% of the Iabeled 
amount of thiamine as thiamine hydrochloride 
(CT 2 H 17 GN 4 GS ■ HCi) or thiamine mononitrate 
(C, 2 Hi 7 N 5 0 4 S) 

• Niacin or Niacinamide, pvridoxine Hydrochloride, Ribo- 
flavtn, and Thiamine, Method 3 
[Notę—U se low-actinic glassware throughout this 
procedurę.] 

Reagent: 25 mg/mL of edetate disodium in water 
Mobile phase: Transfer 0.4 mL of triethylamine, 

15,0 mL of gladal acetic acid, and 350 mL of methanol 
to a 2000-mL yolumetric fiask Dilute with 0,008 M so¬ 
dium l-hexanesu!fonate to voiume. 

Standard stock solution: 1.5 mg/mL of USP Niacin RS 
or USP Niadnamide RS, 0.24 mg/mL of USP Pyridorine 
Hydrochloride RS, 0.08 mg/mL of USP Rfboflavin RS, 
and 0.24 mg/mL of USP Thiamine Hydrochloride RS in 
Reagent, with heating if necessary 
Standard solution: Transfer 5,0 mL of Standard stock 
solution to a stoppered 125-mL fiask. Add 10.0 mL of a 
mixture of methanol and glacial acetic acid ( 9 : 1 ) and 
30.0 mL of a rmxture of methanol and ethylene glycol 
(1:1), Insert the stopper, shake for 15 min in a water 
bath maintained at 60°, and cool. Filter, dlscardmg the 
First few mL of the filtra te. 

Sample solution: Weigh and finely powder NLT 20 
Tablets. Transfer a portion of the powder, equivalent to 
a nominał amount of 7.5 mg of niacin or niadnamide, 

1.2 mg of pyridoxine hydrochloride, 0.4 mg of ribofla- 
vin, and 1.2 mg of thiamine hydrochloride, to a stop¬ 
pered 125-mL fiask. Add 10,0 mL of a mixture of meth¬ 
anol and gladal acetic acid (9:1) and 30.0 mL of a 
mixture of methanol and ethyfene glycol ( 1 : 1 )_ Insert 
the stopper, shake for 15 min in a water bath main¬ 
tained at 60 3 , and cool. Filter, discarding the First few 
mL of the filtrate. 
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Chromatographk system 

(See Chromatograpny (62 1), System Suitability ,) 

Modę: LC 

Detector: UV 270 nm 

Column: 4.6-mm x 25-cm; packing L7 

Column temperaturę: 50° 

Flow ratę: 2 m L/min 
[njection volume: 5pL 
System suitability 
Sample: Standard solution 
Suitabrfity requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Measure the areas of the peaks. Calculate the percent- 
age of the Iabeled amount of niacin (CfiHsNOi) or nia- 
cinamide (C6H 6 N 2 0) In the portion of Tablets taken; 

Resuit “ (ru/n) x (G/Cu) x 100 

fu = peak area of niacin or niacinamide from the 
Sample solution 

r$ - peak area of niacin or niacinamide from the 
Standard solution 

C 5 = concentration of USP Niacin RS or USP 
Niacinamide RS in the Standard solution 
(mg/mL) 

Cu - nominał concentratlon of niacin or 

niacinamide in the Sample solution (mg/mL) 
Separately calculate the percentage of the iabeled 
amount of pyridoxine hydrochloride (C s HnN0 3 ♦ HCI), 
riboflavin (CizH^MiGś}, and Eh la minę hydrochloride 
(Ci^Hi/GN-fOS ■ HCI) in fhe portion of Tablets taken: 

Resuit = (fu/Cs) x {Cs/ Cu) x 100 

ru - peak area of the corresponding vitarnin from 
the Sample solution 

rs = peak area of the corresponding vitamin from 
the Standard solution 

Cs - concentratlon of the relevant USP Reference 
Standard in the Standard solution (mg/mL) 

Cu = nominał concentration of the corresponding 
vitarnin in the Sample solution (mg/mL) 

For products containing thiamine mononitrate, calculate 
the percentage of the iabeled amount of thiamine 
mononitrate (CizH^NsO^S) in the portion of Tablets 
taken: 

Resuit - (ru/rs) x (G/tu) x { M r j/M r2 ) x 100 

fu = peak area of thiamine from the Sample 
solution 

rs ~ peak area of thiamine from the Standard 
solution 

Cs - concentration of USP Thiamine Hydrochloride 
RS in the Standard solution (mg/mL) 

Cu = nominał concentration of thiamine 

mononitrate in the Sample solution (mg/mL) 
M rJ = molecular weight of thiamine mononitrate, 
327.36 

M r ? = molecular weight of thiamine hydrochloride, 
337,27 

Acceptance criteria; 90,0%-15Q.Q% of the Iabeled 
amount of niacin {GHsNCb) or niacinamide (CgHsN^G), 
pyridoxine hydrochloride (CsHuNOb j HCI), riboflavin 
(CizH^N^Oń), and thiamine as thiamine hydrochloride 
(C l2 Hi7CIN40S ■ HO) or thiamine mononitrate 
(e T2 H 1? N 5 Q4$) 

[Notę—C ommercialiy availabfe atomie absorption stan¬ 
dard Solutions for the minerals, where appiicable, may 
be used where preparation of a Standard stock solution 
is described in the following assays. Use delonized 
water where water is specified. Where atomie absorp¬ 
tion spectrophotometry is specified in the assay, the 


Standard Solutions and the Sampfe solution may be di- 
luted quantitatively with the solvent specified, if neces- 
sarv, to yiefel Solutions of suitabte concentrations adapt- 
abfe to the linear or working rangę of the instrument.] 

* Calcium, Method 1 

lanthanum chloride solution: 267 mg/mL of Santha- 
num chloride heptahydrate in 04 25 N hydrochloric 
add 

Calcium standard solution: 400 pg/mL of calcium. Dis- 
solve 1.001 g of calcium carbonate, previously dried at 
3QQ S for 3 h and cooied in a destccator for 2 h, in 
25 ml of 1 N hydrochloric acid, Boil to expei carbon 
dioxidą and dilute with water to 1000 ml. 

Standard stock solution: 1 00 pg/mL of calcium from 
Calcium standard solution diiutecrwith 0.125 N hydro¬ 
chloric acid 

Standard Solutions: Into separate 100-rmL volumetric 
flasks pipet 1,0, 7,5, 2,0, 2.5, and 3.0 mL of the Stan¬ 
dard stock solution . To each fiask add 1.0 mL of Lantha¬ 
num chloride solution and di lute with water to volume 
to obtain concentrations of 1,0, 1.5, 2,0, 2.5, and 
3.0 pg/mL of calcium, 

Sample solution: Finely powder NLT 20 Tablets, Trans¬ 
fer a portion of the powder, equlvatent to 5 Tablets, to 
a porcelatn crudble, Heat the crudble in a mufffe fur- 
naee maintained at 550 Q for 6-12 h, and cool. Add 
60 mL of hydrochloric acid, and boil gently on a hot 
piąte or steam bath for 30 min, intermittently rinsing 
the inner surface of the crudble with 6 N hydrochloric 
add. Cool, and quantitativelv transfer the contents of 
the crudble to a 100-mL vofumetric fiask. Rinse the cru¬ 
dble with smali portions of 6 N hydrochloric acid, and 
add the rinsings to the fiask, Dilute with water to vol- 
ume, and filter, discarding the first 5 mL of the filtrate. 
Dilute thts solution, quantitatively, with 0.125 N hydro- 
chloric acid to obtain a nominał concentration of 2 pg/ 
mL of calcium, adding 1 mL of Lanthanum chloride solu¬ 
tion per 100 mL of the finał volume, 

Instrumental conditions 
(S e e A tom ic A bso rp tion Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Calcium hollow-cathode 
Flame: Nitrous oxide-acetylene 
Analyticai wavelength: Calcium emission linę at 
422.7 nm 

Blank: 0,125 N hydrochloric acid containing 1 mL of 
Lanthanum chloride solution per 100 ml 
Analysis 

Sam pies: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank, Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of calcium, and 
draw the straight linę best fittlng the five plotted 
points. From tne graph so obtained, determine the 
concentration, C, in pg/mL of calcium in the Sample 
solution , 

Calculate the percentage of the Iabeled amount of cal- 
ciurn (Ca) in the portion of Tablets taken: 

Resutt = (C/Cu) x 100 

C = measured concentration of calcium in the 
Sample solution (pg/mL) 

Cu = nominał concentration of calcium in the 
Sampie solution (pg/mL) 

Acceptance criteria: 9Q.0%-125.0% of the Iabeled 
amount of calcium (Ca) 
o Chromium, Method 1 

Chromium standard solution: 1000 pg/mL of chro- 
mium from potassium dichromate, previously dried at 
720° for 4 h, in water. Storę in a polyethylene bottle. 
Standard stock solution: 10 pg/mL of chromium from 
Chromium standard solution diluted with 6 N hydrochlo¬ 
ric acid and water (1 in 20) 
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Standard Solutions: Transfer 10.0 and 20.0 ml of the 
Standard stock solution to separate 100-mL vofumetrrc 
flasks, and transfer 15.0 and 20.0 mL of the Standard 
stock solution to separate 50-mt volurnetrk flasks. Dilute 
the contents of each of the four flasks with 0.125 N 
hydrochloric acid to yolume to obtain concentrations of 
1A 2.0, 3.0, and 4.0pg/mL of chromium. 

Sample solution: Proceed as directed in Caicium, 
Method J, except prepare the Sample solution to con- 
tain 1 pg/mL of chromium and omit the use of the Lan- 
thanum chioride solution. 

Instrumenta! conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
lamp: Chromium hollow-catbode 
Flame: Air-nacetylene 

Analytical wavefength: Chromium emission Une at 
357,9 nm 

Blank: 0.125 N hydrochloric add 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versus the eon cen trat Eon, in pg/mL, of chromium, and 
dra w the straight linę best ftttrng the four plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL of chromium in the Sample 
solution , 

Cakulate the percentage of the labeied amount of 
chromium (Cr) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of chromium in the 
Sample solution (pg/mL) 

Cu = nominał concentration of chromium tn the 
Sample solution (pg/ml) 

Acceptance criteria: 90.0%=160.0% of the labeied 
amount of chromium (Cr) 

* COPPER, Method I 

Copper standard solution: Dissolve 1,00 g of copper 
foil in a minimum volume of a 50% (v/v) solution of 
nitric acid, and dilute with a 1% (v/v) solution of nitric 
acid to 1000 mL, This solution contains 1000 pg/mL of 
copper. 

Standard stock solution: 100 pg/ml of copper from 
Copper standard solution diluted with 0,125 N hydro¬ 
chloric acid 

Standard Solutions: To separate 200-mL volumetric 
flasks transfer 1.0, 2.0, 4.0, 6.0, and 8,0 mL of the Stan¬ 
dard stock solution. Dilute with water to volume to ob¬ 
tain concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 pg/mL 
of copper. 

Sample solution: Proceed as directed in Caicium, 

Method l t except prepare the Sample solution to eon* 
tain 2 ug/mL of copper and omit the use of the Lantha- 
num chioride solution . 

Instrumentu! conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Copper hollow-cathode 
Flame: Air-acetylene 

Analytical wavefength: Copper emission linę at 324.7 
nm 

Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank, Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/ml, of copper, and 
draw the straight linę best frtting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL of copper in the Sample 
solution . 


Cakulate the percentage of the labeied amount of cop¬ 
per (Cu) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of copper in the 
Sample solution (pcj/mL) 

C v - nominał concentration of copper in the 
Sample solution (pg/ml) 

Acceptance criteria: 90,0%~125.0% of the labeied 
amount of copper (Cu) 

* Fluori de, Method I 

[NOTE—Store all Solutions in plastic containers.] 

3 M sodium acetale solution: Dissolve 408 g of so- 
dium acetale in 600 mL of water in a 1000-mL volu- 
metric fiask. Allow the solution to equilibrate to room 
temperaturę, and dilute with water to volume, Adjust 
with a few drops of acetic add to a pH of 7.0. 

Sodium citrate solution: Dissolve 222 g of sodium cit- 
rate In 250 mL of water in a 1000-mL volumetrk fiask. 
Add 28 ml of perchloric acid, and dilute with water to 
volume. 

Fluoride standard stock solution: 500 pg/ml of fluo- 
ride from a quantity of sodium fluoride, previously dried 
at 100° for 4 h and cooled in a desiccator in water 
Intermediate stock solution A: 100 pg/ml of ffuoride 
from Fluoride standard stock solution difuted with water 
Intermediate stock solution B: 10 pg/mL of fluoride 
from Fluoride standard stock solution diluted with water 
Standard Solutions: To ftve separate 100-mL volumetric 
flasks transfer 3.0, 5.0, and 10.0 mL of Intermediate 
stock solution B and 5.0 and 10.0 mL of Intermediate 
stock solution A. To each fiask add 10.0 ml of 1 N hy¬ 
drochloric acid, 25 mL of 3 M sodium acetate solution , 
and 25.0 mL of Sodium citrate solution, Dilute the ton- 
tents of each fiask with water to volume to obtain con¬ 
centrations of 0.3, 0.5, 1.0, 5.0, and 10.0 ug/mL of 
fluoride. 

Sample solution: Transfer a quantity of the finely pow- 
dered Tablets, equivalent to a nominał amount of 
200 pg of fluoride, to a 100-mL volumetric fiask, Add 
10.0 mL of 1 N hydrochloric acid, 25.0 mL of 3 M so¬ 
dium acetate solution , and 25.0 mL of Sodium citrate so- 
iution , and dilute with water to 100 mL. 

Analysis 

Samples: Standard Solutions and Sample solution 
To separate plastic beakers, each containing a plastic- 
coated stirring bar, transfer 50.0 mL each of the Stan¬ 
dard Solutions and the Sample solution . Measure the 
potentials (see pH (791)), in mV, of the Standard Solu¬ 
tions and the Sample solution with a pH meter capable 
of a minimum reproducibility of ±0.2 mV and 
eąuipped with a fluoride-specific ion-indicating elec- 
trode and a calomel reference electrode. [NoiE—When 
taking measurements, immerse the electrodes in the 
solution, stir on a marjnetk stirrer with an insulated 
top until equiiibrium is attained (1-2 min), and record 
the potential. Rmse and dry the electrodes between 
measurements, taking care to avoid damaging the 
crystal of the specific-ion electrode.] 

Flot the iogarithms of fluoride concentrations, in 
pg/mL, of the Standard Solutions versus the potential, 
in mV. From the standard response curve and the 
measured potential of the Sample solution , determine 
the concentration, C, in pg/mL, of fluoride in the Sam¬ 
ple solution , 

Cakulate the percentage of the labeied amount of 
fłuorine (F) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of fluoride in the 
Sample solution (ptj/mL) 

C u - nominał concentration of fłuorine in the 
Sample solution (pg/ml) 
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Acceptance criteria: 90.0%-160.0% of the labeled 
amount of fluorine (F) 
o Fluoride, Method 2 

[NOTĘ—Use pJastic containers and deionized water 
throughout this procedurę,] 

pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydrox- 
ide to 1000 mL of 0.05 M sodium bicarbonate. 

Mobile phase: Alcohot, 0,1 N sulfuric acid, and water 
(20:5:175) 

Standard stock solution: 220 pg/mL of USP Sodium 
Fluoride RS in water. This solution contains 1Q0jig/mL 
of fluoride. 

Standard solution: [Noth —Condition the solid-phase 
extraction column specifred for use in the Standard solu- 
don and the Sampie solution in the foliowing manner. 
Using a vacuum at a pressure not exceeding 5 mm of 
mercury, wash the column with 1 column volume of 
methanol followed by 1 column volume of pH 10.0 
buffer. Do not allow the column top to dry. If the top 
of the column becomes dry, recondition tne column.] 
Transfer 10.0 mL of the Standard stock solution to a 
100-mL volumetric fiask. Add 75 mL of water, and ad- 
just with 0.1 N sodium hydroxide to a pH of 10.4 ± 

0.1, Dilute with water to volume. Filter, discarding the 
first 15 mL of the fiftrate. Transfer 25.0 mL of the filtrate 
to a 50-mL vofumetric fiask, add 15.0mL of water, and 
adjust with 0.1 N sodium hydroxide to a pH of 10.0, 
Dilute with pH 10.0 buffer to votume. Elute a portion of 
this solution through a 3-mL solid-phase extraction col- 
umn containing LI packing that is connected through 
an adaptor to a second solid-phase extraction column 
containing sulfony! propyl strong cation-exchange pack¬ 
ing. Discard the nrst 3 mL of the eluate, and collect the 
rest of the eluate in a suitable fiask for injectlon into the 
chromatograph. 

Sampie solution: Finety powder NLT 20 Tablets* Trans¬ 
fer a portion of powdered Tablets, equivalent to a nom¬ 
inał amount of 1 mg of fluorine, to 15 mL of water, and 
shake vigorously. Rinse the sides of the fiask with 15 mL 
of water to a 100-ml volumetric fiask, Add 15 mL of 
water, and allow to stand for 10 min. Dilute with water 
to 85 mL, adjust with 1 N sodium hydroxide to a pH of 
10.4 ±0.1, and dilute with water to 100 mL. Proceed 
as directed for the Standard solution , beginning with 
"Filter, discarding the first 15 mL of the filtrate," 
Chromatographrc system 
(See Chromatogrophy (621), System Suitability,) 

Modę: LC 

Detector: Conductivity 
Columns 

Guard: 4,6-mm x 3-cm; packing LI 7 
Analytfcai: 7,8-mm X 30-cm; packing LI 7 
Flow ratę: 0.5 mL/min 
Injection volume: 100 pL 
System suitability 
Sampie: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sampie solution 
Measure the peak areas for ffuoride. Ćaiculate the per- 
tentage of tne labeled amount of fluorine (F) in the 
portion of Tablets taken: 

Result = (rjfs) x (C*/ C u ) x 100 

ru = peak area of fluorine from the Sampie solution 

r s = peak area of fluorine from the Standard 

solution 

C 5 - concentration of fluoride in the Standard 
solution (jig/mL) 

Cu - nominał concentration of fluorine in the 
Sampie solution (pg/mL) 

Acceptance criteria: 90,G%--160.0% of the labeled 
amount of fluorine (F) 


• lODBDE 

Bromine water: To 20 mL of bromine in a glass-stop- 
pered bottie add 100 mL of water. Insert the stopper 
into the bottie, and shake. Allow to stand for 30 min, 
and use the supematant. 

Analysis 

Sampie: Tablets 

Transfer a portion of finely powdered Tablets, equivalent 
to a nominał amount of 3 mg of iodide, to a nickel 
crucible. Add 5 g of sodium carbonate, 5 mL of 50% 
(w/v) sodium hydroxide solution, and 10 mL of alco- 
hol, taking care that the entrre specimen is moistened, 
Heat the crucible on a steam bath to evaporate the 
alcohol, then dry the crucible at 100° for 30 min to 
prevent spattering upon subsequent heating. Transfer 
the crucible with its contents to a furnace heated to 
50G P , and heat the crucible for 15 min, [Notę—H eat¬ 
ing at 500° is necessary to c arbo niże any organie mat- 
ter present; a higher temperaturę may be used, if nec- 
essary, to ensure complete carbonizafion of atl organie 
matter.] Cool the crucible, add 25 mL of water, cover 
the crucible with a watchglass, and boil gentfy for 10 
min. Filter the solution, and wash the crucible with 
boi ling water, collecting the filtrate and washrngs in a 
beaker. Add phosphoric add until the solution is neu- 
traf to methyl orange, then add 1 mL excess of phos¬ 
phoric acid. Add excess of Bromine water , and boil the 
solution gently until colorless and then for 5 min 
fonger. Add a few crystals of salicyltc add, and cool 
the solution to 20°. Add 1 mL of phosphoric add and 
0.5 g of potassium iodide, and titrate the liberated to- 
dine with 0.005 N sodium thiosulfate V5, adding 
starch TS when the liberated iodine color has neady 
dEsappeared. 

Calculate the percentage of the labeled amount of io¬ 
dine (I) in the portion of Tablets taken: 

Result - V x Na x F x l me x (AJ W) x (100/L) 

V - volume of sodium thiosulfate consumed (mL) 

Ną = actual norma lity of the sodium thiosulfate 
solution used (meq/mL) 
f - correction factor to convert mg to pg, 

1000 pg/mg 

lme = mifliequivalent of I, 21 mg/meq 
A w = average weight of the Tablets 
W - weight of the portion of Tablets taken 
L = labeled amount of iodine (ug/Tablet) 

Acceptance criteria: 90.0%-160.0% of the labeled 
amount of iodine (I) 

® Iron, Method 1 

Iron standard stock solution: Transfer 100 mg of iron 
powder to a 1000-mL yolumetric fiask. Dis$olve in 
25 mL of 6 N hydrochloric acid, dilute with water to 
votume, and mix. 

Standard Solutions: To separate 100-mL volumetric 
flasks transfer 2,0, 4,0, 5,0, 6.0, and 8,0 mL of Iron 
standard stock solution. Dilute the contents of each fiask 
with water to volume to obtain concentrations of 2,0, 
4.0, 5.0, 6.0, and 8.0pg/mL of iron. 

Sampie solution: Proceed as directed in Calcium, 

Method 7, except prepare the Sampie solution to con- 
tain a nominał concentration of 5 ug/ml of iron and 
omit the use of the Lanthanum chforide solution . 
Instrumental conditions 
(See Atomie Absorpdon Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Iron hollow-cathode 
Fiame: Air-acetylene 

Analytical wavefength: Iron emission linę at 248,3 nm 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sampie solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard solutions 




USP 40 


Dietary Supplements / Vitamins 7465 


versus the concentration, in pg/mL, of iron, and draw 
the straight linę best fitting the five plotted points. 
From the graph so obtained # determine the concentra¬ 
tion, C # in pg/mL, of iron in the Sample soiution. 
Calcuiate the percentage of the labeled amount of Iron 
(Fe) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C = measured concentration of iron in the Sample 
soiution (pg/mL) 

Cu = nominał concentration of iron rn the Sample 
soiution (pg/mL) 

Acceptance criteria: 90,Q%-125.0% of the labeled 
amount of iron (Fe) 

• Magnesium, Method 1 

Lanthanum chloride soiution: Prepare as directed in 
Caldum , Method L 

Magnesium standard soiution: Transfer 1.0 g of mag- 
nesium ribbon to a 1000-mL vofumetric fiask, dissoive 
in 50 mL of 6 N hydrochioric add, dilute with water to 
vo!ume, and mix to obtain a soiution with a concentra¬ 
tion of 1000 pg/mL of magnesium. 

Standard stock soiution: 20 pg/mL of magnesium 
from Magnesium standard solutton diluted with 0.125 N 
hydrochioric acid 

Standard Solutions: To separate 100-mL volumetric 
fiasks transfer 1*0, 1.5, 2.0, 2.5, and 3.0 mL of Standard 
stock soiution . To eacb fiask add 1,0 mL of Lanthanum 
chloride soiution , and dilute with 0.125 N hydrochioric 
acid to vo!ume to obtain concentrations of 0.2, 0.3, 

0.4, 0.5, and 0.6 pg/mL of magnesium. 

Sample soiution: Froceed as directed in Caicium, 
Method 7, except prepare the Sample soiution to con- 
tain a nominał concentration of 0.4 pg/mL of 
magnesium. 

Instrumental conditions 

(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectroph oto metry 
Lamp: Magnesium hollow-cathode 
Flame; Air-acetylene 

Analytical wavelenqth: Magnesium emission linę at 
285 2 nm 

Blank: 0.125 N hydrochioric acid containing 1 ml of 
Lanthanum chloride soiution per 100 mL 
Analysrs 

Samples: Standard Solutions and Sample soiution 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of magnesium, 
and draw the straight fine best fitting the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of magnesium in the Sam¬ 
ple soiution. 

Calcuiate the percentage of the labeled amount of 
magnesium (Mg) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C - measured concentration of magnesium in the 
Sample soiution (pej/mL) 

Cu = nominał concentration of magnesium In the 
Sample soiution (pg/mL) 

Acceptance criteria: 90.0%“125.0% of the labeled 
amount of magnesium (Mg) 

Mangan es e, Method 1 

Manganese standard stock soiution: Transfer a 
weighed amount of 1.00 g of manganese to a 1000-mL 
voiumetric fiask. Dissolve fn 20 mL of nkric add, dilute 
with ó N hydrochioric acid to volume, and mix to ob¬ 
tain a soiution with a concentration of 1000 pg/mL of 
manganese. 

Standard stock soiution: 50 pg/mL of manganese from 
Manganese standard stock soiution difuted with 0.125 N 
hydrochioric acid 


Standard Solutions: To separate 100-mL volumetric 
fiasks transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of Standard 
stock soiution , Dilute the contents of each fiask with 
0.125 N hydrochioric acid to volume to obtain Solu¬ 
tions with concentrations of 0.5, 0.75, 1.0, 1.5, and 
2.0 pg/mL of manganese. 

Sample soiution: Proceed as directed in Caldum , 
Method /, except prepare the Sample soiution to con- 
tain a nominał concentration of 1 pg/mL of manganese 
and omłt the use of the Lanthanum chloride soiution , 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Manganese hollow-cathode 
Flame: Air-acetylene 

Analytical wavefength: Manganese emission linę at 
279.5 nm 

Blank: 0.125 N hydrochioric acid 
Analysis 

Samples: Standard Solutions and Sample soiution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of manganese, 
and draw the straight linę best fitting the fjve plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of manganese (Mn) in the 
Sample soiution. 

Calcuiate the percentage of the fabeled amount of 
manganese (Mn) in tne portion of Tablets taken: 

Result = (C/Cu) x 100 

C - measured concentration of manganese in the 
Sample soiution (pg/mL) 

Cu ~ nominał concentration of manganese in the 
Sample soiution (pg/mL) 

Acceptance criteria: 90.0%-125,0% of the labeled 
amount of manganese (Mn) 

» Molybdenum, Method 7 

Diiuent: 20 mg/mL of ammonium chloride in water 
Molybdenum standard soiution: Transfer 1.0 g of mo- 
lybdenum wire to a 1000-mL voJumetric fiask, and dis- 
solve in 50 mL of nitric acid, warming if necessary, Di¬ 
lute with water to volume, and mix to obtain a soiution 
with a concentration of 1000 pg/mL of molybdenum. 
Standard stock soiution: 1 00 pg/mL of molybdenum 
from Molybdenum standard soiution diluted with water 
Standard Solutions: To separate 100-mL volumetric 
fiasks transfer 2.0, 10.0, and 25.0 mL of the Standard 
stock soiution, and add 5.0 mL of perchlorki acid to 
each fiask. Cently boli the soiution in each fiask For 15 
min, cool to room temperaturę, and dilute each with 
Diiuent to volume to obtain concentrations of 5,0, 10,0, 
and 25,0 pg/mL of molybdenum. 

Sample soiution: Transfer a portion of the powder, 
equivalent to a nominał amount of 1000 pg of molyb¬ 
denum, to a suitable fiask, and add 12 mL of nitric acid. 
[NOTĘ—The volume of nitric acid may be varied to en- 
sure that the powder is uniformly dispersed.] Carefully 
swirl the fiask to disperse the test specimen. Sonicate 
for 10 min, or until the test specimen is completely 
dissolved. Gently boil the soiution for 15 min, and cool 
to room temperaturę. Carefully add 8 mL of perchloric 
acid, heat until perchlorre acid fumes appear, and swirl 
the fiask to dissipate the fumes. Repeat the heating and 
swirling until no fumes are present. Cool to room tem¬ 
peraturę. Quantitatively transfer the contents of the 
fiask to a 100-mL vo!umetfic fiask with the aid of Dilu- 
ent f and dilute with Diiuent to volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 
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Modę: Atomie absorption spectra photometry 
Lamp: Molybdenum hollow-cathode 
Flame: Mitraus oxide-acetylene 
Analytical wavelenqth: Molybdenum emission linę at 
313,3 nm 

Blank: Diluent and perchfaric acid (20:1) 

Analysis 

Sam pies: Standard Solutions and Sampie solu don 
Determine the absorbances of the Solutions against the 
Blank . Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of molybdenum, 
and draw the straight linę best fftting the tnree plotted 
points, From the graph so obtained, determine the 
concentration, C, in pg/mL, of molybdenum in the 
Sampie solution. 

Calcu tatę the percentage of the labeJed amount of mo¬ 
lybdenum (Mo) in the portion of Tablets taken: 

Result = (C/Cu) x 100 

C - measured concentration of molybdenum in 
the Sampie solution (pg/ml) 

- nominał concentration of molybdenum in the 
Sampie solution (pg/ml) 

Acceptance criteria: 90.0%-] 60.0% of the labeled 
amount of molybdenum (Mo) 

* Molybdenum, Method 2 

Sodium fluoride solution: Add 200 mL of water to 
10 g of sodium fluoride, stir until the solution is satu- 
rated, and filier. Storę in a polyethylene bottle. 

Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate 
in water 

Potassium thiocyanate solution: 200 mg/mL of potas¬ 
sium thiocyanate in water 

20% Stannous chloride solution: Transfer 40 g of stan" 
nous chloride to a beaker, add 20 mL 6.5 N hydrochlo- 
ric acid, and heat the sofution until the stannous chlo¬ 
ride is dissolved. Cool, and diiute with water to 100 mL. 
Diluted stannous chloride solution: 20% Stannous 
chloride solution diluted with water (1 in 25), Prepare 
this solution fresh at the time of use. 

Standard solution: 20pg/mL of mofybdenum in water 
Sampie: A portion of finely powdered Tablets, equiva- 
lent to a nominał amount of 40 pg of molybdenum 
instrumental conditions 
(See Ultrayiolet- Visible Spectroscopy (857).) 

Modę: UV-Vls 
Celi: 1 cm 

Analytical wavelength: 465 nm 
Blank: Amyl alcohol 
Analysis 

Sam pies: Standard solution and Sampie 
Transfer the Sampie and 2.0 mL of the Standard solution 
to separate 200-mL beakers. Add 20 ml of nitric acid 
to each beaker. Cover each beaker with a watchglass, 
and boil slowly on a hot piąte for 45 min. Cool to 
room temperaturę. Add 6 mL of perchlorlc add, tover 
the beakers with a watchglass, and contlnue the beat- 
Ing until digestion is complete, as indicated when the 
liquid becomes eolorless or pale yellow. Evaporate the 
Solutions in the beakers to oryness. Rinse the sides of 
the beakers and the watchglasses with water, and add 
morę water to make 50 mL In each beaker. Cently boil 
the water solution for a few min. Cool to room tem¬ 
peraturę. Add 2 drops of methyl orange IS, and neu- 
tralize with ammonium hydroxide, Add 8.2 mL of hy- 
drochloric acid. Quantitatively transfer the contents of 
the beakers to separate 100~mL yolumetric flasks, rinse 
the beakers with water, transfer the nnsings to the cor- 
responding volumetric flasks, and diiute with water to 
volume. Transfer 50.0 mL of each solution to separa¬ 
tory funnels. To each separatory funnef add 1.0 mL of 
Sodium fluoride solution, 0.5 mL of Ferrous sulfate solu¬ 
tion, 4.0 mL of Potassium thiocyanate solution, 1.5 mL 
of 20% Stannous chloride solution, and 15.0 ml of amyl 


alcohol, and shake the separatory funnels for 1 min. 
Allow the layers to separate, and discard the aqueous 
layers. Add 25 mL of Diluted stannous chloride solution 
to each separatory funnel, and shake gently for 15 s. 
Allow the layers to separate, and discard the agueous 
layers. Transfer the organie layers from each separatory 
funnel to a centhfuge tubę, and centrifuge at 2000 
rpm for 10 min. Determine the absorbances of the 
organie phases from the Standard solution and the 
Sampie, and correct with the Blank, 

Calculate the percentage of the labeled amount of mo¬ 
lybdenum (Mo) in the portion of Tablets taken: 

Result = (Au/Ad x [(Vx C s )/M y ] x 100 

A u = absorbance of the solution from the Tablets 

As = absorbance of the solution from the Standard 

solution 

V = volume of the Standard solution analyzed, 

2.0 mL 

Cs = concentration of molybdenum in the Standard 
solution (pg/mL) 

Mu - nominał amount of molybdenum in the 
Sampie (pg) 

Acceptance criteria: 90,0%-! 60.0% of the labeled 
amount of molybdenum (Mio) 

• Phgsphdrus, Method I 

Sulfuric acid solution: Cautiously add sulfuric acid to 
water (37.5: 100), and mix, 

Ammonium molybdate solution: 50 mg/mL of ammo¬ 
nium molybdate in Sulfuric add solution and water (2:3). 
[Notę—D issolve in water first, then diiute with Sulfurk 
add solution to volume.J 

Hydroguinone solution: 5 mg/mL of hydroqurnone in 
water. Add 1 drop of sulfuric acid per 100 mL of 
solution. 

Sodium brsulfite solution: 200 mg/mL of sodium bisuh 
fi te in water 

Phosphorus standard stock solution: Weigh 4.395 g 
of monobasic potassium phosphate, previously dried at 
105° for 2 h and stored in a desiccator, and transfer to 
a 1000-mL volumetric fiask. Dissolve in water, add 6 mL 
of sulfuric add as a preservatrve, diiute with water to 
vofume, and mix to obtain a solution with a concentra- 
tion of 1000 pg/mL of phosphorus. 

Standard solution: 20pg/mL of phosphorus from Phos¬ 
phorus standard stock solution diluted with water 
Sampie solution: [Notę—F inely powder and weigh a 
counted number of Tablets,] Transfer a portion of the 
powder, equivalent to a nominał amount of 100 mg of 
phosphorus, to 25 mL of nitric acid, and digest on a 
hot piąte for 30 min. Add 1 5 mL of hydrocnloric acid, 
and contlnue the digestion to the cessation of brown 
fu mes. Cool, and transfer the contents of the fiask to a 
500-mL voiumetric fiask with the aid of smali portions 
of water. Diiute with water to volume. Transfer 10.0 mL 
of this solution to a 100-mL volumetric fiask, and diiute 
with water to vo I u me. 

Instrumental conditions 
(See Ultraviolet-Visible Spectroscopy (857).) 

Modę: UV-Vis 
Celi: 1 cm 

Analytical wavelength: 650 nm 
Analysis 

Sam pies: Standard solution and Sampie solution 
To tnree separate 25-mL volumetric flasks transfer 
5.0 mL each of the Standard solution, the Sampie solu¬ 
tion, and water to provide the blank. To each of the 
three flasks add I.OmL each of Ammonium molybdate 
solution, Hydroquinone solution, and Sodium bisuifite so¬ 
fution, and swirl to mix. Diiute the contents of each 
fiask with water to vo3ume, and ailow the flasks to 
stand for 30 min. Determine the absorbances of the 
Solutions against the blank. 
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Calculate the percentage of the labeled amount of 
phosphorus (P) in the portion of Tablets taken: 

Result = (AJAi) x (Q/Cu) x 100 

A u - absorbance of the Sample solution 
A s = absorbance of the Standard solution 
Cs - concentration of phosphorus in the Standard 
solution (pg/mL) 

Cu - nominał concentration of phosphorus in the 
Sample solution (jig/mL) 

Acceptance criteria; 9G%-125% of the labeled amourt 
of phosphorus (P) 

* POTASSIUM 

Potassium standard sofution: 1Q0j.iq/mL of potassium 
from potassium thloride, previously dried at 105° for 2 
h, in wat er 

Standard stock solution: 10 pg/mL of potassium from 
Potassium standard sofution diluted with 0.125 N hydro- 
chloric acid 

Standard Solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 
25,0 mL of the Standard stock sofution to sępa ratę 
100-mL volumetric flasks. Diłute the contents of each 
fiask with 0.125 N hydrochloric acid to voiume to ob- 
tain Solutions containing 0.5, 1.0, 1*5, 2.0, and 2.5 jag/ 
mL of potassium. 

Sample solution: Proceed as directed in Calcium, 
Method 1 t except prepare the Sample solution to ton- 
tain a nominał amount of 1 pg/mL of potassium and 
omit the use of the Lanthanum chloride solution. 
Instrumental conditions 
(See Atomie Absorption Spectroseopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Potassium hollow-cathode 
Flarne: Air-acetylene 

Analytical wavefength: Potassium emission linę at 
766.5 nm 
Blank: Water 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of potassium, and 
draw the straight linę best fitttng the five plotted 
points. From the graph so obtained, determine the 
concentration, C, in pg/mL, of potassium in the Sam¬ 
ple solution. 

Calculate the percentage of the labeled amount of po¬ 
tassium (K) in the portion of Tabfets taken: 

Result» (£70) x 100 

C = measured concentration of potassium in the 
Sample solution (pg/mL) 

Cy = nominał concentration of potassium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.G%-125.0% of the labeled 
amount of potassium (K) 

* Selenium, Method 1 

Diluent: Prepare as directed in Molybdenum, Method h 
Selenium standard solution: [CA ution—?S elenium is 
Loxic; handle it with care.J Dissolve 1 g of metailic sele¬ 
nium in a minimum volume of nitric acid* Evaporate to 
dryness. Add 2 ml of water, and evaporate to dryness. 
Repeat the addition of water and the evaporation to 
dryness three times* Dissolve the residue in 3 N hydro- 
chloric acid, transfer to a 1000-mL volumetric fiask, and 
di lute with 3 NI hydrochloric acid to volume to obtain a 
concentration of 1000 pg/tnL of selenium. 

Standard stock solution: IGO pg/mL of selenium from 
Selenium standard solution diluted with water 
Standard Solutions: To separate 100-mL volumetric 
flasks transfer 5.0, 10,0, and 25*0 mL of the Standard 
stock solution , and add 5.0 mL of perchioric acid to 
each fiask. Gently boil the Solutions for 15 min, cool to 


room temperaturę, and dilute each with Diluent to vol- 
ume to obtain Solutions with concentrations of 5.0, 
10.0, and 25.0 pg/mL of selenium. 

Sample solution: Transfer a portion of powder, eq uwa¬ 
leni to a nominał amount of 1000 jag of selenium, to a 
suitable fiask, and add 12 mL of nitric acid. [Notę—T he 
volume of nitric acid may be varied to ensure thal the 
powder is uniformJy dispersed*] Carefully swirl the fiask 
to disperse the test spedmen. Sonicate for 10 min or 
until the test specimen is completely dissolved. Gently 
boi! the solution for 15 min, and cool to room temper¬ 
aturę. Carefully add 8 mL of perchioric acid to the fiask, 
heat the fiask until perchioric acid fu mes appear, and 
swirl the fiask to dissipate the fumes. Repeat the heat* 
ing and swirling until the fumes appear again. Cool to 
room temperaturę. Transfer the contents of the fiask to 
a 50-mL volumetric fiask with the aid of Diluent, and 
dilute with Diluent to volume, 

Instrumental conditions 
(See Atomie Absorpthn Spectroseopy ( 852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Selenium hollow-catnode 
Flarne: Air-acetylene 

Analytical wavefength: Selenium emission linę at 
196.0 nm 

Blank: Diluent and perchioric acid (20:1) 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of selenium, and 
draw the straight linę best fltting the three plotted 
points. From tne graph so obtained, determine the 
concentration, C, m pg/mL, of selenium in the Sample 
solution. 

Calculate the percentage of the labeled amount of sele¬ 
nium (Se) tn the portion of Tabiets taken: 

Result = (C/Cu) x 100 

C - measured concentration of selenium in the 
Sample solution (pg/mL) 

Cu = nominał concentration of selenium in the 
Sample solution (pg/mL) 

Acceptance criteria: 90.0%-1 60.0% of the labeled 
amount of selenium (Se) 

* Selenium, Method 2 

Hydrochloric acid solution: Hydrochloric acid diluted 
with water (1 in 10) 

50% Ammonium hydroxide solution: Ammonsum hy- 
droxide diluted with water (1 in 2) 

Reagent A: 9 mg/mL of edetate disodium and 25 mg/ 
mL of hydroxylamme hydrochloride in water, [NOTĘ— 
Dissolve edetate disodium in a portion of water First, 
add hydroxylaminę hydrochloride, then dilute with 
water to volume.] 

Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene 
to a 250-mL separatory funnel, and add 200 mL of 0.1 
N hydrochloric add, Wash the solution with three 
40-mL portions of cyclohexane, and discard the cyclo- 
hexane layer, Filter the solution into a brown bottle, 
and cover the solution with a 1-cm layer of cyclohex- 
ane. This solution is stable for 1 week if stored in a 
refrigerator. 

Standard stock solution: [Caution —Selenium is toxic; 
handle it with care.] Disso!ve 1 g of metailic selenium in 
a minimum volume of nitric acla. Evaporate to dryness. 
Add 2 mL of water, and evaporate to dryness. Repeat 
the addition of water and evaporation to dryness three 
times. Dissolve the residue in 3 N hydrochoric add, 
transfer to a 1000-mL volumetric fiask, and dilute with 
3 N hydrochloric add to volume to obtain a solution 
with a concentration of 1000 pg/mL of selenium, Dilute 
a volume of the solution with 0,125 N hydrochloric 
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add to obtain a concentration of 2,0 pg/mL of 
selenium. 

Standard solution: Transfer 10,0 mL of the Standard 
stock solution to a glass-stoppered fiask. Add 1 ml of 
perchloric acid and 1 mL of Hydrochloric add soi u don, 
and dilute with water to 20 mL. 

Sample solution: Transfer a portion of finely powdered 
Tablety equivalent to a nominał amount of 20 ug of 
selenium, to a suitable fiask, Add 10mL of nitric acid, 
and warm gently on a hot piąte. Continue heating until 
the initial nitric acid reaotion has subsided, then add 
3 mL of perchlortc add, [Caution —Exercise care at this 
stage, because the perchlortc acid reaction becomes 
vigorousJ Continue heating on the hot piąte until the 
appearance of white fumes of perchloric acid or until 
tne digest begins to darken. Add 0.5 mL of nitric acid, 
and resume heating, adding additional amounts of nl- 
tric acid if further oarkening occurs. Digest for 10 min 
after the first appearance of perchloric add fumes or 
until the digest becomes colorless, Cool the fiask, Add 
2,5 mL of Hydrochloric add solution , and return the fiask 
to the hot pfate to expel residuat nitric acid. Heat the 
mlxture for 3 min after it begins to boil. Cool the fiask 
to room temperaturo, and dilute with water to 20 mL. 
Instrumental conditions 
(See Ultraviolet-Visible Spectroscopy (857),) 

Modę: UV 
Celi: 1 cm 

Analyticaf wavelength: 380 nm 
Blank: 1 ml of perchloric acid and 1 mL of Hydrochlo¬ 
ric add solution diluted with water to 20 mL 
Analysis 

Samples: Standard solution and Sample solution 
Treat the Sample solution, Standard solution, and Blank 
as follows, Add 5 mL of Reagent A to each ffask, and 
świr! gently to mlx. Adjust tne solution in each fiask 
with 50% Ammonium nydroxide solution to a pH of 1.1 
± 0.1. Add 5 mL of Reagent B to each fiask, and świr! 
gently to mix. Pface the flasks in a water bath main- 
talned at 50°, and eguiiibrate for 30 min, ta king care 
that the flasks are covered to protect them from light. 
Cool to room temperaturę, and transfer the contents 
of each fiask to separate separatory funnels. Transfer 
10.0 mL of cyclohexane to each separatory funnel, and 
extract vlgorously for 1 min. Discard the aqueous 
layer. Transfer the cyclohexane Jayer to a centrifuge 
tubę, and centrifuge at 1000 rpm for 1 min to remove 
any remainrng water. Determine the absorbances of 
the sofutfons from the Samples against the solution 
from the Blank. 

Cafculate the percentage of the labeled amount of sele¬ 
nium (Se) in the portion of Tablets taken: 

Resuft = (AdAs) x [(V x x 100 

A u = absorbance of the cyclohexane layer from the 
Sample solution 

- absorbance of the cyclohexane layer from the 
Standard solution 

V = volume of the Standard stock solution used to 
prepare the Standard solution , 10 mL 
Cs = concentration of selenium in the Standard 
stock solution (pg/mL) 

Mu - nominał amount of selenium in the Sample 
solution (pg) 

Acceptance criteria: 90,0%-1 60.0% of the labeled 
amount of selenium (Se) 

Zinc, Method 1 

Zinc standard stock solution: 1000 pg/mL of zinc frorr 
zinc oxide dissolved in 5 M hydrochloric acid (3.89 mg/ 
mL) and diluted with water to finał volume. [Notę— 
Dissoive in 5 M hydrach!one acid by warmłng if neces- 
sary, cool, then dilute to finał volume.] 


Standard stock solution: 50 pg/mL of zinc from Zinc 
standard stock solution diluted with 0.125 N hydrochlo¬ 
ric acid 

Standard Solutions: Transfer 1.0, 2.0, 3.0, 4,0, and 
5.0 mL of the Standard stock solution to separate 
100-mL volumetric flasks. Dilute the contents of each 
fiask with 0.125 N hydrochloric acid to voiume to ob- 
tain concentrations of 0.5, 1,0, 1,5, 2.0, and 2.5 pg/mL 
of zinc, 

Sample solution: Proceed as directed in Calcium , 
Method 1, except prepare the Sample solution to con- 
taln a nominał concentration of 2 ug/mL of zinc and 
omit the use of the Lanthanum chloride solution . 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Lamp: Zinc hollow-cathode 
Flame: Air-acetylene 

Analytical wavefength: Zinc emission llne at 213.8 
nm 

Blank: 0,125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample solution 
Determine the absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
ver$us the concentration, in pg/mL, of zinc, and draw 
the straight linę best fitting the flve plotted pomts. 
Prom the graph so obtained, determine the concentra¬ 
tion, C, in pg/mL, of zinc in the Sample solution. 

Calculate the percentage of the labeled amount of zinc 
(Zn) in the portion of Tablets taken: 

Result = (O Cu) x 100 

C = measured concentration of zinc In the Sample 
solution (pg/mL) 

Cu = nominał concentration of zinc in the Sample 
solution (pg/mL) 

Acceptance criteria: 90.0%-125.0% of the labeled 
amount of zinc (Zn) 

* Boroń, Nickel, Tin, and Vanadium, Method 7; Calcium, 
Chromium, Cdpper, Iron, Magnesjum, WIanganese, Phos 
pkorus, and ZINC, Method 2; MOIYBDENUM and SELENIUM, 

Method 3 

Stock aqua regia solution: Prepare a mixture of hydro¬ 
chloric add and nitric add (3:1) by adding the nitric 
acid to the hydrochloric acid. [NOTĘ—Periodically vent 
the solution in an appropriate fume hood.] 

Diluent: Prepare a mixture of Stock aąua regia solution 
and water (1:9) by adding one volume of Stock aąua 
regia soiution to two volumes of water. Dilute with addi¬ 
tional water to volume, and mix well. 

System suitability solution: Prepare a mixture of 
1000 mg/L of yttrium in 5% (v/v) nitric add solution 
and 1000 mg/L of scandium in 5% (v/v) nitric acid so¬ 
lution with Diluent (1:1:198), and mix. 

Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and 
Zn): [Notę —1t is necessary to include only the minerals 
of Interest in the solution.j Using commerciaUy availabie 
element standard (single- or multi-element) Solutions in 
5% (v/v) nitric acid solution, pipet the appropriate 
amount of element standard solution into a vo!umetnc 
fiask, and dilute with 5% (v/v) nitric acid soiution to 
obtain a solution with finał concentrations of about 
1000 mg/L of calcium, 100 mg/L of copper, 250 mg/L 
of Iron, 500 mg/L of magnesium, 100 mg/L of manga- 
nese, 800 mg/L of phosphorus, and 250 mg/mL of zinc. 
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and 
V): [Ngte —It is necessary to include only the minerals 
of interest in the solutlonj Using commerciaUy available 
element standard (single- or muiti-element) Solutions in 
20 % (v/v) hydrochloric acid solution, pipet the appro- 
priate amount of element standard solution into a volu- 
metric fiask, and dilute with 20% (v/v) hydrochloric 
acid solution to obtain a solution with finał concentra- 
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tions of about 200 mg/L of boron and 100 mg/L each 
of chrom i u m, molybaenum, nickel, selen ium, tin, and 
vanadlum. 

Standard Solutions: Prepare a mixture of Standard 
stock solution 7 and Standard stock solution 2 as re¬ 
pu [red, En Diluent , to prepare a six-point caiibration 
curve to bracket the concentration rangę of each min¬ 
erał of interest 

Sample solution 1 (forTablets containing minerals 
found En Standard stack solution 7 and Standard stock 
solution 2): Weigh and fineJy powder NLT than 20 Tab¬ 
lets. Transfer a portion, equal to 3.5 times the average 
Tablet weight, to a 250-mL yolumetric fiask. Slowly add 
25 mL of Stock aqua regia solution in 5-mL increments, 
followed by mixing, [Notę —If the sample contains a 
carbonate, bubbling will occur, Wait until bubbiing 
ends to proceed,] Bring the solution to a boil on a hot 
piąte. Continue to beat gently until fumes cease (about 
1 h). [Notę— łf the sample contains selenlum, digest for 
NMT 15 min.] Remove from heat, cool, and di lute with 
water to volume. Filier about 30 mL into a centrifuge 
tubę, using a nylon syringe filter of 5-pm porę size. !f 
necessary, make any further dilutions using Diluent. 
Sample solution 2 (for Tablets containing minerals 
found only in Standard stock solution 2): Weigh and 
finely powder NLT 20 Tablets. Transfer a portion, equal 
to 3.5 times the average Tabiet weight, to a 250-mL 
volumetnc fiask. Slowly add 25 mL of Stock acfua regia 
solution in 5-mL increments, followed by mixing. 

[Notę—I f the sample contains a carbonate, bubbling 
will occur. Wait until bubbiing ends to proceed,] Bring 
the solution to a boli on a hot piąte. Continue to heat 
gently until fumes cease (about 1 h). [Notę —If the sam¬ 
ple contains seienium, digest for NMT 15 min.] Remove 
from heat, cool, and di lute with water to volume. Filter 
about 30 mL into a centrifuge tubę using a nylon sy¬ 
ringe filter of 5-pm porę size. If necessary, make any 
further dilutions using Diluent 
Sample solution 3 (for Tablets containing minerals 
found only in Standard stock solution 1): Weigh and 
finely powder NLT 20 Tablets. Transfer a portion, equaf 
to the average Tablet weight, to a 250-mL volumetric 
fiask. Slowly add 25 mL of Stock aqua regia solution in 
5-mL increments, followed by mixing. [Notę —If the 
sample contains a carbonate, bubbling will occur. Wait 
until bubbling ends to proceed.] Bring the solution to a 
boil on a hot piąte. Continue to heat gently (about 1 h) 
until fumes cease. Remove from heat, cool, and di lute 
with water to vofume. Filter about 30 mL into a centri¬ 
fuge tubę, using a nylon syringe filter of 5-pm porę 
size. If necessary, make any further dilutions using 
Diluent. 

Instrumental conditions 

(See Pląs ma Spectrochemistry (7 30}.) 

Modę: lnductive!y coupled plasma emission spectrom- 
etry, using a spectrom eter set to measure the emission 
of each minera! of interest at about the corresponding 
wavelength. [Notę —The operating conditions may be 
developed and optimized on the basis of the manufac- 
turehs recommendation. The wavelengths selected 
should be demonstrated expenmentally to provide suf- 
ficient specifidty, sensitlvity, linearity, accuracy, and 
preclslon.] 

System suitability 
Sample: System suitability solution 
[Notę —Analyze the System suitability solution, and ob- 
tain the response as directed in Ano/ys/s.] 


Suitability requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard Solutions and Sample solution 
Determine the emission of each minerał of interest in 
the Standard Solutions and Sample solution with an in- 
ductiyely coupled plasma system using Diluent as the 
blank. Plot the emission of the Standard Solutions ver- 
sus the concentration, in mg/L, of the minerals of in¬ 
terest, and draw the straight linę best fitting the plot- 
ted points. From the graph so obtained, determine the 
concentration, C, in mg/L, for each minerał of interest 
in the Sample solution. 

Calculate the percentage of the labeled amount for 
each minerał: 

Result - C x (V/ W) x F x ( C w /L ) x 100 

C - measured concentration of the relevant 
element in the Sample solution (mg/L) 

V — volume of the Sample solution (L) 

W - sample weight (mg) 

F - dllution factor of the Sample solution 

Cw ~ average Tablet weight (mg) 

i - labeled amount/Ta&let (mg) 

Acceptance criteria: 9O.0%-125.Q% of the labeled 
amount of calcium (Ca), copper (Cu), iron (Fe), magne- 
slum (Mg), manganese (Mn), phosphorus (P), and zinc 
(Zn); and 90.0%-1 60.0% of the labeled amount of bo¬ 
ron (B), chromium (Cr), molybdenum (Mo), nickel (Ni), 
seienium (Se), tin (Sn), and vanadium (V). 

PERFORMANCE TESTS 

* Dl SI NIE GRAT! ON AND DlSSOLUTJON OF DIETARY SUPPLEMENTS 

(2040): Meet the reguirements for Dissolution 

* Weight Variation of Dietary Supplements (2091): Meet 

the reguirements 

SPECIFIC TESTS 

» Mecrobial Enumeration Tests (2021): The total aerobic 
microbial count does not exceed 3 x 10 2 cfu/g, and the 
combined molds and yeasts count does not exeeed 
3 x 10 2 cfu/g. 

■ Absence of Specified Microorganisms (2022): Meet the 
requirements of the tests for absence of Salmonella spe- 
des and Eschenchia coli 

ADD1TIONAL REQUIREMENTS 

« Packaging and Storage: Preserve in tighl, Irght-resistant 
containers. 

* Labeling: The la bel Sta tes that the product is Water-Solu- 

ble Vltamins with Minerals Tablets. The tabel also States 
the quantity of each vitamin and minerał in terms of 
metric units per dosage unit and, where necessary, the 
Chemical form in whith a vitamln is present, and also 
States the salt form of the minerał used as the source of 
each element. Where morę than one assay method is 
given for a particular vitamln or minerał, the labeling 
States with which assay method the product complies 
only if Method 1 is not used. 
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* USP Refehence Standards (11) 
USP Biotin RS 

USP Caicium Pantothenate R5 

USP Cyanocoba lamin RS 

USP Folie Acid RS 

USP Niacin RS 

USP Niacinamide RS 

USP Pyridoxrne Hydrochloride RS 

USP Rlboffavin RS 

USP Sodium Fluoride RS 

USP Thlamine Hydrochloride RS 



CioHssOa 568.88 

fi,fi-Ca rotene-3,3 'dio I (3 R, 3'5)-; 

(3fl,3'5-meso)-Zeaxanthin [31272-50-7]. 

DEFINETtON 

me5Q-Zeaxanthm consists chiefly of the 3R f 3'5-isomer of zea- 
xanthin. It contains NLT 80,0% of total carotenoids calcu- 
lated as zeaxanthin (CtoH^Oz) and NLT 74.0% of zeaxan~ 
thin (C 4 qH^0 2 ) on the anhydrous basis. 

IDENTIFICATION 
O A. 

Sample solution; Use the Sample solution of the test for 
Content of Totaf Carotenoids, 

Analysis; Record the UV-Vis spectrum from 300 to 600 
nm. 

Acceptance criteria: The Sample sofution shows a shou]- 
der at about 427 nm and a maximum absorption at 
about 453 nm and at about 480 nm. 

* B, The retention tfme of the major peak of the Sample 
sofution corresponds to that of tne Standard solution, as 
obtained in the test for Content of Zeaxanthin, 

® C The retention time of the major peak of the Sample 
sofution corresponds to that of (3ff,3LS-meso)-zeaxanthin 
from the Standard sofution, as obtained Sn the test for 
5 tereois o meric Composition . 

COMPOSITION 

« Content of Total Carotenoids 

[Notę —Use low-acttnic glassware.] 

Sample stock solution: Transfer 25.0 mg of meso-Zea- 
xanthin to a 100-mL volumetrlc fiask, add 20 ml of 
chloroform, and place the fiask in an ultrasonic bath at 
30° for 2-5 min to obtain a elear solution. Difute with 
cydohexane to volume to obtain a solution containing 
250 pg/mL. 

Sample solution: 2,5 jig/mL of the Sample stock solu- 
f/on In cyclohexane 
Instrumental conditions 
(See Uftraviolet-Visible Spectroscopy (857)0 
Analytical wavefength: 453 nm 
Celi: 1 cm 
Blank: Cydohexane 
Analysis 

Sample: Sample solution 

Calculate the percentage of total carotenoids as zeaxan- 
thin (C^Hs^OO In the portion of meso-Z eaxanth in 
taken: 

Result = A/(C x F) 

A - absorbance of the Sample solution 


C - concentration of the Sample solution (g/mL) 

F - coefflcient of extlnction (E 1 of zeaxantbm in 
cyclohexane (100 mL * g ^ 1 ■ cm-’), 2540 
Acceptance criteria: NLT 80.0% of total carotenoids 
(T) as zeaxanthfn (CioH^O^) on the anhydrous basis 
® Content of Zeaxanthin 

[Notę —Use low-actlnic glassware.] 

Mobile phase: Hexane and ethy] acetate (75:25) 
Standard solution: 150 pg/mL of USP /r?eso-Zeaxanthin 
RS prepared as folJows. Dlssolve 15,0 mg of USP meso- 
Zeaxanthin RS in 10 mL of chloroform, swirling briefly, 
and dilute with Mobile phase to 100 mL. 

Sample solution: Transfer 15.0 mg of sample to a 
100-mL volumetnc fiask, add 10 mL of chloroform, and 
place the fiask in an ultrasonic bath at 30° for 2-5 min 
to obtain a elear solution. Dilute with Mobile phase to 
volume, 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 
Detector: 453 nm 

Column: 4, 6 -mm x 25-cm; 3-jim packing L3 
Column temperaturę: 25° 

Flo w ratę: 1.5 m L/m In 
Injection volume: 10 pL 
System suitabrllty 
Sample: Standard solution 

[NOTĘ—The approximate relative retention times for lu- 
tein and zeaxanthln are 0.95 and 1,0, respectively.] 

SuitabHity reąuirements 

Resolution: NLT 1.0 between zeaxanthfn and iutein 

TailJng factor: NMT 2,0 

Relative standard deviation: NMT 2.0% 

Analysis: Inject the Sample solution , and measure the 
peak areas. [NoTE—The peak response of zeaxanthln is 
NLT 90.0% of the sum of aJI the peak responses.] 
Calculate the percentage of zeaxanthin (CsoH^Cb) in 
the sample taken: 

Result - (rufr T ) x T 

fu — peak response of zeaxanthin 
fj - sum of all the peak responses 

T = percentage of total carotenoids as determined 

in the test for Content of Total Carotenoids 
Acceptance criteria: NLT 74.0% of zeaxanthln 
(C 40 H 50 O 2 ) on the anhydrous basis 
• Iutein and Other Related Cgmpounde 
[Notę —Use low-actlnic glassware.] 

Mobile phase, Standard sofution, Sample solution, 
and Chromatographic system: Proceed as dlrected in 
the test for Content of Zeaxanthin. 

Analysis 

Sample: Sample solution 

[NOTE“The peak response of Iutein Is NMT 9.0% of the 
sum of all the peak responses.] 

Calculate the percentage of Iutein in the portion of 
me 5 oZeaxanthin taken: 

Result = (ru/n) x T 

r u = peak response of Iutein 
/> - sum of alf the peak responses 

T - percentage of total carotenoids as determined 

tn the test for Content of Total Carotenoids 
Calculate the percentage of other related compounds in 
the portion of me50-Zeaxanthin taken: 

Result = (ru/n) x l00 

n ~ indlvidual peak response of any other peak 
(excluding zeaxanthin and Iutein) 
r T - sum of all the peak responses 
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Acceptance criteria 
Liitein: NMT 8.5% 

Other related compounds; NMT 1.0% of any other 
indivtduaf related compound 
a $TERE0)5OMERIC COMPOSITION 

[Notę —Use !ow-actinie glassware,] 

Mobile phase: Gradient dution (see Tabfe 1) 


labie 1 


Time 

(min) 

/iHexane 

C«0 

2-Propanol 

_ 

0.0 

95 

5 

50 

95 

5 

55 

50 

50 

63 

50 

50 

65 

95 

5 

75 

95 

5 


Standard solution: Transfer 2.5 mg of USP meso- Zea- 
xanthin RS to a 50-mL volumetric fiask, add 25 mL of 
dehydrated alcohol, and sonicate at 60° for 2-5 min to 
dissolve the substance. Cool the fEask to room tempera¬ 
turę and di lute with n-hexane to votume. Transfer 
1 .0 mL of the resuttant solution to a 15-mL test tubę, 
and evaporate with a stream of nitrogen to dryness. 
Dissolve the resldue in a 1 0.0-mL mixture of 2-propanol 
and n-hexane (5:95). Pass through a membranę filter of 
(MS-pm porę size* * 

Sample solution: Transfer 2.5 mg of meso-Zeaxanthin 
to a 50-mL vo! u mętne fiask, add 25 mL of dehydrated 
alcohol, and sonicate at 60° for 2-5 min to dissoh/e the 
substance. Cool the fiask to room temperaturo and di- 
lute with n-hexane to volume. Transfer 1.0 ml of the 
resultant solution to a 15-mL test tubę, and evaporate 
with a stream of nitrogen to dryness. Dissolve the resi- 
due En a 10.0-mL mixture of 2-propano! and n-hexane 
(5:95). Pass through a membranę filter of 0.45-pm porę 
stze. 

Chromatograpłuc system 

(See Chromatograpny (621), System Suita bili ty.) 

Modę: HPLC 
Detector: 453 nm 

Column: 4.6-mm x 25-em; 5-^im packing 151 
Column temperaturę: 30 Q 
Flow ratę: 0.8 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 

[Notę—T he approximate relative retention times for 
(35,3'5)-zeaxanthin, (3/?,3 / 5-me5o)-zeaxanthfn, (3/?,3'R)- 
zeaxanthin, and (3/?,3'ft,ó'/?)-lutdn are 0.94, 1.00, 

1.06, and 1.11, respectively.] 

Suitability requirements 

Resolution: NLT 1.0 between each pair of peaks due 
to (35,3'5)-zeaxanthin, ( 3 R, 3 L 5 -rr?e 5 o)-zeaxanthin, (3/?, 
3'ft)-zeaxanthm, and (SR^^ó^J-lutein 
Chromatogram similarity: the chromatogram from 
the Standard solution \s similar to the reference chro¬ 
matogram provided with the lot of USP me50-Zeaxan- 
thin RS being used. 

Analysis 

Samples: Standard solution and Sample solution 
Identify the peaks of the relevant analytes from the 
Standard soiution by comparison with the reference 
chromatogram provtded with the USP Reference Stan¬ 
dard being usea. 

Calcuiate the percentages of (35,3L5>zeaxanthsn, (3/?, 
3 / 5-mejQ)-zeaxanthłn, and (3R,3'tf)-zeaxanthin: 

Result - (rufrr) x 100 

ru - peak response of the corresponding analyte 
r T ~ sum of aII the peak responses 


Acceptance criteria 

(3/?,3LS-/neso)-Zeaxanthin: NLT 85.0% 
(3/?,3'/?)-Zeaxanthin: NMT 15.0% 
(35,3'5)-Zeaxanthm: NMT 1.0% 

IMPURITIES 

<* Lead (251): NMT 1 ppm 
* Residue on Ignitiom (281): NMT 1.0% 

SPECIFfC TE5TS 

« Water Deterwiination, Method I (921): NMT 1.0% 

ADDITIONAL REQUIREMENT$ 

» Packaging and Storage: Preserve in tight, light-resistant 
confarners. 

0 USP Reference Standards (11) 

USP meso-Zeaxanthin RS 
/ijfcCarótene-3,3'-diol (3/?,3'5>; 

(3 R f 3'5-rr?eso)-Zeaxanth in. 

CtohbaO 2 568.88 


mg50-Zeaxa sit h i ii Preparat§or& 

DEF1NITION 

m£SO-Zeaxanthin Preparation is a combination of meso-Zea- 
xanthin with one or morę inert substances. It may be in a 
solid or a !iquid form. It contains NLT 95.0% and NMT 
1 30.0% of the labeled amount of total carotenoEds, calcu- 
lated as zeaxanthin (CfoHsóGz) on the anhydrous basis. It 
contains NLT 85.0% of zeaxanthin and NMT 9.0% of lu- 
tetn of the total carotenoid content 

IDENTIFICATION 
o A. 

Sample solution: Prepare as directed for Sample solu¬ 
tion A or Sample soiution B in the test for Contenf of 
Total Carotenoids. 

Analysis: Record the UV-Vis spectrum from 300 to 600 
nm. 

Acceptance criteria: The Sample solution shows a shoul- 
der at about 427 nm, an absorption maximnm at about 
453 nm, and another maximum at about 480 nm. 

* B. The retention time of the major peak of the Sample 

solution corresponds to that of tne Standard solution , as 
obtained En the test for Content of Zeaxanthin. 

» C. The retention time of the major peak of the Sample 
solution corresponds to that of (3R,3 / 5-meso)-zeaxanthin 
from the Standard solution , as obtained in the test for 
Stereo isom erk Composition. 

COMPOSITION 

* Content of Total Carotenoids 

Sample stock solution A (for solid Preparations): Trans¬ 
fer an amount of Preparation equivalent to 7.5 mg of 
zeaxanthln to a 100-mL low-actmic yolumetric fiask, 
add 5 mL of water, and sonicate at 60° for 5 min. Add 
50 mL of alcohol, and dilute with methylene chforide to 
volume. Shake thoroughly to obtaEn a fine dispersion, 
transfer 10 mL of this dispersion to a centrifuge tubę, 
and centrifuge. Discard tne foremost 2 mL of the super- 
natant. Use the elear soiution. 

Sample solution A: Transfer 1.0 mL of Sample stock so¬ 
lution A to a 50-mL low-actinic fiask, and dilute with a 
mixture of cydohexane and alcohol (9:1) to volume. 
Sample stock solution B (for Ifguid Preparations): 

Transfer an amount of Preparation equivaient to 7.5 mg 
of /7?e50-zeaxanthin to a lOG-mL low-actinic volumetrlc 
fiask, add 20 mL of chloroform, and sonicate for 5 min. 
Cool the solution to room temperaturę, and dilute with 
cydohexane to volume. Shake thoroughly to obtain a 
fine dispersion, transfer 10 mL of this dispersion to a 
centrifuge tubę, and centrifuge. 
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Sam ple solution B: Transfer 1,0m L of Sampie stock so- 
lution B to a 50-mL [ow-actinic fiask, and dilute with 
■cydphexane to volume* 

Jnstrumental conditions 
(See Uitraviotet-Vhible Spectroscopy (857),) 

Analytical wavelength: 455 nm 
Celi: 1 cm 
Blank: Cydohexane 
Analysis 

Sampie: Sampie solution 

Calcu fate the percentage of total carotenoids (7) as zea- 
xanthin (C^f-h^CT) in the portion of Preparation taken: 


* Lutein and Other Related Compounds 

Mobile phase, Standard solution, SampJe solution, 
and Chromatographlc system: Proceed as directed in 
the test for Content of Zeaxanthin. 

Injection volume: 10pL 
Analysis 

Sampie: Sampie solution 

Calculate the percentage of lutein and other related 
compounds retative to total carotenoids In the portion 
of Preparation taken: 

Result = (rJn) x 100 


Result - A/(Cx F) 

A = absorbance of the Sampie solution 
C - concentratlon of Preparation in Sampie solution 
A or Sampie solution B (g/mL) 

F - coefficient of extinction (E 3% ) of zeaxanthin in 
cydohexane (100 mL * g ! - cm- 1 ), 2540 
Calculate the percentage of the Eabeled amount of total 
carotenoids: 

Result - (T/L) x 100 


- peak response of lutein or other individual 
related compounds 
r t - sum of alf the peak areas 

Acceptance criteria 
Lutein: NMT 9.0% 

Any other Sndividual related compound: NMT 1*0% 
Total related compounds (including lutein): NMT 
15.0% 

» 5TERE01SOMEREC COMPOSITION 

[Notę—U se low-actinic glasswarej 

Mobile phase: Gradient elution (see Tabfe T) 



T = percentage of total carotenoids found as 
calculated above 

i - labeled amount of total carotenoids (%) 
Acceptance criteria: 95.0%-1 30,0% of the labeled 
amount of total carotenoids as zeaxanthin (CiuH^Cb) 
on the anhydrous basis 
® Content of Zeakanthjn 

[Notę—U se low-actinic glassware.] 

Mobile phase: Hexane and ethyl acetate (75:25) 
Standard solution: 75 pg/ml of USP meso -Zeaxanthin 
RS in Mobile phase 

Sampie solution: Proceed as directed in Sampie stock 
solution A or Sampie stock solution B in the test for Con¬ 
tent of Total Carotenoids. Pass through a membranę fik 
ter of 0.45-pm porę size. 

Chromatographlc system 
(See Ch rama tog ropny (621), System Suitability.) 

Modę: LC 

Detector: UV 453 nm 

Column: 4.6-mm x 25-cm; 3-j.tm packrng L3 
Flow ratę: 1.5 ml/rnm 
Injection vo!ume: 10 \.iL 
System suitability 
Sampie: Standard solution 

[Notę—T he relative retentlon times for zeaxanthin and 
lutein are about 1.0 and 0.95, respectively.] 

Suitability reguirements 

Resolution: NLT TO between zeaxanthin and lutein 

Talling factor: NMT 2,0 

Relative standard deviation: NMT 2*0% 

Analysis 

Sampie: Sampie solution 

Calculate the percentage of zeaxanthin relative to total 
carotenoids in the portion of Preparation taken: 

Result = (rjrr) x 100 

ru ~ individual peak response of zeaxanthin 
fj - sum of aII the peak responses 
Calculate the percentage of zeaxanthrn in the portion of 
Preparation taken: 


Result = (ry/o) x T 

ry ~ individual peak response of meso-zeaxanlhin in 
the Sampie solution 

r T = sum of all the peak responses 

T - percentage of total carotenoids as determined 

in the test for Content of Total Carotenoids 
Acceptance criteria: NLT 85.0% of zeaxanthin in the 
total carotenoid content 


Table 1 


Time 

(mini 

n- Hexane 
(%) 

2 Propanol 

f Q /ol 

0*0 

95 

5 

50 

95 

5 

55 

50 

50 

63 

50 

50 

65 

95 

5 

75 

95 

5 


Standard solution: Transfer 2*5 mg of USP meso-Zea- 
xanthln RS to a 50-mL volumetric fiask, add 25 mL of 
dehydrated alcohol, and sonicate at 60° for 2-5 min to 
dissolve the substance* Cool the fiask to room tempera¬ 
turę and dilute with n-hexane to votume. Transfer 
1.0 mL of the resultant solution to a 15-mL test tubę, 
and evaporate with a stream of nitrogen to dryness. 
Disso!ve the residue in a 10,0-mL mixture of 2-propanol 
and mhexane (5:95). Pass through a membranę filter of 
0.45-pm porę size. 

Sampie solution: Proceed as directed for Sampie stock 
solution A or Sampie stock solution B En the test for Con¬ 
tent of Total Carotenoids. Transfer 1.0 mL of Sampie stock 
solution A or Sampie stock solution B to a 15-ml test 
tubę, and evaporate with a stream of nitrogen to dry¬ 
ness. Dissolve the residue in a 10,0-mL mixlure of 
2-propanol and n-hexane (5:95), Pas s through a mem¬ 
branę filter of 0.45-pm porę size. 

Chromatographic system 
(See Chromatograpny (621), System Suitability,} 

Modę: HPLC 
Detector: 453 nm 

Column: 4.6-mm x 25-cm; 5-pm packing L51 
Column temperaturę: 30° 

Flow ratę: 0.8 mL/min 
Injection volume: 20 jliL 
System suitability 
Sampie: Standard solu don 

[Notę—T he approximate re!ative retention times for 
(35,3'5)-zeaxanthin, (3ft,3'5-rtie5o)-zeaxanthrn, (3/?,3'/?)- 
zeaxanthin, and (3/?,3'fi,6'R)-!utem are 0.94, 1.00, 

1.06, and 1,11, respectively,j 
Suitability requirements 

Resolution: NLT 1.0 between each pair of peaks due 
to (35,3'5)-zeaxanthin, (3R / 3'5-meso)-zeaxanthin, (3R, 
3T?)-zeaxanthin, and (3R,3 y R,6 y R)4utein 
Chromatogram simllarity: The chromatogram from 
the Standard solution h similar to the reference chro- 
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matogram provided with the lot of USP meschZeaxar- 
thin RS being used, 

Analysis 

Samples: Standard sofution and Sample sofution 
Identify the peaks of the reievant analytes in the chro- 
matogram of the Standard sofution by comparison with 
the reference chromatogram provEded with the USP 
Reference Standard being used. 

Cafculate the percentage of (35,3'5)-zeaxanthin, (3/?,3'5- 
meso)- 2 eaxanthin, and (3fi,3'ft)-zeaxanthin: 

Resuit - ( ru/r T ) x 100 

r u - peak response of the corresponding analyte 
rr - sum of all the peak responses 
Acceptanee criteria 
(3R,3'5-meso)-Zeaxanthin: NLT 85.0% 
(3ff l 3'R)-Zeaxanthm: NMT15.0% 

(35,3'5)-Zeaxanthin: NMT 1.0% 

IMPURIT1ES 

» Residue on Ignition (281): NMT 2,0% 


Detete the following: 

Heavy Metals, Method II (231): NMT 10 ppm# ąmtw i- 

)an'20l &) 

SPECIFIC TEST5 

® WATER DETERMINATiON, Method I <921): NMT 8.0% for 
solid Preparations; NMT 1.0% for ligurd Preparations 

ADDITfONAL REQUIREMENT5 

* Packaging and Stdrage: Preserve in tightly sealed, light- 

and oxygen-resistant containers. Storę in a cool place. 

» Labeling: The tabel States the na me and eon tent of any 
carriers and antioxidants added to the formulation, and 
the content of total carotenoids as zeaxanthin. 

* USP Reference Standard* (11) 

USP meso-Zeaxanthin RS 
/3,/3-Carotene-3,3'-dioI (3 R t ¥S)~; 

(3 R f 3'5-/r?e5o)~Zeaxanthin. 

C^oH^fiOz 568.88 


Zinc Acetate Orał Solution —see Zinc 
Acetale Orał Solution General Monographs 


Zinc Citrate 


o 



O J 2 


C ł2 HioOi 4 Zn 3 ■ 2HzO 61036 

2-Hydroxy-1,2,3-propanetricarboxylic add zinc salt, dihy- 
drate [5990-32-9]. 

Anhydrous [546-46-3], 

DEFDNITION 

Zinc Ci tratę contains NLT 31.3% of zinc (Zn), calculated on 
the dried basis. 

IDENTIFICATION 

o A. Identification Tests—General, Zinc ^ 91): A solution 
(1 in 10) meets the reguirements, 

* IB. Identification Tests—General, Citrate <197): A solu¬ 
tion (1 in 10) meets the reguirements. 


ASSAY 
® Procedurę 

Sample: 350 mg of Zinc Citrate, previously dried at 
1 05° for 2 h 
Blank: 60 mL of water 
Titrimetric system 
(See Titrimetry <541).) 

Modę: Direct titratlon 
Titrant: 0,05 M edetate disodium VS 
Endpoint detection: Visual 
Analysis; Disso!ve the Sample in 60 mL of water. Add 
10 mL of ammonla-ammonium chloride buffer TS and 
0.1 mL of eriochrome black TS. Titrate with the Titrant 
to a blue endpoint. Perform a blank determination. 
Calcuiate the percentage of zinc (Zn) in the portion of 
Zinc Citrate taken: 

Resuit [{V - B)xMxFx 100]/W 

V - sample titrant volume (mL) 

B - blank titrant volume (mL) 

M - titrant molarity (mM/ml) 

F = equiva!ency factor, 65.4 mg/mM 

W - sample weight (mg) 

Acceptanee criteria: NLT 31.3% on the dried basis 

IMPURKTIE5 

* Chloride and Sulfate, Chloride <221): A 1.0-g portion 

shows no morę chloride than corresponds to 0.7 ml of 
0.020 M hydrochloric acid (NMT 0,05%). 

* Chloride and Sulfate, Sulfate (221): A 1,8-g portion 

shows no morę sulfate than corresponds to 0,5 mL of 
0.020 N sulfuric add (NMT 0.05%). 

9 Limit of Arsenic, Cadmium, and Lead 

Arsenie standard solution: 7.0 ug/mL In 1% nitric 
add, prepared from an arsenic standard solution 
(10 mg/L) 

Cadmium standard solution: l.Opg/mL in 1% nitric 
add, prepared from a cadmium standard solution 
(10 mg/L) 

Lead standard solution: l.Opg/mL in 1% nitric acid, 
prepared from a lead standard solution (10 mg/L) 
Multi-element standard solution: 10 j-ig/L of lead, 

5 pg/L of cadmium, and 3 pg/L of arsenic rn 1% nitric 
acid, prepared from the Lead standard sofution , Cad¬ 
mium standard solution , and Arsenic standard solution , 
respectively 

Sample solution: 2 mg/mL of Zinc Citrate in 1% nitric 
acta 

tnstrumental conditions 

(See Plasma Spectrochemhtry {7 30).) 

Modę: ICP-M5 
Radio freguency: 1 350 Watts 
Nebulizer flow ratę: 0.9 L/min 
[Notę —The radio frequency and nebulizer flow ratę set- 
tings may be developed and optlmized based on the 
manufactureds recommendation.] 

Detection atomie masses: As, Cd, and Pb 
Blank: 1% nitric acid solution 
Analysis 

Samples: Multi-element standard solution , Sample solu- 
tion t and Blank 

Determine the responses of the Multi-element standard 
so/uf/on, Sample solution, and Biank at the masses rn- 
dicafed above. 

Calcuiate the content of each element, in pg/g, in the 
portion of Zinc Citrate taken: 

Resuit = (ro/fs) X (Q/G ; ) 

ru = peak response of the corresponding element 
from the Sample solution 

r$ - peak response of the corresponding element 
from the Multi-element standard solution 
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G = concentration of the corresponding element In 
the Multhelement standard soiution (jag/L) 

Cu — concentration of Zinc Ci tratę In the Sample 
soiution (g/L) 

Acceptance criteria 
Arsenie: NMT 3 ug/g 
Cadmlum: NMT 5 pg/g 
Lead: NMT 10 pg/g 

SPECJFIC TESTS 

* Loss ON DRYING (731): Dry a sample at 1 05° for 2 h: li 

loses NMT 1.0% of its weight. 

* Microbial Enumeration Tests (2021): The to tal aerobic 

microbial count does not exceed TO 1 cfu/g. The total 
combrned yeasts and molds count does not exceed 10^ 
cfu/g. 

• MlCROBIOLOGICAL PfcOCEDURES FOR ABSENCE OF SPECIFIED Ml 

croorganesms (2022): It meets the reguirements of the 
test for absence of Escherichio coli ; 

APOITIONAL REQUIREMENT5 

• Packaging and Storage: Preserve in well-dosed 

containers. 


Zinc Citrate Tablets 


DEFIN1TION 

Zinc Citrate Tablets contain NLT 90.0% and NMT 110*0% 
of the labeled amount of zinc (Zn)* 

IDENTIFICATION 

* A. The Sample soiution for Strength p rod u ces linę emts- 

sions or absorptions at the characteristic wavelengths for 
zinc* 

* B* Identification Tests—General, C/f rotę <191) 

Sampfe soiution: Transfer a guantity of powdered Tab¬ 
lets, equivalent to about 15 mg of zinc, to a centrifuge 
tubę. Add 2-5 mL of water, sonicate for 1 min, shake, 
and centrifuge* 

Acceptance criteria; Meets the reguirements 

STRENGTH 

■ CONTENT OF ZlNC 
Method 1 

[Notę—A standard stock soiution is commercially avalla- 
ble at different zinc concentrations, which may be 
used for preparation of the Standard stock soiution * 
Necessary volumetric adjustment can be madę in the 
Standard soiution, Concentrations of the Standard solu* 
tion and the Sample soiution may be modified to fit the 
linear or working rangę of the instrument] 

Standard stock soiution: Dissolve 625 mg of zinc ox- 
ide, weighed, and previousiy igniled to constant 
weight, in 10 ml of nitric add, and add water to make 
500.0 mL. This soiution contains 1000 mg/L of zinc. 
Standard soiution: To a 500-mL volumetric fiask add 
200 mL of water and 10 mL of nitric add, and mix 
thoroughly* Pipette 10.0 mL of the Standard stock solu- 
tion rnto the volumetnc fiask, and dilute with water to 
volume to obtain a soiution having a known contem 
Lration of about 20 mg/L of zinc. 

Sample soiution: Weigh and finely powder NLT 20 
Tablets. Transfer weighed portion of the powdered 
Tablets, equiva!ent to about 0.1 g of zinc, to a 50-mL 
fiask* Add 10mL of nitric acid, and heat the soiution 
on a hot piąte to boil gently, durfng which process 
fuming evolves. Boil the soiution for an additional 30 
min with constant swlrling, during which no fuming 
should be observed. Cool the soiution to room tem¬ 
peraturę, quanjjtatively transfer all of the soiution to a 
500-mL volumetrrc fiask, dilute with water to volume, 
and mix. Pipette 25.0 mL of this soiution into a 


250-mL volumetnc fiask, add 5 mL of nitric add, dilute 
with water to vofume, mix, and filter. 

Inductively coupled plasma system 
(See Plasma Spectrochemistry (730)* *) 

Modę: Atomie emission spectroscopy 
Analytical wavelength: 206.20 nm. [Notę—T he op- 
erating conditions may be developed and optimized 
based on the manufacturer's recommendation* A typ- 
ical setting indudes radio freouency (RF) power of 
aboul 1300 watts, argon toreb flow of about 15 U 
min, argon auxiliary ffow of about 0.2 L/min, and a 
nebulizer flow ratę of about 0.8 L/min.] 

Blank: 2% nitric acid soiution 
Analysis 

Sam pies: Standard Solutions , Sample soiution , and 
Blank 

Calculate the percenfage of the labeled amount of zinc 
(Zn) in the portion ofTablets taken: 

Result - (rufo) x (CdCu) x 100 

r u ~ response from the Sample soiution 

r s = response from the Standard soiution 

Cs - concentration of the Standard soiution (mg/L) 

Cu = nominał concentration of zinc in the Sample 
soiution (mg/L) 

Acceptance criteria: 90.0%-110.0% 

Method 2 

Standard stock soiution A; 1000 pg/mL of zinc from 
zinc oxide tn 5 M hydrochloric acid (3.89 mg/ml) and 
diluted with water to finał volume. [Notę —Dissolve in 
5 M hydrochloric add by warming, if necessary* Cool, 
and then dilute to finał volume.] 

Standard stock soiution B: 50 ug/mL of zinc from 
Standard stock soiution A diluted with 0.125 N hydro¬ 
chloric acid 

Standard Solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 
5.0 ml of Standard stock soiution 8 to separate 100-mL 
volumethc flasks. Dilute the eon ten ts of each fiask with 
0.125 N hydrochloric add to volume to obtain con¬ 
centrations of 0.5, 1.0, 1.5, 2.0, and 2.5 pg/mL of 
zinc. 

Sample soiution: Finely powder NLT 20 tablets. Trans¬ 
fer an equivalent to 5 tablets to a porcelain crudble* 
Heat the crudble in a muffle furnace maintained at 
550° for 6-12 h, and cool, Add 60 mL of hydrochloric 
acid, and boli gently on a hot piąte or steam bath for 
30 min, intermittently rinsing tne in ner surface of the 
crudble with 6 N hydrochloric acid. Cool, and quan- 
titative!y transfer the contents of the crucible to a 
100-mL vo)umetric fiask. Rinse the crucible with smalJ 
portions of 6 N hydrochloric acid, and add the rinsings 
to the fiask. Dilute with water to volume, and filter, 
dtsearding the first 5 mL of the filtrate* Dilute this solu- 
tlon quantitatively, with 0.125 N hydrochloric acid to 
obtain a nom inaf concentration of 2 pg/mL of zinc* 
fnstrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: 213,8 nm 
Lamp: Zinc hollow-cathode 
Flame: Air-acetylene 
Blank: 0*125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sample soiution 
Determine Lhe absorbances of the Solutions against the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in pg/mL, of zinc, and dra w 
the straight linę best fitting the five plotted pornts. 
From the graph so obtained, determine the concen¬ 
tration, C, in pg/mL, of zinc in the Sample soiution. 
Calculate the percentage of the labeled amount of zinc 
(Zn) in the portion of Tablets taken: 

Result - (C/Cu) x 100 
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C - determined concentration of zinc in the 
Sample soiution (|Lig/mL) 

G = nominał concentration of zinc in the Sample 
solution (pg/mL) 

Acceptance criteria: 90.0%-110-0% 

PERFORMANCE TESTS 

* BSSINTEGRATIGN AMD DiSSOLUTION <2040) 

Medium: Water; 900 mL 
Apparatus 2: 75 rpm 
Time: 60 min 

Analysis: Proceed as directed in Method 1 or Method 2 
for Strength, making any necessary volumetric 
adjustments. 

Sample solution: If Method 1 is used, pipet 10.0 mL of 
the filtered pooled solution under test to a 50-mL vo3u- 
metric f lasie, and dilute with 2% nitrie acid solution to 
50 mL. If Method 2 is used, dilute the fil te red pooled 
solution under test with 0,125 N hydrochioric acid to a 
concentration fali Ing with i n the rangę of the Standard 
Solutions , 

Cafculate the percentage of the labefed amount of zinc 
(Zn) dlssoJved: 

Result = C x (V M /a) x (D/i) x 100 

C - concentration of zinc in the Sample solution 
(mg/L) 

Vm = yolume of Medium, 900 mL 
a = afiquot of soiution under test (mL) 

D = dilution factor to prepare the Sompie solution 
from the aliquot taken 
i - label claim (mg/Tablet) 

Tolerances: NLT 75% of the labeled amount of zinc is 
dissolyed. 

* WEIGHT VARIAT10N OF DiETARY SUPPLEMENTS (2091): Meet 

the requlrements 

SPEOF1C TESTS 

* Micro be al Enumeration Tests (2021): The totat aerobic 

microbial count does not exteed 10 3 cfu/g, and the total 
combined yeast and mold count does not exceed 10 2 
cfu/g, 

O ABSENCE of SFEGIFIED MiCROORGANISMS (2022): lt meets 
the requirements of the test for absence of Escherichia 
coli. 

ADDmONAL REQUIREMENTS 

* Packagimg and Storage: Preserve in well-closed 

containers. 

* Labeling: The label States the quantity of zinc in terms of 

mg/Tablet 


Zinc Gluconate —see Zinc Gluconate 
General Monographs 


Zinc ansd YStamiri C Lozenges 

DEFINITION 

Zinc and Vitamin C Lo zen ges contain NLT 90.0% and NMT 
110.0% of the labeled amount of zinc (Zn) derived from 
substances generally recognized as safe and furnishing an 
ionizable form of zinc; and NLT 90.0% and NMT 120.0% 
of the labeled amount of yitamin C, as ascorbic acid 
(CćHbOó), sodium ascorbate (GhbNaO*), or calcium as- 
corbate dlhydrate (CiaHuCaOi* * 2 H 2 O). it contains no 
other vitamins or minerals for which nutritionaf vafue is 
daimed. ft may contain other labeled added substances 
or additional ingredtents in amounts that are 
unobjectionable. 


IDENTIFICATION 
® A. 

Analysis: Proceed as directed in Strength for Content of 
Zinc. 

Acceptance criteria: The Sample solution produces linę 
emissions or absorptions at the characteristic wave- 
lengths for zinc. 

* B. 

Analysis: Triturate a quantity of finety powdered Loz- 
enges with sufficient alcohof to obtain a soiution eon- 
laining the equivalent of 20 mg/ml of ascorbic acid, 
sodium ascorbate, or calcium ascorbate dihydrate, and 
filter, Add 1 mL of 0,1 N hydrochioric acid to 4 mL of 
the filtrate from Lozenges containing sodium ascorbate 
or calcium ascorbate. 

Acceptance criteria: A portion of fhe filtrate reduces 
alkatine cupric tartrate TS slowiy at room temperaturę 
but morę readily upon heating! 

STRENGTH 
o Content of Zinc 
Procedurę 1 

[Notę—A standard stock soiution is commercially avai[a- 
bie at different zinc concentrations, which may be 
used for preparation of Standard stock solution . Neces- 
sary yolumetric adjustment can be madę in the Stan¬ 
dard solution. Concentrations of the Standard solution 
and the Sampfe solution may be modified to fit Lhe 
linear or working rangę of the instrument.] 

Standard stock solution: Dissolve 625 mg of zinc ox- 
ide, weighed, and previously ignited to constant 
weight, in 10 mL of nitrie acid, and add water to make 
500.0 mL. This solution contains 1000 pg/mL of zinc. 
Standard solution: To a 500-mL yolumetric fiask add 
200 mL of water and 10 mL of nitrie add, and mix 
thoroughly. Pipet 10.0 mL of the Standard stock solu¬ 
tion into tne yolumetric fiask, and dilute with water to 
voJume to obtain a solution having a known concen¬ 
tration of about 20 pg/mL of zinc. 

Sample solution: Weigh and finely powder NLT 
20 Lozenges. Transfer an accurately weighed portion of 
the powdered Lozenges, equiva!ent to about 0.1 g of 
zinc, to a 50-mL fiask, Add 10 mL of nitrie add, and 
heat the solution on a hot piąte to boli gently, during 
which process fuming evoJves, Boi! the solution for an 
additional 30 min with constant swirling, during which 
no fuming should be observed, Cool the solution to 
room temperaturę, quantitatively transfer all of the so¬ 
lution to a 500-mL yolumetric fiask, dilute with water 
to volume, and mix. Pipet 25.0 mL of this solution into 
a 250-mL yolumetric fiask, add 5 mL of nitrie acid, di¬ 
lute with water to yolume, mix, and filter. 
inductively coupled plasma system 
(See Plasma Spectrachemistry {7 30).) 

Modę: Atomie emission spectroscopy 
Analytteai wavelength; 206,20 nm 
[Notę—T he operating conditions may be cleveloped 
and optim ized based on the manufactureds recom- 
mendation, A typical setting inctudes radio fre- 
quency (RF) power of about 1 300 watts, argon 
torch flow of about 15 L/min, argon auxiliary flow of 
about 0,2 L/min, and a nebulizer flow ratę of about 
0,8 L/min,] 

Blank: 2% nitrie acid solution 
Analysis 

Sam pies: Standard Solutions, Sample sofution, and 
Biank 

Calculate the percentage of the labeled amount of zinc 
(Zn) in the portion of Lozenges taken: 

Result = (fy/ri) x (Cs/G) x 100 

r u - response from the Sample solution 

rs = response from the Standard solution 
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Ci - concentration of zinc in the Standard sofution 
(fig/mL) 

C u - nominał concentration of zinc in the Sampie 
sofution ftig/mL) 

Acceptance criteria: 90,0%-110,0% of the labeled 
amount of zinc 
Procedurę 2 

Standard stook sofution A: Dissolve zinc oxide in 5 JV 
hydrochloric add with wanming, if necessary, to obtain 
a solution with a concentration of 3,89 mg/mL Dilute 
with water to obtain a solution with a concentration of 
1000 pg/mL of zinc. 

Standard stock solution B: 50 [ig/mL of zinc from 
Standard stock sofution A in 0,125 N hydrochloric acid 
Standard Solutions: Transfer 1.0, 2.0, 3.0, 4,0, and 
5.0 ml of Standard stock sofution 8 to separate 1 GO-mL 
yolumetric flasks. Dilute the contents of each fiask with 
OJ 25 N hydrochloric acid to volume to obtain Solu¬ 
tions containing 0.5, 1,0, 1.5, 2.0, and 2.5 jug/mL of 
zinc. 

Sampie solution: Finely powder NIT 20 Lozenges. 
Transfer an equivalent to 5 Lozenges to a porcelain 
crucible. Heat the crudble in a muffie furnace main- 
tained at 550* for 6-12 h, and cool Add 60 ml of 
hydrochloric acid, and boil gently on a hot piąte or 
steam bath for 30 min, intermittently rinsing the inner 
surface of the crucible with 6 N hydrochloric acid. 

Cool, and quantitatively transfer the contents of the 
crucible to a 100-mL vofumetric fiask. Rinse the cruci¬ 
ble with smali portions of 6 M hydrochloric add, and 
add the rinsings to the fiask. Dilute with water to voL 
ume, and filter, discarding the first 5 mL of the fil tratę* 
Dilute this solution quantitatively with OJ 25 N hydro¬ 
chloric acid to obtain a nominaf concentration of 2 jag/ 
mL of zinc. 

Instrumental conditions 

(See Atomie Absorption Spectroscopy <852),) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: 213.8 nm 
Lamp: Zinc hollow-cathode 
Flame: Air-acetylene 
Blank: 0.125 N hydrochloric acid 
Analysis 

Samples: Standard Solutions and Sampie solution 
Determine the absorbances of the Solutions agamst the 
Blank. Plot the absorbances of the Standard Solutions 
versus the concentration, in /.tg/mL, of zinc, and draw 
the straight linę best fitting the five plotted points. 
From the graph so obtained, determine the concen¬ 
tration, C, in jig/mL, of zinc in the Sampie solution. 
Calculate the percentage of the labeled amount of zinc 
(Zn) in the portion of Lozenges taken: 

Result = (C/Cu) x 100 

C - determined concentration of zinc in the 
Sampie solution (jig/mL) 

Cu = nominał concentration of zinc in the Sampie 
solution frig/mL) 

Acceptance criteria: 90.0%-110.0% of the label claim 

* CONTENT OF VtTAMIN C 

Sampie solution: Transfer NLT 20 Lozenges to a 
1000-mL yolumetric fiask containing 250 mL of 
metaphosphoric-acetic acids TS. Insert the stopper in 
the fiask, and śhake by medianical means for 30 min or 
until the lozenges have disintegrated compietely. Dilute 
with water to volume. Transfer a portion of the solution 
to a centrifuge tubę, and centrtfuge until a elear super* 
natant is obtained, Quantitatively dilute the elear super- 
natant with water, tf necessary, to obtain a solution 
containing 0.5 mg/mL of ascorbic acid. 

Blank: A mixture of 5.5 mL of metaphosphoric- 
acetic acids TS and 15 mL of water 


Titrimetric system 

(See Titrimetry (541).) 

Modę: Direct titration 

Titrant: Standard dichlorophenol-indophenol VS 
Endpoint dełection: Vi$ual, a rose-pink color that per- 
sists for at least 5 s 

Analysis: Transfer a vol ume of the Sampie solution , 
equivalent to 2 mg of ascorbic acid, into a 50-mL coni- 
cal fiask. Add 5 mL of metaphosphoric-acetic acids TS, 
and titrate with TJfronf. Correct for the volume of the 
Titrant consumed by the Blank. 

Calcu la te the percentage of the labeled amount of as¬ 
corbic add (CsHsOe) in the portion of the Lozenges 
taken: 

Result = {[(V s - Vb) x F\/W} x 100 

V* = Titrant volume consumed by the Sampie 
solution (mL) 

V B - Titrant yolume consumed by the Blank (mL) 

F - ascorbic add equivalent of the Titrant 
(mg/mL) 

W s= nominał weight of ascorbic acid taken for 
Anaiysis (mg) 

Acceptance criteria: 90.0%-120.0% of the labeled 
amount 

SPECIFIC TESTS 

* Microbial Enumeration Tests (2021): The to tal aerobic 
microbial count does not exceed 10 3 cfu/g, and the total 
combined yeasts and molds count does not exceed 1Q 2 
cfu/g. 

« Absemce of SPECiFiED MiCROORGANiSMS (2022): It meets 
the requirements of the test for absence of Escherichta 
coli. 

PERFORMANCE TESTS 
O DlSINTECRATION AND DlSSOLUTfON (2040) 

Medium: OJ N hydrochloric acid; 900 mL 
Apparatus 2: 75 rpm 
Time: 60 min 

Analysis: Determine the amount of zinc (Zn) and vita* 
min C dissolved, using the procedures in Strength for 
Content of Zinc and Content of Vitamin C, making any 
necessary yolumetric adjustments. [Notę —Proceed with- 
out delay in the vitamm C determination,] 

Całcuiate the percentage of the labeled amount of zinc 
(Zn) dissotved: 

Result =* C x (V m /q) x (D/L) X 100 

C = measured concentration of Zinc in the Sampie 
solution (mg/mL) 

= yolume of Medium , 900 mL 
a - aliguot of solution under test taken (mL) 

D = dilution factor to prepare the Sampie solution 
from the aliąuot taken 
i ~ labeled amount of zinc (mg/Tablet) 

Calculate the percentage of the labeled amount of 
vitamin C, as ascorbic acid (QHbO$), dissolved: 

Result = (Vi - V B ) x F x [(VJa)/L] x 100 

Vs - TUrant yolume consumed by the Sampie 
solution (mL) 

V B = Titrant volume consumed by the Blank (mL) 

F = concentration of the Titrant in terms of the 
equivalent of ascorbic acid (mg/mL) 

- volume of Medium, 900 ml 
a - volume of the aliauot taken for Analysis 
i = labeled amount or ascorbic acid (mg/Tablet) 
Tolerances: NLT 75% of the labeled amount of zinc 
(Zn) and yitamin C is di$solved. 
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Dietary Supplements / Zinc 7477 


* Weight Variation of Dietary Supplements <2091): Meet form of zinc and the Chemical form of vitamin C present 

the requirements in the loże ng es. 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-dosed 
containers. 

* Labelinc: The labę! States the quantity of zinc and vita- 

min C as ascorbic actd in mg per Lozenge, and the salt 
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Admissions 


New Artides Appearing in NF 35 That Were Not Induded in NF 34 Induding 
Supplements 


[Notę—T he artides induded in this list are noted in the book with the fotlowing symbols A This applies to new 
artides as weJI as sections of existing items that have been revised,] 

New Artides Appearing in NF 35 

Eucalyptus Oi! 

Sodium Succinate 
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7484 Annotated List 


NF 35 


ANNOTATED LIST 


General Notices, Monographs, General Chapters, Reagents, and Tables 
Affected by Changes Appearing in NF 35 


Poge citations refer to the pages of NF 35. Notę—In the fisi helów , if o section is new or if a subsection is added to or deleted 
from on emting section, it is lobeied as such in parentheses after the section or subsection name . Items on this list that appear 
without the designotion "new", *added ", or " deleted" ore items in whkh changes have been madę to existing officiai text 


Excipients 

Flavors and Fragrance 
Eucalyptus Oil, 7489 
Sodium Sucdnatą 7489 
pH Modifier (Actdifying Agent/AlkalUing Agent/ 
Buffering Agent) 

Sodium Succinate, 7490 

Monographs (NF 35) 

Tribasic Calcium Phosphate, 7552 
IDENTIFICATION 
Croscarmellose Sodium, 7625 
INTRODUCTION (added) 
IDENTIFICATION 
Test C 
IMPURITIES 

Sodium Chioride and Sodium Glycolate 


SPECIFIC TESTS 

Content of Water-Sofuoble Materiai and Mi- 
crobiat Enumeration Tests and Tests for Spęd - 
fied Microorganisms 
Eucaiyptus Oil (new), 7663 
Glyceryl Tristearate, 7691 
IDENTIFICATION 
Monosodium Glutamate, 7771 

CHEMICAL INFORMATION (added) 
IDENTIFICATION 
ADDITIONAL REQUIREMENT5 
USP Reference Standards (added) 

Pofcassium Hydro* id e, 7844 
DEFINITION 
IDENTIFICATION 
pH, Test B (added) 

ASSAY 

IMPURITIES 

Sodium Succinate (new), 7890 
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Excipient$ 


USP and NF Excipients, Listed 


by Functional 
Category 


In the foliowing reference table, the grouping of exciph 
ents by functional category is intended to summa rize com- 
monfy identified purposes that these excipients serve rn 
dmg product formufations, The assodation of a functional 
category with a particular dosage form in this table Is not 
absolute and does not limit the use of an exdpient to a 
single type of dosage form or defivery system. 

Adhesive 


Dosage Form : Transdermals and "Patches' 
Dimethicone 
Polyisobutytene 

Air Displacement 
Caroon Dioxide 
Nitrogen 

Alcohol Denaturant 
Denatonium Benzoate 
Methyl Isobutyl Ketone 
Sucrose Octaacetate 

Antifoaming Agent 
Dimethicone 
Lauric Acid 
Myristic Acid 
Palmitic Acid 
Slmethicone 

Antimicrobial Preservative 

Dosage Form : Orał Liquids 
Alcohol 

Benzalkonium Chloride 

Benzalkonium Chloride Solutlon 

Benzethonium Chloride 

Benzoic Add 

Benzy! Alcohol 

Boric Add 

Butyl pa raben 

Calctum Acetate 

Calcrum Chloride 

Ca Idu m Lactate 

Caldum Propionate 

Cetrimonium Bromtde 

Cetylpyridinium Chloride 

Chlorobutanol 

Chlorocresol 

Ch!oroxylenol 

Cresol 

Dehydroacetlc Add 

Erytnorbic Add 

Etnylparaben 

Ethyfpa raben Sodium 

Glyeerin 

Imidurea 

Mandelic Acid 

Methylparaben 

Methylparaben Sodium 

Monothioglycerot 


Pentetic Add 
Phenol 

PhenoxyethanoI 
Phenylethyl Alcohol 
P h e ny I mercu ri c Ace ta te 
Phenyimercuric Nitrate 
Potassium Benzoate 
Potassium Metabisulfite 
Potassium Sorbate 
Proplonic Add 
Propylene Clycol 
Propyiparaben 
Propyiparaben Sodium 
Sodium Acetate 
Sodium Benzoate 
Sodium Borate 
Sodium Dehydroacetate 
Sodium Lactate Solution 
Sodium Metabisulfite 
Sodium Propionate 
Sodium SuErite 
Sorbic Acid 
Sulfur Dioxide 
Thimerosal 
Thymol 
Zinc Oxide 

Dosage Form : Ophthalmic Preparations 
Benzalkonium Chloride 
Benzyl Alcohol 
Chlorobutanol 
Propyiparaben 
Sorbic Add 

Antioxidant 

Dosage Form: Orał Liquids 
Ascorbic Acid 
Ascorbyl Palmitate 
Butylated Hydroxyanisole 
Butylated Hydroxytoluene 
Gtric Add Mononydrate 
Erythorbic Add 
Fumaric Acid 
Hypophosphorous Acid 
Lactobionic Acid 
Malic Acid 
Methionine 
Monothioglycerol 
Potassium Metabisulfite 
Propionic Add 
Propyl Galfate 
Racemethionine 
Sodium Ascorbate 
Sodium Bisulfite 

Sodium Formaldehyde Sulfoxylate 
Sodium Metabisulfite 
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NF 35 


Sodium Sulfite 
Sodium Thiosulfate 
Stannous Chloride 
SuJfur Dioxide 
Thymol 
Tocopherol 
TocopheroJs Excipient 
Vilamin E 

Vitamin E Polyethylene Glycol Succinate 
Bulking Agent 

Alpha-Lactalbumln 

Polydextrose 

Polydextrose, Hydroaenated 
Pulfulan 

Dosage Form: Parenterals 
Creatinine 
Glydne 
Mannitol 
Trehalose 
Capsule Shell 

Dosage Form: Tablets and Capsules 
Gelatin 

a romeflose 
jlan 

Dosage Form : Dry Powder Inhalers 
Gelatin 
HypromeIJose 
Carrier 

Dosage Form: Dry Powder Inhalers 
Laetose, Anhydrous 
La etos e, Monohydrate 
Chelating and/or Complexing Agent 
Dosage Form: Oraf Liguids 
Alradex 
Betadex 

Betadex Sulfobutyl Ether Sodium 
Citnc Acid Monohydrate 
Edetate Ca Id urn Disodtum 
Edetate Disodium 
Edetic Add 
Galactose 

Gamma Cydodextrin 
Hydroxypropyl Betadex 
Afpha-Laetafbumin 
Malic Add 

Oxyquino!fne Sulfate 
Pentetic Add 
Potassium Cftrate 
Sodium Phosphate, Dtbasic 
Sodium Phosphate, Monobasic 
Coating Agent 

Dosage Form: Tablets and Capsules 
Amino Methacrylate CopoJymer 
Ammonio Methacrylate Copolymer 
Ammonio Methacrylate Copolymer Dispersion 
Calcium Carbonate 
Carboxymethylcellulose Calcium 
Carboxy methyl cellulose Sodium 
Carboxymethylcelfu[ose Sodium, Enzymatically- 
Hydrolyzed 
Celfaburate 
Cellacefate 
Celi u fosę Acetate 
Cetyl Alcohol 
Chitosan 
Coconut Oli 

Coconut Oil, Hydrogenated 

Copovidone 

Corn Syrup Solids 

Ethyl Acrylate and Methyl Methacrylate Copolymer 
Dispersion 
Ethylcellulose 


Ethylcellulose Agueous Dispersion 

Ethylcellulose Dispersion Type B 

Ethylene Glycol and Vinyl Alcohol Graft Copolymer 

Gelatin 

Glaze, Phamnaceutical 
Glucose, Liquid 
GJyceryl Benenate 

[(Trale for this monograph—not to change until De- 
cember 1, 2019.) (Prior to December 1, 2019, the 
current practice of labeling the artide of commerce 
with the name Glyceryl Behenate may be continued. 
Use of the name Glyceryl Dlbehenate will be permit- 
ted as of December 1, 2014; however, the use of this 
name will not be mandatowy until December 1, 2019. 
The 60-month extension will provide the time needed 
by manufacturers and users to make necessary 
cnanges.)] 

Glyceryl Dlbehenate 
Hydroxyethyl Cellulose 
Hydroxypropyl Cellulose 
Hypromellose 

Hypromellose Acetate Succinate 
Hypromellose Phthalate 
Isomąjt 

Alpha-Lactalbumin 

Maltitol 

Maltodextnn 

Methacryfic Acid Copolymer 

Methacryfic Acid Copolymer Dispersion (official until May 
1, 2017) 

Methacrylic Acid and Ethyl Acrylate Copolymer 
Methacrylic Acid and Ethyl Acrylate Copolymer 
Dispersion 

Methacrylic Add and Ethyl Acrylate Copolymer, Partially- 
Neutralized 

Methacrylic Acid and Methyl Methacrylate Copolymer 
M ethylcellulose 
Palm Kernel Oil 
Palm Oil 

Palm Oil, Hydrogenated 
Polydextrose 

Polydextrose, Hydrogenated 
Polyethylene Glycol 
Polyethylene Glycol 3350 
Polyethylene Oxide 
Polyvinyl Acetate 
Polyvinyl Acetate Dispersion 
Polyvinyl Acetate Phthalate 
Polyviny! Alcohol 
Pullulan 

Rapeseed Oil, Fully Hydrogenated 

Rapeseed Oil, Superglycerinated Fully Hydrogenated 

Shellac 

Starch, Pregelatinized Modlfied 
Sucrose 

Sugar, Confectioner's 
Sunflower Ot! 

Titanium Dioxide 
Wax, Carnauba 
Wax, Microcrystalfine 
Xylitol 
Zein 

Zinc Oxide 

Colloid Stabiiizing Agent 
Dosage Form: Radiopharmaceuticałs 
Gelatin 

Coloring Agent 

Caramel 
Ferric Oxlde 
Ferrosoferric Oxide 
Dosage Form: Tablets and Capsules 
Aluminum Oxide 
Desiccant 

Calcium Chloride 
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Calcium Sulfate 
Polyvinyl Acetate 
Silicon Dioxide 

Dlluent 

Dosage Form : Tablets and Capsules 
Amino Methacrylate Copolymer 
Ammonio Methacrylate Copolymer 
Ammonio Methacrylate Copolymer Dispersion 
Calcium Carbonate 

Calcium Phosphate, Dibasic, Anhydrous 
Calcium Phosphate, Dibasic, Dihydrate 
Calcium Phosphate, Tribasic 
Calcium Sulfate 
Cellaburate 

Cellulose, Microcrystalline 

Cellulose, Silicifiecl Microcrystalline 

Cellulose, Powdered 

Cellulose Acetate 

Corn Syrup 

Corn Syrup Solids 

Dextrates 

Dextrin 

Dextrose 

Dextrose Excipient 
Erythritol 

Ethyl Acrylate and Methyl Methacrylate Copolymer 
Dispersion 
Fructose 
lnvert Sugar 
Isomalt 
Kaolin 

Alpha-Lactalbumin 

Lactitol 

Lactose, Anhydrous 
Lactose, Monohydrate 
Magnesium Carbonate 
Magnesium Oxide 
Maltitol 
Maltodextrrn 
Maltose 
Mannitot 

Methacrylic Ac id Copolymer 

Methacrylic Acid Copolymer Dispersion (official until May 
1, 2017) 

Methacrylic Acid and Ethyl Acrylate Copolymer 
Dispersion 
Polydextrose 
Polyethylene Glycol 
Polyethylene Glycol 3350 
Propylene Glycol Monocaprylate 
Pullulan 
Simethicone 
Sodium Chloride 
Sorbitol 

Starch, Pregelatinized 
Starch, Pregelatinized Modified 
Starch, Corn 

Starch, Hydroxypropyl Corn 

Starch, Pregelatinized Hydroxypropyl Corn 

Starch, Pea 

Starch, Hydroxypropyl Pea 

Starch, Pregelatinized Hydroxypropyl Pea 

Starch, Potato 

Starch, Hydroxypropyl Potato 
Starch, Preaelatinized Hydroxypropyl Potato 
Starch, Tapioca 
Starch, Wheat 

Starch Hydrolysate, Hydrogenated 
Sue rosę 

Sugar, Compressible 
Sugar, Confectioner's 
Sugar Spheres 
Sunflower Oil 
Tale 


Trehalose 

Xylitol 

Disintegrant 

Dosage Form : Tablets and Capsules 
Alginic Acid 

Carboxymethylcellulose Calcium 
Carboxymethylcellulose Sodium 
Cellulose, Microcrystalline 
Cellulose, Silicified Microcrystalline 
Cellulose, Powdered 
Croscarmeliose Sodium 
Crospovidone 
Glyane 
Guar Cum 

Hydroxypropyl Cellulose, Low-Substituted 

Magnesium Aluminum Silicate 

Maltose 

Methylcellulose 

Polacrilin Potassium 

Pullulan 

Silicon Dioxide, Colloidal 
Sodium Alglnate 
Sodium Starch GlycolaEe 
Starch, Pregelatinized Modified 
Starch, Corn 

Starch, Hydroxypropyl Corn 

Starch, Pregelatinized Hydroxypropyl Corn 

Starch, Pea 

Starch, Hydroxypropyl Pea 

Starch, Pregelatinized Hydroxypropyl Pea 

Starch, Potato 

Starch, Hydroxypropyl Potato 
Starch, Pregelatinized Hydroxypropyl Potato 
Starch, Tapioca 
Starch, Wneat 
Trehalose 
EmolHent 

Dosage Form : Semisolids, Topicals, and Suppositories 
Alkyl (Cl 2-15) Benzoate 
Almond Oil 

Aluminum Monostearate 

Canola Oil 

Castor Oil 

Cetostearyl Alcohol 

Cholesterol 

Coconut Oil 

Cyclomethicone 

Dimethicone 

Ethylene Glycol Stearates 

Glycerin 

Glyceryl Monooleate 
Glyceryl Monostearate 
fsopropyl Myristate 
Isopropyl Pal mi ta te 
Hydrogenated Lanolin 
Lecithin 
Minerał Oil 
Minerał Oil, Light 
Mynstyl Atcohol 
Octyldodecanol 
Oleyl Alcohol 
Oleyl Oleate 
Petrolatum 

Polydecene, Hydrogenated 
Propylene Glycol Dilaurate 
Propylene Glycol Monolaurate 
Safflower Oil 

Soybean Oil, Hydrogenated 
Sunflower Oli 
Wax, Cetyl Esters 
Xylitol 

Zinc Acetate 
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Emulsifying Agent 
Dosage Form: Orał Liquid$ 

Acada 

Agar 

Behenoyl Polyoxyigiycerides 
Benzalkonium Chloride 
Benzyl Benzoate 
Caprylic Acid 

Caprylocaproyl Polyoxylglycendes 
Carbomer Copolymer 
Carbomer Homopolymer 
Carbomer Interpolymer 
Carboxymethylce!lulose Caldum 
Cetostearyl Alcohol 
Cetyl Alcohol 
Cetylpyridinium Chloride 
Cholesterol 
Coconut Oil 
Desoxycholic Acid 
Diethanolamine (Adjunct) 

Diethylene Glycol Monoethyl Ether 

Diethylene Clycol Stearates 

Egg Phospholipids 

Ethylene Clycol Stearates 

Clyceryl Di stearate 

Glyceryl Monocaprylate 

Clyceryl Monocaprylocaprale 

Glyceryl Monolinoleate 

Glyceryl Monooleate 

Glyceryl Monostearate 

Glyceryl Tristearate 

Hydroxypropyl Cellulose 

Hypromellose 

Afpha-Lactalbumin 

Lanolin 

Hydrogenated Lanolin 
Lanolin Alcohols 
Lauric Acid 

La u roy I Po ly o xy I g ly ceri d es 
Lecithin 

Linoleoyl Polyoxylglycerides 
Magnesiurn Oxide 
Medium-chain Triglycerides 
Methylcellulose 
Mono- and Di-glycerides 
Monoethanolamfne (Adjunct) 

Myristic Acid 
Octyldodecanol 
Oleić Acid (Adjunct) 

OJeoyl Polyoxylg!yoerides 
Oleyf Alcohol (Śtabilizer) 

Oleyl Oleate 
Palm Kernel Oil 
Palm Oil 
Palmitlc Acid 
Pectin 
Poloxamer 
Polycarbophtl 

Poły glyceryl 3 D ii so stearate 

Poiyglyceryl Dioleate 

Polyoxyl 10 Oleyl Ether 

Polyoxyl 15 Hydroxystearate 

Polyoxyl 20 Cetostearyl Ether 

Polyoxyl 35 Castor Oli 

Polyoxyl 40 Castor Oil, Hydrogenated 

Palyoxyl 40 Stearate 

Polyoxyl Laury! Ether 

Polyoxyl Stearate 

Polyoxyl Stearyl Ether 

Polysorbate 20 

Polysorbate 40 

Polysorbate 60 

Polysorbate 80 

Potassium Alginate 


Pro pyleń e Clycol Alginate 

Propylene Glycol Dicapryfate/Dicaprate 

Propylene Glycol Dilaurate 

Propylene Glycol Monocaprylate 

Propylene Glycol Monolaurate 

Propylene Glycol Monostearate 

Rapeseed 0»C Superglycerinated Fully Hydrogenated 

S odium Bora te 

Sodium Cetostearyl Sulfate 

Sodium Lauryl Sulfate 

Sodium Stearate 

Sorbkan Monolaurate 

Sorbitan Monooleate 

Sorbitan Monopalmitate 

Sorbitan Monostearate 

Sorbitan Sesguioleate 

Sorbitan Trioleate 

Stannous Chloride 

Starch, Hydroxypropyl Corn 

Starch, Hydroxypropyl Pea 

Starch, Hydroxypropyl Potato 

Stearic Acid 

Stearoyl PolyoxylgIycerides 
Sucrose Palmitate 
Sucrose Stearate 
Sunflower Oil 
Troiamrne 

Vitamin E Polyethylene Glycol Succinate 
Wax, Emulsifying 
Film-Forming Agent 
Dosage Form: Tablets and Capsutes 
Afgink Acid 

Amino Methacrylate Copolymer 
Ammonio Methacrylate Copolymer 
Ammonio Methacrylate Copolymer Dispersion 
Carboxymethylce!lulose Cafeium 
Carboxymethylcellulo$e Sodium 
Carboxymethylcellulose Sodium, Enzymatically- 
Hydrolyzed 
Ceilaburate 
Cellacefate 
Cellulose Acetate 
Chitosan 
Copovidone 
Dibutyl Phthaiate 
Diethyl Phthaiate 

Ethyl Acrylate and Metliyl Methacrylate Copolymer 
Dispersion 
Ethylcellulose 

Ethylcellulose Aqueous Dispersion 

Ethylcellulose Dispersion Type B 

Ethylene Glycol and Vinyl Alcohol Grafted Copolymer 

Gelatin 

Glaze, Pharmaceutical 
Hydroxyethyl Cellulose 
Hydroxy propyl Cellulose 
Hypromellose 

Hypromellose Acetate Succinate 
Hypromellose Phthaiate 
Methacrylic Acid Copolymer 

Methacrylic Acid Copolymer Dispersion (offictaf until May 
1, 2017) 

Methacrylic Acid and Ethyl Acrylate Copolymer 
Methacrylic Acid and Ethyl Acrylate Copolymer 
Dispersion 

Methacrylic Acid and Ethyl Acrylate Copolymer, Partially- 
Neutralized 

Methacrylic Acid and Methyl Methacrylate Copolymer 

Methylcellulose 

Polyethylene Glycol 3350 

Polyvinyl Acetate 

Poiyvinyl Acetate Dispersion 

Polyvinyl Acetate Phthaiate 

PolyMnyl Alcohol 
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Pullulan 

Pyroxylin 

Sneilac 

Sodium Alginate 

Dosage Form : Transdermais and "Patches" 
Cnitosan 
Dextrin 
Geiatin 

HydroxyethyI Cellulose 

Hypromellose 

Pectin 

Polyethylene Glycol 
Polwinyi Alcohol 
Pullulan 

Sodium Alginate 
Xanthan Gum 
Filtering Aid 

Cellulose, Powdered 
Siliceous Earth, Purified 


Change to read; 

Flavors and Fragrance 

A Eucalyptus ÓWąńfss 
Isobutyl Alcohol 
A Sodium Succinate A wni 

Dosage Form : Tablets and Capsules 
Adipic Acid 
Almond Oil 
Anethole 
Senzaldehyde 
Denatonium Benzoate 
Ethyl Acetate 
Ethyl Maltol 
Ethyl Vantllin 
Ethylcellulose 
Fructose 
Fumaric Acid 

l-Glutamic Acid, Hydrochloride 

lactrtol 

Leucine 

Maile Acid 

Maltol 

Menthol 

Methlonine 

Methyl Salicylate 

Monosodium Glutamate 

Peppermint 

Peppermint Oil 

Peppermint Spirit 

Racemethionine 

Rosę Oil 

Rosę Water, Stronger 
Sodium Acetate 
Sodium Lactate Solution 
Tartaric Acid 
Thymol 
Vanillin 

Free Radical Scavenger 

Dosage Form: Radiopharmaceuticals 
Aminobenzoic Acid 
Methylene Blue 

Glidant and/or Anticaking Agent 

Dosage Form i Tablets and Capsules 
Calcium Phosphate, Tribasic 
Calcium Silicate 
Cellulose, Powdered 
Magnesium Oxide 
Magnesium Silicate 
Magnesium Trisilicate 
Silica, Dental-Type 
Si lica, Hydrophobic Colloidal 


Silicon Dioxide, Colloidal 
Sodium Stearate 
Tale 

Humectant 

Corn Syrup Solids 
Cydom etnioone 
Erythritol 
Glycerin 

Hexylene Glycol 
Inositol 

Hydrogenated lanolin 

Maltitol 

Polydextrose 

Polydextrose, Hydrogenated 
Propylene Glycol 
Sodium Lactate Solution 
Sorbrtol 

Sorbitol Sorbitan Solution 

Starch Hydrolysate, Hydrogenated 

Tagatose 

Triacetin 

Xylitol 

Lubrkant 

Dosage Form : Tablets and Capsules 
Behenoyl Polyoxylglycerides 
Calcium Stearate 
Castor Oil, Hydrogenated 
Coconut Oil, Hydrogenated 
Glyteryi Behenate 

[(Title for this monograph—not to change untlt De- 
cember 1, 2019.) (PrSor to December 1, 2019, the 
current practice of labeling the artkle of commerce 
with the name Glyceryl Behenate may be continued. 
Use of the name Glyceryl Dibehenafe will be permlt- 
ted as of December 1, 2014; however, the use of this 
name will not be mandatory until December 1, 2019. 
The 60-month extension will provide the time needed 
by manufacturers and users to make necessary 
cnanges.)] 

Glyceryl Dibehenate 

Glyceryl Monocaprylate 

Glyceryl Monocaprylocaprate 

Glyceryl Monostearate 

Glyceryl Trtstearate 

Lauric Acid 

Magnesium Stearate 

Minerał Oil, Light 

Myristic Add 

Palm Oil, Hydrogenated 

Palmitic Add 

Poloxamer 

Polyethylene Glycol 

Polyethylene Glycol 3350 

Polyoxyl 10 Oleyl Ether 

Polyoxyi 15 Hydroxystearate 

Po!yoxyl 20 Cetostearyl Ether 

Po!yoxyl 35 Castor Oil 

Polyoxyl 40 Castor Oil, Hydrogenated 

Polyoxyl 40 Stearate 

Polysorbate 20 

Polysorbate 40 

Polysorbate 60 

Polysorbate 80 

Potassium Benzoate 

Sodium Benzoate 

Sodium Laury! Sulfate 

Sodium Stearate 

Sodium Stearyl Fumarate 

Sorbitan Monolaurate 

Sorbitan Monooleate 

Sorbitan Monopalmitate 

Sorbitan Monostearate 

Sorbitan Sesquioleate 

Sorbitan Trioleate 
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Stearic Acid 
Stearic Acid, Purified 
Sucrose Stearate 
Tale 

Veqetable Oil, Hydrogenated, Type I 
Zinc Stearate 

Ointment Base 

Dosage Form: Semisofids, Topicals, and Suppositories 
CaprybcaproyI PolyoxyIgly ceri des 
Coconut Oił 

Diethylene Clycol Monoethyl Ether 
Lanolin 

Hydrogenated Lanolin 
Lanolin Alcohofs 
Lauroyl Polyoxylglyeerides 
Linoleoyl Po lyoxy Igły ceri des 
Ointment, Hydropnilic 
Ointment, White 
Ointment, Yellow 
Oleoyl Poiyoxylglyeendes 
Paraffin 
Petrolatum 

Petrolatum, Hydrophilk 
Petrolatum, White 
Polydecene, Hydrogenated 
Polyethylene GłycoT 
Polyethylene Glycol B350 
Polyethylene Glycol Monomethyl Ether 
Poiyglycery! 3 Diisostearate 
Rosę Waler Ointment 
Sgualane 

Stearoyl Polyoxylglycerides 
Vegetable Oil, Hydrogenated, Type II 
Vitamin E Polyetnylene Glycol Succinate 
Pharmaceutical Water 
Dosage Form: Parenterals 
Water for Injection 
Water for Injection, Bacteriostatic 
Water for Injection, Sterife 
Water for Irrigation, Sterile 
Water Purified 
Water Purified, Sterile 


Change to read ; 

pH Modifier (Addifying Agent/AHtallzrng Agent/ 
Buffering Agent) 

A Sodium SuccinateAwns 

Dosage Form: Orał Liquids 
Acetic Acid 
Acetic Acid, Gladal 
Adipic Acid 

Ammonia Solution, Strong 
Ammonium Carbonate 
Ammonium Chioride 
Ammonium Phosphate 
Bork Acid 
Calcium Carbonate 
Calcium Hydroxide 
Calcium Lactate 
Calcium Phosphate, Iribask 
Citric Acid Monohydrate 
Citric Acid, Anhydrous 
Drethanolamine 
Fumarrc Acid 
Glycine 

Hydrach forte Acid 

Hydrothloric Acid, Diluted 

Alpha-Lactalbumin 

Lactic Acid 

Łysinę Hydrach lorlde 

Małek Acid 

Maik Acid 


Methionine 

Monoethanolamine 

Monosodium Glutamate 

Nitric Acid 

Phosphorlc Acid 

Phosphoric Acid, Diluted 

Potassium Bicarbonate 

Potassium Citrate 

Potassium Hydroxide 

Potassium Metaphosphate 

Potassium Phosphate, Di ba sic 

Potassium Phosphate, Monobasic 

Propionic Acid 

Racemethionine 

Sodium Acetate 

Sodium Sicarbonate 

Sodium Borate 

Sodium Carbonate 

Sodium Citrate 

Sodium Hydroxide 

Sodium Lactate Solution 

Sodium Phosphate, Dibasic 

Sodium Phosphate, Monobasic 

Succinic Acid 

Sulfurk Acid 

Tartaric Acid 

Trolamine 

Plasticizer 

Dosage Form : Tablets and Capsules 
Acetyltributyl Citrate 
Acetyltriethyl Citrate 
Benzyl Benzoate 
Castor Oil 
Chlorobutanol 

Di acetyl a ted Monoglycerides 

Dibutyi Sebacate 

Diethyl Phthalate 

Glycerin 

Mannitol 

Polyethylene Glycol 

Polyethylene Glycol 3350 

Polyethylene Glycol Monomethyl Ether 

Propylene Glycol 

Pulfulan 

Sorbitol 

Sorbitoi Sorbitan Solution 
Triacetin 
Tributyl Citrate 
Triethyl Citrate 
Vitamin E 

Polymer Membranę 

Dosage Form: Tablets and Capsules 
Amino Methaerylate Co polymer 
Ammonio Methaerylate Copolymer 
Ammonio Methaerylate Copolymer Dispersion 
Cellaburate 
Cellulose Acetate 

Ethyl Acrylate and Methyl Methaerylate Copolymer 
Dispersion 
Ethylcellulose 

Ethylcellulose Agueous Dispersion 
Ethylcellulose Dispersion Type B 
Pulfulan 

Polymers for Ophthalmic Use 

Dosage Form: Ophthalmic Preparations 
C arbo mer Copolymer 
Carbomer Homopolymer 
C arb o mer interpolymer 
Carmellose 
Guar Gum 

Hydroxyethyi Cellulose 
Hypromellose 
Polyvinyl Alcohol 
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Povidone 
Xanthan Cum 
Propeliant 

Dosage Form: Aerosols 
Butane 

Carbon Dioxide 

Dichlorodifluoromethane 

Dichlorotetrafluoroethane 

Isobutane 

Nitrogen 

Nitrous Oxide 

Propane 

Tricnloromonofluoromethane 
Reducing Agent 

Dosage Form : Radiopharmaceutieals 
Stannous Chloride 
Stannous Fluoride 
Release-Modifying Agent 
Dosage Form : Tablets and Capsules 
Alginit Add 
Carbomer Copolymer 
Carbomer Homopolymer 
Carbomer Interpolymer 
Carboxymethylcellulose Sodium 
Carrageenan 
Cellaburate 
Ethylcellulose 

Ethylcellulose Agueous Drspersion 
Ethylcellulose Dispersion Type B 
Clyceryl Monooleate 
Clyceryl Monostearate 
Cuar Gum 

Hydroxypropyl Betadex 
Hydroxypropyl Cellulose 
Hypromellose 
Polyethylene Oxide 
Pofyvinył Acetate Dispersion 
Shellac 

Sodium Alginate 
Starch, Pregelatinized 
Starch, Pregelatinized Modified 
Kanthan Cum 
Seguestering Agent 
Dosage Form: Orał Liquids 
Betadex 

Betadex Sulfobutyl Ether Sodium 
Calcium Acetate 
Cyclodextrin, Gamma 
Hydroxypropyi Betadex 
Pentetic Add 
Pullulan 
Sodium Citrate 
Sodium Tartrate 
Tartaric Acid 
Solvent 
Aceton e 
Al co hol 

Alcohol, Diluted 
Almond Oil 
Amylene Hydrate 
Benzyl Alcohol 
Benzyl Benzoate 
Butyl Akohol 
Butylene Glycol 
Canola Oil 

Caprylotaproyl PołyoxyIgłycerides 

Castor Oil 

Corn Oil 

Cottonseed Oil 

Dlbutyl PhthąJate 

Diethyl Phthalate 

Diethylene Glycol Monoethyl Ether 


Dimethyl Sulfoxide 
Ethyl Acetate 
Ethyl Oleate 
Glycerin 
Hexylene Glycol 
Isobutyl Alcohol 
Isopropyl Akohol 
Isopropyl Myristate 
Isopropyl Palmitate 
Lauroyl Polyoxyiglycerides 
Linoleoyl Polyoxylglycerides 
Medium-cham Triglyterides 
Methyl Alcohol 
Melhyl Isobutyl Ketone 
Methylene Chloride 
Methylpyrrolidone 
Minerał Oil 
Minerał Oil, Light 


Oleoyl Polyoxylglycerides 
Peanut Oil 
PoEydeceną Hydrogenated 
Polyethylene Glycol 
Polyethylene Glycol 3350 
Polyethylene Glycol Monometbyl Ether 
Propylene tarbonate 
Propylene Glycol 
Safrlower Oil 
Sesame Orl 
Soybean Oil 

Stearoyl Polyoxylglycerides 
Sunflower Oil 
Triacetin 
Triethyl Citrate 
Water for Injection 
Water for Injection, Sterile 
Water for Irrigation, Sterile 
Water, Purified 


Sorbent 

Cellulose, Powdered 
Charcoal, Activated 
Siliceous Earth, Purified 
Sorbent, Carbon Dioxide 
Barium Hydroxide Limę 
Soda Urnę 


Stiffening Agent 

Dosage Form: Semisolids, Topkals, and Suppositories 
Castor Oil, Hydrogenated 
Cetostearyl Alcohol 
Cetyl Alcohol 
Cetyl Palmitate 
Dextrin 
Hard Fat 

Alpha-Lactalbumin 

Paraffin 

Paraffin, Synthetic 
Rapeseed Oil, Fufly Hydrogenated 
Rapeseed Oil, Superglycermated Fully Hydrogenated 
Sodium Stearate 
Stearyl Alcohol 
Wax, Cetyl Esters 
Wax, Emulsifying 
Wax, Microcrystalline 
Wax, Wbite 
Wax, Yellow 
Suppository Base 

Dosage Form: Semisolids, Topicals, and Suppositories 
Agar 

Coco a Butter 
Hard Fat 
Palm Kernel Oil 
Polyethylene Glycol 
Polyethylene Glycol 3350 
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Suspending and/or Viscosity-lncreasing Agent 
Dosage Form: Semisollds, Topicals, and Suppositories 
Aeacia 
Agar 

Alamic Acid 
Alginic Acid 

Aluminum Monostearate 
Attapulgite, Actrvated 
Attapulgite, Colloidal Activated 
Bentonrte 
Bentonite, Punfted 
Bentonite Magma 
Carbomer 910 
Carbomer 934 
Carbomer 934P 
Carbomer 940 
Carbomer 941 
Carbomer 1 342 
Carbomer Copolymer 
Carbomer Homopolymer 
Carbomer Interpolymer 
Carboxymethylcel!ulose Calcium 
CarboxymethylcelJulose Sodium 
CarboxymethylcelIulose Sodium 12 
CarboxymethylcelluJose Sodium, Enzymatically- 
Hydrolyzed 
Carmellose 
Car rageenan 

Cellulose, Microcrystalline 

Ceiluiose, Microcrystalline, and CarboxymethyfceIlubse 
Sodium 

Cellulose, Powdered 

Cetostearyl Alcohol 

Chitosan 

Corn Syrup 

Corn Syrup Solids 

Cyclomethicone 

Dextrin 

Egg Phosphofiplds 
Ethylcellulose 
Gelatin 
Gellan Gum 
Glyceryl Behenate 

[(Title for this monograph—not to change untif De- 
cember 1, 2019.) (Prior to December 1, 2019, the 
current practlce of labeling the articie of commerce 
with the name Glyceryl Behenate may be contlnued. 
Use of the name Glyceryl Dibehenate will be permit- 
ted as of December 1, 2014; however, the use of this 
name will not be mandatory until December 1, 2019. 
The 60-month extension will provide the ttme needed 
by manufaeturers and users to make necessary 
cnanges.)] 

Glyceryl Dibehenate 
Guar Gum 

Hydroxyethy! Cellulose 
Hydroxypropyl Cellulose 
Hypromellose 
Isomalt 

AIpha-Lactalbumin 

Kaolin 

Magnesium Aluminum Silrcate 
Maftitoi Solution 
Ma!todextrin 

Medium-chatn Triglycerides 

Methylcellulose 

Pectin 

Polycarbophil 

Polydextrose 

Polydextrose, Hydrogenated 
Polyethylene Oxide 
Polysorbate 20 
Polysorbate 40 
Polysorbate 60 


Polysorbate 80 
Polyvinyl Alcohol 
Potassium Alginate 
Povidone 

Propylene Glycol Alginate 
Pułlulan 

Silica, Dental*Type 
Silica, Hydrophobic Colloidal 
Silicon Dioxide 
Silicon Dioxide, Colloidal 
Sodium Alginate 
Sorbitan Monolaurate 
Sorbitan Monooleate 
Sorbitan Monopalmitate 
Sorbitan Monostearate 
Sorbitan Sesguioleate 
Sorbitan Trioleate 
Starch, Corn 

Starch, Hydroxypropyl Corn 

Starch, Pregelatinized Hydroxypropyl Corn 

Starch, Pea 

Starch, Hydroxypropyl Pea 

Starch, Pregelatinized Hydroxypropyl Pea 

Starch, Potato 

Starch, Hydroxypropyl Potato 

Starch, Pregelatinized Hydroxypropyl Potato 

Starch, Tapioca 

Starch, Wheat 

Sucrose 

Sucrose Palmitate 
Tragacanth 

Vitamin E Polyethylene Glycol Succinate 
Xanthan Cum 
Sweetening Agent 
Dosage Form : Orał Liquids 
Acesulfame Potassium 
Aspartame 

Aspartame Acesulfame 
Corn Syrup 

Corn Syrup, High Fructose 
Corn Syrup Solids 
Dextrates 
Dextrose 

Dextrose Exdpient 
Erythrito! 

Fructose 
Gafactose 
Glucose, Uquid 
Glycenn 
Jnulin 

lnvert Sugar 
Isomalt 
Lactitol 
Maltitol 

MaltitoJ Solution 
Maltose 
Mannitof 
Neotame 
Saccharin 
Saccharin Calcium 
Saccharin Sodium 
Sorbitol 

Sorbitol Solution 

Starch Hydrolysa te, Hydrogenated 

Sucralose 

Sucrose 

Sugar, Compressible 

Suqar, Confectioner's 

Syrup 

Tagatose 

Trenalose 

Kylltol 
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Tonicity Agent 
Dosage Form: Parenterals 
Com Syrup 
Com Syrup Solids 
Dextrose 
Gfycerin 
Mannitol 

Potassium Chloride 
Sodium Chloride 
Transfer Ugand 

Dosage Form: Radiopharmaceuticałs 
Edetate Disodium 
Sodium Acetate 
Sodium Gtrate 
Sodium Guconate 
Sodium Tartrate 
Vebide 

Dosage Form : Orał liguids 
EUWORED AND/OR 5WEETENED 
Aromatic Elixir 

Benzaldehyde Elixir, Compound 

Com Syrup Solids 

Dextrose 

Ethyl Maltol 

Peppermint Waler 

Sorbrtol Solution 

Syrup 

Trehalose 

OLEAGINOUS 

Alkyl (CI2-I5) Benzoate 

Almond Oil 

Canola Oil 

Castor Oli 

Corn Oil 

Cottonseed Oil 

Ethyl Oleate 

Isopropyl Myrrstate 

Isopropy! Palmitate 

Minerał Oil 

Minera! ON, Ught 

Myristyi Alcohol 

Octyldodecanol 

Olive Oil 

Peanut Oil 

Polydecene, Hydrogenated 

Polyoxyl 15 Hydroxystearate 

Saffiower Oil 

Sesame Oii 

Soybean Oil 

Sąuaiane 

Sunflower Oi! 

SOLID CARRIER 
Chitosan 

Corn Syrup Solids 
Alpha-Lactalbumin 

Propyfene Glycol Dicaprylate/Dicaprate 
Propylene Glycol Monocaprylate 
Sugar Spheres 
STERILE 

rAlbumin Humań 

Sodium Chloride Injection, Bacteriostatic 
Water for Injettion, Bacteriostatic 
Water-Repeliing Agent 
Cyclomethicone 
Dimethicone 
Simethicone 
Wet Binder 

Dosage Form: Tablets and Capsules 
Acacia 
Agar 

Afginic Acid 

Amino Methacrylate Copolymer 


Ammonio Methacrylate Copolymer 

Ammonio Methacrylate Copolymer Dispersion 

Calcium Carbonate 

Calcium Łaciate 

Carbomer Copolymer 

Carbomer Homopolymer 

Carbomer Interpolymer 

CarboxymethylcelJulose Sodium 

Cetluiose, Microcrystailine 

Cellulose, Silidfied Microcrystailine 

Coconut Oil, Hydrogenated 

Copovidone 

Com Syrup 

Corn Syrup Solids 

Dextrates 

Dextrin 

Ethyl Acrylate and Methyl Methacrylate Copolymer 
Dispersion 
Ethylcelfufose 

Ethylene Glycof and Vinyl Alcohol Graft Copolymer 
Gelatin 

Glucose, Liqutd 
Glyceryl Ben en a te 

[(Title for this monograph—not to change until De- 
cember 1, 2019*) (Prior to December 1, 2019, the 
current practice of labeling the artlde of commerce 
with the name Glyceryl Behenate may be continued. 
Use of the name Glyceryl Dibehenate will be permit- 
ted as of December 1, 2014; however, the use of this 
name will not be mandatory until December 1, 2019, 
The 60-month extension will provide the time needed 
by manufacturers and u sers to make necessary 
cnanges*)] 

Glyceryl Dibehenate 
Guar Gum 

Hydroxyethyl Cellulose 
Hydroxy propyl Cellulose 
HydroxypropyJ Cellulose, Low-Substituted 
Hypromellose 

Hypromellose Acetate Succinate 
Inulin 

lnvert Sugar 
Afpha-Lactalbumin 
Lactose, Mon o hydra te 
Maltodextrm 
Maltose 

Methacrylic Acid Copolymer 

Methacrylic Acid Copolymer Dispersion (officiaJ until May 
1, 2017) 7 

Methacrylic Acid and Ethyl Acrylate Copolymer 
Dispersion 
Methyfcellulose 
Palm Oil, Hydrogenated 
Polycarbopni! 

Polydextrose, Hydrogenated 
Poiyethylene Oxide 
Polyvinyl Acetate 
Povidone 
Pullulan 

Sodium Alginate 
Starch, Pregelatinized 
Starch, Pregelatinized Modified 
Starch, Corn 

Starch, Hydroxypropyl Corn 

Starch, Pregelatinized Hydroxypropyl Corn 

Starch, Pea 

Starch, Hydroxypropyl Pea 

Starch, Pregelatinized Hydroxypropyl Pea 

Starch, Potato 

Starch, Hydroxypropyl Potato 
Starch, Pregelatinized Hydroxypropyl Potato 
Starch, Tapioca 
Starch, Wheat 

Starch Hydrofysate, Hydrogenated 
Sucrose 
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Sunflower Oil 

Syrup 

Trehalose 

Vegetable Oil, Hydrogenated 

Vifcamin E Polyetnylene Glycol Suceinate 

2ein 

Wettlng and/or Solubilizing Agent 

Betadex Sulfobutyl Ether Sodium 
Oosage form : Oraf Liquids 
B e h e n oyi Fo ly oxy! g ly ce rid e s 
Benzalkonium Cnfonde 
Benzethonium Chloride 
Butylene Glycol 

Ca p ry loca proy I Po ly oxy !g I y c e ri de s 
Cetyfpyridinium Chloride 
Docusate Sodium 
Egg Phospholipids 
CTydne 

Lauroyl Poły oxy Iglyceri des 
Linoleoyl Polyoxyjglycerides 
Nonoxynol 9 
Octoxynol 9 

Oleoyf Polyoxylglyeendes 
Poloxamer 


Polyoxyl 10 Oleyl Ether 

Polyoxyl 15 Hydroxystearate 

Polyoxyl 20 Cetostearyl Ether 

Polyoxyl 35 Castor Olf 

Polyoxyl 40 Castor ON, Hydrogenated 

Polyoxyl 40 Stearate 

Po!yoxyl Laury] Ether 

Polyoxyl Stearate 

Polyoxyl Stearyl Ether 

Polysorbate 20 

Polysorbate 40 

Polysorbate 60 

Polysorbate 80 

Pullulan 

Sodium Lauryl Sulfate 
Sorbitan Monolaurate 
Sorbitan Monooleate 
Sorbitan Monopalmitate 
Sorbitan Monostearate 
Sorbitan Sesquioleate 
Sorbitan Trioleate 
Stearoyl Polyoxylglycerides 
Tyłoxapo! 

Wax, Emulsifying 
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Acacia 


DEFINITION 

Acacia is the drted gummy exudate from the stems and 
branches of Acacia senegal (L.) Willd. or of other related 
African species of Acacia (Fam. Legumlnosae). 

IDENTIFICATION 

* A, 

Analysrs: To 10 mL of a coJd solution (1 in 50) add 
0.2 mL of difuted fead subacetate T5. 

Acceptance criteria: A flocculent, or curdy, wbite pre~ 
cipitate is formed immedlately. 

IMPURITIES 

o Arsenig, Method II {211): NMT 3 ppm 
a|_EAD<251): NMT 10 ppm 

Delete the foHowingi 

•o Heaw Metals, Method II <231): NMT 40 ppm, ( o ffiQa i 

5PECIFIC TESTS 

* Botank Charagterlstigs 

Acacia; Spheroida! tears up to 32 mm in diameter or in 
angular fragments of white to yellowish wbite colon It 
is translucent or somewhat opaque from the presente 
of numerous minutę fissures; very brfttle, the fractured 
surface gJassy and occaslonaliy iridescent. It is almost 
odorless and produces a mucilaglnous sensation on the 
tongue. 

Flake Acacia; White to yellowish white, thin flakes, ap- 
pearing underthe microscope as colorless, striated 
fragments 

Powdered Acacia: White to yellowish white, angular 
rmcroscopic fragments with only traces of starch or veg- 
etable tissues present 

Granufar Acacia: White to pale yellowish white, fine 
granules. Under the microscope it appears as coloriess, 
glassy, irreguJarly angular fragments up to 100 urn in 
thickness, some of wnich exhibit parallel linear streaks. 
Spray-dried Acacia: White to off-white compacted mi- 
croscopic fragments or whofe spheres 

* Microbial Enumeration Tests (61) and Tests for Speci 

fied Microorganbsms (62): Meets the requirements of 
the tests for absence of Salmonella species 

* Water Deteriviination, Method III (Gravimetrk) (921) 

Analysis: For unground Acacia, crush in a mortar until 
it passes through a No. 40 sieve, and mix the ground 
materiał before weighing the test specimen. Dry a sam- 
ple at 105° for 5 h. 

Acceptance criteria: NMT 15.0% of its weighf 
« Articles of Botanical Origin, Aciddnsoluble Ash (561): 
NMT 0.5% 

* Articles of Botanical Origin, Total Ash (561): NMT 

4.0% 

* INSOLUBLE RESIDUE 

Sampfe solution: Dissolve 5.0 g of powdered or finefy 
round Acacia in 100 mL of water. Add 10 mL of 3 N 
ydrochforic add. 


Analysis: Soil the Sample solution gently for 15 min. 

Pass by suction, while hot, through a tared filtering cru- 
cible, Wash thoroughfy with hot water, dry at 105° for 
1 h, and wefgh. 

Acceptance criteria: The weight of the residue thus ob- 
tained does not exceed 50 mg. 

* Starch or Dextrin 

Sample solution: A solution (1 in 50) 

Analysis: Bod the Sample solution cool, and add iodine 
T5. 

Acceptance criteria: No bluish or reddish coior is 
produced. 

O SOLOBIUTY ANO REACTJON 
Sample: 1 cj 

Analysis: Dissolve the Sample in 2 mL of water. 
Acceptance criteria: The resufting soiution ffows readily 
and is add to fitmus. 
s Tannin-Beardng GUMS 

Sampie solution: A solutton (1 in 50) 

Analysis: To 10 mL of the Sample solution add 0.1 mL of 
ferric chloride TS. 

Acceptance criteria: No blackish coloration or blackish 
predpitate is produced. 

ADDITEONAL REQUIREMENT$ 
ł Packaging and Storage: Preserve in tight containers. 


Acacia Syrup 


DEFINITION 

Prepare Acacia Syrop as foflows (see Pharmaceutlcal Com- 
poun dIng—Nons terile Prepara tions (795)). 


Acada, granufar or powdered 

100 a 

Sodium Benzoate 

1 ct 

Vanifla Tincture 

5 mL 

Sucrose 

BQ0 □ 

Purified Water, a sufficient ctuantity to make 

1000 mL 


Mix Acacia , Sodium Benzoate , and Sucrose. Add 425 mL of 
Purified Water, and mix. Heat the mixture on a steam bath 
until dissolved. When cool, remove the scum, add Yanilla 
Tincture and sufficient Purified Water to make the product 
measure 1000 mL, and strain, if necessary. 

SPECIFIC TESTS 

* Mit robi al Enumeration Tests (61) and Tests for Specl 
fied Microorganisms (62): Meets the reguirements of 
the test for absence of Salmonella species 

ADDITDONAL REQUIREMENT5 

9 Packaging and Storage: Package in tight containers, 
and prevent exposure to excessive heat. 

• Labeling: The label States the Latin binomiai narne and, 
foflowing the officia! name, the part of the plant source 
from which the article was derived. 
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Acesulfame Potassium 



C 4 H 4 NO 4 SK 201 *24 

6-Methyh1 , 2 , 3-oxathiazine-4( 3H)-one-2,2-dioxide potassium 
salt; 

3,4-Dihydro-6-methyl-l,2,3~oxathiazine-4-ane-2,2-dioxide 
potassium salt [55589-62-3]. 

DEFINITION 

Acesulfame Potassium contains NLT 99,0% and NMT 
101 . 0 % of C. 1 H 4 NO 4 SK, calculated on the dried basis. 

IDENTIFICATION 
■ A. 0NFRARED ABSORPTION (197K) 

» B. Identification Tests— General, Potassium (191) 

Sample solution: lOOmg/mL 
Acceptance criteria: Meets the reguirements 

ASSAY 
* PROCEDURĘ 

Sample: 150 mg 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
Tl tran t: 0,1 N perchloric actd V5 
Blank: 50 mL of glacial acetic acid 
Endpoint detectlon: Potentiometric 
Analysrs: Dissatve the Sample in 50 mL of glacial acetic 
add. Titrate with OJ N perchloric acid VS. Perform a 
blank determination. 

Calculate the percentage of acesulfame potassium 
(CiHjNChSK) in the Sample: 


Standard solution B: Mix 1.0 mL of Standard stock so¬ 
lution and 15.0 mL of Buffer solution, and dilute with 
water to 50 mL, 

Standard solution G; Mix 1,5 mL of Standard stock so¬ 
lution and 15.0 mL of Buffer solution, and dilute with 
water to 50 mL, 

Standard solution D: Mtx 3.0 mL of Standard stock so¬ 
lution and 15.0 mL of Buffer solution, and dilute with 
water to 50 mL, 

Sample solution: To a 50-mL volumetric fiask add 3 g 
of Acesulfame Potassium. Dissolve in water, add 
15,0 mL of Sufler solution , and dilute with water to 
volume, 

Analysis 

Samples: Standard solution A, Standard solution B , 
Standard solution C, Standard solution D, and Sample 
solution 

Gońcom itantly measure the potential (see Titrimetry 
(541)), in mV, of the Standard Solutions and the Sam¬ 
ple solution, with a suitable pH meter eguipped with 
a fluoride-specific ion electrode and a silver-silver 
chloride reference electrode, When taking the meas- 
urements, transfer the solution to a 25-mL beaker, 
and immerse the electmdes. Insert a polytef-coated 
stirring bar into the beaker, place the beaker on a 
magnetic stirrer having an insulated top, and allow to 
stir until equilibrium is attained (1-2 min). Rinse, and 
dry the electrodes between measurements, taking 
care not to scratch the crystal in the fluoride-specific 
ion electrode, Measure the potential of each Standard 
solution, and plot the fluoride concentration, in 
pg/mL, versus the potential, in mV, on semflogarith- 
rmc paper. Measure the potential of the Sample solu- 
tion, and determine the fluoride concentration from 
the standard curve, in pg/mL> 

Calculate the content, in ppm, of fluoride in the portion 
of Acesulfame Potassium taken: 

Result - (Vx C/W) 


Result = [(17 — B) x N x Fx 100]/ W 

V - titrant volume consumed by the Sample (mL) 

B - titrant volume consumed by Lhe Blank (mL) 

N - titrant actual norma lity (mEq/mL) 

F = equfvalency factor, 201.2 mg/mEq 

W - weight of Sample (mg) 

Acceptance criteria: 99.0%-101.0% on the dried basis 

IMPURIT0ES 
^ limit of Fluoride 

[Notę—U se piasticware throughout this test,] 

Solution A: Disso!ve 210 g ol citric acid monohydrate 
in 400 ml of water. Adjust with concentrated ammonia 
to a pH of 7.0, and dilute with water to 1000 mL. 

Solution B: 1 32 mg/mL of dibasic ammonium 
phosphate 

Solution C: To a suspension of 292 g of edetic add in 
500 ml of water, add 200 ml of ammonium hydroxide, 
adjust with ammonium hydroxide to a pH between 6 
and 7, and dilute with water to make 1000 mL. 

Buffer solution: Mix equal volumes of Solution A , Solu¬ 
tion B t and Solution C, and adjust with ammonium hy- 
droxide to a pH of 7,5, 

Standard stock solution: Weigh 0.442 g of sodium 
fluoride, previously dried at 300° for 12 h, into a 1-L 
yolumetnc fiask, and dilute with water to volume. Storę 
the solution in a closed pfastic Container, immediately 
before use, pipet 5 ml of this solution into a 100-mL 
volumetric fiask, and dilute with water to volume. Each 
mL of this solution contains 10 pg of fluoride ion. 

Standard solution A: Mix 0.5 ml of Standard stock sa» 
lution and 15.0 mL of Buffer solution , and dilute with 
water to 50 mL, 


V = volume of the Sample solution (mL) 

C = concentration of fluoride in the Sample 

solution , from the standard curve (j_ig/mL) 
W - weight of Acesulfame Potassium taken to 

prepare the Sample solution (g) 
Acceptance criteria: NMT 3 ppm 


Detete the followlng: 

•* Heavy Metals, Method l (231): NMT 10 ppm # iom *\ i. 

|arv201ft) 

* Chromatocrafhic Purity 

Solution A: 3,3 mg/mL of tetrabutylammonium hydro- 
gen sulfate 

Mobile phase: Acetonitrile and Solution A (2:3) 

System suitability solution: 2 pg/mL each of USP 
Acesulfame Potassium RS and etFiytparaben 
Standard solution: 0.2 pg/mL of USP Acesulfame Po¬ 
tassium RS 

Sample solution: 10 mg/mL 
Chromatographic system 
(See Chromotograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 227 nm 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
Flow ratę: 1 mL/min 
Injection size: 20 pi 
System suitability 
Sample: System suitability solution 
Suitability reguirements 

Resolution: NLT 2 between acesulfame potassium 
and ethylparaben 
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Analysis 

Sam pies: Standard solution and Sampie solution 
Record the chromatograms for a run time NIT 3 times 
the retention Ume of the acesuifame potassium peak, 
and measure the area responses of the peaks. 

Acceptance criteria: The response of any peak at a re- 
tention trme other than that of acesuifame potassium 
from the Sampie solution does not exceed the response 
of the acesuifame potassium peak from the Standard 
solution (0.002%). 

5PECIFIC TESTS 

< AcmiTY OR Alkalinity 

Sampie solution: 4.0 g in 20 ml of carbon dioxide-free 
water 

Analysis: Add 0.1 mL of bromolhymol blue TS. If the 
solution is yellow, titrate with 0.01 N sodium hydroxide 
to produce a blue color. If the solution is blue, titrate 
with 0.01 N hydroehfonde acid to produce a yellow 
colon 

Acceptance criteria: NMT 0.2 mL of 0.01 N sodium 
hydroxide or NMT 0.2 ml of 0.01 N hydrcchloric add 
is reąuired. 

* Loss ON Drying <731): Dry a sampie at 1 05° for 3 h: it 

loses NMT 1.0% of its weight. 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in a well-dosed Con¬ 

tainer, and protect from light Storę at room 

temperaturę. 

* USP REFERENCE standards ( 11 ) 

USP Acesuifame Potassium RS 


Acetic Acid 


Acetic acid; 

Acetic add [64-19-7]. 

DEFIN1TION 

Acetic Acid is a solution containmg NLT 36.0% and NMT 

37.0%, by weight, of C 2 H 4 O 2 , 

IDENTIFICATION 

* A. Identification Tests—General, Acetale (191): Meets 

the requirements 

ASSAY 

* PROCEDUR! 

Analysis: Place 6 ml in a tared, glass-stoppered fiask, 
and weigh. Add 40 mL of water, then ada phenol- 
phthalein TS. Titrate with 1 N sodium hydroxide VS, 
Bach mL of 1 N sodium hydroxide is equivalent to 
60,05 mg of CjFhOz. 

Acceptance criteria; 36.0%-37.0% 

IMPURITIES 

* Nonvolatile Residue 

Analysis: Evaporate 20 mL in a tared porcelain dtsh on 
a steam bath, and dry at 105° for 1 h, 

Acceptance criteria: The weight of the residue does 
not exceed 1,0 mg (0,005%). 

* CHLORIDE 

Sampie solution; Acetic add (1 In 10) in water 

Analysis: To 10 mL of the Sampie solution add 5 drops 
of silver nitrate TS. 

Acceptance criteria: No opalescence ts produced. 

ł SULFATE 

Sampie solution: Acetic acid {1 in 10) in water 

Analysis: To 10 mL of the Sampie solution add 5 drops 
of barium chloride TS. 


Acceptance criteria: No turbidity is produced, 

Delete the fol to win g: 

Heavy Metals (231) 

Sampie solution: to the residue obtained in the test for 
Nonvolatile Residue addSmLofO.l N hydrochloric 
acid, warm gentty until completely dissofved, and di lute 
with water to 100 ml. Use 10 mL of this solution, 

Acceptance criteria: NMT 10 ppm* * 

• Readily Oxjdizable Substances 

Analysis: Dilute 4.0 mL in a glass-stoppered vessel with 
20 mL of water, and add 0.30 mL of 0.10 N potassium 
peimanganate. 

Acceptance criteria: The pink color is not changed to 
brown at once, and the liqutd does not become entireiy 
brown or free from a pink tint in less than 30 s. 

ADDITIONAL REQU1REMLENTS 

« Packaging and Storage: Preserve in tlght containers. 


Diluted Acetic Acid 


DEFINITION 

Diluted Acetic Acid Is a solution containing, In eacli 100 ml, 
NLT 5.7 g and NMT 6.3 g of acetic acid (C^H-iOs). 

Prepare Diluted Acetic Add as follows (see Pharmoceuticol 
Compounding^Nonsterile Preparations (795)). 


Acetfc Acid 

158 ml 

Purified Walec a suffident qLtantitv to make 

1000 mL 


Mlx the Ingredlents. 

IDENTIFICATION 

* A. Identification Tests—General, Acetote{T91>: Meets 

the reguirements 

ASSAY 

* PROCEDUR! 

Sampie: 25 mL 

Analysis: To the Sampie add 15 ml of carbon dioxide- 
free water, Add phenolphthalein TS, and titrate with 
1 N sodium hydroxide VS. Eacli mL of 1 N sodium hy- 
droxlde is equivalent to 60.05 mg of acetic add 
(C2H4O2). 

Acceptance criteria: 5.7-6.3 g of acetic acid per 
100 mL of Diluted Acetic Acid 

IMPURITIES 


Delete the foilowing: 

*• Heaw Metals, Method I ( 231) 

Test preparation: Evaporate 5 mL in a porcelain dish 
on a steam bath to diyness, Warm the residue with 
2 mL of 1 N acetic ada, and dilute with water to 
50 mL. Dilute 20 mL of this solution with water to 
25 mL. 

Acceptance criteria: NMT 10 ppm* ( qH an -2014 

* Limit of Chloride 

Sampie solution: A solution of Diluted Acetic Acid in 
water (6 in 10) 

Analysis: Add 5 drops of silver nitrate TS to 10 mL of 
the Sampie solution. 

Acceptance criteria: No opalescence is found. 

o limit of Sulfate 

Sampie solution: A solution of Diluted Acetic Acid in 
water (6 in 10) 
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Analysis: Add 5 drops of barium chloride TS to 10 mL 
of the Sample solution. 

Acceptance criteria: No turbidity is produced. 

o Limit of Nonvolatile Residue 

Sample: 20 mL 

Analysis: Evaporate the Sample In a tared porcefain dish 
on a steam bath, and dry it at 105° for 1 n. 

Acceptance criteria: The weight of the residue does 
not exceed 1.0 mg (NMT 0,005%). 

SPECKFSC TESTS 

* READlLy OXIDIZABLE SUBSTANCES 

Sample: 20 mL In a glass-stoppered fiask 

Analysis: Add 0,30 mL of 0,10 N potassium permanga- 
nate to the Sample ! . 

Acceptance criteria: The pink color Is not changed to 
brown immediatety, and the liqutd does not become 
entirely brown or free from a pink tint in less than 30 s. 

ADDBTKDNAL REQUIREMENTS 

• Packaging amd Stor ag E; Preserve rn tight contarners. 


Acetic Acid, CJaciaS —see Glacial Acetic 
Acid General Monographs 


Acetone 


HrfT ’CH] 

C 3 H 6 0 58.08 

2-Propanone; 

Acetone [67-64-1]. 

DEFINITION 

Acetone eon tai ns NLT 99,0% of GH ti O, calcu la ted on the 
anhydrous basis. 

[Caution— Acetone is very flammable. Do not use where it 
may be ignitęd.] 

IDENTIFICATION 
o A. Onfrared Absorpteon (197F) 

* B. The retention time of the Sample corresponcls to that 
of USP Acetone RS, as obtained in the Assay . 

ASSAV 
o Procedurę 

Sample: Acetone 

System suitability solution: Dllule 1.0 mL of USP 
Methyl Alcohol RS and 1,0 mL of USP Acetone RS with 
tetrahydrofuran to 50 mL, 

Chromatographic system 
(See Chroma tograpny {621), System Suita hi li ty.) 

Modę: CC 

Detector: Flame ionization 

Column: 0.32-mm x 30-m fused-silica capiilary; 1.8- 
LLm of phase G43 
Temperaturę 
Column: See Table 1. 


TabBe 1 


initial 

Temperaturę 

n 

Temperaturę 

Ramp 

r/minł 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

40 

0 

40 

5 

40 

20 

240 

—' 


łnjector: 200° 

Detector: 280 D 
Carrier gas: Helium 
Flow ratę: 35 cm/s (linear velocity) 

Split ratio: 400:1 
Injectlon volume; I pL 
System suitability 
Sample: Sys tem s u i ta bili ty solu tion 
[NOTĘ-—The relative retention times for methyl alcohol, 
acetone, and tetrahydrofuran are about 0.6, 1,0, and 
1.9, respectively.] 

Suitability requirements 

Resolution: NLT 15 between the methyl alcohol and 
acetone peaks 
Analysis 

Sample: Sample 

Calculate the percentage of acetone (CaH* *0) in the 
portion of Acetone talcen: 

Result = (nVr r ) x 1 00 

ru = peak area due to the acetone peak in the 
Sample 

fr — sum of the areas of all the peaks In the Sample 
[Notę —No separate correction is applied for water con- 
tent, because water does not respond to the flame- 
ionization detector.] 

Acceptance criteria: NLT 99,0% on the anhydrous 
basis 

5PECIFIC TESTS 

* Specific Cravity (841): NMT 0.789 

* NoNVOLATlLE RESIDUE: Evaporate 50 mL in a tared porte- 

lain dish on a steam bath, and dry at 105° for 1 h. 
Acceptance criteria: The weight of the residue does 
not exceed 2 mg (0,004%), 
o Water 

Sample: Acetone 

Standard solution: Transfer 0.50 mL of water to a dry 
100-mL volurnetric fiask, dilute with dehydrated isopro- 
pyt alcohol to vo1ume, and mix. 

Blank: Dehydrated isopropyl alcohol 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: CC 

Detector: Thermal conductivity 
Column: 0,32-mm x 50-m capiflary; 5.0-prn layer of 
support S2 
Temperaturę 
Column: See Table 2 * 


Table 2 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

r/mint 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(mini 

100 

25 

190 

— 


łnjector: 250° 

Detector: 250° 

Carrier gas: Helium 
Flow ratę: 11 m L/min 
Split ratio: 4.5:1 
Injection size: 1.0 pL 
Analysis 

Sam pies: Acetone, Standard solution f and Blank 
[Notę— identify the peaks based on their relative reten¬ 
tion times, which are 1,0 for water and about 1.9 for 
isopropyl alcohol.] 

Acceptance criteria: The area of the water peak for Ac¬ 
etone is NMT that from the Standard solution , corrected 
for the area of the water peak from the Blank (0.5%). 
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* Readily Oxidizable Substances 

Anafysis: Mix 20 mL with 0.10 mL of 0.10 N potassium 
permanganate in a glass-stoppered taottJe. 

Acceptance criteria: The permanganate color of the 
mixture does not completely disappear within 15 min, 

ADOST0ONAL REQUmEMENTS 

* Packagjng and Storage; Preser/e in tight containers, 
remote from fire, 

■ USP Reference Standards (11) 

U5P Acetone RS 
USP MethyJ Alcohol RS 


Acetylcysteine —see Acetylcysteine General 
Monographs 


AcetyHtrafouty] C Stratę 



y 




CzoH^Og 402.48 

DEFINITION 

Acetyltributy! Citrate contains NLT 99.0% of CioHs-iOs, cal- 
culated on the anhydrous basis. 

IDENTJHCAT10N 

* A. Tnfrared Absorption (197F) 

* R* The retention time of the Sample solution corresponds 
to that of a similar preparation ot USP Acetyl tri butyl Cit¬ 
rate RS, as obtained in the Assay . 

A5SAY 
o Procedurę 

System suitability solution: 30 mg/mL each of USP 
Acetyltributy! Citrate RS and USP Tributyl Citrate RS in 
toluene 

Sample solution: 30 mg/mL of Acetyltributyl Citrate in 
toluene 

Chromatographic system 

(See Chromotograpny (621), System Suitobility.) 

Modę: GC 

Detector: Flame ionization 

Column: 032-mm x 30-m, bonded with a 0.5-pm 
layer of phase C42 
Temperaturę 
Jnjector: 240° 

Detector: 280 R 

Column: See the temperaturę program tabłe helów. 


Bnitial 

Temperaturę 

O 

Temperaturę 

Ramp 

("/min) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

80 

__ 

80 

0 

80 

20 

230 

15 


Flow ratę: 1.9 mL/min 
Carrier gas: Helium 
Injection type: Split, 30:1 
Jnjection size: 1 pL 
System suitability 
Sample: System suitability solution 
[Notę—T he re[ative retention times for tributyl citrate 
and acetyl tributyl citrate are 0.9 and 1.0, 
respectively.] 

Suitability reguirements 

Re sol u tron: NLT 1.5 between tributyl citrate and ace¬ 
tyl tributyl citrate 

Relative standard deviation: NMT 2.0% determined 
from both the tributyl citrate and acetyl tributyl cit¬ 
rate peaks, based on area percent calculation 
Anafysis 

Sample: Sample solution 

[Notę—M easure alf of the peak area5, excluding the sol- 
vent peak,] 

Calculate the percentage of C 2 oHnOs in the porrion of 
Acetyltributyl Citrate taken: 

Result - (ru/rr) x100 

ru = peak area of the Sample solution 
ty = sum of ail the peak areas 
Acceptance criteria: NLT 99.0% on the anhydrous 
basis 

IMPURITiES 

I! n organie Impurities 


Dełete the fotfowing: 

•* Heavy Metals, Method II (231): NMT 10 ppm* {CUfkial 1- 

iart'201 B) 

SPEC1FIC TESTS 

SPECIFJC GflAVITY (841): 1 .045-1.055 

* REFRACWE INDEX (831): 1.441 0-1.4425 

■ AclDfTY 

Neutralfzed isopropyl alcohol: To a suitable guantity 
of isopropyl alcohol add 2-3 drops of bromothymol 
blue TS and just sufficient 03 0 N sodiurn hydroxide 
dropwise to produce a falnt blue color. [Notę-—P repare 
Neutraiized isopropyl alcohol just before use.] 

Sample solution: 32.0 g of Acetyltributyl Citrate in 
30 mL of Neutraiized isopropyl alcohol 
Analysis: Add bromothymol blue TS. Titrate with 0.10 
N sodiurn hydroxide to a faint blue endpoint. 
Acceptance criteria: NMT 1.QmLofG30N sodiurn 
hydroxide is requlred. 

* Water Determsnation, Method I (921): NMT 0,25% 

ADDITIONAL REQUIREMENTS 

o Packaging and Storage: Presen/e m tight containers* 

* USP Reference Standards (11) 

USP Acetyltributyl Citrate RS 
USP Tributyl Citrate RS 


Acetyltriethyl Citrate 



CuHmO# 


318.32 
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DEFINJTION 

Acetyitriethyl Citrate contains NLT 99,0% of acetyitriethyl 
citrate (C^feGa), calculated on the anhydrous basis. 

GDENTJFICATEON 
* A, 1 Hf RA RED AbśórptióN (197F) 

9 8. The retention time ot the major peak of the Sample 
solution corresponds to that of the System suitabifity solu- 
tion t as obtained in the Assay, 

A5SAY 
o Procedurę 

System suitability solution: 30 mg/mL each of USP 
Acetyitriethyl Citrate RS and USP Triethyl Citrate RS in 
toluene 

Sample solution: 30 mg/mL in toluene 
Chromatographk system 
(See Chromo tog ropny <621}, System Suitability.) 

Modę: CC, equlpped with an on-column, tempera- 
ture-programmable injector 
Detector: Flame ionization 

Column: 032-mm x 30-m, bonded with a 0.5-iim 
layer of phase C42 
Temperatures 
Injector: See Jobie L 
Detector: 275° 

Column: See Tobie 2. 


Table 1 


Start 

Temperatura 

n 

Ramp 

n 

End 

Temperaturę 

n 

Hołd 

Time 

(man) 

85 


85 

0.5 

85 

20 

225 

10 


Table 2 


Start 

Temperaturę 

n 

Ramp 

n 

End 

Temperatura 
i ) 

Hołd 

Time 

(min) 

80 


80 

0.5 

80 

20 

220 

10 


Flow ratę: 2.3 mL/min 
Carrier gas: Helium 
Injection volume: 1 pL 
System suitability 
Sample: System suitability solution 
[Notę—T he relative retention times of triethyl citrate 
and acetyitriethyl citrate are 0.9 and 1.0, respectively.] 
Suitability requrrements 

ResoJution: NLT 1.5 be twe en triethyl citrate and 
acetyitriethyl citrate 

Relatlve standard deviation: NMT 2.0% determined 
from both the triethyl citrate and acetyitriethyl citrate 
peaks 
Analysis 

Sample: Sample solution 
Calculate the percentage of acetyitriethyl citrate 
(CuHiaOs) in the portion of sample taken: 

Resutt - { ru/rr) x 1 00 

r u - peak area of acetyitriethyl citrate from the 
Sample solution 

r T ~ sum of afl the peaks exduding the solvent 
peak 

Acceptance critena: NLT 99.0% on the anhydrous 
basis 


IMPURITEES 


Detete the following: 

*• Heavy Metals, Method II (231): NMT 10 i-tg/g* <oni C y t- 

|an-20ie) 

SPEOFIC TEST5 

c Specific Grayity (841): 1.135-1,139 
e Refractive Index <831): 1.432-1.441 
fi ACIDITY 

Sample: 32.0 g 

Analysis: Dissolve the Sample in 30 mL of Isopropyl ai- 
cohol, previously neutralized to bromothymo! blue. Add 
bromothymoi blue TS, and titrate with 0.10 N sod kim 
hydroxide to a faint blue endpoint 
Acceptance critena: NMT 1,0 ml of 0.10 N sodium 
hydroxlde is reguired, 

® Water Determination, Method i <921): NMT 03% 

ADDmONAL REQU9REEV1ENTS 

■ Packaging and StoragE; Presen/e in tight containers. 
fi USP Reference Standard* (11) 

USP Acetyitriethyl Citrate RS 
USP Triethyl Citrate RS 


Activated Charcoai —see Activated 
Charcoai General Monographs 


Adipic Add 



C 6 H 10 O 4 146.14 

Hexanedioic acid; 

1,4-Butanedicarboxylic acid [124-04-9], 

DEFINITION 

Adipic Add contains NLT 99,0% and NMT 101,0% of 
C & HioO.[, calculated on the dried basis. 

IDENTIFICATION 

* A. INFRARED ABSORPTION <197K) 

ASSAY 

fi Procedurę 

Sample: 60 mg 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0.1 N sodium hydroxide VS 
Blank: 50.0 mL of water 
Endpoint detection: Colorrmetric 
Analysis: Dissoive the Sample in 50 ml of water. Add 
0.2 mL of phenolphthalein TS, and titrate with 0.1 N 
sodium hydroxide VS to a permanent pale pink 
endpoint, Perform a blank determination. Calculate the 
percentage of adipic acid (C & Hi 0 O,i) in the Sample 
taken: 

Result = [(V - B) x N x Fx 100]/ W 

V = titrant volume consumed by the Sample (mL) 

B - titrant volume consumed by the Blank (ml) 

N - titrant actuai normality (mEa/mL) 

F - equivalency factor, 73,1 mg/mEq 
W = weight of the Sample (mg) 
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Acceptance criteria: 99.0%-101.0% on the dried basis 

IMPUR1TIE5 

a Residue ON IGNITJON (281): NMT 0.1% 

Changę to readt 
* LIMIT OF NlTRATES 

Standard stock sofution: 1.63 mg/mL of potassium 
nitra te 

Standard solution; Dilute 1 ml of the Standard stock 
solution with water to 10 mL. Dilute 1 mL of this solu- 
tion with water to 50 mL to obtarn a solution contain- 
ing 2 ^g/mL of nitrate. 

Sampie solution: Transfer 5 g of Adipic Add to a 
50-mL Yoiumetric ffask. Dissolve jn water, with heating, 
and dilute with water to vo!ume. Allow to cool and 
ctystalfize, then pass through a sintered-glass filter. 

Wash the fil ter with water, and collect the filtrate and 
washings untll a volume of 50 mL is obtained. [Notę— 
This solution is also to be used for Chloride, Sulfate, and 

Imn , # (Olfidiil 1 n 201 A)] 

Control: 2 mg/L of potassium permanganate 
Analysis: Transfer 1.0 mL of the Sampie solution, 1.5 mL 
of the Standard solution, and 1 mL of water (blank) to 
three separate flasks. To each fiask add 2 mL of eoncen- 
trated ammonia, 0.5 mL of 10 mg/mL manganese sul¬ 
fate, and 1 mL of 10 mg/mL sulfanilamide, and dilute 
each solution with water to 20 mL Add 100 mg of zinc 
owder to each of the three flasks, and cool in an ice 
ath for 30 min, shaklng the Solutions periodicąlly. Sep- 
arately filter 10 ml of each solution, cool in an ice bath. 
and tnen add 2.5 mL of hydrochloric add and 1 mL of 
10 mg/mL of naphthylethylenediamine dihydrochloride, 
Allow the Solutions to stand at room temperaturę for 15 
min. 

System suitabrlity: The test is Invalfd if the concomi- 
tantly prepared blank solution is darker than the 
ControL 

Acceptance criteria: The color of the solution contaim 
Ing the Sampie sofution is not darker than the concomb 
tantly prepared solution containing the Standard solu¬ 
tion (NMT 30 ppm). 

Detete the foliowing: 

HEAOT Metals, Method I (231): NMT 10 ppm* (bmoaii- 
Un-2<n&) 

* Chloride and Sulfate, Chloride ( 221) 

Sampie: A 5-mL portion of the Sampie solution from 
Limit of Nitrates 

Analysis: Proceed as directed in the chapter, 
Acceptance criteria: The Sampie shows no morę chlo¬ 
ride than a correspondlng 0.14-mL portion of 0.020 N 
hydrochloric add (NMT 0.02%). 

* Chloride and Sulfate, Sulfate (221) 

Sampie: A 5-mL portion of the Sampie solution from 
Limit of Nitrates 

Analysis: Proceed as directed in the chapter. 

Acceptance criteria: The Sampie shows no morę sulfate 
than a correspondlng 0.2ó-mL portion of 0.020 N sub 
furic add (NMT 0.05%). 

* IRON (241) 

Sampie: A 10-mL portion of the Sampfe sofution from 
Limit of Nitrates 

Analysis: Proceed as directed in the chapter. 

Acceptance criteria: NMT 10 ppm 

SPECIFIC TESTS 

o Melting Rangę or Temperaturę (741): 151M54° 

* Loss on Drying (731): Dry a sampie at 105° to constant 
weight; tt loses NMT 0.2% of its weight. 


ADDITIONAL REQUIREMENT5 

* Packaging and Storage; Preserve in a tight containers. 

No storage reguirements specifled. 

* U5P Reference Standards (11) 

USP Adipic Add RS 


Agar 

[9002-1 8-0]. 

DEFINITION 

Agar is the dried, hydrophilic, colioldal substance consisting 
of the polysaccharldes extracted from C elidium carti- 
fagineum (L.) Gaillon (Fam. GeJidiaceae), Gradfaria confer- 
voides (L.) Greville (Fam. Sphaerococcaceae), and related 
red algae (Class Rhodophyceae). 

IDENTIFICATION 
■ A. Hnfrared ABSORPTfON (197K) 

o B. lodine TS colors some of the fragments of Agar bfuish 
black, with some areas reddish to violet. 

° C. 

Analysis: Boli a sampie with 65 times its weight of 
water for 10 min, with constant stirring, and subse- 
guently adjust with hot water to a concentratlon of 
1.5%, by weight. 

Acceptance criteria: Agar forms a elear llquid that eon- 
geals at 30°-39° to form a firm resilient gel, which does 
not Nquefy below 80°. 

IMPURITIES 
Inorganic Impurities 

* Arsenic, Method ll (211): NMT 3 ppm 

* LEAD (251): NMT 10 ppm 

Detete the foliowing: 

** Heaw Metals, Method tl (231): NMT 40 ppm* i- 

|an-201fl) 

* Articles of Botanical Origin, Add-lnsoluble Ash (561): 

NMT 0,5%, on a dry-weight basis 
Organie Impurities 

* Procedurę i: Limit of Gelatin 

Sampie solution: DIssolve 1 g of sampie in 100 mL of 
bolling water. Allow to cool to about 50°. 

Analysis: To 5 mL of the Sompfe solution add 2-3 drops 
of a mixture of 0,2 M potassium dichromate solution 
and 3 N hydrochloric add (4:1), 

Acceptance criteria: No yeflow precipitate is forrned. 

* Procedurę 2 : Limit of Foreign Starch 

Sampie solution: Boli 0.10 g In 100 ml of water. 
Acceptance criteria: The Sampie solution does not, 
upon cool Ing, produce a biue color upon the additlon 
of iodine TS. 

° Procedurę 3 : Limit of Foreign Jnsoluble Matter 

Sampie dispersion: Add sufficient water to 7.5 g of 
sampie to make 500 g, boil for 15 min, and readjust to 
the original 500 g. 

Analysis: To lOOg of the uniformly mlxed Sampie dis - 

C erslon add hot water to make 200 ml. Heat a I most to 
oifincj, filter while hot through a tared flltering cruci- 
ble, Rinse the Container with several portions of hot 
water, and pass these rinsings through the crucible. 

Dry the crudble and its contents at 105 a to a constant 
weight. 

Acceptance criteria: NMT 15 mg (1.0%) remains in 
the crucible. 

® Procedurę 4: Articles of Botanical Origin, Foreign Or¬ 
ganie Matter (561): NMT 1.0% 
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SPECBFSC TESTS 

■ MlCROBIAL enumeratign tests (61) and tests for Speci 
FIED MlCROORGANiSMS (62): The total aerobic mkrobiaf 
count does not exceed 10 l cfu/g, and the total com- 
bined molds and yeasts count does not exceed 10- cfu/ 
g, It meets the reguirements of the tests for absence of 
Salmonella spedes and Escherichia coli , 

* Water Determination, Method Ili (921) 

Analysis: If necessary, cut a sam ple into pieces from a 
2- to 5-mm square, and dry at 105° for 5 h. 
Acceptance critena: The sam ple loses NMT 20-0% of 
its weight. 

* ARTICLE5 OF BOTANitAL OMGIN, Total Ash (561): NMT 

6.5%, on a dry-weight basis 

O Water Absorptjon 
Sample: 5.0 g 

Analysis: Place the Sample in a 100-mL araduated cylin¬ 
der, fili to the mark with water, mix, and allow to stand 
at 25° for 24 h, Pour the contents of the cylinder 
through moistened glass woof, allowing the water to 
drain into a second 1 00-mL graduated cylinder. 
Acceptance criteria: NMT 75 mL of water is obtained. 

a BOTANIC GHARACTERISTICS 

Agar: Usualfy oecurs in bundles consisting of thin, 
membranous, agglutinated strips or in cut, flaked, or 
granulated forms, It may be colored weak yeJlowish or- 
ange, yellowish gray to pafeyeltow, or colorless. It i$ 
tough when damp, brittle when dry. 

Histology: When mounted in water, Agar appears gran- 
u lar and somewhat filamentous; a few fragments of the 
spicuJes of sponges and a few frustules of diatoms may 
be present. In Japanese Agar, the frustules of Arach- 
noiaiscus ehrenbergii Ba i Ilon often occur, being disk- 
shaped and 100-300 pm in diameter, 

Powdered agar: White to yellowish white or pale yel- 
low; in chlorai hydrate T5, its fragments are transparent, 
morę or less granular, striated, and angular, and occa* 
sionally they contain frustules of diatoms. 

ADDITIONAL REOUflREMENTS 

* Packaginc and Storage: Preserve in well-closed 
containers. No storage reguirements are specified, 

■ USP Reference Standards (11) 

USP Agar RS 


Albumin Humań —see Albumin Humań 
General Monographs 


rAlbumin Humań 


D #KSEVMB FK OLGEENFK ALWL WWY LOOCFFM K LVHEtfTEFA 
B7CVAD£SA£ HCGtólHTlf GDKLCTtfATL RcTVGEKAOę CAKnEPEfUtf 
CFUH3J0HP WLPRLWP EV WHp TWCH EETFLKKYLY EMRRHPffY 
APELLFFAKR ifKMFTEC^^MCLLP KUJELROEG* ASSAF'QftLi:C 
AS LflKFGERA FKAWAVA9L$ OftFPWEFAĘ VSJ£ŁVTDLTK WTEC CWPL 
LEttGDRADL AKYjtaigOS imilE flE KPLLEUSHę ] AEYINDEMM 
DCPSLAAOFY ESflWę KNYA EAKOYRGHF LVEYWRHPO YSWLLLKU 
Ł.TVETTlEt X ĆAMDPHFO A£VFDEFKR VEEPQWL IKQ HC ELFECUGE 
YKFQNAllVR VTK/ypQyŚT ■PTlVEV3 fłKL EKYGSlŁ f ĆKH P»KRHP» £ 
miSptCM. cThEKTPV 5 DRyTK ęĆtES lyMjRPC FSA L£V0ETYYPK 
IfTtfOFT FH AOip iSaCE ROlKKOTALY ELYKHKPJCAT KHLftWHOO 
FĄAFtftKęti: adcketcfae egkklyaaso mlgl 


66,438 Da 

DEFINITION 

Recombinant Albumin Humań (rAlbumin Humań or rHA) es 
produced by recombinant DNA expression in Saccharo - 


myces oerevfaiae> 5 truć tu rai equiva lence (prima ry, second- 
ary, and tertiary) between rHA and human serum albumin 
(HSA) has been demonstrated. It consists of three do- 
mains composed of 585 amino acids containing a single 
tryptophan (Irp 2 i 4 ), one free thiol (Cys 34 ), and 17 disulfide 
bridges. It es presented as a sterile and nonpyrogenic 
aqueous liquid consisting of a 10% (w/v) or 20% (w/v) 
solution in Water for Injection. No human- or animal-de- 
rived raw materia! is involved in its manufacture. It eon- 
tains NLT 95% and NMT 105% of the labeled amount 
and NLT 99% of its total protein is albumin. It contains 
no added antimicrobial agents, but it may contain appro- 
priate stabilizing agents, The presence of proces s-rei a te d 
impurities, host tefl DNA, and host cdi proteins is process 
specific; suitabie limits should be determined by approprl- 
ately validated methods. However, the limit for host celi 
proteins should be NMT 0.15 pg/g, 

BDENT1FIGATION 
o A. Peptide mapping 

[Notę—S ee BI o tech nology- Derived Artides—Peptide Map- 
ping (1055) for guidance.] 

Trrs Duffer: 0.1 M tris(hydroxymethyl)aminomethane. 
Adjust with hydrochloric acid to a pH of 8.0. 

Dllute Tris buffer: Tm huffer and water (50:50) 

Solution A: Trifluoroacetic acid and water (1:1000) 
Solution B: To 350 mL of acetonitrile add 150 ml of 
water and 425 pL of trifluoroacetic add, 

Dithiothreitol solution: 0.1 M dlthiothreitoi 
lodoacetamide solution: 0,1 M iodoacetamide in Tris 
huffer 

Trypsin solution: 1 mg/mL of trypsin in 10 niM hydro¬ 
chloric acid 

EDTA solution: 0.1 M ethylenediaminetetraacetic add 
(EDTA) in water 

Diluent: To 5.76 g of guanidine hydrochforide add 
5 mL of DHute Tris buffer and 200 pL of EDTA solution . 
Dllute with DHute Tris huffer to a finał volume of 10 ml. 
Standard solution: Add 20 \xl of USP rAlbumin Human 
RS to 80 \iL of Diluent. Add 5 piL of Dithiothreitol solu¬ 
tion, and ineubate at 37° for 75 min. Add 10 pL of 
lodoacetamide solution, and ineubate for an additional 
75 min at 37° in the dark, Add 100 jiL of DHute Tris 
buffer, 400 pL of water, and 10 pL of Trypsin solution , 
and ineubate at 37 s with shaking for 24 h, Centrifuge, 
and diiute a portion of the supernatant in Solution A 
(50:50). 

Sample solution: 50 mg/mL of rAlbumin Human In 
water. To 20 pL of this solution add 80 liL of Diluent. 

Add 5 pL of Dithiothreitol solution, and ineubate at 37° 
for 75 min. Add 1 0 jiL of lodoacetamide solution, and 
ineubate for an additional 75 min at 37° in the dark. 

Acid 100 ul of Dilute Tris buffer ; 400 pL of water, and 
10 pi of Trypsin solution, and ineubate al 37° with shak¬ 
ing for 24 h. Pufse centrifuge, and dilute a portion of 
the supernatant in Solution A (50:50), 

Mobile phase: See Table 1. 


Tabie 1 


Time 

(min) 

Solution A 

rwo 

Solution B 
(°/o) 

Flow Ratę 
(mL/minl 

0 

95 

5 

0.5 

5 

95 

5 

OJ 

75 

60 

40 

OJ 

100 

40 

60 

OJ 

104 

0 

100 

0 5 

108 

0 

100 

0,5 

109 

95 

5 

1.0 

115 

95 

5 

1,0 

116 

95 

5 

0.5 

120 

95 

S 

0.5 

































NF 35 


Offidal Monographs / Albumin 7503 


Chromatographic system 

(See Chromatograpny (621 ) f System Suitability.) 

Modę: LC 

Detector: UV 214 nm 

Column: 4,6-mm x 25-cm; 5-pm packing LI 

Column temperaturę: 35 D 

Flow ratę: See Tobie 1. 

Injection volume: 100 pL 
Analysis 

Sam pies: Standard soiution and Sampie solution 
Acceptance criteria: The peptide map chromato¬ 
graphic profil es of the Sampie solution are similar to 
those of the Standard solution. 

• B, Electrospray Mass Spectroivietry 

Solution A: Trifluoroacetic aeid and water (1:1000) 
Solution B: To 140 mL of acetonitriEe add 60 ml of 
water and 180 juL of trifluaroacetic add. 

Solution C: Acetonitrfle and water (50:50) 

Solution D: To 5 mL of Soiution C add 10 j.il of formie 
acid. 

System suitability solution: Dissolye 2 mg of horse 
neart myoglobin in 589 jiL of Waler for Injection. Di lute 
25 uL of this solution with 475 pL of Solution D. 

Sampie solution: 10 mg/mL of rAlbumin Humań In 
water 

Mobife phase: See Table Z 


Tablo 2 


Time 

(mini 

Soiution A 
{%> 

Solution B 
(% 1 

O 

95 

5 

5 

95 

5 

10 

0 

100 

15 

0 

100 


Chromatographic system 

(See Chromatograpny (62 1), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Column: 2.1-mm x 3-cm; desalting cartrldge, equili- 
brated with Solution O 
Flow ratę: 0.2 mL/mln 

Injection volume: 20 pL of the Sampie solution 
Analysis; Desalt the Sampie soiution, and eollect the elu- 
afe. Ensure that a single protein peak elutes. 
Spectrometric system 
(See Moss Spectrometry (7 36).) 

Modę: LC/MS (using infusion pump) 

[Ngte—T he Infusion system flow ratę can be adjusted 
as needed. To assist m nebuiization, the infusion sys¬ 
tem can contain a sheathing gas fluid.] 

Mobile phase: Solution C 
Detector: Electrospray in the positive ion modę 
Injection yolume: 50 pL of desalted Sampie soiution 
System suitability 
Sampie: System suitability soiution 
Suitability requirements 

Peak position: A single peak in the 1 6,949-1 6,953 
Da rangę is found. 

Analysis: Obtain and transform the spectrogram for the 
desalted Sampie solution. 

Acceptance criteria: The mass is within 20 Da of the 
theoretical mass. 

AS5AY 

© Albumin Content 

Stock sampie buffer: 1 2 Mtx 4 mL of 0,5 M Tris hydro- 
chloride pH 8.6, 0.5 mL of 0.1% bromophenol biue, 

2.0 mL of glycerol, and diJute with water to 1000 ml. 
Diluted sampie buffer: Stock sampie buffer and water 

( 1 : 1 ) 

1 A iuitabfe res/erse-phase desalting column \$ availabte from Perkfn Eimer 
(No. 0711-0056). 

2 Avarlabie from 1nvitrogen (No. LC2673). 


29 mg/mL of Tris base 
1 stock running buffer and water 


Native stock running buffer: 3 
and 144 mg/mL of glycerol 
Running buff er: Native stoc 

(1:9) 

Gef-staining soiution: A suitable Coomassie C- 
250-based solution 4 

Native PACE gel: Prepare a 14% Tris-Glydne gel, 5 
Sampie solution: 4 mg/mL of rAlbumin Humań in 
water. Dilute this solution with Stock sampie buffer to 
2 mg/mL. 

Calibration Solutions: Dilute the Sampie solution quan- 
titatiyely, and stepwrse if necessary, with Diluted sampie 
buffer t o 100, 20, 15, 10, 5, 2, and 1 pg/mL of 
rAlbumin Humań. 

Electrophoretic system 
Run buffer: Running buffer 
Voitage: 125 V 
Amperage: 35 mA 
Wattage: 5.0 W 
Run time: Approximately 2 h 
Loading volume: IOllL 
Analysis 

Samples; Sampie solution and Calibration Solutions 
Gel loading scheme 
Lane 1: 1 jig/mL Calibration solution 
Lane 2: 2 pg/mL Calibration solution 
Lane 3: 5 fig/mL Calibration solution 
Lane 4: 10 ug/mL Calibration soiution 
Lane 5: 15 j.ig/mL Calibration soiution 
Lane 6 : 20 jug/mL Calibration solution 
Lane 7: Diluted sampie buffer 
Lane 8: Sampie solution 
Lane 9: Sampie solution 
Lane 10: Diluted sampie buffer 
Gel stainrng: Place the gel in 100 mL of water, and 
shake genfly with drcumgyratron for about 30 min. 
Four approximately 50 mL of Geb staining solution into 
a staining Container, Place the gel into tne staining 
Container, and aJlow the stain to completely cover 
the gel Place the staining Container on an orbital 
shaker, and stain the gel for 120 min with gentie 
shaking. 

Destainmg: Drain the Gel-staining solution, and add 
100 mL of water to the Container to cover the gel. 
Place the Container on an orbita! shaker, and shake at 
fow speed for about 60 min. Change the water, and 
repeat for a totaf of two washes. 

Gel scan procedurę: Set up a gel scanner according 
to the manufactureds instructions. PEace the gel in 
the detector, and obtain a single image of alf 10 
lanes of the gel. 

Data analysis: Ferform image analysis of Lanes 1-6 to 
generate a linear calibration curve. Determine the lin¬ 
ear regression equation of the standards by the least- 
squares mefhod, with standard concentrations, in ng, 
as the dependent variable (x), and Lhe sampie band 
intensity (optical density) as the independent variable 
(y), Record the linear regression equation and the 
correlation coefficient, r. A suitable system is one that 
yields a tine having an r 2 of NLT 0.990. 

Examine Lanes 8 and 9 (the Sampie solution lanes) for 
the presence of bands below the main albumin 
band. If bands are present below the main albumin 
band in either or both lanes, guantify the re!ative 
amount, in ng, of protein present in each band 
against the catibration curve. Convert the quantified 
value to a contaminant level in percentage by divid- 
Ing the guantified value by a factor of 200. 


*Available from lnvitrogen (No. LC2672). 

1 A suitable Coomassie stain is avaifabie from Pierce (No. 24890 or No, 
245921 

5 Aiternatively, a proeasL 14% Tris-Gtydne gel is availab[e from lnvitrogen (No. 
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Calcu la te the purity of the Sample solution : 

Result - 100 “ C s 

G = mean of the percentages of centa mina nt 

levels found in ianes 8 and 9 (ail the bands 
other than the albumin band), disregarding 
any band due to the Diluted sample buffer 
Acceptance criteria: Sample solution purity is NLT 
99,0%. [Notę—T he main albumin band is not guanth 
tated. See the test for Tata! Protein.] 

® Tgtal Protein 

Sodium chloride solution: 0,15 M sodium chtorlde in 
water 

Copper sulfate solution: 60 mg/mL of copper suJfate 
pentahydrate and 600 mg/mL of potassium sulfate 6 in 
suEfuric add Iow in nitrogen 

Sample solution: DiJute 0.5 g of rAlburnin Humań with 
2.5 ml of Sodium chloride solution (equivalent to about 
3.3 mg/mL of tota! protein). 

Blank: 33,3 mg/mL of gfycfne in Sodium chloride 
solution 

Analysis: To 3.0 ml of the Sample solution and the 
Blank , in suitabie distilfation tubes, add 5 mL of Copper 
sulfate solution . fncubate at 420° for a minimum of 2 h, 
or until the residues appear wbite. When the Solutions 
are cool, transfer the residues quantitatlvely with a mini¬ 
mum guantity of water to a micro-Kjeidahf fiask, and 
determine the residues, using Nitrogen Determination 
(461), Method //. Multiply the result, corrected for the 
Blank and for the specific gravity of the Sample solution , 
by 6.25 to calcu łatę the guantity of protein. 

Acceptance criteria: 95%-105% of the guantity of pro¬ 
tein stated on the label 

OTHER COMPONENTS 

« SODWM CONTENT 

Diluent: 1,0 mg/mL of cesium chloride in water 
Standard Solutions: Prepare 0.5, 1.00, 1.50, and 
2.00 mg/mL of sodium chloride in Diluent. 

Sample solution: 80 jag/ml of rAlburnin Humań in 
Diluent 
Apparatus 

Modę: Atomie absorption 
Emission wavelength: 589 nm 
Analysis: [NOTĘ—Use peak area measurements for 
guantitation.] 

Samples: Diluent (as blank), Standard Solutions, and 
Sample solution 

Introduce a blank solution (Diluent) into the atomie 
generator, and adjust the instrument reading to zero. 
DeLerminations are madę by comparison with the 
Standard Solutions of known concentration. If the 
Sample solution emission exceeds that of the Standard 
Solutions with the hlghest concentration, dllute the 
Sample solution with Diluent Introduce the most con- 
centrated Standard solution into the instrument, and 
adjust the sensatMty to obtain a suitabie reading. In¬ 
troduce the Sample solution and Standard Solutions 
into the instrument at least three times, and record 
the steady reading, Rinse the apparatus with blank 
solution each time, and ascertain that the reading re~ 
turns to its initial biank value. Plot the mean of the 
readings obtained for the Standard Solutions against 
their respective sodium concentrations. From the 
standard curve, cafculate the sodium concentration 
eon tent in the Sample solution f and adjust for the spe¬ 
cific gravity of the rAlburnin Humań (see Toto/ 

Protem). 

6 Copper sulfate pentahydrate and potassium suJfate tabfets (each tablet with 



Acceptance criteria: 120-160 mM sodium 

IMPURITIES 

® Łmn of High Moleojlar Weight Protein* 

Solution A: 200 mg/mL of sodium azide 
Buffer: Dissolve 54.2 g of dibasic sodium phosphate di- 
hydrate, 30.0 g of monobasic sodium phosphate dihy- 
drate, and 284.0 g of anhydrous sodium sulfate in 
1 600 mL of water, Add 50 ml of Solution A, and dii u te 
with water to 2000 mL, 

Mobile phase: Buffer and water (10:90) 

Sample solution: 40 mg/mL of rAlburnin Humań 
Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Column: 7.8-mm x 30-cm; 5-jum packing L59 
Flow ratę: 1.0 mL/min 

Injection volume: 50 pL. [Notę—T he peak due to 
high moiecular weight impurities, such as the polymer 
of albumin, appears in the void volume of the 
chroma tog ram.] 

Analysis 

Sample: Somple solution 

Calculate the percentaoe of albumin pofymer in the 
sample: 

Result = (rutri) x 100 

ru - peak response of albumin polymer 
rr = sum of alf rAJbumin Humań related peak 
responses 
Acceptance criteria 
lndividual impurities: NMT 1.0% 

SPECIFIC TE5TS 
« PH (791) 

Sample solution: 1% (w/v) protein solution diluted 
with 0.9% (w/v) sodium chloride 
Acceptance criteria: 6.4-7.4 

* Sterility Tests (71): Meets the reguirements 

* Bacterial Endotoxins Test (85): NMT 0.5 USP Endo- 
toxin Unit/mL of rAlburnin Humań 

ADDITIONAL REQUIREMENT5 

* Packacing and Storage: Preserve in tight giass contain- 
ers, and storę at 2°-8°. Do not freeze. 

® Labeling: Label to indicate that the materiał is of recom- 
binant DNA origin. 

* USP Reference Standard* (11) 

USP rAlburnin Humań RS 
USP Endotoxin RS 


AlcohoS —see Alcohol General Monographs 


Diluted Alcohol 


DEFINITION 

Diluted Aicohoi is a mixture of Afcoho] and water containing 
NLT 41,0% and NMT 42.0% by weight, corresponding to 
NLT 48.4% and NMT 49,5% by vo!ume, at 15.56°, of 
C,H 3 OH. 

Diluted Alcohol may be prepared as fotlows. 


Alcohol 

500 mL 

' Purified Water 

500 mL 


Measure the Aicohoi and the Purified Water separately at the 
same temperaturę, and mix. If the water and the Alcohol 
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and the resultlng mixture are measured at 25°, the vol- 
ume of the mixture will be 970 mL, 

5PECIFIC TESTS 

* Speofio GRAVITY (841): 0.935-0,937 at 15,56°, indicat- 

ing 41.0%^42.0% by weight, or between 48.4% and 
49,5% by volume, of C 2 H 5 OH 

* Other RequireMenT 5: In other respects, it meets the re- 

quirements in Alcohol, allowance being madę for the dif- 
ference in alcohof concentration, 

AODITIONAL IREQU1REMENTS 

* Packaging and Storage: Preserve in tight containers, re- 

mote from fire. 


Alfadlex 



(C 6 Hi(,O s ) fi 972.84 

Alpha cydodextrin [1001 6-20-3], 

DEFINITION 

Alfadex is composed of six alpha-(1-4) linked D-glucopyra- 
nosyl units. It contains NIT 98,0% and NMT 101.0% of 
alfadex (CfiHioOsJs, calcuJated on the anhydrous basis. 

IDENTIFICATION 

® A, The retendon time of the major peak of the Sample 
solution corresponds to that of the Standard solution, as 
obtained in the Assay, 

* B. It meets the reąuirements of the test for Optical Rota- 

tion <781S), Specific Rotation . 

* C, 

Sample: 0,2 g 

Analysis: Mix the Sample with 2 ml of iodtne T5, warm 
rn a water bath to dissolve, and aflow to stand at room 
temperaturo. 

Acceptance criteria: A yellow-brown predpitate is 
formed, 

A55AY 
® Procedurę 

Mobile phase: Methanol and water (7:93) 

System suitabifity solution: 0.5 mg/mL of USP Afpha 
Cydodextrin RS, 0,5 mg/mL of USP Beta CydodextrIn 
RS, and 0.5 mg/mL of USP Gamma Cyclodextrin RS 
Standard solution: 1.0 mg/mL of USP Alpha Cydodex- 
trin RS 

Sample stock solution: Transfer 250 mg of Alfadex to a 
25-mL volumetnc fiask, and dissdve in water with the 
aid of beat Cool, and dilute with water to volume. 
Sample solution: 1.0 mg/mL of A[fadex, diluted from 
the Sample stock solution 


Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 
Column: 4.6-mm x 15-cm; 5-pm packing LI 
Temperaturę 
Column: 30° 

Detector: 40° 

Flow ratę: 1.5 mL/min 
Injection volume: 50 jiL 
System suitability 
Sample: System suitability solution 
[NOTĘ—The relatiye retention times for gamma 
cydodextrin, alpha cyclodextrin, and beta cydodexLrin 
are 0.8, 1.0, and 2.0, respectively.] 

Suitability requirements 

Resolution: NLT 1.5 between the gamma cydodex- 
tnn and alpha cydodextnn peaks 
Tai ling factor: 0.8-2,0 for tne three cyclodextrins 
Relative standard deviatlon: NMT 2,0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of alfadex (CóHFoOsJó in the 
portion of the sample taken: 

Result = (ru/r$) x { C$/C u ) x 100 

fu - peak response of alpha cydodextrin from the 
Sample solution 

rj - peak response of alpha cyclodextrIn from the 
Standard solution 

Q = concentration of alpha eydodextnn In the 
Standard solution (mg/mL) 

Cu - concentration of alpha cyclodextrin in the 
Sample solution (mg/mL) 

Acceptance criteria: 98.0%-l 01.0% on the anhydrous 
basis 

impurities 

» RES1DUE ON IGNITION (281) 

Sample: 1.0 g 

Acceptance criteria: NMT 0,1% 

Delete the following: 

** Heaw Metals, Method II (231): NMT 10 pg/g* (omaai 1 ^ 

130-201 

* Limit of LightAbsorbing Substances 

Sample solution: 10 mg/mL of A!fadex, calculated on 
the anhydrous basis, in water that has been previousty 
boiled and cooled to room temperaturę. Pass through a 
filter of 0.2-jim porę size. 

Analysis: Detemnine the absorbance of the Sample solu¬ 
tion En a 1-em celi with a suitable spectrophotometer, 
after correcttng for the blank. 

Acceptance criteria: Between 230 and 350 nm, the ab¬ 
sorbance is NMT 0,10; and between 350 and 750 nm, 
the absorbance is NMT 0.05. 

• Limit of Betadex, Gamma Cyclodextrin, and Other Re 
lated Substances 

System suitability solution, Chromatographic system, 
and System suitability: Proceed as direeted in the 
Assay. 

Standard solution: System suitability solution and water 
(1:9) 

Sample solution: Use the Sample stock solution pre~ 
pa red as direeted in the Assay, 

Analysis 

Samples: Standard solution and Sample solution 
Acceptance criteria 

Beta eydodextnn: The area of any peak correspond- 
ing to beta cydodextrin is NMT 0,5 times the area of 
the correspondEng peak from the Standard solution 
(0.25%). 
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Gamma cydodextrin; The area of anypeak corre- 
sponding to gamma eyclodextrin is NMT 0.5 trmes the 
area of the corresponaing peak from the Standard so - 
lution (0 .25%). 

Other related substances: The sum of all of the peak 
areas, excluding the alpha cydodextrin, beta cyclodex- 
trin, and gamma cyclodextnn is NMT the area of the 
peak due to alpha cydodextnn from the Standard solu- 
tion (0.5%). 

* Limit of Reduong Sugars 

Cupric solution: 150 mg/mL of cupric sulfate 
Tartrate solution: 25 mg/mL of anhydrous sodium car- 
bonate, 25 mg/mL of potassium sodium tartrate, 

20 mg/mL of sodium biearbonate, and 200 mg/mL of 
anhydrous sodium sulfate 

Cupric-tartaric solution: Immediately before use, mix 
Cupric solution with Tartrate solution (1:25). 

Ammonium molybdate reagent: Mix 10 mL of diso- 
dium arsenate solution (6 in 100), 50 mL of a solution 
of ammonium molybdate (1 in 10), and 90 mL of di- 
luted sulfuric add, and dllute with water to 200 mL. 
Sample solution: 1.0 g of Alfadex, caleufated on the 
anhydrous basis, in 100 ml of water that has been pre- 
viously boiled and cooled to room temperaturę. To 
1 mL of this solution add 1 ml of Cupric-tartaric solu- 
don. Heat on a water bath for 10 min, then cool to 
room temperaturę. Add TO mL of Ammonium molybdate 
reagent, and ailow to stand for 15 min. 

Standard stock solution: 20 mq/L of USP Dextrose RS 
Standard solution: Prepare as directed for the Sample 
solution, at the same time, except use 1 mL of Standard 
stock solution in place of 1 mL of 10 mg/mL of Alfadex 
solution. 

Instrumental conditions 

(See Ultraviolet-Visible Spectroscopy (857>.) 

Modę: Vis 

Analytical wavelength: 740 nm 
Blank: Water 
Analysis 

Samples: Sample solution and Standard solution 
Measure the Somp/es at the analytical wave!engths 
against the Blank 

Acceptance criteria: The absorbance of the Sample so ¬ 
lution is NMT that of the Standard solution (0.2%). 

SPECIFIC TESTS 

* CLARITY OF SOLUTION 

Sample: 10 mg/mL in previously boiled and cooled 
water 

Acceptance criteria: The resultlng solution is elear. 

* Microbial Enumeration Tests (61) and Tests for Speci- 
FIED MicroorgawsMS (62): The total aerobic bacterial 
count does not exceed 10 1 cfu/g, the total combined 
mofds and yeasts count does not exceed 10 2 cfu/g, and rt 
meels the requirements of the tests for absence of 5o/mo- 
nella spectes and Escherkhia coli . 

e Optical Rotation, Specific Rotation (781S) 

Sample solution: 10 mg/mL 

Acceptance criteria: 4147° to +152°, determined at 
20 ° 

* PH (791) 

Diluent: 224 g/L of potassium chloride 
Sample solution: 30 mL of its agueous solution (1 in 
100) and 1 ml of Diluent 
Acceptance criteria: 5.0-8.0 

* Water Determination, Method I (921): NMT 11.0% 

ADDITIONAL REQUIREMENTS 

* Packaging ano Storage: Preserve in tight containers. No 
siorage reguirements spectfied. 


* USP Reference Standard* (11) 

USP Alpha Cydodextrin RS 
USP Beta Cyclodextrin RS 
USP Dextrose RS 
USP Gamma Cyclodextrin RS 


Alglnic Acid 



(CńHaOsJn 

Alginic acid [9005-32-7], 

DEFINITION 

Alginic Acid is a hydrophilie colloida! carbohydrate extracted 

with difute a łkali from various spedes of brown seaweeds 

(Phaeophyceae). 

IDENTIFICATION 

• A. 

Analysis: To 5 ml of a T -in-T 50 solution in 0.1 N so¬ 
dium hydroxide add 1 mL of calcium chloride TS. 

Acceptance criteria: A voluminou$, gelatinous precipi- 
tate is formed. 

• B. 

Analysis: To 5 mL of a Hn-150 solution in 0.1 N so¬ 
dium hydroxide add 1 mL of 4 N sulfuric add. 

Acceptance criteria: A heavy, gelatinous preclpkate is 
formed. 

9 c. 

Analysis: To 5 mg in a test tubę add 5 mL of water, 

1 mL of a freshly prepared l-in-100 solution of 1,3- 
naphthalenediof m alcohol, and 5 mL of hydrochioric 
add. Heat the mixlure to boiiing, boi) gently for 3 min, 
then cool to 15°. Transfer the eontents of the test tubę 
to a 30-mL separator with the aid of 5 mL of water, and 
extract with 15 mL of isopropyl ether 

Acceptance criteria: The isopropyl ether extract exhib- 
its a deeper purpllsh hue than that from a blank, slmi* 
larly prepared. 

IMPURITIE5 

* ARSENiC, Method II (211): NMT 3 ppm 

* LEAD (251) 

Standard solution: 5 mL of Diluted Standard iead 
Solution 

Test preparation: Add 1.0 g to 20 mL of nitric acid in a 
250-mL eonical fiask, mix, and heat carefuliy until the 
Atgink Acid is dissolved. Continue heattng until the vol- 
ume is reduced to 7 mL. Cool rapidly to room tempera¬ 
turę, transfer to a 100-mL vo!umetric fiask, and dilute 
with water to volume. 

Analysis: Use 50.0 mL of the Test preparation , and pro- 
ceecl as directed In the chapter, using 15 mL of ammo¬ 
nium citrate solution, 3 mL of potassium cyanide solu¬ 
tion, and 0.5 mL of hydroxylamine hydrochloride 
solution. After the first dithizone extraction, wash the 
combined chloroform layers with 5 mL of water, dis- 
carding the water layer and continumg in the usual 
manner by extracting with 20 ml of 0.2 N nitric acid. 

Acceptance criteria: NMT 5 pg of Iead (corresponding 
to NMT 10 ppm) 
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Delete the fotfowłng: 

•• Heaw Metals, Method II (231) 

Analysis: Use a platinum crucible for the ignition, and 
use nitric acid in place of sulfuric acid to wet the test 
specimen. 

Acceptance criteria; NMT 40 ppm* * i-tm-wiei 
SPECIFIC TESTS 

• Microbial Enumeration Tests (61) and Tests for Speci- 
fied Microorcanisms (62): The total aerobic microbial 
count does not exceed 2 x 10 2 cfu/g, and the tests for 
Salmonella species and Escherichia coli are negative. 

• PH (791): 1.5-3.5, in a 3-in-IOO dispersion in water 

• Loss on Drying (731): Dry a sample at 105° for 4 h: it 

loses NMT 15.0% of its weight, 

• Articles of Botanical Origin, Total Ash (561) 

Sample: 4 g of Alginic Acid 

Analysis; Proceed as directed in the chapter, carefułly 
ignitrng the Sample in a tared platinum dish, until the 
residue is thoroughly earbomzed (5 min). Then ignite in 
a muffle furnace at a temperaturę of 800 ±25° until the 
carbon is completely burned off (20-35 min). 
Acceptance criteria: NMT 4.0% of ash 

• Fats and Fixed Oils, Add Valae (401) 

Sample: 1 g of Alginic Add 

Analysis: SuspencT the Sample in a mixture of 50 mL of 
water and 30.0 mL of calcium acetate solution (11 in 
250). Shake thoroughly, allow the mixture to stand for 
1 h, and add phenolpnthalein T5. Titrate the liberated 
acetk acid with 0.1 N sodium hydroxtde VS. Perform a 
blank determination, and calculate the Add Value: 

Result * [(Vi ~ V B ) x N x f\/W 

V$ - volume of OJ N sodium hydroxide V5 

consumed in the titration of the Sample (mL) 
V& = volume of 0.1 N sodium hydroxide VS 

consumed in the titration of the blank (mL) 

N = norma li ty of sodium hydroxide V5 (mEq/mL) 

F ~ equivalency factor of potassium hydroxide, 

56.11 (mg/mEq) 

W - weight of Alginic Acid taken (g) 

Acceptance criterfa: NLT 230 on the dried basis 

ADDITIONAL R£QUIREMENTS 

« Packaging AND ST0RAGE; Preserve in well-dosed 
containers. 


Alkyl (Cl2-15) Benzoate 



fl 1 - CtlH« 


C20H32O2 304.47 (average) 

Benzole add, Cl 2-15 alkyl ester [68411-27-8]. 

DEFINITION 

Alkyl (Cl 2-15) Benzoate consists of esters of a mixture of 
Cl 2 to CI S primary and branched alcohols and benzole 
acid. 

IDENTIFICATION 

* A. Infrared absorption spectrum, obtained by spreading 
a capillary film of it between sodium chforide plates, ex- 
hibits maxima at 2800 cm 1 (broad); 2950 cm 4 (broad); 
1730 cm 1 (medium, sharp); 1270 cm 4 (medium, sharp); 
and 710 cm- 1 (medium, sharp). 


IMPURITIES 

* Residue qn Ignition (281): NMT 0.5% 

SPECIFIC TESTS 

* Water Determination, Method I (921): NMT 0,3% 

* SPECIFIC Gravity (841): 0.915-0.935 

* Fats and Fixed Oils, Add Value (401): NMT 0.5 

* Refractive Index (831): 1,483-1.487 at 20 a 

* Fats and Fixed Oils, Saponification Value (401) 

Sample: 2 g of Alkyl (Cl 2-15) Benzoate 
Analysis: Transfer the Sample to a 200-mL fiask. Pro¬ 
ceed as directed in the chapter, except use 50,0 mL of 
0.5 N alcohofic potassium hydroxide V5 instead of 
25.0 mL, maintaining refiux for 2 h instead of 30 min, 
and rinsing the reflux condenser with 25 mL of water 
after the reflux period. 

Acceptance criteria: 169-182 

* V1 scGsrr y—*Rot ati onal Methods (912) 

Sample: 500 mL 

Analysis: Transfer the Sample to a óOO-mL tall-form 
beaker, and adjust the temperaturę to 25 ±0.1°. Using 
a suftable rotabonal yiscometer with a spindie having a 
cylinder 5.63 cm in diameter and 2,25 cm in height 
attached to a shaft 0.32 cm in diameter, the distance 
from the top of the cylinder to the Jower tip of the 
shaft being 2.91 cm, and the immersion depth being 
6.11 cm (No, 1 spindie), operate the viscometer at T00 
rpm for 60 $, accurately trmed, and record the scalę 
reading, Convert the scalę reading to centipoises by 
multiplying by the constant for the spindie and speed 
used, 

Acceptance criteria: The average of three viscosities 
obtained ts NMT 100 centipoises, 

ADDJTIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight, light-resistant 
containers. 


Almond Oil 


Almond Oil [8007-69-0]. 

DEFINITION 

Almond Oil is the refined ffeced oif obtained by expression 
from the kernels of varieties of Prunus dulds (Miller) D.A. 
Webb (formerfy known as Prunus amygdalus Batsch) (Fam. 
Rosaceae), except for Prunus dulds (Miller) D.A. Webb var. 
amara (De Candolle) Focke, It may contain suitable 
antioxidants. 

IDENTIFICATION 

* A. It meets the reguirements in Spedfic Tests for Fats and 

Ftxed 0//s, Fatty Add Composition (401), 

SPECIFIC TESTS 

* Fats and Fixed Oils, Add Yofue (401); NMT 0.5 

* Fats and Fixed Oils, Fatty Add Composition (401); Al¬ 

mond Oil exhibits the foli owi ng composition profil es of 
fatty acids. 


Carbon-Chain 
lenath 

Numbcr of 
Double 
Bonds 

Percentage 

- 16 

0 

<0.1 

16 

0 

4 . 0 - 9.0 

17 

0 

< 0.2 

18 

0 

< 3.0 

20 

0 

< 0.2 

22 

0 

< 0.2 

24 

0 

< 0.2 

16 

1 

<0.8 
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Carbon-Chain 

Lenctth 

Number of 
Double 
Bonds 

Percentage 

(W 

17 

1 

< 0.2 

18 

1 

62 . 0 - 76.0 

18 

2 

20 . 0 - 30.0 

18 

3 

< 0.4 

20 

1 

< 0.3 

22 

1 

< 0.1 



* Fats and Fixed Oils, Pemxide Value (401): NMT 5.0 

* Fats and Fixed Oils, Unsaponifiable Matter (401 >: NMT 

0.9% 

■ SPEGFIC Gravity (841): 0.910-0.915 

* Sterol Composition 

Separation of the sterols fraction 

Reference solution A: 5% (w Ar) of cholesterol in 
chloroform 

Developinq solvent system: Toluene and acetone 
(19:1) or hexane and ether (1 3:7) 

Sample solution A: Weigh 5 g of Almond Oil into a 
250-mL fiask. Add 50 mL of 2 N alcoholic potassium 
hydroxide, and heat to gentle boiltng with continuous 
vfgorous stirring until saponification takes place (the 
solution becomes elear). Continue heating for an addi- 
tional 20 min, and add 50 mL of water from the top 
of the condenser. Cool the fiask to approximately 30°. 
Transfer the contents of the fiask to a 500-mL separat¬ 
ing funnel with several rinses of water, amounting in 
all to 50 ml. Add approximately 80 mL of ether, shake 
vigorousiy for approxlmately 30 s, and allow to settle. 

[Notę—A ny emulsion can be destroyed by adding smali 
guantities of ethyl or methyl alcohol by means of a 
spray.] 

Separate the lower aqueous phase, and collect it into a 
second separating funnel. Perform two further extrac- 
tions on tne water-alcohol phase in the same way, 
using 60-70 mL of ether on each occasion. Pool the 
ether extracts into a single separating funnel, and 
wash with water, 50 mL at a time, until the wash 
water is no longer alkaline to phenolphthaleln, Dry 
the ether phase with anhydrous sodium sulfate, and 
filter on anhydrous sodium sulfate into a previously 
weighed 250-mL fiask, washing the funnel and filter 
with smali quantities of ether. Distill the ether down 
to a few mL, and bring to dryness under a slight 
vatuum or in a stream of nitrogen. Completely dry at 
100° for approximately 15 min, and then weigh after 
eooling in a desiccator. Dissoive the unsaponinables 
so obtained Jn chloroform to prepare a solution hav- 
ing a concentration of approximately 5%. 

Sample solution B: Treat 5 g of canola oil in the same 
way as prescribed for Almond OH in Sample solution A, 
beginning with "Add 50 mL of 2 N alcoholic potas¬ 
sium hydroxide". 

Sample solution C; Treat 5 g of sunflower oil in the 
same way as prescribed for Almond Oil in Sample solu¬ 
tion A f beginning with "Add 50 mL of 2 N alcoholic 
potassium hydroxide". 

Anatysis: Precondition the thin-Iayer chromatographic 
piąte (see Chromotography (621)), 20-cm x 20-cm sil- 
ica ge! on polyester with a layer thickness of 200 pm 
and particie sfze of 5-17 jum, by immersing completely 
in the 0.2 N alcoholic potassium hydroxide for 10 s, 
then allow to dry in a fume cupboard for 2 h, and 
finally place at 100° for 1 h. 

Remove from the validated heating device, and keep 
the piąte in a desiccator until requtred for use. The 
plates must be used withln 15 days. [Notę —Thin* 
layer chromatographic plates without reguiring Lhe 
preconditioning are also commercially availab!e.] Use 
a separate piąte for each Sample solution. 

Place the Developing sofvent system in the chamber to 
a depth of approximately 1 cm. Close the chamber 


with the appropriate cover, and leave for at least 30 
min. Strips of filter paper dtpping into the eluant may 
be placed on the intemal sunaces of the chamber. 
The Developing solvent system should be replaced for 
every test to ensure reproducible elution condltions, 
Apply 0.3 mL of Sample solution A approximately 2 cm 
from the lower edge in a streak that is as thin and as 
uniform as possible. In Itne with the streak, place 
2-3 pL of Reference solution A at one end of the piąte. 
Develop the chromatograms in an eguillbrated cham¬ 
ber with a Developing solvent system until the soivent 
front reaches approximately 1 cm from the upper 
edge of the piąte. Remove the płate from the devel- 
oping chamber, and evaporate the solvent under a 
current of hot air (avoid extessive heat), or by leaving 
the piąte for a short while under a hood* Spray the 
piąte with a 0.2% alcoholic solution of 2,7-dicntoro- 
rluorescein, and examine in UV light at 254 nm. 

[NOTĘ—The plates pretreated with UV mdicator are also 
commercially available and used eguiyalently.] 

In each of the plates, mark the limits of the sterol 
band identified through being aligned with the stain 
of Reference solution A along the edges of the fluores- 
cence, and additionally inefude the area of the zones 
2-3 mm above and below the vislble zones corre- 
sponding to Reference solution A. Remove the silica 
gei in the marked area into a filter funnel with a 
G3 porous septum. Add 10 mL of hot chloroform, 
mix carefully with the metal spatula, filter under vac- 
uum, and collect the filtrate in the conical fiask at- 
tached to the filter funnel. Wash the residue in the 
funnel three times with ether, TO mL each time, and 
collect the filtrate in the same fiask attached to the 
funnel Evaporate the filtrate to a volume of 4-5 mL, 
transfer the residua! solution to a previously weighed 
10-mL test tubę with a tapering bottom and a sealing 
stopper, and evaporate to dryness by mild heating In 
a gen tle stream of nitrogen. Dissolve the residue in a 
few drops of acetone, and evaporate again to dry¬ 
ness. Place at 105- for approximateiy 10 min, allow 
to cool in a desiccator, and weigh. 

Treat Sample solution B and Sample solution C the same 
way as prescribed for Sample solution A 
Determination of the sterols 

Sample solution O: To the test tubę containing the 
sterol fraotion separated from Almond Oil by thindayer 
chromatography add a freshly prepared mixture of an¬ 
hydrous pyridine, hexamethyldisifazane, and chloro- 
trimethylsilane (9:3:1) in the ratio of 50 pL for every 
mg of sterols, avoiding any uptake of moisture. 

[Notę—T h is reagent is also commercially availabie and 
used equivalently.] Stopper the test tubę, and shake 
carefully until the sterols are completely dissolved. Al¬ 
low it to stand for at least 15 min at ambient tempera* 
turę, and centnfuge for a few min if necessary. Use the 
supernatant. The slight opalescence that may form is 
normal and does not cause an anomaly. However, the 
formation of a white floc or the appearance of a prnk 
color is indicative of the presence of moisture ordete- 
rioration of the reagent. If these occur, repeat the test. 

Reference solution E: To 9 parts of the sterols sepa¬ 
rated from canola oi! by thin-layer chromatography 
add 1 part of chofesterol. Treat Lhe mixture In tne 
same way as prescribed in Sample solution D. 

Reference solution F: Treat the sterols separated from 
sunflower oil by thin-layer chromatography in the 
same way as prescribed in Sample solution D. 

Chromatographic system 
(See Cbromatogropny {62 1), System Suitability.) 

Modę: GC 

Detector: Flame ionization 
Column: Glass or fused-siNca capillary column of 
length 20-30 m, intemal diameter 0.25-0.32 mm, 
coated with a 0.10-030-pm layer of stationary phase 
G27 or G36 
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Temperatures 
Column: 260 ±5° 

Detector: 290° 

Injection port: 280° 

Carrier gas: Either helium with a linear veloctty of 
20-35 cm/s or hydrogen with a linear veiocity of 
30-50 cm/s 

Injection volume: 1 pL 
Injection type: Split, 50:1 to 100:1 
System suitability 

Samples: Reference solution £ and Reference solution F 

SurtabHity requirements 

The retention time for /3-sitosterol is 20 + 5 min, and 
aJI of the sterols present must be separated. 

[Notę —For peak Identification purposes, the chromato- 
gram Reference solution E shows four principal peaks 
corresponding to cholesterol, brassicasterol, campes- 
terol, and /i-sitosterol; the chromatogram obtained 
with Reference solution F shows four principal peaks 
corresponding to campesterol, stigmastero], p-sitos- 
terol, and AZ-stigmastenoL The retention times of the 
sterols with reference to /3-sitosterol are given in Tahle 

U 


Table 1. Rdative Retention Times ot Sterols for Two Different 
Column s 


Identification 

G36 

Column 

G27 

Column 

Cholesterol 

0.67 

0.63 

Brassicasterol 

0* *73 

0*71 

24 - Methvle ne- cho Eeste roi 

0.82 

0.80 

Campesterol 

0,83 

OSI 

Campestanol 

0.85 

0.82 

Strqmasterol 

0.88 

0,87 

A7-Campesterol 

0.93 

0,92 

A5*23-5liama$tadienol 

0.95 

0.95 

□erosterol 

0.96 

0.96 

0-5 rt os te roi 

1.00 

1.00 

Sitostanol 

1.02 

1.02 

A5-Ave nas terał 

1.03 

1,03 

A5,24-Stjqmastadienol 

1.08 

1.08 

A7-5tiqmastenol 

1.12 

1.12 

A7-Avenasterol 

1.16 

1,16 


Analysis 

Samples: Sample solution D, Reference solution E t and 
Reference solution F 

Caiculate the percentage of each indlvidual sterol in 
the sterol fraction of Afmond Gil taken: 

Result = (fu/fr) X 100 


Table 2 (Continued) 


Component 

Percentage 

r/o) 

A7-Stiamasteno! 

£3.0 

A7-Avonasterol 

<3.0 


ADDITIONAL REQUBREMENTS 

o Packaging and Storage: Preserve in tight, light-resistant, 
and weil-fiiled containers. No storage requirements 
specified, 

9 Labeling: Label it to indicate the name and quantity of 
any added antioxidants. 


Aluminum Monosfearate 


Al umi n um, dihyd roxy(octadeca n oafo- O-)-; 

Dihydroxy(stearato)aluminum [7047-84-9]. 

DEFINETION 

Aluminum Monostearate is a compound of aluminum with a 
mixture of solid organie adds obtained From fats, and 
consists chiefly of variabie proportions of aluminum 
monostearate and aluminum monopalmitate, 3t contains 
the equivalent of NLT 14*5% and NMT 16,5% of alumi¬ 
num monostearate (Ak0 3 ), calculated on the dried basis. 

EOENTIFICATBON 

• A* Identification Tests—General, Aluminum <191) 

Sample: 1 g 

Anaiysis: Heat the Sample with a mixture of 25 ml of 
water and 5 mL of hydrochlonc add for 1 h, replacing 
the water as it evaporates. 

Acceptance criteria: Fatty adds are fiberated, floating 
as an oily layer on the surface of the liquid, and the 
water layer meets the requirements. 

* B. Fats and Fixed Oils, Solldification Temperaturę of Fatty 

Adds (401) 

Sample: 25 g 

Analysis: Mix intimately the Sampie with 100 mL of 
ether in a 500-mL fiask, Add 150 mL of 3 N hydrochio- 
ric add, attach a water-cooled condenser, and heat on 
a steam bath under reflux for 15 min, Cool, and trans¬ 
fer both layers to a separator with the aid of an addi- 
tlonal 1 00 mL of ether. Shake vigorous3y, and a Ho w the 
layers to sępa ratę. Remove the water layer, and wash 
the ether layer with three 30-mL portions of water. 
Transfer the ether fayer to a smali beaker, warm on a 
steam bath until the ether has evaporated and the fatty 
adds are elear, and dry fhe acids at 105 u for 20 min. 

Acceptance criteria: NLT 54° 


ru = peak area due to the sterol component to be 
determined 

rr = sum of the peak areas due to the components 
indicated in Table 1 

Acceptance criteria: Aimond Oil exhibits the composi- 
tion profiles of sterols given In Table 2, 


Table 2 


Component 

Percentage 

Cholesterol 

<0.7 

Brassicasterol 

<0.3 

Campesterol 

<5,0 

5ti a ma sterol 

<4.0 

B-Sitosterol 

73,0-87.0 

A5-Avenastero! 

>5,0 


ASSAY 
3 Procedurę 

Sampie: 5 g 
Analysis 

Sampie: Sample 

Weigh the Sampie in a covered platinum crucible that 
previously has been ignited for 20 min, cooled over 
anhydrous magnesium perchforate, and weighed, 

Heat the open crucible gently, without aliowing the 
Sample to burst into flame, and gradualjy inerease the 
heat until the ash is white. Ig ni te the asn for 20 min 
after the organie matter is removed, and coof* Add 
15 mL of water, cover the crucible with a smali watch 
glass, and boi! gently for 5 min, using a smali stirring 
rod to break up any large lumps of ash. Decant the 
solution through ashiess filter paper, retalning most 
of the ash in the crucible. Repeat the extractlon with 
water twice, passing the Solutions through the same 
filter. Transfer the ash to the filter by means of a fine 
stream of water, and wash the crucible and the resi- 
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due three times with warm water. Transfer the filter 
paper and the residue to the crucible, dry, and ignite 
for 20 min after the filter paper has burned away. 
Following the ignition period, cover the crudble, cool 
over anhydrous magnesium perchlorate for 15 min, 
and weigh the residua of AbO a rapidly. Repeat the 
ignition until constant weight is attained, using 
20-min ignition periods and 15-min cooling periods, 
From the weight of the residue remaining in the cru¬ 
dble, calculate the content of At 2 0 3 . 

Acceptance criteria: 14.5%-16.5% on the dried basis 


IMPURIT1ES 

* Arsenic, Method I <211) 

Test preparation: To 3.75 g add 12.5 mL of hydrochlo- 
rie add and 0.5 mL of bromine T5, and heat on a 
steam bath until a transparent layer of melted fatty add 
forms. Add 50 ml of water, heat on a hot piąte until 
the vo!ume is about 25 mL, and filter while hot. Cool, 
di]ute the filtrate with water to 50 mL, and to a 10-mL 
aliguot of this solution add 2.5 ml of hydroehloric add, 
then dilute with water to 55 mL 
Acceptance criteria: NMT 4 pcj/g; the Test preparation 
meets the requirement$, omittmg the addltion of 20 mL 
of 7 N sulfuric add specified for Procedurę . 


Defete the following: 


•• Neavy Metals <231; 

Test preparation: To 2 g contained in a 250-mL fiask 
add 20 ml of water ancf 10 mL of hydroehloric add. 
Place a smali funnel in the neck of the fiask, and bosi 
gently, repladng the water as ii evaporates, until the 
fatty actds sępa ratę in a elear layer. Cool rapidly by ro- 
tatińg under a stream of cold water umil the fatty acids 
solidify. Decant through a fi fter previously washed with 
3 N hydroehloric add, wash unii! the combined filtrate 
and washmgs measure 50 ml, and mix. 

Standard solution: To 10 mL of the Test preparation 
add 2 ml of Standard Lead Solution, and dilute with 
water to 20 mL 

Analysis: To 20 mL of the Test preparation and the Stan¬ 
dom solution add ó N ammonium hydroxide, dropwise, 
until a permanent turbidity Forms, Add 1 N acetic add 
until the predpitate just dfssolyes, then add 2 mL in ex- 
cess, and add water to make 40 mL. Add 1.2 ml of 
Lhioacelamide^glycerin base TS and 2 mL of pH 3.5 Ace~ 
tatę Buffer , and aflow to stand for 5 min. 

Acceptance criteria: NMT 50 pg/g; any brown color 
produced in the Test preparation is not darker than that 
of the Standard solution .• ićmcki i iwium 


SPECIFIC TEST5 
* loss oh Drying <731) 

Anafysis: Dry at 80° for 16 h. 
Acceptance criteria: NMT 2.0% 


ADDITIONAl REQUIR£MENT5 

* Packaging and Storage: Preserve in well-closed 
containers. 


Aluminum Oxide 


AIjOj 101.96 

[1344-28-1]. 

DEFINmON 

Aluminum Oxide contains NLT 47.0% and NMT 60.0% of 
AW),. 


IDENTIFICATION 

* Identification Tests—General, Aluminum <191) 

Sample: 2.5 g 

Analysis: Disso3ve the Sample in 15 mL of hydroehloric 
add on a heated water bath. Dilute with water to 
100 mL. 

Acceptance criteria: Meets the reguirements 

ASSAY 

* PROCEDURĘ 

Sample: 800 mg 

Analysis: Add the Sample to 10 mL of 2 M hydroehloric 
acid on a heated water bath. Cool, and dilute with 
water to 50.0 mL. To 10.0 mL of the solution, add di¬ 
lute ammonia solution (460 ml of strong ammonia so- 
lution/L) until a predpitate begins to appear. Add the 
smallest guantity of 0.6 M hydroehloric acid needed to 
dissoNe the predpitate, and dilute with water to 20 mL. 
Transfer 20 mL of the Sample to a 500-mL conical fiask, 
add 25.0 mL of 0J M edetate disodlum and 10 mL of a 
mixture of equat volumes of a 155 g/L solution of am¬ 
monium acetale and 2 N acetic acid. Boli for 2 min, 
then cool. Add 50 mL of ethanof and 3 ml of a freshjy 
prepared 250 mg/L solution of dithizone in alcohol. Ti- 
trate (see TUńmetry (541)) the excess of edetate sodium 
with OJ M zinc sulfate until the color changes from 
greenish-blue to reddishwiolet. Each mL of 0.1 M ede¬ 
tate sodium is equivalent to 5.098 mg of Al 2 0 3 . 
Acceptance criteria: 47,0%-60.0% of AhOj 

IMPURIT1ES 
Inorganic Impuritres 

* Arsenic, Method I (211) 

Sample solution: Dissolve 2.5 g of Aluminum Oxide in 
15 mL of hydroehloric add on a heated water bath. 
Dilute with water to 100 mL. Use 30 mL of this solution 
for the test 

Acceptance criteria: NMT 4 ppm 


Deiete the Following: 

•* Heavy Metals 

Standard lead solution: Prepare as directed under 
Heavy Metals (2 31), Spedal Reagents. 

Standard solution: On the day of use, dilute 1.0 mL of 
the Standard lead solution with water to 100.0 mL Each 
mL of the Standard solution contains the equivalent of 
1 ppm of lead. 

Sample solution: Dissolve 2.5 g of Aluminum Oxide in 
15 mL of hydroehloric acid on a heated water bath. Di¬ 
lute with water to 100 mL. Neutralize 20 mL of the re- 
sultant solution with strong ammonia solution, using 
metanil yellow solution (1 mg/mL in methanol) as an 
indicator. Filter, rf netessary, and dilute with water to 
30 mL. 

Analysis: To 12 mL of the Sample solution, add 2.0 mL 
of pH 3.5 acetate buffer to 1.2 ml of 
thioacetamide-glycerin base TS. To lOmL of the Stan¬ 
dard so/af/on add 2,0 mL of the Sample solution, and 
add 2,0 ml of pH 3.5 acetale buffer to 1.2 mL of 
thioacetamide-glycerin base T5, Prepare a blank, using 
a mixture of 10 mL of water and 2.0 mL of the Sample 
solution. Compared to the blank, the Standard solution 
shows a light brown color. 

Acceptance criteria: Any brown color from the Sampfe 
solution is not darker than that of the Standard solution 
(NMT 60 ppm).# (ptkni i^h-jous) 

* Chloride and Sulfate, Chloride (221) 

Chloride solution: 0.824 mg/mL of sodium chloride 

Standard solution: On the aay of use, dilute 1.0 mL of 
Chloride solution with water to 100 mL. Mix 10 mL of 
this solution (5 ppm Cl) with 5 mL of water. 

Sample solution: Dissolve 0.1 g of Aluminum Qxide 
witn heating in 10 mL of dilute nitric acid and dilute 
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with water to 100 ml. Dilute 5 mL of the solution with 
water to 15 mL 
Analysis: Proceed as directed. 

Acceptance criteria: The Somple solution shows no 
morę chloride than the Standard solution (NMT 
10,000 ppm), 

■ Chloride and Sulfate, Suifate <221) 

Sulfate stock solution: 1,8 mg/mL of potassium suifate 
Suifate solution: On the day of use, dilute 1.0 mL of 
Sulfate stock solution with water to 100 mL (10 ppm 

soo. 

Standard solution: Add 3 mL of a 250 mg/mL solution 
of barium chloride to 4.5 mL of Sulfate solution. Shake 
and allow to stand for 1 min. 

Sample solution: Oissolve 2,5 g of Aluminum Oxide In 
15 ml of hydrochloric add on a heated water bath. Di¬ 
lute with water to 100 mL, Dilute 4 mL of thls solution 
with water to 100 mL. 

Analysis: To two separate glass cylinders, add 2.5 mL of 
Standard solution. men to cylinder 1, add 15 ml of the 
Sample solution and 0,5 mL of acetic add. To cylinder 2 
add 15 mL of the Sulfate solution and 0.5 mL of acetic 
add. 

Acceptance criteria: After 5 min, any opalescence in 
cylinder 1 containing the Sample solution is not morę 
intense than that of cylinder 2 containing the Sulfate 
solution (NMT 10,000 ppm). 

SPECIFIC TESTS 

o Mkrobial Enumeration Tests (61) and Tests for Speci 
red Microorganisms (62): The total aerobic bacterial 
count is NMT 1000 cfu/g and the total combined molds 
and yeasts count is NMT 100 cfu/g, It aiso meets the 
reguirements of the tests for absence of Escherichia coli 
and bile-tolerant Gram-negative bacteria. 

* Appearance of Solution 

Dilute hydrochloric add: 10 mg/mL 
Contro I solution: [Notę-—P repare im media tely before 
use,] Mix 9*6 mL of ferric chloride CS, 0.2 mL of cobah 
tous chloride CS, and 0.2 mL of cupric sulfate CS with 
D ilu te hydrochloric add to make 10 mL, and dilute 
1,5 mL of this solution with the Dilute hydrochloric add 
to 100 mL. 

Sample solution: 2.5 g of Aluminum Oxide in 1 5 mL of 
hydrochloric add on a heated water bath. Dilute with 
water to 100 ml. 

Analysis: Make the comparison by viewing 2.0 mL of 
Sample solution and 2.0 mL of Control solution down- 
ward In matched color-comparison tubes against a 
white surface (see Color and Achromiclty (631). 
Acceptance criteria: The Sample solution is not morę 
intensely colo red than the Contro/ solution. 

Clarity of Solution 

Hydrazine sulfate solution: 10 mg/mL of hydrazine 
sulfate. Allow to stand for 4-6 h before use. [Caution— 
Hydrazine suifate is highly toxic. Avofd skin contact.] 
Methenamine solution: 2.5 g of methenamine to a 
100-mL glass-stoppered fiask, add 25.0 mL of water, in- 
sert the glass stopper, and mlx to dissolve, 

Primary opalescent mixture: To the fiask containing 
Methenamine solution , add 25.0 mL of Hydrazine sulfate 
solution , mix, and allow to stand for 24 h. [Notę —This 
suspension is stable for 2 months. Mlx before use, and 
do not use if it adheres to the Container.] 

Opalescent standard: Dilute 15.0 mL of the Primary 
opalescent mixture with water to 1000.0 mL. [NOTĘ—Use 
this suspension within 24 h after preparation.] 

Reference suspension: Transfer 30.0 mL of Opalescence 
standard to a 100-mL vo3umetric fiask, and dilute with 
water to voiume. 

Sample solution: Use the Sample solution from the test 
for Appearance of Solution. 

Analysis: Transfer a sufflcient portion of the Sample so¬ 
lution to a test tubę of colorfess, transparent, neutral 


lass with a fiat base and an interna! diameter of 
5-25 mm to obtain a depth of 40 mm. Simllarly trans¬ 
fer a portion of the Reference suspension to a separate 
matcning test tubę. Compare the Sample solution and 
the Reference suspension in diffused dayfight, viewing 
vertically against a black baekground (see NepheIometry f 
Turbidimetry, and Visual Comparison (855), [Notę—T he 
Sample solution is to be compared to the Reference sus¬ 
pension 5 min after preparation of the Reference 
suspension ,] 

Acceptance criteria: The Sample solution is not morę 
opalescent than the Reference suspension . 

• ALKAUNE ItWPURITIES 

Sample: 1,0 q 

Analysis: ShaT<e the Somple with 20 mL of carbon diox- 
ide-free water for 1 min and filter. To 10 mL of the 
filtra te add 0.1 mL of phenolphthalein TS, 

Acceptance criteria: Any pink color disappears with the 
addition of 0.3 mL of 0.1 M hydrochloric add. 

* Neutralizing Capacity: Carry out the test at 37°. Dis- 

perse 0.5 g of aluminum oxide in 100 mL of water, heat, 
add 100,0 mL of 0.1 M hydrochloric acid, previousty 
heated, and stir continuously: the pH of the solution after 
10, 15, and 20 min is NLT 1.8, 2.3, and 3.0 respectively 
and is at no time ęjreater than 4,5. Add 10.0 mL of 0.5 
M hydrochtonc add, previously heated, stir continuously 
for 1 h, and titratę with 0,1 M sodium hydroxide to pH 
3.5: NMT 35.0 mL of 0.1 M sodium hydroxide rs 
required. 

ADDITIONAL REQUIREMENTS 

o Packaging AND Storace: Preserve in a tight Container at 
a temperaturę not exceeding 30°. 


Amino Methacryiate Copolymer 



—OHi 


Rat to: CH 3 CHjN(CH 3 ) 2 : C 4 H 9 : CH 3 - 2:1:! 

Poly((2-dimethylaminoethyl)methacrylate, butyl 
methacrylate, methyl methacrylate) (2:1:1); 

N,N-Dimethy lamin oethyl methacrylate-butyf 
methacrylate-methyf methacrylate copolymer (2:1:1) 
[24938-16-7], 

DEFINITBON 

Amino Methacryfate Copolymer is a polymerized copolymer 
of (2-dimethyfaminoethyl) methacrylate, butyl methacry¬ 
late, and methyl methacrylate, It contains NLT 20.8% and 
NMT 25,5% of dimethylamrnoethyl groups (CjHujN), cal- 
culated on the dried basis. 

IDENTIFICATION 

- A, Bnfrared Absorptjon (T97K) 

■ B. 

Sample solution: 1 mL of the Sample solution in the 
test for Viscosity 

Analysis: Pour the Sample sofution onto a glass piąte, 
and allow the solvent to evaporate. 
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Acceptance criteria: A elear, colorless film results. 

ASSAY 

* Procedurę 

Sample: 200 mg 

Blank: 4 ml of water and 96 mL of glacial acetic acid 
TTtrimetric system 
(See Titnmetry <541).) 

Modę: Direct tftration 
Titrant: 0.1 N perchlonc aeid VS 
Endpoint detection: Potentiometric 
Analysis: DissoJve the Sample in a mixture of 4 ml of 
water and 96 mL of glacial acetic acid. Ti tratę with the 
77tront to a potentiometric endpoint, Perform a blank 
determination. 

Calculate the percentage of dimethylaminoethyl groups 
(GHtoN) in tne portion of the sample taken: 

Result ”{[(- Y 0 ) x N x F]/W) x 100 

14 = Titrant volume consumed by the Sample (mL) 

Vu = Titrant volume consumed by the Blank (mL) 

N = actual normality of the Titrant (mEq/mL) 
f - equivalency factor, 72,1 mg/imEq 

W - Sample weight (mg) 

Acceptance criteria: 20.8%-25.5% on the dried basis 

IMPURIT1ES 

* RESIDUE ON IgniTION (281): NMT 0.1% 

« Limit df Butyl Methacrylate and Methyl Methacrylate 

Buffer: 8,9 g/L of anhydrous dibasic sodium phosphate 
and 8.5 g/L of monobasic potassium phosphate. Adjust 
wtth phosphoric acid to a pH of 2.0. This is pH 
2,0 phosphate buffer (0.0625 M). 

Mobile pnase: Methanol and Buffer (55:45) 

Diluent: Acetonitrile and Buffer (40:60) 

Standard solution: Dissolve 20 mg of butyl methaery- 
iate and 10 mg of methyl methacrylate in 3 mL of rr- 
butanol. Drlute with Diluent to 10 mL, Dilute 1,0 mL of 
this solution with Diluent to 250,0 mL, and mix, This 
solution contains about 8 pg/mL of butyl methyleryfate 
and 4 jag/mL of methyl methacrylate. 

Sample solution: 20 mg/mL of Amino Methacrylate 
Copolymer in Diluent 
Chromatographic system 
(See Chromatograpny (621), System Suitability,) 

Modę: LC 

Detector: UV 205 nm 
Column: 4,6-mm x 12-cm; packing LI 
Flow ratę: 2 mL/min 
Injectton volume: 50 pL 
System suitabifity 
Sample: 5 tandard solution 
Suitabifity requirements 

Resoiution: NLT TO between butyl methacrylate and 
methyl methacrylate 

Relative standard deviation: NMT 3.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of each monomer in the por- 
tron of Amino Methacrylate Copolymer taken: 

Result = (rjfs) x (Cj /Cd) x Fx 100 

r u ~ peak response of each monomer (butyl 

methacrylate or methyl methacrylate) from 
the Sample solution 

r$ - peak response of each monomer (butyl 

methacrylate or methyl methacrylate) from 
the Standard solution 

Cj - concentration of each monomer (butyl 

methacrylate or methyl methacrylate) in the 
Standard solution (pg/mL) 

Ctr - concentration of Amino Methacrylate 

Copolymer In the Sample solution (mg/mL) 
f - conversion factor, 10' 3 mg/jig 


Acceptance criteria: NMT 0.1% for each monomer 
o Limit of z - Dimethylaminoethyl Methacrylate 

Buffer: 3.4 g/L of manobask potassium phosphate. This 
is the monobasic potassium phosphate solution (0,025 
M). 

Mobile phase: Tetra hydro fu ran and Buffer (75:25) 
Standard solution: 8 pg/mL of 2-dimethylaminoethyl 
methacrylate in tetrahydrofuran 
Sample solution: 20 mg/mL of Amino Methacrylate 
Copolymer in tetrahydrofuran 
Chromatographic system 
(See Chromatograpny (621), System Suitabifity.) 

Modę: LC 

Detector: UV 215 nm 
Column: 4.6-mm x 12-cm; packing L8 
Flow ratę: 2 mL/min 
Injection volume: 50 pi 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of 2-dimetnylaminoethyl 
methacrylate in the portion of Amino Methacrylate 
Copolymer taken: 

Result - (ry/fj) x (Cs/Ctr) X Fx 100 

ry = peak response of 2-dimethylaminoethyl 
methacrylate from the Sample solution 
r s *= peak response of 2-dimethylaminoethyl 

methacrylate from the Standard solution 
Ci = concentration of 2-dimethylaminoethyl 

methacrylate in the Standard solution 
(Mg/mL) 

Cu - concentration of Amino Methacrylate 

Copolymer in the Sample solution (mg/mL) 

F = conversion factor, 1 O -1 mg/pg 

Acceptance criteria: NMT 0.1% 

SPECIFIC TEST5 

» VlSCOSłTY—ROTATIONAL MeTHODS <912) 

Sample solution: Dissolve 12.5 g in a mixture of 35.0 g 
of acetone and 52.5 g of isopropyl alcohol. [NOTĘ—Re- 
serve a portion of this solution for the Coior of Solution 
test] 

Analysis: Equip a suitabfe rotational viscometer with an 
adapter comprising a cylindrical spindle rotating within 
an accurately macnineo chamber (or tubę). 1 2 Pipet the 
Sample solution in the specified voiume, which is recom- 
mended by the instrument manufacturer, into the 
chamber (or tubę), and ensure that the temperaturę of 
the test specimen is at 20 ± 0,1°. The cylindrical spindle 
rotates at the value of rpm, which corresponds to a ratę 
of shear of approximately 37 s -1 . a Measure the apparent 
viscosity following the instrument manufacturer '5 
directions. 

Acceptance criteria: Visco5ity, 3-6 mPa -s 

• COLOR OF SOLUTION 

Sample solution: Use the Sample solution prepared in 
the test for Visoosity. 

Instrumental conditions 
(See Ultraviolet-Visible Spectroscopy (857),) 

Modę: Vis 

Analytical wavelength: 420 nm 
Celi: 1 cm 

Analysis: Determine the absorbance of the Sample t us- 
ing water as the blank, 

' A cammerdal device ts auailable from Brookfield as an ultra-fow (UL) viscos- 
ity adapter. The adapter comprises a 0.4-cm diameter sfraft, an accurately 
machined chamber (or tubę) with an interna! diameter of 2,8 cm and a 
depth of 13,5 cm, and a cyfindricaf spindle 2.5 cm in diameter and 9,1 cm In 
height. 

2 For the Brookfield UL adapter, the cylindrical spindle rotates at 30 rpm, 

which corresponds to a ratę of shear of approJtimatflly 37 s 
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Acceptance criterla: NMT 0.300 
® Loss on Drying (731) 

Anafysis: Dry a sample at 110 c for 3 h, 

Acceptance criteria: NMT 2,0% 

ADDITIONAL REQU1REMENT5 

o Packaging and Storage: Preserve In tsght containers, 
and storę at a temperaturę betów 30°. 

* usp reference standards (11) 

USP Amino Methacryiate Copolymer RS 


Strong Ammonia SoBia-fi: goni 

NH 3 17.03 

Ammonia [7664-41 -7]. 

DEFINmON 

Strong Ammonia Solution is a solution of NH 3 , containing 
NLT 27,0% and NMT 31.0% (w/w) of NH 3 . On exposure 
to air, Et loses ammonia rapidly. 

[Cautidn—U se care in handling Strong Ammonia Solution 
because of the caustic naturę of the Solution and the irri- 
tating propertles of its vapor. Cool the Container weli 
before openina, and cover the dosure with a dotli or 
simElar materiał while openmg, Do not taste Strong Am¬ 
monia Solution, and avoid innalation of its vapor,] 

BDENTIflCATION 

» A. 

Analysis: Hołd a glass rod moistened with hydrochloric 
acid near the surface of the Solution. 

Acceptance criteria: Dense, white fu mes are produced. 

ASSAY 

* Procedurę 

Sample: Transfer guickly a portion of Strong Ammonia 
Solution to a stopperecl, Ehick-walled Container (a pres- 
sure bottle is suftable) to obtain a column height of 
about 20 cm, insert the stopper, and cool the Container 
and eon ten ts to 10 D or lower. Accurately weigh a glass- 
stoppered, 125-mL conical fiask containing 35.0 ml of 
1 N sulfuric acid VS. Insert a graduated 10-mL measur- 
Eng pipet into the cooled solution, aliow the iiguid to 
rise m the pipet without vacuum, remove the pipet, 
wipe off adhering liquid, and discard the first mL of the 
solution permitted to run from the pipet, Hołd the pi¬ 
pet just above the surface of the 1 N sulfuric acid V5 in 
the conical fiask, and transfer about 2 ml of the solu¬ 
tion into the fiask. Insert the stopper, and again weigh 
to obtain the weight of the portion taken ofthe 
Sample . 

Titrimetric system 
(See Titrimetry (541).) 

Modę: Residua! titration 
Titrant: 1 N sulfuric acid VS 
Back titrant: 1 N sodium hydroxide VS 
Blank: Proceed as drrected for the Sample, omittlng 
the Strong Ammonia Solution 
Endpoint defection: Colorimetric 

Anafysis 

Caiculate the percentage of NH 3 in the portion of the 
Sample taken: 

Result = [(fl- V)xNxFx 100 ]IW 

B -IN sodium hydroxide VS consumed by the 
Blank (mL) 

V 'IN sodium hydroxide VS consumed by the 
Sample (mL) 

N = actual normality of the Back titrant (mEq/mL) 

F - equivalency factor, 1 7,03 mg/mEq 


W - weight of the Sample (mg) 

Titrate the excess acid with 1 N sodium hydroxide VS, 
using methyl red TS as the Indrcator. Pefform a blank 
determinatian. Each ml of 1 N sulfuric acid is 
equivalent to 17.03 mg of NH 3 . 

Acceptance criteria: 27.0%-31.0% 

IMPURITIES 


Detete the fółlowing: 

•* Heavy Metals, Method I (231) 

Test preparation: Evaporate 1.7 mL on a steam bath to 
dryness, add to the residue 1 ml of 3 N hydrochloric 
acid, and evaporate to dryness, Dissolve the residue in 
2 mL of 1 N acetic acid, and difute with water to 
25 mL. 

Analysis: Proceed as dtrecled in the chapter. 
Acceptance criteria: NMT 1 3 ppm# (ofik& h^ 20 )s> 

o limit of Monvolatile Residue 

Sample: 10 mL 

Analysis: Evaporate the Sample in a ta red platinum or 
porcelain disn to dryness, and dry at 105° for 1 h. 
Acceptance criteria: NMT 5 mg of residue remains 
(0,05%). 

O Readjly Oxidizable Substances 

Sample solution: 4 mL of Strong Ammonia Solution 
Analysis: Mix the Sample solution with 6 mL of water, 
and add a slight excess of 2 N sulfuric acid and 0.10 mL 
of 0.1 N potassium permanganate. 

Acceptance criteria: The pink color does not com- 
pletely disappear wfthin 10 min. 

ADDITIONAL REQUIREMENT$ 

* PACKAGING and Storage: Preserve in tight containers, at 
a temperaturo not above 25°. 


Ammonio Methacryiate CopoBymer 



R t = CH ł ,R ? = CH i 0i- 
Ri«HRa-CjH s qr 

KjC CHi 

Rt * CHy ” 

Ratio of ethyl aeryiate groups to methyl methacryiate 

groups to trimetnylammonioethyl methacryiate groups is 

about 1: 2: 0.2 as being Type A or 1: 2: 0,1 as being Type B. 

Poly(ethyl aeryiate, methyl methacryiate, trimethylam- 
monioethyl methacryiate chloride) (1: 2: 0.2); 

Ethyl acrylate-methyl methacrylate-trimethylammonioethyl 
methacryiate chloride copolymer (1: 2: 0.2); 

Poly(ethyi aeryiate, methyl methacryiate, trimethylam- 
monioethyl methacryiate chloride) (1: 2: 0.1); 

Ethyl acrylate-methyl methacrylate-trimethylammonioethyl 
methacryiate chloride copolymer (1: 2: 0,1) [33434-24-1], 

DEFINITION 

Ammonio Methacryiate Copolymer is a polymerized co- 
polymer of ethyl aeryiate, methyl methacryiate, and a Iow 
content of methacrylic acid ester with quaternary amino- 
nium groups (trimethylammonioethy! methacryiate chlo¬ 
ride), The 4ss0y requirements differ for the two types as 
set forth in the accompanying labie. 
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Ammonio Methacrylate UnEts, 

Dried Basis 

_ 

Type 

Min. 

Max. 

A 

8,85 

11.96 

B 

4.48 

6.77 


IDENTIFICATION 

* A. INFRARED AbSORPTION (197K) 

* B* Meets the requirements of the Assay 

ASSAY 

* PROCEDURĘ 

Sample: 1 g of Ammonio Methacrylate Copolymer Type 
A, or 2 g of Type B, previous!y dried 
Titrimetric system 
(See Titrimetry <541 >.} 

Modę: Direct titration 
Titrant: 0.1 N perchloric add VS 
Endpotnt detection: Potentlometric 
Analysis 

Sample: Sample 

Dissolve the Sample in 75 mL of glacfal acettc add at 
about 50 Q within 30 min. After the solution cools 
down to room temperaturę, add 25 mL of 0,6% cu- 
pric acetate in glacia! acetic add. Titrate this solution 
and a blank, and make any necessary corrections. 

Each mL of 0.1 N perchlonc acid is equivalent to 
20.772 mg of ammonio methacrylate (C 9 H 1fl CIN02) 
units. 

Acceptance criteria 
Type A: 8.85%-l 1.96% 

Type B: 4.48%-6.77% 

iMPimmis 

Inorgatiic Impurities 

* Residue on Ignition <28T>: NMT 0.1% 

Dele te the foilowing: 

** Heaw Metals, Method II (231); NMT 20 ppm* i- 

Jni- 2018 ) 

Organie Impurities 

* Procedurę: Limit of Monomers 

Sodlum perchlorate solution: 35 mg/mL of sodium 
perchlorate (NaClO.* ■ H;0) 

Mobile phase: Dilute phosphoric acid with water to 
obtain a solution with a pH of 2.0. Mix 4 yofumes of 
this solution with 1 volume of methanol. 

Standard stock solution: 1.6 mg/mL of ethyl acrylate 
and 0.2 mg/mL of methyl methacrylate in methanol 
Standard solution: Dilute 1 ml of the Standard stock 
solution with methanol to 100 mL Add 10 mL of this 
solution to 5 mL of the 5 odium perchlorate solution. This 
solution contains about 10.67 pg/mL of ethyl acrylate 
and 133pg/ml of methyl methacrylate. 

Sample solution: Dissolve 5 g of Ammonio Methacry¬ 
late Copolymer in methanol, and dilute with the same 
solvent to 50 mL Add 5 mL of the Sodium perchlorate 
solution dropwise to 10 ml of this solution while con- 
tinuously stirring. Remove the precipitated polymer by 
centrifugation. Use the elear supernatant. Calcuiate the 
concentration of Ammonio Methacrylate Copolymer, in 
mg/mL, as C y . 


Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 202 nm 
Column: 4.6-mm x 12-cm; packing LI 
Flow ratę: 2 mL/min 
Injection size: 50 pL 
System suitability 
Sample: Standard solution 

[Non—The relative retention times for ethyl acrylate 
and methyl methacrylate are L00 and LI 4, 
respectively,] 

Suitability reguirements 

Resolution: NLT 1.0 between the pair of analytes 
Relative standard deviation: NMT 5.0% for each 
analyte 
Analysis 

Sam pies: Standard solution and Sample solution 
Calcuiate the percentage of ethyl acrylate (or methyl 
methacrylate) in the portion of Ammonio Methacry¬ 
late Copolymer taken: 

Result - (ru/n) x (Cd Cu) xfx 100 

ru = peak response of ethyl acrylate (or methyl 
methacrylate) from the Sample solution 
r 5 = peak response of ethyl acrylate (or methyl 
methacrylate) from the Standard solution 
Ci - concentration of ethyl acrylate (or methyl 
methacrylate) in the Standard solution 
(Mg/mL) 

Cy - concentration of Ammonio Methacrylate 

Copolymer in the Sample solution (mg/mL) 
f - conversion factor, 10 3 mg/pg 
Acceptance criteria 
Ethyl acrylate: NMT 100 ppm 
Methyl methacrylate: NMT 50 ppm 

SPECIFIC TESTS 

* Loss on Drying (731): Dry a sample in a vacuum at 80 y 
for 5 h: it loses NMT 3.0% of its weight. 

* Viscosity—Rotational Methods (912) 

Sample solution: Place 52.5 □ of isopropyl alcohol and 
35.0 g of acetone in a conicalrlask with a ground-giass 
joint. Add a guantity of Ammonio Methacrylate Co¬ 
polymer, equivalent to 12.5 g of solids on the dried ba- 
sis, while stirring until the polymer has dissotved 
completely. 

Analysis: Equip a suitable rotational vi$cometer with an 
adapter comprising a cylindrical spindle rotating within 
an accurately macnined chamber (or tubę). * 1 Pipet the 
Sample solution in the specified volume, which is recom- 
mended by the instrument manufacturer, into the 
chamber (or tubę), and ensure that the temperaturę of 
the test speeimen is at 20 ±0*1°* The cylindrical spindle 
rotates at the value of rpm, which corresponds to a ratę 
of shear of approximately 37 s~ 1 . 2 Measure the apparent 
viscosity foilowing the instrument manufacturer^ 
directlons. 

Acceptance criteria: 1-15 mPa • s 

ADDBTIGNAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers, 
and storę at a temperaturę not exceeding 30°. 

* Labeling: Label it to State whether it is Type A or Type B, 
■ U5P Reference Standards (11) 

USP Ammonio Methacrylate Copolymer, Type A RS 
Poly(ethyl acrylate, methyl methacrylate, trimethylam- 
monioethyl methacrylate chloride) (1: 2: 0.2); 

1 A tom merdał device is avai labie from ftrookfield as an ultra-low (UL) viscos- 
ily adapter. The adapter comprises a 0.4-cm diameter shaft, an accurately 
machined chamber (or tubę) with an internal diameter of 2.8 cm and a 
depth of 13.5 cm, and a cylindrical spindle 2,5 cm in diameter and 9.1 cm in 
height. 

1 For the Brookfield UL adapter, the cylindrical spindfe rotates at 30 rpm, 

which corresponds to a ratę of shear of approximateiy 37 s-L 
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Ethyl acrylate-methyl methaciylate-trimetbylam- 
monioethyl methacrylate chloride copolymer 
( 1 : 2 : 0 . 2 ). 

USP Ammonio Methacrylate Copolymer, Type B R5 
Poly(ethyl acrylate, methyl methacrylate, trimethylam- 
monioethyl methacrylate chloride) (1: 2; 0.1); 

Ethyl acrylate-methyl methacrylate-trimethylam- 
monioethyl methacrylate chloride copoJymer 
(1: 2: 0.1). 


Ammonio Methacrylate Copolymer 
Dispersaon" 

DEFINITION 

Ammonio Methacrylate Copolymer Dispersion is an agueous 
dispersion of Ammonio Methacrylate Copolymer Type A 
or B in water, It may contafn surtable antimicrobiaf pre- 
servatives and alkalizing agents. The Assay requirements 
differ for the two types, as set forth in the accompanying 
tabie. 



Ammonio Methacrylate Units, Dried Basis (%\ 

Type 

Min. 

Max. 

A 

10*18 

13.73 

B 

6.11 

8.26 


IDENTIFICATION 
• A. INFRARED ABSORPTION (197K) 

Sample: Residue obtained in the test for Loss on Drying 
Acceptance criteria: Meets the requirements 

A5SAY 
» Procedurę 

Sample: Dry under vacuum 2 g of Ammonio Methacry¬ 
late Copolymer Dispersion Type A, or 4 g of Ammonio 
Methacrylate Copolymer Dispersion Type B, at 90° for 
30 min. 

Blank: 75 mL of gjacial acetic add 
Titrimetric system 
(See Ti tri metry {541 ).) 

Modę: Direct titration 
Titrant: 0.1 N perchloric acid VS 
Endpoint detection: Potentiometnc 
Analysts; Dissolve the Sample in 75 mL of glacial acetic 
acid at about 50°, within about 30 min. After the sofu- 
tion has cooled down, add 25 mL of 0.6% cupric ace- 
tate solution in glacial acetic acid* Titrate this solution 
with the Utrant, Perform a blank determination* 
Calculate the percentage of ammonio methacrylate 
(C^HisCINOż) units In the portion of the Sample taken: 

ftesult ={[(Vi - V B ) x N X f\/W} X 100 

Vs - Titrant vofume consumed by the Sample (mL) 

Vfl - Titrant volume consumed by the Blank (mL) 

N ~ actual norma lity of the Titrant (mEq/mL) 
f = equivafency factor, 207,72 mg/mEq 
W - Sample weight (mg) 

Acceptance criteria 
Type A: 10.18%-73.73% 

Type B: 6.11%-8.26% 

IMPUR1T1ES 

o Residue on Ignition (281) 

Analysts: Usinq mild heating condltions (e.g., steam 
batn, sand batn, etc.) to avoid loss of materiał, evapo- 
ratę the dispersion to dryness before ignition. 
Acceptance criteria: NMT 0.5% caleulated on the un- 
dried dispersion basis 


* Limit of Monomers 

Sodium perchlorate solution: 35 mg/mL of sodium 
perchlorate (NaCICh ■ H?0) 

Mobile phase: Difute phosphoric add with water to 
obtain a solution having a pH of 2*0. Mix four volumes 
of this solution with one volume of methanol, filter, and 
degas. 

Standard stock solution: 1*6 mg/mL of ethyl acrylate 
and 0.2 mg/mL of metliyf methacrylate in methanol 
Standard solution: Dilute 1 mL of the Standard stock 
solution with methanol to 100 mL. Add 10 mL of this 
solution to 5 ml. of Sodium perchlorate solution. 

Sample solution: Dissolve 5 g of Dispersion in metha- 
nol, and dilute with the same soivent to 50 ml. Add 
5 mL of Sodium perchlorate solution dropwise to 10 mL 
of this solution whtle continuously stirring. Remove the 
precipitated polymer by centrifugadon. Use the elear 
supematant. Calculate the concentration of Dispersion, 
in mg/mL, as Cu. 

Chromatographic system 
(See Chromatograpny (621), System Suitability. .) 

Modę: LC 

Detector: UV 202 nm 
Column: 4.6-mm x 12-cm; packing LI 
Flow ratę: 2 mL/min 
Injection vofume: 50 pL 
System suitability 
Sample: Standard solution 

[Notę —The relative retention times for ethyl acrylate 
and methyl methacrylate are 1.00 and 1.14, 
respective]y.] 

Suitability requirements 

ResoJution: NLT 1.0 between the pair of analytes 
Relative standard deviation: NMT 5.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of ethyl acrylate and methyl 
methacrylate in the portion of Dispersion taken: 

ResuJt = (r u /rT) x (Cj/C w ) x F x 1 00 

r u = peak response of ethyf acrylate or methyl 
methacrylate from the Sample solution 
n - peak response of ethyl acrylate or methyl 
methacrylate from the Standard solution 
C s = concentration of ethyf acrylate or methyl 
methacrylate in the Standard solution 
(pg/mL) 

Cu - nominał concentration of Dispersion in the 
Sample solution (mg/mL) 

F = conversion factor, 10 -3 mg/pg 
Acceptance criteria: NMT 0*002% of methyl methacry¬ 
late and NMT 0.008% of ethyl acrylate 

SPEC1FIC TESTS 

© Viscosnrv—R gtatignal Methods (912) 

Analysis: Use a viscometer equipped with a spindle 
having a cylinder 1.88 cm in diameter and 6*51 cm 
high attacned to a shaft 0.32 cm in diameter. The dis- 
tance from the top of the cylinder to the lower dp of 
the shaft is 0*75 cm, and the immerslon depth is 
8.15 cm. Adjust the temperaturę to 20 ± 0.10°, With 
the spindle rotating at 30 rpm, immediately record the 
scalę reading, Multiply the scalę reading by the con- 
stant for the viscometer spindle and speedused to ob¬ 
tain the yiscosity in centipoises. 

Acceptance criteria: NMT 100 mPa * s 
o Loss on Drying (731) 

Analysis: Dry a sample at 11 0° for 6 h. 

Acceptance criteria: 68.5%—71.5% 
a COACULUWI CONTENT 
Sample: 100 g 

Analysis: Weigh a stainless steef sieve having 125-um 
openings, and fil ter the Sample through it. Wash the 
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sieve with distilled water until a elear filtrate i$ obtarned, 
and dry the sieve to constant weight at 105°. 
Aceeptance eriteria: The weight of the residue does 
not exceed 1000 mg, corresponding to NMT 1%, 

ADD9TI0NAL REQUIREMENTS 

* Packaging and Storage: Preserve En tight containers, at 
a temperaturę not exceeding 25° for Type A and not 
exceeding 30 D for Type B. Protect from freezing, 

fi LABELlNG: La bel Et to State whether it is Type A or Type B* 
Label Et to indEcate the name and guantity of any added 
antimicrobial preservative or alkalizing agent 

* USP Reference Standards <1l> 

USP Ammonio Methacrylate Copolymer, Type A RS 
USP Ammonio MethaeryEate Copolymer, Type B RS 


Ammonium Carbonate 


Carbonic add, monoammontum salt mixture with ammo- 
nium carbamate; 

Monoammonium earbonate mixture with ammonium carba¬ 
mate [8000-73-5]. 

DEFINITfON 

Ammonium Carbonate eonsists of ammonium bicarbonate 
(NFLHCOJ and ammonium carbamate (NH 2 CGONH 4 ) In 
varying proportions. EtyEeEds NLT 30.0% and NMT 34.0% 
of ammonia (NH3)* 

IBENTOFICATION 

■ A. When heated, it is volatEIEzed wEthout charring, and 
the vapor is alkaJine to moistened Ittmus papen A solu- 
tlon (1 En 20) efferyesces with acids. 

A5SAY 

fi Procedurę 

Sample solution: Place 10 mL of water in a weEghing 
bottle, tarę the bottle and its contents, add 2 g of Am¬ 
monium Carbonate, and weigh. 

Titrimetric system 
(See Titrimetry (541).) 

Modę: ResEdual titration 
Titrant: 1 N sulfuric acid V$ 

Back-titrant: 1 N sodEum hydroxide V5 
Blank: 50.0 ml of 1 N sulfuric add VS, accurately 
measured 

Endpoint detection: ColorEmetric 
Analysis: Transfer the Sample solution to a 250-mL fiask,, 
add 50.0 ml of 1 N sulfuric acid VS, and when the solu¬ 
tion has been effected, add methyl orange TS. Titrate 
the excess acid with 1 N sodium hydroxrde V5. Perform 
a blank determination. Calculate the percentage of am¬ 
monia (NH 3 ) in the sample taken. 

Result -[(B-V)xNxFxl 00]/W 

B -IN sodium hydroxide VS eonsumed by the 
Blank (mL) 

V “IN sodium hydroxide VS eonsumed by the 
sample (mL) 

N — actua! norm ality of the Back-tritrant (mEq/mL) 

F = equivalency factor, 1 7.03 mg/mEq 
W = weight of the sample (mg) 

Aceeptance eriteria: 30.0%-34,0% 

IMPURITIE5 

o Residue on Ignition (281): NMT 0.1% 

* Chloride and Sulfate, Chloride (221): A 2,0-g portion 
shows no morę chloride than corresponds to 0.10 mL of 
0,020 N hydrochiorEc add (0.0035%). 

& Chloride and Sułfate, Sulfate (221): A 2,G-g portion 
shows no morę sulfate than corresponds to 0.10 mi of 
0.020 N sulfuric add (0.005%). 


Dełete the following: 

•fi Heaw Metals, Method I ( 231) 

Test preparation: Reduce to a coarse powder, and vol- 
atiiize 2 g on a steam bath. Add 1 mL of 3 N hydrochlo- 
ric acid, and evaporate to dryness, Dissolve the residue 
in 2 mL of 1 N acetic acid, and add water to make 
25 mL 

Aceeptance eriteria: NMT 10 ppm* ( omdai 1^201 e) 

ADDITIONAL REQUIREMENTS 

• Packaging and Storage: Preserve in tight, light-resEstant 
containers, and storę at a temperaturę not above 30T 


Ammoningm Glycyrrhizate 



CuHtzChs* NH 3 840.08 

MonoammonEum gfycyrrhizinate; 

Cfycyrrhizic acid ammonium salt; 

a-D-Glucopyranosiduronic add, (3/3,20/3)-20-carbQxy-11-oxo- 
30-norotean-T2-en-3-yl 2 -Q-/TD-gEuc 0 pyranurono 5 yI-, am¬ 
monium salt ( 1 : 1 ); 

OŁ-D-Glucopyranosiduronic acid, (3/J, 2 0/3)-20-ca rboxy-1 l-oxo- 
30-norolean-12-en-3-yl 2-G-/3-D-glucopyranuronosyl-, 
monoammonium salt [53956-04-0]. 

DEFKNITION 

Ammonium GEycyrrhizate is a mixture of ammonium 18ct- 
and 18/3-glycyrrhizate (ammonium salt of (20/3)-3/J-[[2-O- 
(/3-D-gl ucopy ranosy Eu ronić acid)-tx-D-gl ucopyranosy turon ic 
acrd]oxy]-11-oxoolean-l 2-en-29-oic acid), and the 18/3- 
isomer is the main component. It contains NLT 78.0% 
and NMT 102.0% of ammonium I 80 - and 1 8/3-glycyrrhi- 
zate, on the anhydrous bas Es. 

IDENTIFICATION 

» A. The retention times of the peaks of 18 a- and 18/T 
glycyrrhizic acid from the Sample solution correspond to 
those from the System suitability solution , as obtained En 
the Content of Ammonium I8a- and 18fi-Glycyrrhizate. 
[Notę—T he peak of 1 8 cć-glycyrrhizic acid coufd be absent 
in the Sample solution .] 

fi B. Identification Tests—General, Ammonium (191) 
Aceeptance eriteria: Meets the requirements 

A55AY 

« Content of Ammonium isa - and is/TGlycyrrhizate 

Mobile phase: Acetonitrfie, gfacial acettc acid, and 
water (38:1:61) 

Standard solution: 0.5 mg/mL of USP Glycyrrhizic Acid 
RS in Mobile phase 

System suitability solution: 0,5 mg/mL of USP Ammo¬ 
nium Glycyrrhizate RS En Mobile phase 
Sample solution: 0,5 mg/mL of Ammonium Glycyrrhi- 
zate in Mobile phase 
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Chromatographk system 

(See Chromatograpny (621 ), System Suita bili ty.) 

Modę: LC 

Detector: UV 254 nm 

Column: 3.9-mm x 30-cm analytical column; 5-10 jam 
packtng LI 

flow ratę: 2.0 mL/min 
Injectlon volume: 10 pL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[Notę—T he relattve retention times of 18/3-glycyrrhizic 
acid and 18a-glycyrrhizic add are about 1.0 and 1.2, 
respectively, System suitahility solution .] 

Suitability requirements 

Resolution: NLT 2.0 between the peaE<s due to 18/3- 
glycyrrhizic acid and ISa-giycyrrhizic acid, System 
suitahility sotution 

Reiative standard deviation: NMT 2.0%, Standard 
solution 
Analysis 

Samples: Standard solution , System suitahility solution, 
and Sample solution 

Determfne the peak areas for each isomer (T Sot-glycyr- 
rhizic acid or 18/TglycyrrhizEc add). 

Calculate the percentage of ammonium 18a-g!ycyrrhb 
zate (or ammonium 18/?-g!ycyrrhizate) in the portion 
of Ammonium Glycyrrhizate taken: 


Result - (r^/rs) x (Cs/Cu) x (Mw(śait)fMw(Add)) x 100 

r u - peak area of the 18a-gtycyrrhizic acid (or 18/3- 
glycyrrhizic acid) tn the Sample solution 
r$ = peak area of the 18/?-glycyrrhizic add in the 
Standard solution 

Cs - concentration of the USP Glycyrrhizic Add RS 
in the Standard solution (mg/mL) 

Cu = concentration of the Sample solution (mg/mL) 
MwtsaU) = molecufar weight of ammonium glycyrrnizate, 
840,08 g/mol 

Mw(Adć)- molecular weight of glycyrrhizic acid, 

821.59 g/mol 

Acceptance criteria: The total percentage of ammo¬ 
nium 18a~gfycyrrhizate and ammonium 18/3-gfytyrrhh 
zate is 78* *0%-] 02.0%, and the percentage of ammo¬ 
nium 1 Sa-giyeyrrhizate is NMT 13.0%, on the 
anhydrous oasis. 

IMPURITEES 

• RESIDUE on Egnition (281) 

Sample: I.Og 

Acceptance criteria: NMT 0.5% 

* Limit of Organic Impurities 

Mobile phase, System suitahility solution, and Chro- 
matographic system: Proceed as directed in Content 
of Ammonium 18a- and 18 /j- Glycyrrhizate, 

Sample solution: 1.0 mg/mL of Ammonium Glycyrrhi- 
zate in the Mobile phase 

Reference solution A: 0.05 mg/mL of Ammonium Gly- 
cyrrhizate in the Mobile phase, pre pa red frorn the Sam¬ 
ple solution 

Reference sotution B: 0.057 mg/mL of Ammonium 
Glycyrrhizate fn the Mobile phase , pre pa red from the 
Sample solution 
System suitability 
Sample: System suitability solution 
[Notę— The relative retention times for 24-hydroxyg!y- 
cyrrhizinic acid, 18/3-giyeyrrhizic acid, and 18a-glycyr- 
rnizic acid are about 0.7, 1.0 and 1.2, respectiveiy.j 
Suitability iequlrements 

Resolution: NLT 2.0 between the peaks due to 18/3- 
glycyrrhiztc acid and ISa-glycyrrhizic acid 


Analysis 

Sam pies: System suitability solution , Reference solution 
A, Reference solution B , and Sample solution 
Acceptance criteria: See labie 1. 


Table 1 


Mamę 

Relative 

Retention 

Time 

Acceptance 

Criteria 

24-Hydroxy- 
qiycyrrhizink acid' 1 

0.7 

NMT the sum of the areas of 
the peaks in the chromato¬ 
gram from Reference solu¬ 
tion R, corresponding to 

NMT 5.7% 

Aiw other imourity 

— 

For each impurity, NMT 0.4 
times the sum of the areas 
of the peaks in the chro¬ 
ma tog ram from Reference 
solution A, corresponding to 
NMT 2.0% 

Sum of other impu¬ 
rities 

— 

NMT 1.6 times the sum of 
the areas of the peaks in 
the chromatogram from 
Reference solution A , corre- 
spondino to NMT 8.0% 

Disreqard limit 

— 

0,04 times the sum of the 
areas of the peaks in the 
chromatogram from Refer¬ 
ence solution A , correspond- 
inq to 0.2% 


1 (4/?, 20 fS )-3 0-[[2- O- (/J-D-CI ucopy ra nosylu ron ic ad d)-ct- D-g lucopy ra- 
nosyluronic add]oxy]-23-hydroxy-11-oxoo[ean-12-erv29-oic acid. 

SPEOFIC TŁSTS 

* Optical ROTATION, Specific Rotation (781) 

Sample solution: 10.0 mg/mL of Ammonium Glycyrrhb 
zate in 50% ethanol 

Acceptance criteria: +49*0 to +55.0 on the anhydrous 
basis 

* Water Determinahon, Method la (921) 

Sample: 0*25 g 

Acceptance criteria: NMT 6.0% 

ADD1TIONAL BEQUIRE1VIEN¥S 

* Packaging and Storage: Preserve in tight containers, 

and storę in a cool, dry place. 

» USP Reference Standards (11) 

USP Ammonium Clycyrrhizate RS 
USP Glycyrrhizic Acid RS 


Ammonitum Phosphate 


(NHj)jHPO^ 132.06 

Phosphoric acid, diammonium salt; 

Diammonium phosphate [7783-28-0]. 


DEFINITION 

Ammonium Phosphate contains NLT 96.0% and NMT 
102*0% of (NHOaHPO*, 


IDENTIFICATION 

* A* Identification Tests—General, Ammonium (191): 
sofution (1 in 20) meets the requirements. 

• B. Identification Tests—General, Phosphate (191): 
lution (1 in 20) meets the reguirements. 
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ASSAY 
e Procedurę 

Sample: 600 mg of Ammonium Phosphate 
Titrimetric system 
(See Titrimetry (541 )♦) 

Modę: Direct titration 
Titrant: 0.1 N sulfuric add VS 
Endpoint detection: potentiometric 
AnaJysis: Dissofye the Sample in 40 mL of water, and 
titrate with 0.1 N sulfuric add VS to a pH of 4.6. Each 
ml of 0.1 N sulfuric add is equivalent to 13.21 mg of 
(NH,) 5 HP0 4 . 

Acceptance criteria: 96.0%-102,0% 

IMPURITIES 

• Chloride AND Sulfate, Chloride (221): A 1.0-g portion 
shows no morę chloride than corresponds to 0.40 mL of 
0.020 N hydrochloric acid (0.03%). 

* Chloride and Sulfate, Sulfate (221): A 0.20-g portion 
shows no morę sulfate than corresponds to 0.30 mL of 
0.020 N sulfuric acid (0.15%). 

9 ARSENIC, Methoci I (211): NMT 3 ppm 

Delete the foliowing: 

Heavy Metals (231) 

Test preparation: Dissolve 2.0 g in 25 mL of water. 
Acceptance criteria: NMT 10 ppm* * ( orfictai r-jan- 2 DiB) 

SPECIFIC TESTS 

& pH (791): 7.6-S.2, in a solution (1 in 100) 

ADDITIONAL REQUIREMENTS 

o Rackagjnc and Storage: Preserve in tight contafners. 


Ammonium Sulfate 


132.14 

Ammonium sulfate [7783-20-2], 

DEFINITION 

Ammonium Sulfate contalns NLT 99.0% and NMT 100.5% 
of (NFb) 2 5CV 

BDENTIFICATION 

■ A. Identification Tests—General, Ammonium (191); A 
solution (1 in 20) meets the requirements. 

* B. Identification Tests—General, Sulfate (191): A solu- 
tion (1 in 20) meets the requirements. 

ASSAY 

e Procedurę 

Sample: 2.5 g of Ammonium Sulfate 
Titrimetric system 
(See Tltrimetry (541).) 

Modę: Residua! titration 
Titrant; 1 N sodium hydroxide VS 
Back titrant: 1 N sulfuric acid VS 
Endpoint detection: Colorimetric 
Blank: 50.0 mL of 1 N sodium hydroxide VS, accu- 
rately measured 

Anafysts: Add the Sample to a 500-mL conical fiask and 
dissolve in 50 mL of water. Add 50.0 mL of 1 N sodium 
hydroxide V5, place a filter funnel loosely in the neck of 
the fiask, and boli until ammonta is expelled (about 
10-15 min), as determinec! with lltmus paper. Cool, 
add 0.15 mL of thymol blue TS, and titrate the excess 
sodium hydroxide with 1 N sulfuric acid VS. Perform a 
blank determination. 


Calculate the percentage of ammonium sulfate 
[(NHO 2 SO 4 ] in the Sample taken: 

Result - [(B - V) x N x F x1 00]/W 

B - 1 N sulfuric acid VS consumed by the Blank 
(mL) 

V -IN sulfuric add VS consumed by the Sample 
(mL) 

N = actual normality of the Back titrant (mEq/mL) 

f - equivalency factor, 66,07 mg/mEq 

W = weight of the Sample (mg) 

Acceptance criteria: 99*0%-100.5% 

IMPURITIES 

O RESIDUE ON iGNłTtON (281) 

Sample: 20 g 

Acceptance criteria: NMT 0.005% 

* Limit of Insoluble Matter 

Sample: 20 g 

Analysis: Transfer the Sample to a covered bea ker, and 
dissolve En 200 mL of water, Heat to boiling, and warm 
on a steam bath for 1 h. Filter the hot solution through 
a tared sintered-glass crucible of medium porosity 
(10—15 um). Wash the beaker and the filter with hot 
water, ary the crucible at 1 05°, cool in a desiccator, 
and weigh. 

Acceptance criteria: NMT 1 mg of insoluble matter i$ 
found (0,005%). 

• Limit of Phosphate 

Standard phosphate solution, Phosphate reagent A, 
and Phosphate reagent B: Prepare as directed for 
Phosphate in Beagents under Reagents , lndicators f and 
Solutions—General Tests for Reagents. 

Sample: 4.0 g 

Contro!: 0.2 mL of Standard phosphate solution 
Analysls 

[N GTE— The tests for the Sample and the Control are 
madę preferabiy in matchecł color-comparison fcubes.] 
Di$solve the Sample in 25 mL of 0.5 N sulfuric acid, add 
1 mL each of Phosphate reagent A and Phosphate rea- 
ent 6 , and allow to stand at room temperaturę for 2 
♦ Proceed with the Control using the same guantities 
of the same reagents as In the test for the Sample . 
Acceptance criteria: Any blue cofor obtained frorm the 
Somp/eshould not exceed that produeed from the Con¬ 
trol (NMT 5 ppm). 

® Chloride and Sulfate, Chloride (221) 

Standard chloride solution: Transfer 165 mg of sodium 
chloride to a 100-mL volumetric fiask, Dissoive in and 
dilute with water to vofume. Transfer 10,0 mL to a 
1000-mL yolumefric fiask, and dilute with water to vol- 
ume to obtain a solution having a concentration of 
10 pg/mL of chloride. 

Acceptance criteria: A 2-g portion shows no morę 
chloride than corresponds to 1.0 ml of Standard chio- 
ride solution (NMT 5 ppm). 

° Limit of Nitrate 

Standard nitrate solution and Brudne sulfate solu¬ 
tion: Prepare as directed for Nitrate in Reagents under 
Reagents , Indicators, and Solutions—General Tests for Re¬ 
agents . 

Sample solution: Dissolve 1.0 g in 3 mL of water by 
heating in a boiling water bath, and add Brudne sulfate 
solution to make 50 mL. 

Control solution: To 1*0 mL of Standard nitrate solution 
add 1.0 g ammonium sulfate, then add Brudne sulfate 
solution to make 50 ml. 

Blank: 50 mL of Brudne sulfate solution 
Analysis: Heat the Sample solution, Control solution , and 
Blank in a boiling water bath for 15 min with periodic 
gen tle swirling, then cool rapidly in an Ece bath to 
room temperaturę. Adjust a suitabie speetrophotometer 
with the Blank to zero absorbance at 410 nm. Deter- 
mine the absorbance of the Sample solution , notę the 
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result, and adjust the instrument with the Sample solu¬ 
tion to zero absorbance. Determine the absorbance of 
the Controi solution. 

Acceptance criteria: The absorbance reading for the 
Sample solution does not exceed that for the Control 
solution (NMT TO ppm), 

® Iron (241) 

Sample solution: Dissolve 2.0 g En 40 mL of water, and 
ada 2 ml of hydrach loric add. 

Acceptance cnteria: NMT 5 ppm 

SPECIFIC TESTS 

* Microbial Enumeration Tests (61) and Tests for Speci- 
fieo R/EiCRO organ isms (62): The total aerobfc microbial 
count does not exceed 1000 cfu/g, and the totaf com- 
bined molds and yeasts count does not exceed 10 cfu/g. 

« pH (791): 5,0-6.0 in a solution (1 in 20) 

ADDITIONAL REQUIR£MENTS 

o Packaging and Storage: Preserve in well-dosed contain- 
ers. No storage reguirements are specified. 


AmyBeirce Hydra te 


CjH, 2 0 88.15 

2-Butanol, 2-methyl-; 
terf-Pentyl alcohol [75-85-4]. 

DEFINITSON 

AmyJene Hydrate contains NLT 99.0% and NMT 100.0% of 
C 5 H 12 0. 

IDENTIFICATION 

* A, I NER AR ED ABSORPTION (197F) 

« B. Procedurę 

Sample solution: 1 in 10 

Analysis: To 10 mL of the Sample solution guickly add 
5 mL of a l-in-10G soiution of vanillin in sulfuric add. 
Acceptance cnteria: A violet-red color is produced. 

ASSAY 

* PROCEDURĘ 

Sample solution: Amylene Hydrate 
Chromatographic system 
Modę: GC 

Detector: Thermal conductivity 
Column: 4-mm x 2-cm glass column; packed with 
chromatographic support S2 (under typical conditions) 
Temperaturę 
Column: 190° 

Injector: 200° 

Detector błock: 200 D 
Carrier gas: Helium 
Flow ratę: 50 m L/min 
Injectton srze: 0.4 pL 
Analysis 

Sample: Sample solution 

From the area under the curve, calcu tatę the percent- 
age (a/a) of CTHizO in the Amyfene Hydrate taken. 
Acceptance criteria: 99.0%-l 00.0% 

IMPURITIES 
Inorganic Impurities 
■ LlMiT OF NONVOLATILE R^DUE 
Sample: 10 mL 

Analysis: Evaporate the Sample in a tared porcelain 
dish on a steam bath to a volume of about 1 mL, and 


allow it to eyaporate spontaneously to dryness while 
protected from dust. 

Acceptance criteria: The residue, if any, is colorless, 
and when dried at 105 Q for 1 h, weighs NMT 2 mg 
(0.02%), 

Detete the foHowing: 

** Heaw Metals, Method I (231) 

Sample solution: Evaporate 5.0 mL (4 g) on a steam 
batn to dryness, warm the residue gently with 1 ml of 
dilute hydrochloric add (1 in 120), add water to make 
25 mL, and filter, if necessary. 

Acceptance criteria: NMT 5 ppm# Ha ^iqiaj 

Organie Impurities 

* Procedurę 

Sample solution: 1 in 20 

Analysis: To 1 0 mL of the Sample solution add 0.10 mL 
of 0.10 N potassium permanganate, 

Acceptance criteria: The pink color does not com- 
pletely disappear wlthin 10 min. 

SPECIFIC TESTS 

■ SPECIFIC Cravitv (841): 0.803-0.807 

* Distiuing Rangę, Method I (721): It distilis completely at 

between 97* * and 103°, a correction factor of 0.037°/mm 
being applied as necessary. 

* Water: The reJative retention time of water on the gas 

chromatographic column used in the Assay is approxi- 
mately 0,2 trmes that of Amylene Hydrate. From the area 
under the ourve obtained in the Assay ; calculate the per- 
centage (a/a) of water in the Amylene Hydrate taken: 
NMT 0.5% is found. 

« Aldehyde 

Sample solution: 1 in 20 

Analysis: To 10 mL of the Sample solution add 1 ml of 
siker-ammonium nitrate TS, and heat the mixture on a 
water bath at 60° for 10 min. 

Acceptance criteria: No darkenlng occurs. 

ADDITIONAL REQU1REMENTS 

* Packaging and Storage: Preserve in tight containers. 


Anethole 



CioHiaO 148.20 

Benzene, 1 -methoxy-4-(1 -propenyl)-, (£>; 

(F)-p-Propenylanisole [4180-23-8], 

Synthetic [104-46-1]. 

DEFINITBON 

Anethole is obtained from Anise Oif and other sources, or it 
is prepared synthetically. It contains NLT 98.0% and NMT 
102.0% of (Q-1-methyf-4-(l-propenyl) benzene (or trans- 
anethole) (C 10 Hi 2 O). 

IDENTIFICATION 

o A, INFRARED ABSORPTION (197F) 

* B. Chromatographic Sdenttty 

Analysis: Proceed as directed in the Assay for trans- 
Anethole. 

Acceptance criteria: The retention time of the major 
peak, excluding the interna! standard peak, of the Sam¬ 
ple solution corresponds to the anethole peak of the 
Standard solution. 
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ASSAY 

* Assay for trans-A m ethole 

Internal standard solution: 2 mg/mL of USP Menthol 
RS (internal standard) in hexanes 
Standard solution: 2 mg/mL of USP Anethoie R5 in In¬ 
ternal standard solution (use a freshly prepared solutior) 
Sample solution; 2 mg/mL of Anethoie in Internal stan¬ 
dard solution (use a freshly prepared solution) 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę; GC 

Detector: Flame ionlzation 

Column: 0.53-mm x 30-m capiflary; bonded with a 
1.Ogim layer of phase G16 
Temperatures 
Injection port; 250° 

Detector: 250° 

Column: 125° {isothermally) 

Carrier gas; Helium 
Flow ratę: 10 mL/min 
Injection volume: 1,0 pL 
Injection type: Split injection; split ratio of 10:1 
Run time: 30 min 
System suitability 
Sample: Standard solution 

[NOTĘ—'The relative retention times for menthol and 
tram-anethoie are about 0.5 and 1.0, respectively,] 
Suitabilrty requirements 
Resolution; NLT 15 between menthol and trans- 
anetliole 

Tailing factor; 0.8-2.0 for menthol and trans- 
anemole peaks 

Relative standard deviation: NMT 2,0% for the peak 
response ratio of from-anethole to the interna! 
standard 
Analysis 

Samples: Standard solution and Sampie solution 
Calculate the percentage of tram-anethoJe (CioH^O) In 
the portion of Anethoie taken: 

Result = {Rui R$) x (Cj/Cy) x 100 

Ru - peak response ratio of trans -anethoie to the 
internal standard (peak response of trans- 
anethole/peak response of the internal 
standard) from the Sample solution 
R$ = peak response ratio of trans-a net hole to the 
internal standard (peak response of trans- 
anethofe/peak response of the interna] 
standard) from the Standard solution 
Ci = concentration of USP Anethoie RS in the 
Standard solution (mg/mL) 

Co - concentration of Anethoie in the Sample 
solution (mg/mL) 

Acceptance criteria: 98.0%-102.0% 

(IMPURITIES 


Delete the following: 

*• Heavy Metals, Method II <231): NMT 20 jag/g. ( o, tira i 

|jn-201 

* Limit of cis-Anethole, p-Anisaldehyde, and Other Vgla 

TILE flMPURITIES 

Internal standard solution; 0.01 mg/mL of USP Men¬ 
thol RS (internal standard) in hexanes 

System suitability solution; 4 mg/mL of USP Anethoie 
RS In Internai standard solution after exposure to UV 
light for 1 h 

Standard solution: 0.01 mg/mL of USP Anethoie RS 
and 0.01 mg/mL of USP p-Anisaldehyde RS in internal 
standard solution (use a freshly prepared solution) 

Sample solution: 2 mg/mL of Anethoie in Internal stan¬ 
dard solution (use a freshly prepared solution) 


Chromatographic system: Proceed as dlrected in the 
Assay f except use a Run time of 60 min. 

System suitability 

Samples: System suitability solution and Standard 
solution 

[NOTĘ—See Tabie 1 for the relative retention Limes.] 


Table 1 


Na me 

ReSative 

Retention 

Time 

Menthol fintemal standard) 

0.5 

ds-Anethole 

0,75 

frans-Anethoie 

1.0 

Anisaldehyde 

2.2 


Suitability requirements 

Resolution; NLT 5 between ds-anethole and trans - 
anethoie, System suitability solution 
Relative standard deviation: NMT 5.0% for the peak 
response ratio of frans-anethole to the internal stan¬ 
dard and NMT 5.0% for the peak response ratio of p - 
anisaldehyde to the internal standard, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of p-anisaldehyde In the por¬ 
tion of Anethoie taken; 

Result = {Rtn/RsO x {CsjfCii) x 1 00 

Rut - peak response ratio of p-anisaldehyde to the 
Internal standard (peak response of p- 
anisaldehyde/peak response of the interna! 
standard) from the Sample solution 
R$i - peak response ratio of p-anisaldehyde to the 
internal standard (peak response of p- 
anisaldehyde/peak response of the internal 
standard) from the Standard solution 
C$i - concentration of USP p-Anisaldehyde RS in the 
Standard solution (mg/mL) 

Cr; = concentration of Anethoie in the Sample 
solution (mg/mL) 

Calculate the percentage of ds-anethole or any other 
unspedfted volatile impurity in the portion of Anethoie 
taken: 

Result = (RuifRu) x {OJCu) x 100 

Rui - peak response ratio of ds-anethole or any 
other unspecified impurity to the internal 
standard (peak response of c/s-anethole or 
any other unspecified impurity/peak response 
of the internal standard) from the Sample 
solution 

R $2 ~ peak response ratio of tram-anethole to the 

internal standard (peak response of trans- 
anethole/peak response of the Internal 
standard) from the Standard solution 
C $2 - concentration of USP Anethoie RS in the 

Standard solution (mg/mL) 

C u ~ concentration of Anethoie in the Sample 
solution (mg/mL) 

Acceptance criteria: Disregard peaks that are less than 
0,05% for any unspecified impurities and any peaks due 
to solvent. 

Total impurities including ds-anethole, p- 
anisaldehyde, and alf other unspecified impurities; 
NMT 2,0% 

Limit of Phenois 
Sample: 1 mL 

Analysis: Shake the Sample with 20 mL of water, and 
allow the iiguids to separate. Pass the water layer 
through a fil ter paper previously moistened with water, 
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and to 10 mL of the filtrate add 3 drops of ferric chlo- 
ride T5. 

Acceptance criteria: No purple or purplish color is 
produced. 

SPECIFIC TE5TS 

o SPECIFIC GRAVITY (841): 0.983-0.988 

* DfsmuNG Rangę, Method ( <721): 231 °-237°, a correc- 

tion factor of 0.063°/mm being applied as necessary 

• Optical Rotation, Anguior Rotation <781 A): -0,15° to 

+0.15° 

* Refractive Index (83T): 1.557-1.561 

ADDmONAL REQUIR£MENTS 

® PACKAGING and STORAGE: Pre sen/e in tight, light-resistant 
containers. 

• Labeling: Label to indlcate whether it is of natural 

sources or is prepared synthetically, 

■ USP Reference Standards (11) 

USP Anethole RS 
USP p-Anisaldehyde RS 
USP Menthol RS 


Anise 0311 


DEFINITION 

Anise Oil is the volatiIe oii distilled with steam from the 
dried, ripe fruit of Pimpinella ansium L. (Fam. Apiaceae) or 
from the dried ripe fruit of Iflidum verum Hook. f. (Fam. 
IlJidaceae), 

[Notę—I f solid materia! has separated, carefully warm the 
Anise Oil unti! it is compfetely lląuefied, and mix before 
using.] 

IMPURET1ES 


Delete the foHowing; 

*• Heavy MIetals, Method tl (231): NMT 40 ppm# t. 

jan-IOIS) 

• Limit of Phengls 

Sample solution: Recentfy distilled Anise Oil in 90% ab 
cohot (1 in 3) 

Acceptance criteria; The Sample solution is neutral to 
mołstened litmus paper, and develops no blue or 
brownish coJor upon the addltion or 1 drop of ferric 
chlonde IS to 5 mL of the solution. 

SPECIFIC TESTS 

• Solubility IN 90% Alcohol: One voiume dissolves in 3 

yoJumes of 90% alcohol. 

• Specific Gravity (841): 0.978-0.988 

• Congealing Temperaturę (651): NLT 1 5 a 

• Optical Rotation, Angular Rotation (781 A): -2° to +1° 

• REFRACTIVE INDEX (831): 1.553-1.560 at 20° 

ADDiTIONAl REQU1REMENT$ 

• Packaging and Storage: Preserze in well-filled, tight 

containers, and avoid exposure to excessive heat. 
o Labeling: The label states the Latin binomial name and, 
foliowi nq the official name, the part of the plant source 
from which the article was derived. The label also States 
that if solid materiał has separated, carefully warm the oil 
until it is completely liquefied, and mix before using. 


Arginirae —see Arginine General Monographs 


Aromatfc Elix3r 


DEFINITION 

Prepare Aromatic Flixir as follows. 


Suitabie essentia] oi!(s) 


Syrup 

375 ml 

Tale 

30 q 

Alcohol, Purified Water, each a sufficient quantity 
to make 

1000 ml 


Dissdve the oil(s) in Alcohol to make 250 mL, To this solu- 
tion add the Syrup in several portions, agitating yigorously 
after each addltion. Then add the reguired quantity of 
Purified 14/ater in the same manner. Mlx To/c with the liq~ 
u id, and pass through a filter, dam pen ed with Diluted Ah 
cohol\ and return the filtrate until a elear fiq u id is 
obtained. 

OTHER COMPONENTS 

e ALCOHOL Determinatidn, Method II (611): 21.G%-23.0% 
of QH 5 OH, with acetone being used as the interna! 
standard 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Package in tight containers. 


Ascorbic Acid —see Ascorbic Add General 
Monographs 


AscorbyB Palmitate 


H 



HD OH 


C 2 2H 30 O 7 414.53 

L-Aseorbic add, 6-hexadecanoate; 

L-Ascorbic acid 6-palmitate [1 37-66-6]. 

DEFINITION 

Ascorbyl Palmitate contains NLT 95.0% and NMT 100.5% 
of ascorbyl palmitate (C 22 H 38 O 7 ), calculated on the dried 
basis, 

IDENTIFICATION 

* A. Snfrared Absorption <197K) 

* B. Chromatocraphic Identity 

Analysis: Proceed as directed in the Assay. 

Acceptance criteria: The retention time of the major 
peak of the Sample solution corresponds to that of the 
Standard solution. 

ASSAY 

« Procedurę 

Mobile phase: AcetonEtrile, methanol, 0.01 M perchlo- 
ric acid (10:65:25) 

Standard solution: 0.5 mg/mL of USP Ascorbyl Patmi- 
tate RS in methanol 

Sample solution: 0.5 mg/mL of Ascorbyl Palmitate in 
methanol 
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System Su i ta bili ty.) 


Chromatographic system 
(See Chromatograpny (621), 

Modę: LC 
Detector: UV 245 nm 

Column: 4.6-mm x 15-cm; 5-jim packing L7 

Temperatures 
Column: 25 Q 
Autosampler: 5° 

[Notę —If an autosampler is not used, keep the Standard 
solution and Sample solution at 5 a before injection.] 
Flow ratę: 1.0 mL/min 
injection volume: 1QpL 
Run time: 15 min 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 1,0% 

Ta i ling factor: 0.8-2.0 
Analysis 

Sampfes: Standard solution and Sample solution 
Caitulate, on the dried basis, the percentage of As- 
corbyf Palmitate taken: 


IDENTIFICATION 
® A, INFRARED ABSORFTION (197K) 

[Notę—U se USP Asparagine Anhydrous RS and U5P As- 
paragine Monohydrate RS for the evaluation of the an- 
nydrous and monohydrate forms of Asparagine, 
respectiyely.] 

ASSAY 
« Procedurę 

Sample: 1 30 mg 
Titrimetrio system 

(See Titrimetry (541).) 

Modę: Direct titration 
Titrant; 0.1 N perchiorlc add VS 
Blank: 3 ml of formie add in 50 mL of gfacial acetic 
add 

Endpoint detection: Potentiometrically 
Analysis: Dissoke the Sample with 3 ml of formie acid 
tn 50 mL of gfacial acetic acid. Perform a blank 
determination. 

Calculate the percentage of asparagine (GHaNzCh) in 
the Sample taken: 


Result = [(rufrs) x (Cs/Cu)] x 100 


[(V- B) x Nx Fx 100]/IV 


fu - peak response from the Sample solution 

r$ - peak response from the Standard solution 

C$ - concentration of USP Ascorby! Palmitate RS in 
the Standard solution (mg/mL) 

Cu — concentration of Ascorby! Palmitate in the 
Sample solution (mg/mL) 

Acceptance criteria: 95.0°/o-l 00.5% on the dried basis 

IMPUR1TIES 

a Residue on Ignition (281): NMT 0.1% 


Delete the foltowing: 

** Heavy Metals, Method If (231): NMT 10 ppm* (Offtcial 1' 

|ńru201fl) 

SPECIFIC TE5TS 

* Optical Rotation, Specific Rotation (781S): +21° to *24° 

Sample solution: 100 mg/mL in methanoi 

* Loss on Drying (731) 

Analysis: Dry a sample in vacuum at 60° for 1 h, 
Acceptance criteria: NMT 2.0% 

ADDITIONAL REQUIR£MENT5 
® Packagbng and Storage: Preserve in tight containers, 
and storę in a coot, dry place. 

* USP Reference Standards (11) 

USP Ascorbyl Palmitate RS 


AsEsaragine 


"tT" 

C 4 H b N 2 0^H 2 0 150,13 

GHaN 2 0i 132.12 

L-Asparagine; 

L-ct-Aminosuccinamie add, monohydrate [5794-13-8]. 
Anhydrous [70-47-3]. 

DEFINITION 

Asparagine is anhydrous, or contains one molecule of water 
of hydration. !t contains NLT 98.0% and NMT 101.5% of 
GHeNz0 3 , as L-asparagine, calculated on the dried basis. 


V ~ volume of Titrant consumed by the Sample 
(mL) 

8 - volume of Titrant consumed by the Blank (mL) 

N ~ actual norma lity of the 7/frant (mEq/mL) 

F = equivafency factor for asparagine, 132.1 mg/ 
mEq 

W = weight of the Sample (mg) 

Acceptance criteria: 98.0%-l 01.5% on the dried basis 


IMPURITIES 

q Residue on Ignition (281) 

Sample: 1.0 g 

Acceptance criteria: NMT 0.1% 

* Leao (251) 

Sample; 1 g 

Contro): 5 ml of Dlluted Standard Lead Solution (5 pg of 
Pb) 

Acceptance criteria: NMT 5 ppm 

* Chromatographic Purity 

Standard solution: 0,05 mg/mL of USP Asparagine An¬ 
hydrous RS or USP Asparagine Monohydrate RS 
[Notę—U se USP Asparagine Anhydrous RS and USP As¬ 
paragine Monohydrate RS for the evaluatton of the an¬ 
hydrous and monohydrate forms of Asparagine, 
respectively.] 

Sample solution: 10 mg/mL 
Chromatographic system 
(See Chromatograpny (621), ThtmLayer Chromato- 
graphy.) 

Adsorbent: 0.25-mm 3ayer of chromatographic silica 
gel mixture 

Application volume: 5 pL 

Developing so!vent system: Buty! aicohol, glacial ace¬ 
tic acid, and water (3:1:1) 

Spray reagent: 2 mg/mL of ninhydrin in butyl alcohol 
and cflacial acetic acid (19:1) 

Analysis 

Sam pies: Standard solution and Sample solution 
Proceed as directed in the generał test chapter, and 
then dry the piąte at 80 c for 30 min. Spray the piąte 
with the Spray reagent , heat at 80 c for 10 min, and 
examine under white light 

Acceptance criteria: No secondary spot from the 5crm- 
ple solution is larger or morę intense than the principal 
spot from the Standard solution (0,5%), and NMT 1.0% 
of total impurities is found. 
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SPECIFfC TESTS 

* Optjcal Rotation, Specific Rotation <781S) 

Sample solution: IGmg/mL, in 6 N hydrochloric acid 
Acceptance critena: +33.0° to +36,5°, measured at 20* 

* Microbial Enumeration Tests (61) and Tests for Speci- 

FtED MlCROORCANlSMS (62): The total aerobic microbial 
count does not exceed 1000 cfu/g, and the totaf com- 
bined molds and yeasts count does not exceed 100 
cfu/g. 

* Loss ON DRYINC (731): Dry a sample at 130° for 3 h: the 

anhydrous form loses NMT 1*0% of its weight, and the 
monohydrate loses between 11*5% and 12.5% of its 
weight* 

ADDITIONAL REQUIREMENT5 

* Packaging AND Stohace: Preserve in well-closed, Iight- 

resistant containers* Storę at room temperaturo* 
o Labeling: Label it to indicate whether it is anhydrous or 
the monohydrate. 

* U5P Referencie Standards (11) 

USP Asparagine Anhydrous RS 
USP Asparagine Monohydrate RS 


Aspartame 



CnHi 8 N 2 O s 294,30 

L-Phenylalanine, N-l-a-aspartyl-, 1-methyl ester; 
3-Amino-N-(o.-carboxyphenethyl)$ucdnarnic acid N-methyl 
ester [22839-47-0]. 

DEFINJTION 

Aspartame contains NLT 98.0% and NMT 102.0% of as¬ 
partame (CirtH^NiOs), calculated on the dried basis* 

IDENTIFICATION 
« A. INFRARED ABSORPTION (197M) 

[NOTĘ—Do not dry spedmens.] 

ASSAY 
• Procedurę 

Buffer: 0.05 M monobasic potassium phosphate, ad- 
justed with phosphorjc acid to a pH or 4.3 
Mobile phase: Methanoi and Buffer (18:82) 

Diluent: Methanoi and water (1:9) 

System suitability solution: OJ mg/ml each of USP 
Aspartame Related Compound A RS and USP L-Phenylal- 
anine RS in Diluent 

Standard solution: 0.5 mg/mL of USP Aspartame RS in 
Diluent 

Sarrtpie solution: 0*5 mg/mL of Aspartame in Diluent. 
[Notę—A vord beat and excessive holding times*] 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 210 nm 

Coiumn: 4*6-mm x 25-em; 5-pm packing LI 

Column temperaturę: 40° 

Flow ratę: 2 mL/min 
Injection volume: 20 jul 
Run time: 30 min 
System suitability 

Sam pies: System suita bili ty solution and Standard 
solution 

[Notę—T he relatjve retention times for the L-phenyiala- 
nEne and aspartame related compound A peaks are 0.6 
and 1.0, respectively.] 


Suitability requirements 

Resolution: NLT 8 between the L-phenylalanine and 
aspartame related compound A peaks, System suitabil¬ 
ity solution 

Tai ling factor: NMT 1.5, Standard solution 
Relative standard dev!ation; NMT 1*0%, Standard 
solution 
Anaiysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of aspartame {CnHt&^Os) in 
the portion of Aspartame taken: 

Result = (fu/n) x ( Q/C v ) x 100 

fu - peak area of aspartame from the Sample 
solution 

r s ~ peak area of aspartame from the Standard 
solution 

Q = concentration of USP Aspartame RS in the 
Standard solution (mg/mL) 

Cu - concentration of Aspartame in the Sample 
solution (mg/mL) 

Acceptance criteria: 98*0%-] 02*0% on the dried basis 

IMPURIT1ES 

• Residue on Ignition (281): NMT 0*2% 


Dełete the following: 

•• Heavy METALS, Method II (231): NMT 10 ppm* (OrricMł i- 

Un-201S) 

* Limit of s-Benzyl-3,6-dioxo-z-piperazineacetic Acid 
Mobile phase, Diluent, System suitability solution, and 
Chromatographic system: Proceed as airected in the 
Assay. 

Standard solution: 75 jjg/mL of USP Aspartame Related 
Compound A RS tn Diluent 

Sample solution: 5 mq/mL of Aspartame in Diluent * 
[Notę—A void beat and excessive holding times.] 

System suitability 

Samples: System suitability solution and Standard 
solution 

Suitability requirements 

Resolution: NLT 8 between the L-phenylalamne and 
aspartame related compound A peaks, System suitabil¬ 
ity solution 

Taillng factor: NMT 2.0, Standard solution 
Re lat i ve standard deviation: NMT 4.0%, Standard 
solution 
Anaiysis 

Samples: Standard solution and Sample solution 
[Notę—C ontinua the elution of the Sample solution for 
45 min.] 

Calculate the percentage of aspartame related com¬ 
pound A in tne portion of Aspartame taken: 

Result = (rwTj) x (Q/G) x 100 

ru - peak response of aspartame related 

compound A from the Sample solution 
n = peak response of aspartame related 

compound A from the Standard solution 
Cs = concentration of 5-benzyL3,6-dioxo- 

2-piperazineacetic acid in the Standard 
solution (mg/ml) 

Cu = concentration of Aspartame in the Sample 
solution (mg/mL) 

Acceptance criteria: NMT 1*5% 

■ Chromatographic Purity 

Mobiie phase, Diluent, System suitability solution, and 
Chromatographic system: Proceed as dErected in the 
Assoy* 

Sample stock solution: Proceed as dErected in the Sam¬ 
ple solution in the test for Limit of 5-BenzyI-3,6dioxo- 
2-piperazineacetic Acid. 
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Sample solariom OJ mg/mL of Aspartame from the 
Sampfe stock solution In Diluent 
System suitabrlity 
Sample: System suitability solution 

Suitability reguirements 

Resolution: NLT 8 between the L-phenylalanine and 
aspartame related compound A peaks, System suitabil- 
ity solution 
Analysis 

Sam pies: Sample stock solution and Sample solution 
[Notę—C onti nue the efution of the Sample stock sofu- 
tion for 45 min,] 

Aeceptance criteria: The sum of a El of the peak re- 
sponses of the Sample stock solution, exduding the 
5-benzyb3,6-diox0-2-piperazineacetic add and as¬ 
partame peak responses, fs NMT the aspartame pealc 
response of the Sample solution t corresponding to NMT 
2.0% of chromatographic impuritles. 

SPECIFIC TESTS 

« Transwsittance 

Sample solution: 10 mg/mL of Aspartame in 2 N hy- 
drochloric acid, prepared by means of son kation 
Analysis: Determlne the transmittance in a 1-cm cel) at 
430 nm with a suitabie spectrophotometer. 

Acceptance criteria: Transmittance of NLT 0.95, corre- 
sponding to an absorbanee of NMT ahout 0.022 
® Optical Rotation, Spedflc Rotation (781$) 

Sample solution: 40 mg/mL in 15 N Formie acid 
Aeceptance criteria: +14.5° to +16.5°, determined at 
20* within 30 min after preparation of the Sample 
solution 

o Loss on Dryinc (731) 

Analysis: Dry at 105° for 4 h. 

Aeceptance criteria: NMT 4.5% 

ADDITIONAl R£QUIREM£NTS 

o Packaging and Storage: Preserve in well-closed 
containers, 

• USP REFERENCI STANDARD* (11) 

USP Aspartame RS 

USP Aspartame Related Compound A RS 
5-Benzyl“3,ó“dioxO“2-piperazEneacetie acid. 

CuHhNzO, 262.27 
USP L-Phenylalanine RS 


Aspartame Acesulfame 



Ci 8 H Z3 0 9 N 3 S 457.45 

Aspartame acesulfame salt; 

[2-Ca rboxy-/3-(/V-b-methoxyea rbony l-2-pheny l)ethy I- 
tarbamoyl)]e tliana mi n iu m ó-methyM-oxo J t 2 t 3-ox- 
athiazin-3-ide-2,2-dioxide; 

L-Phenylalanine, L-a-aspartyb2-methyl ester compound with 
6~methylJ,2,3-oxatniazin-4(3H)-one 2,2-dioxide (1:1) 
[106372-55-8]. 

IDEFINITSON 

Aspartame Acesulfame contains NLT 63.0% and NMT 
66.0% of aspartame, calculated on the dried basis. It con- 
tains NLT 34.0% and NMT 37.0% of acesulfame, calcu¬ 
lated as the acid form on the dried basis. 


IDENTIFICATION 

O A. INFRARED ABSORPTłON (197K) 

[NOTĘ—Do not dry specimens.] 

ASSAV 

& PROCEDURĘ 

Sample: 0.150 g 

Analysis: Dissolve the Sample in 50 ml of dehydrated 
alcohol, Titrate with OJ N tetrabutylam mani urn hy- 
droxide in methanol/isoprapyl alcohol VS. Potentiomet- 
ricalty determine the vofumes of titrant, in mL, at the 
first equiva!ence point (V;) and at the second equiva- 
lence point (14)* Perform a blank titration with 50 mL of 
dehydrated alcohol, and designate the volume of ti¬ 
trant, in ml, as 14- 

Caiculate the percentage of acesulfame (Result 1) and 
aspartame (Result 2) in the porrion of Aspartame 
Acesulfame taken; 

Result 1 = 163N(14 - 14)/1 0W 


Result 2 = 294N( V 2 - 14)/10W 

N - norma lity of the titrant 
W = weight of Aspartame Acesulfame taken (g) 
Aeceptance criteria: Aspartame, 63,Q%-ó6.0% on the 
dried basis; acesulfame, 34.0%-37.0% as the acid form 
on the dried basis 

IMPURITIES 

o Resjdue on IcNlTłON (281): NMT 1.1% 

Delete the foHowing: 

•o HEAVY Metals, Method II (231): NMT 10 ppm# 

|an-201S} 

* Limit of Fotassujm 

Potassium stock soiution: 19.0 pg/mL of potassium 
chloride, previously dried at 105° Tor 2 h, In water. This 
solution contains 10 Lig of potassium/mL. 

Standard solution A: Transfer 10.0 ml of Potassium 
stock solution to a 100-mL vo!umetric fiask. Add 2,0 mL 
of sodium chloride solution (1 in 5) and 1,0 mL of hy- 
drochloric acid, and diiute with water to volume 
(1.0 pg/mL of potassium)* 

Standard solution B: Transfer 15.0 mL of Potassium 
stock solution to a 100-mL vo!umetric fiask, Add 2.0 mL 
of sodium chloride solution (1 in 5) and 1.0 mL of hy- 
drochioric acid, and diiute with water to vofume 
(1,5 ug/ml of potassium). 

Standard solution C: Transfer 20.0 mL of Potassium 
stock solution to a 100-mL vdumetric fiask. Add 2.0 mL 
of sodium chloride soiution (1 in 5) and 1*0 mL of hy¬ 
drach loric add, and diiute with water to volume 
(2,0 pg/mL of potassium). 

Sample stock solution: 3.0 mg/mL of Aspartame 
Acesulfame 

Sample solution: Transfer 10 mL of Sample stock solu¬ 
tion to a 1 00-mL volumetric fiask. Add 2,0 mL of so¬ 
dium chloride solution (1 in 5) and 1,0 mL of hydro- 
chloric acid, and diiute with water to vo!ume. Filter the 
solution. 

Instmmental conditions 

(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytica! wavelength: 766.5 nm (potassium emission 
Jine) 

Lamp: Potassium holtow-cathode 
Flame: Air-acetylene 
Blank: Water 
Standard curve 

Sampies: Standard solution A, Standard solution B , and 
Standard soiution C 
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Plot; Absorbance vafues versus their corresponding 
concentration (pg/mL) of potassium 
Analysis 

Sam ple: Sompfe solution 

From the Standard curve , determine the concentration 
of potassium in the Sample solution. 

Calculate the percentage of potassium in the portion of 
Aspartame Acesulfame taken: 

Result = (Cs/Cy) x 100 

Cs = concentration of potassium in the Sample 
solution from the Standard curve (ug/mL) 

Cu - concentration of aspartame acesulfame in the 
Sample solution (g/mL) 

Acceptance criteria; NMT 0*5% 

* Related C om po u nos 

Diluent: Methanol and water (1:9) 

Mobile phase: Prepare a solution by dt$solving 5.6 g of 
monobasic potassium phosphate En 820 ml of water En 
a 1-L vo!umetiic fiask, adjusting with phosphoric acid to 
a pH of 4,3, diiuting with metnanol to volume, and 
mixing. 

Standard solution; 25 pg/mL of USP Aspartame Related 
Compound A RS in Diluent 
Sample solution: 5 mg/mL in Diluent 
[Notę—A void heat and exce$$ive holding times.] 
Instrumental conditions 
(See Chromatography (621X System Suitability.) 

Modę: LC 

Detector: UV 210 nm 

Column: 4*ó-mm x 25-cm; packing LI 

Column temperatura: 40° 

Flow ratę: 1*5 mL/min 
Injection size; 20 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Tailing factor: NMT 2.0 
Relative standard deviation: NMT 4*0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of aspartame related com¬ 
pound A in tne portion of Aspartame Acesulfame 
taken: 

Result = (r u /rs) x (G/G) x 1 00 

fu - peak response of aspartame related 

compound A from the Sample solution 
h = peak response of aspartame related 

compound A from the Standard solution 
Cs - concentration of USP Aspartame Related 
Compound A RS in the Standard solution 
(mg/mL) 

C u - concentration of Aspartame Acesulfame in the 
Sample solution (mg/mL) 

Acceptance crlteria: NMT 0.5% 

* C HRO MATO GRAPHIC PURITY 

Diluent, Mobile phase, and Instrumental conditions: 
Proceed as directed in Related Compounds * 

Acesulfame solution: 2 mg/mL of USP Acesulfame Po¬ 
tassium RS in Diluent 

Sample stock solution: Proceed as directed for Sample 
solution under Related Compounds* 

Sample solution: 75 pg/mL of Aspartame Acesulfame 
from Sample stock solution in Diluent 
Analysis 

Samples: Acesulfame solution , Sample stock solution, 
and Sample solution 

[Notę—C ontinue the elution of the Sample stock solu¬ 
tion for twice the retention time of the aspartame 
peak,] 

Acceptance crlteria: The sum of the responses of all 
the peaks of the Sample stock solution , excludEng the 


aspartame related compound A, acesulfame, and as¬ 
partame peak responses, is not greater than the as¬ 
partame peak response from the Sample solution 
( 1 . 0 %)* 

SPECIFIC TESTS 

* Optical Rotati On, Specific Rotation (781$) 

15 N formie acid; To a f-L volumetnc fiask add approx- 
imately 300 mL of water, then weigh 719 g of 96 % for¬ 
mie acid into this fiask, and rnix* Cooi the solution to 
20°. Dilute with water to volume. 

Sample solution: 62 mg/mL in 15 N formie acid 
Acceptance crlteria: +14,5° to +16*5°, determined at 
20° within 30 min after preparation of the Sample solu¬ 
tion. [Notę —Divide the calcułated specific rotation by 
0.646 to correct for the aspartame content in As¬ 
partame Acesulfame*] 

* Loss on Drying (731): Dry a sample at 105° for 4 h: it 
loses NMT 0.5% of Its weigh t 

* Transmittance: The transmittance of a l-in-100 solution 
of Aspartame Acesulfame in disttlled water, determined in 
a 1 -cm celi at 430 nm with a suitable spectrophotome- 
ter, is NLT 0*95. 

ADDITIONAL REQUIREMENT$ 

* Packaging ano Storage: Preserve rn well-closed contain- 
ers, and storę in a cool, dry place. 

« USP REFERENCE 5TANDARDS (11) 

USP Acesulfame Potassium RS 
USP Aspartame Acesulfame RS 
USP Aspartame Related Compound A RS 
5-Benzyl-3 l 6-dioxo-2-pipera7ineacetic acid* 

C 13 H m N 7 0.i 262.27 


Bari u m Hydroxide Limę- -see Barium 
Hydroxide Limę General Monographs 


Behenoyl Polyoxylqlycerides 

DEFINITłON 

Behenoyl Polyoxylglycerides is a mixture of monoesters, di- 
esters, and triesters of glycerol and monoesters and dies- 
ters of poiyethylene glycols. The polyethylene glycols used 
have a mean molecular weight of 400. It is produced by 
estenficatlon of glycerol and polyethylene glycols with 
behenic add, 

IDENTIFICATION 

* A* INFRARED ABSORPTION (T97K) 

* B. Thin-Layer Chromatographic Identification Test 
( 201 ) 

Standard solution: 50 mg/mL of USP Behenoyl Polyox- 
ylglycerides RS in methylene chloride 
Sample solution: 50 mg/mL of Behenoyl Polyoxylgly- 
cerides in methylene chfortde 
Chromatographlc system 
Application volume: l OpL 
Developing sołvent system: Ether and hexanes 
(70:30) 

Spray reagent: 0.1-mg/mL solution of rhodamine B in 
aJcohol 

Analysis: Proceed as directed in the chapter. Then 
spray the piąte with Spray reagent , and focate the spots 
on the piąte by examination under UV light at a wave- 
length of 365 nm, 

Acceptance crlteria: The R? values of the principal spots 
of tne Sample solution correspond to those of the Sfon- 
dard solution. 
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» C. It meets the requirements in Specific Tests (see Tabie 1 ) 
for Fats and Fixed Oils, Fatty Acid Composition <401). 

IMPURfTIES 

= Articles of Botamical Orion, Toial Ash <561) 

Sample solution: 2.0 g 
Acceptance criteria: NMT 0.1% 

Delete the following: 

•• Heaw Metals, Method I! (231): NMT 10 pg/g* * (obmsi i. 

jan2018) 

* Alkaline impurities 

Sample: 5,0 g 

Analysis: Heat the Sample slightly unti! it melts. Add 
10 mL of alcoho! and 0.05 mL of bromophenol blue TS, 
and mix welL While the solution is stil! warm, titrate 
with 0,01 N hydrochloric acid VS to thange the color 
to yellow, 

Acceptance criteria: NMT 1.0 ml of 0.01 N hydrochlo- 
ric acid 

* Limit of Free Ethylene Oxide and Dioxane 

Analysis: Proceed as directed in Ethylene Oxide and D/‘- 
oxane {228), Method L 

Acceptance criteria 
Ethylene oxide: NMT 1 pg/g 
Dioxane: NMT 10 pg/g 

o Limit of Free Glycerol 

Sample: 1.2 g 

Periodic acetic acid solution: Dissoive 0.446 g of so- 
dium periodate in 2,5 mL of a 25% (v/v) solution of 
sulfuric add, and dilute with glacial acetic acid to 
100.0 mL 

Potassium iodide solution: 75 mg/mL of potassium 
iodide 

Titrimetric system 

(See Titrimetry (541).) 

Modę: Residual tltration 
Titrant: 0.1 M sodium tbiosulfate VS 
Endpoint detection: Visual 
Analysis: Dissolve the Sample in 25 mL of methylene 
chioride, heating ff necessary. Cooi, and add 100 ml of 
water and 25.0 mL of Periodic acetic add solution. Shake, 
and aJlow to stand for 30 min. Add 40 mL of Potassium 
iodide solution, and altów to stand for 1 min. Add 1 mL 
of starch TS, and titrate the fiberated Eodine with 77- 
trant . Perform a blank determination, and make any 
necessary correctlon. Łach mL of Titrant is equivalent to 
2.3 mg of glycerin. 

Acceptance criteria: NMT 3.0% 

SPECGFIC TEST5 

® Fats and Fixed Oils, Add Vatue (401) 

Sample: 2.0 g 

Acceptance criteria: NMT 4.0 

* Fats and Fixed Oils, Fatty Acid Composition (401): Behe- 
noyi Polyoxylglycerides exhibits the composition profile 
of fatty acids En Table 1 . 


Table t 


Ca rbon-Chain 
Lenqth 

No, of Double 
Bonds 

Percentage 

_ 

12 

0 

<1.0 

14 

0 

£1.0 

16 

0 

£ 3.0 

ia 

0 

<5.0 

20 

0 

£10.0 

22 

0 

>83.0 

22 

1 

£3.0 

24 

0 

<3.0 


* Fats and Fixed Oils, Hydroxyi Value (401) 

Sample: L0g 

Analysis: Proceed as directed in the chapter. If the vol- 
ume of 0.5 N sodium hydroxfde VS regutred for the 
tltration is less than 2 mL, a morę dilute titrant may be 
used. 

Acceptance criteria: 30-50 

* Fats and Fixed Oils, Peroxide Vaiue( 401) 

Sample: 2.0 cj 

Acceptance criteria: NMT 6.0 

* Fats and Fixed Oils, Saponification Vaiue{ 401) 

Sample: 2.0 g 

Acceptance criteria: 120-140 
Water Determination, Method i {921) 

Sampie: 1,0 g 

Analysis: Use anhydrous pyridine as the solvent 
Acceptance criteria: NMT 1,0% 

ADDETIONAL REQU]REMENT5 

» Packaginc and Storage: Preserve En tight, Iig ht-resistant 
contarners, protected from heat and moisture. Storę at 
NMT 35°. 

& Labeling: Label it to indicate the average n orni na! molec- 
ular weEght of polyethylene glycols used as part of the 
officiai title. 

« OSP Reference Standards (11) 

USP Behenoyl Polyoxylglycerides RS 


Bentonite 


Bentonite [1302-78-9]. 

DEFINITION 

Bentonite is a native, colloidal, hydrated aluminum silEcate. 

IDENTIFiCATION 

■ A. X-Ray Diffraction (941) 

Sample A: Add 2 g in smali portions to 100 mL of 
water, with intense agitation. Allow to stand for 12 h to 
ensure complete hydration. Place 2 mL of the mixture 
so obtalned on a suitable glass slide, and ailow to alr- 
dry at room temperaturę to produce an onented film. 
Place the slide In a vacuum desiccator over a free sur- 
face of ethylene glycol. Evacuate the desiccator, and 
close the stopcock so Ehat the ethylene glyco! saturates 
the desiccator chamber. Allow to stand for 12 h. 

Sample B: Prepare a random powder spec i men of 
Bentonite. 

Analysis 

Samples: Sampie A and Sample B 
Record the X-ray diffraction pattem of the samples, and 
determine the d vaiues, 

Acceptance criteria: The largest peak in the pattern of 
Sample A corresponds to a d value between 15.0 and 
17.2 Ą. The major peak in the region between 1.48 and 
1,54 A from the pattern of Sample B is between 1.492 
and 1.504 A. 

IMFURITIES 

* Arsenjc, Method / (211) 

Test preparation: Transfer 8.0 g to a 250-mL beaker 
containlng 100 ml of dilute hydrochloric add (1 in 25), 
mix, and cover with a watch glass. Boil gently, with 
occaslonal stirring, for 15 min wlthout allowing exces- 
sive foaming. Pass the hot supernatant through a rapid- 
flow fi!ter paper into a 200-mL volumetric fiask, and 
wash with four 25-mL portions of hot dilute hydrochlo¬ 
ric acid (1 in 25), coliecting the washings In the volu- 
metric fiask. CooJ the comblned filtrates to room tem¬ 
peraturę, and add dilute hydrochloric acid (1 in 25) to 
volume. Transfer 25 mL of this solution to a generator 
fiask, and dilute with water to 35 ml. 
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Standard preparation: Transfer 5 mL of Standard Arse¬ 
nie Solution (5 \ig) to a generator fiask, and dilute with 
water to 35 mL. 

Analysis: Proceed as dfrected in the chapter, determin- 
ing the absorbances, 

Acceptance criteria: NMT 5 ppm; the absorbance due 
to any red color from the Test preparation does not ex- 
ceed that produoed by the Standard preparation, 

* lEAD 

[Notę—T he Standard solution and the Sample solution 
may be modified, if necessary, to obtain Solutions of 
suitable concentrations, adaptable to the linear or work- 
ing rangę of the instrument. It may be necessary to 
correct the value obtained for the Sample solution for 
interference from the sample specimen matrix.] 
Standard solution: On the day of use, dilute 3.0 mL of 
lead nitrate stock solution TS with water to 100 mL 
Each mL of the Standard solution contains the equiva- 
lent of 3 pg of lead. 

Sample solution: Transfer 3,75 g to a 250-mL beaker 
containing 100 mL of dilute hycłrochloric acid (1 in 25), 
stir, and cover with a watch glass. Boil for 15 min, then 
cool to room temperaturę, and pass through a rapid- 
flow filter paper into a 400-mL beaker* * Wash the filter 
with four 25-mL portions of hot water, collecting the 
washrngs in the 4o0-mL beaker. Concentrate the com- 
bined extracts by gentle boiling to approximately 
20 mL. If a precipitate appears, add 2-3 drops ot nitric 
acid, heat to boiling, and cool to room temperaturę. 
Pass the concentrated extracts through a rapid-flow fil- 
ter paper into a 50-mL yolumetrie fiask. Transfer the 
remaining contents of the 400-mL beaker through the 
filter paper and into the fiask with water, Dilute with 
water to volume. 

Instrumental conditions 
Modę: Atomie absorption spec trop hotometry 
Analytkal wavelength: 283.3 nm 
Lamp: Lead hol Iow cathode with deuterium arc back- 
ground correction 
Ffame: Air and acetylene 

Analysis: Determine the absorbances of the Standard 
solution and the Sample solution. 

Acceptance criteria: The absorbance of the Sample so¬ 
lution is NMT that of the Standard solution (40 pg/g). 

SPECIFIC TESTS 

* Microbiał Enumeration Tests (61) and Tests for Specf 
fied Microorcanisms (62): Meets the requlrement$ of 
the test for absence of Escherichia coli 

* pH (791) 

Analysis: Disperse 4.0 g in 200 mL of water, mixing 
vigorously to fa ci lita te wetting. 

Acceptance criteria: 9*5-10.5 

* Loss ON Drying (731) 

Analysis: Dry at 105 c for 2 h, 

Acceptance criteria: 5.0%-8,0% 

* Cel Formation: Mix 6 g with 300 mg of magnesium ox- 
ide, Add the mixture, in several divided portions, to 

200 mL of water contained in a blender of approximately 
500-mL capacity. Blend thoroughly for 5 min at high 
speed, transfer 100 mL of the mixture to a 100-mL grad- 
uated cylinder, and allow to remain undisturbed for 24 
h. NMT 2 mL of supernatant appears on the surface, 

* Swelling Power: To 100 mL of water contained in a 
giass-stoppered cylinder of 100-mL capacity add 2 g in 
portions, dropping it upon the surface of the water, and 
allow each portion to settle before adding the next. The 
mass at the bottom gradually swells until it occupies an 
apparent volume of NLT 24 mL at the end of a 2-h 
period, 

* Fineness of Powder: Sprinkle 2 g on 20 mL of water con¬ 
tained in a mortar. Allow to swefl, disperse evenly with a 
pestle, and dMute with water to 100 mL. Pour the sus- 
pension through a No. 200 standard sieve, and wash the 


sieve thoroughly with water. No grit is felt when the fin- 
gers are rubbed over the wire mesh of the sieve* 

ADDITIOMAL REQUIREMENT5 

* Packaging and Storage; Preserve in tight contamers. 

* Labeling: Label it to fndicate that absorption of atmos- 
pheric moisture shoufd be avoided following the opening 
of the odginał package, preferabiy by storage of the re- 
mainder of the contents in a tight Container. 


Purified Bentonite 


DEFINITION 

Purified Bentonite is a colloidai montmorilionite that has 
been processed to remove grit and nonswellable ore 
components. 

IDENTIFICATION 

* A. X-Ray Diffractjon (941) 

Sample A: Add 2 g in smali portions to 100 mL of 
water, with intense agitation, Allow to stand for 12 h to 
ensure complete hydratiom Place 2 ml of the mixture 
so obtained on a suitable glass slide, and allow to air* 
dry at room temperaturę to produce an oriented film. 
Place the slide in a vacuum desiccator over a free sur¬ 
face of ethylene glycoL Evacuate the desiccator, and 
dose the stopcock so that the ethylene giycol saturates 
the desiccator chamber, Allow to stand for 12 h. 

Sample B: Prepare a random powder specimen of Puri- 
fied Bentonite. 

Analysis 

Samples: Sample A and Sample B 
Record the X-ray diffraction pattern of the samples, and 
determine the d values, 

Acceptance criteria: The largest peak in the pattern of 
Sample A corresponds to a d value between 15,0 and 
17,2 Ą. The major peak in the region between 1.48 and 
1.54 A froiTj the pattern of Sample B is between 1.492 
and 1.504 A. 

ASSAY 

o Aluminum Content and Magnesujm Content 

[Notę—T he Standard Solutions and the Sample solution 
may be diluted quantitativefy with water, if necessary, 
to obtain Solutions of suitable concentrations adaptable 
to the linear or working rangę of the instrument,] 
Aluminum content 

Aluminum standard stock solution: Dissolve 1.000 g 
of aluminum in a mfxture of 10 mL of hydrochloric 
acid and 10 mL of water by gentle heating. Transfer 
the solution to a 1000-mL volumetric fiask, and dilute 
with water to volume« This solution contains the 
equivalent of 1 mg/mL of aluminum, 

Aluminum standard Solutions: Transfer 2-, 5-, and 
10-mL aliquots of the Aluminum standard stock solution 
to separata 100-mL volumetric flasks containing 
200 mg of sodium chloride, and dilute each with 
water to volunie. 

Sample stock solution: Transfer 0.200 g of Purified 
Bentonite to a 25-ml plattnum crucible containing 
I.Og of lithium metaborate, and mix. Using a muffle 
fu mace or a suitable burner, hea t slowly at first, and 
ignite at 1000 Q -1200 Q for 15 min. Cool, place the cru¬ 
cible in a 100-mL beaker containing 25 mL of dilute 
nitric add (50 mg/mL), and add an additional 50 ml 
of the dilute acid, filling and submerging the upright 
crucible. Place a polyfluorocarbon-coated magnetic 
stirring bar into the crucible, and stir gently to dis- 
solve. Pour the contents into a 250-mL beaker, and 
remove the crucible. Warm the solution, transfer 
through a rapid-flow filter pa per with the aid of water 
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into a 200-mL volumetric fiask, and dilute with water 
to Yolume, 

Sam ple solution; Pipet 20 mL of the Sample stock solu- 
tion into a 100-mL volumetric fEask. Add 20 mL of so- 
dium chloride sofution (10 mg/mL), and dilute wiLh 
water to volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).} 

Modę: Atomie absorption spectrophotometer 
equlpped with a single-slot burner 
Analytica! wavelength: 309 nm 
Lamp: Aluminum noflow-cathode 
Flame: Oxidizing acetylene-air-nitrous oxide 
Analysis 

Sam pies: Aluminum standard Solutions and Sample 
solution 

Determine the aluminum content of the Purified Ben¬ 
tonite in the Sample solution from the linear regres- 
sion eguation calculated from the absorbances and 
concentrations of the Aluminum standard Solutions. 
Magnesium content 

Lanthamjm solution: Stir 88.30 g of lanthanum chlo* 
ride (LaCIj) with 500 mL of 6 N hydrochloric add to 
dissolve, transfer with the aid of water to a 1000-mL 
volumetric fiask, and dilute with water to volume. 
Magnesium standard stock solution: Place I.OOOg of 
magnesium in a 250-mL beaker eontaining 20 mL of 
water, and carefuliy add 20 mL of hydrochloric add, 
warming, if necessary, to complete the reaction. Trans¬ 
fer the solution to a 1000-mL vofumetric fiask, and 
dilute with water to volume. This solution contains the 
equivalent of 1 mg/mL of magnesium. Transfer 
10.0 mL of this solution to a 1 000-mL volumetric fiask, 
and dilute with water to volume. 

Magnesium standard Solutions: Transfer 5-, 10-, 15-, 
ano 20-mL aliquots of the Magnesium standard stock 
solution to separate 100-mL volumetric flasks. To each 
fiask add 20,0 mL of Lanthanum solution, and dilute 
with water to volume. 

Sample stock solution: Use the Sample stock solution 
prepared as directed for Aluminum content 
Sample solution: Transfer 25 mL of the Sample stock 
sofution to a 50-mL volumetric fiask, and dilute with 
water to volume. Transfer 5.0 mL of this solution to a 
100-mL volumetric fiask, add 20.0 mL of Lonthanum 
solution, and dilute with water to volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).} 

Modę: Atomie absorption spectrophotometer 
equtpped with a single-slot burner 
Anafytical wavelength: 285 nm 
Lamp: Magnesium hoIIow-cathode 
Flame: Redudng flame of acetylene-air 
Analysis 

Sam pies: Magnesium standard Solutions and Sample 
solution 

Determine the magnesium content of the Purified Ben¬ 
tonite in the Sample solution from the linear regres- 
sion eguation calculated from the absorbances and 
concentrations of the Magnesium standard Solutions, 
Acceptance criterla: The rafio of the aluminum con¬ 
tent to the magnesium content is 3.5-5. 5, 

IMPUR1TIES 

* Arsenic, Method l (211) 

Standard solution: 5 mL of Standard Arsenic Solution 
(5 pg of As) 

Sample solution: Transfer 1 3.3 g to a 250-mL beaker 
eontaining lOOmL of dilute hydrochloric add (1 in 25), 
mix, cover with a watch glass, and boil gently, with 
occasional stirring, for 15 min without aflowing exce$- 
sive foaming. Allow the insoluble materiał to settle, and 
decant the not supematant through a rapid-flow, filter 
paper into a 200-mL volumetric fiask, retainEng as much 
sediment as possible in the beaker. Add 25 mL of hot 


dilute hydrochloric add (1 in 25) to the residue in the 
beaker, stir, beat to boiling, allow the insoluble materiał 
to settle, and decant the supematant through the filter 
into the 200-mL volumetric fiask. Repeat the extraction 
with four additional 25-mL portions of hot dilute hydro- 
chlortc acid (1 En 25), decanting each hot supematant 
through the filter Into the volumetric fiask. At the last 
extraction, transfer as much of the insoluble materiał as 
possible onto the filter. Cool the combined filtrates to 
room temperaturę, and add dilute hydrochloric acid (1 
in 25) to volume. 

Analysis: Using a 25-mL aliquot of Sample solution and 
the Standard solution , treat them as directed in the 
Procedurę. 

Acceptance criteria: NMT 3 pg/g; the absorbance due 
to any red color from the Sample solution does not ex- 
ceed that produced by the Standard solution. 

« Lead 

[Notę— The Standard sofution and the Sample solution 
may be modified, Ef necessary, to obtain Solutions of 
suitable concentrations, adaptable to the linear or work- 
ing rangę of the instrument.] 

Standard solution: On the day of use, dilute 3.0 mL of 
lead nitrate stock solution TS to 100 mL. Each ml of 
the Standard solution contains the equivalent of 3 pg of 
lead. 

Sample solution: Transfer lO.Og of Purified Bentonite 
to a 250-mL beaker eontaining 100 mL of dilute hydro¬ 
chloric acid (1 in 25), stir, cover with a watch glass, 
and boli for 15 min. Cooi to room temperaturę, and 
allow the insoluble matter to settle. Decant the super- 
natant through a rapid-flow filter paper into a 400-mL 
beaker. Add 25 mL of hot water to the Insoluble matter 
in the 250-mL beaker, stir, allow the insoluble matter to 
settle, and decant the supematant through the filter 
into the 400-mL beaker. Repeat the extraction with two 
additional 25-mL portions of water, decanting each su- 
ernatant portion through the filter into the 400-mL 
eaker. Wash the filter with 25 mL of hot water, co Hec t- 
ing this filtrate in the 400-mL beaker. Concentrate the 
combined extracts by gentie boiling to approximately 
20 mL. If a precipitate appears, add 2-3 drops of nrtric 
acid, heat to boiling, and cool to room temperaturę. 

Pass the concentrated extracts through a rapid-flow fil¬ 
ter paper into a 50-mL volumetric fiask. Transfer the 
remainlng contents of the 400-mL beaker through the 
filter paper and into the fiask with water. Dilute to 
volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
equipped with a deuterium arc background correotion 
and a single-slot burner 
Anatytical wavetength: 284 nm 
Lamp: Lead hollow-cathode 
Flame: Air-acetylene 

Analysis: Determine the absorbances of the Standard 
solution and the Sample solution. 

Acceptance criteria: The absorbance of the Sample so¬ 
lution is NMT that of the Standard solution (15 pg/9)- 

SPECIFIC TE5TS 

* MitffOBiAŁ Enumeration Tests (61) and Tests for Speci 
fied Microorganisms (62): Its total aerobic microbial 
count does not exceed 1 x 10 3 cfu/g, and it meets the 
requirements of the test for absence of Escherichia coli 

* pH (791) 

Sample suspension: 50 mg/mL 
Acceptance criteria: 9,0-10.0 

* LOSS ON Drying (731) 

Analysis: Dry at 110° to constant weight. 

Acceptance criteria: NMT 8.0% 

* VlSCOSITY 

Analysis: After determinmg Losj on Drying (731), weigh 
a guantity of Purified Bentonite equiva!ent to 25.0 g on 
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the dried basis. Over a period of a few s, transfer the 
undried sample spedmen to a suitable 1-L blender jar 
containmg an amount of water, maintained at a tem¬ 
peraturę of 25 ± 2°, that is sufficient to produce a ma¬ 
turę weighing 500 g. Blend for 3 min, accurately timed, 
at 14,000-15,000 rpm (high speed), [Notę—H eat gen- 
erated during blending causes a temperaturę rise to 
above 30°.] Transfer the eon ten ts of the blender to a 
600-mL beaker, allow to stand for 5 min, and adjust, if 
necessary, to a temperaturę of 33± 3°. Using a suitable 
rotationai viscometer eguipped witb a spindle having a 
cylinder 1.87 cm rn diameter and 0,69 cm high at- 
tached to a shaft 0.32 cm in diameter, the distance 
from the top of the cylinder to the lower tip of the 
shaft being 2,54 cm, and the immersion depth being 
5.00 cm (No. 2 spindfe), operate the viscometer at 60 
rpm for 6 min, accurately timed, and record the scalę 
reading. 

Acceptance criteria: 40-200 centipoises 

• Acid Demand 

Sample: After determining Loss on Drying (731), weigh 
a quantity of Purified Bentonite equivalent to 5,00 g, 

Analysis; Disperse the Sample in 500 ml of water with 
the aid of a suitable blender fitted with a 1-L jar. Using 
a stopwatch, designate zero time, With constant mix- 
ing, add 3,0-mL portions of 0,100 N hydrochloric add 
at 5, 65, 125, 185, 245, 305, 365, 425, 485, 545, 605, 
665, and 725 s, and add a 1.0-mL portion at 785 s. 
Determine the pH potentiometncally at 840 s. 

Acceptance criteria; NMT 4,0 

ADDITIONAL REQUIREMENT5 

* PACKAGINC and Storage: Preserve in tight containers. 


Bentonite Magma 


ADDITIONAL REQUIREMENT5 

• Packaging and Storage: Paekage in tight containers. 


Benzaidehyde 



C,H*0 106.12 

Benzoic afdehyde; 

Phenyl formaldehyde [100-52-7], 

DEFINITEON 

Benzaidehyde contains NLT 98.0% and NMT 102,0% of 
benzaidehyde (C ? H*0). 

IDENTIFICATION 

• A. INFRARED ABSORPTION (197F> 

ASSAY 

* Procedurę 

Solution A: Acetonitrile and glacial acetic add {1000:1, 
v/v) 

Solution B: Glacial acetic add and water (1:1000, v/v) 
Mobile phase: See Tobie h 


Tafcie I 


Time 

Solution A 

Solution B 

(mini 


(%1 

0 

18 

82 

20 

60 

40 

30 

60 

40 


DEFINITION 

Prepare Bentonite Magma as follows. 


Bentonite 

50 o 

Purified Water. a suffident quantitv to make 

1000 a 


Sprinkle the Bentonite, in portions, upon 800 g of hot Puri- 
fied Water ; allowing each portion to become thoroughly 
wetted without stirring. Allow iL to stand with occasional 
stirnng for 24 h* Stir untii a uniform magma is obtaśned, 
add Purified Water to make 1000 g, and mbc 

The Magma may ałso be prepared by mechanical means 
such as by use of a blender, as follows. Place 500 g of 
Purified Water in the blender, and whife the machinę is 
running, add the Bentonite. Add Purified Water to make up 
to 1000 g or up to the operating capacity of the blender. 
Blend the mixture for 5-10 min, add Purified Water to 
make lOOOg, and mix, 

5PECIFIC TESTS 

* Mic robiał Enumeration Tests (61) and Tests for Speci- 
fied Microorgamisms (62): It meets the regutrements of 
the tests for absence of Escherichia coli 


System suitability solution: OJ mg/mL of USP Benzoic 
Acid RS and 0,06 mg/mL of USP Methylparaben RS in 
acetonitrile 

Standard solution: 0.15 mg/mL of USP Benzaidehyde 
RS in acetonitrile 

Sample solution: 0J5 mg/mL of Benzaidehyde in 
acetonitrile 

Chromatograpfiie system 

(See Chroma tography (621), System Suitability.) 

Modę: LC 

Detector: UV 235 nm 
Detector temperaturę: 25° 

Column: 4.6-mm x 25-cm; 5-jim packing LI 
Flow ratę: 1.2 mL/min 
fnjeetion volume: 10 gL 
System suitability 

Samples: System suitability solution and Standard 
solution 

Suitability reguirements 

Resolution: NLT 2,0 between benzoic add and meth¬ 
ylparaben, System suitability solution 
Tailing factor: NMT 2.0 for benzoic acid and methyl¬ 
paraben, System suitability solution 
Relative standard deviation: NMT 2.0% for benzal- 
dehyde. Standard solution 
Analysis 

Samples: Standard soiution and Sample solution 
Calculate the percentage of benzaidehyde (C 7 HgO) in 
the portion of Benzaidehyde taken: 

Resułt = (fu/fs) x (Cs/Cu) x 100 

Tu = peak response of benzaidehyde from the 
Sample solution 
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r s - peak response of benzaldehyde from the 
Standard sofution 

Cj - concentration of USP Benzaldehyde RS in the 
Standard solution (mg/mL) 

Cu - concentration of Benzaldehyde in the Sampfe 
solution (mg/mL) 

Acceptance criteria: 98.Q%-102.0% 


Carrier gas: Helium 
FIow ratę: 1,2 ml/min 
Injection volume: OJ \iL 
Injection type: Splitless injection 
System suitability 
Sarnple: Standard solution 
[Notę—F or relative retention times, see Table 3.] 


IMPURIT1ES 

o Limit of Hydrocyanic Acid 

Sample solution: Shake 0.5 mL of Benzaldehyde with 
5 mL of water ; add 0.5 mL of 1 N sodtum hydroxlde 
and OJ mL of ferrous sulfate TS, and warm the mixture 
gently. 

Acceptance criteria: Upon the addition of a sJight ex- 
cess of hydrochforic add, no greenish-blue coior or blue 
precipitate is produced within 15 min, 

* Limit of Nitrobenzene 

Sample solution: Dissolve 1 ml of Benzaldehyde in 
20 mL of alcohoi, and mix with 10 mL of water. 

Anaiysis: Add 1-g portions of zinc and 1-mL portions of 
2 N sulfuric acid, as needed, to maintain a brisk evolu- 
tion of hydrogen for 1 h. Fliter, evaporate the Nquid to 
20 mL, and boli 10 mL of the concentrated ltquid with 
1 drop of potassium dichromate TS. 

Acceptance criteria: No purplish color is produced. 

o CHLORINATED COMPOUNDS 

Analysis: Wind a strip of 20-mesh copper gauze 1.5 cm 
wlde and 5 cm Jong around the end of a copper wire. 
Heat the gauze in the nonluminous flame or a Bunsen 
burner until it glows without coloring the flame green, 
Permit the gauze to cool, and heat severaJ times until a 
thick coat of oxide has formed. With a medidne drop- 
per, apply 2 drops of Benzaldehyde to the cooled 
gauze, ignite, and permit it to bum freely in the a Er. 
Again cool the gauze, add 2 morę drops of Benzafde- 
hyde, and bum as before. Repeat thls process until a 
total of 6 drops have been added and ignited. Th en 
hołd the gauze in the outer edge of the Bunsen flame, 
adjusted to a height of 4 cm. 

Acceptance criteria: Not even a transient green color is 
imparted to the flame. 

« Limit of Ethylbenzene, Cyclohekylmethanol, Benzyl Al 

COHOL, AND BENZOIC ACID 

Sample solution: Neat Benzaldehyde 

Standard sofution: 0.1% of USP Ethylbenzene RS, 

QJ% of USP Cydohexylmethanol RS, 0.2% of USP Ben¬ 
zole Acid RS, and 0.2% of USP Benzaldehyde RS in USP 
Benzyl Alcohoi RS 

Chromatographk system 
(See Chromatograpny (62 1), System Suitability.) 

Modę: CC 

Detector: Flame ionization 

Column: 0.32-mm x 30-m fused siiica capillary, coated 
with a 0.5-pm layer of phase Cl 6 
Temperatures 
Detector: 310° 

Injection port: 200° 

Column: See Table 2. 


Table 2 


Initial 

Temperatura 

n 

Temperaturę 

Ramp 

fVmm> 

Finał 

Temperaturę 

n 

Hołd Time af 
Finał 

Temperatwe 

(min) 

50 

5 

22 0 

35 


Table 3 


Component 

Relative 

Retention 

Time 

Ethylbenzene 

0,45 

Benzaldehyde 

T00 

C yc 1 ohexy 3 m etha n o 1 

1.03 

Benzyl alcohoi 

1.45 

Benzole acid 

2.04 


System suitability reguirements 
Resolution: NLT 3.0 between benzaldehyde and 
cydohexylmethano! 

Analysis 

Sampies; Standard sofution and Sample solution 
Cafculate the percentage of each impurity in the por- 
tion of Benzaldehyde taken: 


Result = (fu/rr) x 1 00 


tu = peak response of each impurity from the 
Sample solution 

/> - sum of a!l the peak responses from the Sample 

sofution 

Acceptance criteria 
Each individual impurity: NMT 1.0% 

Total impurities: NMT 2.0% 


SPECIFIC TESTS 

» Water Determination, Method I (921): NMT 1.5% 

ADDiTIONAL REQU1REMENTS 

□ Packaging and Storace: Preserve in well-filled, tlght, 
light-resistant containers, Storę at room temperaturę, and 
avoid exposure to excessive heat. 

* USP Reference Standard* (11) 

USP Benzaldehyde RS 
USP Benzole Acid RS 
USP Benzyl Alcohoi RS 
USP Cyclohexylmethano[ RS 
USP Ethylbenzene RS 
USP Methylparaben RS 


Compound Benzaldehyde EB8xir 

DEF1NITION 

Compound Benzaldehyde E!ixir contains 0,05% Benzalde- 
hyde in a suitably flavored and sweetened hydroalcoholic 
vehicle. 

OTHER COMPONENTS 

e Alcohol Determination, Method f (611): 3.0%-5.0% 

ADDITIONAL REQUIREMENT5 

a Packaging and Stohage; Package in tight, light-resistant 
containers. 
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Benzalkonium ChDoride 


Ammonium, alkyfdimethyl(phenyfmethy!)- # chloride; 
AikylbenzyldimethyJammonium chloride [8001-54-5]. 

DEFINfTION 

Benzalkonium Chloride is a mixture of alkyl benzyldimethyl- 
ammonium chlorides of the generał formula: 

[C ó H 5 CHzN(CH02R]CI 

in which R represents a mixture of aikyls, fncluding all or 
some of the group beginning with n-CjHi? and extending 
through higher homologs, with n-CuHzs, n-C 14 Hz 9 , and n- 
CłćHu composing the major portion. On the anhydrous 
basis, the content of the n-C^Ha homolog is NLT 40.0%, 
and the content of the h-CmHjp homolog is NLT 20.0% of 
the total alkylbenzyldimethylammonium chloride content. 
The amount of the n-CizHzs and homolog com¬ 

ponents together is NLT 70.0% of the total alkyJbenzyldf- 
methylammomum chloride content, The totaf alkylbenzyl- 
dimethylammonium chloride content, calcu la ted on the 
anhydrous basis, with allowance madę for the amount of 
residue on ignition, is NLT 97.0% and NMT 103.0% of 
[CdH sC HaN(CHi)jR|C I. 

IDENTIFICATION 

- A. 

Analysis: To 2 mL of a solution (1 in 100) add 1 mL of 
2 N nitric add. 

Acceptance criteria: A white predpitate is formed and 
is dissolved after adding 5 ml of alcohoL 

* B. 

Analysis: Dissolve 200 mg in 1 mL of sulfuric add, add 
100 mg of sodium nitrate, and heat on a steam bath 
for 5 min. Cool, di lute with water to 10 mL, add 
500 mg of zinc dust, and warm for 5 min on a steam 
bath. To 2 mL of the elear supematant, add 1 mL of 
sodium nitrite solution (1 in 20), cool in ice water, and 
then add 3 mL of a solution of 500 mg of 2-naphthol in 
10 mL of 6 N ammonium hydroxide, 

Acceptance criteria: An orange~red color is produced. 

* C. Identification Tests—General, Chloride (191): The so¬ 

lution in a mixture of equal volumes of water and alcohol 
meets the reouirements. 

* D, The retention times of the major peaks for benzalko¬ 

nium chloride of the Sample solution correspond to those 
of the Standard solution, as obtained In the test for Ratio 
of Alkyl Components . 

ASSAY 

« Ratio of Alkyl Components 

Solution A: Adjust a 0.1 M solution of sodium acetate 
with glacial acetic add to a pH of 5.0. 

Mobiie phase: Aceton i tri le and Solution A (9:11). Ac eto- 
nitrEle and Solution A may be adjusted from (2:3) to 
(3:2) to meet system suitabifity reguirements. 

Standard solution: 4 mg/mL of benzalkonium chloride 
from USP Benzalkonium Chloride RS and water 
Sample solution: 4 mg/mL of Benzalkonium Chloride 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector; UV 254 nm 

Column: 3.9-mm x 30-cm; packing L10, or 4.6-mm x 
25-cm; 10-jim packing LI0 
Flow ratę: 2 m L/min 
Injectton volume: 20 liL 
System sultability 
Sample: Standard solution 

[NOTĘ—See Tobie 1, Relative retention times are pro- 
vided for information only, and the Standard should 
be used to ensure approprrate peak Identification,] 


Tabfle 1 


Name 

Relative 

Retention 

Time 

Cio homolog 

0.9 

Ci? homolog 

1.0 

Cu homolog 

1.3 

Ctb Ii om ol dc 

1.7 


Suitability reguirements 
Resolution: NLT 1.5 between the Cu and Cm 
homologs 

Relative standard deviation: NMT 2.0% for the Cu 
homolog 
Analysis 

Samples: Standard solution and Sample solution 
identify the homolog peaks by comparison of the reten 
tion times of the Sample solution with those of the 
Standard solution, 

Calculate the pereentage of each guaternary ammo¬ 
nium homolog in the portion of Benzalkonium Chlo¬ 
ride taken: 

Result = — x 100 


ru = peak area of each homolog from the Sample 
solution 

M r - molecular weight of each homolog. The 

moleeufar weights of Go, Cu, Cu t and Cis 
homologs are 312, 340, 368, and 396, 
respectively. 

Acceptance criteria: On the anhydrous basis, the con¬ 
tent of the n-CuHis homolog is NLT 40.0% and the 
content of the h-C-uHm homolog is NLT 20.0% of the 
total alkyl benzyldi methy lam mon ium chloride content. 
The amount of the rł-CuHzs and n-CuHjw homolog 
components together is NLT 70.0% of the total afkyl- 
benzyldimethylammonium chloride content, 

• Total Alkylbenzyldimethylammonium Chlorides 
Sample: Weigh a ąuantity of Benzalkonium Chloride 
equivalent to 500 mg of anhydrous benzalkonium 
chloride. 

Analysis: Transfer the Sample , with the aiti of 35 mL of 
water, to a gtass-stoppered, 250-mL conical separator 
containing 25 mL of methylene chloride. Add 10 mL of 
0.1 N sodium hydroxide, and 10.0 mL of freshly pre- 
pared potassium iodide solution (1 in 20). Insert the 
stopper into the separator, shake, allow the layers to 
separate, and discard the methylene chloride fayer. 
Wash the aąueous layer with three 10-mL portions of 
methylene chloride, and discard the washings. Transfer 
the aqueous layer to a glass-stoppered, 250-mL conical 
fiask, and rinse the separator with three 5-mL portions 
of water, adding the washings to the fiask. Add 40 mL 
of cold hydro thloric acid to the fiask, mix, and titratę 
with 0.05 M potassium iodate VS until the solution be- 
comes light brown in color. Add 5 mL of methylene 
chloride, insert the stopper into the fiask, and shake 
vigorously. Continue the t i trat i on, dropwtse, with shak- 
ing after each addition, until the methylene chloride 
layer no longer changes color and the agueous layer is 
elear yellow. Record the titrant volume, V tf in mL. Per- 
form a blank determination, using 20 mL of water as 
the sample, and record the titrant vo!ume, V br in mL. 
[Notę—Y fe > V t Ą The difference between the two titra- 
tions represents the amount of potassium iodate equiv- 
alent to the weight of benzalkonium chloride in the 
sample. Each mL of 0.05 M potassium iodate is eq uwa¬ 
leni to x/10 mg of benzalkonium chloride, where x rep- 
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resents the average molecular weight of the sample, de- 
rived by summing, for all homologs, the products: 

Resull (,v) = '£\(r„lr r )xM t ] 

i 

fu - peak area of each homolog from the Ratio of 
Alkyl Components test 

r T = sum of all the peak areas of the homologs 
from the Ratio of Aikyl Components test 
M r - molecular weight of each homolog. The 

molecular weights of the Cio, Cu, Cu, and 
Ci« homologs are 312, 340, 368, and 396, 
respectively. 

Acceptance criteria: 97.0%-l 03.0% on the anhydrous 
basis 

IMPURITIES 

* Residue om Ignition <281); NMT 2,0% 

* Limit of Amines and Aminę Salts 

Sample: 5.0 g of Benzalkonium Chloride 
Analysis: Dissolve the Sample by heating carefully (e.g,, 
on top of a steam bath with water as the steam source) 
in 20 mL of a mixture of methanol and I N hydrochfo* 
ric acid VS (97:3). [Notę—T he mixed sofution, however, 
must not reach the boiltng point.] Add 100 ml of bo- 
propyl alcohol, and pass a stream of nitrogen slowly 
through the salution. Cradually add 12.0mL of 0.1 N 
tetrabutylammonium hydroxide VS while recording the 
potentiometric titration curve. 

Acceptance criteria: If the curve shows two inflection 
points, the volume of titrant added between the Ewo 
points is NMT 5,0 mL, corresponding to NMT 
0.1 mmol/g of amines and aminę salts. If the curve 
shows no point of inflection, the substance being ex- 
amined does not compfy with the test If the curve 
shows one point of Enflection, repeat the test, but add 
3.0 mL of a 25.0 mg/mL solution of dimethyldecy- 
lamtne in isopropyl alcohol before the titration. If after 
addition of 12.0 mL of the titrant, the titration curve 
shows only one point of inflection, the substance being 
exammed does not compfy with the test. 

* Limit of Benzyl Alcohol, Benzaldehyde, and 

(CHLOROMETHYL)BENZENE 

[NOTE—Prepare the Solutions im mediately before use.] 
Solution A: Dissolve 1.09 g of sodium l-hex- 
anesulfonate and 6.9 g of monobasic sodium phosphate 
in water in a 1000-mL volumetric fiask, adjust with 
phosphoric acid to a pH of 3.5, and dilute with water 
to Yolume, 

Solution B: Methanol 
Mobile phase: See Tobie 2. 


Tafcie 2 


Time 
(mi n) 

Solution A 
(%) 

Solution B 

0 

80 

20 

10 

80 

20 

14 

50 

50 

35 

50 

50 

36 

20 

80 

55 

20 

80 

56 

80 

20 

65 

80 

20 


Standard solution A: 0,25 mg/mL of USP Benzyl Alco¬ 
hol RS in methanol 

Standard solution B: 0.075 mg/mL of USP Benzalde¬ 
hyde RS in methanol 


Standard sofution C: 0.025 mg/mL of USP Benzyl Alco 
hol RS in methanol, prepared from Standard solution A 
and methanol 

Sample solution: 50 mg/mL of Benzalkonium Chloride 
in methanol 

Chromatographk system 

(See Chromatograpny <621), System Suitability.) 

Modę: LC 

Detector: UV 210 nm for benzyf alcohol and 
(chloromethyl)benzene; UV 257 nm for benzaldehyde 
Column: 4.6-mm x 15-cm; 5-)im packing LI 
Column temperaturę: 30° 

Flow ratę: 1.0 mL/min 
Injectron vofume: 20 pL 
System suitability 

Samples: Standard solution A t Standard solution B , 
Standard solution C, and Sample solution 
[Notę—S ee Tabfe 3 for relative retention times.] 


Tafcie 3 



RelatiYe 


Retention 

Na me 

Time 

Benzyl alcohol 

1.0 

Benzaldehyde 

T3 

(C h Eorometh vl Ib en zene 

2.4 


Suitability reguirements 

Relative standard deviatfon: NMT 5.0% for benzyl 
alcohol. Standard solution A 

Signal-to-noise ratio: NLT 10 for the principal peak, 
standard solution C 
Analysis 

Samples: Standard solution A, Standard solution B t 
Standard solution C, and Sample solution 
Calculate the content of (chloromethyl)benzene by mul- 
tiplying the peak area of (chloromethyl)benzene by 
1.3, [Notę —The correction factor is used to adjust for 
basellne shift.] 

Acceptance criteria 

Benzyl alcohol: The response of the benzyl alcohol 
peak from the Sample solution is NMT that of the ben¬ 
zyl alcohoi peak from Standard solution A, correspond- 
ing to NMT 0.5%. 

Benzaldehyde: The response of the benzaldehyde 
peak from the Sample solution is NMT that of tne ben¬ 
zaldehyde peak from Standard solution B, correspond¬ 
ing to NMT 0.15%. 

(Chloromethyl)benzene: The response of the 
(chloromethył)benzene peak from the Sample solution 
is NMT 0.1 limes that of the prmcipa! peak from Stan¬ 
dard solution A f corresponding to NMT 0.05%. 

SPECIFIC TESTS 

* Acidity or Alkalinity 

Sample: 0.5 g of Benzalkonium Chloride 
Analysis: Dissolve the Sample in water, dilute with 
water to 50 mL, and mix. Add 0.1 mL of bromocresol 
purple TS. 

Acceptance criteria: NMT 0.5 mL of 0.1 N hydrachlo- 
ric acid or 0.1 N sodium hydroxtde is requireo to 
change the color of the indicator. 

* WATER PETERMiNATiON, Method I <921): NMT 15.0% 

o Water-Insoluble Matter: A solution (1 in 10) is free 

from Lurbidity and Insoluble matter. 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage; Preserve in tight containers. No 
storage reguirements speciffed. 
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® USP Reference Standards (11) 
USP Benzaldehyde RS 
USP Benzalkonium Chloride RS 
USP Benzyl Alcohol RS 


Ben za Ikon i ym Chloride Soluttion 


OEFINITION 

Benzalkonium Chloride Solution contains NIT 95.0% and 
NMT 105.0% of the labeled amount of benzalkonium 
chioride In a solution having a concentration of 1.0% or 
morę; and NLT 93.0% and NMT 107.0% of the labeled 
amount of benzalkonium chloride in a solution having a 
concentration of less than 1.0%. It may contain a suitable 
coloring agent and may contasn NMT 10% of alcohol. 

[Caution —Mixing Benzalkonium Chloride Solution with or- 
dinary soaps and anionie detergents may decrease or de- 
stroy the bacteriostatic activity of the Solution,] 

IDENTIFICATION 

® A. 

Analysis: To 2 ml of a solutton having an equivalent of 
10 mg/ml of benzalkonium chloride add 1 mL of 2 N 
nitric acid. 

Acceptance criteria: A white precipltate is formed and 
is dissolved after adding 5 ml of alcohol. 

* B. Identification Tests—General (191), Chloride: A solu- 

tion of It in a mixture of equa! volumes of water and 
alcohol meets the requirements. 

® C 

Analysis: Dissolve the residue, obtained by evaporating 
on a steam bath a volume of Solution equivalent to 
200 mg of benzalkonium chloride, in 1 mL of sulfuric 
acid. Add 100 mg of sodium nitrate, and heat on a 
steam bath for 5 min. Cool, dilute with water to 10 mL, 
add 500 mg of zinc dust, and warm for 5 min on a 
steam bath. To 2 mL of the dear supernatant add 1 ml 
of sodium nitrite solution (1 in 20), coo[ in ice water, 
then add 3 mL of a solution of 500 mg of 2-naphthol in 
10 mL of 6 N ammonium hydroxide. 

Acceptance criteria: An orange-red color is produced. 

* D. Chromatographic Identity 

Analysis: Proceed as directed in the test for Ratio of 
Alkyl Components. 

Acceptance criteria: The retention times of the major 
peaks for benzalkonium chforide of the Sample solution 
correspond to those of the Standard solution . 

ASSAY 

* Ratio of Alkyl Components 

Solution A: Adjust a 0.1 M solution of sodium acetate 
with gladal acetic acid to a pH of 5.0. 

Mobile phase: Acetonitrile and Solution A (9:11). Aceto- 
nitrile and Solution A may be adjusted from (2:3) to 
(3:2) to meet system suita bil ity requirements. 

Standard solution: 4 mg/mL of benzalkonium chloride 
prepared from USP Benzalkonium Chloride RS and 
water 

Sample solution: Transfer a vo3ume of Solution, equiva- 
lent to 400 mg of benzalkonium chloride, to a 100-mL 
volumetric fiask, and dl fu te with water to voiume. 
Chromatographrc system 
(See C hromatogmpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 

Column: 3.9-mm x 30-cm; packing L10 or 4.6-mm x 
25-cm; 10-pm packing L10 


Flow ratę: 2 mL/min 
Injection vo!ume: 20 pL 
System suitability 
Sample: Standard solution 

[Notę —See Tobie 1. Refative retention times are pro- 
vided for Information only, and the Standard should 
be used to ensure appropriate peak Identification.] 


Table 1 


Name 

Reiative 

Retention 

Time 

Cm homoloci 

0,9 

Ci 3 hoinoloa 

1,0 

Cu homoloa 

1.3 

Cifi homoloq 

1.7 


Suitability requirements 
Resolution: NLT 1.5 between the C 12 and Ch 
homologs 

Relative standard deviation: NMT 2 0% for the C 12 
homolog 
Analysis 

Samples: Standard solution and Sampfe solution 
Identify the homolog peaks by comparison of the reten¬ 
tion times from the Sampfe solution with those of the 
Standard solution . 

Calculate the percentage of each guaternary ammo¬ 
nium homolog in the portion of Solution taken: 

Result = - — *100 


fu - peak area of each homolog from the Sample 
solution 

M r - molecular weight of each homolog. The 

molecular weights of the C 10 , Q 2i Cu, and 
Cn homologs are 312, 340, 368, and 396, 
respectively. 

Acceptance criteria: On the solid basis, the content of 
the n-C] 2 H 25 homolog ts NLT 40.0%, and the content of 
the 0 -C 14 H 29 homofog is NLT 20,0% of the totaf alkyl- 
benzyldimethylammonium chloride content. The 
amount of the n-Cizhhs and n-Cuhb? homolog compo¬ 
nents together is NLT 70.0% of the to tal alkyl benzyldi¬ 
methylammonium chloride content. 
o Total Alkylbenzyldimethylammonium Chlorbdes 
Sample solution: Evaporate or dilute with water to 
30 mL a vofume of Solution equivaient to 500 mg of 
benzalkonium chloride. 

Analysis: Transfer the Sample solution , with the a id of a 
minimum quantity of water, to a glass-stoppered, 
250-mL conicaf separator Transfer 25 mL of methylene 
chloride, Add 10 ml of 0.1 N sodium hydroxide, and 
10.0 ml of freshly prepared potassium iodide solution 
(1 in 20), insert the stopper in the separator, shake, 
a I Iow the layers to sep a ratę, and discard the methylene 
chloride layer* Wash the agueous layer with three 
IG-mL portions of methylene chloride, and discard the 
washings* Transfer the agueous layer to a glass-stop- 
pered, 250-mL conicai fiask, and rinse the separator 
with three 5-mL portions of water, adding the washings 
to the fiask. Add 40 mL of cold hydrachloric acid to the 
fiask, mix, and titrate with 0.05 M potassium iodate VS 
untll the solution becomes light brown in color. Add 
5 mL of methylene chloride, insert the stopper into the 
fiask, and shake vigorausly. Continue the titration, 
dropwise, with shaking after each addition, until the 
methylene chloride layer no longer changes color and 
the aaueous layer is dear yeflow. Record the titrant vol- 
ume. W, in ml. Perform a blank determination, using 
20 mL of water as the sample, and record the titrant 
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volume, V B/ In ml, [NOTĘ— V s > Vj.] The difference be¬ 
tween the two titrations represents the amount of po- 
tasstum iodate equivajent to the weight of benzalko¬ 
nium chloride in the sample. Each mL of 0.05 M 
potassium iodate is equivafent to x /10 mg of benzafko- 
nium chloride, where x represents the average mofecu- 
Jar weight of the sample, derwed by summing, for all 
homologs, the products: 

Result {x) = Y<[(r u /r T )xM,] 

i 

r u = peak area of each homolog from the test for 
Ralf o of Afkyl Components 

r T - sum of a U the peak areas of the homologs 
from the test for Ratio of Afkyl Components 
M r - molecular weight of each homolog. The 

molecular weights of the C w , C^, and 
Ci 6 homologs are 312, 340, 368, and 396, 
respectively. 

Acceptance criteria 

For labeled concentrations of NLT 1.0%: 

95.0%-105.0% 

For labeled concentrations less than 1.0%: 

93.0%-l 07.0% 

OTHER COMPONENTS 
• Alcohol Content (if added) 

Diluent: 2-Propanol and water (8:2) 
fnternal standard solution: 0.005 g/mL of tertiary bu¬ 
tyl alcohol in water 

Afcohol stock solution: 0.015 g/mL of alcoho! 

(C2H5OH) in water 

Standard Solutions: Introduce 1, 2, and 4 mL, respec- 
tively, of Alcohol stock solution In to three sep a ratę and 
identical 25-mL volumetric flasks. To each fiask add a 
5-mL portion of the Interna! standard solution. Di lute 
with Diluent to volume, and mix thoroughly. The Stan¬ 
dard Solutions contain 0.0006, 0.001 2, and 0.0024 g/ 
mL of alcohol (C 2 H 5 OH), respectively. 

Sample solution: WeEgh an appropriate amount of So¬ 
lution into a 25-mL volumetric fiask, and pipet 5 mL of 
the Interna! standard solution into the fiask. Di lute with 
Diluent to volume, and mix thoroughly to obtain a solu¬ 
tion containing 0.0006-0.0024 g/mL of alcohol 
(C 2 H 5 OH), 

Chromatographic system 

(See Chromatograpny (621), System Suita bili ty.) 

Modę: GC 

Detector: Flame ionization 

Coiumn: 0.32-mm x 1 5-m glass or guartz capillary; 
1.8-pm layer of phase G43 
Temperatures 
Injection port: 250 Q 
Detector: 320° 

Coiumn: See Table 2. 


Table 2 


JnitiaE 

Temperatury 

n 

Temperaturę 

Ramp 

<Vmin) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finaf 
Temperaturę 
(min) 

50 


50 

4 

50 

10 

70 

0 

70 

50 

300 

4 


Run time: 14.6 min 
Carrier gas: Helium 
Flow ratę: See Table 3 . 



Table 3 


Irtitial Flow 
(uiL/mira> 

Flow Ramp 
(mL/min 2 ) 

Fina! Flow 
(mL/min 1 ) 

Hołd Time at 
Finał Flow 
(min) 


.— 

1.4 

ó 

1.4 

S 

3 

8.6 


Injection volume: 0.5 jiL 
Injection type: Split, 75:1 

in et [mer: 4-mm Itner with deactivated glass wool 
System suitability 

Sample: Standard solution containing 0.0012 g/mL of 
alcohol (C 3 H 5 OH) 

[Notę—T he relative retention times for alcohol, 
2-propanol, and tertiary butyl alcohol are 0.75, 0.90, 
and 1.0, respective!y.] 

Suitability requirements 

Resolution: NLT 2.0 between 2-propanol and tertiary 
butyl alcohol 

Relative standard deviation: NMT 2% for the peak 
response ratio of alcohol to the interna! standard 
Analysis 

Samples: Standard Solutions and Sample solution 
Plot the peak response ratios of alcohol to tertiary butyl 
alcohol in the Standard Solutions versus the content, in 
g/mL, of alcohol, and draw the straight linę best fit- 
ting the plotted points. From the graph obtained, de- 
termfne the content, C, in g/mL, of alcohol (C 2 H 5 OH) 
in the Sample solution . 

Calculate the percentage of alcohol (C 2 H 5 OH) in the 
portion of Solution (v/v) taken: 


Result = {l/xCx D s )/(Wx D A ) x 100 

V = volume of the Sample solution f 25 mL 

D 5 nr density of the Solution (g/mL) 

W - weight of Solution taken to prepare the 
Sample solution (g) 

Da = density of alcohol (g/mL) 

Acceptance criteria: If present, 95.0%—1 05.0% of the 
labeled amount of alcohol (C2H5OH) 

1MPURITSES 

* Limit of Amines and Aminę Salts 

Sample: A quantlty of Solution equivalent to 5,0 g of 
benzalkonium chloride 

Analysis: DIssolve the Sample by heating carefully (e.g., 
on top of a steam bath with water as the steam source) 
in 20 mL of a mixture of methanol and 1 N hydrach lo- 
ric acid VS (97:3), [Notę—T he mixed solution, however, 
must not reach the boiling point.] Add 100 ml of iso- 
propyt alcohol, and pass a stream of nitrogen slowly 
through the solution. Gradualfy add 12.0 mL of 0.1 N 
tetrabutylammonium hydrox ide VS while recording the 
potentiometnc titration curve. 

Acceptance criteria: If the curve shows two inftection 
points, the volume of titrant added between the two 
points is NMT 5.0 mL, correspondlng to NMT 
0.1 mmoJ/g of amines and aminę salts, If the curve 
shows no point of inflection, the substance being ex- 
amined does not comply with the test. If the curve 
shows one point of inflection, repeat the test, but add 
3.0 mL of a 25.0 mg/mL solution of dimethyldecy- 
laminę in isopropyl alcohol before the titration, tf after 
the addition of 12,0 mL of the titrant, the titration 
curve shows only one point of inflection, the substance 
being examined does not comply with the test. 
a Limit of Benzyl Alcohol, Benzaldenyde, and 

(CHLOROMETHYL)BENZENE 

[NOTĘ—Prepare the Solutions immediately before use.] 
Solution A: Dissolve 1.09 g of sodium l-hex- 
anesuifonate and 6.9 g of monobasic sodium phosphate 
in water in a 1000-mL vo!umetric fiask, adjust with 
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phosphoric acEd to a pH of 3.5, and dilute with water 
to volume. 

Sofution B: Methanol 
Mobile phase: See Table 4, 


Table 4 


Time 

(min) 

Solution A 
(%> 

Solution IB 

0 

80 

20 

10 

80 

20 

14 

50 

50 

35 

50 

50 

36 

20 

80 

55 

20 

80 

56 

80 

20 

65 

E0 

20 


Standard solution A: 0.25 mg/mL of USP Benzyl Afco- 
hol RS En methanol 

Standard solution B: 0.075 mg/mL of USP Benzalde- 
hyde RS in methanol 

Standard solution C: 0.025 mg/mL of USP Benzyl Alco- 
hol RS in methanol, prepared from Standard solution A 
and methanol 

Sample solution: Determine the denslty of the Solu- 
tion. DE lute a quantlfy of the Solution equivalent to 
2.5 g of benzalkonium chloride with methanol to 
50,0 mL. Thrs solution contains 50 mg/mL of benzalko¬ 
nium chloride. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 210 nm for benzyl alcohol and 
(chloromethyl)benzene; UV 257 nm for benzaldehyde 
Column: 4,6-mm x 15-cm; 5-pm packing LI 

Column temperaturo: 30° 

Flow ratę: 1.0 mL/min 
InjecEion volume: 20jiL 
System suitability 

Samples: Standard sofution A, Standard solution B f 
Standard solution C, and Sample solution 
[Notę—S ee Tobie 5 for relative retention times.j 


Table 5 



Relatiye 


Retention 

Name 

Time 

Benzyl alcohol 

1.0 

Benzaldehyde 

1.3 

(Chloromethyl)benzene 

2,4 


Suitability requirements 

Reiative standard deviation: NMT 5.0% for benzyl 
alcohol, Standard solution A 

Signal-to-noise ratio: NLT 10 for the principal peak, 
Standard solution C 
Analysis 

Samples: Standard solution A f Standard sofution B , 
Standard sofution C, and Sample sofution 
Calculate the content of (chioromethyf)benzene by mul- 
tiplying the peak area of (chloromethyl)benzene by 
1.3. [NOTf.—The correction factor is used to adjust for 
baseltne shift] 

Acceptance criteria 

Benzyl alcohol: The response of the benzyl alcohol 
peak from the Sample sofution is NMT that of the ben¬ 
zyl alcohol peak from Standard solution Ą correspond- 
Eng to NMT 0,5%. 

Benzaldehyde: The response of the benzaldehyde 
peak from the Sample sofution Es NMT that of tne ben¬ 
zaldehyde peak from Standard solution B f correspond- 
ing to NMT 0.15%. 


(Chloromethyl)benzene: The response of the 
(ch3oromethyl)benzene peak from the Sample solution 
Es NMT 0.1 tfmes that of the principal peak from Stan- 
dard solution A, corresponding to NMT 0,05%. 

5PECIFIC TESTS 

* Microbfal Enumeration Tests (61) and Tests for Speoi- 
fied Microorganisms (62): A solution containing less 
than 5,0% of benzalkonium chloride meets the reguEre- 
ments of the test for absence of Pseudomonas aeruginosa. 

O ACIDITY OR ALKALINITY 

Sample sofution: Evaporate or dilute with carbon diox- 
ide-free water to prepare a 50-mL solution of 10 mg/mL 
□f benzalkonium chloride in water. 

Analysis: To the Sample solution add 0.1 mL of bromo- 
cresol purpie TS. 

Acceptance criteria: NMT 0.5 ml of 0.1 N hydrochlo- 
ric add or 0.1 N sodium hydroxide Es reguired to 
change the color of the mdicator. 

ADDITIONAL REQUJREMENTS 

* Packaging and Storage: Preserve in tight containers, 
and prevent contact with metals. 

* Labeling: Labę! Et to indicate the concentration of ben¬ 
zalkonium chloride, and to Endicate the name and guan- 
tity of the coloring agent added. The labeling also indh 
cates the concentration of alcohol added. 

* USP Reference Standards (11) 

USP Benzaldehyde RS 

USP Benzalkonium Chloride RS 

USP Benzyl Alcohol R5 


Benzethonium Chloride —see 

Benzethonium Chloride General Monographs 


Benzoic Add —see Benzoic Acid General 
Monographs 


Benzyl Alcohol _ 

Portions of the monograph text that are national USP text, 
and are not part of the harmonized text, are marked with 
symbols (**) to specify thls fact. 



C 7 H b O 108.14 

Phenylmethanol [100-51-6]. 

DEF1NITION 

Benzyl Alcohol contains NLT 98.0% and NMT the equivalenf 
of 100.5% of phenylmethanol (C?HaO). 

IDENTIFICATION 

• *A. INFRARED Absorption (197F): On undried specimen* 

ASSAY 

* PROCEDURĘ 

Phenolphfchafem solution: Dissolve OJ g of phenol- 
phthalein In 80 mL of ethanol (96%), and dilute with 
water to 100.0 mL. To test for sensith/Ety, add 100 mL 
of carbon dEoxideJree water to 0.1 mL of the Phenob 
phthalein solution. The solution is colorless. NMT 0.2 mL 
of 0,02 M sodEum hydroxide is required to change the 
color to pink. 
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Sample: 0,900 g 

Analysis: To the Sample add 15 ml of a freshly pre- 
pared mixture of dried pyridine and acetic anhydride 
(7:1), and heat under a reflux condenser on a borling 
water bath for 30 min. Cool, and add 25 ml of water. 
Ustnej 0.25 mL of Phenolphthakin solution as the indica- 
tor, titrate with 1 M sodium hydroxide VS* Carry out a 
blank titration. 

Calculate the percentage content of phenylmethanof 
(C 7 H a O): 

Result = 10.81 x (m - n 2 )/m 

nt - amount of 1 M sodium hydroxide used for the 
blank (mL) 

n 2 = amount of 1 M sodium hydroxide used for the 
sample (mL) 

m - amount of sample taken (g) 

Acceptance criteria: 98.0%-l 00,5% 

IMPURITIES 

o Fats and Fixed OlLS, Peroxide Value <401): NMT 5 

e RESIDUE ON EVAPORATION 

Analysis: After ensuring that the Benzyl Alcohol com- 
plies wEth the test for Fats and Fixed OHs, Peroxide Value f 
evaporate lO.Og to dryness in a tared quartz or porce- 
lain crucible or platinum dish on a hot piąte at a tem¬ 
peraturę not exceeding 200°, Ensure that the Benzyl AL 
cohol does not boli durlng evaporation. Dry the residue 
on the hot piąte for 1 h, and allow to cool in a 
desrccator. 

Acceptance criteria: The residue weighs NMT 5 mg, 
corresponding to NMT 0.05%. 

O ORGANIC IMPURITIES, BENZALDEHYDE, AND OTHER JRELATED 
SUBSTANCES 

Sample solution: Use the Benzyl Alcohol sample under 
examination. 

Standard solution A: Dissolve 0*100 g of ethyfbenzene 
En 10,0 mL of the Sample solution. Dilute 2*0 mL of this 
solution with the Sample solution to 20.0 mL, 

Standard solution B: Dissolve 2.000 g of dicydohexy! 
in 10.0 mL of the Sample solution, Dilute 2.0 mL of tnis 
solution with the Sample solution to 20.0 mL. 

Reference solution A (for use in nonparenteral applica- 
tions): Disso!ve 0.750 g of benzaldehyde and 0.500 g 
of cydohexy!methanol in the Sample solution , and dilute 
with the Sample solution to 25.0 mL. Add 1.0 mL of this 
solution to a mixture of 2.0 mL of Standard solution A 
and 3,0 mL of Standard solution B, and dilute with the 
Sample solution to 20,0 mL. 

Reference solution B (for use in pa ren terał appiica- 
tions): Dissolve 0,250 g of benzaldehyde and 0*500 g 
of cydohexylmethanoJ in the Sample solution, and dilute 
with the Sample solution to 25,0 mL. Add 1,0 mL of this 
solution to a mixture of 2.0 mL of Standard solution A 
and 2*0 mL of Standard solution B f and dilute with the 
Sample solution to 20,0 mL. 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: CC 

Detector: Flame Eonization 

Carrter: Helium, chromatography grade 

Carrier linear velocity: 25 cm/s, at 50" 

Detector temperaturę: 310° 

Coiumn: 30-m x 0.32-mm; 0.5-pm film thickness, G1 6 
Temperaturo 
Injector: 200° 

Column: See Tobie 1. 


I 


Table 1 


initiai 

Tempe rat tarę 

n. 

Temperaturę 

Ramp 

(°/min) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

50 

5 

220 

35 


System suitability 

Sample: For nonparenteral applications, use Reference 
solution A * For parenteral applications, use Reference so¬ 
fa don B. 

[Notę—T he retention time of benzyl ałcohoJ is about 26 
min* The relative retention times for ethylbenzene, di- 
cyclohexy3, benzaldehyde, cyclohexylmethanol, and 
benzyl alcohol are about 0.28, 0,59, 0.68, 0.71, and 
1,0, respectivefy.] 

Injection volume: 0.1 pL without air pług 
Suitability requrrements 

Sensitivity: Adjust the sensitivity of the detector so 
that the height of the peak due to ethylbenzene is 
NLT 30% of the fuli scalę of the recorder, 

Resolutron: NLT 3.0 between the peaks corresponding 
to benzaldehyde and cydohexyimethanol 
Analysis 

Samples: Sample solution and Reference solution A for 
nonparenteral applications and Reference solution B for 
parenteral applications 

Acceptance criteria (nonparenteral applications): ff any 
peaks are present in the chromatogram obtained with 
the Sample solution that have the same retention times 
as the peaks due to ethyl benzene and dieydohexyl, 
subtract the areas of any such peaks from the peak ar¬ 
eas at these retention times in the chromatograms of 
Reference solution A or Reference solution B (corrected 
peak areas of ethylbenzene and dicyclohexyl). Any such 
peaks in the Sample solution should be induded in the 
assessments for the total of other peaks. 

In the chromatogram obtained with the Sample solu¬ 
tion , the area of any peak corresponding to benzalde¬ 
hyde is NMT the difference between the area of the 
peak due to benzaldehyde in the chromatogram ob¬ 
tained with Reference solution A (0,15%) and the area 
of the peak due to benzaldehyde in the chromatogram 
obtained with the Sample solution. 

In the chromatogram obtained with the Sample solu¬ 
tion , the area ol any peak corresponding to cydohexyl- 
methanol is NMT the difference between the area of 
the peak due to cydohexylmethanol in the chromato¬ 
gram obtained with Reference solution A (0.10%) and 
the area of the peak due to cyclohexylmethanol in the 
chromatogram obtained with the Sample solution * 

In the chromatogram obtained with the Sample solu¬ 
tion , the sum ot the areas of any peak with a relative 
retention time less than that of benzyl alcoho! and 
apart from the peaks due to benzaldehyde and cyclo- 
hexylmethanof is NMT four times the area of 
ethylbenzene in Reference solution A t corrected if nec- 
essary as described above (0.04%). 

In the chromatogram obtained with the Sample solu¬ 
tion, the sum of the areas of any peak with a refative 
retention time greater than that of benzyl alcohol is 
NMT the area of dicyclohexyl in Reference solution A f 
corrected if necessary as described above (0,3%). 
Disregard any peak with an area less than 0.01 times 
that of the peak due to ethylbenzene in the chromato¬ 
gram of Reference solution A, corrected if necessary as 
described above. 

Acceptance criteria (parenteral applications): Ef any 
peaks are present in the chromatogram obtained with 
the Sampie solution that have the same retention times 
as the peaks due to ethyl benzene and dicyc!ohexyl, 
subtract the areas of any such peaks from the peak ar¬ 
eas at these retention times in the chromatograms of 
Reference solution A or Reference solution B (corrected 









NF 35 


Official Monographs / Betadex 7537 


peak areas of ethylbenzene and dicyclohexyl). Any such 
peaks in the Somple soiution should be induded in the 
assessments for tne total of other peaks. 

In the chromatogram obtained with the Sample solu- 
tion, the area of any peak corresponding to benzalde¬ 
hyde is NMT the drfference between the area of the 
peak due to benzaldehyde in the chromatogram ob¬ 
tained with Reference soiution B (0,05%) and the area 
of the peak due to benzaldehyde in the chromatogram 
obtained with the Sample soiution. 

In the chromatogram obtained with the Sample solu- 
tion, the area of any peak correspondlng to cydohexyl- 
methanol ts NMT tne difference between the area of 
the peak due to cydohexylmethanol in the chromato¬ 
gram obtained with Reference soiution B (0,10%) and 
the area of the peak due to eyclohexylmethanol in the 
chromatogram obtained with the Sample soiution. 

In the chromatogram obtained with the Sample solu - 
tiort , the sum of the areas of any peak with a re3ative 
retention ttme less than that of benzyl alcohol and 
a part from the peaks due to benzaldehyde and cycto- 
hexylmethanol Es NMT two times the area of 
ethytbenzene in Reference soiution B, corrected if neces- 
sary as descnbed above (0.02%). 

In tne chromatogram obtained with the Sample solu - 
tion f the sum of the areas of any peak with a relative 
retention time greater than that of benzyl alcohol is 
NMT the area of dicyclohexyl in Reference soiution B, 
corrected if necessary as described above (0.2%). 
Disregard any peak with an area less than 0,01 times 
that of the peak due to ethylbenzene in the chromato¬ 
gram of Reference soiution B , corrected if necessary as 
descnbed above. 

SPECIHC TESTS 

O ACIDITV 

Phenolphthalein soiution: Prepare as directed in the 
Assoy. 

Analysis: To 10 ml of Benzyl Atcohol add 10 mt of eth- 
anol (96%) and 1 ml of Phenolphthalein soiution . 

Acceptanee criteria: NMT 1 ml of 0.1 M sodium hy- 
droxide is reguired to change the color of Ehe indicator 
Lo pink. 

* *Clarbty of Solutbgn 

[NOTE“The Sample soiution is to be compared to Refer¬ 
ence suspension 1 in diffused dayfight 5 min after prepa- 
ration of Reference suspension 1.) 

Hydrazine soiution: Transfer LO g of hydrazine sulfate 
to a 100-mL vofumetric fiask, dissolve in and dilute with 
water to volume, and mix. Allow to stand 4-6 h before 
use. 

Methenamine soiution: Transfer 2.5 g of methenamine 
to a 1 00-mL glass-stoppered fiask, add 25.0 mL of 
water, Insert the gfass stopper, and mix to dissolve. 

Primary opalescent suspension: [Notę—T his suspen¬ 
sion is stable for 2 months, provided it is stored in a 
glass Container free from surface defects. The suspen¬ 
sion must not adhere to the glass and must be well 
mlxed before use.] Transfer 25.0 mL of Hydrazine solu - 
t/on to the Methenamine soiution in the 100-mL glass- 
stoppered fiask. Mix, and allow to stand for 24 h. 

Opalescence standard; [NOTĘ-—This suspension should 
not be used beyond 24 h after preparation.] Transfer 
15.0 mL of the Primary opalescent suspension to a 
1000-mL volumetric fiask, dilute with water to vo!ume, 
and mix. 

Reference suspension 1: Transfer 5,0 mL of the Opoles- 
cence standard to a 100-mL vo[umetric fiask, and ailute 
with water to volume. 

Reference suspension 2: Transfer 10.0 mL of the Opal¬ 
escence standard to a second 100-mL vo]umetric fiask, 
and di [u te with water to volume. 

Sample soiution: Dissofve 2.0 g of Benzyl Alcohol in 
60 mL of water. 


Analysis: Transfer a sufficient portion of the Sample so- 
lution to a test tubę of color less, transparent, neutral 
glass with a fiat base and an internaf diameter of 
15-25 mm, to obtain a depth of 40 mm. Stmilarfy 
transfer portions of Reference suspension 7, Reference sus¬ 
pension 2 , and water to separate matching test tubes. 
Compare the Sample soiution , Reference suspension 1, 
Reference suspension 2, and water in diffused dayiight, 
yiewing verticaliy against a black background (see 
Nephefometry, 7 urbidimetry, and Visua! Comparison 
(855), Visual Comparison). [Notę —The diffusion of llght 
must be such that Reference suspension 1 can readily be 
distinguished from water, and that Reference suspension 
2 can readlly be distinguished from Reference suspension 

Acceptanee criteria: The Sample soiution shows the 
same darity as that of water, or its opalescence is not 
morę pronounced than that of Reference suspension 1 .* 

o *cqlor of Soiution 

Sample soiution: Use the Sample soiution prepared in 
the test for Clarlty of Soiution ♦ 

Analysrs: Transfer a sufficient portion of the Sample so - 
lution to a test tubę of coiorless, transparent, neutral 
glass with a fiat base and an interna! diameter of 
15-25 mm, to obtain a depth of 40 mm. Similarly 
transfer a portion of water to a separate matching test 
tubę. Compare the color of the Sample soiution with 
that of water in diffused daylight, viewing vertical1y 
against a white background (see Nepheiometry, Turhi- 
d i metry, and Visual Comparison (855), Visual 
Comparison). 

Acceptanee criteria: The Sample soiution Has the color 
of water.* 

o Rffractive 1ndex (831): 1.538-1.541 at 20° 

ADDITIONAL REQUHRIEMIENTS 

o ^Labeling: Wliere Benzyl Alcohof is intended for use in 
the manufacture of parenteral applications, It is so la- 
beled.* 

* *Packaging and Storage: Preserve in tight containers, 
protected from light.* 

* *U$P Reference Standard* 

USP Benzyl Alcohol RS* 


Benzyl Benzoate —see Benzyl Benzoate 
General Monographs 
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(C 6 H,oOs) ? 1134.98 

Beta Cyclodextrin [7585-39-9], 

DEFINITION 

Betadex is a nonreducing cydic compound composed of 
seven alpha-(l^ł) iinked D-glucopyranosyl units. It eon- 
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tains NLT 98.0% and NMT 102.0% of betadex 
(OHłoOs)?, caiculated on the anhydrous basis. 

IDENTIFICATION 

• A, Snfrared Absorption (197K): On undried spedmen 
■ B. The retention time of the major peak of the Sample 

solution corresponds to that of the standard solution , as 
obtained in the Assoy, 

» O, !t meets the reguirements of the test for Optkol 
Rotation . 

• D. 

Sample: 0.2 g 

Analysis: Mix the Sample with 2 mL of iodine T5, warm 
in a water bath to dissolve, and allow to stand at roorr 
temperaturę. 

Acceptance criteria: A yeflow*brown predpitate fs 
formed. 

ASSAV 

* Procedurę 

Mobile phase: Methanol and water (7:93) 

System suitability solution: 0.5 mg/ml of USP Alpha 
Cyclodextrin RS, 0.5 mg/ml of USP Beta Cydodextrin 
RS, and 0.5 mg/mL of USP Gamma Cydodextnn RS 
Standard solution: 1,0 mg/ml of USP Beta Cyclodex- 
trin RS 

Sample stock solution: Transfer 250 mg of Betadex to 
a 25-mL volumetric fiask, and dissolve in water with the 
aid of heat if necessary, Cool, and dilute with water to 
vofume, 

Sample solution: 1 mg/mL of Betadex, prepared from 
the Sample stock solution , diluted with water 
Chromatographic system 
(See Chromatography (62 1), System Suitability.) 

Modę: LC 

Detector: Refractwe index 
Column: 4.6-mm x 15-cm; 5-pm packing LI 
Temperatures 
Column: 30* 

Detector: 40 a 
Flow ratę: 1.5 mL/min 
Injection volume: 50 pL 
System suitability 
Sample: System suitability solution 
[Notę—T he relative retention times for gamma 
cy tlodextrin, alpha tydodextnn, and beta cyclodextrin 
are 0.4, 0.5, and 1.0, respeetiveJy.] 

Suitability reguirements 

Resolution: NLT 1.5 between the gamma cydodex- 
trin and alpha cydodextrin peaks 
Tai ling factor: 0,8~2.O for tne three cydodextnns 
Relative standard deviation: NMT 2.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calcufate the percentage of betadex (CdHioO*)? in the 
portion of sample taken: 

Result = (rjr$ x (Cj/Cu) x 100 

ru - peak response from the Sample solution 

fs - peak response from the Standard solution 

Q - concentration of USP Beta Cydodextnn RS in 
the Standard solution (mg/mL) 

Cu - concentration of Beta CycTodextrin in the 
Sample solution (mg/mL) 

Acceptance criteria: 98,0%-lG2.0% on the anhydrous 
basis 

IMPURITIES 

* Residue on ICNmoN (281): NMT 0.1% 


Defete the foftowing: 

■ Heavy Metals, Method tl (231): NMT 5 pg/g© (dfnttoi 
2018 ) 


• Limit of Reducing Sugars 

Cuprk solution: 150 mg/mL of cupric sulfate 
Tartrate solution: 25 mg/ml of anhydrous sodium tar- 
bonate, 25 mg/mL of potassium sodium tartrate, 

20 mg/mL of sodium bicarbonate, and 200 mg/mL of 
anhydrous sodium sulfate 

Cupric-tartark solution: Immediately before use, mix 
1 part of Cuprk solution with 25 parts of Tartrate 
solution . 

Ammonium molybdate solution: 100 mg/mL of am- 
monium molybdate 

Dtsodium arsenate solution: 60 mg/mL of disodśum 
arsenate 

Ammonium molybdate reagent: Mix 10 mL of D/so* 
dium arsenate solution , 50 ml of Ammonium molybdate 
solution , and 90 mL of dtluted sulfunc acid, and dilute 
with water to 200 mL. 

Sample solution: Transfer 1.0 g of Betadex (as calcu- 
lated on the anhydrous basis) to a 100-mL vo]umetric 
fiask. Dissolve in and dilute with water that has been 
previously boiled and cooled to room temperaturę to 
vo!ume, and mix. To 1 mL of this solution add 1 mL of 
Cupric-tartark solution . Heat on a water bath for 10 
min, then cool to room temperaturę. Add 10 mL of Am¬ 
monium molybdate reagent , and allow to stand for 15 
min. 

Standard stock solution: 20 mq/L of USP Dextrose RS 
Standard solution: Prepare at tne same time as the 
Sample solution, To T mL of the Standard stock solution 
add 1 mL of Cupric-tartark solution. Heat on a water 
bath for 10 min, then cool to room temperaturę. Add 
10 mL of Ammonium molybdate reagent , and allow to 
stand for 15 min. 

Instrumenta! conditions 
(See Ultravioiet-Vislble Spectroscopy (857),) 

Modę: V1s 

Analytical wavelength: 740 nm 
Blank: Water 
Analysis 

Samples: Sample solution and Standard solution 
Acceptance criteria: 0,2%; the absorbance of the Sam¬ 
ple solution is NMT that of the Standard solution. 
m Limit of Light-Arsorbinc Impurities 

Sample solution: Transfer 1.0 g of Betadex (as calcu- 
lated on the anhydrous basis) to a 100-mL volumetnc 
fiask. Dissofve in and dilute with water that has been 
previously boiled and coofed to room temperaturę to 
volume. Mix, and pass through a filter of 0.2-pm porę 
size. 

Instrumenta] conditions 

(See Ultroviolet’Visihle Spectroscopy (857).) 

Modę: UV/Vjs 

Analytkal wavelength: 230-750 nm 
Celi: 1 cm 
Blank: Water 
Analysis 

Sample: Sample solution 
Acceptance criteria 
Absorbance: 

NMT 0.10, 230-350 nm 
NMT 0,05, 350-750 nm 

* related compounds 

Mobile phase. System suitability solution, Chromato¬ 
graphic system, and System suitability: Proceed as 
directed in the Assoy. 

Standard solution; 0,05 mg/ml each of USP Alpha 
Cyclodextrin RS, USP Beta Cydodextrin RS, and USP 
Gamma Cydodextrin RS from the System suitability solu* 
tion t diluted with water 

Sample solution: Use the Sample stock solution from 
the Assay. 
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Analysis 

Sam pies: Standard solution and Sample solution 
Acceptance criteria 

Alpha cyclodextrin: 0.25%; the area of any peak cor- 
respondtng to alpha cyelodextrrn rs NMT 0.5 times the 
area of the eorresponding peak from the Standard 
solution. 

Gamma cyeJodextrin: 0.25%; the area of any peak 
correspondlng to gamma cyclodextrin is NMT 0,5 
times the area of the correspondlng peak from the 
Standard solution. 

Other related substances: 0,5%; the sum of aJI of the 
peak areas, exduding the alpha cydodextrin, beta 
cyclodextnn, gamma cydodextnn, and artifact peaks is 
NMT the area of the peak due to betadex (beta 
cydodextrin) from the Standard solution. 

5PECIFIC TESTS 

o Microbial Enumeration Tests (61) and Tests for Specl 
fied Microorganfsms (62): The total aeroblc mtcrobial 
count does not exceed 10 3 cfu/g, and the total eom- 
bined moids and yeasts count does not exceed 10 2 cfu/ 
g. It meets the reguirements of the tests for absence of 
Salmonella spedes and Escherichia coli , 

* Optical RoTATfON, Specific Rotation (781S) 

Sample solution: 10 mg/mL in water 
Acceptance criteria: +160° to +164°, determined at 
20 ° 

* Water Determjnation, Method I (921): NMT 14.0% 

O Co LOR AND CL A RITY OF SOLLFTFON 

Sample solution: Dissolve 0,2 g in 20,0 mL of freshly 
boiled and cooled water. 

Acceptance criteria: The resulting solution is elear and 
coforless. 

■ PH (791) 

Sample solution: Add 0,1 mL of a saturated solution of 
potassium chfonde to 1 0 mL of a 10 mg/mL agueous 
solution of Betadex. 

Acceptance criteria: 5.0-8.0 

ADDITIDNAŁ REQUIREMENTS 

* Packaging and 5TORAGE: Preserve in tight containers. No 

storage reguirements specifled. 

* USP Reference Standards (11) 

USP Alpha Cydodextrin RS 
USP Beta CycIodextrin RS 
USP Gamma Cydodextrin RS 
USP Dextrose RS 


Betadex Sulfobutyl Ether Sodium 



C 42 H7G-rr035 ■ (GHaSOsNaJn 2163 when n — 6,5 

Beta cyc!odextrin sulfobutyl ethers, sodium salts; 

Beta cyclodextnn sulfobutyl ether sodium [182410-00-0]. 

DEFiNSTION 

Betadex Sulfobutyl Ether Sodium is prepared by alkylatfon of 
betadex using 1,4-butane sultone under basie condittons. 


The average degree of substitution in betadex is NLT 6,2 
and NMT 6.9. !t contains NLT 95.0% and NMT 105.0% 
of C^H/G-rrO^ ■ (GHaSOjNa^ (n - 6.2-6.9), calculated on 
the anhydrous basis, 

IDENTIFICATION 

O A, INFRARED ABSORPTION (197K) 

o B. The retention time of the major peak of the Sample 
solution corresponds to that of the Standard solution t as 
obtained in the Assay. 

® C. It meets the requirements of the test for Average De¬ 
gree of Substitution. 

« D, Identification Tests—General, Sodium (191) 

ASSAY 
« Procedurę 

Mobile phase: 0,1 M potassium nitrate in a mixture of 
acetonitrife and water (1:4) 

Standard solution: 10 mg/mL of USP Betadex 
Sulfobutyl Ether Sodium RS tn Mobile phase 
Sample solution: 10 mg/mL of Betadex Sulfobutyl 
Ether Sodium in Mobile phase 
Chromatographk system 
(See Chromatography (621), System Su i to bility.) 

Modę: LC 

D et e eto r: Refra cti ve i n dex 
Detector temperaturę: 35 ± 2° 

Column: 7,8-mm x 30-cm analytical column; packing 
L37. [Notę* —Rinse the column with a solution of ace- 
tonitrile and water (1:9) at the completion of the run 
series.] 

Ffow ratę: 1,0 mL/min 
Injection size: 20 jj.L 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of betadex sulfobutyl ether so- 
dium [GzH 7 o-n 0 3 5 - (GHsSCbNa),,] in the portion of 
Betadex Sulfobutyl Ether Sodium taken: 

Result = (r u fr$) x (G/G) x 100 

fij ~ peak response for betadex sulfobutyl ether 
sodium from the Sample solution 
ó = peak response for betadex sulfobutyl ether 
sodium from the Standard solution 
Cs - concentration of USP Betadex Sulfobutyl Ether 
Sodium RS in the Standard solution (mg/mL) 

Cu = concentration of Betadex Sulfobutyl Ether 
Sodium in the Sample solution (mg/mL) 
Acceptance criteria: 95,0%-l 05,0% on the anhydrous 
basis 

IMPURITIES 


Delete the foUowing: 

** Heavy Metals, Method II (231): NMT 5 ppm* (oma 

20TB) 

fi Limit of Beta Cyclodextrin (Betadex> 

Solution A: 25 mM sodium hydroxide 
Solution B: 250 mM sodium nydroxide and 1 M potas¬ 
sium nitrate 

Mobile phase: See Table 1. 


Tabte T 


Time 

(mml 

Solution A 
(%) 

Solution B 

(°/ol 

0 

100 

0 

4 

100 

0 
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Table 1 (Contlnued) 


Time 

(min) 

Solution A 
(%) 

Solution B 
(%) 

S 

0 

100 

10 

0 

100 

] 1 

100 

0 

20 

100 

0 


Standard solution: 2pg/ml of USP Beta Cydodextrm 
RS 

SampJe solution: 2 mg/mL of Betadex Sulfobutyl Ether 
Sodium 

Chromatographk system 

(See Chromatography (623), System Suitability and lon 
Chromatography <1065),) 

Modę: IC 

Detector: Puised amperometry (amperometric celi 
with gold working electrode and silver reference 
electrode) 

CoJumn 

Guard: 4.0-mm x 5-cm anion-exchange; packing L61 
Analytłcal: 4.0-mm x 25-cm amon-exchange; pack¬ 
ing L61 

Column temperaturę: 50 ± 2° 

Flow ratę: 1,0 ml/min 
Injection size: 20 pL 

Waveform for puised amperometric detector: See 

Table 2 . 


Table 2 


Time 

Voltage 

U) 1 

(V) 

0.00 

0.10 

0.30 

Start inteqration 

0.50 

0.10 

0.50 

StOD inteqration 

0.51 

0.60 

0.59 

0.60 

0.60 

-0,60 

0.6i 

-0.60 


System suitability 
Sample: Standard solution 
Suitability requirements 
Relatfve standard deviation; NMT 5.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calcu late the percentage of beta cyclodextrin (betadex) 
rn the portlon of Betadex Sulfobutyl Ether Sodium 
taken: 


Sample stock solution: 250 mg/mL of Betadex 
Sulfobutyl Ether Sodium in the InternaI standard solution 
Blank solution, and Sample Solutions A, B, C, and D: 
Follow Table 3 to place the quantities of Internal stan¬ 
dard solution , each Standard stock solution, Sample stock 
solution , water, or methylene chloride in each glass test 
tubę with a stopper, [NOTĘ—A screw-capped, 10-mL 
test tubę is suitable.] Mix on a vortex mixer each test 
tubę for 30 s, and ailow it stand for at least 5 min or 
until complete separation of the phase. Extract the or¬ 
ganie phase into a GC vial and seal. [Notę—W ith great 
care take the minimum possibfe amount of aqueous 
phase,] Added guantities of 1,4-butane sultone in Sam¬ 
ple Solutions Ą B, C, and D are 0.5, 1.0, 2,0, and 0 pg, 
respeotively. 


Table 3 


Sample Name 

Solution i 
Added 
(mLł 

Solution 2 
Added 

CmL) 

Methyl¬ 

ene 

Chloride 

Added 

(ml) 

Blank solution 

internal stan¬ 
dard solution, 
4.0 

Water, 1,0 

1,0 

Sample solution 

A 

Sample stock 
solution, 4.0 

Standard 
stock solu* 
tion A, 

TO 

1.0 

Sample solution 

B 

Sample stock 
solution, 4,0 

Standard 
stock solu¬ 
tion B # 

1.0 

1,0 

Sample solution 

C 

Sample stock 
solution, 4.0 

Standard 
stock solu¬ 
tion C, 

1.0 

TO 

Sample solution 

D 

Sample stock 
solution. 4,0 

Water, 1.0 

1,0 


[NOTĘ—Prepare immediately before use.] 
Chromatographk system 
{See Chromatography (62 1}, System Suitability.) 
Modę: GC 

Detector: Flame ionization 

Column: 0.32-mm x 25«m fused-silica capilfary col- 
umn; 0,5-pm layer of phase G46 

Temperaturę 
Detector: 270° 

Injection port: 20(F 

Column: See the temperaturę program in Table 4. 


Result - (rair$) x (Cs/G) x f x 100 


ru = peak response for beta cydodextrin from the 
Sample solution 

r* = peak response for beta cyclodextrin from the 
Standard solution 

Cs = concentration of USP Beta Cydodextrin RS in 
the Standard solution (pg/mL) 

C u = concentration of Betadex Sulfobutyl Ether 
Sodium in the Sample solution (mg/ml) 
f - conversion factor (10-* mg/pg) 

Acceptance criteria: NMT 0,1% 

• Limit of i,4-Butane Sultone 
Internal standard solution: 
sulfone 

Standard stock solution A: 0.5 pg/mt of 1,4-butane 
sultone 

Standard stock solution B: 
sultone 

Standard stock solution C: 

sultone 


0,25 pg/ml of diethyi 


1,0 pg/mL of 1,4-butane 
2.0 pg/mL of 1,4-butane 


Table 4 


Initial 

Temperaturę 

n 

Tempera¬ 
turę Ramp 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

100 

10 

200 

_ 

200 

35 

270 

5 


Carrier gas: Helium, typically at 12 psi inJet pressure 
Injection size: 1.0 pl 

Injection type: Splitless injection for 0.5 min, then 
spiit at 50 mL/min. [Notę—T he use of an appropriate 
splitless injection liner is recommended.] 

System suitability 
Sample: Sample solution B 

[Notę—T he reiathre retention times for diethyi sulfone 
and 1,4-butane sultone are 0,7 and 1,0, respectiveiy.] 
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Suitability reguirements 
Relative standard deviation: NMT 10.0% 

Analysis 

Samples: Blank solution, Sample Solutions A, B, C, and 
O 

Correct the ratio of peak responses of ttie 1,4-butane 
sultone to diethyt sulfone in Sample solution A, B f C, or 
D by subtractmg the ratio of peak responses of the 
1,4-butane su I tonę to ethyl sulfone in the Blank solu- 
tion . Plot the corrected ratio of peak response of 1,4- 
butane sultone to peak response of diethyl sulfone in 
Sample solution A, B, C or D, versus the added quan- 
ttty, in fig, of 1,4-butane sultone. Extrapolate the linę 
joining the points on the graph until it meets the 
guantity axis, The distance between this point and the 
intersection of the axes represents the quant(ty of 1 ,4- 
butane sultone, Ą in pg, in the 4-mL portion of 5om- 
ple stock solution. Calculate the content of 1,4-butane 
sultone in the portion of Betadex Sulfobutyl Ether So¬ 
dium taken: 

Result - Al{Vt xt x Cu x F) 

A = determined above 

Vtxi - volume of the Sample stock solution used in 
the extraction step, 4*0 mL 
Cu - concentration of Betadex Sulfobutyl Ether 

Sodium in the Sample stock solution (mg/mL) 

F - conversion factor (10* g/mg) 

Acceptance criteria: NMT 0.5 ppm 
• Limit of Sodium Chloride, 4-Hydroxybutane-vsułfonic 

ACID, AND B15 (4 - SULFOBUTYL) ETHER DiSODIUM 

Solution A: 5 mM sodium hydroxide, degas in a closed 
vessel for 15 min 

Solution B: 25 mM sodium hydroxide, degas rn a 
closed vessel for 15 min 
Mobile phase: See Table 5. 


Table 5 


Time 

(min) 

Solution A 

(%> 

Solution B 

(%> 

0 

100 

0 

4 

700 

0 

10 

70 

30 

24 

70 

30 

25 

100 

0 

40 

100 

0 


Column wash solution A: 50 mM sodium citrate 
Column wash solution B: 150 mM sodium hydroxide 
Standard solution: Prepare a solution havinq known 
concentrations of 8 pg/ml of USP Sodium Cnloride RS, 
4 jig/mL of 4-hydroxybutane-l-sulfonie acid, and 4 jig/ 
mL of bis(4-sulfobutyl) ether disodium. 

Sample solution: 4 mg/mL of Betadex Sulfobutyl Ether 
Sodium 

Chromatographic system 

{See Chromatography (621), System Suitability and ton 
Chromotography (1065)0 

Modę: IC 

Detector: Conductivity 
Rangę: 30 )iS 
Current: lOOmA 

Column: fNGTE—At the end of eath run, clean the 
column using Column wash solution Aa ta flow ratę of 
1 mL/min for 35 min then using Column wash solution 
B at the same flow ratę for 35 min.] 

Guard: 4,0-mm x 5*0-cm anion-exchange; packing 
L61 

Analytical: 4.0-mm x 25-cm anion-exchange; pack- 
ing L61 . 


Column temperaturę: 30° 

Suppressor: Micromembrane anion autosuppressor 1 or 
a suitable Chemical suppression system 
Suppressant: Autosuppression 
Flow ratę: 1,0 mL/min 
fnjectkm size: 20jiL 
System suitability 
Sample: Standard solution 

[NoiE“Relative retention times are provided for infor- 
mation only. The relative retention times for 4-hydrox- 
butane-1-sulfonate ion, chioride ion, and 
is(sulfobutyl) ether ion are 1.0, 1.4, and 8.6, 
respectively.] 

Suitability reguirements 
Resolution: NLT 2.0 

Relatiye standard deviation: NMT 10,0% 

Analysis 

Sampies: Standard soiution and Sample solution 
Calculate the percentage of sodium chioride, 4-hydrox- 
ybutane-1-sulfonie acid, or bls(sulfobutyl) ether diso¬ 
dium in the portion of Betadex Sulfobutyl Ether So¬ 
dium taken: 

Result ^ (rufr*) x (Q/C v ) xFx 100 

r u = peak response for sodium chioride, 
4-hydroxybutane-1-sulfonie acid, or 
bisfsulfobutyl) ether disodium from the 
Sample solution 

fs « peak response for sod tum chioride, 
44iydroxybutane-l -sulfonie add, or 
bis(sulfobutyl) ether disodium from the 
Standard solution 

Cs ~ concentration of sodium chioride, 

4 - hy d ro xy b u ta ne-1 -su I fon ic a ci d, o r 
bis(sulfobutyl) ether disodium in the 
Standard solution (pg/mL) 

Cu - concentration of Betadex Sulfobutyl Ether 
Sodium in the Sample solution (mg/mL) 

F - conversion factor (ICH mg/pg) 

Acceptance criteria 
Sodium chioride: NMT 0*2% 

4- Hy droxy bu tan e -1 -sulfonie add: NMT 0.09% 
Bis(sulfobutyi) ether disodium: NMT 0*05% 

5PECIFIC TESTS 

* Bacterial Endotoxins Test (85): The leve! of bacterial 
endotoxins is such that the requirement under the rele- 
vant dosage form monograph(s) In which Betadex 
Sulfobutyl Ether Sodium is used can be met. Where the 
label States that Betadex Sulfobutyl Ether Sodium must 
be subjected to further processing dunng the preparation 
of injectable dosage forms, the fevel of bacterial endotox- 
ins is such that the requirement under the relevant dos¬ 
age form monograph(s) in which Betadex Sulfobutyl 
Ether Sodium is used can be met. 

* Microbial Enumeration Tests (61) and TESTS for Speci 
fied Microorganbsms (62): The total aerobic microbial 
count does not exceed 100 cfu/g, and the total com- 
bined molds and yeasts count does not exceed 50 cfu/g* 

It meets the reguirements of the test for absence of fs- 
cherichia coli. 

• Clarity of Solution 

Sample soiution: 30% (w/v) solution 
Analysis: Examine the Sample solution using a lighl box 
against white and black backgrounds, and record the 
presence of any haze, fluorescence, fibers, specks, or 
other foreign matter. 

Acceptance criteria: The solution is elear, and essen- 
tially free from parttdes of foreign matter* 

• Average Degree of SuBSTrrtmoN 

Run electrolyte: 30 mM benzoic acid and adjusted to a 
pH that is suitable for the instrument used by addition 


1 Availab[e as Anion SelL Reg en era ling Suppressor (ASRS) from Dione* Inc*, or 
equivalent- 
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of 100 mM tns(hydroxymethyl) ammomethane buffer, 
[Notę— Due to vanation between capillaries, a single 
universaf!y applicable electrolyte pM is not specified, In- 
stead, the optima! pH associated with each mdividual 
capillary should be determined according to the instru- 
mental manuał.] 

Standard solution: 10 mg/m L of USP Betadex 
Sulfobutyl Ether Sodium RS 

Sample solution: 10 mg/m L of Betadex Su If obuty ( 

Ether Sodium 

Capillary rinsing procedurę: Use sępa ratę run electro- 
lyte via!s for capillary rinse and sample analysis. Perform 
pre-ana!ysis rinses on a daily basis before each analysis: 
rinse the capillary with 0.1 N sodium hydroxide for 30 
min, with water for NLT 2 h, and with Run electrolyte 
for NLT 1 h. Perform pre-injeetion rinses prior to each 
injection as follows. Rinse tne capillary with 0.1 N so¬ 
dium hydroxide for NLT 1 min, and with Run electrolyte 
for NLT 3 min. If a new capillary is being used, in addi- 
tion to the recjular rinses descrtbed above, a new capil¬ 
lary reguires rrnstng before its first use. Rinse the new 
capilfary with 1 M sodium hydroxide for 1 h, foflowed 
by a 2 -n water rinse, 

Eiectrophoretic system 
(See Capillary Electrophoresls (1053).) 

Modę: Hign-performance CE 

Detecton !nverse UV 200 nm, with a bandwidth of 20 
nm. [NOTĘ—A detection wavelength of 205 nm with a 
bandwidth of 10 nm may be used as an altemativej 
Column: 50-pm x 50-cm fused silica column 
Column temperaturę: 25° 

Applied vo1tage: 0.00 to +30.00 kV linear ramp over 
10 min, then at 30 kV for a further 20 min 
Injection size: Eguai volumes at 0.5 psi for TO s 

System suitabrlity 
Sample: Standard solution 

[Notę— See Table 6 for the approximate relative mig ra¬ 
don times for betadex sulfobutyl ether sodium peaks 
I—X (betadex sulfobutyl ether sodium peaks I, II, III, ..., 
X, contains beta cydodextnn molecule with 1,2, 3, 

10 sulfobutyl substituent(s), respectivefy). The re!ative 
migration times are for informadonaf purposes only to 
aidin peak identification.] 

labie 6 


Betadex Sulfobutyl Ether 
Sodium Peaks l-X 

Relatlve MHaratkm Time 


0.58 

II 

0,63 

III 

069 

IV 

0.77 

V 

0,83 

VI 

0.91 

VII 

1.00 

VIII 

1.10 

IX 

1.20 

X 

1.30 


Record the electropherograms, and measure the peak 
responses for the individua! betadex sulfobutyl ether 
sodium peaks (I to X). Calculate the corrected peak 
area, A h for each peak in the eletropherogram: 

Corrected Peak Area Ą = PeakAfea * * EttBCtt " Leo 9 m <""l 

Migration Time 

Normalize the corrected peak areas by presentmg each 
as a percentage of the total corrected substitution en- 
velope area: 

A 

Normalized Area, NA t = ^ x1Q0 

IA 


n = highest level of substitution 
Determine the average degree of substitution: 

|>avel of Substitution for Peak xNA t ) 
Average Degrae of SubsUtution = -- 

Acceptance arteria: 6 .2-6.9 for average degree of 
substitution 

For each of betadex sulfobutyl ether sodium peaks l-X, 
see limit rangę (% peak area) in Table 7. 

Table 7 


Betadex Sulfobutyl Ether 
Sodium Peaks l-X 

Limit Rantje 
(% Peak Areał 

1 

0-0.3 

II 

0-0.9 

III 

0.5-5.0 

IV 

2.0-10.0 

V 

10.0-20,0 

VI 

15.0-25.0 

VII 

20.0-30.0 

VIII 

10,0-25,0 

IX 

2.0-12.0 

X 

0-4.0 


* ?H (791): 4.0-6.8, in a 30% (w/v) solution in carbon 

dioxide-free water 

* Water Determination, Method i ( 921): NMT 10,0% 

ADDITIONAL REQUIREMENT$ 

* Packaginc and Storage: Preserve in weILdosed contatn- 

ers, and storę at room temperaturę. Protect from 
moisture, 

® Labeling: Label it to indicate its use in the manufacture 
of injectable dosage forms. 

* OSP Reference Standards (11) 

USP Beta Cyclodextrin RS 

USP Betadex Sulfobutyl Ether Sodium RS 

USP Endotoxin RS 

USP Sodium Chlonde RS 


Suitability reguirements 

Resolution: NLT 0.9, between betadex sulfobutyl 
ether sodium peak IX and betadex sulfobutyl ether 
sodium peak X 
Analysis 

Samples: Run electrolyte, water, Standard solution t and 
Sample solution 

Inject the Standard solution and Sample solution by ap- 
plying differential pressure of 0.5 psi, equivaient to 34 
mbar, for 10 s, foltowed by injection of Run electrolyte 
at 0.5 psi for 2 s, [Notę— Pressure injections should be 
madę with a vial of water or Run electrolyte at the 
outlet end of the capillary.] 


Boric Acid 

HjBOj 61.83 

Boric acid (HjBOj) [1 0043-35-3]. 

DEFINITION 

Boric Acid contains NLT 99,5% and NMT 100.5% of boric 
acid (H 3 BO 3 ), calculated on the drred basis. 

IDENTIFICATION 

* A, Identification Tests—General, 8orate<191); Meets 
the reguirements 
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ASSAY 
• Procedurę 

Sample solution: Dtssolve 2 g of Boric Acid in 100 mL 
of a rrmture of glycerin and water (1:1), previously neu- 
tralrzed to phenolphthalein TS. 

Analysis; Titrate the Sample solution with 1 N sodium 
hydroxide VS. Discharge the pink color by the addition 
of 50 mL of glycerin, neutralized to phenofphthalein TS, 
and continue the titration until the pink color reap- 
pears. Each mL of 1 N sodium hydroxlde is equivalent 
to 61* *83 mg of H*BG 3 * 

Acceptance criteria: 99*5%-100*5% on the dried basis 

IMPURITIES 


Detete the fottowłng: 

•* Hiavy Metals, Method i (231) 

Test preparation: Dissolve 1 g in 23 mL of water, and 
add 2 mL of 1 N acetic acid* 

Acceptance criteria: 20 jig/g# mm 1 W 2018 ) 

SPECIFIC TE5TS 

• Loss ON Drying (731) 

Analysis: Dry over silica gel for 5 h* 

Acceptance criteria: NMT 0.5% 

• SOLUBILITY IN ALCOHOL 

Sample solution: 1 g m 10 mL of boiling alcohol 
Acceptance criteria: tt dissolves completely* 

• COMPLETENESS OF SOLUTION 

Sample solution: 1 g in 25 mL of water 
Acceptance criteria: It produces a elear solution. 

ADDITION AL REQU!ftEJVIENT5 

• Packaging and Storage; Preserve in wefJ-dosed 
contain ers* 

• LabiunG: Label the Container with a warning that it is 
not for intemal use. 


Butane 


OH,o 58*12 

n-Butane [106-97-8]* 

DEFJNITION 

Butane contains NLT 97.0% of butane (OHi 0 ). 

[Caution— Butane is highJy flammable and explostve.] 

IDENTIFICATION 

• A, Infrared Absorption: £xhibits maxima, among 

others, at the foliowfng wave!enqths, in Lim: 3.4 (vs), 6.8 
(s), 7.2 (m), and 10.4 (m) 

9 B. 

Sample: Use an empty stainless Steel cylinder equipped 
with a stainless Steel valve, having a capacity of NLT 
200 mL, and a pressure rating of 240 psi or morę. Dry 
the cylinder with the valve open at 110° for 2 h, and 
evacuate the hot cylinder to less than 1 mm of mercury, 
Close the valve, cool, and weigh* Connect one end of 
a charging linę tightiy to the butane Container and the 
other end looseiy to the empty cylinder, Carefully open 
the butane Container, and allow the butane to fiush out 
the charging linę through the loose oonnectlon. Avoid 
excessive flushing, whicn causes moisture to freeze rn 
the charging linę and connections. Tighten the fitting 
on the empty cylinder, and open the empty cylinder 
valye, a Iłowi ng the butane to flow into the evacuated 
cylinder. Continue sampling until the desired amount of 
butane is obtained, then close the butane Container 
valve, and finally close the sample cylinder valve* [Cau- 
Tion —Oo not overload the sample cylinder; hydraulic 
expansion due to temperaturę change can ca use over- 


loaded cyllnders to explode.] Wetgh the charged sam¬ 
ple cylinder, and determine the weight 
Analysis: Determine the yapor pressure of the Sample at 
21° by means of a suitabEe pressure gauge. 

Acceptance criteria: 205-235 kPa absolute (30-34 psia) 

ASSAY 
* PROCEDURĘ 

Chromatographic system 

(See Chromatograpny (621), System Suitabiiity .) 

Modę: GC 

Detector; Thermal conductivity 
Column: 3-mm x 6-m aluminum; packed with 10 
weight percent of liguid phase G30 on support 51D 
Column temperaturę: 33° 

Carrier gas: Helium 
Flow ratę: 50 ml/min 
Injection volume: 2 pL 
System suitabiiity 
Sample: n-Butane 

Suitabiiity requirements: The peak responses of n-bu- 
tane in the chromatograms from duplicate determina- 
tions agree wrthin 1 %* 

Analysis 

Samples: Connect one Butane cylinder to the chro- 
matograph through a suitable sampling valve and a 
flow contro! valve downstream from the sampling 
valve, Fiush the liquid spedmen through the sampling 
valve, taking care to avoid entrapment of gas or air in 
the sampling valve* 

Calculate the purity by dividing 100 times the rr-bu- 
tane response by the sum of ail of the responses* 
Acceptance criteria: NLT 97.0% 


SPECIFIC TESTS 

* High- Boiling residues 

Sample: Use the Sample from Identification test 8. 
Analysis: Prepare a cooJing coil from copper tubing 
(about ć-mm outside diameter x about 6.T-m long) to 
fit into a vacuum-jacketed fiask, fmmerse the cooling 
coil in a mixture of dry ice and acetone in a vacuum- 
jacketed fiask, and connect one end of the tubing to 
the Sample. Carefully open the sampfe cylinder valve, 
fiush the cooling coil with about 50 mL of the Sample , 
and discard this portion of figuefied sample* Continue 
delivering liquefied sample from the cooling coil, and 
collect ft in a previously chllled 1000-mL sedimentation 
cone until the cone is filled to the 1000-mL mark. Allow 
the sample to evaporate, using a warm water bath 
maintained at about 4Q D to reduce evaporating time. 
Wben ail of the liguid has evaporated, rinse the sedi¬ 
mentation cone with two 50-mL portions of pentane, 
and combfne the rfnsings in a tared 150-mL evaporat- 
ing dish. Transfer 100 mL of the pentane solvent to a 
second tared 150-mL evaporating dish, place both 
evaporat!ng dishes on a water bath, evaporate to dry- 
ness, and heat the dishes in an oven at 100° for 60 
min. Cool the dishes in a desiccator, and weigh. Repeat 
the heating for 1 5-mtn perrods until successive wetgh- 
ings are withln 0.1 mg, and calculate the weight of the 
residue obtained from the Sample as the difference be- 
tween the weights of the residues in the two evaporat- 
ing dishes. 

Acceptance criteria: NMT 5 pg/mt 

* Acidity of Residue 

Sample solution: Add 10 mL of water to the residue 
obtained in the test for High-Boiling Residues. 

Anafysis: Mix the Sample solution By swirling for 30 s, 
adef 2 drops of methyt orange TS, insert the stopper in 
the tubę, and shake vigorously, 

Acceptance criteria: No pink or red color appears in 
the agueous layer* 

* Limit of Sulfur Compounds 

Analysis: Carefully open the Container valve to produce 
a moderate flow of gas. Do not direct the gas stream 
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toward the face, but deffect a portion of the stream 
toward the nose. 

Acceptance criteria: The odor is free from the charac- 
teristic odor of sulfur compounds. 

* Watek D eter min ation (921) 

Sample: 100 g of the Sample from Identification test B 

Analysis; Proceed as direcled in the chapter with the 
following modifications. (a) Proyide the dosed-system 
titrating vessel with an opening through which passes a 
coarse-porosity gas dispersion tubę connected to a sam- 
pling cylinder, (b) Dilute the Reagent with anhydrous 
methanol to give a water equivafence factor of 
0.2-1.0 mg/mL; age this diluted solution for NLT 16 h 
before standardization. (c) Introduce the Sample into 
the titration vessel through the gas dispersion tubę at a 
ratę of about 100 ml/min; if necessary, heat the sample 
cylinder gentiy to maintain this flow ratę. 

Acceptance criteria: NMT 0.001% 

ADD1TIONAL REQUSREMENTS 

• PACKAGING AND Storage: Preserve in tight cylinders, and 

prevent exposure to excessive heat. 


Butyl Aicohol 


CH,CH 2 CH 2 CH 2 OH 74.12 

1-Butanol; 

1 -Butyl aicohol; 
n-Butanol; 

rc-Butyl aicohol [71-36-3]. 

DEFINITION 

Butyl Aicohol is n-buty! aicohol, It contains NLT 99.5% of n- 
butyl aicohol (C 4 H 10 O). 


IDENTIFICATION 

* A. INFRARED AbSORPTION (197F) 

* B. The retention time of the major peak from the Sample 

solution corresponds to the 1 -butanol peak from the Sys¬ 
tem suitabiiity solution , as obtained in the Assay. 


ASSAY 
» Procedurę 

System suitabillty solution; USP 1-Butanol RS and U5P 
2-Methy[-l -Propanol RS (1:1) 

Reference solution; 0.1% of Butyl Aicohol in water 
Sample solution: Butyl Aicohol (neat) 
Chromatographic system 
(See Chromatograpny (621), System Suitabiiity.) 

Modę: GC 

Detector: Flame ionization 
Column: 0.53-mm x 30-m; coated with a 3.0-um 
thickness of phase G43 
Tempera tures 
Detector: 250° 

Injection port: 140° 

Column: See Table h 


Table 1 


Enitlal 

Temperaturę 

O 

Temperaturę 

Ramp 

P/min) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

40 

_ 

40 

20 

40 

10 

240 

20 



Carrier gas: Helium 
Flow ratę: 4.8-4.9 mL/min 

injection volume: 1 pL 

Injection type: Split injection, split ratio is 30:1 
[Notę—A needle wash with the Sample solution is rec- 
ommended to mimmize the carry* *over.] 

System suitabillty 
Sample: System suitabillty solution 
[NOTĘ—The 2-methybl -propanol peak typicalfy shows 
at about 11 min, and the 1-butanol peak at about 15 
min. See Table 2.] 


Table 2 



Relatiee 


Retention 


Time 

Component 

(RRT) 

2 -Methvl-1-DroDanol 

OJ 

1-Butanol 

TO 


System suitabillty reguirements 
Resolution: NLT 2.0 between 2-methyM -propanol 
and 1-butanol 

Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Reference solution and Sample solution 
Calcufate the pereentage of butyl aicohol in the portion 
of sample taken: 


Result = (rJr T ) x 100 

fu - peak response of butyl aicohol 
r T - sum of aII the peaks except the peaks each of 
which with an area less than 0.1 times the 
area of the major peak from the Reference 
solution 

Acceptance criteria: NLT 99.5% 

IMPURITIES 

• Limit of Butyraldehyde, 2-Butanol, Isobutył Ałcohol 
(z-Methyl-i-Propanol), and Butyl Ether 

Reference solution: 0.1% of Butyl Aicohol tn water 
Standard solution: 0,2% of USP Butyraldehyde RS, 
0.2% of butyl ether, 0.1% of USP 2-Methyl-1-Propanol 
RS, and 0.1% of USP 2-Butanol RS in Butyl Aicohol 
Sample solution and Chromatographic system: Pro* 
ceed as dfrected in the Assay. 

System suitabillty 
Sample: Standard solution 
[Notę—S ee Tobie 3.] 


Table 1 


Component 

Relative 

Retention 

Time 

(RRT) 

Butyraldehyde 

0.45 

2-Butanol 

0.5 

2-Me thvl-1-propanol 

0.7 

1-Butanol 

TO 

Butyl ether 

1.8 


System suitabillty requirements 
Resolution: NLT 1.5 between all adjacent peaks 
Analysis 

Samples: Reference solution , Standard solution , and 
Sample solution 

If any peaks are present in the chromatogram from the 
Sample solution that have the same retention times as 
the peaks due to butyraldehyde, 2-butanol, isobutył al- 
cohol (2-methyM-propanol), and butyl ether, subtract 
the areas of any such peaks from the peak areas at 
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these retention times in the chromatogram from the 
Standard solution, 

Result (Ar) - fu 

fj - peak response of each individual impurity 

(butyraldehyde, 2 -butanol, isobutyl alcohol, 
or butyl ether) in the Standord solution 
r u = peak response of each indMdual impurity 

(butyraldehyde, 2 -butanol, isobutyl alcohol, 
or butyl ether), if present, In the Sample 
solution 

Acceptanee criteria: See Tobie 4. Disregard any peak 
with an area less than 0.1 times the area of the major 
peak from the Reference solution, corresponding to 
0 . 01 %. 


Table 4 


Impurity 

Percentage 

BuLyraJdehyde 

In the chromatogram from the Sample solu- 
tion , the area of any peak corresponding to 
butyraldehyde, % is NMT half of the differ¬ 
ence (A/) between the area of the peak due 
to butyraldehyde In the chromatogram 
from the Standard solution and the area of 
the peak due to butyraldehyde in the chro¬ 
matogram from the Sample solution , corre- 
soondina to NMT 0.1%* 

2 -Butanol 

In the chromatogram from the Sample solu - 
tion, the area of any peak corresponding to 

2-butanol, r & is NMT the difference {A/} 
between the area of the peak due to 2- 
butanoi in the chromatogram from the 
Standard solution and the area of the peak 
due to 2-butanol in the chromatogram 
from the Sample solution, corresponding to 
NMT 0*1%. 

Isobutyl alcohol (2- 
Methyl-1 -orooanol) 

In the chromatogram from the Sample solu- 
tion , the area of any peak corresponding to 
2-methył-l-propanol, r u, is NMT the differ¬ 
ence (Ar) between the area of the peak due 
to 2-methyl-l -propanol in the chromato¬ 
gram from ihe Standard solution and the 
area of the peak due to 2-methyM-propa¬ 
nol in the chromatogram from the Sample 
solution. correspondino Lo NMT 0.1%. 

Buty] ether 

In the chromatogram from the Sample solu- 
don, the area of any peak corresponding to 
butyl ether, r Ul is NMT the difference (Ar) 
between the area of the peak due to butyl 
ether in the chromatogram from the Stan¬ 
dard solution and the area of the peak due 
to butyl ether in the chromatogram from 
the Sample solution^ corresponding to NMT 
0 .2%. 


5PECIF1C TE5TS 

* ACIDITY 

Sample: 74 ml (60 g) 

Anafysfs: Utratę the Sample with 0.020 N alcoholic po- 
tassium hydroKide, using phenolphthalein TS as the in- 
ciicator, until a pink color persists for NLT 15 s. 

Acceptanee criteria: NMT 25 ml is consumed. 

* Water Deternunatign, Method I (921): NMT 0*1% 

* Limit of Nonvolatile Residue 

Sample: 1 00 ml 

Anafysis: Evaporate the Sample in a ta red porcelain dish 
on a steam bath, and dry at 105° for 30 min* 

Acceptanee crlfeeria: The weight of the residue does 
not exeeed 4 mg (0.004%). 


ADDITIONAL REQUIREMENTS 

* Fackaginc AND Storage: Preserve in tight containers, 
and prevent exposure to excessive heat 

• USP Reference Standards (11) 

USP Butyraldehyde RS 

USP 1-Butanol RS 
USP 2-Butanol RS 
USP 2 - Met hy I-1 - Pro pa n ol RS 


Butyl Palmitostearate 


o 



DEFiNITION 

Butyl Palmitostearate rs a mteture of the butyl ester of ste- 
anc acid (CmH 3 6 0 2 ) and the butyl ester of palmltrc acid 
(C 16 H 32 0 2 ). It contains 40.0%-8G*0% of butyl stearate 
(C^HnOs)* The total percentage of butyl stearate 
(C^H-wOi) and butyl palmitate (C 2 OH 40 O 2 ) is NLT 90*0%. 

IDENTIFICATION 

• A. It meets the requirements of the test for Content of 

Butyl Palmitate and Butyl Stearate. 

ASSAY 

* Content of Butyl Palmitate and Butyl Stearate 

Standard solution A: 2.0 mg/mL of USP Butyl Stearate 
RS in chloroform 

Standard solution B: 1.0 mg/mL of USP Butyl Palmitate 
RS In chloroform 

System suitability solution: 1.4 pg/mL of USP Butyl 
Stearate RS and TOpg/mL of USP Butyl Palmitate RS In 
chloroform, prepared Trom Standard solution A, Standard 
solution 8, and chloroform 

Sample solution: 2.0 mg/mL of Butyf Palmitostearate in 
chloroform 

Chromatographic system 

(See Chromatogropny (621), System Suitability *) 

Modę: CC 

Detector: Flame ionization 

Column: 0.32-mm x 30-m capillary; bonded with a 
0,25-pm layer of thickness of phase G27 
Temperatures 
Detector: 280° 

Injection port: 280° 

Cofumn: See Table 1. 


Table 1 


inftial 

Temperaturę 

n 

Temperaturę 

Ramp 

L /min) 

Flnal 

Temperaturę 

Hołd Time at 
Finał 

Temperaturę 

(min) 

60 

_ 

60 

2 

60 

4 

250 

20.5 


Carrier gas: Helium 
Flow ratę: 1.4 mL/min 
Injection volume: 1 pL 
Injection type: Split injection, split ratio is 5:1 
System suitaoility 

Samples: Standard solution A and System suitability 
solution 

[Notę—T he relative retention times for butyl palmitate 
and butyl stearate are 0,91 and 1.00, respectiyely*] 
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System suitability requirements 
Resolution: NLT 20 between butyl palmitate and bu¬ 
tyl stearate, System suita bid ty s otutlon 
Tailing factor: NMT 2.0 for the butyl stearate peak, 
System suitability solution 

Relatrve standard deviation: NMT 3.0% for the bu¬ 
tyl stearate peak. Standard solution A 
Anafysis 

Samples: Standard solution A, Standard solution B, ano 
Sample solution 

Identify the butyl palmitate and butyl stearate peaks in 
the Sample solution based on those in Standard solution 
A and Standard solution B. 

Caiculate the percentage of butyl palmitate or butyl ste¬ 
arate In the portion ot Butyl Paimitostearate taken: 

Result - (fuffs) * (Cs /Cu) x 100 

fu - peak response of butyl palmitate or butyl 
stearate from the Sample solution 
fs - peak response of butyl palmitate from 

Standard solution B or peak response of butyl 
stearate from Standard solution A 
Cs - concentration of USP Butyl Palmitate RS in 
Standard solution B or concentration of USP 
Butyl Stearate RS in Standard solution A 
C u = concentration of Butyl Paimitostearate tn the 
Sample solution 
Acceptance criteria 

Content of butyl stearate: 40 ł 0%-8Q.O% 

Sum of butyl stearate and butyl palmitate: NLT 
90.0% 

5PECIFIC TESTS 

* Melting Rangę or Temperaturę, Ctoss U (741): 17°-24° 

* Fats and Fixed Oils, Acid Value (401): NMT 0.5 

* Fats and Fixed Oils, lodine Vafue (401): NMT 1.0 

■ Fats and Fixed Oils, Saponification Value (401): 165-180 

* Water Determination, Method la (921): NMT 0,5% 

ADDITIONAL REQUIRESVIENT5 

* Packaginc and Storace: Presen/e in well-closed contain- 

ers. Storę at room temperaturę, Keep away from heat 
and sources of ignition. 

* USP Reference Standards (11) 

USP Butyf Palmitate RS 
USP Butyl Stearate RS 


Butyl Stearate 



C22H440* 340.59 

Octadecanoic acid, butyl ester; 

Butyl octadecanoate [123-95-5]. 

DEFINITION 

Butyl Stearate consists of the esters of butyl alcohol and 
fatty acids composed chiefly of stearic acid (CiaH^ńOa) and 
a minor amount of palmitic acid {CieHjaO^). It contains 
NLT 90,0% of butyl stearate [C 22 H-HO 2 (M w 340.59)], and 
the totaf of butyl stearate (C 22 H 44 O 2 ) and butyl palmitate 
[C 20 H 40 O 2 (M w 312.53}] is NLT 96,0%. 

IDENTIFICATION 

* A. It meets the requirements of the test for Content of 
Butyl Palmitate and Butyl Stearate. 


ASSAY 

• CONTENT OF BUTYL PALMITATE AND BUTYL STEARATE 

Standard solution A: 2.0 mg/mL of USP Butyl Stearate 
RS In chloroform 

Standard solution B: 0.2 mg/mL of USP Butyl Palmitate 
RS in chloroform 

System suitability solution: 1 A jig/mL of USP Butyl 
Stearate RS and 1,0 pg/mL of USP Buty) Palmitate RS in 
chloroform, p rep a red from Standard solution A, Standard 
solution B f and chloroform 

Sample solution: 2.0 mg/mL of Butyl Stearate In 
chloroform 

Chromatographic system 
(See Chromatogropny (621), System Suitability.) 

Modę: GC 

Detector: Plamę ionization 

Column: 0,32-mm x 30-m capillary; bonded with a 
0,25-jum layer of thickness of phase G27 
Temperatures 
Detector: 280° 

Injection port: 280° 

Column: See Tobie L 


Table 1 


initial 

Temperaturę 

n . 

Temperaturę 

Ramp 

(7min) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

60 


60 

2 

60 

4 

250 

20.5 


Carrier gas: Helium 

Flow ratę: 1.4 mL/min 

injection volume: 1 pL 

Injection type: Split injection, split ratio is 5:1. 

System suitability 

Samples: System suitability solution and Standard solu¬ 
tion A 

[NOTĘ—The relattve retention times for butyl palmitate 
and butyl stearate are 0.91 and 1*00, respectively,] 
System suitability reguirements 
Resolution: NLT 20 between butyl palmitate and bu¬ 
tyl stearate. System suitability solution 
Tailing factor: NMT 2.0 for the butyl stearate peak, 
System suitability solution 

Relath/e standard devjation: NMT 3,0% for the bu¬ 
tyl stearate peak. Standard solution A 
Anafysis 

Samples: Standard solution Ą Standard solution B , and 
Sample solution 

Identify the butyl palmitate and butyl stearate peaks in 
the Sample solution based on those in Standard solution 
A and Standard solution B. 

Caiculate the percentage of butyl palmitate or butyl ste¬ 
arate in the portion oT Butyl Stearate taken: 

Result = (ry/r s ) x (Cs/C v ) x 1 00 

ru = peak response of butyl palmitate or butyl 
stearate from the Sample solution 
rj = peak response of butyl palmitate from 

Standard solution B or peak response of butyl 
stearate from Standard solution A 
Cs = concentration of USP Butyl Palmitate RS in 
Standard solution B or concentration of USP 
Butyl Stearate RS in Standard solution A 
Cu = concentration of Butyl Stearate in the Sample 
solution 

Acceptance criteria: NLT 90*0% of butyl stearate and 
NLT 96.0% for the sum of butyl stearate and butyl 
palmitate 
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SPECIFIG TESTS 

* Melting Rance or Temperaturę, Ciass II (741): 19 D -24° 

* Fats and Fixed Oils, Add Voiue (401): NMI 0,5 

* Fats and Fixed Giis, lodine Value (401); NMT 1,0 

e Fats and Fixed Oiłs, Saponification Vaiue (401): 165-180 
o Water DeterminatiON, Method ia (921): NMT 0.5% 

AODITIONAL REQUIREMENTS 

® Packaging and Storage: Preserve in welhclosed cen¬ 
ta iners. Storę at room temperaturę. Keep away from heat 
and sources of ignition, 

* USP Reference Standards (11) 

USP Buty! Palmitate RS 
U5P Buty! Stearate RS 


Butylated Hydroxyanisole 



C 11 H 16 O 2 180.24 

Phenol, (1,1 -dimethylethy!)-4-methoxy-; 
ferf-ButyU4-methoxyphenoJ [25013-16-5]. 

DEFINITION 

Butylated Hydroxyanfsole ts predominantly 3-terf-butyl- 
4-hydroxyanisole, with varying amounts of 2-tert-butyl- 
4-hydroxyaniso]e ł It contains NLT 98.5% of butylated 
hydroxyamsaje (C 1 JH 10 O 2 ) as a sum of the two fsomers. 

IDENTIFICATION 
« A, INFRARED ABSORPTION (197A) 

Analysis: Determine the position of the most intense 

3- f er^bu ty l-4-hydroxy anisole peaks within 10 cm 1 of; 
682, 81 5, 855, 914, 1031, 7196, 1413, and 1504 cm 1 
in a spectrum of USP 3-tert-Butyl-4-hydroxyanisQle RS. 
Compare the Butylated Hydroxyanfso3e peak positions 
to those of USP 3-teft-BLityL44iydroxyanisole RS. 

Acceptance criteria: Ali peak positions determined for 
Butylated Hydroxyaniso!e are within 5 cm 1 of those de¬ 
termined for USP 3-tert-Butyl-4-hydroxyanisa!e RS. 

• B. 

Solution A: 5% Acetic add, prepared by d ilu Ling 50 mL 
of gEaciat acetic add in a 1-L fiask with water to volume 
Mobile phase: Aceton i tri le and Soiution A (65:35) 
Standard solution: 0.4 mg/mL of USP 3-te/t-Butyl- 

4- hydroxyanisole RS and 0.1 mg/mL of USP 2-tert-Butyl- 
4-hydroxyanisole RS in Mobile phase 

Sampie solution: 0.5 mg/mL of Butylated Hydroxy- 
anisole in Mobile phase 
Chromatographic system 
(See Chromalograpny (62}), System Suitability.) 

Modę: LC 

Detector: UV 275 nm 

Column: 3.0-mm x 15-cm; 3-pm packing LI 

Column temperaturę: 40° 

Flow ratę: 0,75 mL/min 
Injection volume: 10 \xi 
Run time: 15 min 
Analysis 

Sam pies: Standard soiution and Sampie solution 
[Notę— 2 ^rf-Butyl-4-hydroxyanisole and 3-fert-butyl- 
4-hydroxyanisofe coeJute under these chromatographic 
conditions. However, a smali shoulder of 2-terf-butyl- 
4-hydroxyanisole may be seen on the left hand side of 
the 3-ferf-buty3-4-hydroxyanisole peak, The retention 
time of the 3-terTbutyl-4-hydroxyanisole peak is about 
2.1 min.] 


Acceptance criteria: The retention time of the main 
peak of the Sampie solution corresponds to that of the 
Standard soiution. The chromatographic profile of the 
Sampie soiution shouid be simiiar to that of the Standard 
50 /uf fon and exhibit onfy one major peak corresponding 
to butylated hydroxyanisole. 

ASSAY 

* Procedurę 

Soiution A: Proceed as directed in Identification test R 
Mobile phase: Aceton i trile and Soiution A (45:55) 
Standard solution: 90 pg/mL of USP 3-terf-Butyl- 
4-hydroxyanisole RS and lOpg/mL of USP 2-fert-Butyl- 
4-hyd roxya n isoie RS in Mobile phase 
Sampie solution: 100]ig/mL of Butylated Hydroxy- 
anisole in Mobile phase 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 290 nm 

Column: 4.6-mm x 75-mm; 3.5-pm packing LI 
Column temperaturę: 30° 

Fiow ratę: 1 2. mL/min 
injection volume: 20 pL 
System suitability 
Sampie: Standard 50/uf/on 

[Notę—T he retention times of 2-fert-buty3-4-hydmxy- 
anisole and 3-tert-butyl-4-hydroxyanisde are about 4.2 
and 4.6 min, respectively.] 

Suitability reąuirements 
Resoiution: NLT 1.5 between the 3-tert-butyb 
4-hydroxyanisole isomer and 2-tert-butyl-4-nydroxy- 
anisole isomer peaks 
Tailing factor: NMT 1.5 

Reiative standard deviation: NMT 2,0% for the 

3- fert-buty[-4-hydroxyanisole isomer and 2-tert- butyl- 

4- hydroxyanisole tsomer peaks 
Analysis 

Sam pies: Standard solution and Sampie soiution 
Measure the peak areas for each isomer. 

Calculate the percentage of each isomer rn the portion 
of Butylated Hydroxyanisole taken: 

Result = (r u /r s ) x (Q/CJ) x 100 

ry - peak area of the corresponding isomer from 
the Sampie sotution 

rs = peak area of the corresponding tsomer from 
the Standard solution 

C$ ~ concentration of the appropriate USP 

Reference Standard in the Standard soiution 
(|ig/mL) 

Cu = concentratEon of the Sampie soiution (jig/mL) 
[Notę—C alcufate the percentage of butylated hydroxy- 
anisole (CnHieO*) in the portion of Butylated Hydroxy- 
anisole taken by adding the quantttEes of the two 
isomers,] 

Acceptance criteria: NLT 98.5% 

IMPURITIES 

« Residue on ICNmON (281) 

Sampie: 10 g 

Acceptance criteria: NMT 0.01% 

Detete the foUowtng: 

*• Heaw Metals, Method U (231): NMT 10 ppm* (omdai r- 

|aiv2Gl B) 

ADDITIONAL REQUIREMENTS 

• Packaginc and Storage: Preserve in well-dosed 
containers. 
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USP Reference Standard; (11) 

USP 2-tert-B u ty I-4 - hy d roxy an is o le RS 
C,,H, 6 0 2 180.25 

USP 3-fert-Butyl-4*hydroxyanisole RS 
CnHi«Oi 180.25 


Butylated Hydroxytoluene 



CisHaO 220.35 

Phenol, 2,6-bis(l/l~dimethy!ethyl)-4-methyl-; 
2 f 6-D\-tert-butyTp-creso\ [128-37-0]. 


DEFINITION 

Butylated Hydroxytoluene contams NLT 99.0% and NMT 
101.5% of butylated hydroxytoluene (C 15 H 24 O). 


IDENTIFICATION 

* A. INFRARED Absorption (I97K): Undried sampfe 

* B. The retention time of the butylated hydroxytoluene 

peak of the Sampfe solution corresponds to that of the 
Standard solution, as obtained in the Assay. The chromat- 
ographic profile of the Sample solution should exhibit 
only one major peak corresponding to the main 
compound. 


ASSAY 
• Procedurę 

Solution A: 5% Acetic add, prepared by diluting 50 mL 
of glacial acette acid in a 1 -L fiask wtth water to volume 
Mobile phase: Acetonitrile and Solution A (65:35) 
Standard solution: 0,5 mg/mL of USP Butylated 
Hydroxytoluene RS in Mobile phase 
Sample solution: 0.5 mg/mL of Butylated Hydroxytol- 
uene in Mobile phase 
Ohromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 275 nm 

Column: 3.0-mm x 15-cm; 3-jim packing LI 

Column temperaturę: 40° 

Flow ratę: 0.75 mL/min 
Injectron votume: 10j.lL 
Run time: 15 min 
System suitability 
Sample: Standard solution 

[Notę—T he retention time of butylated hydroxytoiuene 
is about 10.8 min.] 

Suitability requirement$ 

Tailing factor: NMT 1.5 

Relatiye standard deviation: NMT 0.5% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of butylated hydroxytoluene 
in the portion of Butylated Hyaroxytoluene taken: 

Result - (r^/rs) x (Cs/Cu) x 100 



ru 


C 5 


= peak area of butylated hydroxytofuene from 
the Sample solution 

= peak area of butylated hydroxytoluene from 
the Standard solution 
- concentration of USP Butylated 

Hydroxytoluene RS 3n the Standard solution 


Cu = concentration of Butylated Hydroxytoluene in 
the Sample solution 
Acceptance crltena: 99.0%~101.5% 

IMPURITIES 

* RESIDUE ON ICNtnON (281) 

Sample: 50 g 

Analysis: Transfer the Sampfe to a tared crucibie, ignite 
until thoroughly charred, and cool. Moisten the ash 
with 1 mL of sulfuric add, and complete the ignition by 
heating at 800 ± 25° for 15-min periods to constant 
weight 

Acceptance crfteria: NMT 0.002% 


Delete the foUowing: 

•* Beavy Metals, Method // (231): NMT 10 pg/g* i- 

farv2D1 B) 

* ORCANIC IMPURITIES 

Mobile phase and Chromatographic system: Proceed 
as directed in the Assay , except extend the Run time to 
20 min. 

Standard solution: 2 pg/mL of USP Butylated 
Hydroxytoluene RS in Mobile phase 
Sample solution: 2.0 mg/mL of Butylated HydroxytoL 
uene in Mobile phase 
System suitability 
Sample: 5 tondard solution 

[Notę—T he retention time of butylated hydroxytofuene 
is about 10.8 min.] 

Suitability recjuirements 
Signal-to-nofse ratio: NLT 40 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the correoted peak area of each impurity in 
the Sample solution: 


Result - r u /F 

r u - peak area of the indiyiduaf impurity from the 
Sample solution 

F = relative response factor (see Tobie 1) 

Acceptance criteria 

lndividual impurity: NMT 0.1%; the corrected peak 
area of each impurity In the Sample solution is NMT 
the area of the princtpa! peak in the Standard solution. 

Total impurities: NMT 0.7%; the sum of all the cor¬ 
rected peak areas in the chromatogram of the Sampfe 
solution, exduding the butylated hydroxytoiuene peak 
area is NMT 7 times the butylated hydroxytoluene 
peak area of the Standard solution . 


Table 1 



Relatiye 

Retention 

Time 

Relatiye 

Response 

Factor 

j>CresoJ or m-cresoh 

0.12 

1.9 

3- tert- B u ty)-4-hydroxya n isole ( 8H A) 

0.19 

u 

3,5- Di- f erl-bu ty 1 -4 -hy d roxy benzole 
acid 

0.20 

3.6 

2’tert-Sulyl-4-methylphenof or 2-tert- 
bu tvl -5 -m et h vlo henol Ł 

0.27 

1J 

3,5 -0 i -tert- bulyi-4 - hyd roxy 
benzaldehyde 

0.37 

6.6 

4,6-DMert-butvi-m-creso! 

0.66 

U 


a The p-cresol and m-cresol peaks are not separated under the method 
eon dJ tłom. 

b The 2-ferf-butyM-nneihylphenol and 2-tert- bu ty 1-5.-methylphenol peaks 
are not separated under the method condittons. 
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Table 1 (Continued) 


Manie 

Relativ€ 

Retention 

Time 

Refative 

Response 

Factor 

2,6-Di-terf-bu tv 1- oh eno 1 

0.77 

0.9 

Any unspetified imourity 

_ 

TO 


11 The p-tresal and m-cresol peaks are not separated onder the method 
cónditfons. 

ll The 2-ferf-butyl-4-methylphenol and 2-fer£-butyl-5-fTiethylphenol peaks 
are nol separated under the method conditions. 

ADDITIONAL REQUEREMENT$ 

* Packaging and Storage; Preserve in wefl-closed 

containers, 

a USP Reference Standards (11) 

USP Butylated Hydroxytoluene RS 


Butylene GBycol 


Carrier gas; Hydrogen 

Flow ratę; 10 mL/min 

Injection volume: 1,0 pL 

Injectron type: Split iniection; Split ratio is 2:1. 

Lirrer; Single goosenecK finer with wooJ 
System suitability 
$am pfe: Standard sofution 

[Notę—T he relative retention times for propylene glycol 
and butane-1,3~diol are 1.00 and 1.22, respectlvely«] 

Suitability requirements 

Resolution; NLT 15 between propylene glycoJ and 
butane-1,3-d!ol 
Talling factor; 0.8-2,0 

Relative standard deviation; NMT 2% for the peak 
response ratio of butane^B-dlol to the interna! 
standard 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of butane-l,3-diol in the por- 
tlon of Butylene GtycoJ taken: 

Result = (R<j/R s ) x (Cs/G) x 100 



GH lD O z (HOCH 2 CH2CH(OH)CH 3 ) 90.12 

Butane-l,3"diol; 

1,3-Butylene glycol [107-88-0]. 

DEFINITION 

Butylene Glycol contains NLT 98,0% and NMT 102.0% of 
butane-1,3-diol (C^HioOz), calcutated on the anhydrous 
basis, 

IDENTIFICATION 
« A. INFRARED ABSORPTION (197F) 

* B. ChromA iOGRAPHic Identity 

Anaiysis: Proceed as dlrected In the Assay. 

Acceptance criteria: The retention time of butane-1,3- 
dioi in the Sample solution corresponds to that in the 
Standard solution , 

ASSAY 
o Procedurę 

Standard solution; 1.0 mg/mL of USP Butane-1,3-diol 
RS and 1.0 mg/mL of USP Propylene Glycol RS (interna! 
standard) in methanol 

Sampie solution: 1.0 mg/mL of Butylene Glycol and 
1.0 mg/mL of USP Propylene Glycol RS (internal stan¬ 
dard) in methanol 
Chromatographic system 
(See Chromatography (621X System Suitability ,) 

Modę: GC 

Detector: Flame lonization 

Column: 0.53-mm x 30-m capillary; bonded with a 
1.0-pm layer of phase G16 or G47 
Temperatures 
Detector: 240° 

Injection port; 230° 

Column: See Tobie 7. 


TabEe 1 


InitiaJ 

Temperaturę 

n 

Temperatura 

Ramp 

(Vm»n> 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

fmir0 

40 

0 

40 

3 

40 

10 

80 

0 

80 

5 

130 

2 

130 

10 

170 

0 

170 

25 

240 

o - 


Ru - peak response ratio of butane-l f 3-diol to the 
interna! standard (peak response of butane- 
1,3‘diol/pea.k response of the interna! 
standard) from the Sample solution 
Rs = peak response ratio of butane-1,3,-diol to the 
internat standard (peak response of butane- 
1,3-diol/peak response of the i n terna I 
standard) from tne Standard solution 
Q = concentration of USP Butane-l,3-diol RS in the 
Standard solution (mg/mL) 

G = concentration of Butylene Glycol in the Sample 
solution (mg/mL) 

Acceptance criteria: 98.0%-l 02.0% on the anhydrous 
basis 

IMPURITJES 

* Residue on Ignition (281): NMT 0.05% determined on 

2 g 

• Limit of Lead 

[Notę —For the preparatlon of all agueous Solutions and 
for the rinsing of glassware before use, use water that 
has been passed tnrough a strong-acid, strong-base, 
mixed-bea ion-exchange restn. For digestion, use acid- 
deaned, high-density polyethylene, polypropylene, 
polytef, or quartz tubes, Select all reagents to have as 
Iow a eon tent of lead as praeticable, and storę all rea¬ 
gent Solutions in borasillcate glass containers. Cleanse 
glassware before use by soaking in warm 8 N nkrlc acid 
for 30 min and rinsing with deronized water. Storę finał 
diluted Solutions In acid-cleaned plasdc or polytef tubes 
or bottles,] 

Matrix modifier solution: 200 mg/mL of magnesium 
nitra te. Just before use, transfer 1.0 ml of thls solution 
to a 10-mL volumetric fiask, and dilute with 5% nltric 
acid to volume. 

Alternatrve matnx modifier solution: Just before use, 
add 0.3 mL of commercially avaliable 10,000 pg/mL 
palladium standard solution and 5 mL of commercially 
avaifable 10,000 pq/mL magnesium nitrate standard so¬ 
lution to 9.7 mL of 5% nltric acid, and mix well. 

[Notę— Alternative motrix modifier solution can be used 
to replace the Matrix modifier solution. If the alternative 
solution is used, tli en the air-ashing step in the fu mace 
program (see Table 2 ) can be omitted,] 
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Table 2 


Step 

Temperaturę 

n 

Ramp 

00 

Hałd Time 
(sl 

Gas 

Gas Flow Ratę 
(mL/min) 

Read 

(s) 

Dry 

200 

20 

30 

Arqon 

300 

_ 

Char (ash) 

750 

40 

40 

AiP 

300 

_ 

CooJ down 

20 

1 

60 

Arqon 

300 


Atomize 

1S00 

0 

70 

Arqon 

Stop flow 

10 

Clean 

2600 

1 

1 

Arqon 

300 

_ 

Cool down 

20 

1 

5 

Arqon 

300 

— 


11 If Matrix modifier solution is used, air ashing must be used in the experiment tf Altemative matrix modifier s otution is used, air can be substituted with argon. 


lead nitrate stock solution: Dissolve 159.8 mg of lead 
nitrate in 1 00 mL of water to which has been added 
1 mL of nrtlic acid, and then dilute with water to 
1000 mL. Prepare and storę this solution in gfass con- 
tainers free from solubfe lead salts. 

Standard stock solution: Transfer 10.0 mL of Lead ni¬ 
trate stock solution to a 1 00-mL volumetrtc fiask, add 
40 mL of water and 5 mL of nitric add, and dtlute with 
water to volume, Transfer 1.0 mL of this solution to a 
second 100-mL volumetric fiask, dilute with 5% nitric 
acid to volume, and mix. This solution contains 0,1 pg/ 
mL of lead. 

Standard Solutions: Transfer portions of Standard stock 
solution to four suitable containers, and dilute with 5% 
nitric add to obtaln Standard Solutions having lead con- 
centrations of 100, 50, 25, and TO ng/mL, respectively, 
Sample solution: [NOTĘ— Perform this procedurę in a 
fume hood.] Transfer 1.5 g of Butylene Glycol to two 
digestlon tubes, labeled "Sample soiution* and "Tem¬ 
peraturę monitor solution", and add 0.75 mL of nitric 
acid to each tubę. Place a thermometer in the tubę 
labeled "Temperaturę monitor solution", and use the 
Temperaturę monitor solution solely to monitor tempera¬ 
turę to be wlthln the ranges specifsed by the method. 
Warm both Solutions slowly to 90°-95° to avo!d spat- 
terlng. Heat until aII brown vapors have dissipated and 
the sampfes no longer have a rust-colored tant, This typ- 
ically takes 20-30 min. Al Iow the sam pies to cool. Ado 
0.5 mL of 50% hydrogen peroxide dropwlse to both 
Solutions, heat to 90^-95° for 5 min, and cooi. Add a 
second 0,5-mL portion of 50% hydrogen peroxlde 
dropwise to both Solutions, and heat to 90°-100 D for 
5-10 min or until the Solutions are elear. Cool, and 
transfer the Sampfe solution to a 10-mL volumetric fiask, 
Rtnse the tubę labeled "Sample solution" with 5% nitric 
add, add the rinsmg to the volumetric fiask, dilute with 
5% nitric acid to vo!ume, and mix. 

Standard blank: 5% nitric add 
Sample blank: Transfer 1.5 g of water to a digestion 
tubę, and proceed as directed for the Sample solution, 
beginning with "add 0.75 mL of nitric acid". 
Instrumental conditions 

Modę: Graphite furnace atomie absorption with pyro- 
lytically-coated graphite tubes and adequate means of 
background correction 

Analytical wavelength: Lead emlssion linę at 283.3 
nm 

Lamp: Lead hollow-cathode 

Furnace program: See Table Z [NOTĘ—The tempera¬ 
turę program may be modifred to obfain optimum fur¬ 
nace temperatures.] 

If the Matrix modifier solution is used, the furnace eon- 
troller must be able to handle two gas flows to facili- 
tate air ashing. Argon is used as the purge gas for the 
furnace for all steps but the char. Oxygen ashing is 
used to avoid buitd up of residue during the char 
step. Breathing-auality air is used as the alternafive 
gas for the air ashing. The long (60 s) "Cool down" 
step prior to atomrzation ensures that the air used for 
the oxygen ashing (char) is cleared from the furnace. 


Autosampfer 
Sample volume: 20 pL 

Alternative volume: 5 pL of Matrix modifier solution 
(or Altemative ma trix modifier solution) 

Analysis 

Sam pies: 5 jjL of the Matrix modifier solution (or Al ter¬ 
na tive matrix modifier solution) added into each 20-pL 
aliquot of the four Standard Solutions; a mixture of 5 pL 
of the Matrix modifier solution (or Afternatlve matrix 
modifier solution) and 20pLofthe Sample solution; a 
mlxture of 5 pL of the Matrix modifier solution (or Alter- 
native matrix modifier solution) and 20 pL of the Stan¬ 
dard blank ; and a mtxture of 5 pL of the Matrix modi¬ 
fier solution (or Al terna tlve ma trix modifier solution) and 
20 pL of the Sampfe blank. Use peak area measure- 
ments for all guantitations. 

Using the Standard blank to set the instrument to zero, 
determine the integrated absorbances of the Standard 
Solutions. Plot the integrated absorbances of the Stan¬ 
dard Solutions versus tneir contents of lead, in ng/mL, 
and dra w the Eine best fitting the four polnts to deter¬ 
mine the calibration curve. Similarly determine the in¬ 
tegrated absorbances of the Sample solution and the 
Sample blank. Correct the absorbance value of the 
Sample solution by subtracting from it the absorbance 
value obtained from the Sample blank . 

Cafculate the concentration of lead, En pg/g, in the por¬ 
tion of Butylene Glycol taken: 

Result = [(V x Ct)!W] x F 

V - volume of the Sampfe solution , 10 mL 
Q = concentration of lead in the Sample solution f 
as defermined from the calibration curve 
(ng/mL) 

W = weight of Butylene Glycol taken to prepare 
the Sample solution (g) 
f = conversion factor, 1 O' 3 pg/ng 
Acceptance criteria: NMT 2 pg/g 
* Limit of 4-Hvdroxy-2-butanone, Butane-2,3-diol, Ethyl 
ene Glycol, Butane-i,2-diol, Butane-i,4-diol, Diethyl- 
ene Glycol, and Other Organic Impurjties 
System suitability solution: 1.0 mg/ml of USP Butane- 

1.3- diol RS, 1.0 mg/mL of USP Propylene Glycol RS, 

0,01 rng/mL of 4-nydroxy-2-butanone, 0.01 mg/mL of 
butane-2,3-did, 0.01 mg/mL of butane-1,2-diol, 

0.01 mg/mL of USP Ethylene Glycol RS, 0.01 mg/mL of 
butane-1,4-diol, and 0.01 mg/ml of USP Dlethylene 
Glycol RS in methanol 

Sensitivity solution: 1.0 mg/mL of USP Butane-1,3-diol 
RS, TOmg/mL of USP Propylene Glycol RS, 0,001 mg/ 
mL of 4-hydroxy-2-butanone, 0.001 mg/mL of butane- 

2.3- diol, 0.001 mg/mL of butane-1,2-diol, 0.001 mg/mL 
of USP Ethylene Glycol RS, 0.001 mg/mL of butane-1,4- 
diol, and 0.001 mg/ml of USP Diethylene Glycol RS in 
methanol 

Sample solution: 5 mg/mL of Butylene Glycol In 
methanol 

Chromatographic system: Proceed as directed in the 
Assay. 
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System suitabiłity 

Samples: System suitabiłity solution and Sensitfvity 
solution 

[Notę—S ee Tobie 3*] 


TabJe 3 


Nune 

Relative Retention Time 

4-H vd roxy-2-bu ta nonę 

0.91 

Butane-2,3-diol 

0.98 

Propylene glycol 

1.00 

Ethylene alvCol 

1.05 

Butane-1 *2-dio1 

1*13 

Butane-l*3-diol 

1*22 

£kJtane~l*4-diol 

1.49 

Diethylene glycol 

1.54 


Suitabiłity reguirements 

Resolution: NLT 1.5 between butane-2,3-diol and 
propylene glycof. System suitabiłity solution 
Re1ative standard deviation: NMT 2% for the peak 
response ratio of butane-1,3-diol to propylene glycol, 
System suitabiłity solution 

Signahto-noise ratio: NLT 20 for any of the follow- 
ing peaks: 4-hydroxy-2-butanGne; butane-2,3-diol; 
etnylene glycol; butane-1,2-diol; butane-1,4-dioi; and 
diethylene glycol SensfcMty sofution 
Analysis 

Samples: System suitabiłity sofution and Sample sofution 
Identify each individual impurity peak in the Sample so¬ 
lution based on that in the System suitabiłity sofution . 
Calculate the percentage of each indivrduat impurity in 
the portion of Butylene Glycol taken: 

Result - ( r 0 /r T ) x 100 

r u - peak response of each indmduai impurity rn 
the Sample solution 

ri = sum of all the peaks in the Sample solution 
exduding those due to solvent or reagents 
Acceptance criteria 
Each individual Impurity: NMT 0.1% 

To tal impurlties: NMT 2.0% 

SPECIFIC TEST5 
o Acidity and Alkalinity 

Sample solution: A solution of Butylene Glycol (1 in 5) 
Analysis: Perform a pH measurement 
Acceptance criteria: pH value is 5.5-7.0. 

* Water Determinahon, Method I (921): NMT 0*5% 

ADDITIONAL REQUIREMENT5 

* Packacing and Storage: Preserve in tight containers. Do 
not storę above 50°. Protect from moisture* 

* USP Reference Standard* (11) 

USP Butane-13-diol RS 
USP Diethylene Glycol RS 
USP Ethylene Glycol RS 
USP Propylene Glycol RS 


Butylparaben _ 

Portions of the monograph text that are national USP text, 
and are not part of the harmonized text, are marked with 
symbols (*♦) to specify this fact. 


Cl 



CuHmOb 194.23 

Benzoic acid # 4-hydroxy-, butyl ester; 

Butyl p-hydroxybenzoate [94-26-8]. 

DEF1NITION 

Butylparaben contains NLT 98*0% and NMT 102.0% of 

CnHiłOj* 

IDENTIFICATION 

* A* INFRARED ABSORFTION (197M) 

* B Meltinc Rance or Temperaturę (741): 68*-71° 

ASSAY 

* Procedurę 

Mobile phase, Sample solution. Standard solution B, 
and Chromatographic system: Proceed as directed in 
the procedurę for Relatea Substances. 

System suitabiłity 
Sample: Standard solution B 
Suitabiłity regulrements 

Relative standard deviation: NMT 0.85% for six 
injections 
Analysis 

Samples: Sample solution and Standard solution B 
Calculate the percentage of Butylparaben in the Sample 
solution: 


Result = P x {fu x C s )/(rs x Cu) 

P - labeted purity of USP Butylparaben RS 
expressed as a percentage 

r u - peafc area of butylparaben from the Sample 
solution 

Cs = concentration of butylparaben in Standard 
solution B (mg/mL) 

rs - peak area of butylparaben from Standard 
solution B 

Cu - concentration of Butylparaben in the Somple 
sofution (mg/mL) 

Acceptance criteria: 98.0%-102.0% 

IMPURITIES 

* Residue on Icnition (281): NMT 0,1%, determined on a 

1.0-g sample 

* Related Substances 

Mobile phase: Methanol and a 6.8 g/L sofution of po- 
tassium dihydrogen phosphate (1:1 v/v) 

Sample solution: Dissolve 50.0 mg of Butylparaben in 
2,5 mL of methanol, and dii u te with Mobile phase to 
50,0 ml, Dilute 10.0 mL of this solution with Mobile 
phose to 100,0 ml. 

Standard solution A: S-G^ig/mL each of p-hydroxyben- 
zoic add, USP Propyfparaben RS, and USP Butylparaben 
RS in Mobile phose 

Standard solution B: Dissolve 50.0 mg of USP 
Butylparaben RS in 2.5 mL of methanol, and dilute with 
Mobile phose to 50.0 mL* Dilute 10.0 mL of this solution 
with Mobile phase to 100.0 mL. 

Standard soiution C: Dilute 1*0 mL of the Somple solu¬ 
tion with Mobile phase to 20*0 mL* Dilute 1.0 mL of this 
solution with Mobile phase to 10,0 ml. 

Standard soiution D: 50 pg/mL of iso-butylparaben in 
Mobile phase 

Standard solution E: Standard solution D in Standard 
solution B (1 in 100) 

Chromatographk system 
(See Chromatography (621), System Suitabiłity .) 

Modę: LC 

Detector: UV 272 nm 

Column: 4.6-mm x 15-cm; 5-pm packing LI 

Coliimn temperaturę: 35° 

Flow ratę: 1.3 mL/min 
Injection voiume: 10 pL 

Run time: About 1.5 times the retention time of 
butylparaben 
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System suitability 

Sample: Standard Solutions A and £ 

[Notę—T he retention time of butylparaben is about 22 
min; the refative retention times for p-hydroxybenzoic 
add, propylparaben, and iso-butylparaben with a ref- 
erence to butylparaben are about 0.1, 0.5, and 0,9 
min, respectively.] 

Suitability requrrements 

Resolution: NLT 5.0 between the propylparaben and 
butylparaben peaksfrom Standard solution A and NLT 
1.5 between me iso-butylparaben and butylparaben 
peaks from Standard solution E 
Analysis 

Samples: Sample solution and Standard solution C 
[Notę—D isregard any limit that is 0.2 times the area of 
the principaT peak from Standard solution C(0 + 1%),] 
Acceptance criteria 

p-Hydroxybenzotc acid: The peak area from the Sam¬ 
ple solution, multiplied by 1 A to correct for the calcu- 
lation of eon tent, is MMT the area of the principal 
peak from Standard solution C (0.5%). 

Unspecified impunties: The peak area of each tmpu- 
rity from the Sampte solution Es NMT the area of the 
principal peak from Standard solution C (0,5%). 

Total impunties; The total peak area for alt impurities 
from the Sample solution is NMT twice the area of the 
principal peak from Standard solution C (1.0%). 

5PECIFIC TE5T5 

* Acidity: To 2 mL of Butylparaben solution prepared in the 

Co/or of Solution test add 3 mL of a [co hol, 5 mL of carbon 
dioxide-free water, and 0.1 mL of bromocresot green T$. 
TEtrate with 0.10 N sodium hydroxide. 

Acceptance criteria: NMT 0.1 mL is reguired to pro- 
duce a blue colon 

* COLOR OF SOLimON 

Butylparaben solution: Dissolve 1 g In alcohol, and di- 
lute with alcohol to 10 mL. 

Acceptance criteria: This solution is elear and not morę 
intensely colored than alcohol or a solution prepared 
Emmedlately before use by mixlng 2.4 mL or ferric chlo- 
ride CS, 1.0 ml of cobaltous chloride CS, and 0.4 mL of 
cupric suita te CS with 0.3 N hydrochloric add to make 
10'mL, and diluting 5 mL of this solution with 03 N 
hydrochloric acid to make 100 mL. Make the comparh 
son by viewing the Solutions downward in matched 
cofor-companson tubes against a white surface (see 
Cofor and Achromidty (631)), 

ADDITIONAL REQUIREIVIENT$ 

* + Packaging and Storage: Preserve in well-closed 

containers. 

o U5P reference Standards (11) 

USP Butylparaben RS 
USP Propylparaben RS* 


Calcium Carhonate —see Calcium 
Carbonate General Monographs 


Calcium Chloride —see Calcium Chloride 
General Monographs 


Tribasic Calcium Phosphate 

Ca 5 (OH)(PO,) 3 

Calcium hydroxide phosphate [12167-74-7]. 


DEFINITBON 

Tribasic Calcium Phosphate consists of a variab!e mfocture of 
calcium phosphates with the approximate composition 
(lOCaO * 3P 2 0 3 ■ H 2 0). ft contains NLT 34,0% and NMT 
40,0% of calcium (Ca). 

IDENTIFICATION 


Change to read: 

a A, 

Sample solution: Dlsso!ve 100 mg in 5 mL of diluted 
nitric acid. 

Analysis: Warm the Sample solution, and add A 2 mL AW o 5 
of ammonium molybdate TS, 

Acceptance criteria: A yeflow precipftate Es formed. 

Delete the folłowing: 

A * B, Identification Tests—General, Calcium (191): Meets 
the reguirements of the flame test iWJ 5 

Add the folłowing: 

A * B. 

Sample: 100 mg of Tribasic Calcium Phosphate 
Analysis: Dissolve the Sample by warming in 10 mL of 
2 N hydrach Eoric add. Ada 2.5 mL of ammonia TS 
dropwise, with shaking, and Ihen add 5 mL of ammo¬ 
nium oxalate TS. 

Acceptance criteria: A white predpilate is formecl. A ^j 

AS5AY 

* Procedurę 

Sample: 150 mg of Tribasic Calcium Phosphate 
Titrimetric system 
(See Titrimetry (541)*) 

Modę: Direct titration 
Titrant: 0.05 M edetate disodium VS 
Endpoint detection: VEsual 
Analysis: Dissolve the Sample, with the a id of gentle 
heat if necessary, in a mixture of hydrochloric acid and 
water (5:3) contained in a 250-mL beaker eguipped 
with a magnetic stirrer, and cautiously add 125 mL of 
water. With constant stirring, add in the folłowing or¬ 
der: 0.5 mL of triethanolamine, 300 mg of hydroxy 
naphthof blue, and from the titration buret, about 
23 mL of Titrant. Add sodium hydroxide solution (45 in 
100) until the initial red color changes to elear blue. 
Continue to add it dropwise until the color changes to 
vlolet, and add an additional 0.5 mL. The pH Es 
12.3-12.5. Continue the titration dropwise with Titrant 
to the appearance of a elear blue endpoint that persists 
for NLT 60 s* 

Calcuiate the percentage of calcium (Ca) in the portlon 
of the Sample tak en: 

Resuft - [(!A x M x F)/W] x 100 

V s = Titrant yofume consumed by the Sample (mL) 

M - actuaf molarity of the Titrant (mmol/mL) 

F = equiva!ency factor, 40.08 mg/mmol 

W - Sample weight (mg) 

Acceptance criteria; 34.0%-40.0% 

IMPURITIES 

* Chloride and Sulfate (221), Chloride 

Standard: 1.0 mL of 0,020 N hydrochloric acid 
Sample: 0.500 g of Tribasic Calcium Phosphate 
Anafysis: DEssolve the Sample in 25 mL of 2 N nitric 
acid, and add 1 mL of silver nitrate TS. 


502.31 
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Acceptance criteria: NMT 0.14% 

* Chloride and Sulfate <221), Sulfate 

Standard: 1.0 mL of 0.020 N sulfuric add 

Sample: 0.500 g of Tribasic Calcium Phosphate 

Analysis: Dissolve the Sample in the smallest possible 
amount of 3 N hydrochlonc acid. Dilute with water to 
100 mL, and filter, if necessary. To 25 mL of the filtrate 
add 1 mL of barium chloride TS. 

Acceptance criteria: NMT 0.8% 

* Arsenic <211), Method I 

Test preparation: Dissolve 1.0 g in just sufficient 3 N 
hydrochlonc acid. 

Acceptance criteria: NMT 3 ppm 

® BARIUM 

Sample: 500 mg of Tribasic Calcium Phosphate 

Analysis: Mix the Sample with 10 mL of water, heat, 
add hydrochlonc acid, dropwise, until solution is ef- 
fected, and then add 2 drops of the acid in excess. Fif- 
ter, and add to the fiftrate 1 mL of potassium sulfate TS. 

Acceptance criteria: No turbidity appears within 15 
min. 


Delete the foltowing: 

*• Heavy Metals, Method I <231) 

Test preparation: Mix 1.3 g with 9 mL of 3 N hydro- 
chloric acid, difute with water to 50 mL, and heat to 
boiltng, Cool to room temperaturę, and fil ter. [NOTĘ— 
Filter the mixture after the pH adjustment J 
Acceptance criteria: NMT 30 ppm* h^oibj 
* CARBONATE 

Sample: 2 g of Tribasic Calcium Phosphate 
Analysis: Mix the Sample with 20 mL of water, and add 
3 N hydrochlonc acid, dropwise, to effect solution. 
Acceptance criteria: No effervescence is produced. 
a Acid-Bnsoluble SUBSTANCE5 

Analysis: If an Jnsoluble residue remains in the test for 
Carbonate f boi! the solution, filter, wash the residue weil 
with hot water until the Sast washing is free from chlo¬ 
ride, and ignite the residue to constant wdght. 
Acceptance criteria: NMT 0,2%; the weight of the resi¬ 
due is NMT 4 mg. 

*» Dibasic Salt and Calcium Oxide 

Sample: 1 *5 g of Tribasic Calcium Phosphate 
Tltrimetric system 
(See Titrimetry { 541).) 

Modę: Residual titration 
Titrant: 1 N hydrochlonc acid VS 
Back-titrant: 0,1 N sodium hydroxide VS 
Endpoint detection: Potentiometric 
Analysis: Dissolve the Sample by warmlng with 25.0 mL 
of Titrant. Cool, and slowly titrate the excess of Titrant, 
while agitatlng constanlly, with the Back-titrant to a pH 
of 4.0. 

Acceptance criteria: 1 3,0-143 mL of 1 N hydrochlonc 
acid is consumed for each g of salt, calculated on the 
Ignited basis, 

o limit of Fluoride 

[Notę—P repare and storę all Solutions in plastic 
containers.J 

Buffer solution: 294 mg/mL of sodium cif ratę dihy- 
drate in water 

Standard stock solution: 1.1052 mg/mL of USP So¬ 
dium Fluoride RS in water 

Standard solution: Transfer 20.0 ml of Standard stock 
solution to a 100-mL volumetric fiask containing 
50.0 mL of Buffer solution , difute with water to volume, 
and mix. Each mL of this solution contains 100 |ig of 
fluoride ton. 

Sample solution: Transfer 2.0 g of Tribasic Calcium 
Phosphate to a beaker containing a pfastlc-coated stir- 
ring bar. Add 20 mL of water and 3.0 mL of hydrochlo- 
ric add, and stir until dissolved, Add 50.0 mL of Buffer 
solution and sufficient water to make 100 mL, 


Electrode system: Use a fluoride-spedfic ion-indicating 
electrode and a sifver-silver chloride reference electrode 
connected to a pH meter capable of measuring poten- 
tiais with a minimum reprodudbility of ±0.2 mV (see pH 
(791)). 

Analysis 

Sam pies: Standard solution and Sample solution 
Standard response linę: Transfer 50,0 mL of Buffer so¬ 
lution and 3.0 mL of hydrochloric acid to a beaker, and 
add water to make 100 mL. Add a plastic-coated stir- 
ring bar, insert the electrodes tnlo the solution, stir for 
15 min, and read the potential, in mV. Continue stir- 
ring, and at 5-min interva!s add 100, 100, 300, 500, 
and 500 pL of Standard solution , reading the potential 
5 min after each addition. Plot the logarithms of the 
cumulative fluoride ion concentrations (0.1, 0.2, 0.5, 

1.0, and 1.5 pg/mL) versus potential, In mV. 

Rinse and dry the electrodes, insert them into the 
Sample solution , stir for 5 min, and read the potential, 
in mV. From the measured potential and the Stan¬ 
c/ord response linę determine the concentration, C (in 
jia/mL), of fluoride ion in the Sample solution. 

Calcu tatę the eon tent of fluoride in the portion of Tri- 
basie Calcium Phosphate taken: 

Result = (Vx Q/W 

V - volume of the Sample solution (mL) 

C = concentration of fluoride ion in the Sample 
solution determined from the Standard 
response linę (jig/mL) 

W - weight of Tribasic Calcium Phosphate taken to 
prepare the Sample solution (g) 

Acceptance criteria: NMT 75 ppm 

* Limit of Nitrate 

Sample: 200 mg of Tribasic Calcium Phosphate 
Analysis: Mix the Sample with 5 mL of water, and add 
just sufficient hydrochforic acid to effect solution, Dilute 
with water to 10 mL, add 0.20 mL of indigo carmine 
TS, then add, with stirring, 10 mL of sulfuric acid. 
Acceptance criteria: The blue color persists for NLT 5 
min. 

* Water-Soluble Substances 

Sample: 2 g of Tribasic Calcium Phosphate 
Analysis: Di gest the Sample with 100 mL of water on a 
steam bath For 30 min. Cool, add sufficient water to 
restore the angina] volume, stir well, and filter. Evapo¬ 
ra te 50 mL of the filtrate in a tared porcelain dish on a 
steam bath to dryness, and dry the residue at 120 D to 
constant weight. 

Acceptance criteria: NMT 03%; the weight of the resi¬ 
due is NMT 5 mg. 

5PECSFIC TE5T5 

* Loss ON IGNITION (733) 

Analysis: Ignite at 800 c for 30 min. 

Acceptance criteria: NMT 8.0% 

ADDITIONAL R£QUIREtVIENT$ 

■ PackaGINC ano Storage: Preserve in welJ-closed 
containers. 

» USP Reference Standards (11) 

USP Sodium Fluoride RS 


Calcium Propionate 



CfiHioCaO.i 

[4075-81-4]. 


1 86.22 
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DEFINITION 

Caldum Propionate contains NLT 98.0% and NMT 100.5% 
of caldum propionate (GHiuCaCh), cakrulated on the an- 
hydrous basis. 

IDENTIFICATION 

• A. A solution of Caldum Propionate (1 in 20) im parts a 

transient yellowish red color to a nonluminous flame. 

ASSAY 

• Procedurę 

Sam ple solution: 4 mg/mL of Caldum Propionate 
Analysis: While stirring, preferably with a magnetic strr- 
rer, add 30 ml of 0.05 M edetate disodium VS from a 
50-mL buret to 100 mL of the Sample solution . Add 
15 mL of 1 N sodium hydroxide and 300 mg of hy- 
droxy naphthol bfue indicator, and continue the titra- 
don to a bfue endpofnt. Each mL of 0.05 M edetate 
disodium VS is equivalent to 9.311 mg of caldum pro¬ 
pionate (CsHioCaCLO. 

Acceptance criteria: 98.0%-100.5% on the anhydrous 
basis 

IMPURITIES 

• Limit of Fłuoride 

Buffer: 294.1 mg/mL of sodium citrate dihydrate 
Standard solution: 2.21 mg/ml of USP Sodium Fluo- 
nde RS. [Non—Storę solution in a plastic bottle.] On 
the day of use, transfer 5.0 mL of tne resulting solution 
to a 1000-mL volumetnc fiask, difute with water to voL 
u me, and mix. Each mL of this solution contains 5 pg of 
fłuoride ion. 

Electrode system: Use a fluoride-specific, ion-indicatmg 
electrode and a silver-sflver chlonde reference efectrode 
connected to a pH meter capable of measuring poten- 
tials with a minimum reproducibility of ±0.2 mV (see pH 
(79 1», 

Standard response linę: Transfer 1.0, 2.0, 3.0, 5.0, 

10.0, and 15.0 mL of the Standard solution to separate 
250-mL plastic beakers. Add 50 mL of water, 5 mL of 
1 N hydrochloric add, 10 mL of Buffer, and 10 mL of 
0.2 M edetate disodium to each beaker, and mix. 
Transfer each solution to separate 100-mL volumetric 
flasks, dilute with water to volume, and mix. Transfer a 
50-mL portion of each solution to separate 125-mL 
plastic beakers, and read the potential, in mV, of each 
solution using the electrode system. Plot the calibration 
curve versus potential, in mV, on two-cycle semiloga- 
rithmic paper with pg of fłuoride per 1 00 mL of solu¬ 
tion on the logarithmic scalę. 1 
Sample: 1.0 g 

Analysis: Transfer the Sample to a 150-mL gfass beaker, 
add 10 mL of water, and, while stirring continuously, 
slowly add 20 ml of 1 N hydrochloric add to disso!ve 
the Sample. Boil rapidly for 1 min. Transfer to a 250-mL 
plastic beaker, and cool rapidly in ice water. Add 15 mL 
of Buffer and 10 mL of 0,2 M edetate disodium, and 
mix. Adjust the pH to 5.5 ± 0.1 with 1 N hydrochloric 
acid or 1 N sodium hydroxide, if necessary. Transfer to 
a 100-mL volumetric fiask, dilute with water to voiume, 
and mix. Transfer a 50-mL portion of this solution to a 
125-mL plastic beaker, and record the potential using 
the electrode system. Determine the concentration of 
fłuoride, in pg/mL, in the Sample. 

Acceptance criteria: NMT 30 pg/g 
• Limit of Lead 

25% Sulfuric acid solution: Cautiously add 10QmL of 
sulfuric acid to 300 mL of water with constant stirring 
while cooling in an ice bath. 

Standard Solutions: On the day of use, transfer 5.0, 

10.0, and 20.0 mL of standard lead solution TS to three 
separate 100-mL volumetrit flasks, add 10 mL of 3 N 
hydrochloric add to each, and dilute with water to voJ- 

1 A sultable source for semilogarithrtifc paper can be foimd at http;//5tatbind 
org /Gra p h Pa per/gpa pe r. h l m f. 


ume corresponding to 0.5-, 1.0-, and 2.0-jig/mL 
standards. 

Sample blank: Add 5 mL of 25% Sulfuric add solution 
into an evaporating dish, Within a hood, place the dish 
on a steam bath to evaporate most of the water. Place 
the dish on a burner, and slowly pre-ash the sample by 
expeNing most of the sulfuric acid. Place the dish in a 
muffle furnace that has been set at 525°, and ash the 
sample until the resldue appears free from carbon. 

Cool, and cautiously wash down the insrde of the evap- 
oration dish with water, Add 5 ml of 1 N hydrochloric 
acid. Place the dish on a steam bath, and evaporate to 
dryness. Add 1.0 mL of 3 N hydrochloric add and ap- 
proxlmately 5 mL of water, and heat briefly on a steam 
bath to dissolve any residue. Transfer the solution quan- 
titatively to a 10-mL volumetric fiask, dilute to voiume, 
and mix. 

Sample solution: Place 1 0 g of Calcium Propionate, to 
the nearest 0.1 mg, into an evaporating dish, Add a 
suffident amount of 25% Sulfunc add solution , and dis- 
tribute the sulfuric add uniformly through the sample, 
Proceed as directed under Sample blank beainning with 
"Within a hood..." 

Instrumental conditions 
(See Atomie Absorptlon Spectroscopy (852).) 

Modę: Atomie absorption 
Analytrcal wavelengtn: 283.3 nm 
Lamp: Lead electrodefess discharge 
Flame: Air-acetylene 
Sfrt wldth: 0.7 nm 
Instrument blank: Water 
Standard curve 

Samples: Standard Solutions and Sample blank 
Plot: Corrected absorbance values versus their corre* 
sponding concentration (pg/mL). [Notę—D etermine 
corrected absorbance values by subtracting the ab¬ 
sorbance of the Sample blank from the absorbance of 
the Standard Solutions .] 

Analysis 

Samples: Sample blank and Sample solution 
[Notę—D etermine corrected absorbance values by sub¬ 
tracting the absorbance of the Sample blank from the 
absorbance of the Sample solution .] 

From the Standard curve f determine the lead concentra¬ 
tion in the Sample solution . 

Calcufate the fead content in the portion of Caldum 
Propionate talcen: 

Result = (Ci xV)!W 

Q - concentration of lead from the Standard curve 
(pg/mL) 

V - finał voiume of the sample (ml) 

W - weight of the sample taken (g) 

Acceptance criteria: NMT 2pg/g 
* Macnesiuiw (as MgO) 

Magnestum standard solution: Dissolve 50.0 mg of 
magnesium metal in 1 mL of hydrochloric acid in a 
1000-mL volumetrit fiask, dilute with water to volume, 
and mix. 

Sample solution: Place 400,0 mg of Calcium Propion¬ 
ate, 5 mL of 2,7 N hydrochloric add, and about 10 mL 
of water in a smali beaker, and dissolve the Calcium 
Propionate by heatino on a hot piąte. 

Analysis: Evaporate the Sample solution to a vofume of 
about 2 mL, and cool. Transfer the residual liquid to a 
100-mL volumetric fiask, dilute with water to volume, 
and mix. Difute 7.5 mL of this solution with water to 
20 mL, add 2 mL of 1 N sodium hydroxide and 0.05 mL 
of a 1:1000 solution of thiazole yellow, and mix. Aliow 
to stand for 10 min, and shake, Any color produced 
does not exceed that produced by 1.0 mL of Magne¬ 
sium standard solution in the same volume as that of a 
control containing 2,5 mL of the Sample solution (corre- 
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sponding to 10 mg of Caicium Propronate) and the 
quantities of the reagents used in the test 
Acceptance criteria: The solution passes the test (about 
0.4%), 

SPEGFIC TE5TS 
® WateiMnsoluble Substamces 

Sample: 10 g 

Analysis: Dfssoive the Sample in 100 ml of hot water, 
ass through a tared filterfng crudble, wash the insoiu- 
le residue with hot water, and dry at 105° to constant 
weight 

Acceptance criteria: NMT 0,2% 

* PH (791): 7.5-10,5, in a solution (1 in 10) 

* WATER DETEftMINATION (921), Method I: NMT 5.0% 

* Loss on Drying (731) 

Analysis: Dry at 105 a for 2 h. 

Acceptance criteria: NMT 4% 

ADD9TIONAL REQUIREMENTS 

o Packaging and Storage: Storę in tightly closed contain- 
ers. No storage requfrements specrfied, 

* USP REFERENCE Standards (11) 

U5P Sodium Fluortde RS 


Caicium Saccharate —see Caicium 
Saccharate General Monographs 


Caicium Silicate 


2 h. AfJow to cooi, add 30 mL of water, fi [ter, and wash 
the precipitate with 200 ml of hot water. [Notę—R etain 
the combined fiitrate and washings for use in the assay 
for Caicium Oxide.] 

Transfer the fi [ter paper and ils contents to a piatinum 
crudble, heat slowly to dryness, then heat sufficiently 
to char the fifter paper. Ignite at about 900°-1000° to 
constant weight, Moisten the residue with 5 drops of 
perchlonc add, add 15 mL of hydrofluorlc add, heat 
cautiously on a hot piąte untif all of the acid is driven 
off, and ignite at a temperaturę NLT 1000° to constant 
weight Cooi in a desiccator, and weigh: the loss in 
weight represents the weight of Si0 2 . 

Acceptance criteria: NLT 35.0% of Silicon dioxide 
(Si0 2 ) and 90.0%-l 1 0.0% of the content stated in the 
labeiing, or within the rangę of percentages stated in 
the labeiing 
« Calciur/i Oxide 

Sample solution: Use the combined fiitrate and wash¬ 
ings retained from the assay for Silicon Dioxide . 

Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 

Titrant: 0.05 M edetate disodium V5 

Endpoint detectlon: Visuaf 

Analysis: Neutraiize the Sample solution to litmus with 
1 N sodium hydroxide, Add, while stirring, 10 mL of 
0.05 M edetate disodium VS from a 50-mL buret Add 
15 mL of 1 N sodium hydroxide and 300 mg of hy- 
droxy naphthol blue, and continue the titration to a 
blue endpoint 

Calculate Z, the percentage of caicium oxide (CaO) in 
the sample taken: 

Z=[(l/xMx F)/W\ x 100 


DEFINfTEON 

Caicium Silicate, crystalline or amorphous, is a compound of 
caidum oxide and Silicon dioxide. !t contasns NLT 4.0% of 
caicium oxide and NLT 35,0% of Silicon dioxide. 

IDENTIFICATION 

® A, Identification Tests—General, Caicium (191) 

Sample solution: Mrx 0.5 g with 10 mL of 3 N hydro- 
chloric acid. Filier, and neutraiize the fiitrate to litmus 
paper with 6 N ammonium hydroxide, 

Acceptance criteria: The neutralized fiitrate meets the 
reguirements. 

« B. 

Analysis: Prepare a bead by fusing a few crystals of 
sodium ammonium phosphate on a platinum ioop in 
the fiame of a gas burner. Place the hot, transparent 
bead in contact with the specimen of Caicium Silicate, 
and again fuse. 

Acceptance criteria: Silica floats about in the bead, 
producina, upon coolina, an opaque bead havinq a 
web-Iike structure. 

ASSAY 

« Silicon Dioxipe 

Sample: Caicium Silicate in the appropriate amount 
(see labie 1) 


Table 1 


Sample Weight 
(mg) 

Caicium Oxide Content 

400 

_ 

>25 

600 

11-25 

1000 

4-10 


Analysis: Transfer the Sample to a beaker, add 5 mL of 
water and 10 mL of perchlonc add, and heat until 
dense white fu mes of perchlonc add are evolved. £over 
the beaker with a watch gfass, and continue to heat for 


V = volume of Titrant consumed by the Sample 
solution (mL) 

M - actual moiarity of the Titrant (mmol/mL) 

F = equivalency factor, 56.08 mg/mmol 
W = weight of the sample (mg) 

Calculate the percentage of the labefed amount of 
caicium oxide (CaG)f 

Result = (Z/0 x 100 

Z = percentage of CaO in the sample taken as 
calculated above 
i - labeled amount of CaO 

Acceptance criteria: NLT 4,0% of caicium oxide (CaO) 
and 90*0%-! 10,0% of the content stated in the label- 
Ing, or within the rangę of percentages stated in the 
labeiing 

IMPURITIE5 

o Loss ON Ignition (733): Transfer 1 g to a suitable tared 
crudble, dry at 105° for 2 h, and ignite at 900 3 to con¬ 
stant weight: Jt loses NMT 20.0% of its weight. 

Bele te the foiiowing: 

Heavy Metals (231) 

Test preparation; Boil 4.0 g with a mixture of 50 mL of 
water and 10 mL of hydrochloric acid for 20 min, add- 
ing water to maintain the volume during the boiling. 
Aad ammonium hydroxide until the mixture is only 
slightly acid to litmus paper. Fil ter with the aid of suc- 
tion, and wash with 15-20 mL of water, combinśng the 
wash ing with the original fiitrate. Add 2 drops of plie- 
nolphthalein TS, then add a slight excess of 6 N ammo¬ 
nium hydroxide. DEscharge the pink cofor with dllute 
hydrochloric add (1 in 100). Dilute with water to 
100 mL, and use 25 mL of the solution for the test. 
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Acceptance criteria: NMT 20 ppm» (0 ftici fl i 

• Limit of Lead 

Palladium matrix modifier: Palladium nitrate (1% Pd) 1 
Magnesrum matrix modifier: Magnesium nitrate (2% 
Mg)* 

Nitric add, 65% [7697-37-2]: Use a suitable grade 
with a content of NLT 65*0%, 1 

Nitric acid diluent: Transfer 42 mL of Nitric ocid , 65% 
to a 1000-mL volumetric fiask. Dilute with water to 
vofume, 

Matrix modifier soJution: Transfer l.OmL of Palladium 
matrix modifier and 100 pL of Magnesium matrix modifier 
to a 20-mL volumetric fiask. Dilute with water to vol- 
u me, and mix. 

Lead standard solution: A solution containing 
Pb{NOj )2 in 0.5 M nitric acid correspondmg to 
1000 mg of lead/mL' 

Standard solution: Transfer 100 pL of Lead standard so¬ 
lution to a 100-mL volumetric fiask. Drlute with water to 
yolume, and mix. This solution contains the equivalent 
of 1.0 pg/mL of lead. 

Calibration Solutions 

Calibration solution A: Transfer 50 mL of Nitric acid 
diluent to a 100-mL yolumetric fiask, and dilute with 
water to volume (0 pg/mL of lead). 

Calibration solution B: Transfer 1 mL of Standard solu¬ 
tion and 50 mL of Nitric acid diluent to a 100-mL volu- 
metric fiask, and dilute with water to volume (0.01 pg/ 
mL of lead). 

Calibration solution C; Transfer 5 mL of Standard solu¬ 
tion and 50 mL of Nitric acid diluent to a 100-mL volu- 
metric fiask, and dilute with water to volume (0.05 pg/ 
mL of lead), 

Sample solution: Weigh 2.0 g of Calcium Sificate into a 
150-mL beaker, Mix with 50 ml of Nitric add diluent. 
Cover with a wateh glass, and boil for 20 min. Allow to 
cool With the aid of a vacuum, pass through a glass 
filter, 5 and wash the filter several times with water. 
Transfer the filtrate into a 100-mL volumetric fiask. Di¬ 
lute with water to volume, and mix. 

System suitability solution: Transfer 5 mL of Standard 
solution and 50 mL of Nitric add diluent into a 100-mL 
volumetric fiask. Dilute with water to yolume, and mix, 
This solution contains the equivalent of 0,05 pg of lead/ 
mL, 

Instrumental conditions 

(See Atomie Absorption Spectroscopy (852).) 

Modę: Graphite furnace atomie absorption 
spectrophotometer 

Analytlcal wayelength: 283.3 nm (lead emission linę) 
Lamp: Lead hollow-cathode lamp and an adequate 
means of Zeeman background correction 
Carrier gas: Argon 

Under typicaJ conditions, the Sample solution and Cafibra- 
don Solutions volumes are 20 pL, the volume of the Ma- 
trix modifier solution is 10 pL, the injection temperaturę 
is 20°, and the oven conditions are as follows (see Table 
2 )■ 

[Notę —These conditions may be optimized for each 
instrument.] 



Table 2 


Step 

Temperaturę ("1 

Dryina 1 

110 

Dryina 2 

130 


1 A suitable grade is avai labie as ca ta log number RC MM PD 10KN-50 from 
VWR, wwLv.vwr.com. 

2 AvailabEe as calalog number RCMMMG20KN-50, from VWR, www.vwr.com, 

3 A suitable grade i$ available as catalog number 441-2 from EMO Chemicals, 
www ,emdchem Icals. com, 

4 A suitable grade is avallable as catalog number 1.19776 from EMD Chemi¬ 
cals, www.emdchemicals.com. 

5 Glass filLer: Whatman GF/B glass microflber filters, 1.0 j.tm, Whatman no, 
1821-090, is suitable. Awarlable as catalog number 28497-492, From VWR, 
www.vwr.com. 


Table 2 (Continued) 


Step 

Temperaturę f 0 ! 

Pyrrolysis 

950 

Read 

1800 

Clean out 

2450 


Anaiysis 

Samples: Calibration Solutions, Sample solution, and 
System suitability solution 

Plot the absorbance of each Calibration solution versus 
its content of lead, tn pg/mL, and draw the best 
straight linę fitting the three pointo. From this plot, 
determine the concentration, in pg/mL, of lead in the 
Sample solution : the correlation coefficient is NLT 0,99, 
and the recovery for the System suitability solution is 
85%-115%. 

Calculate the quantity, in ppm, of lead in the Sample 
solution , 


Result = (Cx V)/W 

C » concentration of the Sample solution (pg/mL) 

1/ = volume of the Sample solution (mL) 

W = weight of sample taken (g) 

Acceptance criteria: NMT 10 ppm 

* Limit of fluoride 

[Notę— Storę all Solutions in polytef containers.] 

Buffer solution: 294 mg/mL ot sodium dtrate 
łonie strength adjustment buffer: Transfer 42 mL of 
hydrochloric acid, 121 g of tris(hydroxymethyl)amino- 
methane, and 115 g of sodium tartrate to a 500-mL 
volumetric fiask containing 250 mL of water, Stir to dis- 
solve, and dilute with water to volume. 

Standard stock solution: 221 pg/mL of USP Sodium 
Fluoride RS, This stock solution contains 100 pg/mL of 
fluoride ion. 

Sample solution: Transfer 2.0 cj of Calcium Silicate to a 
100-mL polytef beaker containing a magnetic stir bar. 
Add 20 mL of water and 2.0 mL of hydrochloric acid. 
Cover with a wateh glass, and heat to a vigorous boil 
for 1 min, stinring continuously, Remove from beat, and 
cool. Transfer the cooled suspension to a 100-mL 
polytef beaker, Add 25 mL of Buffer solution , and adjust 
witn ammonium hydroxide or hydrochloric acid to a 
pH of 5-6. Add 50 mL of fanie strength adjustment 
buffer and water to make 100 mL of solution. 

Electrode system: Use a fluoride-spedfic ion-indicating 
electrode and a suitable reference electrode connectea 
to a pH meter capable of measuring potentials with a 
reproducibility of ±0,2 mV (see pH (791)). 

Standard response linę: Obtain a standard response 
linę with four standard Solutions containing 0, 0.10, 
0,20, and 0,40 pp/mL of fluoride as follows, Add 23 mL 
of water, 2 ml of hydrochloric acid, and 25 mL of Buffer 
solution to a 100-mL plastic beaker, Adjust with ammo¬ 
nium hydroxide to a pH of 5-6, and add łonie strength 
adjustment buffer to obtain 100 mL of solution. Insert 
the electrode into the solution, stir for at least 15 min, 
and record the potential for the standard solution con¬ 
taining 0 pg/mL of fluoride, When the electrode has 
stabilized, add lOOpL of the Standard stock solution to 
the beaker, and stir. Allow the electrode to stabilize for 
5 min, and measure the potential for the standard solu¬ 
tion containing 0.10 pg/mL of fluoride, Similarly add 
another 100 and 200 uL of the Standard stock solution 
and record the potential for the standard Solutions, 
containing 0,20 pg/mL of fluoride and 0.40 pg/mL of 
fluoride, respectively, After each addition, continue to 
stir for 5 min before recordino the reading. 

Anaiysis: Insert the ca libra tea electrode into the Sample 
solution , stir for 5 min, and record the measurement. 
From the measured potential of the Sample solution and 
the Standard response linę, determine the concentration, 
C, in pg/mL, of fluoride ion in the Sample solution, 
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Calculate the quantity, in ppm, of fluoride in Calcium 
Si lica te: 

Result = (C x V)!W 

C = concentration of fluoride ion in the Sample 
solution (pg/mL) 

V = volume of the Sample solution (mL) 

W = weiaht of Calcium SiNcate in the Sample 
solution (g) 

Acceptance cnteria: NMT 50 ppm 

SPECIFIC TESTS 

* pH (791): 8.4—11.2, determined in a well-mixed aqueous 

suspension (1 in 20) 

* Ratio of Silicon Dioxide to Calciijm Oxide: DIvide the 

percentage of Silicon dioxide obtained in the test for 
Silicon Dmide by the percentage of calcium oxide ob¬ 
tained in the test for Calcium Óxide , 

Acceptance cnteria: 0.5-20 

* Sum of CaO, SiG 2 , and Loss on Ignition: The sum of the 

percentages obtained in the three tests ts NLT 90.0%* * 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage; Pre$erve in well-closed 

containers. 

* Labeling: The labeiing States the daimed percentage or 

rangę of percentages Tor the eontent of calcium oxide 
ano for the eontent of Silicon dioxide. 

* USP REFERENCE STANDARDS (11) 

USP Sodium Fluoride RS 


Calcium Stearate 


Octadecanoic acid, calcium salt; 

Calcium stearate [1592-23-0]. 

DEFINmON 

Calcium Stearate is a compound of calcium with a mrxture 
of solid organie acids obtained from sources of vegetable 
or animal origin and consists mainly of variable propor- 
tions of calcium stearate (Cj6H7oCaO^) and calcium palmi- 
tate (C^H^CaOO. li contams NLT 6.4% and NMT 7.4% 
of calcium (Ca), calculated on the dried basis. The con- 
tent of stearic acid In the fatty acid fraction is NLT 40.0% 
of the total eontent. The sum of steanc acid and paimitic 
acid in the fatty acid fraction is NLT 90*0% of the total 
eontent* 

IDENTIFICATION 

* A, Identification Tests—General, Calcium (191) 

Sample: 1 g 

Analysis: Heat the Sample with a mixture of 25 ml of 
water and 5 mL of hydrochloric acid. 

Acceptance cnteria: Fatty acids are liberated and ap- 
pear as an oily layer floating on the surface of the liq- 
uid* The water layer meets the reguirements. 

* B. The retention times of the major peaks of the Sample 
solution correspond to those of the Standard solution, as 
obtained in the Assay. 

ASSAY 

* CONTENT OF CALCIUM 

Sample: 1.2 g 
Titrimetric system 

(See Titrimetry {541).) 

Modę: Direct titration 
Titrant: 0.05 M edetate disodium V5 
Endpoint detection: Colorimetric 
Analysis: Boil the Sample with 50 mL of 1 N sulfuric 
acid for about 3 h, using a watch glass cover to avoid 
splattering, or untii the separated fatty acid layer is. 
elear, Add water, if necessary, to malntain the onglnal 


voiume* [Notę—S tirring may be helpful in obtaining a 
elear layer and decreasino extraction time.] Cool, filier, 
and wash the fifter and tne fiask thoroughly with water 
untii the last washing is not acid to litmus. Neutralize 
the filtrate with 1 N sodium hydroxide to litmus. While 
stirring, preferably with a magnetic stirrer, titratę with 
0,05 M edetate disodium VS as foilows. Add about 
30 mL from a 50-mL buret, then add 15 mL of 1 N so¬ 
dium hydroxlde and 300 mg of hydroxy naphthol blue. 
Continue the titration to a blue endpoint* Each mL of 
0.05 M edetate disodium is equivalent to 2.003 mg of 
caldum* 

Acceptance criteria: 6*4%-7.4% on the dried basis 
• CONTENT OF STEARIC ACID AND PALMITIC ACID 

Boroń tnfluonde-methanol solution: 140 g/L of bo- 
ron trifluoride in methanol 

Sample solution: DIssolve 100 mg of Calcium Stearate 
in a smali conical fiask fitted with a suitable reflux at- 
tachment with 5 mL of Boran trifluoride-methanoi solu¬ 
tion. Boil under ref(ux for 10 min. Add 4.0 mL of n- 
heptane through the condenser, and boil again under 
reflux for 10 min. Allow to cool Add 20 ml of a satu- 
rated solution of sodium chloride* Shake, and allow the 
layers to separate* Remove about 2 mL of the organie 
layer, and ary it over 0.2 g of anhydrous sodium sulfate. 
Dilute 1,0 mL of this solution with n-heptane to 
10.0 mL. 

Standard solution: Prepare as directed in the Sample 
solution , using 50 mg ot USP Stearic Acid RS and 50 mg 
of USP Paimitic Acid RS. 

Chromatographic system 
(See Chromatograpny (621), System Suitability*) 

Modę: CC 

Detector: Flame ionization 

Column: 30-m x 0,32-mm fused silica; 0.5-fim layer of 
phase Cl 6 
Teinperatures 
fnjection port: 220° 

Detector: 260° 

Column: See Tobie L 


Table 1 


InltiaJ 

Temperaturę 

n 

Temperaturę 

Ramp 

r/min) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

70 

__ 

70 

2 

70 

5 

240 

5 


Carrier gas: Helium, passed through a bed of molecu- 
lar steve for drying, if necessary 
Flow ratę: 2*4 mL/min 
injection volume: 1 pL 
System suitability 
Sample: Standard solution 
Suitability reąuirements 

Resolution: NLT 5.0 between the methyl palmitate 
and methyl stearate peaks. [NOTĘ—The retative reten- 
tlon times for methyl palmitate and methyl stearate 
are about 0*9 and f.0, respectively,] 

Relatlve standard deviation: NMT 3.0% for the 
methyl stearate and methyl palmitate peaks; NMT 
1,0% for the ratio of the peak areas of methyl patmi- 
tate to the peak areas of methyl stearate, from 6 rep- 
I i ca te injection s 

Analysis: Calculate the percentage of stearic acid 
(CisH30O2) in the fatty acid fraction of the sample taken: 

Result = (fw/rr) x 100 

ru = peak area due to methyl stearate 

rr - sum of all the peak areas, excluding the 

solvent peak 
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Calcu late the percentage of palmitic acid (CićyH^Ch) in 
the fatty acid fraction of the sampfe taken: 

Result = (fu/Tr) x 100 

ru = peak area due to methyi paimitate 

rj - sum of all the peak areas, excluding the 

solvent peak 
Acceptance criteria 
Stearic acid: NLT 40.0% 

Sum of stearic acid and palmitic acid: NLT 90.0% 

iMPumms 


Betete the fottowing: 

** Heaw Metals <231) 

Test preparation: Place 2,5 g of Calcium Stearate In a 
porcelain dish, and add 5 mL of a 1 -in-4 solution of 
magnesium ni tratę in aicohoL Cover the dish with a 
7.5-cm short-stem funnel so that the stem is straight 
up. Heat on a hot piąte al Iow heat for 30 min, tnen 
heat at medium heat for 30 min, and cooL Remove the 
funnel, and heat the dish over a suitable burner until 
most of the carbon is burned off. Cool, add 10 mL of 
nftric add, and transfer the solution into a 250-mL 
beaker. Add 5 mL of 70% perchloric acid, cautiously 
evaporate to dryness, add 2 mL of hydrochloric add to 
the residue, and wash down the instde of the beaker 
with water. Evaporate carefuily to dryness agaln, 
swirling near the dry point to avoid spattehng. Repeat 
the hydrochloric acid treatment, then cool, and dissolve 
the residue in about 10 mL of water, Add 1 drop of 
phenolphthalein T5, and add sodium hydroxide TS until 
the solution just turns pink. Then add 3 N hydrochloric 
acid until the solution becomes cołorless. Add 1 mL of 
1 N acetic add and a smali amount of charcoal, and 
pass through filter paper into 50-mL color-comparison 
tubes. WasTi with water, and dilute with water to 
40 mL. 

Monitor preparation: Pface 500 mg of Calcium Stea¬ 
rate in a porcelain dish, and add 5 mL of a 1 -in-4 solu- 
tion of magnestum nitrate in aicohoL Cover the dish 
with a 7.5-cm short-stem funnel so that the stem is 
straight up. Heat on a hot piąte al Iow heat for 30 min, 
then heat at medium heat for 30 min, and cool, Re- 
move the funnel, add 2 mL of Standard Lead Solution 
(20 ug of Pb), and heat the dish over a suitable burner 
until most of the ca rbon is burned off. Cool, add lOmL 
of nitrtc acid, and transfer the solution into a 250-mL 
beaker. Add 5 mL of 70% perchloric acid, cautiously 
evaporate to dryness, add 2 mL of hydrochloric acid to 
the residue, and wash down the inside of the beaker 
with water. Evaporate carefuily to dryness agarn, 
swirling near the dry point to avoid spattering. Repeat 
the hydrochloric acid treatment, then cool, and dlssolve 
the residue in about 10 mL of water. Add 1 drop of 
phenolphthaietn T5, and add sodium hydroxide TS until 
the solution just turns pink. Then add 3 N hydrochloric 
add until the solution becomes colorless. Acid 1 mL of 
1 N acetic add and a smali amount of charcoal, and 
pass through fil ter paper into 50-mL color-comparison 
tubes, Wash with water, and dilute with water to 
40 mL, 

Analysis: Add 1.2 mL of thioacetamide-glycerin base TS 
a na 2 mL of pH 3.5 acetate buffer to each tubę. Allow 
to stand for 5 min. 

Acceptance criteria: NMT 10 ppm; the cofor of the 
Test preparation does not exceea that of the Monitor 
preparation.m (omaai i-jaa- 2 oia) 


SPICIFIC TESTS 
O LOSS ON DRY1NG (731) 

Analysis: Dry a sam ple at 105° to constant weight 
Acceptance criteria: NMT 4,0% 

ADDETIONAL REQUiREMENTS 

* Packaging and Storage: Preserve in wdf-dosed 
containers. 

* Labeling: Label it to indicate the content of stearic add 

in the fatty acid fraction and to indicate the fatty adds 
used to produce calcium stearate are from sources of 
vegetable or animal origin. 

° U5P Reference Standard; <11) 

U5P Palmitic Acid RS 
USP Stearic Add RS 


Calcium Sulfate 


CaSO, 136.14 

CaSO., • 2 H 2 O 1 72.17 

Sulfurk acid, calcium salt (1:1); 

Calcium sulfate (1:1) [7778-18-9]. 

Dihydrate [10101-41-4]. 

DEFINITION 

Calcium Sulfate is anhydrous or contains two molecules of 
water of hydration. It contains NLT 98.0% and NMT 
101.0% of CaS0 4 , calcu la ted on the dried basis. 

IDENTiFlCATION 

o A. Identification Tests—General, Calcium <191) 

Sampie solution: Dissolve 200 mg by warmlng In a 
mixture of 4 ml of 3 N hydrochloric acid and 16 mL of 
water. 

Acceptance criteria: Meets the redtlirements 

o B. Identification Tests^General, Sulfate <191) 

Sampie solution: Dissolve 200 mg by warming in a 
mixture of 4 mL of 3 N hydrochlonc add and 16 mL of 
water. 

Acceptance criteria: Meets the requirements 

ASSAY 

* Procedurę 

Sampie: Dfs$olve 300 mg of Calcium Sulfate in 100 mL 
of water and 4 mL of 3 N hydrochloric acid. Boli, if nec- 
essary, to dissolve, and cool before titrating. 

Tltrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 

Titrant: 0,05 M edetate disodium VS 

Endpoint detection: Visual 

Analysis: Whfle stirring, preferably with a magnetic stir- 
rer, add to the Sampie solution , in the order named, 

0.5 mL of triethanofamme, 300 mg of hydroxy naphthol 
blue, and, from a 50-mL buret, 30 ml of 0.05 M ede¬ 
tate disodium VS. Add sodium hydroxide solution (45 
in 100) until the inśtial red color chanaes to elear bfue, 
continue to add dropwise until the color changes to 
yiofet, and add an addlfional 0.5 mL. The pH is 
12.3-12.5. Continue the titration dropwise with 0.05 M 
edetate disodium VS to the appearance of a ciear-bfue 
endpoint that perslsts for NLT 60 s. 

Caiculafe the percentage of Calcium Sulfate (CaS0 4 ) in 
the Sampie taken: 

Result = [(V x M x F)/W] x 100 

1/ = volume of Titrant consumed by the Sampie 

(mL) 

M = actuaf molarity of the Titrant (mM/mL) 
f = equivalency factor, 1 36,14 mg/mM 
W - weight of the Sampie (mg) 
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Acceptance criteria: 98,0%-] 01,0% on the dried basis 

1MPURITIES 
® Iron <241) 

Sample solution: Disso!ve 100 mg in 8 mL of 3 N hy¬ 
drochloric acid, and di lute with water to 47 mL. 
Acceptance criteria: NMT 100 ppm 

Defete the fotlowing: 

** Heaw Metals, Method I (231): NMT TO ppm 

Test preparation: Mix 2,0 g with 20 mL of water, add 
25 mL of 3 N hydrochloric acid, and heat to boiling to 
dissolve the test spedmen. Cool, and add ammonium 
hydroxide to a pH of 7. Fil ter, eyaporate to a yolume of 
about 25 mL, and refilter, if necessary, to obtain a elear 
SOluttOn,® [OflidftM Jan 20 U) 

SPECIFIC TESTS 

® Loss ON Drying (731) 

Samples: Neat 

Analysis: Dry a sampte at a temperaturę NLT 250° to 
eon sta nt weight. 

Acceptance criteria: NMT 1,5% for the anhydrous 
form and 19,0%-23.O% for the dihydrate 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage; Preserve in welt-closed 
contamers. 

* Iabeling: Label it to indicate whether it is anhydrous or 
the dihydrate. 


Anhydrous Dibasic Calcium —see 

Anhydrous Dibasic Calcium Phosphate General 
Monographs 


Dibasic Calcium Phosphate Dihydrate— 

see Dibasic Calcium Phosphate Dihydrate 
General Monographs 


CandeliDSa Wax 


[8006-44-8], 

DEFINITION 

Candeliila Wax is the purified wax obtained from the ieaves 
of the candeliila plant, Euphorhia antisyphflitica Z u cc, 

IDENTIFICATION 

* A. INFRARED ABSORPUOW (T97F) 

5ample: Use a thin film of melted Candeliila Wax . 
Acceptance criteria: Meets the requirenients 

■ B, It meets the regutrements of the test in Spedfic Tests 
for Melting Rangę or Temperaturę , Class // (741). 

IMPURITIES 

® Limit of Lead (251) 

SampJe: 3.3 g 

Contro!: 10 pg of lead from a DHuted Standard Lead 
Solution (1 jig/mL of lead) 

Analysis: Weigh the Sample into a po reda in dish, heat 
on a hot piąte until completeiy charred, then heat in a 
muffle furnace at 480° for 8 h or oyernight, and cool. 
Cautiously add 5 mL of nitric add, evaporate to dryness 
on a hot piąte, then heat again m the muffle furnace 
for exactly 15 min, and coof. Extract the ash with two 


10-rnL portions of water, filtering each extract into a 
separator. Leach any rnsoluble materia! on the filter 
with 6 mL of Ammonium Ci tratę Solution, 2 mL of Hy- 
droxylamine Hydrochloride Solution, and 5 mL of water, 
adding the filtered washings to the separator. Continue 
as directed in Lead <251), Procedurę , beginning with 
'"Add two drops of phenol red TS", ano use 10 mL of 
Difuted Standard Lead Solution for a controL 
Acceptance criteria: The color of the Sample solution 
does not exceed that in the eon troi, corresponding to 
NMT 3 ug/g. 

Delete the fotlowing : 

9 * * Heavy Metals, Method II <231): NMT 20 fig/g® corn^i i- 

fwv20t ej 

SPECIFIC TESTS 

■ Melting Rangę or Temperaturę, Class II <741): 
68,5 D -72.5° 

* Fats and Fixed Oils, Acid Value (401) 

Sample: 3 g 

Analysis: Wetgh the Sample in a 250-mL fiask, add 
50 mL of a mixture of isopropyl alcohol and toluene 
(5:4), attach the fiask to a reflux condenser, and boli 
gently until the wax is completeiy dissolved. Examine 
the solution: no rnsoluble partides are present Remove 
the fiask from the condenser, add 1 mL of phenol- 
hthalein TS, and titrate immediately with 0.5 N alco- 
olic potassium hydroxide VS to a faint, reddish-yellow 
color. [Notę—D o not allow the solution to cool; titrate 
at a warm temperaturo after refluxing. After the titra- 
tion, reserve the solution for use in tne test for Saponifi- 
cation ValueĄ 

Calculate the acid value as the number of mg of potas- 
sium hydroxide required to neutralize the free acids in 
1 g of Candeliila Wax. 

Acceptance criteria: 12-22 

* Fats and Fixed Oils, Saponification Value (401) 

Sample solution: Use the solution from the test for Add 
Value. 

Analysis: To the Sample solution add 15.0 mL of 0.5 N 
alcohofic potassium hydroxide VS, refiux for 3^t h, and 
titrate the excess alka li with 0.5 N hydrochloric add VS 
to a yellow-amber color. Perform a blank determination 
under the same conditions (see Titrimetty (541), Residua! 
Titrations). The saponification vaiue is the summation of 
the ester value so obtained and the add value obtained 
aboye. 

Acceptance criteria: 43-65 

ADDITIONAL REQUIREMENT$ 

* Packaging AND STORAGE: Preserve in weJI-ciosed contain- 
ers. No storage requirement5 specified, 

* USP Reference Standards (11) 

USP Candeliila Wax RS 


Canola OiB 


Low emcic acid rapeseed oil; 

LEAR oil. 

DEFINITION 

Canoia Oil is the refined fixed oil obtained from the seeds of 
Brassica napus or Brassica campestris (Fam. Cruciferae), A 
suitable antioxidant may be added. 

IDENTIFICATION 

e A. It meets the requirements of the test for Fats and 
Fixed Oils <401), Fatty Add Composition. 
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IMPURITIES 


DeSete the foltowing: 

*• Heaw Metals, Method U {231}: NMT 10 ppm o (omdai i. 

15 ( 1 - 2018 ) 

SPECIFIC TESTS 

■ Fats and Fixed Oils, Fatty Add C omposition (401) 

Canola Oil exhibits the composition profile of fatty acids 
In Tobie 1. 


Table 1 


Car bon-Chain 
Lenath 

Number of 
Double Bonds 

Percentage 

<%ł 

<14 

_ 

< 0.1 

14 

0 

< 0.2 

16 

0 

< 6.0 

16 

1 

< 1.0 

18 

0 

< 2.5 

18 

1 

>50 

18 

2 

<40 

18 

3 

<14 

20 

0 

< 1.0 

20 

1 

< 2.0 

22 

0 

< 0,5 

22 * 

1 

£ 2.0 

24 

0 

< 0,2 

24 

1 

< 0.2 


* Erudc acid 


■ Limit of Erucic Acid: NMT 2.0%, as determined in the 
test for Fots and Fixed Oils <401), Fatty Add Composition 

* SPECIFIC Gravity (841): 0.906-0.920 

* Fats and EFjxed Oils, Add Value (401): NMT 6.0 

® Fats and Fixed Oils, lodine Value (401): 110-126 
® FATS and Fixed Oils, Peroxide Va(ue (401): NMT 10.0 
o Fats and Fixed Oils, Saponification Value (401): 1 78-193 

* Fats and Fixed Oils, Unsaponifiable Matter (401): NMT 

1.5% 

* REFRACTIVE 9nD£X (831): 1.465-1.467 at 40 D 

ADOITEONAL REQUIREfV0ENT5 

* Packaging and Storage: Preserve in tight containers, 

and avoId contact with metals, Fili to the top or flush 
partially fllled containers with nitrogen, No storage re- 
quirements specified. 

* Labeling: La bel it to rndicate the name and concentra- 

Lion of any added antioxrdant. 


Caprylic Acid 



CsHtóOj 144.21 

Octanofc acid; 

l-Heptanecarboxylic acid [124-07-2]. 

DEFINITfON 

Ca pry lic Acid eon tai ns NLT 99,0% of caprylic add 
(CttHieO?), calculated on the anhydrous basis. 


IDENTIFICATION 

» A, iNFRARED ABSORPTiON (197F) 

9 B. The retentfon time of the major peak of the Sample 
solution corresponds Lo that of the Standard solution, as 
obtamed in the Assay. 

ASSAY 
o Procedurę 

Standard solution: 10 mg/mL of USP Caprylic Add RS 
in ethyl acetate 

Sample solution: 10 mg/mL of Caprylic Acid in ethyl 
acetale 

System suitability solution: 1 0 pg/mL of Caprylic Acid 
in ethyl acetate, prepared from the Sample solution 
Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: GC 

Detector: Flame lonization 

Column: 0,25-mm x 30-cm fused sllica capillary col- 
umn bonded with a 0.25-pm layer of phase G25 
Temperatures 
Detector: 250 D 
Injection port: 250° 

Column: See Table h 


TabBe 1 


Enitiai 

Temperaturę 

n 

Temperaturę 

Ramp 

r/minł 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min'} 

100 

_ 

100 

1 

100 

5 

220 

10 


Carrier gas: Helium 
Flow ratę: 1.5 rnl/min 
Injection volume: 1 pL 

Injection type: Split injection, The Split ratio is about 
1 : 100 . 

System suitability 

Samples: Standard solution and System suitability 
solution 

Suitability reguirements 

Relative standard deviatlon: NMT 2.0%, Standard 
solution 

Signal-tomoise ratio: NLT 5 for the major peak, Sys¬ 
tem suitability solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of caprylic acid (QHi 6 Gz) in 
the portion of Caprylic Acid taken: 

Result = ( r u /rs ) x x 1 00 

fu - peak response of caprylic acid from the 
Sample solution 

= peak response of caprylic add from the 
Standard solution 

C 5 = concentration of USP Caprylic Acid RS in the 
Standard solution (mg/mL) 

C u = concentration of Caprylic Add in the Sample 
solution (mg/mL) 

Acceptance critena: NIT 99.0% on the anhydrous 
basis 

IfyiPURITIES 

O Residue on Ugnition (281): NMT 04% 

Detete the foltowing: 

Heaw Metals (231) 

Sample solution: 12 ml of a 100-mg/mL solution of 
Caprylic Acid in alcohol 
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Standard solution 1; 1 ml of Standard ieod Solution 
(10iig/mL of Pb), prepared as directed in the chapter, 
and 9 mL of alcohol 

Standard solution 2: 10 mL of Standard solution 1 and 
2 ml of Sample solution 

Blank solution: 10 mL of alcohol and 2 mL of Sample 
solution 

Analysis 

Sam pies: Sample solution, Standard solution 2 , and 
Blank solution 

To each of the Samples, add 2 mL of pH 3.5 Acetale 
Buffet prepared as directed in the chapter. Mix, and add 
to 1.2 mL of thioacetamide-glycerin base TS. Examine 
the Solutions after 2 min. 

System suitability 

Samples: Standard solution 2 and Blank solution 
Suitability requirements: The Standard solution shows 
a slight brown color compared to the Blank solution. 
Acceptance critena: The brown color in the Sample so¬ 
lution \s not morę intense than that in Standard solution 
2, correspondrng to NMT 10 pg/g of heavy metals. 

* (Oćflttal 

* Limit of Related Linear and Bhanched Alkyl Carboxyuc 
Agds, Related Esters, Cyclic Esters and Ketone 
Standard solution. System suitability solution, Sample 
solution. Chroma to graphic system, and System suka- 
biiity: Proceed as directed in the Assay, 

Analysis 

Sample: Sample solution 

Calculate the percentage of each impurity in the por- 
tion of Capryiic Add taken: 

Result - (rJr T ) x 100 

tu - peak response of each individual impurity in 
the Sample solution 

r T = sum of atl the peaks except the peak due to 
solvent and peaks bel o w the Disregard limit 
(see Table 2) in the Sample solution 
Acceptance criteria: See Table 2. 

Disregard any peak with an area less than 0.5 times the 
area of the major peak from the System suita biiity 
solution. 


Table 2 


Impurity 

Percentage 

(%) 

Each individual 

NMT 03 

Total 

NMT 0,5 


SPECIFiC TESTS 

* Bacterial Endotoxins Test (85): The level of bacterial 

endotoxins is such that the reguirement in the relevant 
dosage form monograph(s) in which Caprylic Acid is 
used can be met Where the fabel States that Caprylic 
Acid must be subjected to further processing during the 
preparation of injectable dosage forms, the Teve! of bac- 
teriaf endotoxins is such that the requirement in the refe- 
vant dosage form monograph(s) in which Caprylic Add is 
used can be met, 

* Fats and Fixed Oils, Peroxide Value (401): NMT 10.0 

* Water Determination, Method la <921): NMT 0.7% 

ADDITIONAL R£QUIREMENTS 
o Packaging and Storage: Preserve In tight containers, 
and storę at room temperaturę. 

* Labeling: Where Caprylic Acid must be subjected to fur¬ 

ther processing during the preparation of injectable dos¬ 
age forms to ensure acceptable levels of bacterial endo- 
toxins, it is so labeled. 


» U$P Reference Standafds (11) 
USP Caprylic Acid RS 
USP £ndotoxin RS 


Caprylocaproyl PoByoxy]'g)iyccrides 

Former Ti tle: Caprylocaproyl Macrogolglycerides 

DEFINITION 

Caprylocaproyl Po[yoxyfglycerides is a mixture of monoes- 
ters, diesters, and triesters of gfycerol and monoesters and 
diesters of polyethylene glycols. The polyethylene glycols 
used have a mean molecular weight between 200 and 
400. it is produced by partial alcoholysis of medium-chain 
triglycerides with polyethylene glycol, by esterification of 
glycerol and polyethylene glycol with caprylic acid and 
capric acid, or as a mixture of glycerol esters and ethylene 
oxide condensate with caprylic add and capric acid. It 
may contain free polyethylene glycols, 

IDENTIFICATION 
° A. INFRARED ABSORPTION <197F) 

* B. Thin-Layer Chromatographic Identification Test 

( 201 ) 

Standard solution: 50 mg/mL of USP Caprylocaproyl 
PoJyoxylglycendes RS in methylene chloride 
Sample souition: 50 mg/mL of Caprylocaproyl Polyox- 
ylglycendes in methylene chloride 
Application vofume: 50 pL 

Developing sofvent system: Ether and hexanes (7:3) 
Spray reagent: OJ mg/mL of rhodamine B in alcohol 
Analysis 

Samples: Standard solution and Sample solution 
Proceed as directed in the chapter. Tnen spray the piąte 
with Spray reagent , and locate the spots on the piąte 
by examination under UV light at a wavelength of 365 
nm. 

Acceptance criteria: The R? values of the pnncipal spots 
of tne Sample solution correspond to those of the Stan¬ 
dard solution , 

* C. It meets the requirements of the test for Fats and Fixed 

OHs (401), Fatty Add Composition. 

IMPURITIES 


Delete the fołlowing: 

*• HEAW Metals, Method li (231): NMT 10 ppm. ,oriid«n. 

|an-201B) 

• Articles of Botanical Origin, Totai Ash <561): NMT 

0J% 

■ AlKALINE IMPURITIES 

Sample: 5.0 g of Caprylocaproyl Polyoxylglycerides 

Analysis: To the Sampie add 10 mL of alcohol and 
0.05 mL of bramophenoi blue TS, and mix well. Titrate 
with 0,01 N hydrochforic add VS to change the color 
to yellow. 

Acceptance criteria: NMT 1.0 mL of 0.01 N hydrach lo- 
ric acid is required. 

« Limit df Free Ethylene Oxide and Dioxane 

Analysis: Proceed as directed in Ethylene Oxide and DT 
oxane (228), Method i 

Acceptance criteria 
Ethylene oxide: NMT 1 |±g/g 
Dioxane: NMTlOpg/g 

* Limit of Free Glycerol 

Sample: 1.20 g 

Blank: 25 mL of methylene chloride 

Periodic acetio acid solution: Dissofve 0.446 g of so- 
dlum periodate in 2.5 mL of a 25% (v/v) solution of 
sulfunc acid, and dilute with glaciat acetic acid to 
100.0 mL 
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Potassium iodide soiution: 75 mg/mL of potassium 
iodide 

Titrimetric system 
(See Tłtrimetry (541).) 

Modę; Residual titration 
Titrant: 0.1 M sodium thiosulfate 
Anaiysis: DEssolve Ehe Sample in 25 ml of methylene 
chloride, heating jf necessary. Cool, and add 100 mL of 
water and 25.0 ml of Perioak acetlc add soiution. Shake, 
and allow to stand for 30 min. Add 40 mL of Potassium 
iodide soiution, and allow to stand for 1 min. Add 1 mL 
of starch T5, and titrate the liberated iodine wtth Ti¬ 
trant Perforrm a blank determination. 

CalcuJate the percentage of free gJycerof in the portion 
of Caprylocaproyl Polyoxylglycerides taken: 

Result - [(14 -Vs)xNxEx F/W\ x 100 

V 9 = Titrant volume consumed by the Blank (ml) 

- Titrant volume consumed by the Sample (mL) 

N - actual normallty of the Titrant (mEq/mL) 

E = equtvalency factor for glycerol, 23 mg/mi-g 
F = unit conversion factor, ICH g/mg 
W = Sample weight taken for the titration (g) 
Acceptance criteria: NMT 5.0% 

SPECIFIC TEST5 

O Fats and FiXED OlLS, Add Value (401); NMT 2.0, deter- 
mined on a 2.0-g specimen 

* Fats and Fsxed Oils, Fatty Add Composition (401): 
Caprylocaproyl Po]yoxyiglycerldes exhibit the composi¬ 
tion profile of fatty acids shown in Tobie l t as determined 
in the sectron Fatty Add Composition under Fats and Fixed 
Oiis (401). 


Table 1 


Carbon-Chain 

Lenqth 

Number of 
Double Bonds 

Percentage 

6 

0 

<2.0 

8 

0 

50.0-80.0 

10 

0 

20.0-50.0 

12 

0 

£3,0 

14 

0 

£t .0 


* Fats and Fixed Oils, Hydroxyl Vaiue (401): The hydroxyl 
value is within the rangę spedfied in Table 2 for the la- 
beled type, when determined on a 1.0-g specimen. 


aable 2 


Ethylene Oxlde Units 
per Molecule 
(Nominał Valuel 

Type of 

Polyethyiene Glyco! 

Hydro xyt 
Value 

4 

200 

80-120 

6 

300 

140-180 

8 

400 

170-205 


* FATS AND FiXED Oils, Iodine Value (401): NMT 2.0 

* Fats and Fixed Oils, Peroxide Vafue (401): NMT 6.0, 

determined on a 2.0-g specimen 

* Fats and Fixed Oils, Saponification Value (401): The sa¬ 

ponification value is within the rangę specified in Tobie 3 
for the labeled type, determined on a Z (Tg specimen. 


Table 3 


Ethylene Oxicie 
Units per Molecule 
(Nominał Value) 

Type of 
Polyethyiene 
Glyco" 

Saponification 

Value 

4 

200 

265-285 

6 

300 

1 70-190 

8 

400 

85-105 


* WATER Detera/hnation, Method i (921): NMT 1.0%, de¬ 
termined on a 1.0-g specimen. Use as the solvent anhy- 
drous pyrldine or a mixture of methylene chloride and 
anhydrous methano! (7:3). 

A0DITIONAL REQUMEfVtENTS 

o Packaginc and Storage: Preserve in tight containers, 
protected from Jight and moisture. Storę at controiled 
room temperaturę. 

* Labeung: Labę] lt to indicate the type and the ayerage 

nominał moJecular weight of polyethyiene glycof used, or 
to indicate the number of ethylene oxide umts per mole- 
cule (nominał value), as part of the offidal title. 

* U5P Reference Standard* * (11) 

U5P Caprylocaproyl PolyoxyJglycerides RS 


Caramel 


DEFSNITION 

Caramel is a concentrated soiution of the product obtained 
by heating sugar or gtucose unti] the sweet taste is de- 
stroyed and a uniform dark brown mass results, a smali 
amount of a łkali or of alka linę carbonate or a tracę of 
minerał add being added while heating. 

[Notę—W here incliided in artides for coloring purposes, 
Caramel complies with the regulations of the FDA eon- 
cerning color additives (21 CFR 73.85, caramel).] 

IMPURITIE5 

9 Arsenio, Method ii (211): NMT 3 ppm 
° LEAD (251): NMT 10 ppm 

• Ash: lt swells when indnerated, and forms a coke-like 

charcoal that burns off only after prolonged heating at a 
high temperaturę, lt yields NMT 8.0% of ash. 

SPECIFIC TEST5 

* EMicrobial Enumeration Tests (61) and Tests for Speci¬ 
fied EV1icroorganisms (62): Meets the reguirements of 
the tests for absence of Salmonella species and Eschenchia 
co i i 

» SPECIFIC CRAVITY (841); NLT 1.30 

* PURITY: The addition of 0.5 mL of phosphoric add to 

20 mL of a soiution (1 in 20) produces no precipitate. 

ADDITHONAL REQUtREMENTS 

• Packaging and Storage: Preserve in tight containers. 


Caraway 

DEFINITION 

Caraway is the drEed, ripe fruit of Carum carvi L. (Fam. 

Apiaceae). 

SPECIFIC TESTS 

* BOTANIC CHARACTERISTICS 

Macroscopic 

Ungrouna caraway: Separate mericarps from about 4 
to 7 mm in length, and from 1 to 2 mm in diameten 
The mericarp is oblong, curved, and tapers toward the 
base and apex, to which haff of the styfopodium Es at- 
tached. Externally, it is dark brown to weak brown and 
shows five fighter-colored, fifiform, prlmary ribs, be- 
tween each pair of which a secondary rib occurs on the 
dorsal surface. 

Powdered caraway: Moderate yeElowish brown to Ifght 
olive brown 

Microscopic 

Unground caraway: The mericarp is nearly equilaterally 
pentagonal in transverse section and shows a fibrovas- 
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cular bundle in each primary rib* * ** The epicarp consists 
of tabular polygonal epidermal cells with thick outer 
walls possessing a strlated cuticle and with occasional 
stomata, The mesocarp, located between pnmary rib 
regrons, is composed of collapsed, thln-walled parem 
thyma normally bearing four dorsal vittae in the inter- 
vafs and twa commissural vlttae and sometimes one or 
morę additional vittae. The endocarp consists of broad, 
slightly undulate, inner epidermal cross cells that are 
conerent with the collapsed cells of the spermoderm. 
The endosperm consists of thick-walled reserve parem 
chyma containing fixed oi! and afeurone grains up to 
10 pm in dlameter, the latter with embedded rosette 
aggregates of caldum oxalate up to 4 pm in diameter. 
An embryo is embedded in the upper end of the 
endosperm, 

Powdered caraway: It shows fragments of the epicarp 
with striped outicle, numerous polyhedral endosperm 
cells containing aleurone grains with embedded rosette 
aggregates of caldum oxalate, few fragments of slightly 
lignified flbers and spiral vessels, fragments of cross cells 
of endocarp, orange to yellow fragments of vittae, and 
no reticulate parenchyma. 

* Akticles of Botanical Origin, Foreign Organie Matter 
(561): NMT 3.0% 

o Articles of Botanical Origin, Acid-fnsoluble Ash <561); 
NMT 1.5% 

ADPITiGNAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-closed contain- 
ers. Preserve against attack by inseets. 

* Labeling: The label States the Latin binomial and, follow- 
ing the official name, the part of the plant contalned In 
the artide. 


Caraway 018 

DEFINITiON 

Caraway Oil Is the volatile oil distilfed from the dried, rlpe 
fruit of Carum earvi L (Fam. Apiaceae). It contains NIT 
50.0% of d-carvone (C 10 HmO). 

ASSAY 

* PROCEDURĘ 

Sample: 10 ml of Caraway Oil 

Analysis: Transfer the Sample to a cassia fiask, and add 
50 mL of a saturated sofubon of sodium sulfite that has 
been madę neutrai to 2 drops of phenolphthaleln T5 by 
means of a saturated sodium bisulfite solution, Heat the 
fiask in boi ling water, and shake it repeatedly, neutraliz- 
ing the mixture from time to time by adding a few 
drops of the saturated sodium bisulfite solution. When 
no coloration appears upon the addition of a few morę 
drops of phenolphthalein T5 and heating for 15 min, 
cool the mixture to room temperaturę, when the llq- 
uids have separated morę completeiy, add a sufficlent 
volume of the saturated sodium bisulfite solution to 
raise the lower Ievel of the olly layer to the graduated 
portion of the neck of the fiask, 

Acceptance critena: The volume of the residua! oily lig- 
uid does not exceed 5 mL, indicating the presence of 
NIT 50.0% of d-carvone (GoHmO) in the portion of Oil 
taken. 

IMPURITIES 


Dełete the following: 

** Heaw Metals, Method II (231): NMT 40 pg/g# % 

Jaił~2DJft) 


SPECIFIC TESTS 

* Solubilsty in 80% ALCOHDL: One vo!ume dissolves In 8 
volumes of 80% afcohoL 

* SPECIFIC GRAVITV (841): 0.900-0.910 

a OptiCAL Rotatjon, Anguiar Rotation (781A): +70* to 

+80° 

o REFRACTIYE Index (831); 1,484-1,488 at 20° 

ADDITIONAL REQUOREMENTS 

* Packaginc and Storage: Preserve In Light, tight-reslstant 

contalners. 

® Labeling: The label States the Latin binomial and, follow¬ 
ing the official name, the part of the plant source from 
whieb the article was derived. 


Carbomer 934 


DEFINITiON 

Carbomer 934 is a high molecular weight polymer of acrylic 
acid cross-llnked with allyf ethers of sucrose. Carbomer 
934, previously dried under vacuum at 80° for 1 h, con¬ 
tains NLT 56,0% and NMT 68.0% of carboxylit add 
(-COOH) groups, The dscosity of a neutralfzed 0.5% 
aqueous dispersion of Carbomer 934 is between 30,500 
and 39,400 mPa ■ s. 

II DENTIFOCATiON 

* A, 

Sample dispersion: 10 mg/mL 

Analysis 1: To one portion of the Sample dispersion add 
thymof blue TS. 

Acceptance criteria 1: An orange color is procluced. 
Analysis 2: To another portion of the Sample dispersion 
add cresol red TS. 

Acceptance criteria 2: A yellow color is produced. 

o B. 

Sample dispersion: 10 mg/mL 

Analysis: Adjust the Sample dispersion with 1 N sodium 
hydroxide to a pH of 7.5. 

Acceptance criteria: A very vlscous gel is produced. 

ASSAY 

■ Carboxylic Acid Content 

Sample: 400 mg, prevlously dried 
Titrimetric system 
(See Titrimetry (54 1).) 

EVfode: Direct titration 
Electrode: Calomel-glass 
Titrant: 0.25 N sodium hydroxide VS 
Endpoint detection: Potentlometnc 
Analysis: Slowly add the Sample to 400 mL of water in 
a 1000-mL beaker, while stirnng condnuousiy at about 
1000 rpm, with the stirrer shaft set at the side of the 
beaker at an angle of 60° and with the propeller posi- 
tioned near the bottom of the beaker. Continue stirrlng 
for 15 min, Reduce the stirring speed, and titrate po- 
tentiometrically with Titrant. After each addition of TT 
trant allow 1 min for mixing before recordlng the pH. 
Calculate the carboxylk acid content as a percentage of 
carboxyfic add groups: 

Result - [(Vx N/W) x F]x 100 

V - Titrant voiume consumed (mL) 

N - actual norma lity of the Titrant (mEq/mL) 

W ~ Sample weight (mg) 

F - equivalency factor for the carboxylic acid 
(-COON) group, 45.02 mEq/mg 
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Acceptance criteria; 56,0%-68.0% on the dried basis 

IMPURITIES 


Delete the fottowlng: 

*• Heavy Metals, Method It <231): NMT 20 jig/g» { omti 4 i i. 

* Limit of Benzene 

Standard solution: 0.2 mg/mL of benzene rn methanoL 
Quantitatively dilute this solution with organic-free 
water (see Residua! Soivents <467)) to obtain a solution 
having a known concentration of about 1,0 pg/mL- 
Sample solution: Transfer 20 mg of Carbomer 934 to a 
lOG-ml volumetric fiask. Add 75 mL of sodium chloride 
solution (20 mg/mL), and mix by mechanicaJ means 
until homogeneous (usually about 30 min). Dilute with 
sodium chloride solution (20 mg/mL) to volume, and 
mtx until homogeneous (usually less than 1 min). This 
solution must be analyzed within 3 h of preparation. 
Chromatographlc system 
(See Chromatography (621), System Suitability.) 

Modę: CC 

Detector: Flame ionization 
Columns 

Guard: 0.53-mm x 5-m siliea, deactivated with 
phenylmethyl siloxane 

Analytlcal: 0.53-mm x 30-m fused siliea, coated wttn 
3,0-jim G43 stationary phase 
Temperatures 
Injection port: 140° 

Detector: 260° 

Column: See Tobie h 


Table 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

C/mlnł 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mi ni 

40 


40 

20 

40 

Rapidly 

240 

20 


Carrier gas: Helium 
Unear velocity: 35 cm/s 
Injection volume: 1 pL 
Injection type: Splitless 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relatiue standard deviat!on: NMT 15% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of benzene in the portion of 
Carbomer 934 taken: 

Result = (Wrs) x (C s /C u ) x 100 

r u = peak response of benzene from the Sample 
solution 

n - peak response of benzene from the Standard 
solution 

Q - concentration of benzene in the Standard 
solution (pg/mL) 

Cu = concentration of Carbomer 934 in the Sample 
solution (pg/mL) 


Acceptance criteria: NMT 0.5% 

SPECIFIG TESTS 

• LOSS ON DRYING (731) 

Analysis: Dry a sample under vacuum at 80° for 1 h> 
Acceptance criteria: NMT 2-0% 

• VISCOSITY—ROTATIONAL METHODS (912) 

Sample: 2.50 g, dried under vacuum at 80° for 1 h 
Titrimetric system 
(See Tarimetry (541).) 

Modę: Direct titration 

Electrode: Caiomel-glass 

Titrant: 180 mg/mL of sodium hydroxide 

Endpoint detectron: pH 

Analysis: Carefully add the Sample to 500 mL of water 
In a 1000-mL beaker, whife stirring continuously at 
1000 ± 10 rpm, with the stirrer shaft set to the side of 
the beaker at an anqle of 60° and with the propeiler 
positlonecl near the oottom of the beaker. Allow 45-90 
s for addition of the Sample at a uniform ratę, being 
surę Chat ioose aggregates of powder are broken up, 
and continue stirring at 1000 ±10 rpm for 15 min- Re- 
move the stirrer, and place the beaker contafning the 
dispersion in a 25 i 0.1° water bath for 30 min. Insert 
the stirrer to a depth necessary to ensure that alr is not 
drawn into the dispersion, and, whife stirring at 
300 ± 10 rpm, titrate with Titrant to a pH of of 73-7.8 
by adding the Titrant below the surface. Stir for 2-3 
min until neutralization is complete. Then determine 
the finał pH. If the pH is less than 7.3, raise it with 
additionai sodium hydroxide- If it is morę than 7-8, dis- 
card the mucifage, and prepare another, using a smafler 
amount of sodium hydroxide for titration. 

Return the neutralizea mucifage to the 25° water bath 
for 1 h. Measure the pH again, and make certa in that 
the mucilage pH is 73-7.8. Perform the viscosity deter- 
mination without delay to avoid slight viscosity changes 
that occur 75 min after neutralization. 

Eguip a suitable rotationaf viscometer with a spindle hav- 
ing a cylinder 1.5 cm in diameter and 0.2 cm high at- 
tached to a shaft 0.3 cm in diameter, the distance from 
the top of the cylinder to the lower tfp of the shaft 
being 3.02 cm. 1 The spindle rotates at 20 rpm at an 
immersion depth of 4-9 cm. Follow the instrument 
manufactureds directions to measure the apparent 
viscosity. 

Acceptance criteria: 30,500-39,400 mPa * s 

ADDDTIONAL REQUIREMENTS 

* PACKAGlNG and Storage: Preserve in tight containers. No 

storage requirements spedfied. 

* Labeling: Label it to indicate that it is not intended for 

internal use. A carbomer homopolymer manufactured us¬ 
ing benzene and complying with the unique require- 
ments of this monograph will be officially trtled Carbo¬ 
mer 934 and will not be referred to as Carbomer 
Homopolymer. 


Carbomer 934P 


DEFINITION 

Carbomer 934P is a hiqh molecular weight polymer of 
acrylic acid, cross-finked with allyl ethers of sucrose or 
pentaerythritol. Carbomer 934P, previously dried under 
vacuum at B0° for 1 h, contaim NLT 56.0% and NMT 
68-0% of ca rboxylic acid (-COOH) groups. The viscosity 
of a neutralized 0.5% agueous dispersion of Carbomer 
934P is between 29,400 and 39,400 mPa ■ s. 

1 Available as an RV6 spindle from Brookfield, or the equivalent. 
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IDENTIFICATION 
° A, 

Sample dispersion: 10 mg/mL 

Analysis 1: To one portion of the Somple dispersion add 
thymol blue TS, 

Acceptance criteria 1: An orange cofor is produced. 
Analysis 2: To another portion of the Sample dispersion 
add tresol red TS. 

Acceptance criteria 2: A yellow colon is produced, 

» B, 

Sample dispersion: 10 mg/mL 
Analysis: Adj ust the Somple dispersion with 1 N sodium 
hydroxide to a pH of 7.5. 

Acceptance criteria: A very viscous gef is produced. 

A5SAY 

* Carbokylic Acid Contekt 

Sample: 400 mg, previousiy dried 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titratlon 

Electrode: Calomel-glass 

Titrant: 0.25 N sodium hydroxide VS, 

Endpoint detection: Potentiometric 
Analysis: Slowly add the Somple to 400 mL of water in 
a 1000-mL beaker, whtle stirring continuously at about 
1000 rpm, with the stirrer shaft set at the stde of the 
beaker at an angle of 60° and with the propeller posi- 
tioned near the bottom of the beaker. Condnue stirring 
for 15 min. Reduce the stirring speed, and dtrate pe¬ 
tent iometiically with Titrant. After each addition of Ti¬ 
trant allow 1 min for mixing before recording the pH. 
Calculate the carboxylic add content as a percentage of 
carboxyfic add groups: 

Result = [(V x N/W) x F\ x 100 

V = Titrant volume consumed (mL) 

N - actual nomnality of the Titrant (mEq/ml) 

W - Sample werght (mg) 

F - equivalency factor for the carboxylic acid 
(-COOH) group, 45.02 mEq/mg 
Acceptance criteria: 56.0%-68.Q% on the dried basis 

IMPURITIES 


Defete the foflowing: 

** Heavy Metals, Method II (231): NMT 20 pg/g* tc®i. 

|an-201B) 

« Limit of Benzene 

Standard soiution: 0,2 mg/mL of benzene in methanoL 
Dllute this soiution with organic-free water (see Residua! 
Solvents (467)) to obtain a soiution having a known 
concentration of about 1.0 pg/mL. 

Sample soiution: Transfer 1 g of Carbomer 934P to a 
100-mL volumetric fiask. Ada 75 mL of sodium chforide 
soiution (20 mg/mL), and mix by mechanica] means 
until homogeneous (usually about 30 min). Dilute with 
sodium chioride soiution (20 mg/mL) to volume, and 
mix untif homogeneous (usually less than 1 min), This 
soiution must be analyzed within 3 h of preparatiom 
Chrom atographk system 
(See Chromatography (621), System Suitability.) 

Modę: GC 

Detector: Ftame tonization 
Columns 

Guard: 0.53-mm x 5-m silica, deactivated with 
phenylmethyl siloxane 

Analytical: 0,53-mm x 30-m fused silica, coated with 
3.0-pm G43 stationary phase 


Temperatures 
Injection port: 140° 
Detector: 260° 
Column: See Tobie 1. 


Tabfle 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

C/min) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

40 


40 

20 

40 

Raoidly 

240 

20 


Carrier gas: Helium 
Li near velocity: 35 cm/s 
Injection volirme: 1 pL 
Injection type: Splitless 

System suitability 
Sample: Standard soiution 
Suitability reąuirements 
Relative standard deviation: NMT 1 5% 

Analysis 

Sam pies: Standard soiution and Sample soiution 
Calculate the percentage of benzene in the portion of 
Carbomer 934P taken; 

Result - (Wrj) x (Cs/Cu) x 100 

ru - peak response of benzene from the Sample 
soiution 

r s = peak response of benzene from the Standard 
soiution 

Cs - concentration of benzene in the Standard 
soiution (pg/mL) 

Cu = concentration of Carbomer 934P In the 
Sampie soiution (pg/mL) 

Acceptance criteria: NMT 0.01% 

SPECIFSC TESTS 
« LOSS ON DrYING (731) 

Analysis: Dry a sample under vacuum at 80° for 1 h. 

Acceptance criteria: NMT 2,0% 

# Vl5C05ITY—ROTAHONAL WlETHODS (912) 

Sample: 2.50 g, dried under vacuum at 80° for 1 h 

Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 

Electrode: Calomel-glass 

Titrant: ISO mg/mL of sodium hydroxide 

Endpoint detection; pH 

Analysis: Carefuliy add the Sample to 500 mL of water 
in a 1000-mL beaker, whife stirring continuously at 
1000 ± 10 rpm, with the stirrer shaft set to the side of 
the beaker at an anafe of 60 G and with the propeller 
positioned near the oottom of the beaker. Altów 45-90 
s for addition of the Sampie at a uniform ratę, being 
surę that Joose aggregates of powder are broken up, 
and continue stirring at 1000 + 10 rpm for 15 min. Re- 
move the stirrer, and place the beaker contalning the 
dispersion in a 25 + 0,1° water bath for 30 min. Insert 
the stirrer to a depth necessary to ensure that air is not 
drawn into the dispersion, and while stirring at 
300+ 10 rpm, titrate with T/front to a pH of 73-7,8 by 
adding the Titrant below the surface. Stir for 2-3 min 
until neutralization is compiete. Then determine the fi¬ 
nał pH. If the pH is less than 73, raise it with additional 
sodium hydroxide. If it Is morę than 7.8, discard the 
mucilage, and prepare another, using a smailer amount 
of sodium hydroxide for titration. 

Return the neutralized mucilage to the 25° water bath 
for 1 h. Measure the pH again, and make certa in that 
the mucilage pH is 73-7.8. Perform the Mscosity de- 
terminadon without detay to avoid slight viscosity 
changes that occur 75 min after neutralization. 
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Equip a suitable rotationai viscometer with a spindle 
having a cylinder 1.5 cm in diameter and 0,2 cm high 
attached to a shaft 0,3 cm in diameter, the distance 
from the top of the cylinder to the lower tip of the 
shaft being 3,02 cm, ł The spindle rotates at 20 rpm at 
an immersion depth of 4.9 cm. Follow the instrument 
manufacturer's drrections to measure the apparent 
viscosity, 

Acceptance criteria: 29,400-39,400 mPa * s 

ADDITIONAL REQUIREMENT5 

o Packaging and Storage: Preserve in tight containers. No 
storage reautrements specified. 

* Labeung: A carbomer homopolymer manufactured using 
benzene and complying with the unique requirements or 
this monograph will be officially titled Carbomer 934P 
and will not be referred to as Carbomer Homopolymer. 


Carbomer 940 


DEFINłTION 

Carbomer 940 is a high molecular weight poły mer of acrylic 
acid cross-iinked with allyl ethers of pentaerythritoL Car¬ 
bomer 940, previously dried under vacuum at 80° for 1 h, 
contains NLT 56.0% and NMT 68.0% of carboxyiic acid 
(-COOH) groups. The viseosity of a neutralized 0,5% 
agueous dispersion of Carbomer 940 is be twe en 40,000 
and 60,000 mPa ■ s. 

IDENTIFICATION 

* A. 

Sample dispersion: 10 mg/mL 

Analysis 1: To one portion of the Sample dispersion add 
thymol blue TS, 

Acceptance criteria 1: An orange color is produced. 
Analysis 2: To another portion of the Sample dispersion 
add cresol red T5« 

Acceptance criteria 2: A yellow color is produced. 

* B. 

Sample dispersion: 10 mg/mL 
Analysis: Adjust the Sample dispersion with 1 Ni sodium 
hydroxide to a pH of 7,5, 

Acceptance criteria: A very viscous gel is produced. 

ASSAY 

* Carboxvlic Acid Content 

Sample: 400 mg, previously dried 
Titrimetric system 
(See Titrimetry (541),) 

Modę: Direct titration 
Eiectrode: Calomel-glass 
Titrant: 0,25 N sodium hydroxide VS 
Endpoint detection: Potentiometric 
Analysis: Slowly add the Sample to 400 mL of water in 
a IGOO-mL beaker, while stirring continuously at about 
1000 rpm, with the stirrer shaft set at the side of the 
beaker at an angle of 60° and with the propelier posi- 
tioned near the oottom of the beaker, Continue stirring 
for 15 min. Reduce the stirring speed, and titrate po- 
tenttometrically with Titrant , After each addition of 77- 
trant allow 1 min for mixing before recording the pH. 
Calculate the carboxylic acid content as a percentage of 
carboxylio add groups: 

Result = [{V x NIW) x f] x IGO 

V - Titrant volume consumed (mL) 

1 Avaflable as an RVć spindle from Brgokfield, or the equivaEervL 


N = actual norma lity of the Titrant (mEq/mL) 

W - Sample weight (mg) 

F = eguivalency factor for the carboxylic add 
(-COOH) group, 45.02 mEq/mg 
Acceptance criteria: 5ó.0%-68.0% on the dried basis 

IMPURITIES 


Detete the follawfng: 

•• Heavy Metals, Method II (231 >: NMT 20 fig/g, <omd>i i. 

[drv20ia) 

* Limit of Benzene 

Standard solution: 0,2 mg/mL of benzene in methanoL 
Di lute this solution with organic-free water (see Residua! 
Salvents (467)) to obtain a solution having a known 
concentration of about l.Opg/mL. 

Sample solution: Transfer 20 mg of Carbomer 940 to a 
100-mL yolumetrlc fiask. Add 75 mL of sodium chlorlde 
solution (20 mg/mL), and mix by mechanical means 
unttl homogeneous (usually about 30 min). Dilute with 
sodium diloride solution (20 mg/mL) to volume, and 
mix until homogeneous (usually less than 1 min). This 
solution must be analyzed within 3 h of preparation. 
Chromatographic system 
(See Chromatography (621), System Suitabifity ,) 

Modę: CC 

Detector: Flame ionization 
Columns 

Guard: 0.53-mm x 5-m siiica, deactivated with 
phenylmethyl stloxane 

Anafytical: 0.53-mm x 30-m fused siiica, coated with 
3,0-pm C43 stationary phase 
Temperatures 
Injection port: 140° 

Detector: 260 c 
Column: See Table /, 


labie 1 


Inltlal 

Temperaturę 

n 

Temperaturę 

Ramp 

Finał 

Temperaturę 

(°> 

Hord Time 
at Finał 
Temperaturę 
(min) 

40 


40 

20 

40 

Rapidfy 

240 

20 


Carrier gas: Helium 
Linear velocity: 35 cm/s 
Injection volume: 1 pL 
Injection type: Splitless 
System suitabilfty 
Sample: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 15% 

Analysis 

Samples: Standard solution and Sample solution 
Cakulate the percentage of benzene in the portion of 
Carbomer 940 taken: 

Result = (ru/rj) x ( Q/C v ) x 100 

Az = peak response of benzene from the Sample 
solution 

r$ = peak response of benzene from the Standard 
solution 

Cj = concentration of benzene in the Standard 
solution (pg/mL) 

Cu - concentration of Carbomer 940 in the Sample 
solution (pg/mL) 
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Acceptance critena; NMT 0.5% 

SPECIFIC TEST5 

• LOSS ON DRYING (731) 

Analysis; Dry a sample under vacuum at 8Q C for 1 h, 
Acceptance criteria: NMT 2*0% 

e VlSCOSlTY—ROTATIONAL MeTHODS <912) 

Sample: 2.50 g, dried under vacuum at 80° for 1 h 
Titrimetric system 
(See Titrimetry (541)0 
Modę: Direct titration 
Electrode: Calomel-glass 
Titrant: 7 80 mg/mL of sodium hydroxide 
Endpoirtt detection: pH 

Analysis: Carefully add the Sample to 500 ml of water 
in a 1000-mL beaker, while stirring conti nuously at 
70GQ± 10 rpm, with the stirrer shaft set to the side of 
the beaker at an angle of 60° and with the propeller 
posltloned near the bottom of the beaker Allow 45-90 
s for addition of the Sample at a uniform ratę, being 
surę that loose aggregates of powder are broken up, 
and continue stirring at 1000 ± 10 rpm for 15 min. Re- 
move the stirrer, and place Lhe beaker containing the 
dispersion In a 25 ±0.1° water bath for 30 min* Insert 
the stirrer to a depth neeessary to ensure that air is not 
drawn into the dispersion, and, while stirring at 
3Q0±10 rpm, titrate with Titrant to a pH of7.3-7.8 by 
adding the Titrant below the surface. Stir for 2-3 min 
unti! neutralization is complete* Then determine the fi¬ 
nał pH* if the pH is less than 7.3, raise it with additional 
sodium hydroxide. If it is morę than 7.8, dlscard the 
mucilage, and prepare another, using a smaller amount 
of sodium hydroxide for titration* 

Return the neutralized mucilage to the 25* water bath 
for 1 h. Measure the pH again, and make certain that 
the mucilage pH is 7*3-7.8. Perform the viscosity de- 
termination without delay to avoid slight viscosity 
changes that occur 75 min after neutralization, 

Equip a suitabie rotational viscometer with a spindle 
having a shaft about 0.3 cm in diameter, the distance 
from the top of the shaft to the lower tip of the shaft 
being 5,0 cm. 1 The spindle rotates at 20 rpm at an 
immersion depth of 5*5 cm. Follow the instrument 
manufactureris directions to measure the apparent 
viscosity. 

Acceptance critena: 40,000-60,000 mPa ■ s 

ADDITIONAL REQU!REMENTS 

• Packaging and Storage: Preserve in tight contatners. No 

storage requlrements speeifiecl, 

• LABEUNG: LabeJ to indicate that it is not intended for 

interna! use, A carbomer homopoEymer manufactured us¬ 
ing benzene and complying with the untque require- 
ments of this monograph will be officially titled Carbo¬ 
mer 940 and will not be referred to as Carbomer 
Homopolymer. 


Carbomer 941 


DEFINITION 

Carbomer 947 is a high molecular weight poły mer of acrylic 
acid cross-linked with allyl ethers of pentaerythritoL Car¬ 
bomer 941, prevIously dried under vacuum at 80° for 1 h, 
contains NLT 56.0% and NMT 68,0% of carboxylic acid 
(-COOH) groups, The viscosity of a neutrafized 6*5% 
agueous dispersion of Carbomer 941 is between 4000 
and 11,000 mPa - s. 

1 Available as an RV7 spindle from Brookfield, or the equlvalent* 


IDENTIFICATION 
e A. 

Sample dispersion: 10 mg/mL 

Analysis 1: To one portion of the Sample dispersion add 
thymo! blue TS. 

Acceptance criteria 1: An orange color ts produced* 
Analysis 2: To another portion of the Sample dispersion 
ad a cresol red TS, 

Acceptance criteria 2: A yellow color is produced. 

o B 

Sample dispersion: 10 mg/mL 

Analysis: Adjust the Sample dispersion with 1 N sodium 
hydroxide to a pH of 7.5* 

Acceptance criteria: A very viscous gel is produced. 

ASSAV 

o Carboxylic Acid Content 

Sample: 400 mg, prevtously dried 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
Electrode: Calomei-glass 
Titrant: 0.25 N sodium hydroxide VS 
Endpoint detection: Potentiometric 
Analysis: Slowly add the Sample to 400 mL of water in 
a 1000-mL beaker, while stirring continuously at about 
1000 rpm, with the stirrer shaft set at the side of the 
beaker at an angie of 60° and with tlie propeller posl- 
tioned near the bottom of the beaker. Continue stirring 
for 15 min* Reduce the stirring speed, and titrate po- 
tentEometrically with Titrant. After each addition of TT 
trant allow 1 min for mlxing before recordlng the pH. 
Calculate the carboxyiic add content as a percentage of 
carboxyfic acid groups: 

Result ^ [(Vx N/W) x F\ x 100 

V = Titrant volume consumed (mL) 

N = actual norma li ty of the Titrant (m£q/mL) 

W = Sample weight (mg) 

F - equivafency factor for the carboxyiic acid 
(-COOH) group, 45.02 mEq/mg 
Acceptance criteria: 56.0%-68.0% on the dried basis 

IMPURITIES 


Delete the foltowing: 

** Heavy Metals, Method It (231): NMT 20 pg/g* i- 

* Limit of Benzene 

Standard sofution: 0,2 mg/mL of benzene in methanoL 
Dilute this solution with organic-free water (see Residual 
SoNents (467)) to obtain a sofution havlng a known 
concentration of about 7.0 pg/mL. 

Sample solution: Transfer 20 mg of Carbomer 941 to a 
100-mL volumetric fiask. Add about 75 mL of sodium 
chloride solution (20 mg/mL), and nnix by mechanlcal 
means until homogeneous (usually about 30 min), Di¬ 
lute with sodium cnloride solution (20 mg/mL) to vol- 
ume, and mix untif homogenous (usually less than 1 
min). This solution must be analyzed withln 3 h of 
preparation. 

Chromatographic system 

(See Chromatography (621), System SuitabilityS) 

Modę: GC 

Detector: Flame ionization 
Columns 

Cuard: 0.53-mm x 5-m siiica, deactivated with 
phenyfmethyl siloxane 

Analytical: 0*53-mm x 30-m fused siiica, coated with 
3.0-pm G43 stationary phase 
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Temperatures 
Injectfon port: 140° 
Detector: 260° 
Column: See Table L 


Table 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

("/mini 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
{min} 

40 


40 

20 

40 

Ra ni d l v 

240 

20 


Carrier gas: Helium 
Linear velocity: 35 cm/s 
Injectron volume: 1 jaL 
fnjection type: Splitiess 
System suitability 
Sample: Standard solution 
Suitabllity reguirements 
Relative standard deviation: NMT 15% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of benzene in the portion of 
Carbomer 941 taken: 

Result - (r u /rj x (Cs/G) x 100 

ru - peak response of benzene from the Sample 
solution 

r$ - peak response of benzene from the Standard 
solution 

Cs - concentratron of benzene in the Standard 
solution (jig/mL) 

Co = concentration of Carbomer 941 in the Sample 
solution (pg/ml) 

Acceptance criteria: NMT 0.5% 

SPECIFIC TESTS 
® LOSS ON DrYING <731) 

Analysis: Dry a sample under vacuum at 8Q a for 1 h. 
Acceptance criteria: NMT 2.0% 

® Vl5COSITY—ItOTATJGNAL METJ40DS (912) 

Sample: 2.50 g, dried under vacuum at 80° for 1 h 
Titrimetrk system 
(See Titrimetry <541).) 

Modę: Direct titration 

Electrode: Calomel-giass 

Titrant: 180 mg/ml of sodium hydrox!de 

Endpoint detectron: pH 

Analysis: Carefully add the Sample to 500 mL of water 
in a 1000-mL beaker, while stirring continuously at 
1Q00± 10 rpm, with the stirrer shaft set to the side of 
the beaker at an angle of 60° and with the propeller 
positioned near the bottom of the beaker. Allow 45-90 
s for addition of the Sample at a uniform ratę, being 
surę that loose aggregates of powder are broken up, 
and continue stirring at 1000 + 10 rpm for 15 min. Re- 
move the stirrer, and place the beaker containing the 
dispersion in a 25 ± 0,1 “ water bath for 30 min. Insert 
the stirrer to a depth necessary to ensure that air is not 
drawn tnto the dispersion, and while stirring at 
300 ±10 rpm, ttlrale with Titrant to a pH of 73-7.8 by 
adding the Titrant below the surface. Stir for 2-3 min 
until neutralization is complete. Then determine the fi¬ 
nał pH. If the pH is less than 7,3, raise It with additional 
sodium hydroxide. If it ts morę than 7.8, discard the 
mucilage, and prepare another, using a smaller amount 
of sodium hydroxide for titration. 

Return the neutralized mucilage to the 25° water bath 
for 1 h, Measure the pH agam, and make certain that 
the mucilage pH is 73-7,8. Perform the viscosity.de- 
termination without delay to avoid sJight viscosity 
changes that occur 75 min after neutralization. 


Eguip a suitable rotational viscometer with a spindle 
having a disk about 2.1 cm in diameter and 0.2 cm 
high, attached to a shaft 03 cm in diameter, the dis- 
tance from the top of the disk to the lower tip of the 
shaft being 2.7 cmJ The spindle rotates at 20 rpm at 
an immersion depth of 4.9 cm, Foilow the instrument 
manufacturer'5 directions to measure the apparent 
visco$ity. 

Acceptance criteria: 4,000-11,000 mPa * s 

ADDITIONAL REQUIREMENT5 

* PACKACING AND Storage: Preserve in tight containers. No 

storage requirements specified. 

• Labeling: Label it to indicate that it is not intended for 

internat use, A carbomer homopolymer manufactured us¬ 
ing benzene and complying with the unique require- 
ments of this monograph will be officiaily titled Carbo¬ 
mer 941 and will not be referred to as Carbomer 
Homopolymer. 


Carbomer 1342 


DEFINITION 

Carbomer 1342 is a high molecular weight copolymer of 
acrylk acid and a long-chain alkyl methacrylate cross- 
linked with ailyl ethers of pentaerythritol. Carbomer 1342, 
previously dried under vacuum at 80* for 1 h, contains 
NIT 52.0% and NMT 62.0% of carboxylic acid (-COOH) 
groups, The viscosity of a neutralized 1,0% aqueous dis¬ 
persion of Carbomer 1 342 is between 9500 and 26,500 
centipoises. 

IDENTIFICATION 

• A, 

Sample dispersion: 10 mg/ml 

Analysis 1: To one portion of the Sample dispersion add 
thymol blue TS. 

Acceptance criteria 1: An orange tolor is produeed, 
Analysis 2: To another portion of the Sample dispersion 
adcf cresol red TS, 

Acceptance criteria 2: A yellow color is produeed. 

• B 

Sample dispersion: 10 mg/ml 

Analysis: Adjust the Sample dispersion with 1 N sodium 
hydroxide to a pH of 7.5. 

Acceptance criteria: A very viscous gel is produeed. 

AS5AY 

• Carboxylic Acid Content 

Sample: 400 mg, previously dried 
Titrimetrk system 
(See Titrimetry (541).) 

Modę: Direct titration 
Electrode: Calomel-glass 
Titrant: 0.25 N sodium hydroxide V5 
Endpoint detection: Potentromethc 
Analysis: Slowly add the Sample to 400 mL of water in 
a 1000-mL beaker, while stirring continuously at about 
1000 rpm, with the stirrer shaft set at the side of the 
beaker at an angle of 60* and with the propeller posi- 
tioned near the bottom of the beaker. Continue stirring 
for 15 min, Reduce the stirring speed, and titrate po- 
tentiometricalJy with Titrant. After each addition of Ti¬ 
trant, allow 1 min for mixinq before recording the pH. 
Calculate the carboxylic acid content as a percentage of 
carboxylic acid groups: 

Resuit = [(V x N/W) xf]x 100 

1/ = Titrant volume consumed (mL) 

N - actual normality of the Titrant (mEq/ml) 

1 Avaltable as an RV5 spindle from Brookfreld, or the equivalent. 
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W ~ Sample weight (mg) 

F = equivalency factor for the carboxylłc add 
(-COOH) group, 45,02 mEq/mg 
Acceptance criteria: 52.0%-62.0% on the dried basis 

IMPURIUES 


Detete the folłowing: 

Heavy Metals, Method II (231); NMT 20 pg/g* * { om™i ^ 

|arv 201 BJ 

o Limit of Benzene 

Standard solution: 0.2 mg/mL of benzene Sn methanol, 
Dflute this solu don with organtc-free water (see Residual 
Solvents (467)) to obtain a solution having a known 
coneentration of about 1,0 pg/mL. 

Sample solution: Transfer 50 mg of Carbomer 1 342 fo 
a 100-mL volumetric fiask. Add 75 ml of sodium chlo- 
ride solution (20 mg/mL), and mrx by mechanical 
means until homogeneous (usually about 30 min). Di- 
lute with sodium cnforlde solution (20 mq/mL) to vol- 
ume, and mix until homogeneous (usually less than 1 
min). This solution must be analyzed within 3 h of 
preparatton. 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: GC 

Detector; Flame ionization 
Columns 

Guard: 0.53-mm x 5-m silica, deactivated with 
phenylmethyl si1oxane 

Analytical: 0.53-mm x 30-m fused silica, coated with 
3.0-um G43 stationary phase 
Temperatures 
Injection port: 140° 

Detector: 260° 

Coiumn: See Tabfe 1. 


Ta fole 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

C/min) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min) 

40 


40 

20 

40 

Rapidty 

240 

20 


Carrier gas: Helium 
Linear yelocity: 35 cm/s 
Injection vofume; HlL 
Injection type: Splitless 
System suitability 
Sample: Standard solution 
Suitabrlity requirements 
Refative standard deviation: NMT 15% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of benzene in the portion of 
Carbomer 1342 taken: 

Resutt = (r u /r s ) x (Cs/Cti) x 100 

r u - peak response of benzene from the Somple 
solution 

rs - peak response of benzene from the Standard 
solution 

Cs = coneentration of benzene in the Standard 
solution (pg/mL) 

Cu = coneentration of Carbomer 1 342 in the 
Sample solution (pg/mL) 


Acceptance criteria: NMT 0.2% 

SPIEC! FIC TESTS 

* LOSS ON DRYING (731) 

Analysis: Dry a sample under vacuum at 8G C for 1 h. 
Acceptance criteria: NMT 2.0% 

■ VlSC05ITY—ROTATI ON AL WlETHODS (912) 

Sample: 5.00 g, dried under vacuum at 80° for 1 h 
Ti tri metr te system 
(See Titrimetry (541).) 

Modę: Direct titration 

Electrode: Calomel-giass 

Titrant: 1 80 mg/mL of sodium hydroxide 

Endpoint detection: pH 

Analysis: Carefulfy add the Sample to 500 mL of water 
in a 1000-mL beaker, whiie stirring continuously at 
1000 ± 10 rpm, with the stirrer shaft set to the side of 
the beaker at an anale of 60° and with the propeiter 
positioned near the oottom of the beaker. Al Iow 45-90 
s for addition of the sample at a uniform ratę, being 
surę that loose aggregates of powder are broken up, 
and continue stirring at 1QQQ± 10 rpm for 15 min. In¬ 
sert the stirrer to a depth necessary to ensure that air is 
not drawn into the dispersion, and whiie stirring at 
300 ± 10 rpm, titrate with Titrant to a pH of 73-7.8 by 
adding the Titrant below the surface. Stir for 2-3 min 
until neutralization is complete. Then determine the fi¬ 
nał pH. If the pH is less than 7.3, ralse it with additional 
sodium hydroxide. tf it is morę than 7.8, discard the 
muciiage, and prepare another, using a smaller amount 
of sodium hydroxide for titration. 

Return the neutralized mucilage to the 25° water bath 
for 1 h. Measure the pH again, and make certa in that 
the mucilage pH is 73-7.8. Perform the viscosity de- 
termination without delay to avoid slight viscosity 
changes that occur 75 min after neutralization. Eguip 
a suitable rotational viscometer with a spindle haying a 
cylinder 1,5 cm in diameter and 0.2 cm high attached 
to a shaft 0.3 cm in diameter, the distance from the 
top of the cylinder to the lower tip of the shaft being 
3.02 cm. 1 The spindle rotates at 20 rpm at an immer- 
sion depth of 4,9 cm. Follow the instrument manufac- 
turer's directions to measure the apparent visco$ity. 
Acceptance criteria: 9500-26,500 centipoises 

ADDITIONAL REQUIREMENTS 

* Packaging and Sto ragę: Preserve in tight. containers. 

a Labeling; tabel to indicate that it is not intended for 

internal use. A carbomer copolymer manufactured using 
benzene and complying with the unique requirements of 
this monograph wiii be officiaily titled Carbomer 1342 
and will not be referred to as Carbomer Copolymer, 


Carbomer Copolymer 

DEF9NITION 

Carbomer Copolymer is a high molecular weight copolymer 
of acrylic acid and a long-chain aikyi methacrylate cross- 
I i n k ecf w i th a 11 y I ethers of poły a I co h ols. 

[Notę—T he heading of this monograph does not constitute 
the official title for a Carbomer Copolymer manufactured 
with the use of benzene. When benzene is used in the 
manufacturing process, the name will be Carbomer 1 342, 
proyided it eomplies with the existing requirements in the 
Carbomer 1 342 monograph.] 

IDENTIFICATION 

* A. Infrared Absorpteon (197K): Exhibits main bands at 
or near (±5) wavenumbers (cnrr T ) 1 710, 1454, 1414, 
1245, 1172, 1115, and 801, with the strongest band at 
1710. 


Available as an RV 6 spindEe from Brookfidd, ar the equivalenl. 
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Sample: 5 g 

Analysis: Add the Sample to 500 ml of water, and stir. 

Acceptance criteria; A dtspersion is formed, with a 
foam layer that persists after the dlsperslon is allowed 
to stand at room temperaturę for 1 h. 

ASSAY 

• CONTENT OF CARBOXYLlt ACID 

Sample: 400 mg, previc>usly dried under vacuum at 80° 
for t h 

Titrimetric system 
(See Titrimetry (541),) 

Modę: Direct titration 
Electrode: Calomel-glass 
Titrant: 0,25 N sodium hydroxide VS 
Endpornt detection: Potentiometric 

Analysis: Slowly add the Sample to 400 mL of water in 
a 1000-mL beaker, while sttrnng continually at 1000 
rpm. The stirrer shaft is set at an angle of about 60° 
and to one side of the beaker, and fne própeller is post- 
Łioned near the bottom of the beaker. Continue stirrlng 
for 15 min. Reduce the stirnng speed, and titrate with 
Titrant. After each addition of Titrant t allow 1 min for 
mixinq before recording the pH. 

Calculate the carboxylic add content as a percentage o" 
carboxylic add groups in the portion of Carbomer Co- 
polymer taken: 

Result = [(V x N x M f )/W\ x 100 


Temperatures 
Detector: 250° 
Injection port: 250“ 
Column: See Tobie 7, 


Table 1 


InitiaE 

Temperaturę 

(°) 

Temperaturę 

Ramp 

C/mln} 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

11S 


115 

4 

115 

6 

175 

5 


Carrier gas: Helium 
Flow ratę: 33 mL/min 
Injection volume: 2 pL 
System suitability 
Sample: Standard solution 

[NOTĘ—The relative retention times for methyl ethyl ke- 
tonę, ethyl acetale, and cyclohexane are about 0,7, 
0,9, and 1,0, respective!y.J 
Suitability reąuirements 

Resolution: NLT 1,0 between ethyl acetate and 
cydohexane 

Reiative standard deviation: NMT 2.5% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentages of ethyl acetate and cyclo- 
hexane in the portion of Carbomer Copolymer taken: 


V - Titrant volume consumed by the Sample (ml) 
N = actual normality of the Titrant (mEq/mL) 

M r - molecular weight of the carboxylic acid 
(-COOH) group, 45.02 
W = Sample weight (mg) 

Acceptance criteria: 52.0%-62,0% 

IMPURITIES 


Delete the following: 

•* Heaw Metals, Method tl (231): NMT 20pg/g« (Ofhmii- 

lsn-201 B) 

• Limit of Ethyl Acetate and Cyclohexane 

[NOTĘ—This test is reciufred only for those Carbomer Co- 
polymers where the labeling indicates that ethyl acetate 
or a mixture of ethyf acetate and cydohexane was used 
in the polymenzation process,] 

Standard stock solution: Transfer 5,0 ml of methanol 
to a 10-mL serum vial, insert a rubber septum, and seal 
with a metal cap. Add 25.0 pL of ethyl acetate and 
20,0 pL of cydohexane through the septum into the 
vial, and mix. 

Standard solution: Transfer 20,0 ml of methanol to a 
30-mL serum vial, insert a rubber septum, and seal with 
a metal cap. Through the rubber septum add 10pL of 
methyl ethyl ketone (internaI standard) and 50,0 pL of 
the Standard stock solution, and mix to obtain a solution 
containing 0.225 mg of ethyl acetate and 0.156 mg of 
cyclohexane. 

Sample solution: Transfer 50 mg of Carbomer Co¬ 
polymer to a 30-mL serum vial, add 20.0 mL of metha¬ 
nol, insert a rubber septum, and seal with a metal cap. 
Through the rubber septum add 10 pl of methyl ethyf 
ketone, and mix, 

Chromatographrc system 
(See Chromatograpny (621), System Suitability ,) 

Modę: CC 

Detector: Flame ionizatlon 

Column: 2-mm x 3-m; packed with 1% liquid phase 
G25 on 60- to 80-mesh support SI 2 


Result = (R v /R $ ) x (WdW u ) x 100 

Ru - peak area ratio of the relevant analyte peak to 
the methyl ethyl ketone peak from the 
Sample solution 

Rs = peak area ratio of the relevant analyte peak to 
the methyl ethyl ketone peak from the 
Standard solution 

W% - weight of ethyl acetate or cycfohexane in the 
Standard solution (mg) 

W u - weight of Carbomer Copolymer taken to 
p rep are the Sample solution (mg) 

Acceptance criteria 
Ethyl acetate: NMT 0.5% 

Cyclohexane: NMT 0,3% 

• Limit of Benzene 

Benzene solution: 1.0 mg/ml of benzene in dimethyl 
su[foxide 

Solvent solution: 0,1 pg/mL of Benzene solution in or¬ 
gan ic-free water (see Residua! Solvents (467), Identifica¬ 
tion, ControI, and Quantifkation of Residua! Sofvents) 
Sodium chloride solution: 20 mg/mL of sodium 
chloride 

Sample solution: Transfer 50 mg of Carbomer Co¬ 
polymer to a IG-mL volumetrtc fiask. Add 7,5 ml of So¬ 
dium chloride solution , and mix by mechanical means 
until homogeneous (usually about 30 min). Dilute with 
Sodium chloride solution to volume, and mix until homo¬ 
geneous (usualfy less than 1 min). This solution must be 
analyzed within 3 h of preparation. 

Standard solution: Transfer 50 mg of Carbomer Co¬ 
polymer to a 10-mL volumetric fiask. Add 7.5 mL of 5o- 
dium chforide sof u t ton, and mix by mechanical means 
until homogeneous (usually about 30 min). Add 1,0 mL 
of the Solvent solution, dilute with Sodium chloride solu¬ 
tion to volume, and mix until homogeneous (usually 
less than 1 min). This solution contains 0.01 pg/mL of 
benzene, 

Cbromatographlc system 

(See Chromatograpny (621 ) y System Suitability ,) 

Modę: CC, equipped with a headspace injector 
Detector: Flame ionization 
Column: 0.53-mm x 30-m fused silica; coated with 
3.0-pm C43 stationary phase 
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Temperatures 
Detector: 250° 
Injection port: 140 a 
Columrs: See Tobie 2. 


Tabłe 2 


Initiał 

Temperatura 

r> 

Temperaturę 

Ramp 

C/min) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min I 

40 


40 

20 

40 

10 

240 

20 


Carrier gas: Helium 

FIow ratę: tinear veiocity of 35 cm/s 

Split ratio: 5:1 

injection volume: 1 ml (gaseous phase} 

[NOTH —The foHowing headspace conditions may be 
usecl: a pressurization time of 30 s and a transfer Irne 
temperaturę of 90°,] 

Vial temperaturę: The viafs are maintained at 80° for 
60 min before headspace injection. 

System su itability 
Sam ple: Standard solution 

SuitabsKity requirements 

Relatrve standard deviation: NMT 15% for three 
replicate injections 
Analysis 

Samples: Standard solution and Sample solution 
Transfer 10.0 mL each of the Standard solution and the 
Sample solution to separate headspace via[s. Gose the 
vials with a tight rubber membranę stopper coated 
with polytetrafluoroethylene, and secure with an alu- 
minum crimped cap. Snake to obtain a homogene- 
ous dispersion. Separately inject the gaseous pnase of 
the Standard solution and the Sample solution. 
Acceptance criteria: The benzene peak response from 
the Sample solution is NMT half of that from the Stan¬ 
dard solution , conresponding to NMT 2 pg/g. 

* LIMIT OF ACRYLIC ACIO 

Mobile phase: Dissolve 6,80 g of monobasic potassium 
phosphate in 300 mL of water, dilute wfth water to 
500 mL, and mix. Dilute 100 mL of this solution with 
water to 1 L, adjust with phosphoric add to a pH of 3.0 
±0.1, and mix. Fil ter and degas. 

Standard solution: 25 pg/mL of acryłic acid 
Sample solution: Transfer 100 mg of Carbomer Co¬ 
polymer to a tared serum vial, Ado water to obtain 
10.0 mL of solution. Cap the vial, and shake by me- 
chanical means for 2 h/ Add 2 drops of sodium hydrox- 
ide solution (500 mg/mL), and shake by hand for 15 s. 
Add 1.0 mL of calcium thloride solution (100 mg/mL), 
and shake until the gel coflapses. Centrifuge for 15 min, 
and use the elear supernatant. 


Chromatographic system 

(See Chromatograpny (621), System Su itability.) 

Modę: LC 

Detector: UV 200 nm 
Cglumn; S-mm x IG-cm; packing LI 
FIow ratę: 1 mL/min 
Injection volume: 10j.iL 
System suitabiffty 
Sample: Standard solution 
Suitabillty requirement$ 

Relative standard deviatfon: NMT 5% 

Anafysis 

Samples: Standard solution and Sampte solution 
Calculate the percentage of free acrylic acid m the por- 
tion of Carbomer Copolymer taken: 

Result = (r u ffi) x {CdCii) x F x 100 

ru = peak response of acrylic acid from the Sample 
solution 

r* = peak response of acrylic acid from the 
Standard solution 

C s = concentration of acrylic acid in the Standard 
solution (jLig/mL) 

Cu ~ concentration of Carbomer Copolymer in the 
Sample solution (mg/mL) 

F = unit conversion, 1Q* mg/pg 
Acceptance criteria: NMT 0.25% 

SPECIFEC TESTS 

* LOSS ON DRYING (731) 

Analysis: Dry under vacuum at 80 c for 1 h. 

Acceptance criteria: NMT 2.0% 

* VlSCOSlTV—IftOTATlGNAL METHODS (912) 

Sample: 5.00 g of Carbomer Copolymer, previously 
dried under vacuum at 80 c ' for 1 h 
Titrimetric system 
(See Titrimetry (541),) 

Modę: Direct titration 
Electrode: Calomel-glass 
Tltrant: 180 mg/mL of sodium hydroxide 
Endpoint detection: Potentiometric 
Analysis: Carefully add the Sample to 500 mL of water 
in a 1000-mL beaker, while stirring continuously at 
1000 ± 50 rpm, with the stirrer shaft set to one side of 
the beaker at an angle of 60° and the propeller posi- 
tio ned near the bottom of the beaker. The stirrer used 
is a three-blade, 2-inch-diameter marinę impeller. Add 
the Sample at a uniform ratę for 45-90 s, being surę 
that loose aggregates of powder are broken up, and 
continue stirring at 1000 ±50 rpm for 15 min. Remove 
the stirrer, and place the beaker containing the disper¬ 
sion in a 25 ±0.1 * water bath for 30 min. Insert a pad- 
dle stirrer to a depth necessary to ensure that air is not 
drawn into the dispersion; and while stirring at 
300 ±25 rpm, titrate to a pH of 7.3-7.8 by adding 77* 
trant below the surface. Stir 2-3 min until neutralization 
is complete. Then determine the finał pH. [Notę—I f the 
pH is below 7.3, raise it with additional sodium hydrox- 
ide. If it is above 7.8, discard the mucilage, and prepare 
another batch, using a smaller amount of sodium hy- 
droxlde for titration.] 

Return the beaker containing the neutraltzed mucilage 
to the 25 ± 0.1° water bath for 1 h. Measure the pH 
agarn, making certain that it is between 73 and 7.8. 
Using a rotational viseometer equipped with a suitable 
spindie at a spindle immerston depth as defined in To¬ 
bie 3, perform the viscosity determination wlthout de- 
lay to avoid the slight vi$co$ity changes that occur 75 
min after neutralization. 
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labie 3 


Vls cosi ty Ran ges 
(mPas) 

Spindle No. 

A* 

tern) 

B 

(cml 

(cml 

Orf 

(Oli) 

E" 

(cm) 

Multlplier 

100-400 

1 

5.6 

2.2 

03 

2,7 

63 

5 

400-1600 

2 

4.7 

0,2 

03 

2,7 

4.9 

20 

1000-4000 

3 

3.5 

0,2 

03 

2.7 

4.9 

50 

2000-8000 

4 

2.7 

0.2 

03 

2.7 

4.9 

100 

4000-16.000 

5 

2.1 

0,2 

03 

2.7 

4.9 

200 

10,000^)0,000 

6 

1.5 

0.2 

03 

3.0 

4,9 

500 

40.000-160,000 

7 

,— 

—. 

03 

— 

5.5 

2.000 


T Cyfinder diameter. 

Cylinder hefght, 

£ Sbaft diameier, 

d Distance Irom the top of the cylinder to the lower lip of the shaft. 
^Sptndle Immersion depth, 

The spindJe rotates at 20 rpm. Foflow the instrument 
manufacturer^s directions to measure the apparent 
viscosity. 

Acceptance cnteria: See Table 4. 


Table 4 


Carbomer Co- 
polymer 

1% Viscosity Spedficatlon 
(mPa's) 

A 

4 r 500-l 3,500 

B 

1 0,000-29,000 

C 

25,000-45,000 


ADDITIONAL REQUJREMENT5 

* Packaging and Storage: Preserve in tight containers, at 
a temperaturę not exceeding 45 

* Laseling: If benzene has been used in the manufacturing 
process, the name of the article will be Carbomer 1342, 
provided it complies with and ts labeled in accordance 
with the reguirements set forth in that monograph, If 
benzene is not used in the manufacturing process, label 

it to indieate whether It is Type A, B, or C; and label it to 
State the measured viscosity, giving the viscosity meas- 
urement parameters, the concentration of the solution, 
and the type of eąuipment used; the solvent or solvents 
used in the polymerization process; and the nominał and 
residual sofvent levels for each solvent. 


Carbomer Homopolymer 

DEFINiTlON 

Carbomer Homopolymer is a high molecular weight poły- 
mer of acrylfc ada cross-linkea with allyf ethers of poly- 
aieohols, Carbomer Homopolymer, previously dried, eon- 
tains NLT 56.0% and NMT 68.0% of carboxylic acid 
(-COOH) groups. 

[Notę—T his monograph applies to, but is not limited to, 
Carbomer 934, Carbomer 934P, Carbomer 940, and Car¬ 
bomer 941 manufactured without benzene. The heading 
of this monograph does not constitute the official title for 
a Carbomer Homopolymer manufactured with the use of 
benzene. When benzene is used in Lhe manufacturing 
process, the name of the article wili be Carbomer 934, 
Carbomer 934P, Carbomer 940, or Carbomer 941, which- 
ever is appropriate,] 

IDENTIFICATION 

♦ A, Infrared Absorption (197K): Exhibits main bands at 
or near (±5) wavenumbers (cm -1 ) 1710, 1454, 1414, 


1245, 1172, 1115, and 801, with the strongest band at 

1710. 

® B. 

Sample dispersion: 10 mg/mL 

Analysis: Adjust the Sample dispersion with 1 N sodium 
hycfroxide to a pH of 7.5. 

Acceptance criteria: A viscous gel is produced, 

* C. 

Analysis: Add 2 ml of caldum chłoń de sofution 
(100 mg/mL), while stirring, to 10 mL of the gel ob- 
tained from Identification test B. 

Acceptance criteria: A wbite predpitate is produced 
immediately. 

* D. 

Sample dispersion: 10 mg/mL 

Analysis 1: Add 0.5 mL of thymol blue TS to 10 mL of 
the Sample dispersion. 

Acceptance criteria T: An orange color is produced. 

Analysis 2: To another 10 ml of the dispersion 

add 0.5 mL of cresol red TS. 

Acceptance criteria 2: A yellow color is produced, 

AS5AV 

* CONTENT OF CAttBOXYLiC ACID 

Sample: 400 mg, previously dried under vacuum at 80 c 
for 1 h 

Titrrmetrk system 
(See Titńmetry (541 >.) 

Modę: Direct Htration 
Electrode: Calomei-glass 
Titrant: 0.25 N sodium hydroxfde VS 
Endpornt detection: Potentiometric 

Analysis: Slowly add the Sample to 400 mL of water in 
a 1000-mL beaker, whiie stirring continually at 1000 
rpm. The stirrer shaft is set at an anale of about 60° 
and to one side of the beaker, and the propeller is posi- 
tioned near the bottom of the beaker, Continue stirring 
for 15 min. Reduce the stirring speed, and titrate with 
TitronL After each addition of Titrant , allow 1 min for 
mixing before recording the pH. 

Calcu la te the carboxylIc add content as a percentage of 
carboxylic acid groups in the portion of Carbomer 
Homopolymer taken: 

Result - [(V x N x M r )fW\ x 100 

V a Titrant vofume consumed by the Sample (mL) 

N = actual normallty of the Titrant (mEq/mL) 

M f = molecular weight of the carboxylic acid 
(-COOH) group, 45.02 

W = Sample weight (mg) 
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Acceptance criteria: 56.0%-68.0% 

IMPURITIES 

* REStDUE ON ICNITION <281) 

Sample: 1.0 g 

Acceptance criteria: NMT 4.0% 

Delete the folto wing; 

•• Heaw Metals, Method II (231): NMT 20 pg/g, {0llKiill 

JąnJOtĄ 

* Limit of Ethyl Acetate and Cyclohexane 

[NOTĘ—This test is reguired oniy for those Carbomer 
Homopolymers where ethyl acetate or a mixture of 
ethyl acetate and cydobexane was used in the polymer- 
ization processj 

Standard stock solution: Transfer 5.0 mL of methanol 
to a 10-mL serum vial, insert a rubber septum, and seal 
wfth a metaf cap. Add 25.0 pi of ethyl acetate and 
20.0 uL of cydohexane through the septum into the 
vial, and mix. 

Standard solution: Transfer 20.0 mL of methanof to a 
30-mL serum vial, insert a rubber septum, and seal with 
a metal cap. Through the rubber septum add 10 jiL of 
methyl ethyl ketone (internal standard) and 50,0 pi of 
the Standard stock solution, and mix, 

Sample solution: Transfer 50 mg of Carbomer Homo¬ 
polymer to a 30-mL serum vial, add 20.0 mL of metha¬ 
nol, insert a rubber septum, and seal with a metal cap. 
Through the rubber septum add 10 pL of methyl ethyl 
ketone, and mix, 

Chromatographk system 
(See Chromatography <621), System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Column: 2-mm x 3-m; packed with 1% iiquld phase 
G25 on 60- to 80-mesh support SI 2 
Temperatures 
Detector: 250° 

Injection port: 250 D 
Column: See Tobie h 


Table i 


Inltial 

Tempera¬ 

tura 

tn 

Tempera¬ 

turę 

Ramp 

(VmirO 

Finał 

Tempera¬ 

turę 

Hołd Time 
at Fina! 
Temperaturo 
(mini 

115 


115 

4 

115 

6 

175 

5 


Carrier gas: Helium 
Flow ratę: 33 m L/min 
Injection volume: 2 pL 
System suitability 
Sample: Standard solution 

[Notę—T he relatfve retention times for methyl ethyl ke¬ 
tone, ethyl acetate, and cyclohexane are about 0.7, 
0.9, and 1,0, respectiyely.] 

Suitability requirements 
Resolutlon: NLT 1,0 between ethyl acetate and 
eyclohexane 

Relathre standard deviation: NMT 2,5% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentages of ethyl acetate and cyclo- 
hexane tn the portion of Carbomer Homopolymer 
taken: 

Result = ( Rtt/Rs) x (WrfWu) x 1 00 

Ru = peak area ratio of the relevant analyte peak to 
the methyl ethyl ketone peak from the 
Sample solution 


R$ = peak area ratio of the relevant analyte peak to 
the methyl ethyl ketone peak from the 
Standard solution 

W* = weight of ethyl acetate or eyclohexane in the 
Standard solution (mg) 

W u - weight of Carbomer Homopolymer taken to 
prepare the Sompfe solution (mg) 

Acceptance criteria 
Ethyl acetate: NMT 0.5% 

Cydohexane: NMT 0.3% 

• Limit of benzene 

Benzene solution: 1,0 mg/mL of benzene in dimethyl 
sulfoxide 

Solvent solution: 0.1 pg/mL of Benzene solution in or¬ 
gan ic-free water (see Residual Solvents (467), Identifica¬ 
tion, Contro!and Quantification of Residual Solvents ). 
Sodium chloride solution: 20 mg/mL of sodium 
chloride 

Standard solution: Transfer 50 mg of Carbomer Homo¬ 
polymer to a 10-ml volumetric fiask, Add 7.5 ml of So¬ 
dium chloride solution, and mix by mechanical means 
until homogeneous (usualfy about 30 min), Add 1.0 ml 
of the Solvent solution ; dilute with Sodium chloride solu¬ 
tion to volume, and mix until homogeneous {usually 
less than 1 min). Thfs solution contains 0.01 pg/mt of 
benzene, 

Sample sofution: Transfer 50 mg of Carbomer Homo¬ 
polymer to a 10-mL volumetric fiask, Add 7.5 mi of So¬ 
dium chloride solution f and mix by mechanical means 
until homogeneous (usually about 30 min), Dilute with 
Sodium chloride solution to vo!ume, and mix until homo¬ 
geneous (usually less than 1 min), This preparation 
must be anafyzed within 3 h of preparation. 
Chromatographnc system 
(See Chromatography (621), System Suitability.) 

Modę: GC, equipped with a headspace injector 
Detector: Flame ionization 

Column: 0.53-mm x 30-m fused siJrca; coated with a 
3.0-jim G43 stationary phase 
Temperatures 
Detector: 250° 

Injection port: 140° 

Column: See Table 2. 


Table 2 


Initial 

Tempera¬ 

turę 

n 

Tempera¬ 

turę 

Ramp 

(Ymin) 

Finał 

Tempera' 

turę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mm) 

40 


40 

20 

40 

10 

240 

20 


Carrier gas: Helium 

Flow ratę: At a linear velocity of 35 cm/s 
Injection type: Split ratio, 5:1 
injection volutne: 1 mL (gaseous phase) 

[Notę—T he foliowing headspace condidons may be 
used: a pressurization tirne of 30 s and a transfer linę 
temperaturę of 90 s ,] 

The vials are maintained at a temperaturę of 80° for 
60 min before headspace injection. 

System suitability 
Sample: Standard solution 
Suitability reąuirements 

Relative standard deviation: NMT 15% for three 
replrcate injections 
Analysis 

Sam pies: Standard solution and Sample solution 
Transfer 10.0 mL each of the Standard solution and 
Sample solution to separate headspace vials. Close the 
viafs with a dght rubber membranę stopper coated 
with polytetrafluoroethylene, and secure with an alu- 
minum crimped cap. Shake to obtain a homogene- 
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ous dispersion. Separately inject the gaseous phase of 
the Standard solution and the Sample solution . 

Aeceptance criteria: NMT 2 pg/g; tne benzene peak 
response from the Sample sofution is NMT half of that 
from the Standard solution, 

* Limit of Acrylic Acid 

Solution A: 1*361 mg/mL of monobasic potassium 
phosphate 

Solution B: Acetonitrile and Solution A (1:1) 

Mobile phase: See Tabte 3. 


Table 1 


Time 

(min’) 

Solution A 

Solution B 
(%> 

0 

_ 

100 

0 

8 

100 

0 

9 

0 

100 

20 

0 

100 

21 

100 

0 

30 

100 

0 


Diluent: 25 mg/mL of potassium alum 
Standard solution: 12*5 pg/ml of acrylic add in Diluen* 
Sample sofution: Mix 100 mg of Carbomer Homo¬ 
polymer with Diluent, and add Diluent to obtain 
20.0 mL of suspenston. Heat the suspension at 50° for 
20 min with occasionat shaking* Then shake the suspen¬ 
sion eontinuously at room temperaturę for 60 min. 
Centrifuge, and use the elear supernatant. 
Chromatographk system 
(See Chromatograpny (62^), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 
Column: 4.6~mm x 12-cm; packing LI 
Flow ratę: 1 m L/min 
Injection vofume: 20 pL 
System suitabillty 
Sample: Standard solution 
Suitabillty reguirements 
Relative standard deviation; NMT 5% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of free acrylic acid in the por- 
tion of Carbomer Homopolymer taken: 

Result - (ry/fs) x (Cs/Cu) x f x 100 

ru - peak response of acrylic acid from the Somple 
solution 

rs - peak response of acrylic add from the 
Standard solution 

Q ~ concentration of acrylic acid in the Standard 
solution (pg/mL) 


Cu = concentration of Carbomer Homopolymer in 
the Sample solution (mg/mL) 

F - unit conversion, 10 3 mg/pg 
Aeceptance criteria: NMT 0.25% 

SPECIFIC TESTS 

• LOS5 ON DRYING (731) 

Analysis: Dry under vacuum at 80° for 1 h. 

Aeceptance criteria: NMT 2.0% 

* Viscosity—Rotational Methods (912) 

Sample: 2,50 g of Carbomer Homopolymer, previousfy 
dried 

Titrimetric system 
(See Tkrimetry (541}.) 

Modę: Direct titration 
Electrode: CalomeT-glass 
Titrant: 180 mg/mL of sodium hydroxide 
Endpoinl detectlon: Potentiometric 
Analysis: Ca ref ul ly add the Sample to 500 mL of water 
in a 800-mL beaker, while stirring continuousJy at 
1000 ± 50 rpm. The stirrer shaft rs set at an angle of 
60° and positioned at one side of the beaker, and the 
propeller is positioned near the bottom of the beaker 
The stirrer used should be a three-blade, 2-inch marinę 
impeller. Add the Sample at a uniform ratę over a pe¬ 
riod of 45-60 s, being surę that loose aggregates of 
powder are broken up, and continue stirring at 
1000 ±50 rpm for 15 min, [NOTĘ—Proper dispersion of 
the Carbomer Homopolymer resln is imperative for ac- 
curate yiscosity readings.] Remove the stirrer, and aliow 
the beaker containing the dispersion to stand at con- 
trolled room temperaturę for 30 mirt* insert a paddle 
stirrer to a depth necessary to ensure that the air is not 
drawn into the dispersion, and while stirring at 
300 ± 25 rpm, titratę with Titrant to a pH ot 7.3-7.8 . 
After adding the Titrant, stir with a paddle mixer at 
300 ±25 rpm for 2-3 min, [N GTE—After neutrallzation, 
care must be taken to avoid excessively high shearmg, 
because aggressive mlxing will break the polymer 
chains and reduce the viscosity readlng.] Take the finał 
pH reading with a pH meter to make surę it is between 
7,3 and 7,8, [Notę— If the pH is below 7*3, raise it with 
addftional sodium hydroxide, If the pH is above 7.8, 
discard the mucilage, and prepare another using a 
smalfer amount of sodium hyaroxide for titration,] 

Place the neutralized mucilage into a water bath main- 
tained at 25 ±0.1° for 1 h. Measure the pH agafn, and 
make certain it is between 7.3 and 7.8. Perform the 
yiscosity determination without delay to avoid the 
slight yiscosity changes that occur 75 min after 
neutralization, 

Equip a suitable rotational wcometer 1 with a suftable 
spindle, as defined in Tobie 4 . 


1 Availabte as a Brookfiefd RV viscometer, or equtvalent. 


Table 4 


yiscosity Ran ges 
fmFa-sl 

Spindle No, 

A fl 

(cm) 

B h 

(cm) 

O 

(cml 

D d 

(cml 

E« 

(citO 

Multfplter 

100-400 

1 

5.6 

2 2 

0*3 

2.7 

6.1 

5 

400-1600 

2 

4,7 

0.2 

0*3 

2*7 

4.9 

70 

1000^000 

3 

3,5 

0.2 

0,3 

2.7 

4*9 

50 

2000-8000 

4 

2.7 

0*2 

0.3 

2.7 

4.9 

100 

4000-16,000 

5 

2.1 

0.2 

0.3 

2*7 

4.9 

200 

TO.OOO^łO.OOO 

ó 

1.5 

0*2 

03 

3*0 

4*9 

500 

40,000-160.000 

7 

— 

— 

0.3 

— 

5.5 

2.000 


* Cylinder diameŁer* 

»Cylinder hetght* 

* Shaft diameter. 

J Di stance fram the top of the cylinder to the lower tip of the shaft, 

* Spindle immersion depLh. 
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The spindle rotates at 20 rpm. FolJow the instrument 
manufactureds directions to measure the apparent 
viscosity. 

Acceptance criteria: 5ee Tobie 5 . 


Table S 


Carbomer 

Homoiiolvmer 

Viscosity Spetified 
(mPas) 

A 

4.000-11,000 

e 

25,000^5,000 

1 ! ii 

_40.000-60.000_ 


ADDITIONAŁ REQUIREMENTS 

• Packaging and Storage: Preserve in tight containers, at 
a temperatura not exteeding 45 p , 

® Labeling: Label it to indicate whetber it is Type A, B, or 
C; and label it to State the measured viscosity, giving the 
viscosity measurement parameters, the concentratlon of 
the solution, and the type of equipment used; the sol- 
vent or solvents used in the pofymenzation process; and 
the nominał and residual solvent levels for each solvent. 


Carbomer BraterpoHymer 

DEFINITION 

Carbomer Interpolymer is a carbomer homopolymer or co- 
polymer that contalns a błock copolymer of polyethyJene 
glycol and a long-tharn alkyl acid ester, 

IDENTIFICATION 

# A. INFRARED Absorption (197K): Exhibits bands at or 

near (±5) wavenumbers (cm ł ) 1710, 1454, 1414, 1245, 

11 72, 1115, and 801, with the strangest band at 1 710. 

« B. 

Sam ple: 2,5 q 

Analysis: Without mixlng, add the Sampfe to 500 ml of 
water in an 800-mL beaRer, and allow to stand. 
Acceptance criteria: The powders wet out in NMT 60 
min. 

e C. 

Sample; 5 g 

Analysis: Add the Sample to 500 mL of water, stir, and 
adjust with 1 N sodium hydroxide to a pH of 7.5. 
Acceptance criteria: A viscous gel is formed, 

ASSAY 

• CONTENT OF CARBOKYLIC ACID 

Sample: 400 mg, previously dried under vacuum at 8CP 
for 1 h 

Titrimetrk system 
(See Titrimetry (541),) 

Modę: Direcfc titration 
Eiectrode: Calomekglass 
Titrant: 0.25 N sodium hydroxide VS 
Endpoint detection: Potentiometric 
Analysis: Slowly add the Sample to 400 ml of water in 
a 1000-mL beaker, whiie stirring continually at 1000 
rpm. The stirrer shaft is set at an angle of about 60° 
and to one side of the beaker, and the propeller is posb 
troned near the bottom of the beaker. Continua stirring 
for 15 min. Reduce the stirring speed, and titrate with 
Titrant. After each addition of Titrant , alfow 1 min for 
mixing before recording the pH. 

Calcu [ate the carboxylic acid eon tent as a percentage of 
carboxy!ic acid groups In the portion of Carbomer fn- 
terpolymer taken: 

Result = l(V xNxMr)/W\ x 100 
V = Titrant volume consumed by the Sample (mL) 


N = actual normality of the Titrant (mEq/mL) 
M r - molecular weight of the carboxylic add 
(-COOH) group, 45,02 
W ~ Sampfe weight (mg) 

Acceptance criteria: 52.0%-ó2.Q% 

IMPUR1TIE5 


Delete the foffowing: 

*• Heavy Metals, Method II (231): NMT 20 pg/g* 

Jaiv2QlB) 

o Limit of Ethyl Acetate and Cyclohexane 

[Notę—T his test is required only for those Carbomer In- 
terpolymers where the labeling indicates that ethyJ ace¬ 
tal e or a mixture of ethyl acetate and cydohexane was 
used in the potymerization process.] 

Standard stock solution: Transfer 5.0 mL of methanol 
to a 10-mL serum vial, insert a rubber septum, and seal 
with a metal cap. Add 20,0 pL of ethyl acetate and 
10.0 pi of cycfohexane through the septum into the 
vial, and mix. 

Standard solution: Transfer 20.0 mL of methanol to a 
30-mL serum vial, insert a rubber septum, and seal with 
a metal cap. Through the rubber septum add IGpl of 
methyl ethyl ketone (internal standard) and 50.0 pL of 
the Standard stock solution , and mix to obtain a solution 
containing 0,18 mg of ethyl acetate and 0,078 mg of 
cyclohexane. 

Sample solution: Transfer 50 mg of Carbomer In- 
terpolymer to a 30-mL serum vial, add 20.0 mL of 
methanol, insert a rubber septum, and seal with a 
metal cap. Through the rubber septum add 10 pL of 
methyl ethyl ketone, and mix. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Column; 2-mm x 3-m; packed with 1% liguid phase 
C25 on 60“ to 80-mesh support SI 2 
Temperatures 
Detector: 25 0 G 
Injection port: 250° 

Column: See Tobie L 


Table 1 


InftiaJ 

Temperaturę 

n 

Temperaturę 

Ramp 

C/rnin 1 ) 

Fina! 

Temperaturę 

n 

Hołd Time 
at Finaf 
Temperaturę 
(mini 

115 


115 

4 

115 

6 

175 

5 


Carrrer gas: Helium 
Flow ratę: 33 mL/min 
Injection volume: 2 pL 
System suitability 
Sample: Standard solution 

[Notę—T he relative retention times for methyl ethyl ke¬ 
tone, ethyl acetate, and cydohexane are about 0.7, 
0.9, and 1,0, respectivdy.] 

Suitability requirements 
Resolution: NLT 1.0 between ethyl acetate and 
cyclohexane 

Reiative standard deviation: NMT 2.5% 

Analysis 

Sam pies: Standard solution and Sample soiution 
Calculate the percentages of ethyl acetate and cyclo- 
hexane in the portion of Carbomer Interpofymer 
taken: 


Result = (Ru/Rs) x {W s /W u ) x 100 
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tfu = peak area ratio of the relevant analyte peak to 
the methyl ethyl ketone peak from the 
Sampie sofution 

Ri - peak area ratio of the relevant analyte peak to 
the methyl ethyl ketone peak from the 
Standard solution 

W$ = weight of ethyl acetate or cydohexane in the 
Standard solution (mg) 

Wa - weight of Carbomer Interpolymer taken to 

prepare the Somple solution (mg) 

Aceeptance criteria 
Ethyl acetate: NMT 0.35% 

Cyc1ohexane: NMT 0.15% 

* Limit of Benzeme 

Benzene solution: 1.0 mg/mL of benzene in dimethyl 
sulfoxide 

5olvent solution: 0.1 pg/mL of Benzene solution in or- 
gank-free water (see Residual Sofvents (467), Identifica¬ 
tion, Cantrol, and Quantification of Residual Solvents) 
Sodium chloride solution: 20 mg/mL of sodium 
chloride 

Sampie solution: Transfer 50 mg of Carbomer in¬ 
terpolymer to a 10-mL volumetric fiask. Add 7,5 mL of 
Sodium chloride solution , and mtx by mechanical means 
until homogeneous (usually about 30 min). Dilute with 
Sodium chloride solution to volume, and mix until homo¬ 
geneous (usually less than 1 min), This solution must be 
analyzed within 3 h of preparation. 

Standard solution: Transfer 50 mg of Carbomer In¬ 
terpolymer to a 10-mL vofumetric fiask, Add 7,5 mL of 
Sodium chloride solution , and mix by mechanical means 
until homogeneous (usually about 30 min). Add 1.0 ml 
of the Sofvent solution , dilute with Sodium chforide solu¬ 
tion to volume, and mlx until homogeneous (usually 
less than 1 min), This solution contams 0,01 pg/mL of 
benzene. 

Chromatographk system 
(See Chromatography (621), System Suitability.) 

Modę: GC, equipped with a headspace injector 
Detector: Flame ionization 

Column: 0.53-mm x 30-m fused slllca; coated with 
3,0-pm G43 stationary phase 
Temperatures 
Detector: 250 Q 
I njection port: 140 d 
Column: See Tobie 2. 


Table 2 


Initial 

Temperaturę 

(*\ 

Temperaturę 

Ramp 

Finał 

Temperatura 

n 

Hołd Time 
at Finał 
Temperaturę 
(min) 

40 


40 

20 

40 

10 

240 

20 


Carrier gas: Helium 

Flow ratę: Linear velocity of 35 cm/s 

Split ratio: 5:1 

Iniection volume: 1 mL (gaseous phase) 

[NOT£—The foliowing headspace conditions may be 
used: a pressurization dme of 30 s and a transfer linę 
temperaturę of 90°.] 


The vials are maintained at a temperaturę of 80* for 
60 min before headspace injection. 

System suitability 
Sampie: Standard so/ut/o/7 
Suitability reguirements 

Relath/e standard deviation: NMT 15% for three 
replicate injections 
Analysrs 

Samples: Standard solution and Sampie solution 
Transfer 10.0 mL each of the Standard sofution and 
Sampie solution to separate headspace vials, Close the 
vials with a tight rubber membranę stopper coated 
with polytetrafluoroethylene, and secure with an alu- 
minum crimped cap, Snake to obtain a homogene- 
ous dispersion. Separately inject the gaseous pnase of 
the Standard soluthn and Somple so/ut/o/7, 

Aceeptance criteria: The benzene peak response from 
the Sampie solution is NMT half of that from the 5£on- 
dard solution t corresponding to NMT 2pg/g. 

* LIMIT OF ACRYLIC ACID 

Mobile phase: Dissolve 6.80 g of monobasic potassium 
phosphate in 300 mL of water, dilute with water to 
500 mL, and mix. Dilute 100 mL of this solution with 
water to 1 L, adjust with phosphoric add to a pH of 3.0 
± 0.1, and mix. FiJter and degas. 

Standard solution: 25 pg/mL of acrylic add 
Sampie solution: Transfer 100 mg of Carbomer In- 
terpolymer to a tared serum viaL Add water to obtain 
10.0 mL of sofution. Cap the vial, and shake by me¬ 
chanical means for 2 h. Add 2 drops of sodium hydrox- 
ide solution (500 mg/mL), and shake by hand for 15 s. 
Add 1.0 mL of calcium cnloride solution (100 mg/mL), 
and shake until the gel collapses. Centrifuge for 15 min, 
and use the elear supernatant 
Chromatographk system 
(See Chromatography (621), System Suitability,) 

Modę: LC 

Detector: UV 200 nm 
Column: 8-mm x 10-cm; packing LI 
Flow ratę: 1 mL/min 
Injectron volume: 10 pL 
System suitability 
Sampie: Standard solution 
Suitability reguirements 
Re!ative standard deviation: NMT 5% 

Analysis 

Samples: Standard solution and Sampie sofution 
Calculate the percentage of free acrylic add in the por- 
tion of Carbomer Interpolymer taken: 

Result - (r^/rj) x (Cj/Cy) x F x 100 

r u = peak response of acrylic acid from the Sampie 
solution 

rs = peak response of acrylic acid from the 
Standard sofution 

Cs - concentration of acrylic acid in the Standard 
solution (pg/mL) 

Cu = concentratfon of Carbomer Interpolymer in 
the Sampie solution (mg/mL) 

F - unit converslon, 10° mg/pg 
Aceeptance criteria: NMT 0.25% 
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Table 3 


Vłscosity Ranges 
(mPa-s) 

Spindle Mo. 

A fl 

(cm) 

B b 

(cm) 

O 

(cm) 

D d 

(cm) 

E< 

(cm) 

Multlplłer 

100^100 

1 

5.6 

2.2 

OJ 

2,7 

6,1 

5 

400-1600 

2 

4.7 

0.2 

OJ 

2.7 

4.9 

20 

1000—4000 

3 

3.5 

0.2 

OJ 

2.7 

4.9 

50 

2000-8000 

4 

2.7 

0.2 

OJ 

2.7 

4.9 

100 

4000-16,000 

5 

2.T 

0.2 

OJ 

27 

4,9 

200 

10,000-40,000 

6 

1.5 

0.2 

OJ 

3.0 

4.9 

500 

40.000-160.000 

7 

— 

_ 

OJ 


5.5 

2.000 


'Cylinder rfiameter. 
u Cylinder height. 

1 Shaft diameter. 

d Distartce from the top of the cylinder to the lower tip of the sbaft. 
p Spindle Immerston depth. 


SPEC1FIC TESTS 

* Loss ON Dryinc (731) 

Analysis: Dry under vacuum at 80° for 1 h, 

Acceptance criteria: NMT 2.0% 

* Vl5COSfTY—ROTATIONAL METHODS (912) 

Carbomer Interpolymer A 

S a m ple: 2.50 g of Ca rbomer I n ter p o ly mer, pre v i o u siy 
dried under vacuum at 80 for 1 h (0.5% aqueous 
dispersion) 

Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
Electrode; Calomel-glass 
Titrant: 180 mg/mL of sod kim hydroxide 
Endpomt detection: Potentlometric 
Analysis: Carefully add the Sample to 500 mL of water 
in a 1000-mL beaker, while stirring continuously at 
1000 ± 50 rpm, wrth the stirrer shaft set to one side of 
the beaker at an angfe of 60 c and the propeller posL 
tioned near the bottom of the beaker. The stirrer used 
is a three-blade, 2-inch-diameter marinę impefler Add 
the Sample at a uniform ratę for 45-90 s, being surę 
that loose aggregates of powder are broken up, and 
tontinue stirring at 1000 + 50 rpm for 15 min. Re- 
move the stirrer, and place the beaker containing the 
dispersion in a 25 ±0.1° water bath for 30 min. Insert 
a paddle stirrer to a depth necessary to ensure that air 
Is not drawn into the dispersion; and while stirring at 
300 ±25 rpm, Utratę to a pH of 73-7,8 by adding 
Titrant beiow the surface. Stir 2-3 min until neutraliza- 
tion is complete. Then determine the finał pH. [Notę— 
If the pH is beiow 7.3, raise it with additional sodium 
hydroxide, If it is above 7.8, discard the mudlage, and 
pre parę another batch, usrng a smaller amount of so¬ 
dium hydroxide for titration.] 

Return the beaker containing the neutralized mucilage 
to the 25 + 0.1° water bath for 1 h. Measure the mu¬ 
cilage pH again, making certa in that it is between 7.3 
and 7. 8. lising a rotational viscometer equipped with 
a suitable spindle at a spindle immersion depth as 
defrned in Table 3 t perform the viscosity determina- 
tion without delay to avoid the slight viscosity 
changes that occur 75 min after neutraEization. 

The spindle rotates at 20 rpm. Follow the instrument 
maniifacturer's directions to measure the apparent 
viscosity. 

Carbomer Interpolymer B 

Sample: 5.00 g of Carbomer Interpolymer, previously 
dried under vacuum at 80 c for 1 h (1.0% aqueous 
dispersion) 

Analysis: Proceed as directed for Viscosity — Rotational 
Methods (912), Carbomer Interpolymer Ą except adjust 
the pH of the dispersion to 5.8-6.3 instead of 7,3-7.8. 

Carbomer Interpolymer C 

Sample: 2.50 g of Carbomer Interpolymer, previously 
dried under vacuum at 80° for 1 h (0.5% aqueous 
dispersion) 


Analysis: Proceed as directed for Viscosity—Rotational 
Methods (912), Carbomer Interpolymer A f except adjust 
the pH of the dispersion to 5. 8-6 ,3 instead of 7.3-7.8, 
Acceptance criteria: See Tobie 4 . 


Table 4 


Carbomer 

Interpolymer 

yiscosity Specifications 
(mPa* *s) 

A 

45.000-65.000 

B 

47.000-77,000 

C 

8.500-16.500 


ADDBTIONAL REQUJREMENTS 

• Packaging and Storage: Preserve in tight containers, at 
a temperaturę not exceeding 45°. 

* Labeling: Label it to indicate whether it is Type A, B, or 

C Also label it to State the measured viscosity, giving the 
viscosity measurement parameters, the concentratfon of 
the solution, and the type of equipment used; the sol- 
vent or solvents used in the połyrneriza bon process; and 
the nominał and measured residual solvent levels for 
each solvent 


Carbon Dioxide —see Carbon Dioxide 
General Monographs 


Carboxymethylcellulose Calcium 

Cellulose, carboxymethyl ether, calcium salt; 

Cellulose carboxymethyl ether calcium salt [9050-04-8]. 

DEFINmON 

Carboxymethylceilulose Calcium is the calcium sak of a 
polycarboxymethyl ether of cellulose, 

IDENTIFICATION 

* A. Procedurę 

Sample solution; Shake thoroughfy OJ g of Carboxy- 
methyłcellulose Calcium with lOmL of water, followed 
by 2 mL of 1 N sodium hydroxide, and aliow to stand 
for TO min. 

[NoTE“Save the unused portion of the Sample solution 
for use in Identification tests B and C] 

Analysis: To 1 mL of the Sample solution add water to 
make 5 mL. To 1 drop of the resulting solution, add 
0.5 mL of chromotropic add 15, and beat in a water 
bath for 10 min. 
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Acceptance criteria: A red-purple color develops* 

* B. Procedurę 

Analysis: Shake 5 mL of the Somple solution prepared in 
Identification test A with 10 mL of acetone. 

Acceptance criteria; A white, flocculent precipitate is 
formed. 

* C. Procedurę 

Analysis: Shake 5 mL of the Sampie solution prepared in 
Identification test A with 1 mL of fenie chloride TS. 
Acceptance criteria: A brown, flocculent precipitate is 
formed, 

* D. Identification Tests—General, Catcium (191) 

Analysis: Ignite 1 g to ash, dissolve the residue in 
10 mL of water and 5 mL of 6 N acetic add, and filter, 
if necessary. Boil the filtrate, tool, and neutralize with 
6 N ammonium hydroxide. 

Acceptance criteria: Meets the reguirements 

IMPURITIES 
Itiorgank Hmpurities 

* Residue on Icnition (281): 1O.0%-2G,0%; use 1.0 g, pre- 

viously dried 

Delete the foftowing; 

•* HlAW Metals, Method U (231): NMT 20 ppm, adding 
1 mL of hydro xy la minę hydrochioride solution (1 in 5) to 
the solution of the residue* (omcfai i jon,aois) 

* Chloride and Sulfate, Chloride (221) 

Sampie stock solution: Shake thoroughiy 0.80 g with 
50 mL of water, dissolve in 10 mL of 1 N sodium hy- 
droxtde, and add water to make 100 mL, 

[Notę—R etain a portion of the Somple stock solution for 
use in the test for Sulfote .] 

Sampie solution: Heat 20 mL of the Sampie stock solu¬ 
tion with 10 mL of 2 N nitrfc acid in a water bath until 
a flocculent precipitate is formed, cool, centrifuge, and 
remove the supematant Wash the precipitate with 
three 10-mL portions of water by centrifuging each 
time, combine the supematant and the washings, add 
water to make 100 mL, and mix. 

Acceptance criteria: A 25-mL portion of the Somple so¬ 
lution shows no morę chloride than is contained in 
0.20 mL of 0,020 N hydrochloric add (0,36%). 

* Chloride and Sulfate, Sulfote (221) 

Sampie solution: Heat 10 mL of the Sampie stock solu¬ 
tion prepared in the test for Chloride with 1 mL of hy¬ 
drochloric acid in a water bath until a flocculent precip¬ 
itate is formed. Cool, centrifuge, and remove the 
supematant, Wash the precipitate with three 10-mL 
portions of water by centrifuging each time, combine 
the supematant and the washings, add water to make 
100 mL, and mix, 

Acceptance criteria: A 25-mL portion of the Somple so¬ 
lution shows no morę sulfate than is contained in 
0.21 mL of 0.020 N sulfuric acid (1.0%). 

SPECIFIC TESTS 

* Alkalinity: Shake thoroughiy 1.0 g with 50 mL of freshly 

boiled and cooled water, and add 2 drops of phenol- 
phthalein TS: no red color develops. 

* Loss ON Dryinc (731): Dry a sampie at 105° for 4 h: it 
loses NMT 10.0% of its werght. 
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AOOITIONAL REQU1REMENTS 

« Packaging and Storace: Preserze in tight contatners. 


Low-Substituted 
Carboxymethyłcellulose Sodium 

Cellulose, carboxymethyl ether, sodium salt, low-substituted; 
Carmellose sodium, low-substituted [9004-32-4]. 

DEFINITION 

Low-Substituted Carboxymethylceliu)ose Sodium is the so- 
dium sak of a partly 0-(carboxymethyiated) cellulose. It 
contains NLT 2.0% and NMT 4.5% of sodium (Na), catcu- 
lated on the dhed basis. 

IDENTIFICATION 
o A. 

Solution A: 100 mg/mL of sodium hydroxide 
Sampie: 1 a 

Analysis: Snake the Somple with 100 ml of Solution A . 
Acceptance criteria: A suspension is produced. 

■ B. 

Sampie: 1 g 

Analysis: Snake the Sampie with 50 ml of water. Trans¬ 
fer 1 mL to a test tubę, and add 1 mL of water and 
1 mL of 1-naphthoi TS. Indine the test tubę, and add 
ca refu i ly 2 mL of sulfuric add down the side so LhaL it 
forms a lower layer. 

Acceptance criteria: A reddish-purple color develops at 
the interface, 

* C It meets the requirements in Impurities for Residue on 

Ignition. 

* D. Identification Tests—General, Sodium (191) 

Sampie solution: To the residue obtained in the test for 
Restdue on Ignition add I mL of hydrochloric acid, evap- 
orate on a water bath, and dissolve in 20 mL of water. 
Acceptance criteria: Meets the reguirements for the 
pyroantimonate precipitate test 

ASSAY 

* Content of Sodium 

Analysis: Calculate the percentage of sodium in the 
Low-Substituted Carboxyrnethylcellulose Sodium taken: 

Result - A x (M x Mn/Mri) 

A = percentage obtained from the test for Residue 
on Ignition, determrned separately 
M = number of moles of sodium per mole of 
sodium sulfate, 2 

M r i - atomie weight of sodium, 22.99 

Mr 2 = molecular weight of sodium sulfate, 142.04 

Acceptance criteria: 2.0%-4.5% on the dried basis 

IMPURITIES 

* Residue on Ignition (281) 

Sampie: 1,0g 

Anafysis: Determine using a mixture of sulfuric acid and 
water (1:1) and an ignition temperaturę of 600 ± 50°. 
Acceptance criteria: 6.5%-13.5% 

Detete the foftowing: 

•• Heavy Metals, Method II (231) 

Test preparation: To the residue obtained in the test 
for Residue on ignition, add 1 mL of hydrochloric acid. 
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evaporate on a water bath, and disso!ve in 20 ml of 
water. [Notę —Use this solution [n Identification test D.] 
Acceptance cr i ter Ja: NMT 20 pg/g« m^oisj 

O LIMIT OF SODIUM CHLORBBE AND S ODIUM GLYCOLATE 
Sodium chforide 
Sample: 5 g 
Titrimetric system 

(See Ti tri metry (541).) 

Modę: Direct titration 

Electrode: Si Ner electrode and a mercurous sulfate 
electrode with a potassium sulfate bridge 
Tltrant: 0.05 N silver nitrate VS 
Endpoint detectron: Potentiometric 
Analysis: Transfer the Sample to a 250-mL conlcal 
fiask. Add 50 mL of water and 5 mL of 30% hydrogen 
peroxide, and heat on a water bath for 20 min, stir- 
ring occasionally to ensure hydrat]on, Cool, add 
100 mL of water and 10 mL of nitric add. Utratę with 
TitranL 

Calcufate the pereentage of sodium chloride in the 
sample taken: 

Result = {[(l/x N x F)/W\ x [100/(100 - b )]} x 100 

V - yotume of silver nitrate (mL) 

N = normallty of the silyer nitrate (mEq/mL) 

F - equivalency factor for sodium chloride, 

0.05844 g/mEq 

W - weight of the sample (g) 
b - pereentage obtalned from the test for Loss on 
Drying , determined separately 

Sodtum glycolate 

Standard stock solufion: Transfer 100 mg of glycolic 
add, previously dried ovemight in a vaeuum desiccator 
over phosphorus pentoxide, to a 100-mL yolumetric 
fiask, and dissolve in and di Ili te wlth water to volume. 
Standard solution A: Transfer 0.5 mL of the Standard 
stock solution to a 1 00-mL yolumetric fiask. Add water 
to make 5 mL, add 5 mL of gladal acetic add, then 
dilute with acetone to yolume. 

Standard solution B: Transfer 1,0 mL of the Standard 
stock solution to a 100-mL yolumetric fiask, Add water 
to make 5 mL, add 5 mL of gladal acetic acid, then 
dilute with acetone to volume. 

Standard solution C: Transfer 1.5 mL of the Standard 
stock solution to a 100-mL yolumetric fiask. Add water 
to make 5 mL, add 5 mL of gladal acetic add, then 
dilute with acetone to yolume. 

Standard solution D: Transfer 2.0 mL of the Standard 
stock solution to a 100-mL yolumetric fiask. Add water 
to make 5 mL, add 5 mL of glacial acetic acid, then 
dilute with acetone to volume. 

Sample solution: Transfer 500 mg of Low-Substltuted 
CarDoxymethylcellulose Sodium to a beaker, molsten 
thoroughly with 5 mL of gladal acetic acid, add 5 mL 
of water, and stlr with a glass rod to ensure proper 
hydratlon (about 30 min). Add 80 ml of acetone while 
stirring, add 2 g of sodium chloride, and stlr for several 
min to ensure the complete precipltation of carboxy- 
methyleeJlulose, Pass througn a fast fil ter paper, previ- 
ously wetted with a smali amount of acetone, and col- 
fect the flltrate In a 100-mL yolumetric fiask. RInse the 
beaker and fil ter with acetone, and add the washings 
to the fiask. Dilute the filtra te with acetone to yolume, 
and mlx. Al Iow to stand for 24 h wlthout shaldng, and 
use the elear supernatant. 

Instrumental conditions 
Modę: Vis 

Analytical wayelength: 540 nm 
Blank: Use acetone solution containlng 5% of gladal 
acetic acid and 5% of water. 

Anaiysis: Transfer 2.0 mL of the Sample solution and 
2.0 ml of each Standard solution to separate 25-mL 
yolumetric flasks. Place the uncovered flasks In a boif- 
ing water bath for 20 min, accurately timed, to re- 


move the acetone, remove from the bath, and cool. 
Add to each fiask 5,0 mL of 2,7-dihydroxynaphthafene 
TS, mix, add an additional 15 mL, and again mix. 
Cover the mouth of each fiask with a smail piece of 
aiuminum foli. Place the flasks upright in a boifing 
water bath for 20 min, then remove from the bath, 
cool, and dilute with sulfunt acid to yotume, 

Determine the absorbances of the Solutions againsf the 
Blank, and prepare a standard curve using the ab¬ 
sorbances obtalned from the Solutions prepared from 
the Standard Solutions . From the standard curve and 
the absorbance of the Somple solution , determine the 
concentration, in mg/mL, of glycolic acid In the Sam¬ 
ple solution, and caiculate the pereentage of sodium 
glycolate In the sample taken: 

Result = {[(C x V)/(W xF)]x (M rt /M f2 ) x [100/(100 - 
b)]} x 100 

C - concentration of glycolic acid in the sample, 
determined from the standard curve 
(mg/mL) 

V = volume of Sample solution (mL) 

W - weight of sample (g) 

F =5 unit conversion factor, 1000 mg/g 
Mrj = molecular weight of sodium glycolate, 98,03 
M f2 = molecular weight of glycolic add, 76.05 
b ~ pereentage obtained from the test for Loss on 
Drying , determined separately 
Acceptance eriteria: The sum of the percentages from 
Sodium chloride and Sodium glycolate is NMT 0.5%. 

SPECiFIC TEST5 
» PH (791) 

Sample: 1 g 

Analysis: Snake the Sample with 100 mL of carbon di- 
oxide-free water, centrifuge, and test the suspension. 
Acceptance eriteria: 6 .0-8.5 

* Loss on Drying (731) 

Sample: 1.0 g 

Analysis: Dry the Sample at 105° for 3 h. 

Acceptance eriteria: NMT 10.0% 

e WaterSoluble Substances 

Sample: 5.0 g 

Analysis: Drsperse the Sample in 400 mL of water, and 
durtng the flrst 30 min, stlr for 1 min every 10 min. 
Allow to stand for 1 h, and centrifuge, if necessary. De- 
cant 100.0 mL of the supernatant onto a fast filter pa¬ 
per in a vacuum filtraLion funnel, apply a vacuum, and 
collect 75.0 mL of the filtrate. Evaporate In a tared plati- 
num or porcelaln dish, and dry at 105° for 4 h. 
Acceptance eriteria: NMT 70% 

* SETTLING VOLUME 

[NOTĘ—The fotlowing test, which can relate to exdpient 
function, may be carried out, depending on the In- 
tended use in the formulation, In cases where there are 
no concerns regarding the settling volume of this arti- 
cle, this test may be ormtted. Where the labefing states 
the settling yolume, determine the settling yofume as 
follows.] 

Sample: 5.0 g 

Analysis: In a 100-mL graduated cylinder, transfer 
20 mL of isopropyl alcohol, add the Sample, and shake 
ylgomusly. Dilute with Isopropyl alcohol to 30 mL, then 
with water to 50 mL, and shake ylgorously. Within 15 
min, repeat the shaking three times. Al Iow to stand for 
4 h, and determine the yotume of the settled mass, 
Acceptance eriteria: 1 5.0-35.0 mL 

ADDITIONAL REQU1REMENT$ 

® Packaging and Storage: Preserve in tight containers. No 
sto ragę reąuirements spedfled, 

* Labeung: When the settling yolume is determined, label 
it to indicate the settling yolume yalue. 
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CarboxymethylcelluIose Sodium —see 

Carboxymethylcellulose Sodium General 
Monographs 


Carboxymethvlcellułose Sodium 12 

DEFINITION 

Carboxymethylcellulose Sodium 12 fs the sodium salt of a 
polycarboxymethyl ether of ceilulose* Its degree of substi- 
tution is NLT 1.15 and NMT 1,45, corresponding to a 
sodium (Na) content of NLT 10,4% and NMT 12,0%, cal* 
cufated on the dried basis. 

IDENTIFICATION 

* A* 

Sample solution: Add 1 g of powdered CarboxymethyJ- 
cellutose Sodium 12 to 50 ml of water, wbile stirring to 
produce a uniform dtspersion. Continue the stirring un- 
dl a dear solution ts produced* [Notę—S ave the unused 
portion of this solution for use in Identification tests fi 
and C] 

Analysis: To 1 ml of the Sample solution , diluted with 
an equal volume of water, in a smali test tubę, add 
5 drops of 1-naphthol TS. fncline the test tubę, and 
carefulJy introduce down the side of the tubę 2 mL of 
suSfunc acid so that it forms a lower layer. 

Acceptance criteria: A red-purple color develops at the 
interface, 

* B. 

Analysis; To 5 mL of the Sample solution prepared for 
Identification test A add an equal volume of barium 
chloride TS. 

Acceptance criteria: A fine, wbite precipitate is formed 

* C. Identification Tests—General, Sodium (191): A por¬ 

tion of the Sample solution prepared for Identification test 

A meets the reąuirements. 

ASSAY 

* Degree of SuBsrmmoN 

Sample: 200 mg, previously dried at 105° for 3 h 

Titrimetrre system 
(See Titrimetry (541),) 

Modę: Direct titration 
Titrant: 0,1 N perchloric acid in dioxane VS 
Endpoint detection: Potentlometric 
Electrode system: A pH meter eąuipped with a stan¬ 
dard alass electrode and a calomel efectrode modified 
as tolfows. Discard the aqueous potassium chloride so¬ 
lution contained in the electrode, rinse, and fili with 
the supematant obtamed by shaking thoroughly 2 g 
each of potassium chloride and silver chloride (or $[fver 
oxide) wiLh 100 mL of methanol, Ulen add a few crys- 
tals of potassium chloride and stlver chloride (or silver 
oxide) to the electrode. 

Analysis: Weigh the Sample , and transfer to a glass- 
stoppered, 250-mL conical fiask* Add 75 mL of glacial 
acetic add, connect the fiask to a water-cooled ton- 
denser, and reflux gently on a hot piąte for 2 h. Cod, 
and transfer the solution to a 250-mL beaker with the 
aid of 50 mL of glacial acetic acid* Titrate with Titrant 
while stirring with a magnetic stirrer. Record the 
amount, in mL, of Titrant versus mV (0- to 700-mV 
rangę), and continue the titration to a few mL beyond 
the endpoint. Plot the titration curve, and read the vol- 
ume of Titrant at the inftection point. 

Calculate the degree of substitution in the Carboxy- 
methyfceilulose Sodium 12 taken: 

Result = (M r i x N x V)f(G - AMa x N x 
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Hj - molecular welght of 1 anhydrogiucose unit, 
162 

N - Titrant normality 

V = volume of Titrant (mL) 

C = weight of Carboxymethylceilulo5e Sodium 12 
taken (mg) 

AM f i = increase in molecular mass of 1 

anhydrogiucose unit for each sodium 
carboxymethyl group added, SO 
Acceptance criteria: 1.15-1*45, corresponding to 
10.4%-12.0% sodium content, on the dried basis 

IMPURIT1ES 


Delete the foliowing: 

•* Heaw Metals, Method II (231): NMT 20 ppm, using 
l.Og of Carboxymethylcellulose Sodium 12 and adding 
1 mL of hydroxyiamine hydrochlonde solution (1 in 5) to 
the solution of the residue# foriicł.łi V‘jfln-20l8ł 
* Limit of Sodium Chloride 
Sample: 5 g 
TTtrimetrk system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0.05 N silver ni tratę VS 
Endpoint detection: Potentlometric 
Electrode system: A silver electrode and a mercurous 
suifate electrode having a potassium sulfate bridge 
Analysis: Transfer the Sample to a 250-mL beaker, add 
50 mL of water and 5 ml of 30% hydragen peroxide, 
and heat on a water bath for 20 min, stirring occasion- 
ally to ensure hydration. Cool, add 100 mL of water 
and 10mL of nitric acid, and titrate with 77front, deter- 
mining the endpoint whiie stirring constantly* 

Calculate the percentage of NaCI in the sample taken: 

Result = (M r xVxNx F)f{[( 100 - b)/100] x W] x 100 

M t molecular weight of sodium chloride, 5E.44 
V = volume of Titrant (mL) 

N ~ normality of Titrant 

f = conversion factor, 10- J g/mq 

b ^ percentage obtained from the test for Loss on 
Drying , determined separately 
W = Sample weight (g) 

Acceptance criteria: See Limit of Sodium C lycofate, 

■ Limit of Sodium Glycolate 

Standard stock solution: Transfer 100 mg of glycolic 
acid, prevrously dried in a desiccator at room tempera¬ 
turę overnight, to a 100-mL volumetric fiask. Dissolve in 
and dilute with water to volume, and mix* [NOTĘ—Use 
this solution within 30 days*] 

Standard Solutions: Into four separate 100-mL volu- 
metric flasks, transfer 1.0-, 2,0-, 3,0-, and 4.0-mL por- 
tions of the Standard stock solution, respectively. To 
each fiask, add water to make 5 mL, add 5 mL of glacial 
acetic acid, dilute with aeetone to volume, and mix. 
Sample solution: Transfer 500 mg to a 100-mt beaker, 
moisten thoroughly with 5 ml of glacial acetic add, foJ- 
lowed by 5 mL of water, and stir with a gfass rod to 
ensure proper hydration (usually about 15 min). Slowly 
add 50 mL of aeetone, with stirring, then add 1 g of 
sodium chloride, and stir for several min to ensure com- 
plete precipitation of the carboxymethyfcel]u1ose, Filter 
through a soft, open-textured pap er, previously wetted 
with a smali amount of aeetone, and collect the filtrate 
in a 100-mL volumetnc fiask. Use an additional 30 mL 
of aeetone to facilitate the transfer of the solids and to 
wash the filter cake, then dilute with aeetone to 
volume. 

Blank: Prepare a 25-mL blank fiask containing 2.0 mL of 
a solution containing 5% each of glacial acetic acid and 
water in aeetone. 
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Instrumentaf conditions 

(See Ultravbiet-Visible Spectroscopy <857).} 

Modę: Spectrophotometry 
Analytkaf wavelength: 540 nm 
Analysis: Transfer 2.0 mL of the Sample solution and 
2,0 ml of each Standard solution to sępa ratę 25-mL vo(- 
umetric flasks. The 25-mL yolumetric fiask containmg 
the Blank is induded in the foNowing tests* Place the 
uneovered flasks in a boiling water bath for 20 min, 
accurately timed, to remove the acetone, remove from 
the bath, and cool. Add to each fiask 5.0 mL of 2,7- 
dihydroxynaphthalene TS, mix, add an additional 
15 mL, and again mix T Cover the mouth of each fiask 
with a smali piece of alummum forl. Place the flasks 
upright in a boiling water bath for 20 min, then re- 
move from the bath, cool, dilute with sulfuric acid to 
volume, and mix* 

Determine the absorbances of each solution agamst the 
Blank , and prepare a standard curve using the ab¬ 
sorbances obtained from the Solutions prepared from 
the Standard Solutions . From the standard curve and 
the absorbance of the Sample solution , determine the 
weight (w), in mg, of glycolic add in the Sample 
solution. 

Calculate the percentage of sodium glycolate m the 
spęd men taken: 

Result - wx f/{[(100 - b)/1Q0] x W\ x 100 

w = weight of glycolic add in the sample 

determmed from the standard curve (mg) 

F = factor eonvertmg glycolic acid to sodium 
glycolate, 1.29 

b = percentage of Loss on Drying , determined 
separately 

W = weight of the sample taken (mg) 

Accepfance criteria: The sum of the percentages from 
the tests for Limit of Sodium Chioride and Limit of Sodium 
Glycolate is NMT 0.5%. 

SPEGIFIC TEST5 

* pH (791): 6.5-8.5, in a 10-mg/mL solution 

a Loss on Drying (731): Dry a sample at 105* for 3 h: it 
loses NMT 10.0% of Its weight. 

* Vl5COSITY—ROTATIONAL METHOD5 (912) 

Analysis: Determine the viscostty in a water solution at 
the concentration stated on the label, Using undried 
Carboxymethylcellulose Sodium 12, weigh the amount 
which, on the dried basis, will provide 200 g of solution 
of the stated concentration* Aad the substance in smali 
amounts to 180 mL of stirred water contained in a 
ta red, wide-mouth bottle, continue stirring rapidly until 
the powder is welf wetted, add sufficient water to make 
the mixture weigh 200 g, and allow to stand, with oc- 
casionał stirring, until solution is complete. Adjust the 
temperatura to 25 ± 0,2°, and determine the viscosity, 
using a rotational type of viscometer, making certain 
that the system reacnes equilibrium before taking the 
finał reading. 

Acceptance criteria: The viscosrty of Solutions of 2% 
concentration is NIT 80*0% and NMT 120.0% of that 
stated on the label; the yisoosity of Solutions of 1% con¬ 
centration is NLT 75*0% and NMT 140*0% of that 
stated on the label or it is between the maximum and 
minimum values, where stated as a rangę of viscosities. 

ADDITIONAL REQUIREMENT$ 

* Packaging ano Storage; Preserve in tight containers. 

* Labeung; Label it to indicate the nominał viscosity in So¬ 
lutions of stated concentrations of either 1% (w/w) or 
2% (w/w). The indicated viscostty may be in the form of 
a rangę encompassing 80,0%-120.0% of the nominał 
viscosity, where the solution concentration is 2% (w/w); 
or 75*0%“140.Q% of the nominał viscosity, where the 
solution concentration is 1% (w/w)* 


Carboxymethylcellulose Sodium 
Pastę —see Carboxymethylcellulose Sodium 
Pastę General Monographs 


Enzymatically-Hydrolyzed 
Carboxymethylceilulose Sodium 



Sodium salts of polymers containing substituted 
anhydroglucose units with the generał formula: 

[C t H;0 2 (OHWOCH J COONa),] P1 
where n is the degree of polymenzation; 
y is the degree of substltution; 
x is between 1*50 and 2.80; 
y is between 0.20 and 1 *50; 
and x + y = 3,0 

Carboxymethyl cellulose, sodium, partially hydrolyzed 
enzymatkalJy. 

DEFINITION 

Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium is 
the sodium salt of a polycarboxymethyi ether of cellulose, 
whrch has been partially hydrolyzed by enzymatic treat- 
ment with food grade Trichoderma reesei cellulose. Its de¬ 
gree of substltution is NLT 0*20 and NMT 1.50, corre- 
sponding to a sodium (Na) content of NLT 2.6% and 
NMT 12*2%, calculated on the dried basis* 

IDENTIFICATION 

* A* Vigorously shake a 0.1% solution of Enzymatkally-Hy- 

drolyzed Carboxymethylcellulose Sodium: no layer of 
foam appears. 

* B* To 5 mL of a 0.5% solution of Enzymatically-Hydro¬ 

lyzed Carboxymethylcellu!ose Sodium add 5 mL of a 5% 
solution of copper or aluminium sulfate: a precipitate 
appears. 

* C. Add 0.5 g of Enzymatically-Hydrolyzed Carboxymeth- 

ylcellulose Sodium to 50 mL of water, while stirring, to 
produce a uniform disperston* Continue stirring until a 
elear solution of 1 % is produced. Dilute 1 mL of this so¬ 
lution with 1 mL of water in a smali test tubę, Add 
5 drops of 1-naphthol TS. Incline the tubę, and carefuily 
introduce down the side of the tubę 2 mL of sulfuric 
add, so that it forms a lower layer; a red-purple color 
develops at the interface, 

* D. Identification Tests—General, Sodium (191): A por- 

iion of the 1% solution obtained from Identification test 
C meets the reguirements. 

* E. It meets the requirements of the test for Viscosity * 

ASSAY 

* Degree of Substitution 

Sample: 2.0 g of Enzymatically-Hydrolyzed Carboxy- 
methylcellulose Sodium 

Analysis: Ignite a clean and dry quartz cmcibie with a 
Bunsen burner, cool to room temperaturę in a desicca- 
tor, and weigh the crudble accurately. Transfer the 
Sample to the crucible, Carefuily ignite on a smali flame 
for about 10 min, and make surę that the Sample does 
not bum or exce$$ively glow, Cool, and moisten the 
residue with 3-5 mL of sulfuric acid* Heat the crucible 
cautiously untii the fuming is complete, and heat fur- 
ther until the Sample turns grayish wbite. Place the cru- 
cibte in an oven at about 600°, until no black spots are 
vislble* Cool the crucible in a desiccator to room tern- 
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perature, and weigh. Place the tmcibie again in an 
oven at about 60u D for 1 h, cool the cmctble to room 
temperaturę in a desiccator, and weigh. This last step is 
repeated until a constant weight is achieved, 

Calculate the pereentage of sodium, P NSł in the portion 
of Enzymatically-Hydrolyzed Carboxymethylcel]ulose 
Sodium taken: 

Result = 100 x N* x An, x (W 2 - W T )/{M, x W[(100 - 
LODJ/100]} 

= number of sodium atoms/molecule of sodium 
sulfate, 2 

A Ni1 - atomie weight of sodium, 22.99 
W 2 = weight of tne crucible with ash residue (g) 

Wi = weight of the crucible (q) 

M r = molecular weight of sodium sulfate, 142.04 
W - weight of Enzymaticaliy-Hydrolyzed 

Carboxymetnylcellulase Sodium taken (g) 

LOD = Loss on Drying vaiue of Enzymatkaily- 

Hydrolyzed Carboxymethylcellulose Sodium 

(%) 

Calcufate the Degree of Substitution (DS): 

Result = Mjt X (Pfcta — PwdCI — PMac)/{100 X Ana — [(Mr 2 - 
Ah) X (Pna - PNdG - pNac)]} 

Mn - molar mass of one glucose unit, 162,14 
IW, = pereentage of sodium chloride obtained in the 
test for Umil of Sodium Chloride ond Sodium 
Giycotate 

Pwac = pereentage of sodium glycolate obtained rn 
the test for Limit of Sodium Chloride ond 
Sodium Glycolate 

Ans = atomie weight of sodium, 22,99 
Mr? = molar mass of one sodium carboxymethyf unit 
(CHsCOONa), 81.03 

A h - atomie weight of hydrogen, 1.01 
Acceptance criterfa: NLT 0.20 and NMT 1.50 carboxy- 
metnyl groups {CH 2 COOH)/anhydroglucose unit on tne 
dried basis 

IMPURITIES 
Inorganic Impurities 
* Limit of Lead 

Nitrlc acid solution; Dilute 1 0 ml of nitric acid with 
20 mL of water. Boil this solution to remove nitrous 
fumes, and allow Et to cooi to room temperaturę. 

Lead standard stock solution: Dissolve 1.60 g of fead 
nitrate (Pb(N0 3 ) 2 ) in about 30 ml of Nitric aad solution 
in a 1000-mL vo!umetnc fiask, dilute with water to vol- 
ume, and mix. At 20", transfer 10.0 mL of this tead 
solution to a 500-mL volumetric fiask, and dilute with 
water to volume. The Lead standard stock soiution eon- 
tains 20 ^ig/mL of Pb. 

Standard Solutions: Transfer 0, 1, 2, 3, 4, and 5 mL o ; 
the Leod standard stock solution to six identical 100-mL 
volumetric flasks, and add 50 mL of water to eath fiask. 
To each fiask, add 8 mL of sulfurie acid and 10 mL of 
hydrochloric acid, and mix welL After complete dissolu- 
tion, dilute each fiask with water to volume, and mrx. 
Transfer 1 mL of each solution to a separate 50-mL voL 
umetric fiask, and dilute with water to a finał concen- 
tration of 0, 4, 8, 12, 16, and 20 pg/L of Pb, 
respectively. 

Sampfe solution: Transfer 1 g of Enzymatically-Hydro- 
fyzed Carboxymethylcellulose Sodium to a 100-mL 
be a ker, and add 5 mL of 30% hydrogen peroxide. 
Whife stirring, add 50 mL of water to the solution, and 
heat the beaker on a hot piąte at 50 D , until aJI sofids 
are dissoived. Quantitatively transfer this solution to a 
100-mL vol umetric ffask, add 300 pL of nitric acid, di¬ 
lute with water to volume, and mix. 

Blank solution: Prepare as directed in the Sampie solu¬ 
tion, but omit the test specimen. 
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Spectrometric condltions 
(See Atomie Absorption Spectroscopy {852}) 

Modę: Graphite furnace atomie absorption spectro- 
photometer, equipped with a lead hollow-cathode 
lamp and an aaequate means of background 
correction. 

Analytical wavelength: Lead emisston linę of 283.3 
nm 

Analysis 

Samples: Standard Solutions, Sampfe soiution , and 
Blank solution 

Concomitantly determine the absorbances of the 
Samples. Optimize the instrument program for lead 
as recommended by the manufacturer. The strong- 
est Standard soiution is aspirated to optimize the in¬ 
strument settings to gtve a fulLscafe reading on the 
detector. Correct the area responses of a II Sampie 
soiution and Standard Solutions for the Blank solution 
area response. Generate the appropriate lead calibra- 
tion curve, and determine the lead concentration, C, 
rn jag/L, in the Sampie solution. 

Calculate the content of lead, in pg, in each g of 
Enzymatically-Hydrolyzed Carboxymethyfcellu3ose 
Sodium taken: 

Result = (V x C)/W 

V = volume of the Sampie solution , OJ L 
W = weight of Enzymattcally-Hydrolyzed 

Carboxymethylcellulose Sodium taken to 
prepare the Sampie solution (g) 

Acceptance criteria: NMT 3 pg/g of iead. 

• limit of Sodium Chloride and sodium glycolate 
Sodium Chloride 

Ferrk solution: Dissolve 20 g of fenie ammonium 
sulfate (FeNH.i(S04>2 * 12H 2 0) in a 100-mL volumetric 
fiask containing 80 mL of water, add 0.3 mL of 10 N 
nitrk add (dilute 600 mL of nitric acid with water to 
1000 mL), dilute with water to volume, and mix. 
Analysis: Transfer an accurate quantity of Enzymati¬ 
cally-Hydrolyzed Carboxymethy3cellulose Sodium, 
equivafent to 5.0 g on tne dried basis, to a platinum 
or porcelain crucible. Heat the test specimen first 
with a smaJI flame so that the test specimen does not 
ignite. When the chaning is complete, heat further in 
an electric oven at about 600° for 15 min. After cool- 
ing, pulverize the ashes thus obtained and extract 
severat tlmes with water, Filter the extracts into a 
500-mL vo!umetric fiask, add 5 ml of 10 N nitric 
add, and dilute with water to volume. Transfer 
100 mL of this extract to a suitable fiask, add 2.0 mL 
of 0.2 N siiver nitrate and 3 g of potassium nitra te, 
and mix. [NOTĘ—5ilver chloride precipitate may de- 
velop. The potassium nitrate wili prevent the silver 
chloride from interferlng with the indication reac- 
tion.] After complete dissolution of the potassium ni- 
trate, ti tratę this mixture with 0.02 N ammonium thi- 
ocyanate VS by adding 3 ml of Ferric solution as an 
indicator. Titrate until a red color develops and per- 
sists for at least 30 s. Each mL of 0.02 N stlver nitrate 
is equivalent to 1 J69mg of sodium chloride. 
Calculate the pereentage of sodium chloride, f »n 
the portion of Enzymatically-Hydrolyzed Carboxy- 
metnylcellulose Sodium taken: 

Result = (0.001169 x D x V/W) x 100 

D - dilution factor, 5 

V = volume of the 0.02 N stlver nitrate consumed 

(mL) 

W = weight of Enzymatically-Hydrolyzed 

Carboxymetnylcenulose Sodium taken, 
caleufated on the dried basis (g) 
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Sodium Glycolate 

Mobile phase: Prepare a filtered and degassed solu¬ 
tion of 0.05% phosphoric acid in water. 

Standard stock solution: Transfer 100 mg of glycolic 
acid, previously dried overnight in a vacuum desicca- 
tor over phosphorus pentoxide, and accurateiy 
weighed, to a 100-mL volumetnc fiask, dissolve in 
ancfdilute with Mobile phase to wlume, and mix. 
Standard Solutions: Transfer 0.5-, 1,0-, 1,5-, 2.0-, 
and 2.5-mL portions of the Standard stock solution , 
respectively, into five identkal 100-mL volumetric 
flasks. To each fiask, dilute with Mobile phase to vol- 
ume, and mix. The Standard Solutions have concen- 
trations of 5,0, 10,0, 1 5,0, 20.0, and 25,0 mg/L, 
respectively. 

Sample solution: Transfer an accurate quantity of En¬ 
zym aticafly-Hydrolyzed Carboxymethyicellulose So¬ 
dium, equivafent to 200 mg on the oried basis, to a 
fiask. Dissolve in and dilute with Mobile phase to 
20 mL. 

Chromatographic system 

(See Chromatograpny (621), System Suitability .} 

Modę: LC 

Detector: UV 205 nm 

Column: 7.8-mm x 30<m; packing L22, [Notę— 
Two 7.8-mm x 15-cm columns can be used in place 
of one 7.8-mm x 30-cm column, provided that the 
System suitability requirement$ are met.] 

Flow ratę: 0.5 mL/min 
Injection size: 50 pL 
System suitability 

Sample: Standard solution with the concentration of 
15 mg/L 

Suitability requirements 
Relative standard deviation: NMT 5.0% 

Analysis 

Samples: Standard Solutions and Sample solution 
Separately inject equal volumes of the Standard solu * 
tions and the Sample solution into the chromato- 
graph, record the chromatograms, and measure 
the responses for the major peaks. Plot the peak 
areas from the Standard Solutions versus the con¬ 
centration of gJycolic acid, in mg/L, in the Standard 
Solutions. From the standard curve and the peak 
area from the Sample solution , determine the con¬ 
centration of glycolic acid, C, in mq/L, in the Som- 
pie solution. 

CaJcuiate the percentage of sodium glycolate, P NaGf 
In the portion of Enzymatically-Hydrolyzed Car- 
boxymethylcellulose Sodium taken: 

Resuit = {[V x (MmMj) x C]/W} x 100 

V = volume of the Sample solution , 0.02 L 
Mri - moiecular weight of sodium glycolate, 98,03 
M r 2 = molecuiar weight of glycolic acid, 76.05 

W = weight of Enzymatically-Hydrolyzed 

Carboxymetnylcellulose Sodium taken to 
prepare the Sample solution, calculated on 
the dried basis (mg) 

Acceptance criteria: The sum of the percentages 
from the tests for sodium chloride and sodium glyco- 
late (Pnoci + Pnjc) is NMT 0.5%, 

Organie Impurities 
• Procedurę: Limit of Residual Enzyme 

Sample: 20.0 q of the dry Enzymatically-Hydrolyzed 
CarboxymethyTcellulose Sodium 
Analysis: Transfer the Sample to a 2000-mL beaker, 

Ada 100 mL of sulfuric acid, and mix using a stirring 
piąte, until all particles are wetted. Prevent excessive 
foam forma tion during mixing. Add some glass beads 
to prevent boiiing delay, and sfowly heat the solution 
to a temperaturę not exceedtng 150°, Stirfor 30 min, 
and carefully add 5 mL of hydrogen peroxide dropwise 
at interval steps, After each step, allow the reaction to 


Official Monographs / Carboxymethylce!lulose 7583 


subside, and ensure that the solution does not contain 
any particulates. [NOTĘ—It takes up to approximately 
125 mL of hydrogen peroxide.] The temperaturę is 
gradually inereased to about 300°, until strong fumes 
of sulfur trioxide appear. Stop the heating, if the solu¬ 
tion darkens again during heating, carefully add some 
drops of hydrogen peroxide unista elear solution is ob- 
tained. Allow the solution to coo! down, add 10 mL of 
water, and heat again until strong fumes of sulfur triox- 
ide appear, After the solution becomes elear and is 
cooled down, flush the sldes with water, and transfer 
the solution quantitatively to a 4000-mL round-bottom 
fiask, Dilute with water to a volume of approximatefy 
500 mL, and place the round-bottom fiask under the 
distillation unit. Pipet lOmL of 0.1 N sulfuric add into 
a 300-mL conical fiask, and dilute with water to 
100 ml. Place the conical fiask at the end of the distil¬ 
lation unit, taking tarę that the end of the distillation 
unit is helów fhe surface of the liquid. Through a drop- 
ping funnel add 500 mL of a 32% sodium hydroxide 
solution to the round-bottom fiask with heavy stirring. 
Slowly heat until the solution boils. Boil, and collect the 
distillate for 20 min. Remove the conical fiask, and stop 
the heating. Flush the inside of the condenser with 
water into the conical fiask. Titrate the solution with 
0,1 M sodium hydroxtde. Perform a blank 
determination, 

Calculate the percentage of protein in the portion of 
Enzymatically-Hydrolyzed Carboxymethylcellulose So¬ 
dium taken: 

Resuit - {F x A n x [V a C* - (V n - V„) x C Ta 3/W) x 100 

F = calculation factor for the theoretkal amount 
of nitrogen present in protein, 6,25 
An = atomie weight of nitrogen, 14.01 g/mol 
V A = volume of 0.1 N sulfuric acid added to the 
conical fiask (mL) 

Ca = exact concentration of sulfuric acid added to 
the conical fiask (N) 

Vr B - volume of the sodium hydroxide solution 
consumed in the titration for the sample 
determination (mL) 

V H - volume of the sodium hydroxide solution 
consumed in the titration for the blank 
determination (mL) 

Cth - concentration of the sodium hydroxide 
solution used in the titration (N) 

W = weight of Enzymatically-Hydrolyzed 

Carboxymetnylcellulose Sodium taken (mg) 
Acceptance criteria: NMT 0.1% of protein 

SPECiHC TESTS 

* VlSCOSUY—R otationai METHODS (912) 

Analysis: After determining the Lass on Drying , weigh a 
guantity of undried Enzymatically-Hydrolyzea Carboxy- 
methylcellulose Sodium, equivalent to 60.0 g on the 
dried basis. In a 400-mL beaker, transfer about 240 mL 
of water, minus the amount of water in the test spect- 
men. Over a period of seconds, transfer the test speci- 
men to the 400-mL beaker containing water, whife 
slowly and continuously stirring Lhe solution to make 
the mixture weigh 300 g. When the specimen Is well 
wetted, inerease the ratę of stirring, taking care to 
avotd mixing in excess air. Dissolve the test specimen 
while stirring rapidly, Eguilibrate the mixture in a water 
bath at 25° for 1 h, until all air bubbles dissipate. Strr 
the solution in the beaker for 5 min at 300 rpm, mak- 
ing surę that no air bubbles are incorporatea. Transfer 
the solution to a 250-mL beaker of 5 cm in internal 
diameter and about 12 cm in height, for measurement 
Determine its viscosity at 25 ±0.1°, using a suitable ro- 
tational viscometer with a cylindrical spindfe 1,9 cm in 
diameter and 6,5 cm high, attached to a shaft 0,3 cm 
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in diametem The spindle rotates at 12 rpm at an im' 
mersion depth of 8.1 cm. Follow the instrument manu- 
facturer's directions to measure the apparent viscosity. 
Acceptance cnteria: The vistosity is between 200 and 
500 mPa - s. 

• PH {791}: 6.0-8.5, in a solution prepareci in carbon di- 
oxide-free water (1 in 100) 

* Loss on Drying (731): Dry it at 105° for 3 h: it ioses 

NMT 12.0% of its weight, 

ADD1TIONAI REQUIRIMENT5 

• Packaging and Storage: Preserve in tight, light-resistant 

containers, and storę in a cool and dry place, 

* Labeung: Label it to Endicate the viscosity, giving the vis- 
cosity measurement parameters, concentration of the so¬ 
lution, and the type of egulpment used, The labeling also 
indicates the value for Degree of Substitution. 


Cardamom 050 


DEF1NITION 

Cardamom Oil is the volatile oil distllled from the seed of 
Elettaria cardamomum (L.) Ma ton var. cardamomum (Fam. 
Zingiberaceae). 

IMPURGTIES 

* Arsenic, Method II {211): NMT 3 pg/g 
o LEAD (251) 

Diluted standard lead solution: 10 ml_ 

Analysis: Proceed as directed in the chapter. 
Acceptance criteria: NMTIOjrg/g 

Delete the foltowing: 

Heavy Metals, Method U {231): NMT 40 pg/g # (Offtctai 1 

Jan-2018) 

SPECIFIC TE5T5 

* Specific Cravity {841): 0.91 7-0,947 

» Optigal Rotation, Angufar Rototion {781 A): +22° to 
+44 D 

* REFRACTiVE Emdex {831): 1.463-1.466 at 20 lł 

s Solubility bn 70% Alcohol: One volume dissolves in 5 
voJumes of 70% alcohol. 

ADDBTfONAŁ REQUIREMENT5 

* Packaging and Storage: Preserve in tight, light-resistant 

containers. 

* Labeung: The label States the Latin binomial and, follow- 

ing the offidal name, the part of the plant source from 
wnich the arfcicle was dehved. 


Cardamom Seed 


DEFINITION 

Cardamom Seed is the dried rlpe seed of Elettaria 
cardamomum (L) Maton var. cardamomum (Fam. Zingh 
beraceae). 

[Notę—C ardamom Seed should be recently removed from 
the capsuie.] 

SPECIFIC TEST5 

■ BOTANJC CHARACTERISTICS 
Macroscopic 

Unground cardamom seed: Seeds usualfy appear En 
agglutinated groups of 2-7 seeds, and as separate 

1 A suitable spindle is avaifabfe from Brook field as an LV1 spindJą or Lhe 

equivalenL 


seeds surrounded by an adhering membranous arii. 
The individual seeds are oblong-ovoid or irregularty 
three- to four-sided, 3—4 mm in lengtli. They are con- 
vex on the dorsal side, strongly Eongitudinally grooved 
on the ventral side, coarsely tuberculated, and exter- 
nally pale orange to dark browrr The odor is aromatic. 
The taste is aromatic, pungent, and slightly brtter. 

Powdered cardamom seed: Brown to weak yellow to 
light olive green 
Microscopic 

Unground cardamom seed: Sections show a loosely 
attached membranous arii; a brownish seed coat con- 
sisting of an epidermal layer of thick-walfed cells, a 
pigment layer of smali cells with red to orange con- 
tents, a layer of volatile oil cells with suberized walls 
and a single layer of radialty elongated, strongly lignh 
fied stone cells with inner walls heavily thickened, and 
a minutę lumen containing siiica; and a large, colorless 
perisperm surrounding a central, orange to yellow en¬ 
dosperm in which a smali, straight embryo is 
embedded. 

Powdered cardamom seed: !t consists chiefly of frag- 
ments of perisperm, endosperm, embryo, and seed 
coaL The endosperm and perisperm cells are filled 
with starch grains 1^4 pm in diameter, or may contam 
one or morę prisms of calcium oxalate 10-25 )im in 
diameter. The seed coat is charaetenzed by its red- to 
orange-cofored cells, is polygonal in surface view, and 
is about 20 pm in diameter. Fragments of pericarp tis- 
sue with spiral vessels and with accompanying slightly 
iignified fi bers are reiattvely few. 

» Articles of Botanical Origin, Acid-lnsolubie Ash (561): 
NMT 4,0% 

ADBITBONAL REQUIREMENTS 

* Packaging and Storage: Preserve against attąck by 
inseets. 

« Labeung: The label states the Latin binomial and the offi¬ 
cial name. 


Compound Cardamom Tincture 

DEHNITION 

Prepare Compound Cardamom Tincture as follows (see 
Pharmaceutkai Compounding^Nonsterile Preparations 
<795)). 


Cardamom Seed, in maderatęlv coarse powder 

20 g 

C inna mon, En fine powder 

25 g 

Carawav. in moderalely coarse powder 

12 g 

Glycerin 

50 mL 

Diluted Alcohof 

950 mL 

Diluted Alcohol. a sufficient nuantity to make 

1000 mL 


Macerate the mixed powders En 750 mL of a mixture of 
50 ml of Glycerin and 950 mL of Diluted Alcohol in a Con¬ 
tainer that can be closed, and out it in a warm place. 
Agitate it frequently during 3 days or untif the soluble 
matter is dissolved. Transfer the mixture to a fiIter, and 
when most of the liguid has drained away, wash the resi- 
due on the fi Iter by usirig first the remainder of the mix- 
turę of Glycerin and Diluted Alcohol prepared as directed 
above, foliowed by Diluted Alcohol, combining the filtrates 
to produce 1000 mL, and mix. [Notę—C ompound Carda¬ 
mom Tincture may be colored with one or morę colors.] 
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OTHER COMPONENTS 

• Alcohol Determination, Method II (611 >: 43.0%-47.0% 

ADDITIONAL REQUIREMENTS 

• Packacing AMD Storage: Package in tight, light-resistant 
containers, and avoid exposure to direct sunlight and ex- 
cessive heat. 


Carmellose 


Attributes 

EP 

IP 

USP 

Definitfon 


+ 

+ 

Identification A* 



+ 

1 dem i H ca Lian 0 

-f- 

+ 


Chloride 

+ 

+ 


Sulfate 

+ 


+ 

Lass on Dryinq 

+ 

+ 

■f 

Residue on Icinition 

+ 


-F 


*£P and USP wili adopt Carmellose Reference Standard; )P will adopt a 
Referenci? spectrum, 


Legend: + will adopt and implement; - will not stipulate 

Nonharmonized attributes: Heavy Metals and Packaging 
and Storage (USP) 

Reagents and reference materials; Each pharmacopeia will 
adapt the text to take account of locat reference sub- 
stances and spectra and reagent spedfieations. 

Carboxymethylcellulose [9000-T1-7], 

DEFINITION 

Carmellose is a carboxymethyl ether of cellufose. 

IDENTIFICATION 

* A, Infrared Absorptjon <197K) 

* B. PH (791) 

Sample solution: 10 mg/mL of Carmellose suspension 

Acceptance crlterla: 3*5-5,Q 

IMPUR1TJE5 

Inorganic Impurities 

* RESIDUE on Ignition (281): NMT 1*5% on 1 g, calculated 

on the drled basis 

* CHLORIDES 

Sample solution: Shake well 0.8 g of Carmellose with 
50 mL of water, dissolve in 10 ml of sodium hydroxide 
TS, and add water to make 100 mL* Heat 20 mL of this 
solution with 10 mL of nitric add, diluted on a water 
bath until a flocculent precipitate is produced. Cool, 
centrifuge, and take out the supernatant Wash the 
precipitate with three IG-mL portions of water by cen- 
trifuging each time, combine the supernatant and the 
washings, and add water to make 100 mL. Take 25 mL 
of this solution, add 6 ml of nitric add, diluted, and 
dilute with water to make 50 mL. 

Control solution: 0.40 ml of 0.01 N hydrochforic acid 
VS and 6 mL of nitric acid, diluted. Ado water to make 
50 mL. 

Analysis: Add 1 mL of silver nitrate TS to the Sample 
solution and to the Control solution, mrx weil, and allow 
to stand for 5 min protected from direct sunlight. 
Compare the opalescence developed in both Solutions 
against a black background by viewing downward or 
transversely. 

Acceptance criteria: The turbidity produced in the 
Sampie solution rs NMT that in the Control solution 
(NMT 0*36%). 

« SULFATES 

Sample solution: Shake well 0.40 g of Carmellose with 
25 mL of water, dissolve in 5 mL of sodium hydroxide 


TS, and add 20 mL of water. Heat this solution wfth 
2.5 mL of hydrochloric add in a water bath until a floc¬ 
culent precipitate is produced* * Cool, centrifuge, and 
take out the supernatant Wash the precipitate with 
three 10-mL portions of water by centnfuging each 
time, combine the supernatant and the washings, and 
add water to make 100 mL. Filter this solution, discard 
5 mL of the first fiitrate, take 25 mL of the subseguent 
fittrate, add 1 mL of hydrochloric acid, and dilute with 
water to make 50 ml. 

Contro! solution: 1.5 mL of 0.01 N sułfuric acid V5 
and 1 mL of dilute hydrochloric acid* Add water to 
make 50 mL. 

Analysis: Add 2 mL of barium chloride TS to the 5am- 
ple solution and to the Contro/ solution , mix well, and 
allow to stand for 10 min. Compare the turbidity de- 
veloped in both Solutions against a black background 
by viewing downward or transversely. 

Acceptance criteria: The turbidity produced In the 
Sample solution is NMT that of the Control solution 
(NMT 0.72%). 


Delete the foltowlng: 

•• *HEAVY METALS, Method II (231): Proceed with 1.0 g of 
Carmellose and perform the test. Prepare the control solu¬ 
tion with 2.0 mL of Standard tead Solution * 

Acceptance criteria: NMT 20 ppm** (0flk:iAt 

SPECIF1C TEST5 

* LOSS ON Drying (731): Dry 1 g at 105° for A h: it loses 

NMT 8*0% of its weight 

ADDITIONAL REQUIREMENTS 

* ♦Packacing and Storage: Preserve in tight containers.* 

* ł USP Reference Standards (11) 

USP Carmellose RS* 


Carrageenan 

Carrageenan [9000-07-1]. 

DEFINITION 

Carrageenan is the hydrocolloid obtained by extraction wrth 
water or aqueous alkali, from some members of the dass 
Rhodophyceae (red seaweeds). Carrageenan consists 
chrefly of potassium, sodium, calcium, magnesium, and 
ammonium sulfate esters of gaiactose and 3,6-anhydro- 
galactose copolymers, These hexoses are alternately linked 
a-l,3 and /Tl,4 in the polymer* The prevalent copolymers 
in the hydrocolloid are designated kappo- f /oto-, and 
/crmbdu-carrageenan* kappa-C arrageenan is mostly the al- 
ternating polymer of D-galactose-4-sulfate and 3,6- 
anhydro-O-galactose. /oto-Carrageenan is similar, except 
that the 3,6-anhydrogalactose is sulfated at carbon 2* Be- 
tween kappa -carrageenan and /oto-carrageenan there is a 
continuum of intermediate compositions differing in de- 
gree of sulfation at carbon 2. In tombdu-carrageenan, the 
alternating monomenc unrts are mostly o-galactose-2-sul¬ 
fate (1,3-wifced) and D-gafactose-2,6-disulfate (1,4-linked). 
The ester sulfate eon tent for Carrageenan ranges from 
18% to 40%. In addition, it contains inorganic salts that 
originate from the seaweed and from the process of re- 
covery from the extract* 

Carrageenan is recovered by alcohol predpitation, by drum 
drying, or by freezing. The alcohols usea during recovery 
and purifieation are restricted to methanol, alcohol, and 
isopropyl alcohol. Carrageenan that is recovered by drum- 
roll drying may contain mono- and di-glycendes or up to 
5% of poTysorbate 80 used as roll-stripping agents* 
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IDENTIFICATION 

* A. 

Sample solution: A 20-mg/mL solution prepared by 
heating a uniform dispersion in a hot water bath to 80 q 

Analysis: Cool the the Sample solution. 

Acceptance criteria: The Sample solution becomes 
morę viscous upon cooling and may form a gel. 

■ B. 

Sample solution: Prepare as directed for the Sample so¬ 
lution in Identification test A. 

Analysis: To 10 ml of the Sample solution , while still 
hot, add 4 drops of a 0.1-g/mL solution of potassium 
chloride, mix, and cool. 

Acceptance criteria: A shorMextured ("brittle") gel in- 
dicates a carrageenan of a predominantly kappa type; a 
compliant {"elastic") gel indkates a predominantly iota 
type, If the solution does not gel, the carrageenan is of 
a predominantly lambda type. 

* C. 

Analysis: Di tutę a gordon of the Sample solution , pre- 
pared as directed in Identification test A, with 4 parts of 
water, and add 2-3 drops of methylene blue TS, 

Acceptance criteria: A blue, stringy preclpitate is 
formed (also positive for furcellaran, a similar colloid), 

* D, INFRARED ABSORPTION 

Sample 1: Disperse 2 g in 200 mL of a 25-mq/mL sotu- 
tion of potassium chloride, and stirfor 1 h. Allow to 
stand for 18 h, stir again for 1 h, and transfer to a 
centrifuge tubę. (If the transfer cannot be madę be- 
cause the dispersion is too viscous, dilute with up to 
200 mL of the potassium chloride solution.) Centrifuge 
at approximately 1000 x g for 15 mm. 

Remove the elear supernatant, resuspend the residue in 
200 mL of a 25-mg/mL solution of potassium chloride, 
and centrifuge again* Coagulate the combined 
supernatants by adding 2 volumes of dilute alcohol (9 
in 10). (Retain the sediment for use in prepartng Sam¬ 
ple 2.) Recover the coagulum, and wash with 250 ml 
of the dilute alcohol. Press the excess liquid from the 
coagulum, and dry it at 60° for 2 h. The materiał so 
obtained ts the nongelling fraction ( lambda 
carrageenan). 

Sample 2: Disperse the sediment retained from the 
preparation of Sample 1 in 250 mL of coid water, heat 
at 90° for 10 min, and cool to 60°. Coagulate the mix- 
turę, then recover, wash, and dry the coagulum as de- 
scribed above t The materiał so obtained is the gelling 
fraction (kappa- and fato-carrageenan), 

Analysis: Prepare a 2-mg/mL solution of eadi Sample , 
cast films 5 pm thick (wnen dry) on a suitable nonstkk- 
ing surface, and obtain the IR absorption spectrum of 
each film. 

Acceptance criteria: Carrageenan has strono, broad 
absorption bands, typkaf or a II pofysaccharides, in the 
1000 to 1100 cm-' region, Absorption maxima are 
1065 cm- 1 and 1020 cm- 1 for gelling and nongelling 
types, respectively. Other charactenstic absorption 
bands and their intensities relative to the absorbance a: 
1050 cm- 1 are as shown in Tobie J , 


Table I 


Wavc 
Number 
{cm n 

Molecufar 

Asslanment 

Absorbance Reiative 
to 1050 cm 1 

kODDO 

iota 

lambda 

1220-1260 

Ester suifate 

0.7-1.2 

1.2-1.6 

1.4-2.0 

928-933 

3,6*Anhydro 
nalać tose 

0.3-0,6 

0.2-0.4 

0-0.2 

840-850 

Galactose-4-sulfate 

0.3-0.5 

0.2-0.4 

— 

825-830 

Gaiactose-2-sulfate 

_ 

—. 

0.2-0.4 

810-820 

Galactose-6-sulfate 

_ 


0.1-0.3 

800-805 

3,6‘Anhydro 

qa[actose-2-SLilfate 

0-0.2 

0.2-0.4 



1MPURITIES 


Oelete the fottowing: 

•• Heaw Metals, Method II (231): NMT 40 ppm. (mui. 

jan-JOlB) 

* Arsenic (211): NMT 3 ppm 

ł Lead (251): NMT 10 ppm 

SPECIFK TE5T5 

* Microbial Enuniiration Tests (61) and Tests for 5PEC1 

fied Microoroanisms (62): The total bacterial count 
does not exceed 200 cfu/q, and the tests for Salmonella 
species and Escherichia coff are negative. 

* Lo55 on Drying (731): Dry a sample at a pressure not 

exeeeding 10 mm of mercury at 70° for 18 h, cool in a 
desiccator, and weigh: it loses NMT 12.5% of its weight. 

* Solubility in Water: NMT 30 mL of water is reguired to 

dissolye 1 g at a temperaturę of 80°. 

* AC ID* lN SOLU BLE MATTER 

Sample: 2 g 

Analysis: Transfer the Sample to a 250-mL beaker con- 
taining 150 mL of water and 1.5 mL of sulfuric add. 
Cover with a watch glass, and heat on a steam bath for 
6 h, rubbing down tne wali of the beaker frequently 
with a rubber-tipped stirring rod, and replacing any 
water lost by eyaporation. Transfer 500 mg of a suitable 
filter aid to the beaker, and filter through a tared filter- 
ing crucible provided with a 2.4-cm glass fiber filter, 
Wash the residue several times with hot water, dry at 
105° for 3 h, cool in a desiccator, and wergh. The dif- 
ference between the tota) weight and the sum of the 
weights of the filter aid, crucible, and glass fiber filter is 
the weight of the acid-insoluble matter, 

Acceptance criteria: NMT 2,0% of the weight of Car¬ 
rageenan taken 

* V|$COSITY—Rotational Methods (912) 

Sample: 7.5 g 

Analysts: Transfer the Sample to a tared, taJI-form, 
600-mL beaker, add 450 mL of water, and disperse with 
agitation for 15 min, Add water to bring the weight to 
500 g, and heat in a water bath, with continuous agita¬ 
tion, until a temperaturę of 80° is reached. Add water 
to adjust for loss by evaporation, cool to between 76° 
and 77°, and place in a constant-temperature bath 
maintained at 75°, Provide a suitable rotational viscom- 
eter with a spindle 1.88 cm in diameter and 6.51 cm 
high, using an immersion depth of 8.10 cm (No. 1 
spindle). Allow the spindle to rotate in the solution at 
30 rpm for 6 revolutions, then observe the scalę read* 
ing, Convert the scalę reading to centipoises by multi- 
plytng by the constant for the spindle and speed used, 
Acceptance criteria: At 75° is NLT 5 centipoises 

* Articles of Botanical Origin, Total Ash (561): NMT 

35.0% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storace: Preserve in tight containers, 

preferably in a cool place. 


Ca$tor Oil —see Castor O// General 
Monographs 


Hydrogenated Castor Oil 

DEFINITION 

Hydrogenated Castor Oil ts refined, bleached, hydrogen- 
atecC and deodorized Castor Oil, consisting mainly of the 
trśglyceride of hydroxysteark acid. 
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HVIPUR1TIE5 


Detete the foliowi tuj: 

H£avy Metals, Meffrod // (231); NMT ] 0 pg/g§ (om^i i- 

SPEC1FIC TEST5 

* Melting Ramce or Temperaturę, Class II (741): 85°-88° 

* Fats and Fixed Oils, lodine Value(4Ql): NMT 5 

* Fats amd Fixed Oils, Saponification Value (401): 176-182 

* Fats and Fixed Oils, Add Value (Free Fatty Acids) (401) 

Sample solution: MeEt 20 g in a conical fiask on a 
steam bath, add 75 ml of hot alcohof that has prevl- 
ously been neutralized wrth 0.1 N sodium hydroxide to 
phenolphthalein TS, swirł, and add 1 mL of phenol- 
phthalein TS. 

Analysis: Titrate with 04 N sodium hydroxide V5, 
swrning viqorously, until the solution remains faintly 
pink after belng shaken for 60 $. 

Acceptance criteria: NMT 11.0 mL of 0.1 N sodium 
hydroxide VS 

* Fats and Fixed Oils, Hydroxyl Value (401) 

Sample solution: 2 g in a alass-stoppered, 250-mL 
conical fiask. Add 5.0 mi of a freshly prepared mixture 
of acetic anhydride and pyridine (1:3), and swirl to mix. 
Connect the fiask to a reflux condenser, and heat on a 
steam bath for 2 h, Add 10 mL of water through the 
condenser, swirl to mix, heat on a steam bath for an 
additional 10 min, and aIJow to cool to room tempera¬ 
turę, Add through the condenser 15 mL of normal butyi 
alcohol that has prewously been neutralized to phenof- 
phthalein, remove the condenser, wash the tip of the 
condenser and the sides of the fiask with an additional 
10 mL of neutralized normal butyl alcohol, and add 
1 mL of phenolphthalein TS, 

Analysis: Titrate with 0.5 N alcoholic potassium hydrox- 
ide V5 to a fatnt pink endpoint. Perform a blank deter- 
mination on a 5.0-mL portion of the acetic 
anhydride-pyridine mixture. To determine the amount 
of free acid in the Oil r weigh 10 g into a 250-mL coni¬ 
cal fiask, add 10 mL of pyridine that has previously 
been neutralized to phenolphthalein, swirl to mix, add 
1 mL of phenolphthalein TS, and titrate with 0.5 N ah 
coholic potassium hydroxide VS to a faint pink 
endpoint 

Calcu la te the hydroxyl vafue taken: 

Resuit b M r x N x [A + (B x W/D) - Q/W 

M, = molecular weight of potassium hydroxide, 

564 

N - normaltty of the alcoholic potassium 
hydroxide solution 

A - vofume of 0,5 N alcoholic potassium 

hydroxtde consumed by the blank (mL) 

& = vo(ume consumed in the free-acid titration 

(mL) 

W = weight of Oil taken (g) 

D - weight of Oil used in the free-acid titration (g) 

C = volume consumed in the sample titration (mL) 

Acceptance criteria: 154-162 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tEght containers, 
and avofd exposure to excessive heat. 


Ceilaburate 


Cellulose, acetate butanoate; 

Cellulose, acetate bu ty ratę; 

Acetylbutyrylcelluiose; 

Cellulose butyrate acetate; 

Cellulose acetate butyrate [9004-36-8]. 

DEFINITION 

Ceilaburate is a reaction product of cellulose, acetic anhy¬ 
dride or acettc add, and butyric add or butyric anhydride. 
It contains NLT 1,0% and NMT 41,0% of acetyl (C 2 H 3 O) 
groups, by weight, and NLT 5.0% and NMT 56.0% of 
Butyryl (C 1 H 7 O) groups, by weight, calculated on the pre- 
v*ousfy dried, acid-free basis. 

IDENTIFICATION 
* A. INFRARED ABSORPTiON (197F) 

Sample solution: Dissolve 150 mg in 1 mL of acetone. 
Evenly cast 1 drop of the solution on a sodium chloride 
piąte. Heat the piąte at 105° for 10 min. 

Acceptance criteria: Meets the requirements 

ASSAY 

a ACETYL AND BUTYRYL CONTENT 

internal standard solution: 4.6 mg/mL of isovaleric 
acid in pyridine. Storę it in a tighfly closed Container. 
Saponification solution: Płace 250 mL of n-propyl alco- 
hol in a 500-mL volumetric fiask, add 65.5 g of potas¬ 
sium hydroxide, and mix to dissoNe. Dilute with n-pro¬ 
pyl alcohol to volume, and mix, 

Acid solution: Place 250 mL of n-propyi alcohol in a 
500-mL vo!umetric fiask, add 166 mL of hydrochtoric 
acid, and mix. Dilute wrth n-propyl alcohol to volume, 
and mix. 

Standard solution: Transfer 0.20 g of glacial acetic add 
and 0.31 g of butyric add to a 50-mL volumetric fiask. 
Dilute with Internal standard solution to volume, and 
mix* 

Sample solution: Transfer 04 5 g of Ceilaburate, previ- 
ously dried at 105° for 1 h, into a 25-mm x 160-mm 
test tubę. Pipet 10 mL of Internal standard solution into 
the test tubę, and dissolve by stirring and heating at 
11 0° for 30 min. While stirring, add 5 mL of Saponifica¬ 
tion solution slowly into the tubę. Heat at 110° for 10 
min. Cool, and add 5 mL of the Acid solution. Mix on a 
vortex mixer, and allow the precipitate to settle. 
Chromatographrc system 
(See Chromatography System Suitability.) 

Modę: CC 

Detector: Flame ionization 

Column: 0.53-mm x 30-m fused silica bonded with a 
1-pm layer of phase C35 
Temperatures 
Column: ]25 c 
Injector: 250° 

Detector: 250° 

Carrier gas: Helium 
FIow ratę: 8 mL/min 
Injectron yolume: 1 pL 
Injeetion type: Split rafio, 35:1 
System suitability 
Sample: Standard solution 

[NOTĘ—The relative retention times for acetic acid, bu¬ 
tyric add, and isovaieric add are about 0,45, 0,85, 
and 1 . 00 , respectively.] 
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Suitability reguirements 

Tailing ractor: NMT 1.5 for the butyric add peak 
Relative standard deviatron: NMT 3.0% 

Calibration 

S a m pI e: 5 tan do rd so fu tion 

Ntimber of injections: 3 

Calculate the average unit weight response, Fsa, of 
acetic acid per 10 mL of the Interna! standard 
solu don: 

Fsa = (Wka/Rsa) X Ft 

Wra - weight of acetic acid in the Standard solution 

(g) . , 

R$ a = average peak response ratio of acetic acid to 
isovaleric add 

Fj = volume ratio of the Interna! standard solution 
in the Sampie solution to that in the Standard 
solution, 10:50 

Simllarly, calculate the average unit weight response, 
f Sfl , of butyric acid per 10 mL of the Interna! standard 
solution: 

F$n = (Wm/Ru) x F) 

W Ra - weight of butyric acid in the Standard solution 

(9) 

Rsb =* average peak response ratio of butyric acid to 
isovaleric acid 

Analysis 

Sampie: Upper elear solution from the Sampfe 
solution 

Calculate the percentage of acetyl in the portion of 
Cellaburate taken: 

Result - [(MrifMrf) x R UA x F%ĄlWu x 100 

M r i - formula weight of acetyl, 43 
Mri = formula weight of acetic acid, 60 
Rua = peak response ratio of acetic acid to isovaIeric 
acid in the Sampte solution 
Wu - weight of Cellaburate taken to prepare the 
Sampie solution (g) 

Calculate the percentage of butyryt in the portion of 
Cellaburate taken: 

Result = [(MafMri) x Rub x Fsb]/Wu x 100 

Mn = formula weight of butyryl, 71 
M r 4 = formula weight of butyric acid, 88 
Rub = peak response ratio of butyric acid to 
isovaferie acid in the Sampie solution 
Acceptance enteria: 1.Q%-41.0% of acetyl (C?hhO) 
groups and 5.0%-5ó.0% of butyryl (QH?0) groups on 
the previously dried, acid-free basis 

IMPURJTIES 


Delete the foliowlng: 

*• Heavy Metals, Method U <231): NMT 20 p g/g* (0 rti c un- 

jan-2018) 

* RE5IDUE ON ICNITION (281); NMT 0.1% 

* Imn of Free Acid 

Indicator solution: In a 1-L volumetric fiask dissolve 
0.675 g of bromocresol purple in 25 mL of 0.1 G N so- 
dium hydroxide. Dilute with water to volume, and mix. 

Calibration Solutions: Pipet 1, 2, 3, and 4 mL of 0.001 
N acetic acid VS into four 100-mL volumetric flasks, re- 
spectively. Pipet 4 mL of the Indicator solution into each 
fiask and Into an empty 100-mL volumetric fiask, and 
dilute each fiask with water to vo!ume to obtain Solu¬ 
tions containing 0.0, 0,60, 1.20, 1.80, and 2,40pg/mL 
of acetic add. 


Contro! solution: Place 96 mL of water in a suitable 
bottie, add a stirring bar, cap the bottie, and stir for 75 
min at room temperaturę. Pipet 4 ml of the indicator 
solution into the bottie, and mix. 

Sampie solution: Transfer 1-2 g of Cellaburate to a 
bottie, and add 96 mL of water. Add a stirring bar, cap 
the bottie, and stir for 75 min at room temperaturę. 
Pipet 4 ml of the indicator solution into the bottie, stir 
to mix, and allow the solid to settle for 2 min. 
instrumental conditions 
(5ee Ultraviolet-Vfsible Spectroscopy (857).) 

Młode: Vis 

Analytical wavefength: Determine the maximum ab- 
sorption of the basie form of bromocresol purple in 
the Calibration at about 589 nm. 

Celi: 1 cm 
Blank: Water 

Calibration: Determine the absorbances of the Calibra¬ 
tion Solutions . The absorbance difference between the 
0.0-p.g/mL solution and the other Solutions adheres to 
Beer's law over the rangę stated in the Calibration Solu¬ 
tions. Plot the absorbance difference versus the concen- 
tration of the acetic add, in pg/mL, on linear graph 
paper, and draw the straight linę best fitting the points, 
tncluding the origm. 

Analysis 

Samples: Controi solution and Sampie solution 
Pass 10 mL of the Sampie solution through a polytef sy- 
ringe filter that has been presoaked in isopropyl alco- 
hol, Determine the absorbance of the filtered Sampie 
solution. In the same manner, determine the absorb¬ 
ance of the Controf solution . 

Calculate the percentage of free add, as acetic add, in 
the portion of Cellaburate taken: 

Result = (Vx Cd W u) i F x 100 

V - total volume of the Sampie solution t 100 mL 
Cu = concentratcon of free acid, calculated as acetic 
add (pg/mL), based on the absorbance 
difference between the Control solution and 
the Sampie solution read directly from the 
calibration plot 

W u = weight of Cellaburate taken to prepare the 
Sampie solution (g) 

F - unit conversion, 10* jig/g 
[Notę—I f the Cu value is morę than 2.8pq/mL, reduce 
the sampie size by half in the Sampie solution, and 
repeat the deternnination.] 

Acceptance criteria: NMT 0.1% 

5PECIFIC TESTS 

• Water Determination, Method f (921): NMT 5.0%, us- 

Ing a mixture of methylene chloride and methanol (2:1) 
in place of the methanol solvent 

ADDITIONAL REQUIREMENT$ 

* Packagimg and Storage: Preserve in tight containers. No 
storage reguirements specified. 

« ILabeling: The labeling indicates the nominał percentage 
ranges of the acetyl and butyryl groups. 

o USP Refehence Standaros (11) 

USP Cellaburate RS 


CeSBacefate _ 

Portions of the monograph text that are national USP text, 
and are not part of the harmonized text, are marked with 
symbols (♦♦) to specify this fact. 

Cellulose, aeetate, l,2-benzenedicarboxy]ate; 

Celiulose aeetate phthaiate [9004-38-0], 
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DEFINITION 

Ceilacefate is a reaction product of phthalic anhydride and a 
partial acetate ester- of cellulose. It contains NLT 21.5% 
and NMT 26.0% of acetyl (C 2 H 3 Q) groups and NLT 
30.0% and NMT 36.0% of phthalyl (o<arboxybenzoyl) 
(QH 5 0 3 ) groups, calculated on the anhydrous, acid-free 
basis. 

IDENTIFICATION 

* A. INFRARED Absorption (T97K): Do not dry sperimens. 


the fiask and the filter with two 1 0-mL portions of the 
methanol solution, adding the washings to the fil tratę. 

Analysis: Titrate the combined filtrate and washings 
from the Sample solution with OJ N sodium hydroxide 
VS to a phenofphthalein endpoint Perform a blank de- 
termination on 120 mL of the dilute methanot (1 m 2) 
(see Titńmetry (541)). 

Calculate the percentage of free add, B: 

Result = 0.8306 x A/W 


ASSAY 

* Phthalyl Content 

Sample solution: Transfer 1 g to a conical fiask, disso!ve 
in 50 mL of a mixture of alconol and acetone (3:2), and 
add phenolphthalein T5, 

Analysis: Titrate the Sample solution with 0.1 N sodium 
hycfroxide VS. Perform a blank determination, and make 
any necessary correction (see Tltrimetry {541)). 

Calculate the percentage of phthalyl on the acid-free 
basis: 

Result = {[(1.491 x A/W) - (1.795 x B)]/( 1 00 - B)) x 
100 

A - volume of 0.1 N sodium hydroxide consumed, 
corrected for the blank (mL) 

W - weight of Ceilacefate taken, calculated on the 
anhydrous basis (g) 

fi = percentage of acid found in the test for Umit 
of Free Add 

Acceptance criteria: 30.0%-3ć.0% of phthalyl 
(CaHsOO on the anhydrous, acid-free basis 

* content of acetyl 

Sample solution: Transfer 100 mg to a glass-stoppered 
fiask, and add 25.0 ml of 0.1 N sodium hydroxide VS. 
Connect the fiask to a reflux condenser, and reflux for 
30 min. Cool, and add phenolphthalein TS. 

Analysis: Titrate the Sampte solution with 0.1 N hydra¬ 
ch loric acid VS. Perform a blank determination (see TT 
trimetry (541}). 

Calculate the free and combined acids as acetyl: 

Result = 0.4305 x (A/W) 

A ~ volume of 0.1 N sodium hydroxide consumed, 
corrected for the blank (mL) 

W = weight of Ceilacefate taken, calculated on the 
anhydrous basis (g) 

Calculate the percentage of acetyl on the acid-free 
basis: 

Result =* * 1 00 x [P - (0.5182 x B)]/( 100 - fi) - (0.5772 x 

O 

P = free and combined acids, as acetyl 

fi - percentage of acid found in the test for Umit 

of Free Add 

C = percentage of phthalyl found in the test for 
Phthalyl Content 

Acceptance criteria: 21.5%-2ó.0% of acetyl (C 2 HjG) 
on the anhydrous, add-free basis 

IMPURITIES 

■ Resjoue on Ignition (281): NMT 0.1% 


Del e te the following: 

“• *Heaw Metals, Method II (231): NMT 10 ng/g.. 

1 -Jan20l3) 

* Limu of Free Acid 

Sample solution: Transfer 3.0 g to a glass-stoppered 
fiask, add 100 mL of dilute methanol (1 in 2), insert the 
stopper in the fiask, and shake for 2 h. F liter, and wash 


A - volume of 0.1 N sodium hydroxide consumed, 
corrected for the biank (mL) 

W s= weight of Ceilacefate taken, calculated on the 
anhydrous basis (g) 

Acceptance criteria: NMT 3.0%, calculated as phthalic 
acid 

5PECIFIC TŁSTS 

* Water Determination, Method l (921) 

Sample: 0.5 g 

Analysis: Dissolve the Sample in a mixture of dehy- 
drated alcohol and methylene chloride (3:2) instead of 
methanol as the solvent. 

Acceptance cnteria: NMT 5.0% 

* ViscosiTY —Capillary Methods (911) 

Sample: 15 g, calculated on the anhydrous basis 
Analysis: Dissolve the Sample in 85 g of a mixture of 
249 parts of anhydrous acetone and 1 part of water, by 
weight 

Acceptance criteria: The apparent viscosity (see Wscos- 
ity^Capillary Methods (911), Method I) is between 45 
and 90 centipoises, determined at 25 ±0.2°. 

ADDITIONAL R£QUIREMENTS 

* +Packaging and Storage: Preserve in tight containers. 

* usp Reference standards (11) 

USP Ceilacefate RS* 


Microerystalline Cellulose 

Cellulose [9004-34-6]. 

DEFINITION 

Microerystalline Cellulose is purified, parlially depolymerlzed 
cellulose prepared by treating aipha cellulose, obtained as 
a pulp from ftbrous plant materiał, with minerał adds. 

IDENTIFICATION 

• A. Procedurę 

lodinated zinc chloride solution: Dissofve 20 g of zinc 
chloride and 6.5 g of potassium iodide in 10.5 mL of 
water, Add 0.5 g of iodine, and shake for 15 min. 

Sample: 10 mg 

Analysis: Place the Sample on a watch glass, and dis- 
perse in 2 mL of lodinated zinc chloride solution. 

Acceptance criteria: The substance takes on a violet- 
blue cofor, 

• B. Procedurę 

Sample: 1,3 g of Microerystalline Cellulose, accurately 
weighed to 0.1 mg 

Analysis: Transfer Lh-e Sample to a 125-mL conical fiask. 
Add 25.0 mL of water and 25.0 mL of 1.0 M cupnethyh 
enediamine hydroxide solution, Immediately purge the 
solution with nitrogen, insert the stopper, ano shake on 
a wrist-action s ha ker, or other suitable mechanical 
shaker until completefy dissolved. Transfer an approprT 
ate yolume of the Sample solution to a calibratea nunrv 
ber 150 Cannon-Fenske, or equivalent, viscometer. AL 
iow the solution to equifibrate at 25 ±0.1° for NLT 5 
min. Time the flow between the two marks on the vis- 
cometer, and record Lhe flow Limę, ti, in s. 


Ul 
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Calculate the kinematic yiscosity, {KV)v the Micro- 
crystalline Ceilulose taken: 

Result = ti x ki 


ti - flow time (s) 

ki - visco meter constant (see Yiscosity— Capilfary 
Methods (911)) 

Obtain the fiow time, t 2/ for 0.5 M 
cupriethylenediamine hydroxEde Solutions using a 
number 100 Cannon-Fenske, or equtvalent, 
yiscometer, 

Calculate the kinematic yiscosity, (KV) 2 , of the solvent: 
Result = t 2 x k 2 

t 2 - flow time for 0.5 M cupnethylenediamine 
hydroxide Solutions (s) 
k 2 - yjscometer constant 
Determine the relative viscosity, t^e, of the 
Microcrystalline Ceilulose spedmen taken: 

Result = (KV)!/(KV) z 

(|<V)i - kinematic viscosity of the Microcrystalline 

Ceilulose taken 

(KV) 2 - kinematic yiscosity of the solyent 
Determine the intrinsic yiscosity, [r\] Ct by interpolation, 
usfng the Intrinsic Viscosity Tobie in the Reference Ta bies 
section. 

Calculate the degree of polymerization, P: 

Result = [(95) x [n]J/{W s x [(100 - 96LDDJ/100]} 
[r|] c - intrinsic yiscosity 

W 5 - weight of the Microcrystalline Ceilulose taken 

%LOD = vaiue obtained from the test for ioss on Drying 
Acceptance criteria: The degree of polymenzation is 
not greater than 350. 

SMPURITIES 
(norganic Bmpurities 

* Residue on Bgnition (281): NMT 0.1% 

Delete the folfowing: 

V Heavy Metals, Method ii (231): NMT 10 ppm* (oniiiai i- 

jan-201 6) 

SPECIFIC TESTS 

* MicroB iAL Enumeration Tests (61) and Tests for Speci 
fied Mkroorganisms (62): The total aerobic microbial 
count does not exceed 1000 cfu/g, and the total com- 
blned molds and yeasts count does not exceed 100 cfu/ 
g. It meets the reguirements of the tests for absence of 
Staphyiococcus aureus and Pseudomonas oeruginosa and 
for the absence of Escherichia coli and Salmonello species . 

* CONDUCTIVITV 

Sample: 5 g 

Analysis; Snake the Sample with 40 ml of water for 20 
min, and centrifuge. Retain the supernatant for use in 
the pH test. Llsing an appropriate conductiyity meter 
that has been standardized with a potassium chloride 
conductiyity calibration standard having a conductiyity 
of 100 pS/cm, measure the conductiyity of the superna¬ 
tant after a stable reading Es obtained, and measure the 
conductiyity of the water used to prepare the test 
spedmen. 

Acceptance criteria: The conductiyity of the superna¬ 
tant does not exceed the conductiyity of the water by 
morę than 75 pS/cm. 


o PH (791): 5,0-7.5 in the supernatant obtained in the 
Conductivity test 

* Loss on Drying (731): Dry a sample at 105° for 3 h: it 

loses NMT 7.0% of its weight, or some other lower per- 
centage, or is within a percentage rangę, as specified in 
the labeling. 

* BULK DENSrTY 

Analysis: Use a volu meter that has been fitted with a 
10-mesh screen. The yolumeter is freestanding of the 
brass or stainless Steel cup, which is calibrated to a ca- 
pacity of 25.0 ± 0.05 mL and has an inside diameter of 
30.0 ± 2.0 mm. Weigh the empty cup, position it under 
the chute, and slowly pour the powder from a height 
of 5.1 cm (2 En) above the funnel through the yolume¬ 
ter, at a ratę suitable to prevent clogging, until the cup 
overf!ows. [Notę— lf excessive clogging of the screen 
occurs, remove the screen.] Leyei the excess powder, 
and weigh the filled cup. Calculate the bulk density by 
dlviding the weight of the powder in the cup by the 
yolume of the cup. 

Acceptance criteria: The bulk density is within the la- 
beled specification. 

® Particie Size Distribution 

[Notę—I n cases where there are no functionality-related 
concerns regarding the particie size distribution of the 
article, this test may be omitted.] 

Where the labeling States the particie size distribution, 
determine the particie size distribution as directed in 
Particie Size Distribution Estimation by Analytical Sieving 
(786), or by a suitable yalidated procedurę. 

® Water Soluble Substances 
Sample: 5,0 q 

Analysis: ShaTce the Sample with 80 mL of water for 10 
min, and pass with the aid of a yacuum through filter 
paper (Whatman No. 42 or equivalent) into a yacuum 
fiask. Transfer the filtra te to a tared beaker, evaporate to 
dryness without charring, dry at 105° for 1 h, cool in a 
desiccator, and weigh. 

Acceptance criteria: The differenee between the 
weight of the residue and the weight obtained from a 
blank determinatlon does not exceed 1 2.5 mg (0,25%). 

* Ether-Soluble Substances 

Sample: lO.Og 

Analysis: Place the Sample in a chromatographic col- 
umn having an interną! diameter of about 20 mm, and 
pass 50 mL of peroxide-free ether through the coiumn. 
Evaporate the eluate to dryness in a previously dried 
and fared eyaporatlng disli with the aid of a current of 
air En a fume nood. After alt the ether has evaporated, 
dry the residue at 105° for 30 min, cool in a desiccator, 
and weigh. 

Acceptance criteria: The differenee between the 
weight of the residue and the weight obtained from a 
blank determination does not exceed 5.0 mg (0.05%). 

ADDiTIONAL REQUKREMENTS 

■ Packaging and Storage: Preserve in tight containers. 

® Labeling: The labeling indicates the nominał toss on dry¬ 
ing, bulk density, and degree of polymerization yalues. 
Degree of polymerization compliance is determined using 
Identification test 8. Where the particie size distribution is 
stated in the labeling, proceed as directed in the test for 
Particie Size Distribution. The labeling indicates with 
which tethmque the particie size distribution was deter¬ 
mined if a technique other than analytical sieving was 
used; and the labeling indicates the d 1D , d$o, anodso yal¬ 
ues and the rangę for each. 
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Microcrystalline Cellulose and 
Carboxymethylcellulose Sodium 

DEFINITION 

Microcrystalline Cellulose and Carboxymethylcellu!ose So¬ 
dium is a colloid-forming, attrited mixture of Microcrystaf- 
linę Cellulose and Carboxymethylcellulose Sodium. It con- 
tains NLT 75.0% and NMT 125.0% of the labeled amount 
of carboxymethy!cellulose sodium, caleulated on the dried 
basis. The viscosity of its agueous dispersion of percent by 
weight stated on the labę! is NLT 60.0% and NMT 
140.0% of that stated on the label in centipoises. 

IDENTIFICATION 

* A. 

Sample: óg 

Analysis: Mix the Sampte with 300 mL of water in a 
blender at 18/000 rpm for 5 min. 

Acceptance criteria: A wbite, opaque dispersion is pro- 
duced that does not settle on standing. 

Sample: The dispersion obtained in Identification test A 
Analysis: Add several drops of the Sample to a solution 
of aluminum chloride (100 mg/nriL), 

Acceptance criteria: Each drop forms a wbite, opaque 
globule that does not disperse on standing. 

Sample: The dispersion obtained in Identification test A 
Analysis: Add 3 mL of iodine TS to the Sample. 
Acceptance criteria: No blue or purplish-blue color is 
produced. 

ASSAY 

• Carboxymethylcellulose Sodium 

Sample solution: Transfer 2000 mg of Microcrystailine 
Cellulose and Carboxymethylcellulose Sodium to a 
glass-stoppered, 250-mL conical fiask, Add 75 mL of 
lacial acetic add, attach a condenser, and reflgx for 2 
. Cool f and transfer the mixture to a 250-mL beaker 
with the aid of smali volumes of glacial aoetic acid. 
TJtrimetric conditions 
Modę: Direct titration 
Tl tran t: OJ N perchloric acid in dioxane VS 
Endpoint detection; Potentiometry 
Analysis: Titrate the Sampie solution and calculate the 
pereentage of carboxymethylceNuiose sodium in the 
sampie taken: 

Result = [(l/jx Nx F)fWl x 100 

Vj - Titrant volume consumed by the Sample (mL) 

N - actual normality of the Titrant (mEq/mL) 

F = equivalency factor, 296.0 mg/mEq 

W - Sample weight (mg) 

Acceptance criteria: 75.0%“125.0% on the dried basis 

IMPURlTłES 

O RESIDUE DN IGNITION (281): NMT 5.0% 


Delete the following; 

*• Heavy Metals, Method II (231): NMT 10 pg/g # (OffrcJal l* * 

iw*201S) 

SPECIFIC TESTS 

• VlSCOSITY—ROTATIONAL METHOOS (912) 

Analysis: Determine the amounts of Microcrystalline 
Cellulose and Carboxymethylcelfulose Sodium needed 
to prepare 600 g of a suitable dispersion, caleulated on 
the dned basis. Transfer an amount of water to a 
1000-mL blender bowl. Begin stirring with an 18,000 
rpm blender at a reduced speed obtained by adjusting 
the voltage to 30 volts by means of a suitable trans- 


former, and immediately add the accurately weighed 
portion of Microcrystalline Cellulose and Carboxymeth- 
ylcellulose Sodium, taldng care to avoid contacting the 
sides of the bowl with the powder. Continue stirring at 
this speed for 15 s following the addition of the pow¬ 
der, then inerease the transrormer setting to 115 volts, 
and mix for 2 min, accurately timed, at 18,000 rpm. 
Stop the blender, and fower the appropriate spindle of 
a suitable rotational viscometer into the dispersion, 
Thirty s after cessation of mixing, start the vi$cometer, 
and determine the viscosity using the appropriate spin- 
dle to obtain a scalę reading between 10% and 90% of 
full-scale at a speed of 20 rpm, Determine the scalę 
reading after 30 s of rotation, and calcu late the visco$- 
ity, in centipoises, by multiplying the scalę reading by 
the constant for the spindle used at 20 rpm. 
Acceptance criteria: 6Q,0%-14Q,0% of that stated on 
the label, in centipoises 

* PH (791) 

Sample solution: The dispersion prepared in the test 
for Viscosity—Rotational Methods (912) 

Acceptance criteria: 6.0-8.0 

* Loss ON Drying (731) 

Analysis: Dry a sampie at 105° to constant weight. 
Acceptance criteria: NMT 8,0% 

ADDITION AL REQUIREMENT$ 

* Packaging and Storage: Preserve In tight containers, 
storę in a dry place, and avoid exposure to excessive 
beat. 

* Lareunc; Label it to indicate the pereentage content of 
carboxymethylceilulose sodium and the viscosity of the 
dispersion in water of the designated weight pereentage 
composltion. 


Sllicified Microcrystalline Cellulose 

DEFINITION 

Silidfied Microcrystalline Cellulose is composed of intimately 
associated microcrystalline cellulose and colloidal Silicon 
dioxide particles, derived from aqueou$ coprocessing prior 
to drying the materia! durincj manufacture. The microcrys¬ 
talline cellulose component Is purified, partlally de- 
polymerized cellulose, prepared by treating alpha cetlu- 
fosę, obtained as a pulp from fibrous plant materiał, with 
minera! adds. The colloidal Silicon dioxide is a submicro- 
seopic fumed silica prepared by the vapor-phase hydroly- 
sis of a Silicon compound. The Residue on fgnition result 
indicates the pereentage of colloidal Silicon dioxide; the 
remainder is microcrystalline cellulose. 

IDENTIFICATION 

* A, INFRARED ABSORPTION (197K) 

* B. 

Sample: 10 mg 

lodinated zinc chloride solution: Dissolve 20 g of zinc 
chloride and 6.5 g of potassium todide in 10.5 mL of 
water. Add 0.5 g of iodine, and shake for 1 5 min. 

Analysis: Place the Sampie on a watch glass, and dis¬ 
perse in 2 mL of lodinated zinc chloride solution. 

Acceptance criteria: The substance takes on a violet- 
blue color. 

* C. 

Sample: 5 mg of residue from the test for Residue on 
Ignkion 

Analysis: Transfer the Sample to a pfatinum crucible, 
ano mix with about 200 mg of annydrous potassium 
carbonate. Ignite at a red heat over a bumer for about 
10 min, and coof. Dissolve the melt in 2 mL of freshly 
distllled water, warming if necessary, and slowly add 
2 mL of ammonium molybdate TS to the solution. 
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Acceptanee criteria: A deep yellow color is produced. 

* D. SlLfCA DlSPERSlON UNIFORMITY TEST 

Conditioned test substance: Pass Silicified Microcrys- 
tallme Cellulose through an 850-pm sieve, disperse it 
into a suitable scalę bfender, 1 and tumble/mix the test 
substance for a minimum of 20 min to condition the 
materiał in preparation. 

Anaiysis: Assemble a sieve stack composed of the fol- 
lowing nested steves: 60-, 80-, 120-, 200-, 325-, and 
4O0-LJ5 mesh, plus pan. Tarę each sieve to the nearest 
OJ g. Weigh 200.0 g of the Conditioned test substance , 
and transfer to the top sieve. Agitate the sieve stack on 
a suitable $ieve shaker for 20 min. Separate and record 
the weight of each sieve, including the Conditioned test 
substance fraction. Determine the Conditioned test sub¬ 
stance fraction mass by difference. Analyze a test sub¬ 
stance from each sleve fraction, using Residue on Igni- 
tion <281). Obtain the Residue on Ignition (ROI) vafue in 
percentage, fi, for each sieve fraction, exduding any 
fraction weighing less than 0.5 g. Calculate the average 
percentage of ROI value, fi*, for fi {/ - 1-6). 

Calculate the variance for the sieve fraction, excluding 
the pan and any fraction weighing less than 0.5 g: 

Result = 5{P, - P.) 2 /(n - 1) 


lution to equilibrate at 25 ±0.1° for NLT 5 min. Time 
the fiow between the two marks on the viscometer. 
Calculate the kinematic viscosity of the Sampfe taken: 

Vi = tt x kj 

U = time of flow between the two marks on the 
yiscometer (s) 

kt = yiscometer constant (see Viscosity—Capillary 

Methodsi 911)) 

Obtain the flow time for a 0.5 M cupriethylenediamine 
hydroxide solution, using a number 100 Cannon- 
Fenske, or eguivalent, yiscometer. 

Calculate the kinematic viscosity of the solyent: 

= t ? x k 2 

t 2 = time of flow for a 0.5 M cupriethylenediamine 
hydroxide solution (s) 
k 2 = yiscometer constant 

Determine the relatlve yiscosity of the Silicified 
Microcrystalline Cellulose taken: 

Result = Vj/V 2 

Calculate the degree of polymerization: 


Acceptanee criteria: NMT 0.02 

IMPURITIES 


Deiete the fottowing: 

** Heavy Metals, Method U <231): NMT 10 pg/g* ( omdai i- 

|an- 201 S) 

SPECIFIC TESTS 

* Residue on Ignition (281): 1.8%-2.2% 

* Microbial Enumeratign Tests (61) and Tests for Sfeci- 
fied Microorganisms (62): The total aerobic microbial 
count does not exceed 10 3 cfu/q, and the total com- 
bined molds and yeasts count does not exteed 10^ cfu/ 

* CONDUCWITY 

Sample: 5 g 

Anaiysis: Snake the Sample with 40 mL of water for 20 
min, and centrifuge. Retain the supernatant for use in 
the pH test. Using an appropriafe conductMty meter 
that has been standardized with a potassium chlorlde 
conductivfty calibradon standard having a conductivity 
of 100 juS/cm, measure the conductivity of the superna¬ 
tant after a stable reading is obtained, and measure the 
conductivity of the water used to prepare the test 
specimen. 

Acceptanee criteria: The conductivrty of the superna¬ 
tant does not exceed the conducbvity of the water by 
morę than 75 pS/cm. 

* PH <791): 5 .0-7.5 for the supernatant obtained in the 

Conductivity test 

* Loss ON Drying <73 1) 

Anaiysis: Dry at 105° for 3 h. 

Acceptanee criteria: NMT 7.0%, within a percentage 
rangę, as specified in Labeling 

* Degree of Polymerizatjon 

Sample: 1.3 g, weighed to 0.1 mg 
Anaiysis: Transfer tne Sample to a 125-ml conicai fiask 
Ada 25.0 mL of water and 25.0 mL of 1.0 M cupriethyl¬ 
enediamine hydroxide solution. Immediately purge the 
solution with nitrogen, insert the stopper, and shake on 
a wrist action shaker or other suitable mechanical 
shaker until completely dissolved. Transfer an appropri- 
ate vo!ume of the solution to a calibrated number 150 
Cannon-Fenske, or equivalent, yiscometer. Allow the so- 

f Pfanetary rnlxer, Turbula T2F mixer, or V'b(ender. 


Result = 95 x IrMW* x [<100 - /?QQ/100] x [(100 - 
LOD)/l 00]} 


InU 


Ws 

ROI 

LOD 


= vaJue from interpolation of the relative 

yiscosity, using the Intrinsic Viscosity Table in 
the Reference Tables section 
= weight of the sample taken (g) 

= value from the test for Residue on Ignition (%) 

= value from the test for Lass on Drying (%) 
Acceptanee criteria: NMT 350 

• Bulk Density 

Sample: Silicified Microcrystalline Cellulose powder 

Anaiysis: Use a yolumeter that has been fitted with a 
10-mesh screen. The volumeter is freestanding of the 
brass or stainless Steel cup, which is calibrated to a ca- 
pacity of 25.0 ± 0.05 mL and has an inside diameter of 
30.0 ±2.0 mm. Weigh the empty cup, position it under 
the chute, and slowly pour the powder from a height 
of 5 J cm (2 inches) above the runnel through the yolu¬ 
meter, at a ratę suitable to prevent dogglng, until the 
cup oyerfJows. [Notę— jf excessive clogging of the 
screen occurs, remove the screen.] Level the excess 
powder, and weigh the filled cup. Calculate the bulk 
density by diyiding the weight of the powder in the 
cup by the volume of the cup. 

Acceptanee criteria: Within the labeled specification 

• Particie Size Distribution: Where the labeling States the 

particie size distribution, determine the particie size distri- 

bution as directed in a suitable validated procedurę. 

• Water-Soluble Substances 

Sample: 5.0 g 

Anaiysis: ShaKe the Sample with 80 mL of water for 10 
min, and filter with the a id of vacuum through filter 
paper (Whatman No. 42 or equivalent) into a vacuum 
rlask. Transfer the filtrate to a tared beaker, evaporate to 
dryness without charring, dry at 105° for 1 h, cool in a 
desiccator, and weigh. 

Acceptanee criteria: NMT 0.25%; the difference be¬ 
tween the weight of the residue and the weight ob¬ 
tained from a blank determination h NMT 12.5 mg. 

• Ether-Soluble Substances 

Sample: 10.0 g 

Anaiysis: Place the Sample in a chroma tog raphic col- 
umn having an internal diameter of about 20 mm, and 
pass 50 mL of peroxtde-free ether through the column. 
Eyaporate the eluate to dryness in a previously dried 
and tared eyaporatlng dish with the a id of a current of 
air in a fume hood. After all the ether has eyaporated, 
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dry the residue at 7 05° for 30 min, cool Śn a desiccator, 
and weigh. 

Acceptance criteria: NMT 0,05%; the dlfferente be- 
tween the weight of the residue and the weight ob- 
tamed from a blank determination is NMT 5JO mg. 

ADDITIONAL REQU8R£KVIENTS 

■ Packaging and Stdrage: Preserve in tight eontainers, No 
storage requirements spedfied, 

* Labeling: LabeE it to indicate the nominał Loss on Drying f 

Bulk Density , and Degree of Polymerization values. Where 
the particie size distribution is stated in the labeling, pro- 
ceed as drrected In Particie Size Distribution. The labeling 
indicates the technigue with which the particie size dpstrh 
bution was determined, if a technigue other than analyti- 
cal sreving was used. The labeling afso indicates the d ?0 , 
d 5 o, and d 90 values and the rangę for each. 

* USP Reference Standards {11) 

L3SP Silicified Microcrystalline Cellulose RS 


Cellulose, Oxidized —see Oxidized Cellulose 
General Monographs 


Cellulose, Oxidized Regenerated —see 

Oxidized Regenerated Cellulose General 
Monographs 


Powdered Cellulose 


DEFINITION 

Powdered Cellulose is purified, mechanically disintegrated 

cellulose prepared by processing alpha cellulose obtained 

a$ a pulp from fibrous plant materials. 

9DEKTIFICATION 

a A, Procedurę 

lodinated zlnc chloride solution: Dissolve 20 g of zinc 
chloride and 6,5 g of potassium iodide in 7 0.5 mL of 
water, Add 0.5 g of iodine, and shake for 15 min. 

Sample: 10 mg 

Analysis: Place the Sample on a watch glass, and dis- 
perse in 2 mL of lodinated zinc chloride solution . 

Acceptance criteria: The substance takes on a violet- 
blue color, 

• B. Procedurę 

Sample: 0.25 g of Powdered Cellulose, accurately 
weighed to 0.1 mg 

Analysis: Transfer the Sample to a 125-mL conical fiask, 
Add 25,0 mL of water and 25,0 mL of 7 .0 M cupriethyl- 
enediamlne hydroxide solution. Jmmediately purge the 
solution with nitrogen, insert the stopper, and shake on 
a wrist actlon shaker, or other suifcable mechanical 
shaker, until completely dissolved. Transfer an appropn- 
ate voiume of the solution to a calibrated number 150 
Cannon-Fenske, or equivalent, viscometer. Allow the so¬ 
lution to equtlibrate at 25 ± 0.1 D for NLT 5 min. Time 
the flow between the two marks on the viscometer, 
and record the flow time, ti, in s. 

Caiculate the kinematic viscosity, (KV),, of the Pow~ 
dered Cellulose taken: 

Result - ti x ki 

kt - vlscometer constant (see Viscosity—Capillary 
Methods (911)) 

Obtain the flow time, t 2 , for a 0.5 M 
cupriethylenediamine hydroxide solution using a 


number 100 Cannon-Fenske, or equivalent, 
viscometer. 

Caiculate the kinematic viscosity, (KV) 2 , of the solvent: 

Result = t 2 x k 2 

k 2 = viscometer constant 

Determine the relative viscosity, r], e i, of the Powdered 
Cellulose specimen taken: 

Result = (KV),/{KV) 2 

(KV)t = kinematic viscosity of the Powdered Cellulose 
(KV) 2 - kinematic viscosity of the solvent 
Determine the intrinsrc viscosity ; [q] C/ by rnterpoiation, 
using the Intrinsic Viscoslty Tobie in the Reference Tahles 
section. 

Caiculate the degree of polymerization, P: 

Result = [95 x [ii] c ]/{W s x [(7 00 - %LOD)/10Q]} 

W 5 - weight of the Powdered CelluJose taken (g) 
%LOD = value obtained from the test for Loss on Diying 
Acceptance criteria: The degree of polymerization is 
greater than 440. 

1IHPURITIES 

Inorgank Impurities 

e RESIDUE on Bgnition (281): NMT 0,3%, calculated on the 
dried basis 


Delete the foliowing: 

•* * Heavy Metals, Method II (231): NMT 10 ppm# (0 fii m u 

|an201B) 

SPECIFiC TESTS 

■ MłCROBfAL Enumeration Tests (61) and Tests for Speci- 
fied MtCROORGANiSMS (62): The to tal aerobic microbial 
count does not exceed 1000 cfu/g, the total combined 
molds and yeasts count does not exceed 100 cfu/g, and 
it meets the requirements of the tests for absence of 
Staphylococcus aureus and Pseudomonas aeruginosa and 
for absence of Escherichia coli and Salmonella spedes, 

o PU {791): The pH of the supernatant is 5,0-7.5. Mix 
10 g with 90 mL of water, and allow to stand with occa- 
sional sfirring for 1 h. 

o Loss ON DRY1NG {731): Dry a sample at 105° for 3 h: it 
ioses NMT 6.5% of its weight. 

* WATEft-SOLUBLE 5UBSTANCES 
Sampie: 6,0 g 

Analysis: Mix the Sample with 90 ml of recently boiled 
andcooled water, and allow to stand with occasiona! 
stirring for 10 min. Filter, with the aid of vacuum, dis- 
card tne frrst 10 mL of the filtrate, and pass the fil tratę 
through the same filter a second time, if necessary, to 
obtain a elear filtrate. Evaporate a 15,0-mL portion of 
the fil tratę in a ta red evaporating disb to dryness wlth- 
out charring, dry at 105* for 1 h, cooJ in a desiccator, 
and weigh, 

Acceptance criteria: The difference between the 
weight of the residue and the weight obtained from a 
blank determination does not exceed 15.0 mg (1.5%). 

Ether-Soluble Substances 
Sample: 10.0 g 

Analysis: Place the Sample in a chromatography col- 
umn having an internal diameter of about 20 mm, and 
pass 50 ml of peroxide-free ether through the column. 
Evaporate the eluate to dryness in a previously dried 
and ta red evaporating disn with the aid of a current of 
air in a fu me hood. After all the ether has evaporated, 
dry the residue at 105° for 30 min, cool in a desiccator, 
and weigh. 
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Acceptance criteria: The difference between the 
weight of the residue and the weight obtained from a 
blank determination does not exceed 15.0 mg (0.15%). 

ADD1T0ONAL REQUIREMENTS 

b Packaginc and Storage: Preserve in tight containers, 

• Labeling: The labeling indicates the nominał degree of 
polymerization value. Degree of polymerization complb 
ance is determlned uslng Identification test B. 


CeBBuBose Acetate_ 

Portions of this monograph that are national USP text, and 
are not part of the harmomzed text, are marked with 
symbols {**) to specify this fact. 

Celtulose acetale; 

Cellulose, diacetate [9035-69-2], 

Cellulose, triacetate [9012-09-3]. 

DEFINITION 

Cellulose Acetate is partia! fy or completely acetylated cellu¬ 
lose. Et contains NLT 29.0% and NMT 44.8%, by weight, 
of acetyl (C 2 H 3 O) groups, calculated on the dried basis, Its 
acetyl content is NLT 90.0% and NMT 110.0% of that 
Endicated on the labei. 

IDENTIFICATION 

* A. INFRARED ABSORPTION 

Sample soiution: Prepare a 20 mg/mL solution of Cel- 
luEose Acetate, previously dried, in acetone. 

Anaiysis: Spread 1 drop of the Sample solution on a 
sodium chloride piąte, place a second sodium chloride 
piąte over it, and spread the spedmen between the 
plates. Separate the plates, heat them both at 105° for 
1 h, and reassemfaie the dried plates. 

Acceptance criteria: The IR absorption spectrum exhib- 
its maxima only at the same wavelengths as those of a 
similar preparation of USP Celtulose Acetate RS, treated 
In the same manner, 

A55AY 

o Content of Acetyl 

For Celtulose Acetate iabeled to contain NMT 42.0% 
of acetyl groups 
Sample: 2 g of Cellulose Acetate 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Residua! titration 
Titrant: 1.0 N sodium hydroxide VS 
Back-titrant: 1.0 N sulfuric add VS 
Endpoint detection: Visual 
Analysis: Transfer the Sample to a 500-mL fiask. Add 
100 ml of acetone and 5-10 mL of water to the fiask, 
insert the stopper into the fiask, and stir with a mag- 
netic stirrer untfl solution rs complete. Pipet 30 mL of 
Titrant to the solution, with constant stirring. A finely 
divided precipitate of regenerated celi u lose, free from 
lumps, is obtained. Insert the stopper into the fiask, 
and stir with a magnetic stirrer for 30 min, Add 
100 mL of water that has been preheated to 80°, 
washing down the sldes of the rEask. Stir for 2 min, 
and cool to room temperaturę. Titrate the excess so- 
dlum hydroxide solution with Back-titrant to a phenol- 
phthafeln endpoint. Treat a blank In the same manner 
Calculate the pereentage of acetyl in the portion of 
Celi u lose Acetate taken: 

Result = V$/Wx 4.305 

V B - Back-titrant volume consumed by the blank 
(mL) 

l/s - Back-titrant volume consumed by Cellutose 
Acetate (mL) 


IV - weight of Cellulose Acetate taken, calculated 
on the dried basis (g) 

Acceptance criteria: 29.0%-44.8% by weight of ace- 
ty\ (C 2 H 3 O) groups on the dried basis 
For Cellulose Acetate Iabeled to contain morę than 
42.0% of acetyl groups 
Sample: 2 g of Celfulose Acetate 
Titrimetric system 
(See Titrimetry (54!).) 

Modę: Residual titration 
Titrant: 0.5 N hydrochloric acid VS 
Back-titrant: 0.5 N sodium hydroxide VS 
Endpoint detection: Visual 
Analysis: Transfer the Sample to a 500-mL conical 
fiask. Add 30.0 mL of dimethyl sulfoxide and 100 mL 
of acetone, and stir for 1 6 h with the aid of a mag¬ 
netic stirrer. Pipet 30 mL of 1 N sodium hydroxide V$ 
slowly into the fiask, with constant stirring. Insert the 
stopper into the fiask, and stir for 6 min. Allow to 
stand without stirring for 60 min. Resume stirring, and 
add 100 mL of water that has been preheated to 80°, 
washing down the sldes of the fiask, Stir for 2 min, 
and cool to room temperaturę. Add 4-5 drops of phe- 
nolphthaEein T5, and titrate the excess sodium hydrox- 
ide solution with Titrant. Add an excess of 0,5 mL of 
Titrant. Stir for 5 min. Allow to stand for 30 min. Ti¬ 
trate with Back-titrant to a perslstent pink endpoint, 
using a magnetic stirrer for agitation. Calculate the net 
number of milliequlvalents of sodium hydroxide con¬ 
sumed, and correct this vafue by use ot the average of 
twa blank determinations run concomitantly through 
the entire procedurę. 

Calculate the pereentage of acetyl in the portion of 
Cellulose Acetate taken: 

Result - ( niW) x 4.305 

n - corrected value of the net number of 
mi[llequivalents of sodium hydroxide 
consumed 

IV - weight of Cellulose Acetate taken, calculated 
on the dried basis (g) 

Acceptance criteria: 29.0%^4,8% by weight of ace¬ 
tyl fekhO) groups on the dried basis 

IMPURITIES 

* Residue on Hgnition (281): NMT 04% 


Deiete the fottowing: 

ł Heavy Metals, Method II (231): NMT 10 pg/g+* <ónici#i 

1-Jarv20ISJ 

• Limit of Free Acid 

Sample: 5 g 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0.01 N sodium hydroxide VS 
Endpoint detection: VEsual 
Analysis: Transfer the Sample to a 250-mL fiask, Add 
150 mL of freshly bolled, cooled water. Insert the stop¬ 
per into the fiask, świr! the suspension gently, and allow 
It to stand for 3 h. FiJter throuah paper, and wash the 
fiask and the fiEter with freshly ooiled, cooled water, 
adding the washings to the fIltrate, Add phenolphthaL 
ein TS, and titrate the comblned fil tratę and washings 
with the Titrant. 

Calculate the pereentage of free add in the portion of 
Cellulose Acetate taken; 

Result = (V/W) x 0.06005 

1/ = Titrant volume consumed (mL) 

IV = weight of Cellulose Acetate taken, calculated 
on the dried basis (g) 
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Acceptance criteria: NMT 0,1%, calculated as acetic 
acidT 

SPECIFIC TESTS 

• LOSS ON DliyiNG (731) 

Analysis: Dry at 105° for 3 h. 

Acceptance criteria: NMT 5.0% 

* Microbial Enumeration Tests (61) and Tests for Speci- 

fied Microorganisms (62): The total aerobic microbial 
count is NMT 10* * cfu/g, and the total combined molds 
and yeasts count rs NMT 10* cfu/g. It meets the reauire- 
ments of the tests for absence of tscheńchio coli ano Sal¬ 
monello species. 

ADDITIONAL REQU1REMENT5 

• Pac kac ing and Storage: Preserve in tight Container*, 

* Labeling: The labeling States the nominał percentage 

content of acetyl* 
a U5P Reference Standard* (11) 

USP Cellulose Acetate RS 


Cetostearyl Alcohol 


Cetylstearyt alcohol [67762-27-0], 

DEFINITION 

Cetostearyl Alcohol contains NLT 40.0% of stearyl alcohol 
(CiaHiaO), and the sum of the stearyl alcohol content and 
the cetyl alcohol (C 1 ó HmO) content is NLT 90.0% and 
NMT 1 02.0%* It is obtained from sources of vegetable, 
animal, or synthetic origin* 

IDENTIFICATION 

* A. Chromatographic Idintity 

Analysis: Proceed as directed in the Assay. 

Acceptance criteria: The retention times of the major 
peaks of the Sample sofution , excluding the solvent and 
interna! standard peaks, correspond to the cetyl alcohol 
and stearyl alcohol peaks of the System suitability 
sofution . 

ASSAY 

* Procedurę 

internal standard solution: 1 mq/mL of 1 -pentadeca- 
nol (internal standard) in ethanof 
System suitability solution: Prepare 1 mg/ml each of 
USP Cetyl Alcohol RS, USP Stearyl Alcohol RS, and USP 
Oleyl Alcohol RS in Interna! standard solution , Heat the 
solution in a sealed Container in a 50 c water bath until 
alf fatty alcohols are dissolved. AJIdw the solution to 
cool to room temperaturę, and mix well. 

Standard solution: To match the cetyl alcohol and 
stearyl alcohol ratio in the test sample, prepare the sum 
of 2,0 mg/mL of USP Cetyl Alcohol RS and USP Stearyl 
Alcohol RS in Internal standard solution. Heat the solu¬ 
tion in a sealed Container tn a $0° water bath until cetyl 
alcohol and stearyl alcohol are dissolved. Allow the solu* 
tion to cool to room temperaturę, and mix well, 

Sample solution: Prepare 2.0 mg/mL of Cetostearyl Al¬ 
cohol in Internal standard solution, and heat the solution 
in a sealed Container in a 50 ; water bath until cetostea¬ 
ryl alcohol is dissoked* Allow the solution to cool to 
room temperaturę, and mix well. 


Chromatographk system 

(See Chromatograpny (621), System Suitability.) 

Modę: CC 

Detector: Flame ion kation 

CoJunrm: 0.25-mm x 30-m fused-silica capillary; coated 
with a 0.25-fim layer of phase G7 
Temperatures 
Detector: 280° 

Injection port: 270° 

Column: See Table h 


Tobie 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

fVminY 

Finat 

Temperaturę 

n 

Hołd Time at 
Finat 

Temperaturę 

fiuinY 

60 

20 

180 

_ 

180 

10 

220 

5 


Carrier gas: Hydrogen 

Flow ratę: 2.0 mL/min, constant flow modę 

Injection valume: 1 pi 

Injection type: Split injection; split ratio, is 100:1 
Liner: Single taper, Iow pressure drop liner with deac- 
tivated wool 
Run time: 15 min 
System suitability 

Sam pies: System suitability solution and Standard 
solution 

[Notę —See Table 2 for the relative retention times.] 


Table 2 


Component 

Relative 

Retention 

Time 

1 -Pentadecano! 


(internal standard! 

1.00 

Cetvl alcohol 

1.09 

Stearyl alcohol 

1.25 

Oleyl alcohol 

1.28 


Suitability reguirements 

Resolution: NLT 30 between the cetyl alcohol and 
stearyl alcohol peaks; NLT 2.0 between the stearyl al¬ 
cohol and oleyl alcohol peaks, System suitability 
solution 

Tailing factor: 0.8-1.8 for the stearyl alcohol and 
1-pentadecanol peaks, Standard sofution 
Relative standard deviation: NMT 1%, using the 
area ratio of stearyl alcohol to 1 -pentadecanol, Stan- 
dard solution 

Analysis 

Samples: Standard sofution and Sample solution 
Calculate the percentages of cetyl alcohol (CiaH^O) or 
stearyl alcohol (CiaHjgO) m the port ion of Cetostearyl 
Alcohol taken: 

Result = (Ruf Rs) X (C s /Cu) x 100 

Ru - peak response ratio of cetyl alcohol (or stearyl 
alcohol) to the internal standard [peak 
response of cetyl alcohol (or stearyl alcohol)/ 
peak response of the internal standard] from 
the Sample solution 

Rs “ peak response ratio of cetyl alcohol (or stearyl 
alcohol) to the internal standard [peak 
response of cetyl alcohol (or stearyl alcohol)/ 
peak response of the internal standard] from 
the Standard solution 

Cs = concentration of USP Cetyl Alcohol RS (or USP 
Stearyl Alcohol RS) in the Standard sofution 
(mg/mL) 
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C u - concentration of Cetostearyl Akohol in the 
Sample solution (mg/mL) 

Aceeptance criteria 
Stearyi akohol (C 1B H 3a O): NLT 40.0% 

Sum of stearyi akohol (C^H^O) and cetyl akohol 
(CińH^O): 90.0%-l 02.0% 

IMPURITIES 

• Residue on BCNfiłON (281): NMT 0.1%, determined on 

2 g 

e limit of Related Fatty Alcohols 

Solution A: 1 mg/mL of l-pentadecanol in ethanol 

Resolution solution: Prepare 1 mg/mL each of USP 
Lauryl Alcoho] RS, USP Myristyl Alcohof RS, USP Cetyl 
Akohol RS, USP Stearyi Akohol RS, USP Oleyl Akohol 
RS, USP Linolenyf AkohoJ RS, and USP Arachidyl Akohol 
RS in Solution A Heat the sofution in a seafed contafner 
in a 50° water bath until all fatty alcohols are dissolved 
Al Iow the solution to cool to room temperaturę, and 
mtx well. Dilute the solution witli ethanol to obtain a 
solution containing 0,05 mg/mL each of USP Lauryl Al¬ 
cohof RS, USP Myristyl Alcohol RS, USP Cetyl Alconol 
RS, 1 -pentadecanol, USP Stearyi Akohol RS, USP Oleyt 
Akohol RS, USP Linolenyl Akohol RS, and USP Arachidy! 
Alcohol RS. 

Sample solution: 1 mg/mL of Cetostearyl Alcohol in 
ethanoL Heat the solution in a sealed Container in a 50° 
water bath until cetostearyl alcohol is dissolved, Allow 
the soiution to cool to room temperaturę, and mix well. 

Chromatographic system: Proceed as directed in the 
Assay , except for the split ratio. 

Injection type: Spfit injection; split ratio is 5:1 

System suitabiiity 
Sample: Resolution solution 

[Notę—S ee Tobie 3 for the relative retention times.] 


Table 3 


Component 

IRelative 

Retention 

Time 

Lauryl akohol 

0.79 

Mvristvl alcohol 

0.93 

1 -Pentadecanol 

1.00 

Cetvl alcohol 

1.09 

Stearyi alcohol 

1.25 

Oleyl alcohol 

1.28 

Linolenyl akohol 

136 

Arachidyl alcohoi 

144 


Suitabiiity reguirements 

Resolution: NLT 15 between the myristyl alcohol and 
1-pentadecanol peaks; NLT 30 between the cetyl al¬ 
cohol and stearyi alcohoi peaks; NLT 2.0 between the 
stearyi akohol and oleyl alcohol peaks 
Analysis 

Samples: Resolution solution and Sample solution 
łdentify each related fatty alcohol peak in the Sample 
soiution based on that in the Resolution solution , 

Calculate the percentage of each related fatty alcohol or 
any unspecified impurity in the portion of Cetostearyl 
Akohol taken: 

Result - (ru/rj) x 100 

r u ~ peak response of each related fatty akohol (or 
any unspecified impurity) from tfie Sample 
sofution 

rr - sum of alt the peak responses excluding peak 
responses due to solvent from the Sample 
solution 

Aceeptance criteria: Disregard peaks that are less than 
0.05% for any unspecified impurities, and any peaks 
due to so!vent 


Sum of unspecified impurities: NMT 1% 

Sum of related fatty alcohols and unspecified impuri¬ 
ties: NMT 10,0% 

SPECIFIC TE5TS 

o Fats and Fixed Oils, Aeid Value (40 T): NMT 2 
0 FATS AND FlXED Oils, Hydroxyl Value (401): 208-228 
■ Fats and Fixed Oils, iodine Value (401): NMT 4 
& Water Determinatjon, Method I (921): NMT 0,5% 

ADDITIONAl REĄUSREMENTS 

o Packaging ano Storage: Preserve in well-closed 
containers. 

* LABELing: La bel it to indicate whether it is derived from 

vegetable, animal, or synthetic sources. 

* USP Reference Standards (11) 

USP Arachidyl Akohol RS 
USP Cetyl Alcohof RS 
USP Lauryl Alcohof RS 
USP Linofenyl Akohol RS 
USP Myristyl Akohol RS 
USP Oleyl Alcohol RS 
USP Stearyi Alcohoi RS 


Cetrimonium Bromide 


CigH^zBrN 364.45 

Hexadecyltrimethylammonium bromide [57-09-0]. 

DEFINITION 

Cetrimonlum Bromide contains NLT 96.0% and NMT 
101,0% of hexadecyltrimethyfammonium bromide, calcu- 
lated as CigH^BrN, on the dried basis. 

I0ENTBFKATBON 

® A, Ultraviolet Absorption 

Sample solution: 10 mg/mL in akohol 
Analytical wavelength: 260-280 nm 
Celi: 1 cm 

Aceeptance criteria: After correcting for the blank, the 
absorbance is NMT 0.05. 

o B. 

Sample solution: Dissoke 5 mg of Cetrimonlum Bro¬ 
mide in 5 mf_ of phosphate buffer pH 8.0. 

Blank: 5 mL of phosphate buffer pH 8,0 
Analysis: Add a strip of methyl oreenHodomercurafe 
paper to the Sample solution and Blank. 

Aceeptance criteria: After 5 min, the Sample solution 
shows a morę intense greenish-blue color than the 
Blank. 

a C. 

Sample: 2.0 g 

Analysis: Transfer the Sample to a 100-rnL fiask, and 
dissoke in and dilute with previousty boiied and cooled 
water to volume. 

Aceeptance criteria: The soiution froths copiously 
when shaken, 

• D. Thin-Layer Chromatographic Sdentification Test 

( 201 ) 

Solution A: 270 mg/mL of sodium aeetate trihydrate 
Standard solution: 20 mg/ml of USP Cetrimonlum 
Bromide RS 

Sample solution: 20 mg/mL of Cetrimonlum Bromide 
Chromatographic system 

Developlng solvent system: Methanol, acetone, and 
Solution A (45:20:35) 

















NF 35 


Officiai Monogrophs /Cetyl 7597 


Analysis 

Sam pies: Standard solution and Sampfe solution 
Proceed as directed in the chapter. Remove the piąte 
from the developmg chamber, and dry the piąte m a 
current of hot air. Allow to cooi. Expose the piąte to 
iodine vapor, and examine in daylight 
Acceptance criteria: The prindpal spot of the Sample 
solution is similar in position, color, and size to that of 
the Standard solution . 

* E, Identification Tests—General, Bromide <191): A solu¬ 
tion of it meets the reguirements. 

ASSAY 

* Procedurę 

Sample solution: 20 mg/mL of Cetrimonum Bromide 
Blank: Combine 10,0 mL of freshly prepared 50-mg/mL 
potassium iodide, 20 mL of water, and 40 mL of hydro- 
chionc add. 

Titrimetric system 
(See 77tr/metry (541).) 

Modę: Residua! titration 
Titrant: 0.05 M potassium iodate VS 
Analysis 

Sampies: Sampte solution and Blank 
Transfer 25.0 mL of the Sample solution to a separatory 
funnel, and add 25 ml of chloroform, 10 mL of 0.1 N 
sodium hydroxide V5, and 10,0 mL of a freshly pre¬ 
pared solution of potassium iodide (50 mq/mL), 

Shake weJI, allow to separate, and discarathe chloro¬ 
form layer. Wash the aqueous layer with three 10-mL 
portions of chloroform, and discard the washings. 
Transfer the aqueous layer to a stoppered conical 
fiask, add 40 mL of hydrochloric add, and allow to 
cooL Titrate with Titrant until the deep brown color is 
almost discharged. Add 2 mL of chloroform, and eon- 
tinue the titration, shaking vigorously, until the color 
of the chloroform layer no longer changes. Perform a 
blank determination. Each mL of Titrant is equivalent 
to 36.45 mg of Cetrimonium Bromide (C^H^BrN). 
Acceptance criteria: 96.0%-101.0% on the dried basis 

IMPURITIES 

O REStDUE ON iCNITION (281) 

Sample: I.Og 

Acceptance criteria: NMT 0.5% 

■ Limit of Aminę* * and Aminę Salts 
Sample: 5.0 g 

Analysis: DfssoIve the Sample in 30 mL of a mixture of 
metnano! and 1 N hydrochtoric acid VS (99:1), and add 
100 mL of isopropyl alcohoi. Pass a stream of nitrogen 
slowly througn the solution. Gradually add 15.0 mL of 
0.1 N tetrabutylammonium hydroxide VS, recording the 
potentiometrre titration curve. 

Acceptance criteria: ff the curve show* two inflection 
points, the vofume of titrant added between the two 
points is NMT 2.0 mL. 

SPECIFIC TESTS 

* Microrial Enumeratjon Tests (61) and Tests for Speci 
fied Microorganisms (62): The tota! aerobic microbral 
count is NMT IG 3 cfu/g. The total combined molds and 
yeasts count is NMT 10 1 cfu/g. 

* Appearance of Solution 

Analysis: Transfer 2.0 g of Cetrimonium Bromide to a 
100-mL fiask, and dissolve in and dilute with previously 
boiled and cooled water to volume, 

Acceptance criteria: The solution is elear and colorless. 

* Acidity or Alkaunity 

Sample solution: 50 mL of the solution obtained in the 
Appearance of Solution test 

Analysis: To the Sampfe solution add 0.1 mL of bromo- 
cresol purple T5, 

Acceptance criteria: NMT 0,1 mL of OJ N sodium hy~ 
droxide or 0.1 N hydrochloric add is required to ■ 
change the color of the indlcator. 


* Loss on Pryinc (731) 

Sample: I.Og 

Analysis: Dry at 105° for 2 h. 

Acceptance criteria: NMT 2.0% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in well-closed contain- 
ers. No storage requirements speetfied. 

* USP reference standaros (11) 

USP Cetrimonium Bromide RS 


Cetyl Alcohoi 


C, 6 H m O 242.44 

1 -Hexadecanol [36653-82-4]. 

DEFINITiON 

Cetyl Alcohoi contains NLT 90.0% and NMT 102.0% of 
cetyl alcohoi (G 6 HmO), the remainder consisting chiefly 
of related alcohols. It is obtained from sources of vegeta- 
ble, animal, or synthetic origin. 

IDENTIFICATION 

• A. chromatocraphk Identity 

Analysis: Proceed as directed in the Assoy. 

Acceptance criteria: The retention time of the major 
peak of the Sample solution , exduding the $oivent and 
interna! standard peaks, corresponds to the cetyl ateo- 
hol peak of the System suitabihty solution . 

ASSAY 

* Procedurę 

Interna! standard solution: 1 mg/mL of 1-pentadeca- 
nol {internal standard) in ethanol 
System suitabilfty solution: Prepare 1 mg/mL each of 
USP Cetyl Alcohoi RS, USP Stearyl AlcohoT RS, and USP 
Oleyl Alcohoi RS in Internal standard solution, and heat 
the solution in a sealed Container in a 50° water bath 
until all fatty alcohols are dissofved, Allow the solution 
to cool to room temperaturę, and mix well. 

Standard solution: Prepare 1.0 mg/mL of USP Cetyl Al- 
cohol RS in Internal standard solution , and heat the solu¬ 
tion in a sealed Container in a 50* water bath until cetyl 
aicohoJ is dissolved. Allow the solution to cool to room 
temperaturę, and mix well. 

Sample solution: Prepare 1.0 mg/mL of Cetyl Alcohoi 
in Internal standard solution , and heat the solution in a 
sealed Container in a 50 Q water bath until cetyl alcohoi 
is drssolved. Allow the soiution to cool to room temper¬ 
aturę, and mix well. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Column: 0.25-mm x 30-m fused-silica capillary; coated 
with a 0.25-pm layer of phase G7 
Temperatures 
Injection port: 270° 

Detector: 280° 

Coiumn: See Tobie L 


Table 1 


Inltial 

Temperaturę 

n 

Temperaturę 

Ramp 

P/min> 

Finał 

Temperatura 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

60 

20 

180 

_ 

iao 

10 

220 

5 
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Carrier gas: Hydrogen 

Flow ratę: 2.0 ml/min, constant flow modę 

Injection volume: 1 jliL 

Injection type: Split injection; split ratio is 100:1 
Liner: Single taper, Iow pressure drop liner with deac- 
tiva£ed wool 
Run time: 15 min 
System suitability 

Samples: System suitabillty solution and Standard 
solution 

[NOTĘ—See Tobie 2 for the relattve retention timesj 


labie 2 


Na me 

Relattae 

Retention 

Time 

1 -Pentadecanol 


(internal standard) 

1.00 

Cetyl alcohol 

1.09 

Stearyl alcohol 

1,25 

Oleyl alcohol 

1,28 


Suitability reąutrements 

Resolution: NLT 30 between the cetyl alcohol and 
stearyl atcohot peaks; NLT 2.0 between the stearyl aL 
cohof and oleyl alcohol peaks, System suitability 
solution 

Tailing factor: 0.8-1,8 for the cetyl alcohol and 
1-pentadecanoi peaks. Standard solution 
Relative standard deviation: NMT 1%, usjng the 
area ratio of cetyl alcohol to 1-pentadecanol, Stan¬ 
ford solution 
Analysis 

Samples: Standard solution and Sampie sotution 
Calcułate the percentage of cetyl alcohol (Ci 6 HviO) in 
the portion of Cetyl Alcohol taken: 

Result = (Ru/Rs) x (C s /C u ) x 100 

Ru - peak response ratio of cetyl alcohol to the 
Interna! standard (peak response of cetyl 
alcohol/peak response of the interna! 
standard) from the Sampie solution 
Rs = peak response rado of cetyl alcohol to the 
internal standard (peak response of cetyl 
alcohol/peak response of tne internal 
standard) from the Standard solution 
Cs - concentration of USP Cetyl Alcohol RS in the 
Standard solution (mg/mL) 

Cu - concentration of Getyt Alcohol in the Sampie 
solution (mg/mL) 

Acceptance criteria: 90.0%-102.G% 

IMPURITIES 

* Residue ON Ignition (281): NMT 0.1%, determined on 

2g 

Change to read: 

o Limit of Related Fattv Alcohols 

Solution A: 1 mg/mL of 1-pentadecanol In ethanol 
Resolution solution: Prepare 1 mg/mL of USP Lauryl Al¬ 
cohol RS, 1 mg/mL of USP Myristyl Alcohol RS, 1 mg/ 
mL of USP Cetyl Alcohol RS, 1 mg/mL of USP Stearyl 
Alcohol RS, and 1 mg/mL of USP Oleyl Alcohol RS in 
Solution A , Heat the solution in a sealed Container in a 
50° water bath until all fatfy alcohols are disso1ved. Al¬ 
tów the solution to cool to room temperaturę, and mix 


welL Di lute the solution with ethanol to have a solution 
contammg 0.05 mg/mL each of USP Lauryl Alcohol RS, 
USP MyrisLyl Alcohol RS, USP Cetyl Alcohol RS, 
1-pentadecanoI, USP Stearyl Alconol RS, and USP Oleyl 
Alcohol RS, 

Sampie solution: * Prepare 1,0 mg/mL of Cetyl Alcohol 
tn ethanol, and heat the solution in a sealed Container 
in a 50° water bath until cetyl alcohol is dissolved, AJ- 
low the solution to cool to room temperaturę, and mix 

Weil.* (Err I.Jun'2016) 

Chromatographic system: Proceed as dlrected in the 
Assay, except for the split ratio. 

Injection type: Split Injection; spłat ratio is 5:1 

System suitability 
Sampie: Resolution solution 
[Notę—S ee Tahfe 3 for the relative retention times.] 


Table 3 


Mamę 

Relative 

Retention 

Time 

Lauryl alcohol 

079 

Myristyl alcohol 

0,93 

1 -Pentadecanol 

1,00 

Cetyl alcohol 

1.09 

Stearyl alcohol 

1.25 

Oleyl alcohol 

1.28 


Suitability regurrements 

Resolution: NLT 15 between the myristyl alcohol and 
1-pentadecanol peaks; NLT 30 between the cetyl al¬ 
cohol and stearyl alcohol peaks; NLT 2.0 between the 
stearyl alcohol and oleyl alcohol peaks 
Analysis 

Samples: Resolution solution and Sampie solution 
Identify each related fatty alcohol peak in the Sampie 
solution based on that in the Resolution solution. 

Calcu tatę the percentage of each related fatty alcohol or 
an unspecified impurity in the portion of Cetyl Alcohol 
taken: 

Result = (r^/rO x 100 

fu = peak response of each related fatty alcohol (or 
any unspecified Impurity) from tne Sampie 
solution 

r T = sum of all the peak responses exduding peak 
responses due to sofvent from the Sampie 
solution 

Acceptance criteria: Dfsregard peaks that are less than 
0,05% for any unspecified impurities and any peaks due 
to $olvent. 

Sum of unspecified impurities: NMT 1% 

Sum of related fatty alcohols and unspecified impuri¬ 
ties: NMT 10,0% 

SPECIFEC TE5T5 

o Fats and Fixed Oils, Acid Value (401): NMT 2 

* Fats and Fixed Oils, Hydroxyl Value (401): 218-238 
® Fats and Fixed Oils, iodine Value (401): NMT 5 

* Water Determinatign, Method I (921): NMT 0.5% 

ADDITIONAL REQUI REM ENTS 

* Packaging and Storage: Preserve in well-dosed 
containers, 

* Labeling: Label St to Indicate whether ft is derived from 
vegetab!e, animal, or synthetic sources. 
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» USP Reference Standards {11} 
USP Cetyl Alcohol RS 
USP Lauryl Alcohol RS 
USP Myristyl Alcohol RS 
USP Oleyl Alcohol RS 
USP Stearyl Alcohol RS 


CettyB Esters Wax 

DEFINITION 

Cetyf Esters Wax h a mrxture consistlng primarlly of esters of 
saturated fatty alcohols (C^ to Cis) and saturated fatty 
acSds to Cib), 

SPEUFIC TESTS 

* Melting Rance on Temperaturę, Class i ! <741): 43°-47° 

* Fats and Fixed Oils, Acid Vafue <401): NMT 5 

* FATS and Fixed Oils, lodine Value (401): NMT 1 

o Fats and Fixed Oils, Saponification Vulue (401): 109-120 

■ Paraffin and Free Acjds 

Sannple: 1 g 

Analysls: DlssoIve the Sample m 50 ml of boiling 
alcohol. 

Acceptance criteria: The Sample dissolves completely, 
and the resulting solution is neutral or acidic to moist- 
ened litnuis paper. 

ADDJTIONAL REQUBREMENTS 

■ Packaginc and Storage: Preserve In well-closed contain- 
ers, In a dry place, and prevent exposure to extessive 
heat. 


CetyB PaBmitate 



C, 3 H m Oz 480.85 

Hexadecanoic acid hexadecyl ester; 

Cetyl palmItate [540-10-3]. 

DEFINITION 

Cetyl Palm itate consists of esters of cetyl alcohol and satu- 
rated high molecular weight fatty acfds, principally pal¬ 
na Itic add. 

IDENTIFICATION 

* A. INFRARED AbSORPTION (197F) 

Sample: Use a thin film of melted test specimen. 
Acceptance criteria: Meets the requirements 

• B. The retention tlmes of cetyl alcohol and palmiLic acid 
from the Sample solution correspond to those from the 
System suita bil i ty solution, as obtained in the test for Con - 
tent of Palmitic Acid, 

ASSAY 

O CONTENT OF PALMITIC ACID 

System suitability solution: Transfer 20 mg each of 
cetyl alcohol, stearic acid, palmitic acid, and oleić acid 


to a 25-mL conical fiask fitted with a suita ble water- 
cooled reflux condenser and a magnetic stir bar, and 
proceed as directed for Test solution in Fats and Fixed 
Oils, Fatty Acid Composition (401), beginning with "Add 
5,0 ml_ of a solution prepared by dissoMngT 
Sample solution: Proceed as directed for Test solution 
in fats and Fixed Oils, Fatty Add Composition (401), 
Chromatographic system: Prepare as directed in Fats 
and Fixed Oils, Fatty Add Composition (401). 

Injection volume: 1 jxL 
System suitabrfity 
Sample: System suitability solution 
[Notę—T he relatlve retention times for methyl palmi- 
tate, cetyl alcohol, methyl stearate, and methyl oleate 
are about 0.87, 0.96, 0,99, and 1.0, respecth/ely.] 
Suitability requirements 

Resolutron: NLT 1.5 between the methyl stearate and 
methyl oleate peaks 

Relative standard deviation: NMT 6,0% for the pal- 
mitate and stearate peaks; NMT 2.0% for the rafio of 
the palmitate peak to the stearate peak 
Analysls 

Samples: System suitability solution and Sample solution 
Identify the methyl palmitate peak of the Sample solu- 
tlon by comparing the retention times of the Sample 
solution peaks with those of the System suitability solu¬ 
tion peafcs. 

Calculate the percentage of palmitic acid in the por- 
tion of Cetyl Palmitate taken: 

Result - (n>/r r ) x 100 

fu - peak area of methyl palmitate 
fr - sum of afl the peak are as, excluding the 
sofvent and cetyl alcohol peaks 
Acceptance criteria: The palmitate peak is NLT 90% of 
the total area for all the peaks. 

IMPURITIES 

• Resbdue on Bgnition (281): NMT 0.05% 


Delete the folbwing: 

# * Heaw Metals, Method II (231): NMT 20 pg/g* u 

Jorv20ie> 

SPEOFfC TESTS 

* WIELTING RANGĘ Ofi Temperaturę, Cfass U (741): 4Ó D -53° 

* Fats and Fixed Oils, Acid Value (401): NMT 1 

■ Fats and Fiked Oils, HydroxvI Value{4Q\)i NMT 6 

* Fats and Fixed Oils, lodine Value (401): NMT 1 

o Fats and Fixed Oils, Saponification Value (401): 110-130 

* Loss on Drying (731) 

Analysis: Dry at 105° for 1 h. 

Acceptance criteria: NMT 3.0% 

ADDITIONAL REQUIREMENTS 

Packaging and Storage: Preserve in tlght contalners at 
controlled room temperaturę, and avoia exposure to ex- 
cessive heat. 

* USP Reference Standards (11) 

USP Cetyl Palmitate RS 
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Cetylpyridinium Clhloride—see 

Cetylpyridinium Chloride General Monographs 


Charcoal, Act1vated —see Activated 
Charcoal General Monographs 


Cherry Jukę 

DEFINITION 

Cherry juice is the !iquid expressed from the fresh ripe fruit 
of Primus cerasus L. (Fam. Rosaceae). It contains NIT 
1.0% maltc acid (GHćOs). 

Coarsely crush washed, stemmed, unpitted, sour cherries In 
a grinder to break the pits but not mash the kernels, Dis- 
soTve 0.1% Benzole Acid in the mixture, and allow to 
stand at room temperaturę until a smali portion of the 
filtered Juice, when mixed with one-half of its volume of 
alcohol, does not become doudy within 30 min. Press the 
Juice from the mixture, and filter it. 

IDENTIFICATION 
a A. 

Sample: 5 mL 

Analysis: Add lead acetale TS to the Sample until the 
mixture, when filtered, gives no further preclpitatlon 
with the lead acetate solution, Filter, and to the elear 
ffltrate add 5 mL of a 100-mg/mL sodlum oxalate solu- 
tlon to remove the excess ]ead. Filter, add 5 mL of alka¬ 
linę cupric tartrate TS to 5 ml of the elear ffltrate, and 
warm. 

Acceptance criteria: A red precipitate is formed. 

OTHER COMPONENTS 

* IVIauc Acid 

Solution A: 6 N ammonfum hydroxide and water 
(2:98) 

Sample: 10.0 mL 
Titrimetrk system 

(See Titrimetry (541).) 

Modę: Direct titration 
TItrant: 0,1 N potassium permanganate VS 
Endpoint detectron: Visual 
Analysis: Place the Sample in a 125-mL fiask, and add 
1 g of calcium carbonate. Heat on a steam bath for 15 
min, mixing occasfonally, and pass through a filter. 

Wash the filter with flve 5-mL portions of water, and to 
the combined filtrate and wasnings add 1 mL of 6 N 
ammonium hydroxide and 15 mL of ammonium oxa- 
fate TS. Heat on a steam bath for 15 min, pass through 
hardened filter paper, and wash the fiask and the filter 
with ffve 5-mL portions of Solution A Puncture the filter 
paper, and wasn the precipitate Ento the same fiask by 
means of hot water, followed by 30 mL of 12 N sulfunc 
add. Heat the solution to 80°. Ti tratę with TItrant Bach 
mL of TItrant is equivafent to 6.704 mg of mafie acid 
(GHóOs). 

Acceptance criteria: NLT 1.0% 

IMPURITIES 

« Kesidue on Ignition (281): 0.35%-CL55% 

* Arsenic, Method I (211) 

Sample solution: To 10 mL in a Kjeldahl fiask add 5 mL 
of nitric add and 5 mL of sulfunc acid, and heat the 
mixture until the volume is reduced to 5 mL and the 
color becomes brownish or blade Add a smal] portion 
of nitric add, and continue the heating, adding smali 
portions of nitric acid as often as browning recurs, until 
the organie matter is destroyed and dense, white fu mes 


are liberated, Dilute the solution with about 10 mL of 
water, add 200 mg of ammonium oxalate, and con¬ 
tinue the heating until dense, white fumes again are 
evolved and the solution is coforless to pale yellow. 
Cool, cautiously add water to make 20 mL, and mix. 
Acceptance criteria: NMT 0.3 pg/g 

« Lead (251) 

Test preparation: Add 1.0 ml of Juice to 10 ml of nh 
tric acid in a 250-mt conical f]ask, and boil for 5-10 
min, Cool In an ice bath, and transfer to a separator 
with the aid of 5 mL of lead-free water. 

Analysis: Proceed as directed in the chapter, except use 
15 mL of Ammonium O tratę Solution , 500 pL of Hydrox- 
ylamine Hydrochlońde Solution, and 3 mL of Potassium 
Cyanide Solution . 

Acceptance criteria: NMT 5 pg/mL 

SPECE FIC TESTS 

» Specific Cravity (841): 1 .045-1.075 

* Refractive Endek (831): NLT 1.350 

* PH (791): 3.0-4.0 

o limit df Nqnvołatile Residue 
Sample: 5.0 mL 

Analysis: Even!y spread the Sample over the bottom of 
a tared half Petri dish, and place on a steam bath for 1 
h, Dry in a vacuum desiccator over silica gel for 16 h. 
Acceptance criteria: The weight of the residue is NLT 
500 mg. NMT 9.5% is found, 

■ Limit of Volatile Acids 
Sample: 25 mL 

Analysis: Distill the Sample with steam to obtain 
100 mL of distiJlate. Add phenolphthalein TS, and titrate 
with OLI 0 N sodium hydroxide< 

Acceptance criteria: NMT 1,5 mL is reguired. 

ADDITIONAL REQUBREMENTS 

o Packacjng and Storage: Package in tight, light-resistant 
containers, and prevent exposure to excessive heat, 

* lABELiNG: The label States the Latin binomial name and, 

following the official name, the part of the plant source 
from whlch the article was derived. 


Cherry Syrop 


DEFINITION 

Prepare Cherry Syrup as follows (see Pharmaceutical Com- 
pounding^Nonsterile Preporations (795)), 


Cherry luice 

475 mL 

Sucrose 

800 ci 

Alcohol 

20 mL 

Purified Water, a sufficient quantity to 
make 

1000 mL 


Dissolve Sucrose in Cherry juice by gently heating on a steam 
bath, cool, and remove the foam and floating sofids. Add 
Alcohol and sufficient Purified Water to make 1000 mL, and 
mix. 

OTHER COW1PONENT5 

• Alcohol Determination, Method I (611): 1 0%-2.0% 

ADDITIONAL REQUIREMENT5 

o Packaging and Storage: Package in tight, light-resistant 
containers, and prevent exposure to excessive heat. 

* Labelimg: The label States the Latin binomial name and, 
following the official name, the part of the plant source 
from which the article was derived. 
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Chitosan 



R ‘ M ' 


Poly-/T(1,4)-2-amino~2-deoxy-D-glucose [9012-76-4]. 

DEFINITION 

Chitosan is an unbranched binary poJysaccharide consisting 
of JV-acetyl-D-glucosamine and D-glucosamine units linked 
in a /3(1^4) manner, Chitosan is obtained by partial 
deacetylation of cbitin, which is extracted from the sheils 
of edibfe shrimps and crabs suitable for human use. Its 
degree of deacetylation Is NIT 70.0% and NMT 95.0%. 

IDENTIFICATION 

• A. INFRARED ABSORPTiON (197A) 

• B. 

Sample: 0.2 g of Chitosan powder 
Analysis; Add 80 g of water to the Sample, and stir 
briefly to obtain a dispersion. Separateiy prepare a 
glycolic add solution by dissoMng 0.1 g of glycolrc acid 
in 20 g of water. Add the solution in one step to the 
dispersion. Stir the mixture gently at room temperaturę 
until it becomes a elear solution. [Notę —It takes ap- 
proximately 30-60 min to obtain a dear solution.] Add 
5 g of a 0,5% sodium lauryt sulfate aqueous solution to 
the elear solution. 

Acceptance critena: A gelatinous mass is formed. 

AS5AY 

• Degree of Deacetylation 

[Notę—I f tetramethylsilane is not used as the NMR refer¬ 
ence, a suitable signal of the solvent itself can be used 
as a reference.] 

Solvent: Deuterated formie add 
NMR reference: Tetramethylsiiane 
Sample solution: Into a 20-mL scintiilation viai witli a 
screw cap, dissofve 5-10 mg of Chitosan in deuterated 
formie add, eontaming 0.5%-1.0% of tetramethylsi¬ 
iane, to obtain 1 ml of solution, Tightly dose the vial, 
and dissolve Chitosan using a magnetic stirrer. To com- 
pietely dissolve takes it about 48 n; the stirring is 
stopped when a elear solution with a high viscosity is 
obtained. Break up any clumps formed during the dis- 
solution process with a spatula, if necessary. 

Analysis 

Sample: Sample solution 

Transfer 0.5-1.0 ml of the Sample solution to a stan¬ 
dard 5-mm NMR spinning tubę, Proceed as drrected 
in Nudear Magnetic Resononce Spectroscopy <761 ), Rei - 
ative Method of Quantitation t scannlng tne region 
from 0-7 ppm, and using the calculation formulas be- 
Iow. Record as At the average area of the composite 
band from about 6-3 ppm, representing the seven 
protons with oxygen neighbors in the sugar ring. Re¬ 
cord as A2 the average area of the signals at about 
2 ppm, due to the methyl groups of the acetyl units, 
with reference to the tetramethyisilane singiet at 
0 ppm. 

Calculate the percentage of deacetylation degree, by 
weight, in the Chitosan taken: 

Result = {1 - [(7 x Ą?)/(3 x At)] x 100 


Acceptance critena: The degree of deacetylation is NLT 
70.0% and NMT 95.0%. 

IMPtmiTIES 

* Residue on Icnition (281): NMT 1.0% 


Deiete the folfowing: 

•• Heaw Metals, Method fil (231): NMT 10 ppm, (OffltUl I* 

IHł-MlSJ 

* LIMIT OF iEAD, MERONY, CHROMIUM, NlCKEL, CADMIUM, 

AND ARSENIC 

65% Nitric acid: Use ultra tracę nitric add, 65%-70% 
HNOj, ACS reagent grade. 

Interna] standard: Transfer 0.2 mL of a solution eon- 
taining 1000 ppm of yttrium [Notę —Yttrium ICP stan¬ 
dard Solutions are commercially avallable. ! ] and 0.2 mL 
of a solution containing 1000 ppm of lutetium [Notę— 
Lutetium ICP standard Solutions are commercially avatla- 
ble. 2 ] to a 100-mL volumetric fiask, add 1 mL of 6S% 
Nitric add, dilute with water to volume, and mix. 

Blank standard: Transfer 1.0 mL of the Iniemal standard 
to a 100-mL yolumetric fiask, add 1 mL of 65% Nitric 
acid , dilute with water to volume, and mix. 

Standard Solutions: Transfer 0.1 mL of a solution con¬ 
taining 10 ppm of each of lead, mercury, chromium, 
nickel, cadmium, and arsenie [NOTĘ—Multi-element ICP 
standard Solutions are commercially available. 3 ] to a 
100-mL volumetric fiask, add 1 mL of the Internol stan¬ 
dard and 1 ml of 65% Nitric acid , and dilute with water 
to volume (Standard solution 0.01 ppm). Transfer 0.1 ml 
of a solution contamina 10 ppm of each of lead, mer¬ 
cury, chromium, nickel, cadmium, and arsenie to a 
1000-mL voJumetric fiask, add 10 mL of the internol 
standard and 10 mL of 65% Nitric acid , and dilute with 
water to vo(ume (Standard solution 0.001 ppm). 

Sample solution: Transfer 1.0 g of Chitosan to a clean, 
dry, 100-mL Kjeldahl fiask. [Notę —A 300-mL fiask may 
be used if the reaction foams excessively.] Gamp the 
fiask at an angle of 45°, and add a sufficient guantity of 
a mixture of 8 mL of suffuric add and 10 mL of nitric 
acid to molsten the substance thoraughfy. Warm gently 
until the reaction commences, ailow the reaction to 
subside, and add portions of the same acid mixture, 
heating after each addition, until a total of 18 mL of the 
acid mixturę has been added. Increase the amount of 
heat, and boil gently until the solution darkens. Cool, 
add 2 mL of nitric add, and heat again until the solu¬ 
tion darkens. Continue the heating, folbwed by addi¬ 
tion of nitric add until no further oarkening occurs, 
then heat strongly to the production of dense, white 
fumes, Cool, cautlously aad 5 mL of water, boil gently 
to the production of dense, white fumes, and continue 
heating until the volume is reduced to a few mL. Cool, 
cautlously add 5 mL of water, and examine the color of 
the solution. (f the color is yeilow, cautiousfy add 1 mL 
of 30% hydrogen peraxide, and again evaporate to the 
production of dense, white fumes and a volume of 
2-3 mL. If the solution is still yeilow, repeat the addition 
of 5 mL of water and the peroxide treatment. Cool, di¬ 
lute cautlously with a few mL of water, rlnse into a 
20-mL volumetric fiask, and dilute with water to vo1- 
ume. Transfer 5.0 mL of digestion solution to a 100-mL 
volumetrtc fiask, and retain the remaining digestion so¬ 
lution for use in the Limit of Iron, Add 1 mL of the Inter¬ 
na/ standard to the 100-mL volumetric fiask, dilute with 
water to volume, and mix. 

1 A suitable yurium ICP standard is awailabte from LGC Promochem (www. 
Igcpromochem.com) or from Merck KG a A, Frankrurter Str. 250, 64295 Darm¬ 
stadt, Germany. 

- A suttabie lutetium ICP standard is available from LGC Promathem (www. 
Igcpromodiem.com) or from Merck KGaA, Frankfurter Str. 250, 64295 Darm¬ 
stadt, Germany, 

1 Suitable multl-eiement ICP standard Solutions are avatlable from LGC 
Promochem (www.fgcpromochem.com) or from Merck KGaA, Frankfurter Str, 
250, 64293 Darmstadt, Germany. 
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Blank solution: Prepare the blank digestion solution, 
foli owi ng the preparation procedurę for the Sample so- 
lution, but without using Chitosan. Transfer 5.0 mL of 
blank digestion solution to a 100-mL volumetric fiask, 
and retain the remainrng digestion solution for use rn 
the limit of Iron. Add 1 mL of the Interna! standard to 
the 100-mL volumetric fiask, dilute with water to vol- 
umą and mix. 

Enstrumental conditions 
(See Plasma Spectrochemistry (730),) 

Modę: lnductivefy coupled plasma-mass spectrometer 
(ICP-MS) 

Spectrometer: CJuadrupole mass spectrometer 
Detector: ion detector maintained under vacuum 
Other requirements: The instrument should read all 
isotopes for the following elements shown in labie 1, 
for the yttrium interna! standard (89 amu) and the lu- 
tetium internal standard (175 and 176 amu), and 
should report the total element contents using the 
most na tu rally abundant isotopes. 


Table 1 


Element 

Isotope (amu) 

Lead 

208 

Mercury 

201 

202 

Chromium 

53 

Nickel 

58 

60 

Cadmium 

114 

Arsenie 

75 


Analysis 

Samples: Blank standardStandard Solutions , Sample sc* 
lution, and Blank solution 

Instrument performance must be verified to conform 
to the manufactureds specifications for resolution and 
sensitivity Ł Before analyzing samples, the instrument 
must pas s a suitable performance check. Perform the 
evaluation using instrument software such as correc- 
tion equations for interferences and ta king the Inter¬ 
nat standard Sn to aceount Cenerate the cali brat ion 
curve using the Blank standard, Standard solution 
0.001 ppm, and Standard solution 0.01 ppm: the linear 
regression coefflcient is NLT 0.999. 

Aspirate the Blank solution and Sample solution, respec- 
tively, at least in duplicate, and report the average 
readjng as each element content of the sample. De- 
termine the concentration Ce, in ug/mL, of each ele¬ 
ment in the Blank solution, and also determine the 
concentration Cs, in pa/mL, of each element in the 
Sample solution using the calibration curve, 

Calculate the guantity, in pg/g, of each element in the 
portion of Chitosan taken: 


Table 2 (Continued) 


Element 

Acceptance Criteria 
(ppm) 

Cadmium 

NMT 0.2 

Arsenie 

NMT O S 


• LIMIT OF IRON 

65% Nitric add: Use ultratrace nitric arid, 65%-70% 
HNOj, AC5 reagent grade. 

Blank standard: Prepared as directed in the Limit of 
Lead, Mercury, C hromium, Nickel, Cadmium, and Arsenie 
Standard stock solution 100 ppm: Immediately before 
use, dilute an appropnate amount of iron standard 4 
with a solution of 65% Nitric add (1 in 100) to prepare 
an addic solution containtng the equivalent of 100 pg/ 
mL of iron. 

Standard Solutions: Separately transfer 0.1 and 0.5 mL 
of Standard stock solution 100 ppm to 100-mL vofumet- 
ric flasks, dilute with a solution of 65% Nitric add (1 in 
100) to volume, and rmx, These Solutions contain, re- 
spectively, 0.1 and 0.5 pg of iron/mL (Standard solution 
0,1 ppm and Standard solution 0.5 ppm). 

Sample solution: Transfer 10,0 mL of the digestion so¬ 
lution from the test for Limit of Lead, Mercury, Chro- 
mium , Nickel, Cadmium, and Arsenie to a 100-mL volu- 
metric fiask, dilute with water to volume, and mix. 
BEank solution: Transfer 10.0 mL of the blank digestion 
solution from the test for Limit of Lead, Mercury ; Chro- 
mium, Nickel Cadmium, and Arsenie to a 100-mL vo!u- 
metric fiask, dilute with water to volume, and mtx, 
Instrumental condltions 
(See Plasma Spectrochemistry (730).) 

Modę: Jnductively coupled plasma-atomie emission 
spectrometer (ICP-AE5) 

AnalytrcaE wavelength: 238.040 and 239.562 nm 
with the settings optimized as directed by the 
manufacturer 
Analysis 

Samples: Blank standard. Standard Solutions, Sample so¬ 
lution , and Blank solution 

Instrument performance must be verified to conform 
to the manufactureris specifications for resolution and 
sensitivity, Before anaiyzing samples, the instrument 
must pass a suitable performance check. Cenerate 
the calibration curve using the Blank standard, Stan¬ 
dard solution 0.1 ppm, and Standard solution 0.5 ppm: 
the linear regression coeffident is NLT 0.999, 

Aspirate the Blank solution and Sample solution, respec- 
tively, at least in duplicate, and report the average 
reading as the iron content of the sample. Determine 
the concentration Cs, in pg/mL, of iron in the Blank 
solution, and also determine the concentration Cs, in 
ug/mL, of iron tn the Sample solution using the cali¬ 
bration curve. 

Cafculate the guantity, in pg/g, of iron in the portion 
of Chitosan taken: 


-C 


Result = [(Cs » Q)/W] xFxV 

F = dilution factor, 4 
V = volume of the Sample solution, 100 mL 
W = weight of the Chitosan taken to prepare the 
Sample solution (g) 

Acceptance crfterla: See Tobie 2, 


Table 2 


Element 

Acceptance Crlteria 
(ppm) 

Lead 

NMT 0,5 

Mercury 

NMT 0.2 

Chromium 

NMT 1.0 

Nickel 

NMT 1.0 


Result = [(Cs - C 3 )/W\ xFxV 

F = dilution factor, 2 
V = voiume of the Sample solution, 100 ml 

W = weight of the Chitosan taken to prepare the 

Sample solution (g) 

Acceptance eriteria: NMT 10 ppm of iron 
• Limit of Protein Content 

Control solution A: 1.0 mg/mL of bovine serum 
albumin 

Control solution B: 0,1 mg/mL of bovine serum 
albumin 

4 Suitable iron standard* are avaJlable from ICC Promoehem (www.lgc- 
promochem.com) (Single element standard for ICP, Iron 10,000 pg/ml dilute 
nitric add) or from Merck KGaA, Frankfurter Str. 250 H 64293 Darmstadt, Ger¬ 
many (Iron 1CP standard, 10000 mg/L in 10% nitric add). 
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Sample solution C: Dissolve 100 mg of Chitosan in 
4 ml of 100% formie add, mix, and stir for about 48 b 
at room temperaturę using a magnetic stlrrer. This solu¬ 
tion contains 25 mg/ml of Chitosan in 100% formie 
add, 

Sample Solutions D, E, f: Dilute aliquots of the Sampie 
solution C with water to obtain the fol łowi ng Solutions 
with concentrations of 2.5 mg/ml of Chitosan in 10% 
formie add, 0.5 mg/ml of Chitosan in 2% formie add, 
and 0.25 mg/ml of Chitosan in 1% formie add, 
respectively* 

Motetu lar weight standard preparation C: Use a 
commercially avai1able preparation of apparent mofecu- 
lar weight protein standards of 10,000-190,000 Da dis- 
so(ved En the loading buffer consisting of 50 mM of 
trfs(hydroxymethyl)aminomethane hydrach loride (pH 
6.8), 5 mM of ethyienediaminetetraaeetic add, 10 mM 
of dithiothreitoi [Notę—A 2%-5% solution of beta-men 
captoethanol can be used to replace dithiothreitoi], 1% 
(w/v) sodium dodecyl sulfate, and 10% (w/v) glycerol- 
[NOTĘ—A protein ladder eontaining the following mo- 
fecular weight standards in 10, 15, 20, 25, 40, 50, 60, 
85, 120, and 190 KDa or other appropriate combina- 
tions can be used.] 

Sampie buffer: Transfer 666 mg of tris(hydroxymethyJ- 
)aminomethane hydrochloride, 682 mg of tris(nydroxy- 
methyi)aminomethane, 800 mg of lithium dodecyl suf- 
fate, ć mg of ethyienediaminetetraaeetic add, 4 g of 
glycerol, 0,75 mL of 1% solution of Coomassie btue 
G250, and 0.25 ml of 1% solution of phenof red to a 
10-mL volumetric fiask, add 8 mL of water to the fiask, 
and mix. If necessary, adjust with hydrochloric acid or 
sodium hydroxrde to pH of 7.2, Di lute with water to 
volume. [Notę—S torę the buffer at 4°. It is stable for 6 
months when stored at 4°.] An equivalent commercially 
availab!e buffer can also be used. 0 
Running buffer: Prepare a solution eontaining 1 M of 
tns(hydroxymethyl)aminometbane, 1 M of 
2-(4-marpnolfnyl) ethanesulfonic acid, 20.5 mM 
ethyienediaminetetraaeetic acid, and 69.3 mM dodecyl 
sodium sulfate in water. If necessary, adjust with hydro- 
chioric acid or sodium hydroxide to pH of 7*3. An 
equiva!ent commercially available appropriate SDS run¬ 
ning buffer can be used. 7 

Rxing solution; A solution eontaining 40% ethanol and 
10% acetic acid 

Sensitizing solution: Transfer 10 ml of a solution 
mainly eontaining 10%-20% of 2-(4-morpholinył) eth¬ 
anesulfonic acid, 0.1%-1.0% of sodium hydroxide, and 
7%-13% of N,W-dimethy[formamide into a 100-ml vol- 
umetric fiask, add 30 mL of atcohol, and difute with 
water to voJume, Alternativefy, folio w the instructions of 
a commerdaiiy availabie silver staining kit 0 to prepare 
the Sensitizing solution , Staining solution , and Ueveloping 
solution. 

Staining solution: Transfer 1.0 ml of a solution mainly 
eontaining 1Q%-30% of sifver nitrate into a 100-mL 
voiumetric fiask, and difute with water to volume. 
Developlng solution: Transfer 10 ml of a solution 
mainly eontaining 10%-30% of sodium carbonate into 
a 100-mL volumetric fiask, add 1 drop of a solution 
eontaining 30%-60% of formaldehycle, and di lute with 
water to vo!ume* 

Stopping solution: A solution eontaining 1G%-30% of 
ethyienediaminetetraaeetic acid and 10%-30% of 
tris{hydroxymethyl)-aminomethane. A Stopping solution 
is commercially availabie and included in a siiver stain¬ 
ing kit. 

i A suitabfe mol ecu lar weight standard preparation is avaiteble as BenchMark 

Preslained Protem Lad der from fnvitrogen, product number: 10748010. 

° A suitable sample buffer is avai|able as 4X NuPAGE LDS sampie buffer from 

lnvitrogen, product number: MP0007. 

7 A suitable running'buffer h avai!able as NuPAGE MES SDS Running Buffer 

from lnvftroqen, product number; NP00D2* 

B A suitable silver staining kit is availabie as NuPAGE 5ilver Staining Kit from 

lnvitrogen, product number: LC6070, 


Analysis: Mix 75 [iL each of Sample Solutions C, D, £, 
and Fwith 25 pL of the Sample buffer, and ineubate at 
70° for 10 min. In a suitable device for polyacrylamide 
gei efectrophoresis (see Biotechnology-Deńved Articles — 
Polyacrylamide Ce/ Eiectrophoresis (1056)) add appropri¬ 
ate volumes of the Running buffer in the upper and the 
lower buffer chambers, Attach a 4%-12% gradient BEs- 
Tris ready-made polyacrylamide gel sandwiched be- 
tween two glass piates, such that the wells for sample 
application are exposed to the Running buffer in the up¬ 
per buffer chamber. 

Separately apply equai volumes (about 20 pL) of each 
of the treated Sample Solutions C f D, E f and F f ControI 
solution A, and Contro/ solution B on to sępa ratę lanes; 
apply equal volumes (about 10 pi) of the Molecular 
weight standard preparation G to both sides of the gel 
[Notę —Do not apply any solution in the outside 
lanes*] Connect the tower buffer chamber electrode to 
the positive terminal and the upper buffer chamber 
eiectrode to the negative terminal of a suitable power 
supply unit, and carry out the eiectrophoresis at a con- 
stant voltage of about 100 V for about 100 min, 
Remove the gel from the gel assembly, [Notę —Do not 
touch the ge! with bare hands, Use gfoves ] 

Place the get In a clean staining tray of appropriate size, 
Rfnse the gel briefly with water. Fix the gel En 100 mL 
of Fixing solution for 20 min with gen tle rotation. 
[Notę— The gel can be stored In tne Fixing solution 
overnight] 

Decant the Fixing solution , and wash the gel in 30% 
ethanol for 10 min, Decant the ethanol, and add 
100 mL of Sensitizing solution tothewashedgelin the 
staining Container. Ineubate the gel in the Sensitizing 
solution for about 10 min. [Notę —Ali jnoubations 
should be performed on a rotary shaker rotating at a 
speed of 1 revolutlon/s at room temperaturę.] 

Decant the Sensitizing solution, and wash the gel in 
100 ml of 30% ethanol for 10 min* Wash the gel in 
100 ml of water for 10 min. Ineubate the gel in 
100 ml of Staining solution for 15 min* After staining is 
complete, decant the Staining solution , and wash the 
gei with 100 mL of water for 20-60 s. [NOTĘ—Washlng 
the gel for morę than 1 min will remove the sflver ion 
from the gei resuttlng in decreased sensitivity.] 

Ineubate the gel in 100 ml of Developing solution for 
4-8 min untif bands start to appear and the desired 
band intensity is reached, 

Once the appropriate staining intensity is achieved, im- 
mediateiyadd lOmlof Stopping solution directly to 
the gel still immersed in the Developing solution. Gently 
agitate the gef for 10 min. The color changes from 
pink to colorless Indicating that the development has 
stopped* 

Decant the colorless solution, and wash the gel with 
100 mL of water for 10 min* 

Use a gel imaging system, ideally with a CCD camera, 
to record the resuits* 

Acceptance criteria: NMT 0.2% of protein 

5PECBHC TE5TS 

o Bacterial Enootoxins Test (85) 

Sample stock solution: Transfer 0.5 g of Chitosan to a 
5dmL vofumetric fiask, add LAL Reagent Water- and 
4.6 mL of 1 N hydrochloric acid, dilute with the LAL 
Reagent Waler to voJume, and mix well. Ineubate this 
solution in a water bath at 40° for 48 h* 

Sample solution: Dilute the Sample stock solution to 
1:50 with LAL Reagent Water, induding diiution 1:2 
with a /3-glucan blocker* 9 10 

9 Use Sterife Water for Injection or other water that shows no reaction with 

the specifEc LAL Reagent with which il is to be used, at the limit of sensitivity 

of such reagent 

10 Avai!able rrom Cambrex Europę s.p.r.t., Verviers # Belgium; Charles River, 

www.criver.com; or alt the major LAL manufacturers. 


NF Monographs 





onograpns 


7604 Chitosan / Offtcial Monographs 


NF 35 


Acceptance criteria: The level of bacterial endotoxins ts 
such that the reguirement under the relevant dosage 
form monograph(s) in which Chitosan is used can be 
met, Where the label States that Chitosan must be sub- 
jected to further processing durlng the preparatron of 
wound dressing dosage forms, the level of bacterial en- 
dotoxins is sucn that the reguirement under the rele- 
vant dosage form monograph(s) rn which Chitosan is 
used can be met. 

* ftflhGROBIAL Enumeration Tests (61) and Tests for Speci- 

FiED fUllCROORGANISMS (62) 

Sample: Prepare a solution (1 in 50). 

Acceptance criteria: The total aerobic microbtal count 
does not exceed 10 3 cfu/q, and the totaf combined 
moids and yeasts count does not exceed IG 2 cfu/g. It 
meets the requirements of the tests for absence of Pseu^ 
domonas aeruginosa and Staphyiococcus aureus. 

® Apparent Average MOLECULAR Weight and Molecular 
weight Distribution 

[Notę—T h is test is applicabie to Chitosan of an average 
molecular weight of NMT 1,000,000 Da. In the follow- 
ing test an apparent average molecular weight is 
determined.] 

Mobile phase: Transfer 12.75 g of sodtum nitrate to a 
1000-mL volumetric fiask containing 800 ml of water, 
add a suitable amount of formie acid, dilute with water 
to volume, mlx well, and make a concentration of for¬ 
mie aeid of 0.5 M. The Mobile phose contains 0.15 M 
sodium nitrate in 0,5 M agueous formie acid. 

System suitability solution: 1.0 mg/mL of ethyiene gly- 
col in Mobile phase 

Standard Solutions: Prepare severai sets of mixtures, 
containing ten polyethylene glycol (PEG) standards of 
different known mofecuiar weight, which are used to 
cover the molecular weight rangę from about 200 to 
1,100,000 g/mol. 11 [Notę—T hese standards eould be 
mixtures of polyethylene glycoJs and polyethylene ox- 
ides.] Prepare each set of PEG molecular weight stan¬ 
dards to nave a known concentration of about 1.0 mg/ 
mL for each standard in Mobile phase * Al Iow the Stan¬ 
dard Solutions to stand at room temperaturo for at least 
8 h. Do not filter before use, 

Sample solution: Prepare a solution containing 1.0 mg/ 
ml of Chitosan in Mobile phase. Cap, and mix weiL 
Aflow the solution to stand at room temperaturę for at 
least 12 h. Pass the chitosan solution through a mem¬ 
branę filter of 0.45-jjm porę size, discard an appropriate 
volume of the rnitiai filtra te, and use the rest of the 
fiftered solution for analysis. 

Chromatographic system 
(See Chromatograpny (621), System Suito bili ty.) 

Modę: LC 

Detector: Refractive index 
Detector temperaturę: 3 5° 

Columns: 7.5-mm x 30-cm analytfcal coiumn, 10-jim 
packing L38; and two 7.5-mm x 30-cm analyticaJ col¬ 
umns; 1 7-pm packing 138 

Flow ratę: LG mL/min for System suitability solution; 
and 0,5 mL/min for Standard Solutions and Sample 
solution 

Injectlon size: 20 liL for System suitability solution; and 
100 pL for Standard Solutions and Sample solution 
System suitability 

Samples: System suitability solution and Standard 
solution 

Suitability reguirements 

Platę count: NLT 80% of the value that is certified 
by the coiumn manufacture for new columns, deter- 
mtning the piąte count for the ethyiene glycol peak. 
System suito bil i ty solution 

I 11 Suitable polyethylene glycol molecular weight standards are ayailable as 
ReadyCal klts from Polymer Standards Semce (PSS), www.polymer.de. 


Resolution: NLT 1.7 between the PEG standards, 
Standard solution. [Notę —The resolution between 
the PEG standard with a molecular weight of 1,000, 
000 Da and its adjacent PEG standard should be 
NLT 1,0 if 1-7 cannot be met,] 

Analysis 

Samples: Standard Solutions and Sample safution 
Delermine elution peak maxima and corresponding 
retention volumes (elution volume), V Pf for the ten 
PEG standards, corresponding to the spedfied mo¬ 
lecular weight, M P/ at the peak maxlmum of the 
standards. 

Molecular weight callbration: Analyze each poiyeth¬ 
ylene glycol standard, and use a suifcable gel-perme- 
ation chromatography or size-exclusion chromatogra- 
phy (GPC/SEC) software, or an equivalent data 
handling system, to compute the data and calibra- 
tion, PEot log Mp for each standard in the Standard 
Solutions versus its retention volume, V Pf in mL, at 
each standard peak maxlmum, and construct the best 
polynomial linę fltting the ten points. 

Data analysis for sample: [Notę —Based on the PEG 
molecular weight caiioration curve, calculate the mo¬ 
lecular weight and molecular weight distribution of 
Chitosan using the słice by slice method.j 
Analyze the Chitosan sample by identifying retention 
yolumes V 0 and 14 corresponding to the beginning 
and end of the Chitosan chromatogram. The base- 
line between V a and 14 Is assumed to be linear. 

[Notę —Draw a straight linę between V a and 14,.] 

Data analysis is based on a suitable GPC/SEC Com¬ 
puter software or a reahtime data aeguisition system 
with either off-line or on-line data processing that is 
able to provlde a means of determining chromato¬ 
graphic peak heights or Integrated area segments as 
prescribed Inten/als under the SEC chromatogram 
and handling and reportfng the data. The foflowing 
describes the data processes which can either be 
computed by the GPC/SEC software or by an eouiv- 
alent data processing system. Upon acquisition, han¬ 
dle the data under tne Chitosan elution peak in dis- 
crete segments Ą, integrated area slices, or as 
dlgitlzed chromatogram heights H r by recording the 
yertical dlspfacements between the chromatogram 
tracę and the baseiine at elution volume, 17, over 
designated interva!s, A minimum of 40 area seg¬ 
ments or heights are reguired, Obtain the corre¬ 
sponding value of Mi for Chitosan based on its elu¬ 
tion volume, \4 from the molecular weight 
calibration curve obtained in Molecular weight 
caiibration. 

Calculate the number-, and weight-average molecular 
weights, M n and M Wi in g/mol, respectively, using 
the following formulas. 


ZA 

M ^- 


A 

Mi , 


/=1 


Z(A*^) 

K=^ - 

ZA 


If the elution volume internal AV t , for Enstance, V 2 - Vi 
- Vj - V h etc, is constant; parameters A and H are 
the chromatographic peak slice area and Chitosan 
molecular weight associated with the elution vol- 
ume, Vf t and N is the number of data points ob¬ 
tained from the chromatogram between V 0 and V b 
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(N > 40). [Notę — U N is suffidently large, the use of 
area segments Ą or peak heights H, will yield equiva- 
lent resuits.] 

Calculate the molecular weight distribution or 
polydispersity For Chitosan using the foliowi ng 
expression: 

Result = MJM n 

Acceptance criteria; The values of apparent weight- 
average molecular weight and polydispersity are NLT 
85% and NMT 115% of their respective vafues stated 
on the label. 

* Loss ON Drying (731): Dry 1.0 g in an oven at 

100 c -105° for 7 h: it loses NMT 5.0% of its weighL 

ADDITIONAL REQUIREMENT5 

* Fagkaging and Storage: Preserve in light-resistant and 

well-dosed containers in a dry place, and storę at a tem¬ 
peraturę below 30°. 

* Labeling: Label it to fndicate its apparent weiqhbaverage 

molecular weight, M Wł and polydispersity (MjMn)* Where 
Chitosan is intended for use in the manufacture of 
wound dressings, it is so labeled. Where Chitosan must 
be subjected to further processing during the preparation 
of wound dressings, It is so labeled. Label to mdicate the 
natural source from which Chitosan is denved. 

* USP Reference Standaros (11) 

U5P Chitosan RS 
USP Endotoxin RS 


Chlorobutanol 



C 4 H 7 CI 3 O 1 77.46 

QH 7 CI 3 0 • YiHzO 186,46 

2 -Propanol, 1 , 1,1 -trich 1 o ro- 2 -m ethyk 
1 # 1 „ 1 -Trich loro-2-rnethy l-2-propanof [57-15-8]. 

Hemfhydrate [6001-64-5]. 

DEFINITION 

Chlorobutanol is anhydrous or contains NMT one-half mole- 
cule of water of hydration. It contains NLT 98.0% and 
NMT 100.5% of chlorobutanol (C 4 H/CI 3 O), catculated on 
the anhydrous basis. 

IDENTIFICATION 

* A. INFRARED ABSORPTION (197K) 

* R. The retention time of the chlorobutanol peak of the 

lampie solution corresponds to that of the Standard solu¬ 
tion, as obtained in the Assoy. 

A5SAY 

* Procedurę 

Standard solution: 10,0 mg/mL of USP Chlorobutanol 
RS and 15.0 mg/mL of 2,2,2-tnchloroethanol {interna! 
standard) in n-nexane 

Sample solution: 10,0 mg/mL of Chlorobutanol and 
15.0 mg/mL of 2,2,2-trichloroethanol (internaI stan¬ 
dard) in n-hexane 
Chromatographic system 
(See Chromatograpny (62l) t System Suitability,) 

Modę: CC 

Detector: Flame ionization 

Cofumn: 0.32-mm x 30-m fused silica; coated with a 
0.25-pm layer of stationary phase Cl 6 


Temperatures 
Injection port: 260° 

Detector: 280° 

Column: 135° 

Carrier gas: Helium 
Flow ratę: 1.0 m L/m En 
Injection volume: 1 pL 
Injection type: Split injection, split ratio 10:1 
Run time: 12 min 
System suitability 
Sample: Standard solution 

[Notę —The relative retention times for chlorobutanol 
and 2,2,2-trichioroethanol are 1.0 and 13, 
respeetively.] 

Suitability requirements 

Resolution: NLT 5 between the chlorobutanol and 
2 , 2 , 2 -tnchloroethanol peaks 
Tailing factor: NMT 1.5 for the chlorobutanol peak 
Relative standard deviation: NMT 0.3% for peak 
area ratio of chlorobutanol to the internal standard 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of chlorobutanol (C 4 H 7 CI 1 O) in 
the portion of Chlorobutanol taken: 

Result ^ (Ru/Rj) x (G/G) x P x 1 00 

Ru = peak area ratio of chlorobutanol to the 

interna! standard from the Sample solution 
- peak area ratio of chlorobutanol to the 

internal standard from the Standard solution 
Ci = concentration of USP Chlorobutanol RS in the 
Standard solution (mg/mL) 

G - concentration of Chlorobutanol in the Sample 
solution (mg/mL) 

P - labefed purity of USP Chlorobutanol RS 
Acceptance cnteria: 98.0%-100.5% on the anhydrous 
basis 

IMPURITIES 

* CHLORIDE 

Contro! solution: 0.50 mL of 0.020 N hydrochloric add 
in a mixture of 25 mL of diluted alcohol and 1 mL of 
nitric add 

Sample solution: 0.50 g of Chlorobutanol in a mixture 
of 25 mL of diluted alconof and 1 mL of nitric add 
Analysis: To the Cent roi solution and Sample solution 
add 2 mL of silver nttrate TS, 

Acceptance criteria: 0.07%; any turbidity produted in 
the Sample solution is NMT that produced in the ControI 
solution . 

5PECIFIC TESTS 

* Water Determinateon (921), Method I: NMT 1.0% (an¬ 

hydrous form) and NMT 6.0% (hydrous form) 

* Reaction 

Sample: 0.5 q 

Analysis: Shaxe the Sample thoroughly with 25 mL of 
water. 

Acceptance criteria: The water remains neutral to 
litmus. 

* Bacterial Endotoxins Test (85): If labefed for use in 

preparing parenteral dosage forms, ft also rneets the fol- 
lowing requirements. The1evel of bacterial endotoxins is 
such that the reąuirement in the relevant dosage form 
monograph(s) in which Chlorobutanol is used can be 
met. Where the label States that Chlorobutanol must be 
subjected to further processing during the preparation of 
injectable dosage forms, the level of bactenai endotoxins 
is such that the requirement in the relevant dosage form 
monograph(s) in which Chlorobutanol is used can be 
met. 
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ADDETGONAL REQUIREMENTS 
9 Packaging AMD Storage; Preserve in tight contamers, 
a Labeling; Labei it to indicate whether it es anhydrous or 
bydrous, Where ChEorobutanol is intended for use in the 
manufacture of injectable dosage forms, it ts $o labeled, 
Where Chlorobutanoi must be subjected to further Pro¬ 
cessing during the preparation of injectabie dosage forms 
to ensure acceptable levels of bacterial endotoxins, it is 
so labe!ed. 

• U5P Reference STANDARD* * (11) 

U5P Chlorobutanol RS 
USP Endotoxin RS 


Chiorocresol 



C 7 H 7 CIO 142.58 

Phen ol, 4-chloro-3-methyl-; 

4-Chloro-m-cresol [59-50-7]. 

DEFINIT10N 

Chiorocresol contams NU 99,0% and NMT 101.0% of 
C 7 H 7 CIO (4-chloro-3-methy]phenol). 

IDENTIFICATION 
® A, 

Sample solution: Dissolve 40 mg of Chiorocresol in 
10 mL of water. 

Analysis: Add 1 drop of ferric diloride T5 to the Sample 
solution. 

Acceptance criteria: A blue cofor develops, 

* B. 

Sample: 50 mg 

Analysis: Transfer the Sample to a crudble, add 500 mg 
of anhydrous sodium carbonate, and mix. Heal the 
mixture until fused. Coof, add 5 mL of water, and boil. 
Addify with 1 mL of nitric acid, fllter, and add 1 mL of 
sitver nitra te TS to the filtra te. 

Acceptance criteria: A white precipitate is formed. 

ASSAY 
4 Procedurę 

Sample: 70 mg 
Titrimetric system 
(See Tltńmetry (541).) 

Modę: Resldual titration 
Trtrant: 0,1 N sod rum throsulfate VS 
Endpoint detection: Visual 
Analysis: Transfer the Sample to an iodine fiask, add 
30 mL of gfacral acetic acid, 25.0 mL of Od N bromine 
V5, 10 mL of potasstum bromide solution (150 mg/mL), 
and 10 mL of hydrochloric acid. 

Immedratefy insert the stopper, and alfow to stand for 
15 min, protected from light Quiddy add 10 mL of 
potassium lodide solution (100 mg/mL) and 100 mL of 
water, ta king precautions against the escape of bro¬ 
mine vapor. Immediately insert the stopper, and shake 
the mixture thoroughly. Remove the stopper, and 
rinse it and the neck of the fiask with a smali quantity 
of water so that the washing flows into the fiask. Add 
1 mL of chloroform, and shake the mixture 
thoroughly. 

Tftrate the liberated iodine with Titrant , adding 3 mL of 
starch TS as the endpoint rs approached. Perform a 
blank determination. Each mL of Od N bromine VS is 
equivalent to 3.565 mg of C 7 H 7 CIO (4-chloro- 
3-methylphenof). 


Acceptance criteria: 99.0%-l 01 . 0 % 

SPECiFSC TESTS 

* Melteng Rangę dr Temperaturę (741): 63°-6ó° 

* Limit of Nonvolatile Residue 

Sample: 1.0 g 

Analysis: Heat the Sample in a tared crudble on a 
stearn bath until it has evaporated, and dry the residue 
at 105° for 1 h, 

Acceptance criteria: NMT 0d% 

o COMPLETENESS OF SOLUTION 

Sample: 1 g 

Analysis: Transfer the Sample to a test tubę, add 0.4 mL 
of alcohol, and shake, 

Acceptance criteria: The solution es complete, 

ADDGTIONAL REQUIREMENT5 

* Packaging AMD Storage: Preserve in tight, ffght-resistant 
containers. 


Chocolate 


DEFSN1TION 

Chocolate rs a powder prepared from the roasted, cured 
kernels of the ripe seed of Theobroma cacao L. (Fam. 
Sterculiaceae). Chocolate yields NLT 10,0% and NMT 
22 . 0 % of nonvofatile ether-solubie extractrve. 

COMPOSITION 

o Content of IMonvolatile Ether-Soluble Extractive 

Sample: 10 g of Chocolate 

Analysis: Extraet the Sample with anhydrous ethyl ether 
in a continuous-extraction apparatus for 8 h. Allow the 
ether solution to evaporate spontaneously in a suitable 
tared Container, dry at 105° for 1 h, and weigh the 
nonvolatile ether-solubie extractive. 

[NOTĘ—Retain the ether-insoluble residue for the test for 
Botanic Characteristks , Total Ash, Aad-lnsoiuble Ash, and 
Crude Fiber.] 

Acceptance criteria: 1 0 . 0 %- 22 . 0 % 

CONTAMINANTS 

* Mec robi al Enumeration Tests (61) and Tests for Specl 
fieb Microorganisms (62): The total bacterial count 
does not exceed 5x10* cfu/g, and it meets the regurre- 
ments of the tests for absence of Eschehchia coli , a 10-g 
specimen being used. 

SPECIFiC TEST5 

* Botanic Characteristics 

Microscopic: It shows numerous broken parenchyma 
cells of tne cotyledons containing a reddish brown or 
purplrsh brown to yeflowish orange pigment; numerous 
starch grains; oif g [obułeś; aleurone grarns; and occa- 
sionally acicular or prismatic crystals of fat The starch 
grains are simple and two- to three-compound, the sin¬ 
gle grarns up to 15 um in diameter, and they stain 
slowfy with iodine TS. The ether-insoluble residue re- 
tained from the Content of NonvoiatHe Ether-Soluble Ex- 
tractive shows few or no fragments of cocoa shetls and 
no cereai starch grarns. 

* Articles of Botanical Origin, Total Ash (561) 

Sample: Use the ether-insoluble residue of Content of 
Nonvo!atiie Ether-Soluble Extractive. 

Acceptance criteria: NMT 8.0% 

* Articles of Botanical Origin, Acid-łnsoluhie Ash (561) 

Sampfe: Use the ether-insoluble residue of Content of 
Nonvolatile Ether-Soluble Extracłive. 

Acceptance criteria: NMT 0,4% 
o Articles of Botanical Origin, Crude Fiber (561) 

Sample: Use the ether-insoluble residue of Content of 
Nonvolaiile Ether-Soluble Extractive. 
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Acceptance criteria: NMT 7.0% 

ADDITIONAŁ REQUIREIVIENTS 

* PACKAGING and Storage: Preserve in well-closed 
contalners. 


ChoeoBafe Syrop 


DEFINITION 

Prepare Chocolate Syrup as follows (see Pharmaceuticol Com- 
pounding—Nonsterlie Preparatlons (795)), 


Chocolate 

180 q 

Sue rosę 

600 q 

Liqutd Glucose 

180 q 

Glycerin 

50 mL 

Sodium Chloride 

2 g 

Vanillin 

0 2 g 

Sodium Benzoate 

1 P 

Purified Waler. a sufficient auantity to make 

1000 mL 


MEx Chocolate and Sucrose, and to this mtxture gradually 
add a solution of Uquid Clucose , Glycerin, Sodium Chloride\ 
Vanilłin, and Sodium Benzoate in 325 mL of hot Purified 
Waler. Brsng the entEre mixture to a boi3 / and maintain at 
boiling temperaturę for 3 min. Al Iow to cool to room 
temperaturę, and add sufficient Purified Waler to make the 
proouct measure 1000 ml. 

[Notę—C hocolate containing NMT 12% of nonvolatile, 
ether-soluble extractive ("rat") yieids a Syrup having a 
minimum tendency to sępa ratę, "Breakfast Chocolate" 
contains over 22% of "fat"J 

ADDBTiGNAl REQUIREMENT5 

* Packaging and Storage: Package in tight containers, 
and avdd exposure to excessive heat. 


Cholesterol 



C 2? H^O 386.65 

Cholest-5-en-3-ol, (3 p)-; 

Cholest-5-en-3£-ol [57-88-5]* 

DEFINITION 

Cholesterol Is a steroid alcohol containing NLT 95.0% and 
NMT 102.0% of ehoie$t-5™en-3/3-ol (C Z 7H. 16 0) / calcuiated 
on the dried basis. It may contaln suitabfe stabilizers. 

IDENTIFICATION 

• A. Infrared Absorption (197A) OR (197K) 

• B. It meets the reguErements of the test for Optical Rota- 

tion (781), Specific Rotation. 

» C, It meets the requirements of the test for Melting 
Rangę or Temperaturę (741). 

ASSAY 

• Procedur e 

Standard solution: 1.0 mg/ml of USP Cholesterol RS 
and 1.0 mg/mL of pregnenotone isobutyrate (interna! 
standard) in heptane 


Sample solution: 1.0 mg/mL of Cholesterol and 
1.0 mg/mL of pregnenotone isobutyrate (Interna! stan¬ 
dard) in heptane 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: CC 

Detector: Flame ionization 

Column: 0.25-mm x 30-m capillary column bonded 
with a 0.25-pm layer of phase C2 
Temperatures 
Detector: 3G0 C 
Injection port: 285° 

Column: 275° 

Carrier gas: Helium 
Flow ratę: 2.0 mL/min 
Injection volume: 1.0 pL 
Injection type: Split ratio, 25:1 
Liner: Cup splitter liner (4 mm x 63 x 78.5) with de- 
activated woo! 

System suitability 
Sample: Stan dard solu don 

[Notę—T he re!ative retention times for pręgnenolone 
isobutyrate and cholesterol are 1.0 and 1.2, 
respectively.] 

System suitability reguirements 
Resolution: NLT 10 be twe en pregnenotone 
isobutyrate and cholesterol 

Relative standard devlation: NMT 2.0% for the peak 
response ratio of cholesterol to the internal standard 

Analysis 

Sam pies: Standard solution and Sample solution 
Calcufate the percentage of cholesterol En the portion of 
sample taken: 

Result - (RJRs) x (Cj/Q) x 1 00 

Ru = peak response ratio of cholesterol to the 
interna! standard (peak response of 
cholesterol/peak response of the internal 
standard) from the Sample solution 
Rs - peak response ratio of cholesterol to the 
internal standard (peak response of 
cholesterol/peak response of the internal 
standard) from the Standard solution 
Cs - concentration of USP Cholesterol RS in the 
Standard solution (mg/mL) 

Cu - concentration of Cholesterol in the Sample 
solution (mg/mL) 

Acceptance criteria: 95.0%—1 02.0% on the dried basis 

IMPURITIES 

o Residue on Ignikon (281): NMT 0.1% 

• Limit of Related Sterols and Other Organic Impuhities 
internal standard solution: 0.02 mg/mL of pregne- 
nolone isobutyrate (internal standard) in heptane 
System suitability solution: 0.02 mg/mL or USP Cho¬ 
lesterol RS f 0.04 mg/mL of desmosterol, and 0,02 mg/ 
mL iathosterof in Internal standard solution 
Sample solution: 2.0 mg/ml of Cholesterol in Interna/ 
standard solution 

Chromatographic system: Proceed as directed in the 
Assay. 

System suitability 

Sample: System suitability solution 

[Notę—S ee Tobie 1 for the relative retention times.] 


Tabte 1 


Name 

Relative 

Retention 

Time 

Preonenolone isobutyrate finternal standard) 

1.00 

Cholesterol 

1.23 


NF Monographs 
























onographs 


7608 Cholesterol / Official Monographs 


NF 35 


Table 1 (Continued) 


Name 

Relative 

Retention 

Time 

Desmosterol fcholesta-5,24-dien-30'On 

131 

La t hos tero 1 (5 a-thol est- 7-e n - 3 J3- 0 1) 

1.34 


System suitability requirements 
Resolution: NLT 2.0 between desmosterol and 
lathosterol 

Relatlve standard devlation: NMT 5.0% for peak re¬ 
sponse ratio of desmosterol to the internal standard 
Analysis 

Sam pies: System suitability solution and Sample solution 
An impurity, 24-dehydrolathosterol (5a-cholesta-7,24- 
dien-3/Tol), may be observed with a relative retention 
time with reference to pregnenolone isobutyrate (in¬ 
terna! standard): 1.42. 

Calculate the percentage of desmosterol or lathosterol 
in the portion of Cholesterol taken: 

Result = {Rut/RsO x (Csi/Cu) x 100 

Rut = peak response ratio of desmosterol or 

lathosterol to the internal standard (peak 
response of desmosterol or lathosterol/peak 
response of the internal standard) from the 
Sample solution 

Rst = peak response ratio of desmosterol or 

lathosterol to the internal standard (peak 
response of desmosterol or lathosterol/peak 
response of the internal standard) from the 
System suitability solutbn 

C S f = concentradon of desmosterol or lathosterol in 
the System suitability sofution (mg/ml_) 

C u = concentration of Cholesterol tn the Sample 
solution (mg/mL) 

Calculate the percentage of 24-dehydrolathosterol or 
any other unspecified organie impurity in the portion 
of Cholesterol taken: 

Result = (Rm/Rh) x (Ctf/Cu) x 100 

Rui = peak response ratio of 24-dehydrolathosterol 
or any other unspecified impurity to the 
interna! standard (peak response of 
24-dehydrolathosterol or any other 
unspecified impurity/peak response of the 
internal standard) from the Sample solution 
Rsz - peak response ratio of cholesterol to the 
internal standard (peak response of 
cholesterol/peak response of the internal 
standard) from the System suitability solution 
C %2 = concentradon of U5P Cholesterol RS in the 

Standard solution (mg/mL) 

C u = concentration of Cholesterol in the Sample 
solution (mg/mL) 

Acceptance criteria: See Tobie 2. Disregard peaks less 
than 0,05% for any unspecified impurities and any 
peaks due to solvent. 



Table 2 


Ramę 

Acceptance 

Criteria, 

NMT 

Desmosterol 

<3 

Lathosterol 

<2 

Total impurities indudino related sterots 

<5 


SPEC1FIC TESTS 

* Meltjng Rangę or Temperaturę (741): 147°-150* * 

* Optical Rotation (781), Specific Rotation 

Sample solution: 20 mg/mL, undried, in dioxane 
Acceptance criteria: -34 e to -38° 

* ACIDITY 

Sample: 1,0 g 

Analysis: Dtssolve the Sample in 10 mL of ether in a 
smali fiask, add 10.0 mL or 0.10 N sodium hydroxide, 
and shake for about 1 min. Heat gently to expel the 
ether, then boil for 5 min. Cool, dilute with 10 mL of 
water, add phenolphthalein T5, and trtrate with 0.10 N 
sulfurtc add un£il tne pink color just disappears, stirring 
the solution viqorousfy throughout the titratron. Per- 
form a blank determination (see Titiimetry (541), Resid¬ 
ua! Titratlons), 

Acceptance criteria: The difference between the num- 
ber of ml of 0.10 N sulfuric acid consumed in the 
blank and the number of mL consumed in the Sample ts 
NMT 0,3 mL. 

* LOSS ON DRYING (731) 

Analysis: Dry under vacuum at 60° for 4 h. 

Acceptance criteria: NMT 03% 

* SOLUBILITY IN ALCOHOL 

Sample: 500 mg 

Analysis: Dissolve the Sample in 50 mL of warrrt alcohol 
in a stoppered fiask or cylinder, and allow to stand at 
room temperaturę for 2 h. 

Acceptance criteria: No deposit or turbrdrty is formed. 

APPmONAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-closed, light- 
resistant containers. 

* Łabeling: Label it to indicate whether cholesterol is de- 

rived from ani mai, synthetic, or vegetable sources. For 
animal-derived sources, indicate the species and tissue 
used (for example, bovine brain and spinał cord, wool 
fat, or chicken eggs). indicate the names and amounts of 
any added stabllizers. 

* USP Reference Standards (11) 

USP Cholesterol RS 


Anhydrous Citric Acid—-see Anhydrous 
Citric Acid General Monographs 


Citric Acid Monohydrate —see Citric Acid 
Monohydrate General Monographs 


Clove Oil 


DEFINITION 

Clove Oil is the volatfle oil dislilled with steam from the 
dried flower buds of Syzygium aromaticum (L.) Merr. and 
L. M. Perry (Fam. Myrtaceae). It contains NLT 85.0% of 
totai phenolic substances, chiefly eugenol (C 10 H 12 O 2 ). 

ASSAY 

• Procedurę 

Sample: 10 mL of Clove Oil 

Analysis: Pipet the Sample into a sultable cassia fiask, 
the neck of whrch is graduated from 0-6 mL at intervals 
of 0.1 mL. Add 75 mL of 1 N potassium hydrox*de, and 
shake the mixture for 5 min. Heat for 10 min in boiling 
water, shaking the fiask at łeast 3 rimes during the 
heating. Remove the fiask from the bath, and cool to 
room temperaturę. Wlien the liguids have separated 
completely, add sufffeient 1 N potassium hydroxide to 
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raise the lower level of Lhe oify layer so that it is wlthin 
the graduated portion of the necie Measure the volume 
of the oify layer after standing for 18 h. 

Acceptance criteria: NMT 1.5 mL, indicating the pres- 
ence of NLT 85.0%, by volume, of Eotaf phenofic sub- 
stances in the Oil 

tn/spimiTiEs 


Delete the fołfowing; 

•• Heaw Metals, Method II <231): NMT 40 ag/g, (omdol 

| L tn-2DIB) 

a Limit of Phenol 

Sample: 1 mL of Clove Oil 

Analysis: Shake the Sampie with 20 mL of hot water: 
the water shows not morę than a scarcely perceptible 
add reaction with blue litmus paper Cool the mixture, 
pass the water layer through a wetted fil ter, and treal 
the dear fil tratę with 1 drop of ferrit chforide TS. 
Acceptance criteria: The miKture exhibits onJy a tran- 
sient, grayish-green color, but not a blue or violet colon 

SPECIFIC TESTS 

9 SPECIFIC GRAVITV (841): 1.038-1.060 
® Optical Rotation, Angular Rotation <781 A); It is opticalfy 
inactive or sfightly levorotatory. The angular rotatlon is 
not grater than -1,5 D . 

* REFRACT1VE 1ndex (831): 1,527-1.535 at 20° 

* Solubility IN 70% Alcohol: One vofume dissolves in 2 

vofumes of 70% alcohol. 

ADDITIOMAL REQUIREMENTS 

o [Packacing and Storage: Preserve in well-frlted, tight 
containers, and avoid exposure to excessive heat 
o Labeling: The Jabel States the Latin binomiat name and, 
following the official name, the part of the plant sourte 
from which the artide was derived. 


Cocoa Butter 


OEFINITION 

Cocoa Butter is the fat obtained from the seed of Theo- 
broma cacao L {Fam. Sterculiaceae)* 

SPECBFIC TESTS 

• Fatty Acid Composition 

Sample solution: Place 100-150 mg of Cocoa Butter in 
a 50-mL round-bottom fiask, and add 4 mL of 0.5 N 
sodium hydrox]de solutron, prepared in methanoL Add 
a few boiling chips to the fiask, connect the round- 
bottom fiask to a condenser, and boil the mixture 
under total reflux until the fat globufes go into solution. 
Add 5,0 mL of a 2.0 M borontrifluoride in methanol 
solution to the boiling mixture vra the condenser, and 
contlnue boiling for 2 min, Add 2-5 mL of chromato- 
graphic n-heptane to the boiling mixture via the eon- 
denser, and boil for another min, Remove the fiask from 
the source of heat, and remove the reflux condenser* 
Add saturated sodium chloride solution, and swirl the 
fiask gently* Add morę of the saturated sodium chloride 
solution to bring the iiquid level into the neck of the 
round-bottom fiask. Transfer 1 mL of the organie layer 
into a glass-stoppered test tubę, add some anhydrous 
sodium sulfate to remove the fast traces of water, and 
filier Use the filtrate, 

System suitability solution: I mg/mL each of methyl 
stearate and methyl oleate, in n-heptane 


Chromatographic system 

(See Chromatograpny (621), System Suitability .) 

Modę: GC 

Detector: Flame ionization 

Column: 0.25-mm x 15-m fused-sllica capillary; 0,25- 
pm stationary phase G19 coating 

Temperatura 
Detector: 250° 

Injection port: 250° 

Column: See Tobie i. 

[NotE—The components of interest elute during the 
temperaturę program* * The fi na! hołd at a temperaturę 
of 240 D serves only to fadlitate elution of higher boil- 
ing components,] 


labie 1 


Inltial 

Temperaturę 

n 

Temperaturę 

Ramp 

r/min} 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperatura 
(min) 

180 

10 

240 

5 


Carrier gas: Helium 
Linear velocity: 48 cm/s 
Injection size: 0,1 jiL 
Injection type: Split 
Split ratio: 60:1 
System suitability 
Sample: Sys tern s u i tability solu Eto n 
[Notę— The relative retention times for stearate and ole¬ 
ate are about 0.97 and 1 *0, respectiveiy.] 

Suitability reąutrements 

Resolution: NLT 1.5 between the stearate and oleate 
peaks 

Re!ative standard deviation: NMT 5.0% 

Analysis 

Sample: Sampie solution 

Measure the areas for the peaks of the methyl esters of 
the fatty acids. [NOTĘ—The relative retention times for 
palmitate, stearate, oleate, llnoleate, !ino!enate (if 
present), and arachidate are about 1.0, 1.55, 1.60, 
1.72, 1.89, and 2.30, respectivdy.] 

Calculate the percentage of each fatty acid methyl es¬ 
ter in the portion of Cocoa Butter taken: 

Resutt - x 100 

fu - response of each peak 

r T - sum of the responses of atl of the peaks 

Acceptance criteria: See Tobie 2. 


Tafole 2 


Fatty Acid 
Methyl Ester 

Relatiye 

Retention 

Time 

Percentage 

(°/°> 

Pa Em i tatę 

7.0 

23-30 

Stearate 

1.55 

31-37 

GEeate 

1.60 

31-3B 

Linolea te 

1.72 

1.6-4.8 

Lfnolenate 
(if presenO 

1.89 

0-13 

Arachidate 

230 

0-1 3 


a MELTING RANGĘ 

Analysis: Melt the materiał to be tested at a tempera¬ 
turo of SQ Q -60°. Place 50 g of the melted materiał in a 
beaker, and cool in a water bath at 25°* Stir continu- 
ously until It assumes a pasty consistency, taking care to 
avoid the inclusion of air bubbles, Place the beaker in a 
water bath malntained at a temperaturę of 32°-33 c \ 
Continue stirring until the specimen reaches the tem¬ 
peraturę of the water bath and changes to a liquid 
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cream (about 30 min), Pour the contents into another 
beaker, and allow it to solidy at room temperaturę for 
at least 2 h. Press one side or a U-shaped oapillary tubę, 
1,5 mm in diameter and 80 mm tn length with a dis- 
tance of 10 mm between both capillanes, into the solid- 
ifled specfmen. Using a very fine metal rod, push the 
coJumn down to 10 mm before the bend of the U-tube, 
Then attach the other arm of the U-tube to a precision 
thermometer (having 0.1° graduations) by suitable 
rneans, with the U-tube bend at the level of the ther¬ 
mometer bulb. Insert the thermometer into a water 
bath so that the upper edge of the materiał is at least 
20 mm below the surface, and heat as directed under 
Melting Rangę or Temperaturę (741}, Class I except, 
within 5° of the expected melting temperaturę, regulate 
the ratę of the temperaturę rise so that it does not ex- 
ceed 0,2°/min. 

Acceptance critena: The slip point (temperaturę at 
whtch the column visibfy flows toward tlie bend in the 
tubę) is 30 D -34° ł The elear melting point (clarity via 
magnifying glass) is 31°-35 c . 

■ Refractive Index (831): 1.454-1.459 at 40* * *• 

* Fats and Fixed Oils, Free Falty Acids (401): The free fatty 

acids in I0,0g of it reguire for neutralization NMT 

5.0 ml of 0.10 N sodium hydroxide (1*4% as oleić acidj. 

* Fats and Fixed Oils, lodine Vafue (401): 33^42 

* FATS and Fixed Ojls, Saponifkation Value (401): 188-198 

ADDITIONAL REQUIREMENTS 

■ Fackaging and Storage: Preserve in well-closed 

containers. 


Coconut Oil 


Coconut oif [8001-31-8], 

DEFłNITION 

Coconut Oil is the refined fixed oil of the seeds of Cocos 
nucifera L. (Fam. Palrnae). 

IDENTIFICATION 

* A. It meets the reguirements in Spedfic Tests for Fats and 

Fixed Oils, Fatty Acid Composition (401). 

lEUlPURITIES 

* Arsenic, Method It (211): NMT 0.5 pg/g 

* ALKALINE IMPURITIES 

Sample: 10 mL of Coconut Oil 
Analysis: MIx 10 ml of freshly distilled acetone and 
0.3 mL of water, and add 0,05 ml of bromophenof 
blue T5, Neutralize the solution to a green color if nec- 
essary with 0.01 N hydrochloric acid or 0.01 N sodium 
hydroxide. Add the Sample, shake, and aflow to stand. 
Titrate with 0,01 N hydrochloric acid VS to change the 
color of the upper layer to yellow. 

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochlo 
ric acid VS is reguired. 

5PECIFIC TESTS 

* Fats and Fixed Oils, Add Value (401): NMT 0.5, deter- 

mined on 20.0 g 

* FATS AND Fixed Oils, Fatfy Acid Composition (401): Coco¬ 

nut Qtl exhibits the composition profile of fatty acids, 
shown in Table h 


Table T 


Carbon-Chain 

Lenath 

Number of Double 
Bonds 

Percentage 

6 

0 

£1.5 

8 

0 

5.0-1 TO 

10 

0 

4.0-9.0 


Tobie 1 (Corrtmued) 


C arb on-Chain 
Lenetth 

Number of Double 
Donds 

Perć en togę 
<%) 

12 

0 

40.0-50.0 

14 

0 

15.0-20.0 

16 

0 

7.0-12.0 

18 

0 

1.5-5.0 

20 

0 

<0.2 

16 

1 

£1.0 

18 

1 

4.0-J 0.0 

18 

2 

1.0-3,0 

18 

3 

<0.2 

20 

i 

<0.2 


* Fats and Fixed Oils, Peroxide Vaiue (401): NMT 5,0 

* FATS AND Fixed Oils, Unsoponifiable Motter (401): NMT 

1 . 0 % 

■ Melting Rance or Temperaturę (741): 23°-26° 

* Water Determination, Method I (921): NMT 0.1%, 

50 mL of chloroform being used as the solvent instead of 
35-40 mL of methanof 

ADDITIONAL REQUIREMENT$ 

* PACKAGING AND STORAGE: Preserve in tight, light-resistant, 
well-fMled containers. No storage reguirement specified. 


Hydrogenated Coconut Oil 

Hydrogenated coconut oil [84836-98-6], 

DEFłNITION 

Hydrogenated Coconut Oif is the product obtained by refin- 
ing and hydrogenating the oil obtained from the seeds of 
Cocos nudfero L (Fam, Palmae), 

IDENTIFICATION 

* A. It meets the recjutrements in Spedfic Tests for Fats and 

Ftxed Oils, Fatty Add Composition (401). 

* B. It meets the requirements in Spedfic Tests for Melting 

Rangę or Temperaturę (741). 

IMPURITIES 

« RESIDUE on Egnition (281) 

Sample: 5 g 

Acceptance criteria: NMT 0.1% 

Detete the folio wing: 

*• Heavv Metals, Method II (231): NMT 10 pg/g* km i. 

|an201S> 

* Limit of Nickel 

Nickel standard solution: fmmediately before use, pre- 
pare the equivalent of 0.2 jug/mL of nickel by dilutmg 
10 mL of nickel standard solution TS with water to 
500 ml. 

Sample solution: Weigh 5,0 g of Hydrogenated Coco¬ 
nut Oil into a previous1y tared platlnum or silica cruch 
ble. Cautfously heat the substance, and introduce into it 
a wiek formed from twisted, ashless filter paper. Ignite 
the wiek. When the substance fgnites, stop heating* Af- 
ter combustion, rgntte in a muffle furnace at about 
600°. Continue the incineration untif a white ash is ob¬ 
tained. After cooling, with the aid of two 2-mL portions 
of diluted hydrochloric acid, transfer the resldue to a 
25-mL volumetric fiask, add 0.3 mL of nitric acid, and 
difute with water to vofume. 

Standard Solutions: Into four separate identical 10-mL 
volumetric flasks, introduce respective3y 0, 1.0, 2.0, and 
4.0 mL of Nickel standard solution . To each fiask add a 
2.0-mL portion of the Sample solution , and difute with 
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water to volume to obtain four Standard Solutions con- 
taining an added guantity of nickel of 0, 0.2, 0.4, and 
0.8 pg, respective1y. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy {852}.) 

Modę: Atomie absorption spectrophatometer, 
eguipped with a graphite fumace 
Analytical waveiength: 232.0 nm 
Lamp: Nickel hollow-cathocle 
Analysis 

Sam pies: Standard Solutions 

Concomltantly determine the absorbances of the Stan¬ 
dard Solutions at least three times each. Record the 
average of the steady readtnos for each of the Stan¬ 
dard Solutions . Plot the absorbances of the Standard 
Solutions versus the added guantity, in fig, of nickel. 
Extrapolate the linę joining the poEnts on the graph 
unii! Et meets the guantity axis. The distance betweer 
this point and the intersection of the axes represents 
the guantity of nickel, in |ig, En the 2-mL portion of 
the Sample solution. 

Calcu tatę the content of nickel in the portion of the 
sam ple taken: 

Result = [1/ x {A/V a )]/W 

V - vofume of the Sample solution, 25 ml 
A = nickel, as determined above 
V A = volume of the Sample solution added to the 
Standard Solutions, 2mL 

W ~ weight of Hydrogenated Coconut Oil taken to 
prepare the Sample solution (g) 

Acceptance criteria: NMT 1 pg/g 

« A Lit ALINĘ IMPURITIES 
Sample: 2.0 g 

Analysis: Dissolve the Sample by gently heating in a 
nrnture of 1,5 mL of alcohol and 3.0 mL of totuene. 

Add 0.05 mL of bromophenot blue TS, and titrate with 
0.01 N hydrochloric acid V5 to a yellow endpoint. 
Acceptance criteria: NMT 0.4 mL of 0.01 N hydrochlo- 
ric acid VS Is required. 

5PECIFIG TESTS 

® Melting Rangę or Tempurature {741): 30—38° 

® Fats and Fixed Oils, Add Value f Method II {401): NMT 
2.0 

e Fats and Fixed Oils, Fatty Add Composltion {401): Hy¬ 
drogenated Coconut Oil exhibits the fotlowing composi- 
tion profile of fatty aeids En Tobie 1. 


Tabk 1 


CarbonChain 

Length 

Number of 
Double Bonds 

Percentage 

6 

0 

<1,5 

8 

0 

5.0-9.0 

10 

0 

4.0-9.0 

12 

0 

44,0-52,0 

14 

0 

15.0-20.0 

16 

0 

8.0-11.0 

18 

0 

8.0-1 4.0 

20 

0 

<0.2 

>20 

0 

<0.5 

16 

1 

<1.0 

18 

1 

<1,5 

18 

2 

<0.5 

18 

3 

<0.2 

20 

1 

<0.2 


® Fats and Fixed Oils, Peroxide Value (401): NMT 5,0 
e FATS and Fixed Oils, Unsaponifiable Matter (401): NMT 
0 . 8 % 


* LOSS ON DRYING <731) 

Analysis: Dry a sample at 105 D for 4 h. 

Acceptance criteria: NMT 0.1% 

ADDITIONAL REQUBREMENT5 

• Packaging and Storage: Preserve in tight, light-resistant 
containers, and storę at a temperatura not exceeding 
55°, 


Copoyadone 



(C 6 H,NO)„ + (C,H 6 Oj) m 

Acetic acid ethenyl ester polymer with 1 -ethenyl- 
2-pyrrotidone; 

1-Vinyh2-pyrroljdone polymer with vfnyl acetale 
[25086-89-9]. 

DEFINITION 

Copovidone is a copoiymer of 1-vinyk2-pyrrolidone and 
vinyl acetate in the mass proporlion of 3:2. The nominał 
K-vaEue of copovidone as stated in the labeling is NLT 
90.0% and NMT 1 10.0%. 

IDENTIFBCATiON 
® A. iNFRARED ABSORPTION (197K) 

• B. 

Sample solution: 20 mg/mL 
Analysis: To 5 mL of the Sample solution, add a few 
drops of Eodine T5. 

Acceptance criteria: A deep red color is produced. 

A55AY 

a Procedurę i: Content of Copolymerized Vinyl Acetate 

Analysis: Determine the saponification value as directed 
under Fats and Fixed Oils (401), Saponification Value. 
Calculafe the percentage of copolymerized vinyt acetate 
in the portion of Copovidone taken: 

Result - 0.1 x (Mri/Mrz) x 5 

M t j = molecular weight of vinyl acetate, 86.09 
- molecular weight of potassium hydroxide, 

56.11 

5 = saponification vaiue 

Acceptance criteria: 35.3%—41.4% of the co po tym er- 
ized vinyt acetale component, calculated on the dried 
basis 

o Procedurę 2: Nitrogen Determination, Method U {461) 
Analysis: Proceed as directed using 0.1 g of Co- 
povidone. In the procedurę, use 5 g of a powdered 
mbeture of potassium suffate, cupric sulfate, and tita- 
nEum dioxide (33:1:1) instead of potassium suifate and 
cupric suifate (10:1); omit the use of hydrogen perox- 
ide; and heat until the solution has a elear, yellow- 
reen color and the sides of the fiask are free from car- 
onaceous materiał. Then heat for a further 45 min; 
add 20 mL of water, Enstead of 70 ml, after the second 
heating; and use bromocresof green-methyl red TS in¬ 
stead of methyl red-methylene biue TS. Titrate the dis- 
tiflate with 0.05 N sulfuric acid VS untif the color of the 
solution changes from green through pale graytsh blue 
to pale grayisn red-purple. 
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Acceptance criteria: 7.0%-8.Q% on the dried basis 

IMPURITIES 

* Residue on Ignjtion <281): NMT 0.1% 


Delete the folio wing: 



•• Heaw Metals <231) 

Sample solu tron: 100-mg/mL solution of Copovidone 
in water. [NoiE—Add Copovidone to water m smali 
portions with constant stirring*] 

Dilute standard lead solution: Standard Lead Solution 
in water (1 in 5) 

Standard solution: Sample solution and Dilute standard 
lead solution (1:5) 

Blank solution: Sampte solution and water (1:5) 
Analysis; To 12 ml eath of the Sample solution, Stan¬ 
dard solution, and Blank solution, add 2 mL of pH 3,5 
Acetate Buffer . Mix and add to 1.2 ml of 
thioacetamide-cjlycerin base TS. Mix im media tely. Ex« 
aminę the Solutions after 2 min. [Notę—I f the result is 
diffkull to judge, filter the Solutions through a suitabie 
membranę fllter of nominał 0*45-pm porę size. Carry 
out the filtration slowly and uniformly, applying moder- 
ale and constant pressure to the piston* Compare the 
spots on the filters obtained with the different 
Solutions.] 

System suitability: The reference solution shows a 
slight brown eolor compared to the Blank solution. 
Acceptance criteria: Any brown eolor in the Sample so¬ 
lution is not morę intense than that in the Standard so¬ 
lution (NMT 20 ppm),* (Official 1 B) 

* Limit of Aldehydes 

Solution A: 17.4 mg/mL of monobask potassium phos- 
phate, adjusted if necessary, with 1 N potassium hy- 
droxide to a pH of 9,0 

Solution B: Transfer a guantity of lyophillzed aldehyde 
dehydrogenase equivaient to 70 units to a glass vial, 
and dissolve in 10.0 mL of water. [Notę—T his solution 
is stable for 8 h at 4*Ą 

Solution C: 40 mg of nicotmamide adenine dinudeo- 
tide in 10 mL of Solution A, in a glass viaL [Noi^-This 
solution is stable for 4 weeks at 4°.] 

Blank solution: Water 

Standard solution: Transfer 2 mL of water at 4° to a 
glass weighing bottle, and weigh* Add 100 mg of 
freshly distillea acetaldehyde, and weigh. Transfer this 
solution to a 100-mL volumetric fiask Rinse the weigh¬ 
ing bottle with several portbns of water at 4 Q , and 
transfer each rinsing to the 100-mL volumetric fiask. Di- 
lute the solution in the 100-mL volumetric fiask with 
water at 4° to volurne« Storę at 4° for 20 h. Transfer 
1 mL of this solution to a IGO-rnL volumetric fiask, and 
dilute with Solution A to volume. 

Sample solution: 10 mg/mL of Copovidone in Solution 
A t in a 100-mL volumetho fiask. Insert a stopper into 
the fiask, heat at 60° for 1 h, and cool to room 
temperaturę. 

Analysis: Pipet 0.5 mL each of the Standard solution , 
Sample solution, and Blank solution into separate 1 -cm 
cdls. Add 2.5 mL of Solution A and 0,2 mL of Solution C 
to each celi. Cover the cells to exdude oxygen. Mix by 
inversion, and allow to stand for 2-3 min at 22 ±2°. 
Determine the absorbances of the Solutions at a wave- 
length of 340 nm. Add 0.05 mL of Solution B to each 
celi. Cover the cefls to exclude oxygen. Mix by irwer- 
sion, and allow to stand for 5 min at 22 ±2°. Deter¬ 
mine the absorbances of the Solutions at a wave!ength 
of 340 nm* 

Calcu lale the percentage of aldehydes, expressed as ac¬ 
etaldehyde, in the portion of Copovidone taken: 


Result - {[(Aw? — Aui) — (/W - Aa^j/ffAj^ — Ajr).— 
(Am-A s ,)]}x(QW)x 10 


Am = absorbance of the soiution from the Sample 
solution , after the addition of Soiution B 
Aut - absorbance of the solution from the Sample 
solution , before the addition of Solution B 
A b 7 ~ absorbance of the solution from the Blank 

solution, after the addition of Solution B 
Au = absorbance of the solution from the Blank 
solution, before the addition of Soiution B 
Asi = absorbance of the solution from the Standard 
solution, after the addition of Solution B 
Aj/ = absorbance of the solution from Ehe Standard 
solution t before the addition of Solution B 
C - concentratfon of acetaldehyde in the Standard 
solution (mg/mL) 

W = weight, calculated on the dried basis, of 
Copovidone taken to prepare the Sample 
soiution (g) 

Acceptance criteria: NMT 0.05% 

* Limit of Hydrazine 

Standard solution: 9 pg/mL of salicylaldazine and 
10 mg/mL of salicyialdehyde in toluene 
Sample solution: Transfer the eguiva!ent of 2.5 g of 
dried Copowdone to a 50-mL centrifuge tubę, add 
25 mL of water, and mrx to dis$o!ve. Add 500 jiL of a 
50-mg/mL solution of salicyialdehyde in methanol, ad- 
just the solution with 0.25 N sulfuric acid to a pH of 
about 2, swirl, and heat in a water bath at 60° for 15 
min, Allow to cool, add 2.0 ml of toluene, insert a 
stopper in the tubę, shake vigorously for 2 min, and 
centrifuge* Use the elear upper toluene fayer* 
Chromatographic system 

(See Chromatogropny (621), Thin-Layer Chromato- 
graphy .) 

Adsorbent: 0*25-mm layer of dimethyisilamzed chro¬ 
matographic sitka gel mixture 
Application volume: lOpL 

Developinq solvent system: Acetonitriie and water 
(17:3) 

Analysis 

Sam pies: Standard solution and Sample soiution 
Proceed a$ directed in the chapter. Allow the spots to 
dry, and deveiop the chromatogram in the Developing 
sofaent system until the solvent front has moved about 
three-fourths of the length of the piąte. Locate the 
spots on the piąte by examination under UV light at a 
wavdength of 365 nm: salicylaldazine appears as a 
fluorescent spot having an value of about 0.6-0.7, 
and the fluorescence of any salicylaldazine spot from 
the Sample soiution is not morę intense than that pro- 
duced by the spot from the Standard solution * 
Acceptance criteria: NMT 1 ppm 

* Limit of Peroxides 

Copovidone solution: 40 mg/mL of Copovidone in 
water calculated on the dried basis 
Sample solution: Transfer 25.0 mL of Copovidone solu¬ 
tion to a 50-mL beaker, and add 2 mL of titanium 
trichloride-suifuric add TS* Allow to stand for 30 min at 
room temperaturę. 

Blank solution: Transfer 25.0 mL of Copovidone solution 
to a 50-mL beaker, and add 2 mL of 13% sulfuric acid. 
Spectrometric conditions 
(See Ultroviolet~Visible Spectroscopy (857).) 

Modę: UV-Vts 

Analytical wavelength: 405 nm 

Celi: 1 cm 

Blank: Blank soiution 

Analysis: Determine the absorbance of the Sample 
solution . 

Acceptance criteria: The absorbance is NMT 0.35 (cor- 
responding to NMT 0.04%, expressed as hydrogen 
peroxide)* 

* Limit of Monomers (1-Vinyl-2-Pyrrolidone, Vinyl Ace¬ 
tate, AND 2-PYRROLIDGNE) 
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Solution A: Water, aceton i tnie, and methanol (90:5:5) 
Solution B: Water, acetonitrile, and methanol (50:45:5) 
Mobile phase: See Table h 


Table 1 


Time 

(mini 

Solution A 
(%) 

Solution B 
(%) 

0 

100 

0 

2 

100 

0 

26 

80 

20 

22 

0 

100 

36 

0 

100 

38 

100 

0 


Standard stock solution: 0*50 mg/mL of 1 -vlny 1-2-pyr- 
rolidone, 0.50 mg/mL of vinyl acetale, and 3*0 mg/mL 
of 2-pyrrolidone Fn methanol 

Standard solution: Standard stock solution in Solution A 
(1 in 2000) 

Sample solution: Dis$ofve 250 mg of Copovidone in 
1 mL of methanol, mix ultrasonkaily, dilute with water 
to 10 mL. If neeessary, filter to remove undissolved 
partides* 

Chroma tog raphic system 

(See Chromotograpny (621), System Suitubility.) 

Modę: LC 

Detector: UV 205 nm and 235 nm 
Column 

Guard: 4.0-mm X 2*5-em; patking LI 
Analyttcal: 4.0-mm x 25-em; 5-pm packing LI 
Column temperaturę: 30° 

Injection stze: lOpL 
Flow ratę: 1*0 ml/min 
System suitabillty 
Sample: Standard solution 
Suitabillty requirements 

Resolution: NLT 2.0 between the 2-pyrrolidone and 
vinyl acetate peaks, and NLT 2*0 between the vinyl 
acetate and 1 -vinyl-2-pyrrolidone peaks* [NOTt-Ac- 
cordfng to Lhe above operating conditions, the order 
of elution is 2-pyrrolidone, vinyl acetate, and 1-vinyl- 
2-pyrrolldone.] 

Relative standard deviatron: NMT 2.0% for each 
analyte, on replicate injections 
Anaiysrs 

Sam pies: Standard solution and Sample solution 
[Notę—A fter each injection of the Sample solution wash 
the polymeric materiał of Copovidone from the guard 
column by passing the Mobile phase through the col- 
umn backwards for 30 min at the same flow ratę,] 
Calculate the content of 1-vinyl-2-pyrrolidone in the 
portion of Copovtdone taken: 

Result = (Atą/Asa) x (CWCr) x 100 

A T a ~ 1-vinyl-2-pyrrolidone peak response from the 
Sample solution 

Asa = l*vinyl-2-pyrrolidone peak response from the 
Standard solution 

Cu = concentration of 1-vinyl-2-pyrrolidone in the 
Standard solution (mg/mL) 

C r ss concentration of Copovidone in the Sample 
solution on the dried basis (mg/mL) 

Calculate the content of vinyl acetate in the portion of 
Copovidone taken: 

Result = (Atb/Aw) x (Cja/Cr) x 100 

Atb - vinyj acetate peak response from the Sample 
solution 

Am - vinyl acetate peak response from the Standard 
solution 


Cm = concentration of vinyl acetate in the Standard 
solution (mg/mL) 

Cr = concentration of Copovidone in the Sample 
solution on the dried basis (mg/mL) 

Calculate the content of 2-pyrrolidone in the portion of 
Copovrdone taken: 

Result = ( Ak/Asc ) x ( CscJCr ) x 100 

Arc - 2-pyrrolidone peak response from the Sample 
solution 

Asc — 2-pyrrolidone peak response from the 
Standard solution 

Csc - concentration of 2-pyrrolidone in the Standard 
solution (mg/mL) 

C r = concentration of Copovidone in fhe Sample 
solution on the dried basis (mg/mL) 
Acceptance triteria: NMT 0,001% of 1 -vinyf-2-pyrroli- 
done, NMT 0.001% of vinyl acetate, and NMT 0,5% of 
2-pyrrolidone 

SPECIFIC TESTS 

• Loss ON Drying (731): Dry a sample at 105° for 3 h: it 
loses NMT 5.0% of its weight* 

• CLARITY AND COLOR OF SOLUTION 

Sample: 1.0 g 

Analysis: Dls$olve the Sample in 10 mL of water. 
Acceptance arteria: The solution is elear or slightly 
opalescent and colorless to pale yellow or pale red. 

• K-Value 

Sample solutron: Transfer a quantlty of undrted Co* 
povidane, equivalent to 1.0 g on the dried basis, to a 
100-mL volumetric fiask, and dissolve in and dilute with 
water to volume* Allow to stand for 1 h. 

Analysis: Determine the viscosity, using a capillary-tubę 
viscometer (see Viscoslty—Capillary Methods (911)), of 
this solution at 25 ± 0.2°. 

Calculate the relative K-value of Copovidone: 


Result = y300 c log z +(c+1 .5c logr)" + 

I.5clogs-^]/{0*15c + 0*003 c--)x (100/A', ) 


c - weight on the dried basis, of the specimen 
tested fn each 100,0 mL of solution (g) 
i - viscosity of the Sample solution relative to that 
of water 

Ku - nominał K-value stated on the label 
Acceptance criteria: 90.0%-110.0% 

ADDITIONAL REQUIREMENT5 

* PACKAGiNC AND Storage: Preserve in tight containers. No 

storage reguirements spedfied. 

* Labełinc: Label it to indicate its nominał K-value* 

* usp Referenci Standard* (11) 

U5P Copovidone RS 


Coriander Oil 


DEFtNmON 

Coriander Oil is the volatile oil obtained by steam distillation 
from the dried ripe fruit of Coriandrum sativum L, (Fam. 
Apiaceae)* 

IMPURITIES 


Dełete the foflowing: 

*• Heavy Metals, Method W (231): NMT 40 ppm# £0 m™i r 

jan-aOlBj 
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SPECIFIC TEST5 

* Specific Gravity (841): Between 0,863 and 0.875 

* Optical Rotation, Angular Rotation (781 A): Between +8° 
and +15° 

Refractive Index (831): Between 1.462 and 1.472 at 20° 

* Solubiuty in 70% Ałcohoł: One volume dissolves in 3 
voJumes of 70% alcohol. 

ADDiTIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tEght, Ifght-resistant 
containers, protect from light, and storę at contralled 
room temperaturę, Avoid exposure to excessive heat. 

o Labeling: The label States the Latin binomial and, follow- 
Ing the offrcial name, the part of the plant source from 
which the artide was derived. 


Corn Oil 


[8001-30-7], 

DEFINITION 

Corn Oil is the refined fixed oil obtained from the embryo 
of Zea mays L (Fam. Granmneae). 

IDENTIFICATION 

o A, It meets the requ[rements of the test for Fats and 
Fixed Oils (401), Fatty And Composition. 

IMPURITIES 

fi ALKALINE IMPURITIES 

Sample: 10 ml of Corn Oil 

Analysis: MEx 10 ml of acetone and 0.3 mL of water, 
and add 0.05 mL of bromophenol bJue TS. Neutralize 
the solution to a green color if necessary with 0.01 N 
hydroehioric add or 0.01 N sodium hydroxide. Add the 
Sample, shake, and aJlow to stand. litra te with 0.01 N 
hydroehioric add V$ to change the color of the upper 
layer to yelfow. 

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrach lo- 
ric add is required. 

Defete the fotfowing; 

Heavy Metals, Method It (231): NMT 10 ppm* (ornaai i. 

|an-20lBj 

SPECIFIC TESTS 

& Fats and F*xed Oils, Add Value (401): NMT 0.2 

* Fats and Fixed Oils, Fatty Acid Composition (401): Corn 
Oil exhibits the composition profile of fatty acids in Tabk 
h 


Table 1 


Car ban-Chain 
Lenąth 

Number of 
Double Bonds 

Percentage 

<14 

0 

<0.1 

14 

0 

<0.1 

16 

0 

S.6^16.5 

16 

1 

<0.5 

18 

0 

13-3,3 

18 

1 

20.0-42.2 

18 

2 

39.4-62.0 

18 

3 

0.5-1.5 

20 

0 

<0.B 

20 

1 

<0.5 

22 

0 

<0.3 

22 

1 

<0.1 

24 

0 

<0.4 ' 


* Fats and Fixed Oils, Peroxide Value (401): NMT 10,0 

« Fats and Fixed Oils, 5tero/ Composition (401): The sterol 
fraction of the Corn Oil contains NMT 03% of 
brassicasteroh 

o Fats and Fixed Oils, Unsaponifiable Matter (401): NMT 
1.5% 

« Water Determination, Method i (921): NMT 04%. Use 
a mixturę of equa! yolumes of decanoi and anhydrous 
methanol as the solvent 

ADDITIONAL REQUIREMENT5 

* PACKAGING AND Storage: Freserve in tight, light-resistant 

containers, and avoid exposure to excessive heat. 

o LABEUNG: Where Corn Oil is intended for use in the 
manufacture of injectable dosage forms, it is so labeled, 

« Other Requirements: For Corn Oil intended for use En 
injectable dosage forms, specified in Labeling, the re- 
guirements for Add Value , Peroxide Value, Unsaponifiahle 
Matter, and Water in Other Yehides under tnjections and 
Implanted Drag Products (1), Specific Tests , Vehides and 
aaded substances, Nonagueous yehides must be met. 


Corn Syriuip 

[8029-43-4], 

DEFINITION 

Corn Syrup is an aqueous solution of saccharides obtained 
by partial hydralysis of edibfe corn starch by food grade 
acids and/or enzymes. It contains NLT 20.0% redudng 
sugar content (dextrose equivalent) expressed as D-glu- 
cose, calculateci on the dried basis. 

IDENTIFICATION 

O A. 

Analysis: Add a few drops of a solution of Syrup (1 in 
20) to 5 mL of hot, alkafrne cuprlc tartrate T5. 
Acceptance criteria: A coptous, red precipitate of cu- 
prous oxide is formed. 

ASSAY 

fi Reducing Sugars (DEXTROSE EQUIVALENT) 

Apparatus: Mount a ring support on a ring stand 1-2 
jn above a gas burner, and mount a second ring 6-7 in 
above the first Place 64 n open-wire gauze on the lower 
ring to support a 250-mL conical fiask, and place a 4-fn 
watch glass with a center hole on the upper ring to 
deflect neat. Attach a 25-mL buret to the ring stand so 
that the tip just passes through the watch glass cen- 
tered above the fiask. Place an indirectly lighted white 
surface behind the assembly for obsemng the 
endpoint. 

Standard solution: 6 mg/ml of SJSP Dextrose R5 
Sample solution: 10 mg/mL of Corn Syrup 
Analysis: Transfer 25.0-mL portions of alkaline cupric 
tartrate T5 to each of two flasks, and boil. Immediately 
place one fiask on the wire gauze of the Apparatus , and 
adjust the burner so that the boiitng point is reached in 
about 2 min. Ti tratę with the Standard solution to 
within 0,5 mL of the anticipated endpoint Heat the 
fiask, with swirling, boil moderately for 2 min, and add 
2 drops of methylene blue solution (1 in 100). Immedi- 
ately add 2 drops of the Standard solution from the bu¬ 
ret, and bring to a boil Al Iow the cuprous oxide to 
settle slightly, and observe the color of the supematant. 
Complete the titration within 1 min by adding the 
Standard solution dropwise, and boil arter eacn addition 
to the disappearance of the blue color, as determined 
by yiewing against a white background in daylight or 
under equivalent illuminatlon. If morę tban 0.5 mL of 
the titrant is required after the addition of the mdicator, 
repeat the titration, adding the necessary volume of ti¬ 
trant before adding the indicator. Bring the contents of 
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the second fiask to a boil, and simiJarly ti tratę with the 
Sampie solution, 

CaTulate the percentage of reducing sugars as D-glu- 
cose, caleulated on the dried basis, In the portion of 
Corn Syrup taken: 

Result = (Cs/Cu) x (V$/Vu) x [1/(0.01 x A)] x 100 

Cr = concentration of USP Dextrose RS in the 
Standard solution (mg/mL) 

Qr - concentration of Corn Syrop in the Sampie 
solution (mg/mL) 

Vs - titrated volume of the Standard solution (ml) 

Vu - titrated yofume of the Sampie solution (ml) 

A = percentage of dry solids in Corn Syrup 
measured by the refractive lndex 
Acceptance cnteria; NLT 20.0% reducing sugar con- 
tent on the dried basis 

IMPURIT1ES 

9 Residue on Ignitign (281) 

Sampie: 20 g 

Acceptance crfteria: NMT 0.5% 

Dęte te the folio wing: 

** HEAVY Metals, Method II (231): NMT 5 ppm# [offklai i^n- 
2oi e> 

■ Limit of Lead 

[Notę —For the preparation of all agueous Solutions and 
for the rinsing of glassware before use, use water that 
has been passed tlirough a strong-acid, strong-base, 
mixed-bed ion-excliange resin. For digestlon, use acEd- 
cleaned, higivdensity poiyethylene, polypropylene, 
polytef, or quartz tubes. Select all reagents to have as 
Iow a content of lead as practicable, and storę all rea¬ 
gent Solutions En borosificate glass containers. Cleanse 
glassware before use by soaking in warm 8 N nitric acid 
for 30 min and rinsing with deionized water. Storę finał 
diluted Solutions in add-deaned piastic or polytef tubes 
or bottles*] 

Modifier solution: 200 mg/mL of magnesium nitrate, 
Just before use, transfer TO mL of this solution to a 
10-mL yolumetrlc fiask, and dflute with 5% nitric acid 
to vo!urne. 

Standard stock solution: Transfer 1 0.0 mL of lead ni¬ 
trate stock solution TS to a 100-mL yolumetric fiask, 
add 40 ml of water and 5 ml of nitric acid, and dilute 
with water to volume. Transfer TO mL of this solution 
to a second 100-mL yolumetrlc fiask, dilute with 5% 
nitric acid to volume, and mix. This solution contains 
Od pg/mL of lead. 

Standard Solutions: Transfer portions of Standard stock 
solution to four suitable containers, and dilute with 5% 
nitric acid to obtain Standard Solutions having lead con- 
centrations of 100, 50, 25, and 10 ng/mL, respectiveJy. 
Sampie solution: [Notę —Perform this procedurę In a 
fume hood.] Transfer 1.5 g of Corn Syrup to a digestlon 
tubę, and add 0.75 mL of nitric acid to the Lube. Warm 
the solution slowly (to avoid spattering) to 90 o -95°, 

Heat until alf brown yapors have dissipated and any 
rust-colored tint has disappeared from the tubę (20-30 
min). Coo!, add 0.5 mL of 50% hydrogen peroxide, 
dropwEse, to the solution, heat to 90°-95° for 5 min, 
ancf cool. Add a second 0.5-mL portion of 50% hydro¬ 
gen peroxide dropwlse to the solution, and heat to 
90 o -100° until elear (5-10 min). Cool, and transfer the 
solution to a 10-mL yolumetrlc fiask. Rinse the dlgestion 
tubę with 5% nitric acid, add the rinse to the yolumet¬ 
ric fiask, dilute with 5% nitric acid to yolume, and mix. 
Standard blank: 5% Nitric acid 
Sampie blank: Transfer T5 g of water to a digestion 
tubę, and proceed as dlrected for the Sampie solution , 
beginning with "add 0.75 mL of nitric acid". 


Instrumental conditions 

Modę: Gra phi te furnace atomie absorption with pyro- 
[ytically coated graphite tubes and adequate means of 
background correction 
Lamp: Lead hoflow-cathode 
Analyticaf wavelength; Lead emission linę of 283.3 
nm 

Furnace program: See Tobie 1. [NOTĘ—The tempera¬ 
turę program may be modified to obtain optimum fur¬ 
nace tempera tu res.] 


Table 1 


Step 

Dry 

Ash 

Pumę 

A tom 5 ze 

Temperaturę 

n 

200 

750 

Cool down, 
and purge 
the air from 
the furnace 
20 

1800 

Ramo tirnefO 

20 

40 

__ 

0 

Hołd timefsł 

30 

40 

60 

10 

Argon flow 
ratę ćmL/mm} 

300 

300 

300 

Argon 
gas Flow 
stopped 


Injection yolume: 20 pL 
Anaiysis 

[Notę— Use peak area measurements for all 
quantitations.] 

Samples: Add 5 pL of the Modifier solution to 20 pL 
each of the Standard Solutions , the Sampie solution, the 
Standard blank, and the Sampie blank , and mix. 
Separately inject equal volumes (about 20 pL) of the 
Samples into the instrument for anaiysis. Using the 
Standard blank to set the instrument to zero, deter- 
minę the integrated absorbances of the Standard Solu¬ 
tions, Plot the integrated absorbances of the Standard 
Solutions versus their contents of lead, in ng/mL, and 
draw the linę best fitting the four points to determine 
the caiibration turve. Similarfy determine the inte¬ 
grated absorbances of the Sampie solution and the 
Sampie blank. Correct the absorbance value of the 
Sampie solution by subtracting from it the absorbance 
value obtained from the Sampie blank. 

Calculate the concentration of lead in the portion of 
Corn Syrup taken: 

Result - (C Ł x V/W) x F 

Q = concentration of lead In the Sampie solution, 
as determined from the caiibration curve 
(ng/mL) 

V - volume of the Sampie solution, 10 mL 

W = weight of Corn Syrup taken to prepare the 

Sampie solution (g) 

F - conversion factor, 10^ 3 pg/ng 
Acceptance criteria: NMT 0.5 pg/g 

* Limit of Sulfur Dioxide 

Starch indicator solution: Mix 1 0 g of soiuble starch 
with 50 mL of co Id water, transfer to 1 000 mL of boil- 
ing water, stir untlf completely dissoived, cool, and add 
1 g of sallcylic add preservative. [Notę— Discard this so¬ 
lution after 1 montfij 
Sampie: lOOg 
Blank: 200 mL of water 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
litrant: 0,005 N iodine VS 
Endpoint detection: Visuaf 

Anaiysis: Transfer the Sampie to a 250-mL conical fiask, 
adef IGO mL of water, and mix. Cool to 5°-10°. While 
stirnng with a magnette stirrer, add 1 0 mL of cold 
(5M0 D ) 1.5 N sodium hydroxlde. Stir for an additional 
20 s, and add 1 0 mL of Starch indicator solution. Add 
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10 ml of cold (5 D -10°) 2.0 N sulfuric add, and titrate 
im media teiy with Titrant untif a light blue color persisls 
for I min. Perform a blank determination, and make 
any necessary correction, 

Calculate the concentration, fn ppm (jig/g), of sulfur 
dioxide (SO ? ) in the Sampfe taken: 

Result = [(V$ - V s ) x N x F t /W\ x f 3 

Vs = Titrant vo]ume consumed by the Sampfe (mL) 

l/a - Titrant volume consumed by the Blank (mL) 

N ~ actual normallty of the Titrant (mEq/mL) 

Fi - equivalency factor, 32.0 mg/mEq 

W = Sampfe weight (g) 

Fi - conversion factor, 10 3 ttg/mg 

Acceptance crrtena: NMT 40 pg/g 
* Absence qf Soluble Starch 

Analysis: Dissolve 1 g in 10mL of water, and add 1 
drop of iodine TS. 

Acceptance criteria: A yellow color indicates the ab- 
sence of soluble starch. 

SFECIFIC TEST5 

o Microbial Enumeration Tests (61) and Tests for Speci 
fied Microorganisms (62); The total aerobic microbia! 


count does not exceed IG 3 cfu/g, and the total com- 
blned mofds and yeasts count does not exceed 10 2 cfu/ 

o Total Sołids 

Instruraiental conditions 

(See Refractwe fndex (831).) 

Modę: Refractometer eguipped with a jacket for water 
circulation or some other mechanism for maintaining 
the sampfe at 20 ± OJ ° or 45 ± 0.1 ° 

Before proceeding with measurements, ensure that the 
sampfe and the prism have reached the eguilibnum 
temperaturę and that the instrument has been prop- 
erly checked and calibrated against a standard pro- 
vided by the manufacturer. 

Analysis: Measure the refractive index of Corn Syru p, 
anci convert the vafue to approximate percent sofids 
vafue uslng Tobie 2 and Tobie 3, [Notę— Tobie 2 covers 
the approximate total solids levefs of these products in 
commerce. If the ash or dextrose equfvalent of the sam- 
ple differs from that of the product in Tobie 2, use Tobie 
3 for the ash and dextrose equivafent correction ] 


Table 2. Reference for Converting the Refractive lntiex to Approxiinate Percent Solids 


Dextrose Eauivalent (DE 1 ) 

Dry Substance (DS) 

Refractive 
lndex 
a tza 

Ref rac!: i ve 

Bndex 
at 45* 

Degrees Baumie 
at 140° F 
(60° O + 1 

28 DE Corn syrup—0.3% ash 

76.0 

1.4888 

1.4837 

40.98 

77.0 

1.4915 

1.4864 

41.49 

78.0 

T .4943 

1.4892 

42.00 

79.0 

1.4971 

1.4919 

42.51 

80.0 

1.4999 

1A947 

43.01 

34 DE High-maltose corn syrup-— 
03% ash 

78.6 

1.4933 

1 .4882 

41.99 

79.6 

1,4960 

1.4909 

4249 

80.6 

1.4988 

1.4936 

42.99 

81.6 

13015 

1 *4964 

43,49 

82.6 

13043 

1,4992 

43.99 

36 DE Corn svruo—03% ash 

78.4 

1,4938 

1.4887 

42.01 

79.4 

1 A965 

1.4914 

42.52 

80.4 

1.4993 

1.4941 

43.02 

81.4 

13021 

1.4969 

43.52 

82.4 

13049 

1.4997 

44.02 

43 DE Hrgh-maltose corn syrup— 
03% ash 

78.9 

1.4934 

1.4883 

42.00 

79.9 

1.4961 

1.4910 

42.51 

80.9 

1.4988 

1.4937 

43.01 

81,9 

1.5016 

1.4964 

43.51 

82.9 

1.5044 

1.4992 

44.01 

43 DE Corn syrup—03% ash 

78.7 

1.4933 

1.4882 

42.01 

79.7 

1.4960 

1.4909 

4231 

807 

1.4988 

1,4936 

43.02 

817 

1 .5015 

1,4964 

43,52 

827 

13043 

1.4992 

44,01 

43 DE Corn syrup 
non-ejjchanpetT)—0.03% ash 

78,8 

1.4935 

1.4884 

41,99 

79.8 

1.4962 

1.4911 

4230 

80.8 

1,4990 

1,4938 

43.00 

81,8 

13018 

1 .4966 

43.50 

82.8 

1 3045 

1.4994 

43.99 

53 DE Corn svruo—0 3% ash 

80.5 

1.4962 

1.4917 

42.64 

81.5 

1.4989 

1.4938 

43.14 

823 

13016 

1.4965 

43.64 

833 

13044 

1,4992 

44.13 

84.5 

13072 

1.5020 

44.63 
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Table 2. Reference for Converting the Refractive lndex to Approxlmate Percent Solids (Continued) 


Dexfro$e Eauivalent (DE) 

Dry Substance (D5) 

t3a 

Refractivo 
lndex 
at 20 r 

Refractive 

Endex 
at 45" 

Degrees Ba u me 
at 140 e F 
f6Q c O + t 

63 DE Corn syrup—0.3% ash 

81.0 

1 4955 

1.4904 

42.53 

82.0 

1 4982 

1.4931 

43.02 

83.0 

13009 

1,4958 

43.52 

84.0 

1.5037 

1.4985 

44.01 

85.0 

13064 

13012 

44.50 

63 DE Corn syrup 
(fon-e?cchanQed , l—0.03% ash 

81.3 

1.4963 

1.4912 

42.60 

823 

1.4990 

1.4939 

43.10 

833 

1.5017 

1.4965 

4339 

843 

1.5044 

1.4993 

44.09 

853 

13072 

1.5020 

4438 

66 DE Corn syrup—0,3% ash 

81.0 

1.4949 

1.4898 

4236 

B23 

1.4975 

1.4924 

42.86 

83,0 

13002 

1.4951 

43.36 

84.0 

13029 

1.4978 

43.85 

85.0 

13056 

1 3005 

44.35 

95 DE Com wrup—0,3% ash 

69.0 

1.4598 

1.4550 

35.46 

70.0 

1.4621 

1.4573 

35.96 

71.0 

1.4644 

1.4596 

36.46 

72.0 

1.4668 

1,4619 

36.96 

73.0 

1.4692 

1.4643 

37.45 

95 DI Corn syrup 
(>on-exchanoed>—0.03% ash 

69.0 

1.4597 

1.4549 

3539 

70.0 

1.4620 

1.4572 

35.89 

71.0 

1.4644 

1.4595 

3639 

72.0 

K4Ć67 

1.4619 

36.89 

73.0 

1.4691 

1.4642 

3738 


Tabte 3. Ash and Dextrose Equivalent (DE) Corrections for Corn Syrop: Changes in Refraetłve lndex for an increase in Dry Substance 

(DS) 


Dry Substance (DS) 

( D &) 

1% Ash 

1 Dextrose Equivalent (DE1 

2 

0.000000 

-0.000001 

4 

0.000000 

-0,000003 

6 

0.000001 

-0.000005 

8 

0.000002 

-0.000007 

10 

0.000003 

-0.000010 

12 

0.000004 

-0.000012 

14 

0.000006 

-0.000015 

16 

0.000008 

-0,000017 

18 

0.000010 

-0.000020 

20 

0.00001 3 

-0.000023 

22 

0,000016 

-0.000026 

24 

0.000019 

-0.000029 

26 

0,000022 

-0300033 

28 

0300026 

-0,000036 

30 

0300030 

3X000040 

32 

0300034 

—0.000044 

34 

0300039 

-0,000048 

36 

0300044 

33.000052 

38 

0,000049 

33.000057 

40 

0,000055 

-0.000061 

42 

0,000061 

-0,000066 

44 

0.000068 

33.000071 

46 

0300074 

-0.000076 

48 

0300082 

-0.000081 

50 

0.000089 

-0,000087 

52 

0.000097 

-0,000093 

54 

0,000105 

-0.000099 

56 

0,0001 14 

-0.000105 

58 

0300123 

-0.000112 
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Tabl« 3, Ash and Dextrose Equivalent (DE) Corrections for* Corn Syrup: Changes in Refractive lndex for an Increase \n Dry Substance 

(DS) (Continued) 


Dry Substance (DS) 

(%) 

1% Ash 

1 Dextrose Equivalent (DE) 

60 

0.000133 

-0.000118 

62 

0 000143 

-0.000125 

64 

0.000153 

-0.0001 32 

66 

0.000164 

-0.000140 

68 

0.0001 75 

-0.000147 

70 

0,000187 

-0.0001 55 

72 

0.000199 

-0.000163 

74 

0.000212 

-0.000172 

76 

0,000225 

-0.000181 

78 

0.000239 

-0.000190 

80 

0.000253 

-0,000199 

82 

0.000268 

-0.000208 

84 

0,000283 

-0.000218 


AccepEance criteria: The total solids value is NLT 
70.0%. 

ADDITIONAL REQUIREMENTS 

® Packaging and Storage: Preserve in tight containers. No 
storage requirements spedfied, 

* Labeling; La bel it to indkate its nominał dextrose eq uiv- 

alent. Label it aiso to indicate the presence of sulfon dfox- 
ide if the residua! concentratlon is greater than 10 ppm 

(M-g/g)- 

• USP Reference Standards <11} 

USP Dextrose RS 


High Fructose Corn Syryp 

DEFINITION 

High fructose Corn Syrup is a elear aqueous soiution of 
saccharides prepared from high-dextrose-equivalent corn 
starch hydrolysate by the partiaI enzymatic conversion of 
dextrose to fructose, usfng an insoluble glucose isomerase 
enzyme preparation that complies with 21 CFR 184.1372. 
It is availabEe in two types, 42% and 55%, based on fruc¬ 
tose as a proportion of total saccharides, High Fructose 
Corn Syrup 42% contains NLT 97.0% of total saccharides, 
expressed as a percentage of total solids, of which NLT 
92.0% consfsts of monosaccharides, including 
41.0%-50.0% of fructose, and NMT 8.0% consfsts of 
other saccharides. High Fructose Corn Syrup 55% con¬ 
tains NLT 95.0% of total saccharides, expressed as a per¬ 
centage of total solids, of which NLT 94.0% conslsts of 
monosaccharides, including 54.0%-60.0% of fructose, 
and NMT 6.0% consists or other saccharides, 

IDENTIFICATION 

® A, 

Analysisr Add a few drops of a soiution (1 m 10) of 
Syrup to 5 ml of hot, aikalinę cupric tartrate TS. 

Acceptance criteria: A copious, red precipitate of cu- 
prous oxide is formed (distinction from sucrose), 

• B. It meets the reguirements of the Assoy. 

ASSAY 

» Procedurę 

Mobile phase: Water 

Standard soiution: Prepare a soiution in water, which 
contains a total of 10% (w/v) saccharide solids, using 
USP Dextrose RS, USP Fructose RS, and USP Maltose 
Monohydrate RS, in proportions that approximate, on 
the Total Solids basis, the composition ot High Fructose 
Corn Syrup to be analyzed (see Tobie 7), 


Table t 


Component 

High Fructose 
Corn Syrup 42% 

High Fructose 
Corn Syrup 55% 

USP Fructose RS 

4.2% 

5.5% 

USP Dextrose RS 

5*0% 

4.0% 

USP Maltose Mono¬ 
hydrate RS 

0.8% 

0.5% 


Sample soiution: Dilute a known welght of Syrup, de- 
termined from the result of the test for Total Śolias , with 
water to have 10% (w/v) solids. 

Chromatographic system 
(See Chromatograpny (621), System Suita bili ty.) 

Modę: LC 

Detector: Refractive index 
Coiumn: 7.8-mm x 30-cm; packing LI 9 
Temperatures 
Detector: 45° 

Cofumn: 85° 

Flow ratę: 0,6 mL/min 
injection voiume: 10 llL 
Run time: 20 min 
System suitabifity 
Sample: Standard soiution 

[Notę—T he relative retention times for maltose, dex- 
trose, and fructose are about 0.83, 1.00, and 1.32, 
respectively,] 

Suitability requirements 

Resofution: NLT 1.5 between maltose and dextrose, 
and NLT 1.5 between dextrose and fructose 
Relatrve standard deviation: NMT 1.0% for the fruc¬ 
tose peak 
Analysis 

Sam pies: Standard soiution and Sample soiution 
Inject a volume (about 10 pi) of the Sample solution f 
and measure aJI the peak areas. The elution pattern 
indudes the higher degree of polymerized saccharides 
(DP4-r), followed by trbsaceharides (DP3), maltose, 
dextrose, and fructose. The higher-molecular-wetght 
polysaccharides containing morę than 4 D-glucopyra- 
nosyl units can be integrated Ento one peak repre- 
sented by the peak of DP4+. 

[Notę—T he relative retention times for higher degrees 
of polymerized saccharides (DP4+), tri-saceharides 
(DP3), maltose, dextrose, and fructose are about 0.66, 
0.74, 0.82, 1.00, and 1.32, respectively, from the 
Sample soiution.] 
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Calculate the percentage of monosaccharides, ex- 
pressed in terms of fructose { P f ) and dextrose (Po), in 
the total solid portion of Syrup taken: 

pMi = Pf + Po 


Pf - Wre) x [Gs x Vu/(Wu x 0.01 x P iM )] x 100 


Po = (fWros) x [Cdj x W ( W u x 0.01 x Psom}] x 100 

fw = peak area of fructose from the Sampfe solution 

r n - peak area of fructose from the Standard 

solution 

Gs - concentration of USP Fructose RS in the 
Standard solution (mg/mL) 

V v - volume of the Sambie solution (ml) 

W u = weight of Syrup ta (cen to prepare the 5omp/e 

solution (mg) 

Psom = percentage of total solids in the Syrup as 
determined in the test for Total Solids 
fou « peak area of dextrose from the Sample solution 

r D $ = peak area of dextrose from the Standard 

solution 

Cos = concentration of USP Dextrose RS in the 
Standard solution (mg/mL) 

Calculate the percentage of other saccharides, P m , 
expressed in terms of maltose (Pow), tri-saocharides 
(DP3) ( Pop 3 ), and higher decjree of polymerized 
saccharides (DP4+) (Pqm+), in the total solid portion of 
Syrup taken: 

Pas = Pop? + Pdp3 + Pdps+ = [(fyi + fu? + ruj)/rs] x [G x Vul 
(W u x 0.01 x PidwJ] x 100 

r U t - peak area of maltose from the Sample solution 
ru 2 = peak area of tri-saccharides (DP3) from the 
Sample solution 

Tyj - peak area of higher degree of polymerized 

saccharides (DP4+) from the Sample solution 
rs = peak area of maltose from the Standard 
solution 

Cs - concentration of USP Maltose Monohydrate 
RS in the Standard solution (mg/mL) 

Vu = volume of the Sample solution (ml) 

W u - weight of Syrup taken to prepare the Sample 

solution (mg) 

Psem = percentage of total solids in the Syrup as 
determined in the test for Total Solids 
Calculate the percentage of total saccharides, P n , 
expressed as a percentage of total solids: 

Pts = Pm s + Pos 

Calculate the percentage of monosacchahdes in total 
saccharides: 

Resuit = (PWPn) x 100 

Calculate the percentage of fructose in total 
saccharides: 

Resuit = (Pf/Pjg) x 100 

Calculate the percentage of other saccharides in total 
saccharides: 

Resuit = (Poi/Pn) x 100 

Acceptance criteria 
For High Fructose Corn Syrup 42% 

Total saccharides: NLT 97.0%, expressed as a per¬ 
centage of totai solids. Total saccharides contarn mo- 
nosaccharides and other saccharides as follows. 


Monosaccharides: NLT 92,0% 

Fructose: 41.Q%-50.0% 

Other saccharides: NMT 8,0% 

For High fructose Corn Syrup 55% 

Total saccharides: NLT 95,0%, expressed as a per¬ 
centage of total solids, Total saccharides contain mo¬ 
nosaccharides and other saccharides as follows. 
Monosaccharides: NLT 94.0% 

Fructose: 54.0%-6O.O% 

Other saccharides: NMT 6.0% 

IMPURITIES 

* Residue on Ignetion (281): NMT 0.05% 


Delete the folio wing: 

Heavy Metals, Method II (231): NMT 5 pg/g, using an 
ignition temperaturę of 500 c> « coifeMi>jMaiq 

o LIMIT OF LEAD 

[Notę—F or the preparation of all aqueous Solutions and 
for the rinslng of glassware before use, use water that 
has been passed tnrough a strong-acid, strong-base, 
mixed-bed ion-exchange resin, for digestion, use acid- 
cleaned, high-density polyethyleną polypropylene, 
polytef, or guartz tubes, Śelect all reagents to have as 
Iow a eon tent of lead as practicable, and storę all rea¬ 
gent Solutions in borosiiicate glass containers. Cleanse 
glassware before use by soaking in warm 8 N nftric acid 
for 30 min and rinsing with deionized water. Storę finał 
diluted Solutions in acid-cleaned plastic or polytef tubes 
or bottles,] 

Matrix modifier solution: 200 mg/mL of magnesium 
nitrate. ]ust before use, transfer 1.0 mL of this solution 
to a 1Q~mL volumetric fiask, and dilute with 5% nitric 
acid to volume. 

AJternate matrix modifier solution: Just before use, 
add 0.3 ml of commertially available 10,000 jug/mL 
palladium standard solution and 5 mL of commercially 
available i 0,000 pg/mL magnesium nitrate standard so- 
lution to 9,7 mL of5% nitric aerd, and mix well. 

[Notę— Alternate matrix modifier solution can be used to 
replace the Matrix modifier solution. Then the arr ashing 
step in the furnace program (see Tahle 2) can be 
omitted,] 

Standard stock solution: Transfer 10,0 mL of lead ni¬ 
trate stock solution TS to a 1 00-mL volumetric fiask, 
add 40 mL of water and 5 ml of nitric acid, and dilute 
with water to volume. Transfer 1.0 mL of this solution 
to a second 100-mL voiumetric fiask, dilute with 5% 
nitric acid to volume, and mix, This solution contains 
0.1 pg/ml of lead. 

Standard Solutions: Transfer portions of Standard stock 
solution to four suitable contamers, and dilute with 5% 
nitric add to o błam Standard Solutions having lead eon* 
centrations of 100, 50, 25, and 10 ng/mL, respectively. 
Sample solution: [Notę—I t is recommended to per- 
form this procedurę in a fume hood, To ensure tnat a 
representative subsampie of Syrup is used for analysis, 
ultrasonic and/or vortex mixtnq of Syrup samples prior 
to welghing is recommendedJ Transfer 1.5 g of Syrup 
to two digestion tubes, labeled "'Sample solution" and 
"Temperaturę monitor solution," and add 0,75 mL of 
nitric acid to each tubę. Place a thermometer In the 
tubę labeled "Temperaturę monitor solution," then use 
the Temperaturę monitor solution solely to monitor the 
temperaturę to be within ranges specified by the 
method, Warm both Solutions slowly to 90 D “95° to 
avoid spattering, Heat until all brown vapors have dissi- 
pated and the samples no longer have a rust-colored 
tint. This typically takes 20-30 min. Al Iow the samples 
to cool. Aad 0.5 mL of 50% hydrogen peroxide drop* 
wise to both Solutions, heat to 90 Q -9S° for 5 min, and 
cooL Add a second 0.5-mL portion of 50% hydrogen 
peroxide dropwise to both Solutions, and heat to 
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90°-10Q° for 5-10 min or until the Solutions are elear. 
Cool, and transfer the Sample solution to a 10-mL volu- 
metric fiask. Rinse the tubę labeled "Sample solution" 
with 5% nitric add, add the rmstng to the volumetric 
fiask, dilute with 5% nitric add to volume, and mix. 
Standard blank: 5% Nitric acid 
Sample blank: Transfer 1.5 g of water to a digestion 
Lube, and proceed as directed for the Sample solution , 
beginning with "add 0.75 mL of nitric adcK 
Instrumental conditfons 

Modę: Craphite furnace atomie absorption with pyro- 
fytically coated graphite tubes and adeguate means of 
background correction 
Lamp: Lead hollow-cathode 

Anafytical wavelength: Lead emission linę of 283.3 
nm 

Furnace program: See Table 2, [NOTĘ— The tempera¬ 
turo program may be modified to obtain optimum fur¬ 
nace temperatures.] 


Table 2 


Step 

Temper¬ 

aturę 

n 

Ramp 

(s) 

Hołd 

Time 

fs) 

Gas 

Gas 

Flow 

Ratę 

(mL/ 

minł 

Re ad 
(sl 

□rv 

200 

20 

30 

Arqon 

300 


Char 

(W 

750 

40 

40 

Air-* 

300 

— 

Cool 

down 

20 

1 

60 

Arcton 

300 


Atom¬ 

ie 

1800 

0 

10 

Arqon 

Stop 

fEow 

10 

Clean 

2600 

1 

7 

Aro on 

300 


Cool 

down 

20 

1 

5 

Arqon 

300 

— 


a If the Matrix modifier solution is used, air ashing must be used in the 
experimenl. If the Altemate matrix modifier solution is used, air can be 
substituted with argon. 


If the Matrix modifier solution \s used, the furnace con- 
troller must be able to handle two gas flows to facilh 
tate air ashing. Argon is used as the purge gas for the 
furnace for alT steps but the char, Oxygen ashing is 
used to avoid bund-up of residue during the char 
step. Breathing puallty air Is used as the alternatfve 
gas for the air asning. The long (60 s) "Cool down" 
step prior to atomizatfon ensures that the air used for 
the oxygen ashing (char) is cleared from the furnace. 

Autosampler 
Sample volume: 20 pL 

Alternatfve volume: 5 pL of Matrix modifier solution 
(or Altemate matrix modifier solution) 

Anaiysis 

Samples: Add 5 pL of the Matrix modifier solution (or 
Altemate matm modifier solution) to each 2G-pL aliguot 
of the four Standard Solutions,, add 5 pL of the Matrix 
modifier solution (or Altemate matdx modifier solution) 
to 20 pL of the Sample solution, add 5 pL of the Matm 
modifier solution (or Altemate matrix modifier solution) 
to 20 pL of the Standard blank, and add 5 pL of the 
Matnx modifier solution (or AI terna te matrix modifier so¬ 
lution) to 20 pL of the Sample blank, 

Use peak area measurements for aU guantitations. 

Using the Standard blank to set the instrument to zero, 
determine the integrated absorbances of the Standard 
Solutions. Pfot the integrated absorbances of the 5ton- 
dard Solutions versus tneir contents of lead, in ng/mL, 
and draw the linę best fltting the four points to deter- 
mine the calibration curve. Simtlarly determine the in¬ 
tegrated absorbances of the Sample solution and the 
Sample blank , Correct the absorbance value of the 


Sample solution by subtracting from it the absorbance 
value obtained from the Sample blank. 

Cafculate the concentration of lead, in pg/g, in the por- 
tion of Syrup taken: 

Result ~(Vx CJW) x F 

V ~ volume of the Sample solution, 10 mL 
Cl = concentration of lead in the Sample solution, 
as determined from the calibration curve 
(ng/mL) 

W - welght of Syrup taken to prepare the Sample 
solution (g) 

F = conversion factor, 1(H pg/ng 
Acceptance criteria: NMT 0.1 pg/g 

o Limit of Sulfur Dioxide 

Starch mdicator solution: Mix 10 g of soluble starch 
with 50 mL of cold water. Transfer to 1000 mL of boil- 
ing water, stir until compfetely dissofved, cool, and add 
1 g of salicylic acid preservative, [Notę —Discard the so¬ 
lution after 1 montru] 

Sample: lOOg 
Titrimetrk system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0,005 N iodine V5 
Blank: 200 mL of water 
Endpoint detection: Visual 

Anaiysis: Transfer the Sample to a 250-mi conical fiask, 
adef 100 mL of water, and mtx. Cool to 5°-10°. While 
stirring with a magnetic stirrer, add 10 mL of cold 
(5°-1G Q ) 1.5 N sodium hydroxide, Stir for an additiona! 
20 s, and add 10 mL of Starch indkator solution. Add 
10 mL of cold (5°—T O 15 ) 2.0 N sulfuric acid, and titrate 
immedlatefy with Titrant until a fight blue color persists 
for 1 min. Perform a blank determinatlon, and make 
any necessary correction. 

Calculate the concentration, in pg/g, of suifur dioxide 
(S0 2 ) in the Sample taken: 

Result = {[(y s -V b )xNx f,]/lV} x F 2 

Vs - Titrant volume consumed by the Sample (ml) 

V B = Titrant volume consumed by the Blank (ml) 

N - actual normality of the Titrant (mEq/mL) 

Fi - equivalency factor, 32.0 mg/mEq 
IV = Sample weight (g) 

F 2 = conversian factor, 10 3 pg/mg 

Acceptance criteria: NMT 30 pg/g 

5PEC3F8C TESTS 

* Microbial Enumeration Tests (61) and Tests for Speci- 
FfED EVllCROORGANlSMS (62): The total aerobic microbial 
count does not exceed 10 3 cfu/g, and the total com¬ 
bi ned molds and yeasts count does not exceed 10 2 cfu/ 

g- 

& Total Solids 

Anaiysis: Determine the refractive index of the Syrup at 
20° or 45° (see RefrQCtlve lndex (831)). Use Table 3 and 
Tobie 4 for calcu la ting the percentage of total solids on 
a weight/weight basis, If necessary, interpolate between 
the refractive index values to find the percentage of to¬ 
tal solids to the nearest 0.1%. 


Table 3. High Fructose Corn Syrop 42% 


Pertenlage of 
Total Solids 

Refractlve Indes 
at 20" 

Refractive lndex 
at 45* 

69.0 

1.4597 

T4543 

70.0 

1.4620 

1,4565 

70.5 

1.4632 

1.4577 

71.0 

1.4643 

1.4589 

72,0 

1.4667 

1,4612 
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Table 3. High Fructose Corn Syrup 42% (Continued) 


Percentage of 

To tal Solids 

Hefractive lndex 
at 20 r 

Refractive Bndex 
at 45 r 

73.0 

1.4691 

1.4635 

74.0 

1,4715 

1.4658 

75.0 

1.4738 

1.4683 

76.0 

1.4763 

1.4707 

77.0 

1.4787 

1.4731 

78,0 

1.4811 

1.4755 

79.0 

1.4836 

1.4779 

80.0 

1.4861 

1 *4804 

81.0 

1.4886 

1.4829 


Tabk 4, High Fructose Corn Syrup 55% 


Percentage of 
Total Solids 

Refratiive Bndex 
at 2Q € 

Refractive lndex 
at 45“ 

75,0 

1.4738 

1.4680 

76,0 

1.4762 

1 .4704 

76.5 

1.4774 

1.4716 

77.0 

1.4786 

1.4728 

78.0 

1.4811 

1.4752 

79.0 

1*4835 

1.4776 

80.0 

1.4860 

1.4801 

8T.0 

1.4885 

1.4826 


Acceptance criteria 

High Fructose Corn Syrup 42%: NLT 70.5% 

High Fructose Corn Syrup 55%: NLT 76,5% 

ADDITIONAL REQUIR£MENT$ 

* Packaging and Storage: Preserve in tight contaEners. No 
storage requirement specified. 

o Labeling: Labei it to State, as part of the official titfe, the 
nominał percentage of fructose. La bel it to indicate the 
presence of sulfur dioxide if the residua! concentration is 
greater than 10 pg/g. 

* USP Reference Standard* (11) 

U5P Dextrose RS 
USP Fructose RS 
USP Maltose Monohydrate RS 


Corro Syrup SoBidls 

DEFINITION 

Corn Syrup Sofids (Dried Clucose Syrup) is a dried mbcture 
of sacchartdes obtained by partial hydrolysis of edibfe 
corn starch by food-grade acids ana/or enzymes, It eon- 
tains NLT 20.0% reducing sugar content (dextrose equiva- 
lent) expressed as D-glucose, calculated on the dried 
basis. 

IDENTIFICATION 

* A. 

Sample solution: 50 mg/mL 
Anatysrs: Add a few drops of the Sample solution to 
5 mL of hot, alkaline cupric tartrate T5* 

Acceptance criteria: A copious, red precipitate of cu- 
prous oxlde is formed (distinction from sucrose). 

A55AY 

* Reducing Sugars (Dextrose Equivalent) 

Apparatus: Mount a ring support on a ring stand 1-2 
in above a gas burner, and mount a second ring 6-7 in 
above the first. Place a ó-in open-wire gauze on the 
iower ring to support a 250-mL conical fiask, and place 


a 4-in watch glass with a center hole on the upper ring 
to deflect heat, Artach a 25-mL bu ret to the ring stand 
so that the tip just passes through the watch glass ten- 
tered above the fiask. Place an indireetfy lighted white 
surface behind the assembly for observing the 
endpoint 

Standard solution: 6 mg/mL of USP Dextrose RS 
Sample solution: Transfer 4 g of Corn Syrup Solids to a 
500-rrtl volumetric fiask, and dilute with water to 
volume* 

Analysrs: Transfer 25,0-mL portions of alkaline cupric 
tartrate TS to each of two flasks, and boil. Immedlately 
place one fiask on the wlre gauze of the Apparatus, and 
adjust the burner so that the boiling point will be 
reached En 2 min. Utratę with the Standard solution to 
within 0,5 mL of the anticipated endpoint. Heat the 
fiask, with swirling, bori moderately for 2 min, and add 
2 drops of a 10-mg/mL methylene blue solution* Imme- 
diately add 2 drops of the Standard solution from the 
bu ret, and bring to a boil, Al Iow the cuprous oxide to 
settle sfightly, and observe the color of the supernatant 
Complete the titration within 1 min by adding the 
Standard solution dropwise and boiling after each addi- 
tion to the disappearance of the blue color, as deter- 
mined by viewing against a white background in 
daylight pr under equrvalent illumination* If morę than 
0.5 mL of the titrant is required after the addition of the 
indicator, repeat the titration, adding the necessary vof- 
ume of titrant before adding the indicator. Bring the 
contents of the second ftask to a boil, and similarly ti- 
trate with the Sample solution. 

Calculate the percentage of reducing sugars as D-glu- 
cose, calculated on the dried basEs, in the portion of 
Corn Syrup Solids taken: 

Result = (Cs/Cu) x (Vs/Vd) x [1/(0.01 x A)] x 100 

G = concentration of USP Dextrose RS in the 
Standard solution (mg/mL) 

Cu = concentration of Corn Syrup Solids taken to 
prepare the Sample solution (mg/mL) 
l/s = titrated voJumes of the Standard solution (mL) 

V u - titrated volumes of the Sample solution (mL) 

A = percentage of dry solids in Corn Syrup Solids, 
as determined in the test for Totai Solids 
Acceptance criteria: NLT 20.0% reducing sugar con¬ 
tent (dextrose equivalent) expressed as D-glucose on 
the dried basis 

IIMPURIT1E5 

o Residue on Ignition (281): NMT 0*5% 

Delete the foflowing: 

** Heavv Metals, Method II (231): NMT 5 pg/g, using an 
ignition temperaturę of 500°* ( owiad 1 ^- 20 isj 

0 LifwiT OF Sulfur Diokide 

Starch indicator solution: Mtx 10 g of soluble starch 
with 50 mL of to!d water. Transfer to 1000 mL of boil¬ 
ing water, and stir until completely dissolved. Cool, and 
add 1 g of saficylic add preservative. [Notę —Discard 
the solution after 1 month.] 

Sample: 78 g 
Blank: 200 mL of water 
Titrimetric system 
(See Titrlmetry (541).) 

Modę: Direct titration 
Titrant: 0,005 N iodine V5 
Endpoint detection: VEsua! 

Analysis: Transfer the Sample to a 250-mL conical fiask. 
Dilute with 122 mL of water, and mix to dissolve. Coo! 
to 5°-10 0 . While stirring with a magnetic stirrer, add 
10 mL of cold (5 D -10°) 1.5 N sodium hydroxide. Stir for 
an additional 20 s, and add 10 mL of Starch indicator 
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solution. Add 10 ml_ of cold (5M0°) 2,0 N sulfuric add 
and titrate immediately with Titrant until a light blue 
color persists for 1 min, Perform a blank determination, 
and make any necessary correction. 

CalcuJate the amount of sulfur dtoxide (SO^) In the 
Sample taken: 

Result = fKVs - V B ) x N x F;] x F 2 }/W 

Vj = Titrant volume consumed by the Sample (ml) 

V a = Titrant volume consumed by the Blank (ml) 

N ~ actual normality of the Titrant (mEq/m!_) 

Fi ~ equivalency faetor, 32.0 mg/mEq 
Fi = conversion faetor, 10 3 pg/mg 

W = Sample weight (g) 

Acceptance criteria: NMT 40 j-ig/g 
Limit of Lead 

[Notę—F or the preparatEon of all aqueous Solutions and 
for the rinsing of glassware before use, use water that 
Has been passed through a strong-acid, strong-base, 
mixed-bed ion-exchange resin. For digestion, use add- 
cleaned, high-denslty polyethyiene, polypropylene, 
polytef, or quartz tubes. Select all reagents to have as 
Iow a content of lead as practicable, and storę all rea¬ 
gent Solutions In boroslllcate glass containers. Cleanse 
glassware before use by soaking in warm 8 N nitne add 
for 30 min and rinsing with deionized water. Storę finał 
dlluted Solutions in actd-cleaned plastic or polytef tubes 
or botties.] 

Modifter solution: 200 mg/mL of magneslum nitrate, 
just before use, transfer lOmL of this solution to a 
1 G-mL volumetric fiask, and dilute with 5% nitric acid 
to volume. 

Standard Solutions: Transfer 10.0 ml of lead nitrate 
stock solution TS to a 100-mL volumętne fiask. Add 
40 mL of water and 5 ml of nitne acid, dilute with 
water to volume, and mlx. Transfer 1.0 ml of this solu¬ 
tion to a 100-mL volumetric fiask, and dilute with 5% 
nitric add to vo!ume> This solution contains 0,1 jug/mL 
of lead. Transfer portions of this solution to four sultable 
containers, and dilute with 5% nitric acid to obtain 
Standard Solutions having lead concenfrations of 100, 

50, 25, and 10 ng/mL, respectively, 

Sample solution: [Notę—P erform this procedurę in a 
fume hood.j Transfer 1.2 g of Corn Syrup Sotids to two 
digestion tubes labeled Sample solution and temperaturę 
monitor solution, and add 0.75 mL of nitric add to 
each tubę. Warm both Solutions slowly to 90°-95 D to 
avoid spattering, Heat until all brown vapors have dissr- 
pated and any rust-colored tint is gone rrom the tubę 
labeled Sample solution ( 20^30 min). Cool, then add 
0.5 mL of 50% hydrogen peroxide dropwise to both 
Solutions, and heat to between 90° and 95° for 5 min. 
Cool, then add a second 0,5-mL portion of 50% hydro- 
gen peroxide dropwise to each solution, and heat to 
90°-100° until elear (5-10 min). Cool, and transfer the 
solution labeled Sample solution to a 10-mL volumetne 
fiask. Rinse the Sample solution digestion tubę with 5% 
nitric acid, add the rinse to the yolumetric fiask, and 
dilute with 5% nitric acid to volume. 

Standard blank: 5% Nitric add 
Sample blank: Transfer 1.5 g of water to a digestion 
tubę, and proceed as directed for the Sample solution, 
beginning with "add 0.75 mL of nitric acfcr. 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
eguipped with pyrolyticaliy coaiea graphite tubes and 
adequate means of background correction 
Anafytical wavelength: 283.3 nrn 
Injeotion volume: 20 pi 
Fu mace program: See Table h 
[NOTĘ—The temperaturę program may be modified to 
obtain optimum furnace tempera tu res.] 


Table 1 


Step 

Dry 

AsK 

Purqe 

Afomize 

Temperaturę 

n 

200 

750 

Cool down, 
and purge 
the air from 
the furnace 
20 

1800 

Ramp Limefs) 

20 

40 

_ 

0 

Hołd timefs) 

30 

40 

60 

10 

Argon fiow 
ratę fmL/min) 

300 

300 

300 

Argon 
gas flow 
stopped 


Analysis 

Samples: Standard Solutions , Sample solution, Standard 
blank, Sample blank 

Add 5 pi of the Modifter solution to 20 pL each of the 
Standard Solutions , the Sample solution, the Standard 
blank : and the Sample blonk, and mix, Separately Inject 
each into the atomie absorption spectrophotometer. 
Using the Standard blank to set the instrument to zero, 
determine the integrated absorbances of the Standard 
Solutions. Plot the integrated absorbances of the Stan¬ 
dard Solutions versus their eontents of lead, and dra w 
the linę best fitting the four points to determine the 
calibration curve. Simllarly, determine the integrated 
absorbances of the Sampfe solution and the Sample 
blank. Correct the absorbance va!ue of the Sample so¬ 
lution with the Sample blank . 

Calculate the concentration of lead in the portion of 
Corn Syrup Solids taken; 

Result = [Vx (C/140] * f 

V - volume of the Sample solution, 10 mL 
C - concentration of lead in the Sample solution, 
as detemnined from the calibration curve 
(ng/mL) 

W - weight of Corn Syrup Solids taken to prepare 
the Sample solution (g) 

F = converslon faetor, 10 3 j^g/ng 
Acceptance criteria: NMT 0.5 pg/g 

5PECIFIC TESTS 

o Microbial Enumeration Tests (61) and Tests for Spec- 
fied MicroorGANISMS (62): The total aerobic microbial 
count does not exceed 10 3 cfu/g, and the total com- 
bined yeasts and molds count does not exceed 10* cfu/ 
g. 

* STARCH 

Sample solution: 100 mg/mL 

Analysis: Add 1 drop of iodine TS to 10 mL of the Sam- 
ple solution : 

Acceptance criteria: A yellow color indicates the ab- 
sence of solubfe stare h. 

o Total Solids 

Analysis: To determine the water content, proceed as 
directed in Water Determination (921}, Method la, ex- 
cept use a weighed amount of Corn Syrup Solids, W v , 
for the Test P repa radon. In Standardization of the Rea¬ 
gent, proceed as directed, except use the formula for 
slgnificant amounts of water (1% or morę). [NOTĘ— 

Pure methanol can make the detector overly sensitive, 
particularly at Iow ppm fevefs of water, ca using it to 
deflect to dryness and stowly recover with each addi- 
tion of reagent. This slows down the titratron and may 
allow the system to actually pick up ambient molsture 
during the resulting long titration. Adding chloroform 
or a similar nonconducting solvenf will retard this sensi- 
tivify and can improve the analysis.] In the Procedurę 
cafculating the water content in the Test Preparof/on, 
use Ww = S x F. 
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Calculate the percentage of total solids in the porlion of 
the Tes t Prep o rat fan taken: 

Resuft = (W U - W w )/W a x 100 

Wu - weight of Corn Syrup Solids for the Test 
Preparation (mg) 

W w = weight of water determined (mg) 

Acceptance cnteria: NLT 90.0% when the reducing 
sugar content is NLT 88,0%; NLT 93.0% when the re¬ 
ducing sugar content is 20 ł 0%-88.Q% 

ADDITIOMAL REQUIREMENT5 

* Packaging ano Storage: Preserve in tightly closed eon- 
tainers, and storę in a cool, diy place. 

* Labeling: Label it to indicate its nominał dextrose equiv- 
alent. Labei it aiso to indicate the presence of sulfur diox- 
ide if the residua! concentration is greater than 10 jig/g. 

* USP Reference Standards (11) 

USP Dextrose RS 


Cottonseed Oil 


[8001 -29-4]. 

DEFINITION 

Cottonseed Oit is the refined fixed oil obtained from the 
seed of cultivated plants of vanous varietres of C ossypium 
hirsutum L. or of other spec i es of Gossypium (Fam. 
Maivaceae), It may contain suitable antkwdants* * 

IDENTIFICATION 

* A. Cottonseed Oil exhibits the composition profile of 
fatty aeids, as determined in the generał test chapter Fats 
ona Fixed Oils (401), Fatty Add Composition* See Table I. 


Table 1 


Citrbon-Chain 

Lenqth 

No. of 

Double Bonds 

percentage 

<14 

0 or 1 

<0.2 

14 

0 

0,3-1,0 

16 

0 

18.0-26,4 

16 

1 

<1.2 

18 

.0 

2.1-3.3 

18 

1 

14.0-21.7 

18 

2 

46.7-58.3 

18 

3 

<1.0 

20 

0 

<1,0 

20 

1 

<0.5 

22 

0 

<0.6 

22 

1 

<0.5 

24 

0 

<0,5 


IMPURIT1ES 

* AlKAUNE IMPURIT1ES 

Sample: 10 mL of Cottonseed Oil 

Analysis: Mrx 10 mL of acetone and 0.3 mL of water, 
and add 0.05 mL of bromophenol blue TS. if necessary, 
neutralne the solution to a green color wlth 0.01 N 
hydrochioric acid or 0.01 N sodkim hydroxide. Add the 
Sample , shake, and allow to stand. Ti tratę with 0.01 N 
hydrochioric acid VS to change the color of the upper 
layer to yellow, 

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochlo- 
ric acid is reguired. 


Delete the fottowing: 

# * Heaw Metals, Methad II (231): NMT 10 ppm# {omciai t- 

|an- 2018 ) 

SPECI FIC TESTS 

• Fats and Fixed Oils, Add Value (401): NMT 0.2 

* Fats and Fixed Oils, Peroxide Value (401): NMT 10,0 

* Fats and Fixed Oils, Unsaponifiable Matter (401); NMT 
1,5% 

e Water Determjnatign, Method Ic (921): NMT 0.1% 

ADDITIONAL REQUIREMENTS 

# Packaging and Storage: Preserve in tight, light-resistant 
containers, and avoid exposure to excessive heat. 

® Labeling: Label it to indicate the name and quantity of 
any added antioxidants. Where Cottonseed Oil is in- 
tended for use in the manufacture of injetfable dosage 
forms, it is so fabeied. 

• Other Requirements; For Cottonseed Oil intended for 

use in injectable dosage forms, which is specified in the 
Labeling section, the reguirements in the subsection 
Other Vehides in the section Ingredients under Injections 
and Implanted Drag Products (f), Spedfic Tests, vehkks 
and aaded substances , Nonagueous vehides must be met. 


Hydrogenated Cottonseed Oil 

DEFINITION 

Hydrogenated Cottonseed Oil is the praduct obtained by 
refining and hydrogenating oil obtained from seeds or 
cultivated plants of various varieties of Gossypium hirsutum 
L. or of other species of Gossypium (Fam. Malvaceae). The 
product consists mainly of triglycerides of palmitic and 
stearic aeids, 

IDENTIFICATION 

* A. It meets the requirements in Spedfic Tests for Fats and 

Fixed Oils , Fatty Add Composition (401), 

* B. It meets the requirements in Spedfic Tests for Melting 

Rangę or Temperoture, Class II (7 41). 

IMPURITIES 

* LIMIT OF NlCKEL 

Solution A: Immediately before use, diiute 10 mL of 
nickel standard solution i S with water to 500 mL. This 
solution contarns the equivalent of 0.2 pg/g of nickel. 
Sample solution: Weigh 5,0 g of Hydrogenated Cot¬ 
tonseed Oil into a previously ta red platinum or silioa 
crucibie. Cautiously heat, and introduce into the sub- 
stance a wiek formed from twisted ashfess filter paper. 
Ignite the wiek. When the substance ignites, stop heat- 
ing, After combustion, ignite in a muffle furnace at 
600°, Continue the incineratron until white ash Es ob¬ 
tained. After cooling, transfer the residue, with the a id 
of two 2-mL portions of diiuted hydrochioric acid, to a 
25-mL volumetric fiask, add 03 mL of nitric acid, and 
dilute with water to vdume. 

Standard Solutions: Into three identical 10-mL vofu* 
metric fiasks, introduce respectively 1.0, 2.0, and 
4.0 mL of Solution A. To each fiask add a 2.0-mL portion 
of the Sample solution , and dilute with water to volume, 
Instrumenta! conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry, 
eąuipped with a graphite furnace 
Analytlcal wavełength: 232.0 nm 
Lamp: Nickel hollow-cathode 
Analysrs: Concomitantly determine the absorbances of 
the Sample solution and each of the Standard Solutions 
at least three limes each, and record the average of the 
steady readings. Plot the absorbances of the Sample so- 
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lution and the Standard Solutions versus the added 
quantity of nickel. Extrapolate the fine joining the 
points on the graph until it meets the coneentration 
axis. The distance between this point and the tntersec- 
tion of the axes represents the coneentration of nickel 
in the Sampte solution. 

Acceptance criteria; NMT t pg/g 

* Alkaline Impurities 

Sample solution; Dissoive by gentle heating 2.0 g of 
Hydrogenated Cottonseed ON in a mixture of 1.5 mL of 
alcohol and 3.0 ml of toluene. 

Analysis: To the Sample solution add 0.05 mL of bromo- 
phenol bfue T5, and titrate with 0.01 N hydrochloric 
acid to a yellow endpoint. 

Acceptance criteria: NMT 0.4 mL of 0.01 N hydrochlo- 
iic acid h required. 

SPECIFIC TESTS 

• FATS and Fixed Oils, Fatty Add Compositian (401): Hy¬ 

drogenated Cottonseed Oli exhibits the composition pro¬ 
file of fatty acids in Tubie 7, as determined in the 

chapter 


Tabte 1 


Carbon-Chain 
Lenqth 

No. of Double 
Bonds 

Percentage 

<14 

0 

<0.2 

14 

0 

<1.0 

16 

0 

7 9-26 

78 

0 

68-BO 

20 

0 

<1.0 

22 

0 

<1.0 

24 

0 

<0.5 

78 

1 

<4.0 

18 

2 

<1.0 


e Meltenc Rance or Temperaturę, Class It (741): 57 D ~70 C 

* Fats and Fixed OfLS, Add Value (Free Fatty Adds) (401) 

Sample: 10 g 

Analysis: Dissofve the Sample in 50 ml of a hot mixture 
of neutralized alcohol and toluene (1:1), add 0.5 mL of 
phenolphthalein TS, and titrate with 0.1 N potassium 
nydroxide VS to produce a permanent, fatnt pink color, 

Acceptance criteria: NMT 0.5 

* Fats and Fixed Oils, Peroxlde Value (401): NMT 5.0 

* Fats and Fixed Oils, Unsaponifiable Matter ( 4 Ql ): NMT 

1.0% 

ADOITIONAL REQUIREMENTS 

* Packaginc and Storage: Preserve in tight, light-resistant 

containers. No storage reguirements are specified. 


IDENTIFICATION 
a A. INFRARED AfiSORPTION (197K) 

ASSAY 

* Procedurę 

Sample: 40 mg of Creatinine 
Tftrimetrk system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0.1 N perchloric acid VS 
Endpoint detection: Potentiometric 
Indfcator electrode: Glass 
Reference electrode: Silver-silver chloride 
Reference electrode solution: Saturated lithium per- 
chlorate and sifver chloride in gladal acetic acid 
Analysis: Dissoive the Sample in 10 mL of giacial acetic 
acid. Titrate the Sample with 0,1 N perchloric acid VS. 
Perform a blank detemnination, and make any necessary 
correction. 

Calculate the percentage of creatinine (CiH?NiO) in the 
Sample taken: 

Result = [(V - B) x N x F x 100 ]/W 

V = volume of the Titrant consumed by the Sample 
(mL) 

B = volume of the Titrant consumed by the Blank 
(ml) 

N actual normality of the Titrant (m£q/mL) 

F = equiva!ency factor, 113.12 mg/mEq 
W = weight of the Sample (mg) 

Acceptance criteria: 98.5%-l 02.0% on the dned basis 

IMPURITIES 

* RESIDUE dn IGNITION (281): NMT 0,2% 


Deiete the foliowing: 

# * Heaw Metals, Method / (231): 10 ppm* 

SPECIFIC TESTS 

* toss on Drying (731): Dry a sample at 105° for 3 h: it 

loses NMT 3.0% of its werght. 

ADDITIONAL REQUIREMENTS 

* Packaginc and Storage: Preserve in well-dosed 

containers. 

o USP Reference Standards (11) 

USP Creatinine RS 


Cresol 


Creatinine 





C4H;N 3 0 113.12 

DEFINITION 

Creatinine contams NLT 98.5% and NMT 102.0% of 
OH^NiO, as Creatinine, calculated on the dried basis. 


C 7 H a O 108.14 

Phenol, methyl-; 

Cresol [1319-77-3]. 

DEFINITION 

Cresol is a mixture of isomeric cresoJs obtained from coal tar 
or from petmleum. 

JDENTIFICATfON 
* A. 

Sample solution: A saturated solution 
Analysis: To the Sample solution add a few drops of 
fernc chloride TS. 

Acceptance criteria: A bluislwiolet color is produced. 

IMPUR1T1E5 
« Limit of Phenol 

Solution A: Bubble arr through nitric acid until the acid 
is colorless, then mix 1 volume of the acid with 4 
volumes of water. 
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Standard soiution: Oissolve 1 g of phenol in 100 mL of 
water, and determine the actual QH ń O eon cen trat son 
as follows. Pipet 4 mL of the solulion into an iodine 
fiask, add 30.0 mL of 0.1 N bromine V5, then add 5 ml 
of hydrochloric add, and immediately insert the stop- 
per. Shake the fiask repeatedly for 30 min, and allow to 
stand for 15 min. Add quickiy 5 mL of a 200-mg/mL 
potassium iodide soiution, taking precautlons to prevent 
the escape of bromine vapor, and at once insert the 
stopper into the fiask. Shake thoroughly, remove the 
stopper, and rinse it and the neck of the fiask with a 
smali quantity of water so that the washings ffow into 
the fiask. Add 1 mL of chloroform, shake the mixture, 
and titrate the liberated iodine with Od N sodium thio- 
sulfate VS, adding 3 mL of starch T5 as the endpoint is 
approached. Perform a blank determination. Bach mL of 
0.1 N bromine is equivalent to 1.569 mg of QHaG. Di- 
lute a suitable volume of the solulion with water to 
obtain a concentration of 250 pg/mL of QH 6 0. 

Sampfe soiution: Place 2.5 g of Cresol in a 250-mL vol- 
umetric fiask, add 10 ml of sodium hydroxide soiution 
(100 mq/mL), and dilute with water to vofume. Pipet 
5 mL of this soiution into a 200-mL volumetric fiask, 
add 45 mL of water and 1 drop of methyl orange TS, 
neutralize with Soiution A added dropwise, and then di¬ 
lute with water to volume, 

Anafysis; Pipet 5.0 mL of the neutralized Sampfe soiution 
into each of two 20- x 180-mm test tubes, graduated 
at the 25-mL mark, and pipet 5.0 mL of the Standard 
soiution into each of two similar test tubes. To the con- 
tents of each tubę add 5 mL of MiIlon's Reagent, al- 
lowinq it to flow down the tnner wali of the tubę. Place 
the tubes simultaneously in a boiling water bath pro- 
vided with a rack so that the tubes do not touch the 
bottom of the bath, and maintain the bath at boiling 
temperaturę for 30 min, accurately timed. At once re- 
move the tubes from the bath, cool them immediately 
and thoroughly by placing them in a bath of cold watm 
for NLT 10 min, and add 5 mL of Soiution A to each 
tubę. Add 3 mL of a 2% formafdehyde soiution to one 
of each pair of tubes, add water to fili all tubes to vol- 
ume, shake thoroughly, and allow to stand for T 6 h, 
during whrch time the added formafdehyde imparts a 
yeflow cofor while the contents of the other two tubes 
acguire an orange-red colon 

Pipet 20 mL from each of the two tubes contatnlng the 
Standard soiution into separate 100-mL volumetric 
flasks, add 5 ml of Soiution A, and then add water to 
volume. Transfer the Solutions to burets marked BI and 
B2, representing, respectivelv, the soiution not treated 
and tne soiution treated witn formaldehyde. 

Pipet 10 mL from each of the two tubes containing the 
Somple soiution into separate 50-mL color-comparison 
tubes marked NI and N2 f representing, respectively, 
the soiution treated with formaldehyde and the soiution 
not treated with formaldehyde. 

Add to tubę NI the orange-red colored soiution from 
bu ret 81, and add to tubę N2 an equal volume of the 
yellow-colored soiution from buret 82, unttl the colors 
in tubes NI and N2 match when observed in a 
colorimeter. 

Calcufate the percentage of phenol (CóHqO) in the por- 
tfon of the sample taken: 

Result - VIW x 5 

V = volume of the Standard soiution taken from 
buret 6? (mL) 

W - weight of Cresol taken (g) 

Acceptance criteria: NMT 5.0% 

SPECIFIC TEST5 

* Spkific Gravity (841): 1.030-1.038 

* DISTIUINC Rangę, Method II (721): NLT 90% distills -be- 

tween 195° and 205°. 


• HYDROCARBGN5 

Sample soiution: 1 in 60 

Standard soiution: To 58 mL of water add 1.5 mL of 
0.02 N sulfuric add and 1 mL of barium chloride solu- 
tion (100 mg/mL). 

Anafysis: Compare the turbidity of the Sample soiution 
against the Standard soiution after the Standard soiution 
has been shaken and allowed to stand for 5 min. 

Acceptance criteria: The Sample soiution shows no 
morę turbidity than the Standard soiution. 

ADDFTiONAL REQUIREMENT$ 

* Packaging ano Stgrace: Preserve in tight, light-resistant 

containers. 


Croscarmellose Sodium 


Add the following: 

*Portions of this monograph that are national l/SP Lext, and 
are not part of the harmonized text, are marked with 
symbois (%) to specify this fact. A wo 5 

DEFINmON 

Croscarmellose Sodium is the sodium salt of a cross-linked, 
partly 0-(carboxymethylated) cellulose. 

IDENTIFICATION 

* A. Mix 1 g with 100 mL of methylene blue soiution (1 in 

250,000), stir the mixture, and aflow it to settle. The 
Croscarmellose Sodium absorbs the methylene blue and 
settles as a blue, flbrous mass. 

* B. Mix 1 g with 50 mL of water. Transfer 1 mL of the 

mixture to a smali test tubę, and add 1 mL of water and 
5 drops of 1 -naphtbo! TS. Incline the test tubę, and care- 
fully add 2 mL of sulfuric add down the srde so that it 
forms a lower layer: a reddishwiolet color develops at the 
interface. 


Change to read: 

* A portion of the miKture of Croscarmellose So¬ 
dium with water, p repa red as directed in Identification B f A 
imparts an intense yellow color to a nonluminous flame * * *• 
anfis 

IMPURJTIES 

* Residue on IGNITION (281): 14.0%-28.0%, calculated on 

the dried basis. Use 1.0 g for the test, and use suffident 
sulfuric add to moisten the enUre residue after the Inftial 
charring step, and addrtional sulfuric acid if an excessive 
amount of carbonaceous materiał remains after the initiaf 
compiete volatilization of white fumes. 

Delete the following: 

*• Heavy Metals (231), Method II: 10 ppm* (0 rndai 

Change to read: 

* ODIUM CHLORIDE AND SODIUM GLYCOLATE 
Sodium chloride 

Sample: 5 g of Croscarmellose Sodium 
Analysis: Transfer the Somple to a 250-mL beaker. Add 
50 mL of water and 5 mL of 30% hydrogen peroxide, 
and heat on a steam bath for 20 min, stirring occa- 
stonally to ensure hydration. Cool, and add 100 ml of 
water and 10 mL or nitric acid. Titrate with 0.05 N 
slher nitrate VS, determlning the endpoint potentio- 


NF Monographs 





NF Monographs 


7626 Croscarmellose / Official Monographs 


NF 35 


metricafly, usEng a sifver-based indicator electrode and 
a double-junction reference electrode containing 10% 
potasslum nitrate fitling solution in the outer jacket 
and a standard filfing solution in the inner jacket, and 
sttrring constantly (see Tithmetry (541)). 

Calculate the percentage of sodium chloride in the 
specimen taken: 

Result = (FxVx N)/[(100 - b) x W\ 

F - equivalence factor for sodium chloride, 584.4 

V ~ vo1ume of the sllver nitrate (mL) 

N - normality of the silver nitrate 

b = percentage of loss on drying, determined 
separately 

W - weight of the specimen (g) 

Sodium glycolate 

Standard stock solution: Transfer 100 mg of glycolic 
acid, previously dried in a destccator at room tempera¬ 
turę ovemlght, to a 100-mL volumetric fiask. Dissolve 
in and dii u te with water to vo)ume, and mix. [Notę— 
Use this solution within 30 days.] 

Standard solution A: Transfer 1.0 rnL of the Standard 
stock solution to a 100-mL yofumetric fiask. Add water 
to make 5 mL, then add 5 mL of glaciai acetic acid. 
Dilute with acetone to volume, and mix. 

Standard solution B: Transfer 2.0 mL of the Standard 
stock solution to a 100-mL volumetric fiask. Add water 
to make 5 ml, then add 5 mL of gtacial acetic acid. 
Dilute with acetone to volume, and mix. 

Standard solution C: Transfer 3.0 mL of the Standard 
stock solution to a 100-mL volumetnc fiask. Add water 
to make 5 mL, then add 5 mL of glaciai acetic acid. 
Dilute with acetone to volume, and mix. 

Standard solution D: Transfer 4.0 mL of the Standara 
stock solution to a 100-mL voiumetric fiask. Add water 
to make 5 mL, then add 5 mL of glaciai acetic add. 
Dilute with acetone to volume f and mix. 

Sample solution: Transfer 500 mg to a 100-mL 
beaW. Moisten thoroughiy with 5 mL of gtacial acetic 
acid, followed by 5 ml of water, and stir wEth a gEass 
rod to ensure proper hydration (usuatly about 15 min). 
Slowly add 50 mL of acetone while stirring, then add 
1 g of sodium chloride, and stir for several min to en¬ 
sure complete precipitation of the carboxymethyloeflu- 
lose. Fil ter through a soft, open-textured paper, previ- 
ously wetted wltn a smali amount of acetone, and 
collect the filtrate in a 100-mL volumetric fiask. Use an 
additional 30 mL of acetone to fadlitate the transfer of 
the solids and to wash the fiJter cake, then dilute with 
acetone to volume, and mix. 

Analysls 

Samples: Standard solution A t Standard solution B f 
Standard solution C, Standard solution D, and Sample 
solution 

Transfer 2.0 mL of the Sample solution and 2.0 mL of 
each Standard solution to separata 25-mL volumetric 
flasks, and prepare a blank fiask containing 2.0 mL of 
a solution containing 5% each of glaciai acetic acid 
and water in acetone. Place the uncovered flasks rn a 
boiling water bath for 20 min to remove the acetone. 
Remove from the bath, and cooL Add to each fiask 
5.0 mL of 2,7-dihydroxynaphthalene TS, mix, add an 
additional 15 mL, and again mix. Cover the mouth of 
each fiask with a smali piece of alumEnum foil. Place 
the flasks upright in a boiling water bath for 20 min, 
then remove from the bath, cool, dilute with sulfuric 
acid to volume, and mix. 

Determine the absorbance of each solution at 540 nm, 
with a suitable spectrophotometer, against the blank, 
and prepare a standara curve using tne absorbances 
obtained from the Standard Solutions. 


Calculate the percentage of sodium glycolate in the 
spedmen taken: 

Result = (Fx Wi)/[( 100 - b) x W 2 ] 

F = factor converting glycolic acid to sodium 
glycolate, 12.9 

Wi - weEght of glycolic add En the specimen, 

determined from the standard curve and the 
absorbance of the Sample solution (mg) 

b = percentage of loss on drying, determined 
separately 

W 2 - weight of the specimen taken (g) 

Acceptance criteria: The sum of the percentages of 
sodium chloride and sodium glycolate is NMT 0.5%. A * 

AWFJ5 

SPECiriC TESTS 


Change to read: 

* A ^AWF3jCONTENT OF WATER SOLUBLE MATERIAŁ 

Analysls: Disperse 10 g fn 800 mL of water, and stir for 
1 min every 1 0 min dunng the first 30 min. Allow to 
stand for an additional hour, or centrifuge, if necessary. 
Decant 200 mL of the aqueous slurry onto a rapid-filter- 
ing filter paper in a vacuum filtratron funnef, apply vac- 
uum, and collect about 150 mL of the filtrate. Pour the 
filtrate into a tared 250-mL beaker, wefgh, and calcu¬ 
late the weight, in g, of the filtrate, Wi f by difference. 
Concentrate on a hot piąte to a smali volume, but not 
to dryness; dry at 105° for 4 h; and again weigh. 
Calculate, In g, the weight of the residue by difference, 

Wt. 

Calculate the percentage of water-soluble materia! in 
the specimen, on the dried basis, taken: 

Result = [100 x Wi x (800 + W 2 )]l{W 2 x W 3 x [1 - (0.01 

xb)]} 

Wi = weight of residue by difference (g) 

W 2 - weight of the specimen taken (g) 

W i ~ weight of the filtrate by difference (g) 

b - percentage loss on drying of the spedmen 
taken 

Acceptance criteria: NMT 10.0%***^* 

* DEGREE OF SUBSTITUTION 

Sample: 1 g 

Analysis: Transfer the Sample to a glass-stoppered, 
500-mL conical fiask. Add 300 mL of sodium chloride 
solution (1 in 10), then add 25.0 mL of 0.1 N sodium 
hydroxide V5. Insert the stopper, and allow to stand for 
5 min with intermlttent shaking, Add 5 drops of m-cre- 
sol purple TS, and from a buret add 15 mL of 0.1 N 
hydrocnloric add VS. Insert the stopper in the fiask, and 
snake. 3f the solution is violet, add 0.1 N hydrochloric 
acid VS in 1-mL portions until the solution becomes 
yeflow, shaking after each addition. TEtrate with 0.1 N 
sodium hydroxide VS to a violet endpoint 
Calculate the net number of mtlliequEva!ents, M, of base 
required for the neutralization of 1 g of Croscarmellose 
Sodium, on the dried basis. 

Calculate the degree of acid carboxymethyl substltu- 
tion, A: 

Result - 1150 x M/\7 102 - (412 x M) - (80 x Q] 

M = millEequivalents of base 

C - percentage of residue on ignition of the 

Croscarmellose Sodium as determined in the 
test for Residue on Ignition 
Calculate the degree of sodium carboxymethyl 
substitution, 5: 


Result = [162 + (58 x A)] x C/[7102 - (80 x Q] 
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A - degree of acid carboxymethyl substitution, as 
determined above 

C - percentage of residue on fgnition of the 

Croscarmellose Sodium as determined in the 
test for Residue on Ignition 
The degree of substitution is the sum of A + S. 
Acceptance criteria: The degree of substitution is 
0,60-0.85 on the dried basis. 

* LOSS ON 0RYING <731) 

Anafysis: Dry at 105° for ó h. 

Acceptance criteria: NMT 10,0% 

C hangę to read: 

* *VvfmMICROBIA1 Enumeration Tirrs <61 ) and Tests for 
Specified Microgrganisms (62): The lotal aerobic micro- 
brał count does not exceed 1000 cfu/g, and the total 
combined moids and yeasts count does not exceed 100 
cfu/g. It meets the reguirements of the test for absence of 
Escherlchia coli A * * wj s 

* pH (791) 

Analysis: Mrx 1 g with 100 mL of water for 5 min, 
Acceptance criteria: 5,0-7.0 

* Settling Volume 

Analysis: To 75 mL of water in a 100-mL graduated cyl¬ 
inder, add 1.5 g of it in 0.5-q portions, shaking vigor- 
ously after each addition. Add water to make 100 ml, 
shake again until aJI of the powder is homogeneously 
distributed, and allow to stand for 4 h. Notę the vol- 
ume of the settled mass, 

Acceptance criteria: The volume of the settled mass is 
10.0-30.0 mL. 

ADDJTIONAL REQUIREMENTS 

* Packaging and Sto race: Preserve in well-closed contaim 

ers. No storage reguirements specified. 


Crospoyidone_ 

Portions of the monograph text that are natronal USP text, 
and are not part of the harmonized text, are marked with 
symbols (**) to specify this fact. 

1 H 

---C—CH S - - 

ból 


(C ć H?NO) n 

1 -Ethenyf-2-pyrrolidinone homopoiymer; 
1-Vinyl-2-pyrroIidinone homopoiymer [9003-39-8], 

DEFINITION 

Crospovidone is a water-insofuble synthetic cross-lmked 
homopoiymer of W-yinyl^-pyrrolfdinone. tt contains NLT 
11.0% and NMT 12,8% of nitrogen (N), calculated on 
the dried basis. Two types of Crospovidone are available, 
depending on the particie size: Type A and Type B. 

IDENTIFICATION 

• *A, Infrared Absorption (197K); Prevtously dried in a 
vacuum at 105° for 1 h* 

• B. 

Sample: 1 g 

Analysis: Suspend the Sampie in 10 mL of water, add 
0.1 mL of 0.1 N iodine, and shake for 30 s, Add 1 mL 
of starch TS, and shake. 

Acceptance criteria: No biue cofor develops. 

• C To 10 mL of water add 0,1 g and shake. A suspension 

is formed, and no elear solution is obtained within 15 
min. 


o D 

Sample: 20 g of the dried substance 
Analysis: Clean and dry the analytical steves used in the 
analysis by washing the sieves in hot water. Al Iow to 
dry overnight in a drying cabinet at 105°. Place the 
Sample in a 1000-mL conical fiask, add 500 mL of 
water, and shake the suspension for 30 min. Pour the 
suspension through a 63-jim analytical sieve, prevlously 
tared, and rinse tne sieve with water until the filtrate Is 
elear. Dry the sieve and sample residue at 105° for 5 h 
in a drying cabinet without circulating air. Cool in a 
desiccator for 30 min, and weigh. 

Calculate the percentage sieving residue fraction of 
sample particles having a diameter of morę than 63 
pm: 

Result = [(mt - mj) x 100]/m^ 

rrjf = mass of the sieve and sample residue, after 
drying for 5 h (g) 
m* = mass of the sieve (g) 
m.? =* initial mass of the sample, calculated on a 

dried basis (g) 

Acceptance criteria: tf the sieving residue fraction is 
morę than 15%, the substance is classtfied as Type A; if 
the sieving residue fraction is NMT 15%, the substance 
is dassified as Type B. 

ASSAY 

« Nitrogen Determination, Method II (461) 

Sample: 0.1 g 

Analysis: Proceed as directed, using the Sample . In the 
Procedurą omit the use of hydrogen peroxide, and use 
5 a of a powdered mixture of potassium sutfate, cupric 
sulfate, and titanium dioxide (33:1:1), instead of potas¬ 
sium sulfate and cupric sulfate (10:1). Heat until a elear, 
light cjreen solution is obtained. Heat for an additlonal 
45 mm, and proceed as directed for Procedurę , begin¬ 
ni ng with "Cautiously add to the digestion mixture 
70 mL of water". 

Acceptance criteria: 11.0%-12. 8 % on the dried basis 

IMPURITIES 

* Residue on Icnition <281): NMT 0.1%, determined on 
1.0 g 

Delete the fołłowtng: 

** *Heavy Metals, Method II (231): NMT 10 ppm*# ( oif,chU 

• Perokides 

Sample suspension A: [NOTĘ—Use for Type A.] 

40 mg/mL in water. To 25 mL of this suspension add 
2 mL of titanium trichlonde-suffuric acid TS. Allow to 
stand for 30 min, and filter. 

Sample suspension B: [NOTĘ—Use for Type B.] 

16 mg/mL in water. To 25 mL of this suspension add 
2 mL of titanium trichtorfde-sulfuric add TS. Allow to 
stand for 30 min, and filter. 

Compensation ligutd A: [NOTĘ—4Jse for Type A.] 

40 mg/mL in water. Filter, take 25 mL, and add 2 ml of 
a 13% solution of sulfuric acid, 

Compensation figuid B: [NOTĘ—Use for Type B,] 

16 mg/mL in water, Filter, take 25 mL, and add 2 mL of 
a 13% solution of sulfuric acid. 

Analysis: Measure the absorbance of the filtrate at 405 
nm against the appropnate compensation liquid. 
Acceptance criteria: NMT 0.35. For Type A, this corre- 
sponds to NMT 400 ppm expressed as H 3 O 2 ; for Type 
8 , this corresponds to NMT 1000 ppm expressed as 
HiCb. 
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* VlNYLPYRROUD!NONE 

Mobile phase: Acetonitrile and water (1:9) 

Sample solution: 25 mg/ml of suspension in methanoL 
Shake for 60 min. Leave the bulk to settle, and pass 
through a filter of 0.2-pm porę size, 

Reference stock solution A: 5 pg/mL of vinyipyrroHdi- 
nonę in methanol 

Reference stock solution B: 100 pg/mL of vinylpyr- 
rolidlnone and 5 mg/mL of vinyf acetate in methanol 
Reference solution A: A 1 -in-20 solution of Reference 
stock solution A in Mobile phase 
Reference solution B: A l-in-100 solution of Reference 
stock solution B in Mobile phase 
Chromatographic system 
(See Chmmatography (621 ) y System Suitability .) 

Modę: LC 
Detector: UV 

Analytical wavelength: 235 nm 
Precofumn: 4-mm x 2.5-cm; 5-*pm packing LI 
Column: 4-mm x 25-cm; 5-pm packing LI 
Column temperaturę: 40° 

Flow ratę: 1 ml/mtn 

Iniection size: 50 pL, [NOTĘ—After each injeetion of 
tne Sample solution , wash the precolumn by passing 
the Mobile phase backwards, at the same flow ratę as 
applied In the test, for 30 minj 
System suitability 

Sam pies: Reference solution A and Reference solution B 
Suitability reguirements 

Re solution: NLT 2.0 between vinylpyrrolfdinone and 
vinyl acetate, Reference solution B 
Relatrve standard deviation: NMT 2.0% for 6 injec¬ 
tion s, Reference solution A 
Analysis 

Samples: Sample solution and Reference solution A 
Record the ehromatograms, and measure the re- 
sponses for the vinylpyrrofidinone peak. 

Acceptance criteria: The area of the peak from the 
Sample solution is NMT the area of the piindpa! peak 
from Reference solution A (NMT 10 ppm). 

SPECIFIC TESTS 

• Loss ok Dryeng (731): Dry 0.5 g at 105° to constant 

weight: it loses NMT 5.0% of its weight. 

* Water-Soluble Substances 

Sample: 25.0 g 

Analysis: Transfer the Sample to a 400-mL beaker, add 
200 ml of water, and stir on a magnettc stirrer, using a 
5-cm sfirhng bar, for 1 h. Transfer to a 250-mL volu- 
metric fiask with the aid of 25 mL of water. Add water 
to volume. Allow the bulk of the solids to settle. Pass 
100 mL of the relatively elear supernatant through a 
membranę filter of 0.45-pm porę size, protectea against 
clogging by superimposing a membranę filter of 3-jim 
porę size. WhŚle filtering, stir the solution above the fil¬ 
ter manually or with a mechanical slirrer, taking care 
not to physically damage the membranę filter. Transfer 
50.0 mL of the elear filtrate to a tared 100-mL beaker, 
evaporate to dryness, and dry at 110° for 3 h. 
Acceptance criteria: The weight of the residue does 
not exceed 75 mg (1.5%). 


ADDBTIONAL REQUIREMENT5 

® ♦Packaging and Storage: Preserve in tight containers.* 

• ^Labeling: The labef States the type (Type A or Type B).* 

• *U5P Reference Standards (11) 

USP Crospovidone RS* 


Camma Cyclodextrin 



(QH t0 O 5 )a 1297,12 

Cyclooctaamylose; 

Cydomaltooctaose [17465-86-0], 

DEFINmON 

Gamma Cydodextrin is composed of 8 alpha-(1-4) linked 
D-glycopyranosyl units. It contains NLT 98.0% and NMT 
102.0% of cyclooctaamylose (CbH 10 O 5 )s, calculated on the 
dried basis. 

IDENTIFICATION 

• A. Infrared Absorpteon (197K) 

■ R. The retention time of the major peak from the Sample 
solution corresponds to that of tne standard solution , as 
obtained in the Assay. 

• C. It meets the reąuirements of the test for Specific 

Rotation. 

AS5AY 

• Procedurę 

Mobile phase: Methanol and water (7:93) 

System suitability solution: Prepare an aqueous solu¬ 
tion containing 0.5 mg/mL each of USP Alpha 
Cydodextrin RS, USP Beta Cyclodextnn RS, and USP 
Gamma Cyclodextrin RS, 

Standard solution: 1.0 mg/mL of USP Gamma 
Cydodextrin RS 

Sample stock solution: Transfer 250 mg of Gamma 
Cyclodextrin to a 25-mL volumetric fiask, and dissoive 
in water, with the aid of heat if necessary. Cool, and 
dilute with water to vo!ume. 

Sample solution: 1.0 mq/mL of Gamma Cydodextrin, 
p rep a red from the Sample stock solution 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 
Column: 4.6-mm x 15-cm; 5-pm packing LI 
Temperaturę 
Detector: 40° 

Column: 30° 

Flow ratę: 1.5 mL/min 
Injection size: 50 pL 
System suitability 
Sample: System suitability solution 
[Notę —The refative retention times for gamma 
cyclodextnn, alfadex, and betadex are 0.8, 1.0, and 
1.9, respective3y,] 
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Suitability requirements 

Resolution: NIT 1.5 between the gamma cydodex- 
trin and alfadex peaks 

Taiilng factors: Q, 8-2,0 for the three cydQdextnns 
Relative standard devfation: NMT 2.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of gamma cydodextnn 
[(CćHioOsJe] in the portion of sample taken: 

Result = {/ul x (Cs/Cu) x 100 

ru - peak response from the Sample solution 

r s = peak response from the Standard solution 

C$ = concentration of the Standard solution 
(mg/mL) 

Cu - concentration of the 5omp/e solution (mg/mL) 
corrected for water found in Specific Tests, 
ioss on Drying 

Acceptance criteria: 98.0%-l 02.0% on the dried basis 

IMPURITIES 

® Residue on łCNUiON (281): NMT 0.1%, determined on a 
1.0-g specimen 

Delete the foltowing: 

** Heavy Metals, Method II (231); NMT 5 ppm# (omaai r-jan- 

2Qlfl> 

* Related Compounds 

Mobile phase, System suitability solution, and Chro- 
matographic system: Proceed as directed En the 
Assoy. 

Standard solution: Transfer 5,0 mt of System suitability 
solution into a 50-mL volumetric fiask, and di lute with 
water to volume. 

Sample solution: Use the Sample stock solution, pre- 
pared as directed in the Assay, 

Analysis 

Sam pies: Standard solution and Sample solution 
Acceptance criteria: For the Sample solution, the areas 
of any peaks corresponding to alfadex (alpha cyclodex- 
trin) or to betadex (beta cyclodextnn) are not greater 
than the area of the corresponding peaks in the chro¬ 
ma tog ram of the Standard solution (0.5%); and the sum 
of the areas of all the peaks, exduding the prindpal 
peak, the peaks corresponding to aifaaex or to betadex, 
and artifact peaks, is not greater than the area of the 
peak corresponding to gamma cydodextnn in the chro- 
matogram of the Standard solution (0*5%). 

O REDUCING SUBSTANCES 

Dextrose standard solution: 10,0 mg/mL of USP Dex- 
trose RS, calcu fated on the anhydrous basis 
Analysis: Transfer a quantity of Gamma Cyclodextrin, 
equivaient to 1.0 g on the aried basis, to a 500-mL 
tonicaE fiask. Dissolve in 1 0 m L of water, and add 
25 mL of aifcalme cupric ciirate TS2. Cover the fiask 
with al u mm u na foli, and boli the solution for 5 min. 

Cool in an ice bath to room temperaturo, Add 25 mL of 
0,6 N acetic acid, 10 mL of 3 N nydrochloric acid, and 
1 0 ml of 0.1 N iodine solution. [NOTĘ—The addition of 
these Solutions most be in the order given.] 

Titrate the solution with 0.1 N sodium thiosuifate V5, 
and determine the endpoint potentiometricaliy. Per- 
form a blank determination (see Titrimetry (541), Resid- 
ual Titrations). Calculate the difference in volumes 
required. 

Create a calibration curve by similarly titrating 0.25, 

0.5, 0.75, and 1.0 mL of Dextrose standard solution. 

Plot the amount, in mg, of dextrose in each titrated 
Dex trose standard solution versus the volume eon- 
sumed, in mL, of 0.1 N sodium thiosuifate VS in the 
titration, and draw a straight linę through the four 
points. From the linę so obtained and the volume of 


0.1 N sodium thiosuifate V5 required in the titration of 
Gamma Cyclodextrin, determine the weight, W, in 
mg, of the reducing substances as dextrose in the por- 
tion of Gamma Cyclodextrin taken* 

Calculate the percentage of the redudng substances in 
the portion of Gamma Cyctodextnn taken: 

Result = (W/Wg) x Fx 100 

W = weight of the reducing substances as dextrose 
in the portion of Gamma Cydodextrin taken 

Wc ~ weiglit of Gamma Cyclodextrin taken (g) 

F = conversion factor, ]0 3 g/mg 
Acceptance criteria: NMT 0.5% 

SPECIFIC TESTS 

* Micrdbial Enumeration Tests (61) and Tests for Speci- 
fieo Microorganisims (62): It meets the requlrements of 
the tests for the absence of Salmonella species and £s- 
cherichia coli . The to tal aerobic microbial count does not 
exceed 1000 cfu/g, and the total combined molds and 
yeasts count does not exceed 100 cfu/g. 

O COLOR AND CLARITY OF SOLUTION 

Sample solution: Transfer a quantity of Gamma 
Cyclodextrin, equivalent to 2.5 g on the dried basis, 
into a 25-mL volumetric fiask, dissoh/e in and dllute 
with water that has been previously botled and cooled 
to room temperaturę to volume, and mix* 

Analysis: Determine the absorbance of the Sample solu¬ 
tion in a 1-cm celi at 420 nm, with a suitable spectro- 
photometer, after correcting for the blank. 

Acceptance criteria: At 420 nm, the absorbance is not 
greater than 0.20, and the solution is elear. 

» Loss on Drying (731): Dry a sample at 105° for 2 h: it 
[oses NMT 11,0% of its weight. 
o Oftical Rotation, Specific Rotation (781S) 

Sample solution: 10 mg/mL 

Analysis: Proceed as directed in the chapter. 

Acceptance criteria: +174° to +180° 

ADDETGONAL REQUIREMENT5 

* Packaging and Storage: Preserve in well-closed contain- 
ers, and storę at room temperaturę, 

■ USP Reference Standards (11) 

USP Alpha Cyclodexthn R5 
USP Beta Cydodextrin RS 
USP Dextrose RS 
USP Gamma Cydodextrin RS 


CycSomethicone 



(CjH f ,OSi) n 

CycEopolydimethyfsiloxane; 

Cyciic polydimefnylsiloxanes; 

Cyclodimethlcone [69430-24-6]. 

DEFINITION 

Cyclomethicone Es a fully methylated cyciic siioxane contaim 
ing repeating units of [-(CHaJaSiO-],,, in which n is 4, 5, 

6, or a mixture of them. It contains NLT 98.0% of 
(C 2 H 6 OSi) n , calculated as the sum of cyclomethicone 4, 
cyclomethicone 5, and cyclomethicone 6, and NLT 95.0% 
and NMT 105.0% of the labefed amount of any one or 
morę of the indivldual cyclomethicone components. 
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IDENTIFICATION 

• A. Snfrared Absorption (197S) 

Sample: Use neat liquids. 

Acceptance crlteria: The IR absorption spectrum exhib- 
its max]ma onJy at the same wavelengths as that of a 
similar preparation of USP Cyclomethicone 4 RS, USP 
Cyclomethicone 5 RS, or USP Cyclomethicone 6 RS. 

ASSAY 

* Procedurę 

Standard solution A: USP Cyclomethicone 4 RS (neat) 
Standard solution B: USP Cyclomethicone 5 RS (neat) 
Standard solution C: USP Cyclomethicone 6 RS (neat) 
Sample solution: Cyclomethicone (neat) 
Chromatographie system 
(See C hromatography (621), System Suitabiiity.) 

Modę: CC 

Detector: Ffame ionization 

Column: 0.32-mm x 60-m fused silica; coated wlth a 
1.0-pm film of phase G1 
Temperatures 
Injection port: 250 g 
Detector: 300° 

Column: See Tobie h 


Table 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

(°/mln) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 
(mi n) 

60 

__ 

60 

5 

60 

10 

200 

15 

200 

5 

225 

5 


tarrrer gas: Helium 
Fiow ratę: 1 mL/min 
Injection volume: 1 pi 
Injection type: Split ratio 1:20 
System suitabiiity 

Samples: Standard solution A, Standard solution B f and 
Standard solution C 
[Notę—S ee Table 2.\ 


Table 2 


Name 

Relative 

Retention Time 

Cydomethleone 4 

0.9 

Cydomethicone 5 

1.0 

Cyclomethicone 6 

1.2 


Suitabiiity requrrements 
Relative standard deviation: NMT 2.0% for 
cyclomethicone 4, Standard solution A; NMT 2.0% for 
cyclomethicone 5, Standard solution B; NMT 2.0% fo^ 
cyclomethicone 6, Standard solution C 
Calculate the percentage of cyclomethicone 4, 
cyclomethicone 5, and cyclomethicone 6 by dlviding 
100 times the response of each peak at the retention 
time of the corresponding reference standard by the 
sum of all of the responses tn the chramatogram. The 
percentages obtained from dupticate injectlons agree 
to within 1.0%. 

Analysis 

Samples: Standard solution Ą Standard solution B, 
Standard solution C and Sample solution 
Calculate the percentage of cyclomethicone 4 
(cyclomethicone 5 or cyclomethicone 6) in the par¬ 
don of Cyclomethicone taken: 

Result = ( rufri ) x 1 00 

ru - peak response of cyclomethicone 4 

(cyclomethicone 5 or cyclomethicone 6) 


r 7 - sum of all the peak responses 
Calculate the percentage purity by adding the 
percentages of cyclomethicone 4, cyclomethicone 5, 
and cyclomethicone 6 , 

Acceptance criteria 

Sum of cyclomethicone 4, cyclomethicone 5, and 
cyclomethicone 6: NLT 98.0% of (CsHdOSi),, 
Labeled amount: 95.G%-105.0% of the labeled 

amount of any one or morę of the lndividual 
cyclomethicone components 

IMPURITIE5 

o Limit of Nonyolatile JResidue 

Sample: 2.0 g 

Analysis: Transfer the Sample into an open, tared alumi- 
num dish, and evaporate in a circulating air oven at 
150° for 2 h. Allow to cool In a desfccator, and weigh, 
Acceptance crlteria: NMT 3/0 mg, corresponding to 
NMT 0.15% (w/w) 

ADDITIONAL REQU1REMENTS 

* Packaginc and Storage; Preserve in tight containers. 
Avold exposure to exces$ive heat. 

* LABEUNG: kabel it to state, as part of the officiai title, the 

n-value of the Cyclomethicone. Where it is a mlxture of 
two or three such cyclic siloxanes, the label States the n- 
value and percentage of each in the mixture. 
o USP Reference Standards (11) 

USP Cyclomethicone 4 RS 
USP Cyclomethicone 5 RS 
USP Cyclomethicone 6 RS 


Dehydroacetic Acid 



CbHbO.( 168.15 

Keto form: 2tf-Pyran-2,4(3L/)-diQne, 3-acetyh6“methyl-; 
3-Acetyl-6-methyU2H-pyran-2,4(3H)-dione [520-45-6], 

Enol form: 2ff-Pyran-2-one, 3-acetyl-4-hydroxy-ó-methy!-; 
3-Acety[-4-hydroxy-ó-methyh2H-pyram2-one [771 -03-9]. 

DEFINITION 

Dehydroacetic Acid contains NLT 98.0% and NMT 100.5% 
of dehydroacetic acid (QHaO,i), calculated on the dried 
basis* 

IDENTIFICATION 
■ A. Infrared Absorption (197K) 

ASSAY 
* Procedurę 

S ie: 500 mg 

; 75 ml of neutralized alcohol 

Titrimetric system 
(See Titrimetry (541).) 

Modę: Drrect titration 
Titrant: 0.1 N sodium hydroxide VS 
Endpoint detection: Visual 
Analysis: Transfer the Sample into a 250-ml conical 
fiask, dissolve it in 75 mL of neutralized alcohol, and 
add phenolphthalein TS, Utratę with Titrant to a pink 
endpoint that persists for NLT 30 s. Perform a blank 
determinatlon. 

Calculate the percentage of dehydroacetic add 
(CeHaCLP in the Sample taken: 

Result ={[(V S -1/j)xNx f\IW) x 100 
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Vs ~ Titrant volunne consumed by the Sample (ml) 

Vb ~ Titrant volume consumed by the Blank (m!_) 

N ~ actual norm a lity of the Titrant (mEq/mL) 

F = equivalency factor, 1 68.2 mg/mEq 
W - Sample weight (mg) 

Acceptance criteria: 98.0%-100.5% on the dried basis 

IMPURITJE5 

* IResudue on Ignitign (281): NMT 0.1% 


Detele the fotlowing: 

Heaw Metals, Method fi (231): NMT 10 jtg/g* tofflcian- 

|an 20IB) 

SPEOF1C TESTS 

a Melting Rangę or Temperaturę, Class / (741): 

109°-l 11 ° 

® LOSS ON DRYING (731) 

Analysis: Dry a sample at 80° for 4 h. 

Acceptance criteria: NMT 1.0% 

ADDBTIONAL REQUIREMEN¥5 

a Packaging and Storage: Preserve in welhdosed contain- 
ers, No storage requirements spedfied, 

8 U5P Reference Standards (11) 

USP Dehydroacetic Add RS 


Deraafconiym Benzoate 



CanHwNpOa ■ H 2 0 464,60 

C 2 aH 3 ,N 2 0 3 446.59 

Benzenemethanaminium, N-[2-[(2,6-dimethylphenyl)amino]- 
2-oxoethyl]-N,/V-diethyl-, benzoate, mon ohyd ratę; 
Benzy!dlethyl[(2,ó-xylylcarbamoyl)rnethyJ] ammonium ben¬ 
zoate monohydrate [86398-53-0]. 

Anhydrous [3734^33-6]. 

DEF1NITION 

Denatonium Benzoate, dried at 105° for 2 h, contains one 
molecule of water of hydration or is anhydrous. When 
dried at 105° for 2 h, It contains NIT 99,5% and NMT 
101.0% of denatonium benzoate (C^H^N^Os)- 

IDENTIFICATION 
8 A. Dnfrared Absorption (197K) 

* B. Ultraviolet Absorption (197U) 

Analytical wavelength: 263 nm 
Sample solution: lOOpg/mL 
Medium: Water 

Acceptance criteria: Absorptivities, caiculated on the 
dried basis, do not differ by morę than 3.0%, 

o C. 

Sample: 150 mg 

Analysis: Dissoive the Sample in 10 mL of water, and 
add 15 mL of trinitrophenol TS, 

Acceptance criteria: A yellow precipltate is forrned. 

e D. 

Sampfe: 100 mg 

Analysis: Dissolve the Sample in 10 mL of water, and 
add 20 mL of 2 N sulfuric acid and 15 mL of ammo¬ 
nium reineckate TS. Mix, filter through a sintered-glass 
cmcihle using gentle suction, and wash thoroughly with 


water. Remove as much water as possible with suction, 
and then dry in an oven at 105° for 1 h. 

Acceptance criteria: The denatonium reineckate so ob- 
tained melts at about 1 70° (see Melting Rangę or Tem¬ 
peraturę (741)). 

A5SAY 
o Procedurę 

Sample: 900 mg, previously dried 
Blank: 50 mL of glacial acetic acid 
Titrimetrk system 
(See Ti tri metry (541),) 

Modę: Direct titration 
Titrant: OJ N perchloric add VS 
Endpolnt detection: Visual 
Analysis: Dissolve the Sample in 50 mL of glacial acetic 
acid, and add 1 drop of crystal violet TS. Ti tratę with 
Titrant to a green endpoint. Perform a blank determina- 
tion, and make any necessary correction. 

Calculate the percentage of denatonium benzoate 
(C 2 sH^iN 2 0i) in the portion of sample taken: 

Result = {[(14 - V B ) x N x F\/W] x 100 

7$ = Titrant volume consumed by the Sample (ml) 

14 = Titrant volume consumed by the Blank (mL) 

N = actual norma lity of the Titrant (mEq/ml) 

F = equivaiency factor, 446.6 mg/mEq 

W ~ Sample weight (mg) 

Acceptance criteria: 99.5%-101.0% on the dried basis 

IMPURITIES 

o RESIDUE on ICNfTtON (281): NMT 0J% 
o Chloride and Sulfate, Chtonde (221) 

Standard solution: 0 10 mL of 0.020 N hydrochJonc 
add 

Sample soluton: Dissolve 350 mg in 9 ml of water, 
add 1 mL of nitric acid, and filter. 

Analysis: Use 1.0 mL of the Sample solution , and pro- 
ceed as dlrected in the chapter 
Acceptance criteria: 0.2%; the Sample solution shows 
no morę chloride than the Standard solution. 

SPECIFKC TESTS 

* Meltbng Rangę or Temperaturę (741): 163°-l 70°, on a 
dried specimen 

* PH (791) 

Sample solution: 30 mg/mL 
Acceptance criteria: 6.5-7.5 
O LOSS ON DRYING (731) 

Analysis: Dry at 105° for 2 h. 

Acceptance criteria 
Monohydrate form: 3.5%^.5% 

Anhydrous form: NMT 1.0% 

ADDBTIONAL REQUiREMENTS 

® PACKAGfNG AND Storage: Preserve m tight containers. 
o Labeling: Label it to mdicate whether it is hydrous or 
anhydrous, 

o USP Reference Standards (11) 

USP Denatonium Benzoate RS 


PesoxyehoBic Acid 
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Deoxycho!ic acid; 

13a,12oc-Dihydroxycholanie acid [83-44-3]. 

DEFINITION 

Desoxycho!ic Acid eontains NLT 98.0% and NMT 102.0% of 
desoxycholit acid (C 24 I-UO 4 ), calculated on the dried 
basis. 

IDENTIFICATION 
* A. 

Analysis: Add 2 drops of benzaldehyde and 3 drops of 
75% sulfuric acid to about 10 mg of DesoxychoJic Acid, 
beat at 50° for S min, and then add 10 ml_ of glatial 
acetic acid. 

Acceptance criteria: A green color appears (choiic acid 
proauces a brown cofor). 

AS5AY 
» Procedurę 

Sample: 500 mg 

Analysis: Transfer the Sample into a 25G-mL Erlenmeyer 
fiask, and add 20 mL of water and 40 mL of alcohol. 
Cover ihe fiask with a watch glass, heat the mixture 
gently on a steam bath until the Sample is dissoh/ed, 
and allow the mixture to cod to room temperaturę. 

Add a few drops of phenolphthatein TS to the solution, 
and Utratę witn 0.1 N sodium hydroxide to a pink 
endpoint that persists for 15 s, Bach mL of 0.1 N so- 
dium hydroxide is equivalent to 39.26 mg of desox- 
ycholic acid (OmM-ioO* *). 

Acceptance criteria: 98,0%-102.Q% on the dried basis 

IMPURETIES 

Residue on Icnition (281): NMT 0.2%, using 1.0 g 

Limit of Lead 

[Notę —Select reagents having as Iow a lead content as 
practicable, and storę ail Solutions in high-density pdy- 
ethylene containers. Rinse aJI plastic and glassware thor- 
oughly with warm, 50% nltric add followed by water.] 
Standard Solutions: [Notę— Prepare these Solutions on 
the day of use.] Transfer 10.0 and 50.0 mL of standard 
lead solution TS into two separate 100-mL volumetric 
flasks, add 10 mL of 3 N hydrochloric acid to each, and 
dilute with water to vo!ume. The thlrd standard, 
lO.Opg/mL, is taken direetly from standard lead solu¬ 
tion T£ 

Sample solution: Transfer 10,0g of Desoxycholic Acid, 
weighed to the nearest OJ mg, into an eyaporating 
dish. Add 5 mL of 25% sulfuric add (madę by adding 
25 mL of sulfuric add to 75 mL of water), and distribute 
the 25% sulfuric acid solution uniformly, Within a hood, 
place the dish on a steam bath to evaporate most of 
the water. Place the dish on a burner, and slowly pre- 
ash the remaining Sample solution by expe!ling most of 
the sulfunc acid. Place the dish in a muffle furnate that 
has been set at 525°, and ash the contents of the dish 
untll the residue appears free from carbon. Cool, and 
caudously wash down the inslde of the evaporation 
dish with water. Add 5 mL of 1 N hydrochloric add. 
Place the dish on a steam bath, and evaporate to dry- 
ness, Add 1,0 mL of 3 N hydrochloric acid and approxi- 
mately 5 mL of water, and heat briefly on a steam bath 
to dissoke any residue. Transfer to a 10-mL volumetric 
fiask, dilute with water to voJume, and mix. 

Sample blank: Prepare by ashing 5 mL of 25% sulfuric 
acid solution, Cool, and cautiously wash down the in- 
side of the evaporation dish with water. Add 5 mL of 
1 N hydrochloric acid. Place the dish on a steam bath, 
and evaporatę to dryness. Add 1.0 ml of 3 N hydro¬ 
chloric acid and approximately 5 mL of water, and heat 
briefly on a steam bath to dissolve any residue. Transfer 
to a 10-mL volumetric fiask, dilute with water to vol- 
ume, and mbc 



Instrumental conditions 
(See Arom/c Absorption Spectroscopy (852),) 

Modę: Atomie absorption 
Analytica! wavelengtn: 283.3 nm 
Lamp: Lead electrodeless discharge 
Flame: Air-acetylene 
Slit width: 0.7 nm 
Instrument blank: Water 
Standard curve 

Samples: Standard Solutions and Sample blank 
Plot: Corrected absorbance values versus their corre- 
sponding concentration (pg/mL). [Notę —Determine 
corrected absorbance values by subtracting the ab¬ 
sorbance of the Sample blank from the absorbance of 
the Standard Solutions ,] 

Analysis 

Samples: Sample solution and Sample blank 
[Notę—D etermine corrected absorbance va!ues by sub¬ 
tracting the absorbance of the Sample blank from the 
absorbance of the Sample solution ,] 

From the Standard curve, determine the lead concentra¬ 
tion in the Sample solution. 

Calculate the lead content in the portion of Desox- 
ychoSic Acid taken: 

Result = (Cs/ W) x 17 

Q - concentration of lead from the Standard curve 
(pg/mL) 

W = weight of the sample taken (g) 

V ~ finał volume of the sample (mL) 

Acceptance criteria: NMT 4 pg/g 

SPECIFIC TESTS 

* Optical Ror at io n, Spedftc Rotation (7815) 

Sample solution: 1 % (w/v) solution in ethanol 
Acceptance criteria: NLT +55° 

* Melting Rance or Temperaturę, Class l (741): 

172M 75° 

* Loss ON DRYING (731) 

Analysis: Dry at 140° under vacuum of NMT 5 mm of 
mercury for 4 h. 

Acceptance criteria: NMT 1% 

ADDITIONAL requirement$ 

* Packacinc and Storage: Preserye in tight containers, No 

storage reguirements specified. 


Dextrate$ 


DEFINITION 

Dextrates is a purified mixture of saccharides resulting from 
the controlled enzymatic hydrolysis of starch. It is either 
anhydrous or hydrated. Its dextrose equivalent is NLT 
93.0% and NMT 99.0%, calculated on the dried basis. 

AS5AY 

* Dextrose Equivalent 

Standard solution: 10 mg/mL of U5P Dextrose RS 
Sample solution: 10 mg/mL of Dextrates in hot water 
Analysis: Transfer 25.0-mL portions of alkaline cupric 
tartrate TS to each of two boiling flasks. Bring the con¬ 
tents of one of the flasks to a boil, and titrate with the 
Standard solution to within 0.5 mL of the anticipated 
endpoint. Agam heat the fiask, with swirlmg, boil mod- 
erately for 2 min, add 2 drops of a 10-mg/mL methyl- 
ene blue solution, irnmediately add 2 drops of the Stan¬ 
dard solution from the buret, and again bring to a boil. 
Allow the cuprous oxide to settle slightly, and obsen/e 
the color of the supernatant. Complete the titration 
within 3 min by adding the Standard solution dropwise, 
and boifing after each addition to the disappearance of 
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the blue color, determlned by viewing against a wbite 
background in dayligbt or under equivalent iilumina- 
tion. If morę than 0*5 mL of the titrant was required 
after the addition of the indicator, repeat the titration, 
adding the necessary volume of titrant before addlng 
the indicator. Bring the contents of the second fiask to 
a boil, and stmiiarly titrate with the Sample soiution. 
Calcu fate the percentage of dextrose equlvalent taken 
on the dried basis: 

Result ^ (Q/Cu) x (V s /Vu) x [1/(1 - 0.01 x A)] x 100 

Ci = coneentratson of USP Dextrose RS jn the 
Standard sofution (mg/mL) 

Cu - concentration of Dextrates in the Sample 
sofution (mg/ml) 

14 - titrant voiume consumed by the Standard 

sofution (mL) 

Vu - titrant volume consumed by the Sample 
soiution (mL) 

A - loss on drying of Dextrates taken (%) 
Acceptance criteria: 93.0%-99.0% on the dried basis 

IMPURIT1ES 

* Residue on Bgnition (281): NMT 0.1% 

Oefete the foflowing: 

** Heaw Metals, Method fi (231): NMT 5pg/g* (Official I -Jan- 
201 aj 

SPECIFIC TESTS 

o PH (791) 

Sample: 200 mg/ml in carbon dioxide-free water 
Acceptance criteria: 3,8-5,8 

* Loss on Drying (731) 

Anaiysis: Dry at 105° for 16 h in a convection oven, 
Acceptance criteria: For the anhydrous form, NMT 
2.0%; for the hydrated form, 7.8%-9.2% 

ADDflTIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in welhclosed contain- 
ers, and storę in a cool, dry place. 

® Labeling: Label it to State whether it is anhydrous or 
hydrated. 

fi USP Reference Standards (11) 

USP Dextrose RS 


Dextrin 


DEFINITION 

Dextrin is starch, or partially hydrolyzed starch, mod ified by 
heatlng in a dry State, with or without acids, alkalles, or 
pH control agents, During heating, moisture may be 
added. 

IDENTIFICATION 
o A. 

Sample: 1 g 

Anaiysis: Suspend the Sample in 20 mL of water, and 
add a lew drops of iodine TS. 

Acceptance criteria: A blue to reddish-brown color 
results, 

o B* Dextrin is very solubię in botling water, forming a mu- 
cilaginous soiution (difference from starch)* 

A5SAY 

« Reducing Sugars (Dextrose Equjvalent) 

Sample: A quantity of Dextrin equivalent to 2*0 g on 
the dried basis 

Anaiysis: To the Sample add 100 mL of waLer, shake for 
30 min, dilute with water to 200 mL, accurately meas- 


u red, and filier* To 10.0 mL of a (kalinę cupric tartrate TS 
add 20.0 ml of the filtrate, mix, and heat on a hot 
late adjusted to bring the soiution to a boli En 3 min. 
oil for 2 min, and cool quickly. Add 5 mL of potassium 
iodide soiution (3 in 10) and 10 ml of 2 N sulfuric acid, 
mix, and titrate immedlately with 0.1 N sodium ihiosui- 
fate VS, using starch TS, added toward the end of the 
titration, as an Endicator. 

Repeat the procedurę beginning with 'To 10.0 mL of 
afkaline cupric tartrate TS" using, in place of the fil- 
trate, 20,0 mL of a soiution (1 in 1000) of anhydrous 
dextrose, accurately prepared. Perform a blank Litra- 
tion. 

Compare (14 - 14) and (14 - Vj). 

Result 1 = (14 - V u ) 


Result 2 = (14 - 14) 

14 = volume of 0.1 N sodium thiosulfate consumed 

in the titrations of the blank 
Vu - volume of 0.1 N sodium thiosulfate consumed 
in the titrations of the Dextrin 
l/ 5 = yolume of 0.1 N sodium thiosulfate consumed 

in the titrations of the dextrose 
Acceptance critena: (14 - 14) is NMT (14 - 14), corre- 
spondlng to NMT 10%, calculated as dextrose 
(C|H,aQ 6)* 

IMPUR1T1ES 

« Residue ON Ignition (281): NMT 0.5% 
o Chloruje and Sulfate, Chloride (221) 

Sample: 3*0 g 

Control: 2.8 mL of 0.020 N hydrochlorlc add in 75 mL 
of water 

Anaiysis: Dissolye the Sample in 75 mL of boiling water. 
Cool, dilute with water to 75 mL, and filter if necessary. 
To 25 mL of this soiution and the Contro !, add 2 mL or 
nitric add and 1 mL of siiver nitrate TS. 

Acceptance criteria: Any turbidity produced is NMT 
that of the Control , corresponding to NMT 0,2% of 
chloride. 


Detete the foflowing: 

HeaVY Metals, Method II (231): NMT 20 ppm# (oindai i- 

Jan-2010} 

fi Limit of Protein 

Sample: 10 g 

Anaiysis: Proceed as directed in Nitrogen Determination 
(461), using the Sample instead of 1 g, 60 mL of sulfuric 
acid instead of 20 mL, and multlplying the percentage 
of nitrogen found by 6.25, 

Acceptance criteria: NMT 1*0% 

SPECIFIC TESTS 
fi AODITY 

Sample: 10.0 g 

Anaiysis: Add the Sample to 100 mL of 70% alcohol, 
reviously neutralized to phenolphthalein. Shake for 1 
, filter, and titrate 50 mL of the filtrate with 0.10 N 
sodium hydroxide, 

Acceptance criteria: NMT 3*0 mL 
O BOTANIC CHARACTERŁ5TICS 

Microscopic: Cranules are simtlar In appearance to the 
starch from which the Dextrin has been prepared, ex- 
cept that when prepared from corn starch, many of the 
granufes show concentnc striations, and when prepared 
from potato starch, concentric striations are not clearly 
vlsible; the hilum is freguently bicleft; and a smali pro- 
portion of the granules are distorted. 

® loss ON DRYING (731): Dry a sample at a pressure not 
exceeding 100 mm of mercury at 1 20° for 4 h: it toses 
NMT 1 3.0% of its wefght. 
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ADDITIONAL REQUIR£MENT5 
* Packaging AND Storace: Presen/e in well-closed 
containers. 


D«xtrose —see Dextrose General 
Monographs 


Dejctrose Eadpient 

DEFINITION 

Dextrose Exdpient ts a sugar usual[y obtained by hydrolysis 
of starch. It contains one molecule of water of hydrafiom 

IDENTIFICATION 
o A. 

Sample solution: 50 mg/mL 
Analysis: Add a few drops of the Sample solution to 
5 ml of hot alkalrne cupric tartrate TS. 

Acceptance criteria: A copious red precipitate of cu- 
prous oxide is formed. 

IMPURETIES 


Detete the following: 

*• Heavy METALS (231) 

Test preparation: 4.0 g of Dextrose Excipient in 25 mL 
of water 

Acceptance criteria: NMT 5 ppm® tomdat i^n- 2 oia> 

* Residue on Ignetion (281): NMT 0.1% 
o SOLUBLE STARCH, SULFITES 

Sample solution: 1 q of Dextrose Exdpient in 10 mL of 
water 

Analysis: To the Sample solution add 1 drop of iodine 
TS. 

Acceptance criteria: The Hguid is toiored yeltow, 

SPECU FIC TESTS 

* Optical Rotation, Specific Rotation (781S) 

Sample solution: 100 mg/mL of Dextrose Excipient in 
0.012 N ammonium hydroxide 
Acceptance criteria: +52.5° to +53.5 q 
9 Water Oetermjnation, Method III (921) 

Analysis: Dry at 105* * ** for 16 h. 

Acceptance criteria: 7.5%-9 .5% 

* COLOR OF SOLUTION 

Sample solution: DissoNe 25 g of Dextrose ExdpEent in 
water to make 50.0 mL. 

Control solution: Mix 1.0 mL of cobaltous chloride CS, 
3.0 mL of ferric chloride CS, and 2.0 mL of cupric su!- 
fate CS with water to make 10 mL. Dilute 3 ml of this 
solution with water to 50 mL. 

Analysis: Make the comparison by Mewfng the Sample 
solution and Contro/ solution downward in matched 
color-companson tubes against a wbite surface. 
Acceptance criteria: The Sample solution has no morę 
color than the Contro/ solution . 

* Acidity 

Sample solution: 100 mg/mL In carbon dioxide-free 
water 

Analysis: Add phenolphthalein TS to 50 mL of the Sam¬ 
ple solution t and ti tratę with 0.020 N sod i u m hydroxide 
to the production of a distinct pink color. 


Acceptance criteria: NMT 0.30 ml 
9 Chloride and Sulfate, Chlonde (221) 

Standard solution: 0.50 ml of 0.020 N hydrochionc 
add 

Sample: 2.0 g 

Acceptance criteria: 0.018%; the Sample shows no 
morę chloride than the Standard solution. 

- Chloride and Sulfate, Sulfate (221) 

Standard solution: 0.50 mL of 0,020 N sulfurrc add 
Sample: 2.0 g 

Acceptance criteria: 0.025%; the Sample shows no 
morę sulfate than the Standard solution. 

* Arsenic, Method i (211): NMT 1 ppm 

■ Dextrin 

Sample: 1 g of finely powdered Dextrose Excipient 
Analysis: Reffux the Sample with 20 mL of alcohoL 
Acceptance criteria: ft aissolves compieteiy. 

ADDITIONAL REQUIRESVIENTS 

o Packaging and Storace: Preserve in well-closed 
containers. 

* Labeling: Label it to indicate that it is not intended for 

parenteral use* 


DSacetylated MonogEycerides 

DEFINITION 

Diacetylated Monoglycerides is glycerin esterified with edi- 
ble fatTorming fatty acids and acetic add. It may be pre- 
pared by the interestenfication of edible oils wito triacetin 
m the presence of catalytic agents, followed by molecular 
distillation, or by the direct acetylatron of edible mono¬ 
glycerides with acetic anhydride without the use of cata- 
[yst or molecular distillation. 

IDENTIFICATION 
e A. INFRARED ABSORPTION (197F) 

Sample: Undried specimen 

Acceptance criteria: Meet the requlrements 

IMPURITIES 

* Residue on Ignbtion (281): NMT 0,1% 

Delete the fotlowing: 

** Heavy n/lETALS, Method II (231): NMT 10 pg/g* u 

|an-201Q) 

SPECIFIC TESTS 

» Fats and FlX£D Oils, Add Value (401): NMT 3 
» Fats and Fixed Oils, Hydroxyl I /akie (401): NMT 15 

* Fats and Fixed Oils, Saponification Value (401): 365-395 

ADDITIONAL REQUIREMENTS 

9 Packaging and Storace: Presen/e in tight, fight-resistant 
containers. 

* IłSP Reference Standards (11) 

USP Diacetylated Monoglycerides RS 
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Diatrizoic Acicf —see Diatrizoic Add General 
Monographs 


Dibutyl Fhthalate 



C^LhO* 278.34 

l,2-Benzenedicarboxyfic acid, dibutyl ester [84-74-2]. 

DEF1N1TIOW 

Dibuty] Phthalate contains NLT 99.0% and NMT 101.0% of 
dibutyl phthalate (CiahhzO^), 

IDENTIFICATION 

* A. Infraked Absorption <197F): On undried specimen 

* B. It meets the requirements in Specific Tests for Refractive 
lndex <831), 

A5SAY 

• Procedurę 

Sample: 0.75 g 
Titrimetrk system 
(See Titrimetry <541).) 

Modę: Residual titration 

Titrant: 0,5 N alcoholic potassium hydroxide VS 
Back-titrant: 0,5 N hydrochloric acid VS 
Endpoint deteetion: Visual 

Analysis: Transfer the Sample to a fiask, add 25.0 mL of 
Tiłrant, attach a reflux condenser to the fiask, and boil 
in a water bath for 1 h. Add 1 mL of phenolphthalein 
TS. Titrate immediately wlth Back-titrant Perform a 
blank determmation, Each mL of Tttrant is equiva!ent to 
69.59 mg of dibutyl phthalate (C 10 H 22 O 4 ). 

Aeceptance criteria: 99.0%-101.0% 

IMPURITIES 

• Residue on Ignition <281) 

Sample: 1,0 g 

Aeceptance criteria: NMT 0.1% 
a RELATED COMPOUND5 

Internal standard solution: 3 mg/mL of dlbenzyl in 
methylene chloride 

Sample stock solution: 100 mg/mL of Dibutyl Phthal¬ 
ate in methylene chloride 

Sample solution A: Dllute 5,0 mL of Somple stock solu- 
tion with methylene chloride to 10 mL. 

Sample solution B: Add 5,0 mL of Somple stock solu - 
f/on, 1.0 mL of Internal standard solution , and dilute 
with methylene chloride to 10 ml. 

Standard solution: Add 1.0 mL of Sample solution A t 
10.0 ml of Internal standard solution, and dilute with 
methylene chloride to 100 ml, 

Chromatographio system 
(See Chromatograpny (621), System Suitahility.) 

Modę: GC 

Detector: Ffame ronization 

Column: 4-mm x 1.5-m; packed with 3% lrquid phase 
G3 on support SI A 
Tempera tu res 
Column: 190° 

Injectlon port: 225° 

Detector: 225° 

Carrier gas: Nilrogen 
Flow ratę: 30 mL/min 

Run time: Three times the retention time of dibutyl 
phthalate 


Injectlon volume: 1 pL 
System suitability 

Samples: 5omp/e solution A and Standard solution 
Suitability reguirements 

[NOTI—Tne elution order is the internal standard peak 

followed by the dibutyl phthalate peak.] 

Resolution: NLT 12 between the internal standard 
and the dibutyl phthalate peak, Standard solution 
Additional requirements: Verify that there is no peak 
with the same retention time as the internal standard 
in Sample solution A. If such a peak is observed, make 
any necessary correction for factors of dilution, and 
then determme the area due to the interfering com- 
□onent that must be subtracted from the area of the 
Internal standard peak appearing in the chromato- 
gram recorded for Sample solution B. 

Analysis 

Samples: Sample solution B and Standard solution 
Calcu late the peak area ratio of dibutyl phthalate to 
the internal standard for the Standard solution. Calcu- 
late the peak area ratio of the sum of all peaks, ex- 
oluding the main peak, the solvent peak, and the in¬ 
ternal standard peak, to the internal standard peak 
for Sample solution B. 

Aeceptance criteria: NMT 1.0%; the ratio for Sample 
solution B is NMT the ratio for the Standard solution . 

SPECIFIC TESTS 

* Specific Cravity <841 >: 1.043-1.048 at 20° 

* REFRACTiVE iNDEJt <831): 1.490-1.495 at 2G a 

* ACIDITY 

Sample: 20.0 g 

Analysis: Mix the Sample with 50 mL of alcohol that 
previously has been neutraiized to a phenofphthafem 
endpornt. Add 0.2 mL of phenolphthalein TS, and ti¬ 
trate with 0,1 N sodium hydroxide V5, 

Aeceptance criteria: NMT 0,50 mL is required to 
change the color of the indicator. 

* Water Determination, Method I (921): NMT 0.2% 

* Appearance 

Sample: Dibutyl Phthalate (neat) 

Standard solution: Prepared immediately before use by 
mixing 2.4 mL of ferric chloride CS and 0.6 mL of co- 
baltous chloride CS with dilute hydrochloric acid 
(10 mg/mL) to make 10 mL, and dilufing 5 mL of this 
solution with dilute hydrochloric add (10 mg/mL) to 
make 100 mL 

Analysis: Compare the Sample and the Standard solu - 
tion by viewing the substance and the solution down- 
ward in matched color-comparison tubes against a 
white surface (see Color ano Achromicity (631)). 
Aeceptance criteria: The Sample is elear and not morę 
intensely colored than the Standard solution . 

ADDITIONAL REQUIREMENTS 

* Pachacing and Storage; Preserve in tight containers. No 

storage reąmrements specified. 

* U5P Reference Standards (11) 

USP Dibutyl Phthalate RS 


Dibutyl Sebacate 


o 



CH 3 {CH2) 3 OOC(CH 3 ) b COO(CH 3 ) 3 CH 3 

C 11 H 14 O 4 314.46 

Decanedioic add, 1,10-dibutyl ester; 

Dibutyl 1,10-decanedioate; 

Sebacic acid di-n-butyl ester [109-43-3]. 
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OEFINITION 

Dibutyl Sebacate consists of esters of n-butyl alcohol and 
saturated dibasic acids, princEpally sebacEc add. It contatns 
NLT 92,0% and NMT 102.0% of dibutyl sebacate 
(CT&H 34 O 4 ), 

IDENTIFICATION 

* A. Infrared ABSORPTION (197F) 

Sample: Undried spedmen 

Acceptance criteria: Meets the reguErements 

* B. The retention time of the major peak of the Sample 

solution corresponds to that of the Standard solution, as 
obtalned in the Assay. 

ASSAY 

* Procedurę 

Interna! standard solution; 0.9 mg/mL of methy! 
heptadecanoate En aicohd 

Standard solution: 1.0 mg/mL of USP Dibutyl Sebacate 
RS En the Inter na f standardsolution 
Sample solution: 1.0 mg/mL of Dibutyl Sebacate in the 
fnternal standard solution 
Chromatographk system 
(See Chromatagraphy {621), System Suitabiiity .) 

Modę: GC 

Detector: Ffame ionization 

Column: 0,32-mm x 30-m fused silita column, coated 
with a 0.25-pm film of phase G2 
Temperaturę 
Detector: 300° 

Injection port: 300° 

Column: See Tabie h 


Table 1 


Initiaf 

Temperatur 

n 

Temperaturę 
Ramp 
r/m in) 

Finał 

Temperaturę 

n 

Hołd Time at 
Fina! 

Temperaturę 

fminl 

150 


150 

5 

150 

10 

250 

5 



Carrier gas: Helium 
Llnear vdocity: 50 cm/s 
Injection volume; 1 \xL 

Injection type: Split injection, Split ratio is about 30:1 
Run time: 20 min 
System suitabiiity 
Sample: Standard solution 

[Notę—T he relative retention times for dibutyl sebacate 
and methyl heptadecanoate are 1.0 and 0.9, 
respectively.] 

Suitabiiity requirements 

Resolution: NLT 2,0 between methyl heptadecanoate 
and dibutyl sebacate 

Relative standard deviation: NMT 2.0% for fhe peak 
response ratio of dibutyl sebacate Lo methyl 
heptadecanoate 
Analysis 

Sampies: Standard solution and Sample solution 
Calculate the percentage of dibutyJ sebacate (CiaH^OO 
in fhe portion of Dibutyl Sebacate taken: 

Result = ( Ry/R,) x (G/G,) x 100 

Ru " peak response ratio of dibutyl sebacate to 
methyl heptadecanoate from the Sample 
solution 

Rs = peak response ratio of dibutyl sebacate to 
methyl heptadecanoate from the Standard 
solution 

Cs = concentration of USP Dibutyl Sebacate RS in 
the Standard solution (mg/mL) 

Cu = concentration of Dibutyl Sebacate in the 
Sample solution (mg/mL) 


Acceptance criteria: 92.0%—1 02.0% 

5PECGFIC TESTS 

o Spegfic Gravity (841): 0.935-0.939 at 20° 

& JRefraciwe Index (831): 1.429-1.441 
& Fats and Fixed Oil5, Add Value (401): NMT 0.1 

* Fats and Fjxed Oils, Saponification Value (401): 352-360 

ADDITIONAL REQUIREIV1ENT$ 

* Packacinc AND STORAGE: Preserve in tight containers. 

Storę at room temperaturę. Protect from moisture, 

* USP Reference Standards (11) 

USP Dibutyl Sebacate RS 


Dichlorodifluoromethane 


F F 


CCIjFa 120.91 

Methane, dichlorodifluoro-; 

Dlchlorodifiuoromethane [75-71 -8]. 

DEFINITION 

DEchlorodifluoromethane contains NLT 99.6% and NMT 
100.0% of dichlorodifiuoromethane (CCbF^), calcuiated 
on the anhydrous basis. 

IDENTIFICATION 

* A, The IR absorption spectrum, determined in a 10-cm 
celi with sodium chforide Windows, at atmospheric pres- 
sure, exhibits maxima, among others, af the following 
wavelengths (pm): 4.33 (m), 4.46 (m), 4.56 (m), 6,29 
(m), 7.25 (m), 8,05 (s), 8,63 (s), 9.1 (vs), 10.7 (vs), 10.8 
(vs), 11.2 (m), 11.3 (m), 13.1 (w), and 1 3.9 (w). The 
stronger maxima are best obtained at pressures less than 
10 mm of mercury. 

ASSAY 
o Procedurę 

System suitabiiity solution: Introduce a liguid-phase 
mixture of dichtorodifluoromethane, dichlorotetrafluoro- 
ethane, and trichloromonofluoromethane into an evacu- 
ated headspace vial. 

Sample solution: Introduce the liguid phase of Dichlo- 
rodifluoromethane Into an evacuated headspace vial. 
Chrom atographic system 
(See Chromatograpny (621), System Suitabiiity.) 

Modę: GC 

Detector: Flame ionization 

Column: 2-mm x I.8-m stainless Steel; 1% phase G25 
on support SI 2 
i emperatures 
Injection port; 110° 

Detector: 200° 

Column: See Table 1. 


Table 1 


Initial 

Temperaturę 

C) 

Temperaturę 

Ramp 

Fina! 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

70 

10 

170 

5 


Carrier gas: Helium 
Flow ratę: 20 mL/min 

Headspace sampler: The bath temperaturę Es 100 Q , 
the vafve/loop temperaturę Es 105°, and the sampling 
time is 3 s. Make adjustments as necessary to optimize 
peak areas to record trace-level impuriLies. 
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System suitability 

Sample: Gas phase headspace of the Sysfem suitability 
solution 

[NOTĘ—The relatlve retention times for dichlorodifluoro- 
methane, dichlorotetrafluoroethane, and trirfiloro- 
monofluoromethane are about 0,5, 0.8, and 1,0, 
respectively.] 

Suita bili ty requirements 

Resolution: NLT 2.0 between dichlorotetrafluoroeth- 
ane and trichloromonofluoromethane 
Analysis 

Sample: Gas phase headspace of the Sample solution 
Calculate the percentage of dlchlorodifluoromethane 
(CChFj) in the portion of Dichlorodifluoromethane 
taken. 

Acceptance criteria: 99,6%-10G.O% on the anhydrous 
basis 

IMPURITIES 

* iNORGANIC CHLORIDES 

Sample: 7 g 

Analysis: Place 5 ml of anhydrous methanol in a test 
tubę, add 3 drops of a saturated solution of silver ni- 
trate in anhydrous methanol, and shake. Add the 
Sample. 

Acceptance criteria; No opalescence or turbidity is 
produced, 

* Chromatographic Purity 

Analysis: In the chroma tog rarns from the Assay, identify 
the dichlorotetrafluoroethane and trichloromonofluoro¬ 
methane peaks from the rełative retentfon times of 
those peaks in the chromatografii of the System suitobil- 
ity solution. 

Acceptance criteria 

Sum of the peak areas for dichlorotetrafluoroethane 
and trichloromonofluoromethane: NMT 0.2% of 
the total of all peak areas 

Sum of the areas of ali peaks other than that for 
dkhlorotetrafluoromethane: NMT 0,4% of the total 
of all peak areas 

SPEGIFIG TE5T5 


C hangę to read: 

* boiung Temperaturę 

Analysis: Proceed as directed in *Prope!!onts (602)# (cn 

1 ,May-301 7 ), 

Acceptance criteria: Approximately -30° 

Change to read : 

* WATER 

Analysis: Proceed as directed in *Propel!ants (602)# ( cn 
r-MBy-aoi 7 ) and Waler Determination (921), Method Ic. 
Acceptance criteria: NMT 0,001% 

Change to read: 

« HlGH-BOJLlNG Residues 

Analysis: Proceed as directed in *Propellant$ (602)# ( cn 

7). 

Acceptance criteria: NMT 0.01% 

ADDITIONAL REQUIR£MENTS 

* Packaging and Storage: Preserve in tight cylinders, and 
avoid exposure to extessive heat. 


Dichlorotetrafluoroethane 



C 2 CUF 4 170.92 

Ethane, 1,2-dichloro-l,1,2 r 2-tetrafluoro-; 

1,2-DEchlorotetrafluoroethane [76-14-2], 

DEFINITION 

Dichlorotetrafluoroethane contains NLT 99,6% and NMT 
100.0% of dichlorotetrafluoroethane (CjCEjF*), calculated 
on the anhydrous basis. 

IDENTIFICATION 

■ A. The IR absorption spectrum, determlned in a 10-cm 
celi with sodium chloride Windows, at atmospheric pres- 
sure, exhibśts maxima, among others, at the following 
wavelengths (pm): 4.34 ( 5 ), 4,48 (m), 5,28 (m), 5.95 
(m), 7,36 (s), 9.5 (vs), 10.9 (vs), 11.8 (vs), 13.6 (s), and 
14.8 (s), The stronger maxima are best obtarned at pres- 
sures less than 10 mm of mereury. 

ASSAY 
• Procedurę 

System suitability solution: Introduce a liquid-phase 
mixture of dichlorodifiuoromethane, dichlorotetrafluoro¬ 
ethane, and trichloromonofluoromethane into an evacu- 
ated headspace vial, 

Sample solution: Introduce the liguid phase of Dichlo¬ 
rotetrafluoroethane into an evacuated headspace vial. 
Chromatographk system 
(See Chromotography (621), System Suitability .) 

Modę: GC 

Detector: Flame ionization 

Column: 2-mm x 1 r 8-m stainless Steel; 1 % phase G25 
on support SI 2 
Temperatures 
Injection port: 110° 

Detector: 200° 

Column: See Tobie 1. 


Table 1 


Inltlal 

Tempem 

turę 

n 

Temperaturę 

Ramp 

r/mfaO 

FInai 

Tempera¬ 

turę 

n 

Hołd Time 
at Fina! 
Temperaturę 
(mini 

70 

10 

170 

5 


Carrier gas: Helium 
Flow ratę: 20 mL/min 

Headspace sampler: The bath temperaturę Is T 00", 
the valve/loop temperaturę is i 05°, and the sampJing 
tlme is 3 s. Make adjustments as necessary to optimize 
peak areas to record tracę level impurities. 

System suitability 

Sample: Gas phase headspace of the System suitability 
solution 

[Notę —The relative retention limes for dichlorodifluoro¬ 
methane, dichlorotetrafluoroethane, and trichloro¬ 
monofluoromethane are 0,5, 0.8, and 1.0, 
respectively.J 
Suitability requirements 

Resolution: NLT 2.0 between dichlorotetrafluoroeth¬ 
ane and trichloromonofluoromethane 
Analysis 

Sample: Gas phase headspace of the Sample solution 
Calculate the percentage of dichlorotetrafluoroethane 
(C 3 CI 2 F 4 ) in the portion taken. 

Acceptance criteria: 99.6%-! 00.0% on the anhydrous 
basis 
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IMPUR1T1ES 
• iNORGAMlt CHLORIDE5 

Sample: 7 g 

Analysis: Place 5 mL of anhydrous methanol in a test 
tubę, add 3 drops of a saturated solution of sifver ni- 
trate in anhydrous methanol, and shake. Add the 
Sample , 

Acceptance criteria: No opalescence or turbldity is 
produced. 

■ Chromatographic Purity 

Analysis: in the chromatograms from the Assay, identify 
the dichlorodifluoromethane and tnehlorornonofluoro- 
methane peaks from the relative retention times of 
those peaks in the chromatogram of the System suttabil- 
ity solution, as obtained in the Assoy. 

Acceptance criteria 

Sum of the peak areas for dichlorodifluoromethane 
and trkhloromonofluoromethane: NMT 0-2% of 
the to tal of a 13 peak areas 

Sum of the areas of all peaks other than that for 
dichlorotetrafluoroethane: NMT 0-4% of the total 
of all peak areas 

SPECIFIC TESTS 


Change to read: 

* Boiling Temperaturę 

Analysis; Proceed as directed in •Propeilants (602)# tCN 
Acceptance criteria: Approximately 4° 

Change to read: 

» WATER 

Analysis: Proceed as directed in * Propeilants (602>* 

IMayJOI7}‘ 

Acceptance criteria: NMT 0.001% 

Change to read; 

* High Boiling Residues 

Analysis: Proceed as directed in # Propeilants <ć02>* tCN 

I-May-IOITJ* 

Acceptance criteria: NMT 0,01% 

ADDITIONAL REQUI RENIE NT S 

* Packaging and Storage: Preserve in tight cylinders, and 
avoid exposure to excessive heat. 


Diethanolamine 



CiHnNOa 105.14 

Ethanol, 2, 2Mminobis-; 

2,2'dminodiethanol [111 -42-2]. 

DEFINmON 

Diethanolamine is a mixture of ethanolamines, consisting 
largely of diethanolamme. It contains NLT 98.5% and 
NMT 101.0% of ethanolamines, calcufated on the anhy¬ 
drous basis as NHfCimGH)*. 


IDENTIFICATION 

* A, INFRAHED ABSORPTION (197F) 

ASSAY 

* Procedurę 

Sample: 2g 
Blank: 50 mL of water 
Titrimetrie system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0,5 N hydrochloric acid VS 
Endpoint detection: Visual 
Analysis: To the Sample add 50 mL of water and 
bromocresol green TS. Titrate with the Titrant. Perform 
a biank determination. 

Calcu la te the percentage of diethanolamine, expressed 
as NH(CjH^OH)^ in tne Sample taken: 

Result = {[(V s - V Q )x N x F]/W\ x 100 

V$ = Titrant volume consumed by the Sample (ml) 

V# = Titrant volume consumed by the Blank (mL) 

N - actual norma li ty of the Titrant (mEq/mL) 

F ~ equivalency factor, 105.14 (mg/mEq) 

W = Sample weight (mg) 

Acceptance criteria: 98.5%~101.0% on the anhydrous 
basis 

IMPURITIES 

* Limit of Triethanolamine 

Mixed indicator: 1.5 mg/mL of methyl orange and 
0.8 mg/mL of xylene cyanole FF in water 
Sample: 20 g 

Blank: 100 mL of methanol and 6-8 drops of Mixed 
indicator 

Titrimetnc system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0.5 N alcoholic sulfuric add VS 
Endpoint detection: Vtsual 
Analysis: Place 100 mL of methanol and 6-8 drops of 
Mixed indicator in a 500-mL glass-stoppered conical 
fiask, and neutralize with OJ N alcohoik sulfuric acid or 
0.1 N alcoholic potassium hydroxide. The neutral solu¬ 
tion is amber wnen viewed by transmitted light and is 
red-brown when viewed by reflected light. Add the 
Sample. Cautiously add 75 mL of acetic anhydride, and 
swirl to effect complete solution. Cool to room temper¬ 
aturę, if necessary, and alfow to stand at room temper- 
a turę for 30 min- Titrate with the Titrant Perform a 
blank determination. 

Caiculate the percentage of triethanolamine m the Som- 
pie taken: 

Result = [[(V$ - V») x N x F\jW] x 100 

Vj = Titrant volume consumed by the Sample (mL) 

V B - Titrant volume consumed by the Blank (mL) 

N = actual normality of the Titrant (mEq/mL) 

F = equivafency faclor, 149.2 mg/mEq 

W ~ Sample weight (mg) 

Acceptance criteria: NMT 1.0% by weight 

SPEC!FIC TE5TS 

* Refractive Index (831): 1.4 73—1.476 at 30 D 

* Water Determination, Method I (921) 

Sample: 20 g 

Solvent: A mbtture of methanol and glaciat acetic acid 
(40:25) 

Acceptance criteria: NMT 0.15% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage; Preserve in tight, light-resisłant 
containers. 
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» USP Reference Standards (11) * Water Determination, Method I <921): NMT 0.2% 

USP Diethanolamlne RS 

ADOITIONAL R£QUIREMENTS 

* Packaging and Storage: Preserve in tight containers. 

* USP Reference Standards <11> 

__ USP Diethyl Phthalate RS 

Diethyl PlhithaBate 



C 12 Hi 4 04 222.24 

l / 2-Benzenedicarboxylic add, diethyl ester; 

Diethyl phthalate [84-66-2]. 

DEFINITION 

Diethyl Phthalate contains NLT 98.0% and NMT 102.0% of 
diethyl phthalate (C 12 H 14 O 4 ), caleulated on the anhydrous 
basis. [Caution—A void contact.] 

IDENTIFICATION 

* A. Infrared Absdrption <197F): On undried specimen 

ASSAY 
o procedurę 

Sample: 1.5 g 
Titrimetric system 

(See Titrimetry (541).) 

Modę: Residual titration 

Titrant: 0.5 N akohofic potassium hydroxide VS 
Back-titrant: 0.5 N hydrochloric acid VS 
Endpoint detection: Visual 

Analysis: Transfer the Sample to a fiask, add 50.0 ml of 
the Titrant, and boil with a reflux condenser on a water 
bath for 1 h. Add 20 ml of water, then add phenoh 
phthalein TS, Titrate the excess potassium hydroxide 
with the Back-titrant. Perform a blank determination. 
Fach ml of 0,5 N potassium hydroxide is equiva!ent to 
55.56 mg of diethyl phthalate (C^HnO.*)* 

Acceptance criteria: 98.0%-lG2.0% on the anhydrous 
basis 

IMPURIT1ES 

* RESIDUE on Ignition (281) 

Sample: 1Qg 

Analysis: Gently heat the Sample untll the liquid has 
evaporated, and jgnste the residue to constant weight. 
Acceptance criteria: NMT 0.02% 

SPECIFIC TE5T5 

* SPECIFIC Gravitv <841): 1.118-1.122 at 20° 

* Refractive Index <831): 1.500-1.505 at 20° 

« ACłDITY 

Sample: 20.0 g 

Analysis: Mix the Sample with 50 ml of atcohol that 
previously has been neutralized to a phenofphthalein 
endpoint, and titrate with 0.1 N sodium hydroxide VS 
to a phenolphthalern endpoint. 

Acceptance criteria: NMT 0.50 ml is required for 
neutralization. 


Diethyl Sebacate 



CH,CH 2 QOC(CH 2 ) B COOCH 2 CH 3 

C 14 H 2 «0 4 258.35 

Decanedioic acid, 1 / 10 -diethyi ester; 

Diethyl 1,10-decanedioate [110-40-7]. 

DEFINITION 

Diethyl Sebacate consists of the diester of alcohol (ethanol) 
and sebacic acid. It contains NLT 98.0% and NMT 
100.5% of Gi,H 26 Ch. 

IDENTIFICATION 

* A. Infrared Absorption (197F) 

* B* The retention time of the major peak of the Sample 
solution corresponds to that of tne Standard solution, as 
obta ined in the Assoy. 

ASSAY 
» Procedurę 

Interna! standard solution: 0.9 mg/mL of methyl 
heptadecanoate in akohol 

Standard solution: 1.0 mg/mL of USP Diethyl Sebacate 
RS in the In terno I standard solution 
Sample solution: 1.0 mg/mL of Diethyl Sebacate in the 
In terno I standard solution 
Chromatographic system 
(See Chromatograpny { 621), System Suitabifity.) 

Modę: GC 

Detector: Flame ionization 

Column: 0 , 53 -mm x 30-m fused silica capiilary col- 
umn; 1.5-pm layer of phase G1 
Temper atures 
Detector: 300° 

Injection port: 300 D 
Column: See Table h 


Table 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

r/mim 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę, 
(mini 

150 

_ 

150 

5 

150 

10 

250 

5 


Carrier gas: Helium 
Linear velocity: 50 cm/s 
Injection size: 1 pL 

injection type: Split injection. The split ratio h about 

System suitabifity 
Sample: Standard solution 

[NOTE“The relative retention trrnes for diethyl sebacate 
and methyl heptadecanoate are 1,0 and 1 . 2 , 
respectively.] 

Suita bil ity requirements 

Resolution: NLT 2.0 between diethyl sebacate and 
methyi heptadecanoate 
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Relative standard deviation: NMT 2.0%, ratio of the 
peak response of diethyl sebacate to that of methyl 
heptadecanoate 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of in the portlon of 

Diethyl Sebacate taken: 

Result = (Ru/Rs) x (O/ Cu) x 100 

Ru - ratio of the peak response of diethyl sebacate 
to that of methyl heptadecanoate from the 
Sampfe solution 

Rs = ratio of the peak response of diethyl sebacate 
to that of methyl heptadecanoate from the 
Standard solution 

Cs = concentration of USF Diethyl Sebacate RS in 
the Standard solution (mg/ml) 

Cu = concentration of Diethyl Sebacate in the 
Sample solution (mg/mL) 

AceepEance cnteria: 98.0%-100,5% 

flWIPURBTIES 

Gnorgamc Impuirities 

O Residue on Bgnition {281}: NMT 0.10% 

Delete the foltowing; 

*• Heaw Metals, Method II (231): NMT 20 ppm, 
SFECIFIC YESTS 

* 5PECBFIC Gravitv (841): 0.958-0.968 at 20° 

* Refraowe Index (831): 1,435-1.437 at 20° 

* Fats and Fixed Oils, Acid Value <401): NMT 0.5 

* Fats and FlX£D OlŁS, lodine Value (401): NMT 0.5 

ADDITI0NAJL REQUJREMENTS 
a Packaging and Stgrage: Preserve in tight containers, 
and storę in a cool, dry, and wellwentilated place. 

« usp Reference STANDARDS <11) 

USP Diethyl Sebacate R5 


Diethylene Glycoi Monoethyl Ether 



C^HmOb 


134,17 


DEFfNITION 

Diethylene Glycoi Monoethy! Ether contains NLT 99,0% and 
NMT 101.0% of C,Hi 4 Oi. It is produced by condensation 
of ethylene oxide and alcohof followed by distillation. 


IDENTIFICATION 

* A. Infrared Absorption (197F): Potassium bromide 

plates being used 

* B. The retention time of the major peak of the Sample 
solution corresponds to that of the System suitability solu¬ 
tion, as obtained In the Assay , 



ASSAY 
* Procedurę 

Sample: Diethylene Glycoi MonoethyI Ether (neat) 
System suitability solution: 1 mq/mL each of 2- 
methoxyethanol, 2-ethoxyethanoT / ethylene glycoi, di¬ 
ethylene gfycol, and USP Diethylene Glycoi Monoethy! 
Ether RS in methano! 


Chrornatographic system 

(See Chromatograpny (621), System Suitability ,) 

Modę: GC 

Detector: Flame ionization 

Column: 0.32-mm x 30-m fused-silica bonded with a 
I.Ctyun layer of phase G46 
Temperaturę 
Irijector: 250 D 
Detector: 275 d 

Column: See the temperaturę program table below. 


Ifiitiał 

Temperaturę 

n 

Temperaturę 

Ramp 

(7miu> 

Fina! 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mstra) 

120 


120 

1 

120 

12 

225 

2 


Carrier gas: Helium 
FIgw ratę: 2.2 mL/min 
Injection size: 0.5 julL 

System suitability 
Sample: System suitability solution 
[Notę—T he relative retention times for 2-methoxyetha- 
nol, 2-ethoxyethanoI, ethylene glycoi, diethylene gly- 
col monoethyl ether, and diethylene glycoi are about 
0.40, 0.43, 0.50, 0,93, and 1.0, respecttvely.] 
Suitability requirements 

Resolution: NLT 2,0 between 2-ethoxyethanol and 
ethylene glycoi 

Relative standard deviation: NMT 2.0%, determined 
from diethylene glycoi monoethyl ether 

Analysis 

Sample: Diethylene Glycoi Monoethyl Ether (neat) 
Calculate the percentage of diethylene glycoi 
monoethyl ether (GeH^Oj) in the portion of Diethyl¬ 
ene Glycoi Monoethyl Ether taken: 

Result - (ru/rr) x 1 00 

ru - peak response for diethylene glycoi monoethyl 
ether 

r T = sum of the responses of all the peaks 

Acceptance cnteria: 99.0%-l 01.0% 

1MPURITIES 

Organie Empurities 

* Procedurę i: Limit of Free Ethylene Oxide 

Acetaldehyde solution: 10 |xg/mL of acetaldehyde. 
[NOTĘ—Prepare fresh just before use,] 

Ethylene oxide stock solution 
[Caution —Ethylene oxide is toxic and flammable. Prepare 
these Solutions in a well-ventilated fume hood, using 
great care. Protect both hands and face by weanng poly¬ 
ethylene protective gloves and an appropriate face mask.] 
[Notę —Before using the polyethylene glycoi 200 in 
thls test, remove any volattle components from it by 
placing 500 ml of the polyethylene glycoi 200 in a 
1000-mL round-boftom fiask, attaching the fiask to a 
rotary eva pora tor, and evaporattng at a temperaturę 
of 60° at a pressure of 1.5-2.5 kPa for 6 h.] 

Fili a chllled pressure bottle with llqutd ethylene oxide, 
and storę in a freezer when not in use, Use a smali 
piece of polyethylene film to protect the [iguid from 
contact with the rubber gasket. Tarę a glass-sfop- 
pered conical fiask, add 50 ml of polyethylene gfycol 
200, and reweigh the fiask. Transfer 5 ml of the liq- 
ufd ethylene oxide to a 100-mL beaker chllled in a 
mixture of sodium chfonde and wet ice (1:3). Using a 
gas-tight gas chrornatographic syrrnge that has been 
previously cooled to -10°, transfer 300 pL (corre- 
sponding to about 250 mg) of liquid ethylene oxide 
to the polyethylene glycoi 200, and swirl gently to 
mlx. Replace the stopper, reweigh the fiask, and de- 
termine the amount of ethylene oxide absorbed by 
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weight difference. Adjust the weight of the rnixture 
with polyethylene glycol 200 to 100.0 g, repfate the 
stop per, and swirl gently to mix. This stock solu tron 
contains 2,5 mg/g of ethylene oxlde. [Notę—P repare 
this Ethylene oxide stock solution fresh just before use, 
and storę in a refrigerator,] 

Ethylene oxide standard solution A: Tarę a glass-stop- 
pered conieal fiask, and chill it in a refrigerator, Add 
35 mL of polyethylene glycoi 200, and reweigb the 
fiask. Use a gas-tight gas chromatographic syringe that 
has been chilted in a refrigerator, and transfer 1 g of 
the chilled Ethylene oxide stock solution to the ta red, 
conical ffask. Adjust the weight of the solution with 
polyethylene gtycol 200 to 50.0 g, replace the stopper, 
and swirl gently to mix. Transfer 10 g of this solution 
to a 50-mL volumetric fiask. Add 30 ml of water, and 
mlx. Dilute with water to volume, and mix to obtain a 
solution containlng lOpg/mL of ethylene oxide, 

[Notę—P repare this solution fresh just before use, and 
storę in a refrigerator,] 

Ethylene oxide standard solution B: Transfer 10.0 ml 
of Ethylene oxide standard solution A to a 50-mL voiu- 
metric fiask, and ddute with water to volume to obtarn 
a solution containing 2 pg/mL of ethylene oxide, 

[NOTĘ—Prepare this solution fresh just before use, and 
storę in a refrigerator,] 

System suitability solution: Transfer 0,5 ml of Ethylene 
oxide standard solution B to a 10-mL pressure head- 
space vial, and add 0.1 mL of Acetaldehyde solution and 
0.1 mL of water, seal the vial, and mix. Heat the mix- 
ture at 70° for 45 min. 

Standard solution: Transfer 1 g of Diethylene Glycoi 
Monoethy] Ether to a 10-mL pressure headspace viai, 
and add 0,5 mL of Ethylene oxide standard solution B 
and 0.5 mL of water. Seal the vial, and mix. Heat the 
mixture at 70° for 45 min. 

Sampie solution: Transfer 1 g of Diethylene Glycoi 
Monoethy i Ether to a 10-mL pressure headspace vial, 
add 1 mL of water, seal the vial, and mix. Heat the 
mixture at 70° for 45 min. 

Chromatographic system 
(See Chroma tography {621}, System Suita bili ty.) 

[Notę—T he use of a headspace apparatus that auto- 
matically transfers a measured amount of headspace 
is allowed.] 

Modę: GC 

Detector: Flame Eonization 

Column: 0,32-mm x 30-m glass or quartz capillary 
bonded with a 1,0-jim layer of phase G1 
Temperaturo 
Injector: 150° 

Detector: 250° 

Column: See the temperaturę program table below. 


Enitial 

Temperaturę 

n 

Temperaturę 

Ramp 

P/mln) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min) 

50 


50 

5 

50 

5 

180 

_ 

180 

30 

230 

5 


Carner gas: Helium 
Flow ratę: 1 mL/min 
[njection srze: 1 mL 
System suitability 

Sampie: Gaseous headspace of the System suitability 
solution 

[Notę—T he relative retention Limes for acetaldehyde 
and ethylene oxide are about 0,94 and 1.0, 
respectivelyj 
Suitability reguirements 

Resolution: NLT 2.0 between the acetaldehyde and 
ethylene oxide peaks 


Relative standard deviation: NMT 15% 

Analysis 

Samples: Gaseous headspace of the Standard solution 
and Sampie solution 

[NoTE—Use a heated, gas-tight gas chromatographic 
syringe,] 

Calculate the amount of ethylene oxide in the por- 
tion of Diethylene Glycoi Monoethy! Ether taken: 

Result - r u /[(r s x Wy) - (o. x W s )] 

ry ~ ethylene oxide peak area from the Sampie 
solution 

rs = ethylene oxide peak area from the Standard 
solution 

Wy - weight of Diethyfene Glycoi Monoethy] Ether 
taken to prepare the Somple solution (g) 

W* = weight of Diethylene Glycoi Monoethyl Ether 
taken to prepare the Standard solution (g) 
Acceptance criteria: NMT 1 Lig/g 
o Procedurę 2: Limit of 2-Methoxyethanol, 

2-Ethoxyethanol, Ethylene Glycol, and Diethylene 
Glycol 

Sampie, System suitability solution, Chromatographic 
system, and System suitability: Proceed as directed in 
the Assay. 

Analysis: Proceed as directed in the Assay ♦ 

Calculate the percentage of 2-methoxyethanol in the 
portion of Diethyfene Glycol Monoethyl Ether taken: 

Result - (ru/rr) x 100 

r y = peak response for 2-methoxyethanol 
r T = sum of a El the peak responses 
Calculate the percentage of 2-ethoxyethanoE In the 
portion of Diethylene Glycol Monoethyl Ether taken: 

Result - (ry/rr) x 100 

r u = peak response for 2-ethoxyethanol 
r T = sum of aII the peak responses 
Calculate the percentage of ethylene glycol in the 
portion of Diethylene Glycol Monoethyl Ether taken: 

Result = (ry/ri) x 100 

ry - peak response for ethylene glycol 
r T - sum of all the peak responses 
Calculate the percentage of diethylene glycol in the 
portion of Diethylene Glycol Monoethyl Ether taken: 

Result ~ (ry/rr) x 100 

ru = peak response for diethylene glycol 
Tj — sum of all the peak responses 
Acceptance criteria: See impurity Table 1. 


Impurity Table 1 


Name 

Acceptance Criteria, 

NMT (ppm) 

2-tviethoxyethanol 

50 

2-Ethoxyerhano3 

160 

Ethylene qlyeol 

620 

Diethylene ąlycol 

150 


SPECIFIC TEST5 

O REFRACTIV£ Index (831): 1,426-1.428 at 20° 

* Water Determinatbon, Method I (92 1): NMT 0.1%, de- 
termined on a 10-g specimen 
o Fats and Fixed Oils, Add Value (401) 

[Notę—T his test must be performed promptly after sam- 
pling to avoid oxidation of the sampie specimen.] 
Analysis: Dis$olve 30 g of Diethylene Glycol Monoethy! 
Ether in 30 mL of neutralfzed alcohol. Add 1 mL of phe- 
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nolphthaleln TS, and titrate with 0.01 N alcoholic po- 
tassium hydroxide VS to produce a permanent, faint 
pink color. 

Acceptance criteria: The acid value so obtained is NMT 

0 . 1 . 

® FATS and FlXED OlLS, Peroxide Value (401): NMT 8.0, 2 g 
belng used 


ta = acid value, determined In Specific Tests for Fats 
and Fixeci Oils, Add Value (Free Fatty Acids) 
<401) 

Calculate the percentage of monoesters in the portion 
of Sample taken: 

Result = [rw/(rw + r»)] x (100 - D - £) 


ADD1TIONAI REQUIREMENTS 
9 Packaging and Storage: Preserve in tight containers 
under an atmosphere of an Inert gas, at a temperaturę 
not exceeding 35°. 

* Labeling: La bel it to indicate that it Is intended for topi- 

cal or transdermal use onły and it is stored under an 
atmosphere of an inert gas. The materiał is not to be 
used for parenterals. 

• USP Reference Standards (11) 

USP Diethylene Glycol Monoethyl Ether RS 


Daethyierae Glycol Stearates 

DEFINITION 

Diethylene Glycol Stearates is a mixture of diethylene glycol 
monoesters and diesters of stearic and pafmitic acids. It 
contains NLT 45.0% of monoesters produced from the 
condensation of ethyfene glycol and stearic acid of vege- 
table or animal origin. 

IDENTIFICATION 

* A. It meets the requirements in Spedfic Tests for Melting 

Rangę or Temperaturą, Class II (741). 

* B. It meets tne reguirements in Spedfic Tests for Fats and 

Fixed Oils, Fatty Add Cómposltbn <401). 

AS5AY 

* Procedurę 

Mobile phase: Tetra hydrofora n 
Sample solution; 40 mg/mL of Diethylene Glycol Stea- 
rates in tetrahydrofuran 
Chromatographic system 
(See Chromatograpny (621), System Suita bil i ty.) 

Modę: LC 

Detector: Refractive index 

Column: 7.5-mm x 60-cm; containing 5-pm 100A 
packing L21, [Notę—T wo or three 7.5-mm x 30-cm 
121 coTumns may be used in place of the 60-cm cob 
umn, provlded that System suitability reguirements are 
met.] 

Temperatures 
Detector: 40° 

Column: 40°. [Notę—T he column temperaturo may 
be lowered to amblent temperaturę, although work- 
Ing at 40 3 provides stable separation conditions and 
ensures better sample solubility.J 
Flow ratę: 1 mL/min 
injection volume: 40 pL 
System suitability 
Sample: Sample solution 
[NOTĘ—The relative retention times for diesters, 
monoesters, and diethylene glycol are 0.78, 0.84, and 
1.0, respectiveiy.] 

Suitability requirements 

Relative standard deviation: NMT 2.0% for the 
monoesters peak 
Analysis 

Sample: Sample solution 

Calculate the percentage of free fatty acids, £, in the 
portion of Diethylene Glycol Stearates taken: 

f = ta x 270/561.1 


Tm - peak response for the monoesters 

r D - peak response for the diesters 

D ~ percentage of free diethylene gtycol in the 

portion of Diethytene Glycol Stearates taken, 
as determined in Impurities for Limit o f Free 
Diethylene Glycol 

Acceptance criteria: NLT 45.0% of monoesters 


IMPURITIES 

o Limit of Free Diethylene Glycol 

Mobile phase, Sample solution, Chromatographic sys¬ 
tem, and System suitability: Proceed as directed in 
the Assay. 

0.5 mg/mL of diethylene glycol in 


1,0 mg/mL of diethylene glycol in 
2.0 mg/mL of diethytene gtycol in 
4.0 mg/mL of diethylene glycol 


Standard solution A: 
tetrahydrofuran 
Standard solution B: 
tetrahydrofuran 
Standard solution C: 
tetrahydrofuran 
Standard solution D: 

In tetrahydrofuran 
Analysis 

Sam pies: Sample solution and Standard Solutions 
P lot the diethylene gtycot peak responses obtained ver- 
sus the concentration of diethytene glycol in the 
Standard Solutions. From the standard curve so ob¬ 
tained, determine the diethylene glycol concentration 
in the sample. 

Calculate the percentage of free diethylene glycol In 
the portion of sample taken: 


Resuft “ (C/Cu) x 100 


C - concentration of diethylene glycol, determined 
from the standard curve (mg/mL) 

Cu - concentration of the Sample solution (mg/mL) 
Acceptance criteria: NMT 8.0% 

SPECDFIC TESTS 

* Melting Rangę or Temperaturę, Class II ( 74 1): 43°-50 Q 

* Fats and Fixed Oils, Add Vafue (Free Fatty Adds) (401) 

Sample: 10.0 g 
Acceptance criteria: NMT 4,0 
o Fats and Fixed Oils, lodine Va!ue <401 >: NMT 3.0 
a Fats and Fixed Oils, Saponlfication value (401) 

Sample: 2.0 g 

Acceptance criteria: 150-1 70 

* Fats and Fixed Oils, Fatty Acid Composltion (401): 
40<0%-6G.0% of stearic acid, and the sum of palmttic 
and stearic acids is NLT 90.0%. 

® Articles of Botanecal Origin, Total Ash (561) 

Sample: 1.0 g 

Acceptance criteria: NMT 0.1% 


ADDITEONAl REEQUIREMENT5 

o Packagjng and Storage: Preserve in tight containers. No 
storage requlrements are specifled. 

* Labeling: La bel it to indicate that it is intended for topi- 
cal and vagina! use only. 
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DiisopropanoBamine 



QHisN0 2 133,19 

2-Propanot, l.l^iminobis-; 

1,V4minodi-2-propano] [110-97-4], 

DEFENITION 

Diisopropanolamine is a mlxture of Esopropanolamines, con- 
sisting largely of diisopropanolamine. It contains NLT 
98.0% and NMT 102.0% of isopropanolamines, calcu- 
lated as NH(C 3 HaOH) 2 on the anhydrous basis. 

IDENTIFICATION 

w A. The IR absorption spectrum of a thin film exhibits 
regions of absorption between 2.8 and 4.0 pm, between 
6,7 and 7.1 urn, and between 8.5 and 9.4 Jim; and sew 
era! characteristic peaks, the most pronounced being at 
about 73, 73, 83, 9.6, 10.4, and 107 pm, 

A$$AV 
* Procedurę 

Sample: 2 g 
Blank: 50 mL of water 
Tltrrmetric system 
(See Titńmetry (541).) 

Modę: Direct titration 

Titrant: 0.5 N hydrochloric add VS 

Endpomt detection: VisuaJ 

Analysis: Transfer the Sample to a 250-mL conital fiask. 
Add 50 mL of water and bromocresoi green TS. Utratę 
with Titrant Perform a blank determination, and make 
any necessary correctlon. 

Calculate the percentage of [sopropanolamines, ex- 
pressed as NH(C 3 HóOH) 2 , In the portion of Diisopropa- 
nolaminę taken: 

Resutt = {[(Vi - V B ) x N x F\jW) x 100 

V$ - Titrant volume consumed by the Sample (mL) 

Vb = Titrant volume consumed by the Blank (mL) 

N = actual norma lity of the Titrant (mEq/mL) 

F - equivalency factor, 0,1332 g/mEq 
W - Sample weight (g) 

Acceptance crileria; 98.0%-102.0% on the anhydrous 
basis 


amber when viewed by transmitted llght and is red- 
brown when viewed by refiected llght, Add the Sample, 
cautiously add 75 mL of acetic anhydnde, and swirl to 
dissolve. Al Iow to stand at room temperaturo for 30 
min. Cool to room temperaturę, if necessary. Titrate 
with Titrant, Perform a blank determination, and make 
any necessary correctlon. 

Calculate the percentage of trilsopropanolamine in the 
portion of Diisopropanolamine taken: 

Result = {[(Vs - VH x N X F]/Wj x 100 

l/ 5 - Titrant voiume consumed by the Sample (mL) 

14 = Titrant volume consumed by the Blank (mL) 

N - actual norma lity of the Titrant (mEq/mL) 

F = equivaiency factor, 0.1914 g/mEq 

W = Sample weight (g) 

Acceptance criterra: NMT 1.0% by weight 

SPECIFIC TESTS 

® Water Determination, Method l (921) 

5olvent: A mixture of 5.0 mL of glacial acetic acid and 
25 mL of methanol 
Acceptance critena: NMT 0.50% 

ADDITIONAL REQUIREMENTS 

* Packacinc and Storace: Preserze in tight, Ught-resistant 
containers. No specific storage conditions are required. 


Dimethicone 


Dimethicone; 

a-(Tnmethyisiiy])-ca-methyipofy[oxy(dimethylsIlylene)] 

[9006-65-9]. 

DEFINITI0N 

Dimethicone is a mixture of fuily methylated fmear siloxane 
pofymers containing repeating units of the formula: 

[-(CH^StO-]* 

stabilized with trimethylsi!oxy end-blocking units of the 
formula: 


IMPURIT1ES 

® Limit of Triisopropanolamine 

indicator solution: 1 3 mg/mL of methyl orange and 
0.8 mg/mL of xy!ene cy ancie FF 
Sample: 20 g 
Blank: 100 mL of methanol 
Titnmetric system 
(See Titńmetry (541).) 

Modę: Direct titration 

Titrant: 0.5 N alcoholic suffuric add VS 

Endpoint detection: Visual 

Analysis: To a glass-stoppered, 500-mL conical fiask add 
100 mL of methanol ano 6-8 drops of Indicator solution , 
and neutralize with 0.1 N alcoholic sulfuric add or 0.1 
N alcoholic potassium hydroxide. The neutral solution is 


KCHsJąSiO-] 

wherein n has an average value such that the corresponding 
nominał viscosity is in a dtscrefe rangę between 20 and 
30,000 centistoKes. It contains NIT 97.0% and NMT 
103.0% of poJydimethylsiloxane ([—(CHa)jSiO—]»). 

The requirements for viscosity, specific gravlty, refractive in- 
dex, and loss on heating aiffer for the several types of 
Dimethicone, as set forth in Tobie 7. 

IDENTIFICATION 

• A. The IR absorption spectrum of the Sample exhibits 
maxima only at the same wavelenqths as that of the 
Standard, obtained as directed in the Assay. 
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Table 1 


Nominał 

Viscosity 

(centistokes) 

Viscosity 

(centistokes) 

Specific Gravitv 

Refractive imtex 

Loss on 
Heating 

(%1 


Min. 

Max* 

Min. 

Max« 

Min. 

Max. 

Max, 

20 

18 

22 

0.946 

0.954 

13980 

1.4020 

20,0 

50 

47.5 

52.5 

0.955 

0.965 

1.4005 

1.4045 

2.0 

100 

95 

105 

0.962 

0.970 

1.4005 

1.4045 

03 

200 

190 

220 

0.964 

0.972 

1.401 3 

1.4053 

0.3 

350 

332,5 

367,5 

0.965 

0.973 

1.4013 

1.4053 

0.3 

500 

475 

525 

0.967 

0.975 

1.401 3 

1.4053 

0.3 

1000 

950 

1050 

0.967 

0.975 

1.4013 

1.4053 

0,3 

12,500 

11.875 

13,125 

__ 

_ 

1,4015 

1.4055 

2.0 

30,000 

27.000 

33,000 

0,969 

0,977 

1.4010 

1,4100 

2.0 


A5SAY 
» Procedurę 

Standard: USP Po!ydimethyisiloxane RS 
Sample: Dimethicone 
Instrumental conditions 

(See Mid-fnfrared Spectroscopy (854).) 

Modę: ]R, with a resolution of 4 cm -1 and fitted with 
an accessory for attenuated tota] reflectance and a ger¬ 
man tum (Ge) sample trough (45° or 60°) 

Wavelength rangę: 4000 to 700 cm- 1 
Analysis 

Sam pies: Standard and Sample 

Using an empty and clean trough, determine the back- 
ground spectrum. Ffll the trough with the Sample, and 
record the spectrum. Clean the trough, fili it with the 
Standard f and determine the spectrum. Examine the 
spectra in the rangę between 1300 and 1200 cm \ 
and determine the absorbance of the peak in each 
spectrum at about 1259 cm- 1 . 

Calculate the percentage of polydimethyIsiloxane 
{[-(CH^SiO-],,) in the Dimethicone taKen: 

Result = {Au! As) x (Ds/Du) x 100 

Au = absorbance of the Sample 
As - absorbance of the Standard 
Ds - spedfic gravity of USP Polydimethyisiloxane RS 
Du - specific gravity of Dimethicone 
Acceptance criteria: 97.0%-103.0% 

impuhities 


Detete the folfowing: 

Heavy Metals 

Standard solution: To 20 mL of chloroform add 1.0 mL 
of a freshiy prepared 0.002% solution of dithizone in 
chloroform, 0.5 ml of Standard iead Solution (see Heavy 
Metals (231)), and 0.5 mL of a mixture of 1 volume of 
ammonia TS and 9 volumes of a 0.2% solution of hy- 
droxylamine hydrochloride. 

Sample solution: Mix 1.0 g of Dimethicone with 10 mL 
of chloroform, and dllute with the same so!vent to 
20 mL. Add 1.0 mL of a freshiy prepared 0.002% solu¬ 
tion of dithizone in chloroform, 0.5 mL of water, and 
0.5 mL of a mbcture of 1 votume of ammonia TS and 9 
volumes of a 0.2% solution of hydroxylamine 
hydrochloride, 

Analysis: fmmediately shake both Solutions vigorously 
for 1 min. 

Acceptance criteria: 5 pg/g; any red color in the 5am- 
ple solution is not morę tntense than thai in the Stan¬ 
dard solution.m {Ołfidal Han^OIS) 


SPECIFIC TESTS 

■ Specific Gravity (841): See Tobie 1. 

® Refractiye Bndex (831): See Tobie 1. 

* Acidity 

Sample: 15.0g 

Analysis: Dlssolye the Sample in a mixture of 15 ml of 
toluene and 15 mL of butyi alcohol, previousfy neutral- 
ized to bromophenol biue TS, and tftrate with 0.050 N 
alcoholic potassium hydroxide to a bromophenol blue 
endpoint. 

Acceptance criteria: NMT 0.10 mL of 0.050 N alco¬ 
holic potassium hydroxide is requtred. 

* 1055 ON HEATtNC 

Sample: 1 g 

Analysis: Preheat an open aluminum vessel (60 mm in 
dlameter and 10 mm high) at 150° for 30 min, and 
allow to cool to room temperaturo. Tarę the vesset, 
transfer the Sample to it, heat at 150 Q in a drculating 
air oven for 2 h, and allow to come to room tempera¬ 
turę in a desiccator before weighing. 

Acceptance criteria: See Tobie 1. 

« Bacterial Endotoxins Test (85) (where it is intended for 
use in coating containers that come in contact with arti- 
cles for parenteraJ use) 

Sample: 1.0 mL 

Analysis: Mix the Sample with 4.0 mL of polydimethyh 
siloxane havlng a viscosity of 0.65 centistokes, preyi- 
ously tested and shown to be negative for bacterial en- 
dotoxins, by modna on a vortex mixer for 1 min in an 
extraction tubę. Add 10 mL of water, and mix on a 
vortex mixer for NLT 60 min. Allow the layers to sepa- 
rate, and use the lower aqueous layer as the sample. 
Acceptance criteria: tt contalns NMT 1.0 USP Endo- 
toxin Unit/mL, equivalent to NMT 10 Endotoxin Units/ 
mL of the Dimethicone taken, 

* Viscositv—Capillarv R/Iethods (911) and Vbscositv—R o 

TATIONAL METHODS (912) 

Analysis: Determine the viscosity of Dimethicone hav- 
ing a nominał yiscosity of less than 1000 centistokes at 
25 ±0,1°, using a capillary viscometer. Determine the 
yiscosity of Dimethicone naving a nominał yiscosity of 
1000 centistokes or greater at 25 ±0.1°, using a rota- 
tionai yiscometer. 

Acceptance criteria: See Tobie ?. 

ADDSTIONAL REQUIREEUBENT5 

q Packagjng and Storage: Preserve in tight containers. 

® Labeling: Label it to indicate its nominał yiscosity value. 
Dimethicone intended for use in coating containers that 
come in contact with articies for pa ren terał use is so 
iabeled. 

4 USP reference Standards (11) 

USP Endotoxin RS 

USP Po]ydimethylsiloxane RS 
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Docusate Sodium —see Docusate Sodium 
General Monographs 


Edetate Calcium Dasodium —see Edetate 
Calcium Di sodium General Monographs 


Edetate Disodśum —see Edetate Disodium 
General Monographs 


Edetic Acid 



C t0 H le N 2 O a 292.24 

Gfyctne, N, N'-l ,2-ethanediylbIs[V-(carboxymethy3)-; 

(Ethylenedlmtrllo)tetraacetrc acid [60-00-4], 

DEFINITION 

Edetic Acid contains NLT 98.0% and NMT 100,5% of edetic 
acid (CioHigNiOb). 

IDENTIFICATION 

* A, INFRARED ABSORPTiON (197K) 

ASSAY 

* Procedurę 

Standard: 200 mg of chelometric standard calcium car- 
bonate, previously dried to 110° for 2 h and cooled En 
a desiccator 

Sample soiution: Transfer 1,4 g of Edetic Acid to a 
1 00-mL volumetric fiask, dissolve in 11 mL of 1 N so¬ 
dium hydroxide, dilute with water to volume, with 
cooling if necessary, and mix, 

Analysis: Add 10 mL of water to the Standard, swirl to 
form a slurry, and cover the beaker with a watch glass. 
Without removing the watch giass, add 2 mL of 3 N 
hydrochloric acid from a pipet, and swirl to d!ssolve. 
Wash down the sldes of tlie Container, the outer surface 
of the pipet, and the watch gfass with water, and dilute 
with water to 100 ml. While stirring with a magnetic 
stirrer, add 30 mL of the Sampie solution from a 50-mL 
buret. Add 10 mL of 1 N sodium hydroxide and 
300 mg of hydroxy naphthol blue, and continue the 
titration with the Sample solution to a biue endpolnt. 
Calcu i a te the percentage of edetic acid (CioH^NbOa) in 
the portion of sampfe taken: 

Result = [W/(Vx Q] x (M r1 /M r2 ) x 100 

W - weight of calcium carbonate (mg) 

V - volume of the Sample solution consumed in 
the titration (mL) 

C = concentration of the Sample solution (mg/mL) 

Mn - molecular weight of edetic acid, 292.24 
Mrz - molecular weight of calcium carbonate, 

100.09 


Acceptance criteria: 98,0%-l 00.5% 

M/IPUHITIES 

• HESIDUE ON Ignition (281): NMT 0.2% 

Betele the foltowing: 

** heaw Metals, Method ii (231): 30 pg/g« (Olficial ljjn 2 QIS) 

o Iron 

Sample solution: Char 3,0 g of Edetic Acid thoroughly, 
and heat in an oven at 500° unti! most of the carbon is 
consumed. Cool, add 0.15 mL of nitric acid, and heat 
at 500° until alf of the carbon is consumed. Dissoh/e the 
residue in 2 mL of a mixfure of equaf volumes of hydro- 
chloric acid and water, digest in a covered dish on a 
steam bath for 10 min, remove the cover, and evapo¬ 
ra te to dryness, Dissolve the residue in 1 mL of 1 N ace- 
tic acid and 20 mL of hot water, digest for 5 min on a 
steam bath, cool, and dilute with water to 30 mL. 
Control solution: Dissolve 43.2 mg of ferric ammonium 
suffate in 10 mL of 2 N sulfuric add, and add water to 
make 1000 mL. Each mL contains 5 jjig of Fe. 

Analysis: To 2,0 mL each of Sample solution and Control 
solution add 2 mL of hydrochloric acid, and dilute with 
water to 50 ml. Add 50 mg of ammonium persulfate 
and 3 mL of ammonium thiocyanate sotution (300 mg/ 
mL), mix, and transfer to a color comparison tubę, 
Acceptance criteria: 0,005%; the cofor of the Sample 
solution is not deeper than that of the Control solution. 
o limit of Nitrjiotriacetic Acid 

Mobile phase: Add 10 mL of 1.0 M tetrabutylammo- 
nium hydroxide in methanol to 200 mL of water, and 
adjust with 1 IV! phosphoric acid to a pH of 7.5 ± 0.1. 
Transfer the solution so obtained to a 1000-mL volu- 
metric fiask, add 90 ml of methanol, dilute with water 
to volume, mlx, and pass through a filter of 0.5-um 
porę size, 

Solution A: 10 mg/mL of cupric njtrate [Cu(N0 3 ) 2 ] 
Standard stock solution; Transfer 100 mg of nitrilo- 
triacetic add to a 10-mL volumetric fiask, and add 
0,5 mL of ammonium hydroxide. Dilute with water to 
vo!ume. 

Standard solution: Transfer 1*0 g of Edetic Add to a 
1 00-mL volumetric fiask, add 300 pL of Standard stock 
solution, and dilute with Solution A to volume. Sonlcate, 
if necessary, to compieteiy dissolve. 

System suitability solution: Transfer 10 mg of Edetic 
Acid to a 1 00-mL volumetnc fiask, add IOOjiL of Stan¬ 
dard stock solution , and dilute with Solution A to vol- 
ume. Sonicate, if necessary, to compieteiy dśssolve. 
Sample solution: 10 mg/mL of Edetic Acid in Solution 
A, Sonicate, if necessary, to compieteiy dissolve. 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: UV 254 nm 
Column: 4.6-mm x 15-cm; pacldng L7 
Flow ratę: 2 mL/min 
Injectron volume: 50 piL 
System suitability 

Samples: Standard solution and System suitability 
solution 

[Notę—T he re!ative retention ttmes for nitrilotriacetic 
add, copper, and edetate are aboui 0.35, 0.65, and 
1*0, respectively.] 

Suitability requirements 

Resolution: NLT 3 between the nitrilotriacetic acid 
and copper peaks, System suitability solution 
Reiath/e standard deviation: NMT 2.0%, Standard 
solution 

Analysis 

Samples: Standard solution and Sample solution 
Acceptance criteria: 0.3%; the response of the ni tri! o- 
trjacetic acid peak of the Sample sofution does not ex- 
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ceed the difference between the nitrilotriacetic acid 
peak responses from the Standard solution and the Sam- 
ple solution. 

ADDITIONAL REQUIREMENTS 

• Packagimc and Storage: Preser/e in well-closed 
containers. 

• USP Reference Standards (1T) 

USP Edetic Acid RS 


Ecieg PhossshCTićpBds 

DEFINITION 

Egg PhosphoHpjds is a mixture of naturaily occurring 
phosphoiipids obtained from the yolk of hens' eggs that is 
suitable for use as an emufsifying agent in injectable 
emulsjom. The content of phosphatEdylcholine, phosphati- 
dylethanolamine, lysophosphatidylchGline, and other re- 
fated phospholipids is to be reported in the certificate of 
analysis, it may a!so contain a suitable stabilizer. 

A5SAY 

* CONTENT OF PHOSPHOLIPIDS 

Solution A; 1 341.6 g of n-hexane, 334.1 g of 2-propa- 
nol, 39,4 g of glacial acetic acid, and 1,45 g of tnethyl- 
amine (or 2.0 mL triethylarmne) 

Solution B: 663.5 g of 2-propanol, 140.0g of water, 
15.8 g of glacial acetic acid, and 0.58 g of triethylamine 
5oIvent: n-Hexane, 2-propanol, and water (23:23:4). 
[NOTĘ—To avoid the formation of two phases, mix the 
2-propanol and water first, and then add the n-hexane.] 
Mobile phase: See the gradient Labie below. 


Program 

Step 

Time 

(min') 

Flow 

(onL/min) 

Solution 

A £°/ o > 

Solution 

B (W 

1 

0 

1.0 

95 

5 

2 

5.0 

1.0 

80 

20 

3 

8,5 

1.0 

60 

40 

4 

15.0 

1*0 

0 

100 

5 

17,5 

1.0 

0 

100 

6 

17.6 

1.0 

95 

5 

7 

21.0 

1.0 

95 

5 

B 

22.0 

2.0 

95 

5 

9 

27.0 

2.0 

95 

5 

10 

29.0 

1.0 

95 

5 _ 1 


Standard Solutions: Transfer USP Phosphatidylcholine 
RS, USP Phosphatidylethanolamine RS, and USP 
Lysophosphatidyfchofine RS to separate ffasks, dtssolve 
each in Solvent, and dii u te. Standard Solutions of five 
different concentrations are prepared on the basis of 
the expected content of phosphatidylcholine, phospha- 
tidyletnanoiamfne, and lysophosphatidylcholine in the 
sam ple. The Standard Solutions snould cover a rangę of 
60% to 140%. Calculate the concentrations of the 
Standards: 

Result = WP/V 

W = weight of the Standard (mg) 

P = purity of the designated Reference Standard 
V - volume of each or the Standard Solutions (mL) 
Sample solution: 100 mg of Egg Phospholipids in a 
25-mL volumetric fiask. Dissolve in Solvent, and dilute. 
Calcufate the concentration, in mg/mL: this value is 
used as the sample amount. 


Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detecton evaporative light-scattering detector 
Column: 4-mm x 125-mm; 5-|im packing L20 
Column temperaturę: 55° 

Fnjection size: 20 pL 
System suitability 
Sample: Standard Solutions 
[NOTĘ—The relative retention times for phospha- 
tidylchollne, phosphatidyfethanolamine, and 
lysophosphatidylcholine are 1.00, 0.85, and 1.25, 
respective!y.] 

Suitability requrrements 
Relative standard deviation: NMT 5,0% 

Analysis 

Sam pies: Each o f the Standard Solutions and Sample 
solution 

Identify the peaks of the relevant analytes in the chro- 
matogram of the Sample solution by comparison with 
the chromatograms obtained from the Standard Solu¬ 
tions. Measure the areas of the analyte peaks. Plot the 
logarithms of the relevant responses versus the loga- 
ritnms of the concentrations, in mg/mL, of each 
analyte obtained from the Standard Solutions, and de- 
termine the linear regression linę uslng a tea$t-squares 
analysis. The correiation coeffident for the linear re¬ 
gression linę is NLT 0.995, From the graphs so ob¬ 
tained, determine the concentration, C, in mg/mL, of 
the relevant analyte in the Sample solution. 

Separately calculate the percentages of phosphatidyl¬ 
ethanolamine, phosphatidylcholine, and lysophospha- 
tidylcholine in the portion of Egg Phospholipids 
taken: 

Result = (CV/W) x 100 

C - concentration of the relevant analyte in the 
Sample solution (mg/mL) 

V = volume of the relevant analyte in the Sample 
solution (mL) 

W ~ weight of Egg Phospholipids in the Sample 
solution (mg) 

Acceptance criteria: NMT 3.0% of 
lysophosphatidylcholine 

IMPURIT1ES 
Inorgamc Impyrlties 

Detete the folfawing: 

** Heaw Metals, Method If (231): NMT 10 ppm» (otuu*\ \- 

]an-2Dl B) 

Organie Bmpusities 

« Procedurę: Limit of Nonphosphatidyl Lipids 

Solvent: Diethyf ether 

Sample solution: 500 mg of Egg Phospholipids, dls- 
solved in 15 mL of Solvent f in a 50-mL conical fiask 
Chromatographic system 

(See Chromatography (621), Column Chromatography.) 
Modę: Column 

Chromatographic column: Transfer 1000 g of sillca 
gel having a particie size of 0.05-0.2 mm into a Con¬ 
tainer with weil-dosing screw caps. Add 150 g of 
water, shake wefl, andallow to stand for 24 h. 5us- 
pend 15 g of prepared adsorbent in 50 mL of Solvent t 
and introduce into a 1- to 2-cm chromatographic 
column. Dram the Solvent through the column to a 
ievel of about 1 cm above the silica gei bed. 

Analysis 

Sample: Sample solution 

Transfer the Sample solution to the Chromatographic 
column . Rinse the column containing the Sample 
solution with two 15-mL portions of SoWent, a I- 
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lowing each rinse to pass through the column 
before addmg the next. After rinsing, elute with 
105 mL of Solvent. Evaporate the eluate (150 ml_) in 
a ta red, round-bottom, 250-mL conical fiask to dry- 
ness, using a suita ble rotary eva pora tor. The volatifes 
are blown out with a stream of nitrogen, and the 
residue ts dried at 105° for 20 min. The weight of 
the residue gives the oil fraction, determined as 
nonpolar lipids, in Egg Phospholipids, 

Calculate the percentage of the nonphosphatidyl 
lipids taken: 

Result = A/W x 100 

A = weight of the residue (mg) 

W = weight of Egg Phospholipids taken in the 

Sample solution (mg) 

Acceptance criteria: NMT 7*0% 

SPECIFIt TESTS 

* Fats and Fixed Oils, Add Value (401): NMT 20,0 

• Fats and Fixed Oiłs, Peroxide l /aiue (401): NMT 3 

• Bacterial Endotoxins Test (85): NMT 6 USP Endotoxin 
Units/g 

* MKrobial Enumeration Tests (61) and Tests for Specl 
fied Microorganisms (62): The to tal microbial count 
does not exceed 100 cfu/g* It meets the requirements of 
the tests for absence of Salmonella spedes and Esdierichia 
coli 

* Water Determjnation, Method I (921) 

Sample: 2 g in 50 mL of anhydrous methyl alcohol 
Acceptance criteria: NMT 6,0% 

ADDBTIONAL REQUHREMENTS 

■ PACKAGING and Storage: Preserve under nitrogen in a 
sealed Container, and storę at a temperaturę of-10° or 
betów, 

• USP Reference Standards (11) 

USP Endotoxin RS 
USP Phosphatidylcholine RS 
USP Phosphatidylethanolamine RS 
USP Lysophosphatidylcholine RS 


Erythorbic Acid 



CtHsOt 176.12 

o-Araboascorbk acid; 

0-Erythro-hex-2-enoic acid delta-lactone; 

Isoascorbic acid, D-isoascorbic acid [89-65-6]. 

DEFINITION 

Erythorbic Acid contains NLT 99,0% and NMT 100,5% of 
CńHaOń, calculated on the dried basis, 

IDENTIFICATION 

* A. Infrared Absorption (197K) 

* B. 

Sample sofution: 20 mg/ml of Erythorbic Acid and 
water 

Analysis: To 2 ml of Sample solution add a few drops of 
sodrum nitroferricyanide TS and then add 1 mL of 0,1 
N sodium hydroxide. 

Acceptance criteria: A transient blue color immediately 
appears. 

* C. 

Analysis: Di$solve about 15 mg of Erythorbic Add tn 
15 mL of trichloroacetic acid (1:20). Acid about 200 mg 


of activated charcoal, and shake the mixture vigorously 
for 1 min. Pass through a smali fiuted filter, refilter if 
necessary to obtain a elear fi! tratę, agitate the mixture 
until the pyrrole is drssolved, and heat in a water bath 
at 50°. 

Acceptance criteria: A blue color appears, 

ASSAY 

* PROCEDURĘ 

Sample: 400 mg 
Titrimetric system 
{See Titrimetry (541).) 

Modę: Direct ti trat i on 
Tltrant: 0.1 N iodine VS 
Endpoint detection: Colorimetric 
Analysis: Dissofve the Sample in a mixture of 100 mL of 
recently boiled and cooled water and 25 mL of 2 N sul- 
furic acid. Add 3 mL of starch TS, and tilrate at once 
with 0.1 N iodine VS. Perform a blank determination, 
Calculate the percentage of erythorbic acid (CńHsO*) in 
the Sample taken: 

Result = [(V- B)xNxFxl 00]/W 

V - Titrant volume consumed by the Sample (mL) 

B = Titrant volume consumed by the Blank (mL) 

N = Titrant actual normality (m£q/mL) 
f - equivalency factor, 88,06 mg/mEq 
W - weight of the Sample (mg) 

Acceptance criteria: 99,0%~100.5% on the dried basis 

IMPURITIE5 

- Residue on Ignition (281): NMT 0.3% 

• Limit of Lead 

[NOTĘ—-Select reagents having as Iow a lead content as 
practicable, and storę all Solutions in borosiiicate glass 
containers. Rinse all glassware thoroughfy with warm 
8 N nitric acid followed by deionized water] 

Standard stock solution: Dissolve 160 mg of lead nb 
tratę m 100 mL of water containing 1 mL of nitric acid* 
Di lute with water to 1000 mL, On the day of use, trans¬ 
fer 10.0 mL of the above solution to a 100-mL volumet- 
ric fiask, and dilute with water to vafurne* Each ml of 
this solution contains the equtvafent of about 10 pg of 
lead. 

[Notę—P repare the Standard Solutions on the day of 
use.] 

Standard solution A: 1 pg/mL of lead from the Sfon- 
dard stock solution 

Standard solution B: 2 pg/mL of lead from the Stan¬ 
dard stock solution 

Standard solution C: 5 pg/mL of lead from the Stan¬ 
dard stock solution 

Sample solution: Transfer a weighed portion of about 
10 g of Erythorbic Acid to an evaporating dish* Add 
5 mL of 25% sulfuric acid, and distribute the sulfuric 
add unifomnly through the sample. Within a liood, 
place the dish on a steam bath to evaporate most of 
the water. Place the dish on a burner, and slowly pre- 
ash the sampłe by expefling most of the sulfuric acid. 
Place the dish in a muffle furnace at 525°, and ash the 
sample until the residue appears free from carbon. 

Cool, and cautiously wash down the instde of the evap* 
oration dish with water* Add 5 mL of 1 N hydrochloric 
acid. Place the dish on a steam bath, and evaporate to 
dryness. Add 1*0 mL of 3 N hydrochloric acid and ap- 
roximately 5 mL of water, and heat briefly on a steam 
ath to di$soive any residue. Transfer quantttatively to a 
10-rnL volumetric fiask, and dilute with water to 
volume. 

Blank: To an evaporating dish add 5 mL of 25% sulfuric 
acid, and distribute the sulfuric acid uniformly, Within a 
hood, place the dish on a steam bath to evaporate 
most of the water* Place the dish on a burner, and 
expel most of the sulfuric acid. Then place the dish in a 
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mufffe furnace at 525° for about the same amount ot 
time as in the Sample solution preparation. Cool, and 
oautiousły wash down the inside of the evaporation 
dfsh with water. Add 5 ml of 1 N hydrochloric add* 
Place the dish on a steam bath, and evaporate to dry- 
ness* Add 1.0 ml of 3 N hydrochloric actd and approxf- 
mately 5 mL of water, and heat briefly on a steam ba tli 
to dis$o!ve any residue* Transfer quantitatively to a 
10-mL volumetric fiask, and dilute with water to 
voiume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption 
Lamp: Lead electrodeless discharge 
Flame: Air-acetylene 
Analytical wavefength: 283*3 nm 
Sllt width: 0*7 nm 

Standard curve 

Sam pies: Standard solution A t Standard solution B f 
Standard solution C, and Blank 
Plot: Corrected absorbance values versus their corre- 
sponding concentration (pg/mL). [NOT^—Determine 
the corrected absorbance values by subtracting the ab¬ 
sorbance of the Blank from the absorbance of the 
Samples .] 

Analysis 

Sample: Sampfe solution 

From the Standard curve, determine the lead ooncentra- 
tron in the Sample solution. Calcu late the lead eon tent, 
in ppm, in the portion of Erythorbic Add taken: 

Result = VxCs/W 

V = vofume of the Sample solution (mL) 

Cj - concentration of lead in the Sample solution 
(pg/mL) 

W - weight of Erythorbic Add in the Sample 
sofution (g) 

Acceptance criteria: NMT 10 ppm 

SPECIFIC TESTS 

* Optical Rotation, Specifk Rotation (781S): -16*5° to 

- 18 . 0 ° 

Sample solution: 100 mg/mL in water 

* Loss ON Drying (731): Dry a sample in a vacuum over 

sifica gel for 3 h: it loses NMT 0.4% of its weight. 

ADD1TIONAL REQUIREMENT5 

* Pagkaging and Storage: Preserve in tight, iight-resistant 

containers* 

* USP Reference Standards (11) 

USP Erythorbic Add RS 


Erythritol 



C*H 10 O* 122,12 

1,2,3,4-Butanetetroi; 

Butane 1,2,3,4-tetroJ (meso-erythritol) [149-32-6]. 


DEFINITION 

Erythritol is obtained by fermentation of starch enzyme hy- 
drolysate (from starenes such as wheat and corn)* It is 
obtained from the fermentation broth of suitable os- 
mophilic yeasts such as Monillella polHnis or Tńchosporo- 
nolaes megęchifiensis< It contains NLT 96.0% and NMT 


102*0% of erythritol (GHioO*), calculated on the anhy- 
drous basis. 

IDENTIFICATION 

• A* INFRARED ABSORPTION (197K) 

• B. MiLTiNG Rance or Temperaturę (741): 119M23* 

ASSAY 

• Procedurę 

Mobile phase: 0*01% Sulfuric add 
System suitability solution: 0*05 mg/mL each of USP 
Erythritol RS ano glycerol 

Standard solution: 50 mg/mL of USP Erythritol RS 
Sample solution: 50 mg/mL of Erythritol 
Chromatographic system 
(See Chromatograpny (621 ), System Suitability *) 

Modę: LC 

Detector: Refracttve index 

Column: 7.8-mm x 30-cm; packing LI 7 

Column temperaturę: 70" 

Flow ratę: 0.8 mL/min 
Injectron volume: 10 pL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[Notę—T he relative retention times for erythritol and 
glycerol are about 1.0 and 1*1, respectively.] 
Suitability reguirements 

Resolution: NLT 2.0 between erythritol and glycerol, 
System suitability solution 

Relative standard deviation: NMT 2.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sampfe solution 
[Notę—R ecord chromatograms for over a period of 3 
times the retention time of erythritol.] 

Calcu late the percentage of erythritol (CjH lt >0 4 ) in the 
portion of Erythritol taken: 

Result = (ru/fj) x (QfCu) x 100 

r u = peak response from the Sample sofution 

n - peak response from the Standard solution 

C$ - concentration of USP Erythritol RS in the 
Standard solution (mg/mL) 

Cu = concentration of Erythritol in the Sample 
solution (mg/mL) 

Acceptance criteria: 96.0%-! 02.0% on the anhydrous 
basis 

IMPURITIES 

* Residue on Ignition (281): NMT 0.1% 

• Limit of Lead 

Sample solution: Dissolve 20.0 g of Erythritol in diluted 
acetic add, and dilute with the same medium to 
100 mL. Add 2*0 mL of a saturated ammonium pyrroli- 
dmedithiocarbamate solution (10 mg/mL of ammonium 
pyrrolidinedithiocarbamate) and 10*0 mL of methyl 
isobutyl ketone, and shake for 30 s. Protect from oright 
light Allow the two layers to sępa ratę, and use the 
methyl isobutyl ketone layer. 

Standard Solutions: Prepare as directed for the Sample 
solution , except prepare three Solutions by adding 0.5, 
1.0, and 1.5 ml of standard lead solution TS in addition 
to the 20.0 g of Erythritol* 

Blank solution: Prepare as directed for the Sample solu¬ 
tion i, omitting Erythritol. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry, using 
methyl isobutyl ketone previousiy treated as described 
in the Sample solution , but without the sample added 
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Analytkal wavelength: 2833 nm 
Lamp: Lead hollow-cathode 
Flame: Air-acetylene 
Analysis 

Sampfes: Sample solution and Standard Solutions 
fntroduce the Sample solution and each of the three 
Standard Solutions into the instrument, Record the 
steady absorbance reading. Plot the absorbance read- 
ings against the known concentrations of added lead 
(in (jg), and draw a straight linę* Extrapolafe the linę 
until it meets the concentration axis, which is equaf to 
the concentration, In ppm, of lead in the sample, 
Acceptance criteria: NMT 0,5 pg/g 

* Related Compounds 

Mobile phase. System suitability solution, Standard 
solution, and Sample solution: Proceed as dtrected in 
the Assay , 

Standard solution A: Transfer 2,0 mL of the Standard 
solution from the Assay to a 100-mL volumetric fiask, 
and dflute wlth water (1 mg/mL of erythritoi). 

Chrom atographic system: Proceed as directed In the 
Assay, except use an Injection volume of 20 pL. 

Analysis 

Samples: Standard solution and Sample solution 
Cafculate the percentage of each impurity found: 

Result = (fy/fj) x (C$fCu) x 100 

ru = peak response from the Sample solution 
r$ = peak response of erythritoi from the Standard 
solution 

Cs = concentration of USP Erythritoi RS in the 
Standard solution (mg/mL) 

Cu = concentration of Erythritoi in the Sample 
solution (mg/mL) 

Acceptance criteria 
lndividual impurities; NMT 2.0% 

To tai impurities: NMT 2.0% 

SPECIFIC TESTS 

o Microbiai Enumeration Tests (61 > and Tests for Speci 
fied Microorganisms (62): The total aerobic microbiai 
count using the Plate-Count Methods is NMT 10 3 cfu/g, 
and Lhe total combined molds and yeasts count is NMT 
10 1 2 cfu/g, It meets the reąuirements of the tests for ab- 
sence of Salmonella species and Escherichia coli , 
a Loss ON DRYING (731) 

Sample: 8 g 

Analysis: Dry the Sample at 105° for 4 h. 

Acceptance criteria: NMT 0.2% 

* Water Determination, Method I (921): NMT 0.5% 

* conductivity 

Sample solution: 200 mg/mL in water 
Analysis: Using an appropriate conductivity meter, 
choose a concfuctivity celi that is appropriate for the 
properties and conductMty of the solution to be ex- 
amined. Use a certified reference materia!/ for exampie, 
a solution of potassium chloride, that ts appropriate for 
the measurement. The conductmty value of the certi- 
fied reference materiał shoufd be near the expected 
conductivity vaiue of the solution to be examined, After 
calibrating the apparatus with a certified reference ma¬ 
teriał solution, rinse the conductivity celi several times 
with water and at least lwice with the agueous solution 
to be examined. Measure the conductrvity of the solu¬ 
tion at a temperaturę of 20° whife stirring gentfy with a 
magnetic stirrer. 

1 Commercially avaitable conductivity calibration Solutions for conduaivity 

meter standardization, standardized by methods traceabie to the National 

Institute of Slandards and Technology (NIST), may be used. Solutions pre- 
p^red according to Imsiructions given in the American Society for Tesli ng and 
Materials (ASTM) Standard Dl 125 may be used, prOvided that the cnnductiv- 
ity of Lhe resultant solution is the same as that of the solution prepared from 
the NiST-certffied materiał. 


Acceptance criteria; NMT 20 pS/cm 

ADDJTIONAL REQUIREMENTS 

• Packaging and Storage: Preserve in well-closed contain- 
ers. Storę at room temperaturę. 

• USP Reference Standard; (11) 

USP Erythritoi RS 

meso-Erythritol, 1,2,3,4-butanetetrol. 

CH 10 O 4 122.12 


Ethyi Acetate 



C 4 H*0 2 88.11 

Acetic add, ethyl ester; 

Ethyl acetate [1-41 -78-6]. 

DEFINITION 

Ethyl Acetate contams NLT 99.0% and NMT 100,5% of 
ethyl acetate (C^HaOz). 

IDENTIFICATION 

• A, INFRAREO ABSORPTION (197F) 

ASSAY 

• PROCEDURĘ 

Sample: Weigh 1 *5 g of Ethyl Acetate in a stoppered 
weighing bottle, 

Titnmetric system 
(See Titrimetry (541).) 

Modę: Residua) titration 
Titrant: 0,5 N sodium hydroxide VS 
Back-titrant: 0.5 N hydrochloric acid V5 
Blank: 50 mL of 0.5 N sodium hydroxide V5, atcu- 
rately measured 
Endpoint detection: Visual 
Analysis: Transfer the Sample to a suitable fiask. Add 
50,0 mL of 0.5 N sodium hydroxide VS, and heat on a 
steam bath under a reflux condenser for 1 h. Allow to 
cool, and add phenolphthafein T5. Titrate the excess 
sodium hydroxide with 0.5 N hydrochloric acid VS. Per- 
form a Blank determination. 

Calculate the percentage of ethyl acetate (GHsOa) in 
the portion of Ethyl Acetate taken: 

Result = {[(14 - 14) x N x F ]/W\ x 100 

Vb = Back-titrant volume consumed by the Blank 
(mL) 

14 = Back-titrant volume consumed by the Sample 

(ml) 

N - actual norma lity of the Back-titrant (mEq/mL) 

F = equivafency factor for ethyl acetate, 88.1 mg/ 
mEq 

W - Sample weight (mg) 

Acceptance criteria: 99.0%-100.5% 

IMPURITIES 

• Limit of Nonvolatile Residue 

Sample: Ethyl Acetate 

Analysis: Evaporate the Sample in a tared porcelain dish 
on a steam bath, and dry at 105° for 1 h. 

Acceptance criteria: NMT 0.02% 

• Limit of Methyl Compounds 

Sample: 20 mL of Ethyl Acetate 
Analysis: Place the Sample in a 500-mL separator. Add 
a solution of 20 g of sodium hydroxide in 50 mL of 
water, and Insert the stopper in the separator. Wrap it 
secureiy in a towef for protection against the heat of 
the reaction, Shake the mixture vigorously for about 5 
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min, cauttously openlng the stopcock from time to time 
to permit the escape ot arr. Continue shaking vigorousy 
unttl a homogeneous lfquid results, then distill, and col- 
lect about 25 mL of the distiNate- To 0.05 ml_ of the 
distillate add 1 drop of dilute phosphoric add (1 tn 20) 
and 1 drop of potassium permanganate solution (1 In 
20). Mik, a!low to stand for 1 min, and add sodium 
bisulfite solution (1 in 20), dropwise, until the perman¬ 
ganate eoior is discharged. If a brown co]or remains, 
add 1 drop of the dilute phosphoric acid. To the color- 
iess solution add 5 mL of freshEy prepared chromotropic 
acid TS, and heat on a steam bath at 60° for 10 min. 

Acceptance critena: No violet color appears. 

* Chromatographic Purity 

System suitability solution; Chloroform, ethyl acetate, 
isobutyi acetate, and n-butyl acetate (3:1:1:1) 

Chromatographic system 
(See Chromatograpny {621), System Suitability,) 

Modę: GC 

Detector: Flame ionization 
Column: 1.8-m x 4-mm; support SI 1 
Column temperaturę: See Tobie h 


Tafcie 1 


Inrtial 

Temperatura 

n 

Ramp 

C/minl 

Finał 

Temperatura 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

115 


T T 5 

6 

115 

16 

200 

sSHa 


System suitability 

Sample: Od pL of System suitability solution 
[Notę—T he relative retention times for chloroform, 
ethyl acetate, isobutyi acetate, and n-butyi acetate are 
0.9, 1.0, 2,7, and 2.8, respectiveJy.] 

Suitability requ[rements 

Resolution: NLT 1.3 between the chloroform and 
ethyl acetate peaks; NLT 1.5 between the isobutyi 
acetate and n-butył acetate peaks 
Talling factor: NMT 1.5 for the ethyl acetate peak 
Analysis 

Sample: Ethyl Acetate (neat) 

Inject about O.OópL using a 1-uL syringe. 

Acceptance criteria: The area of the ethyl acetate peak 
Is NLT 99.5% of the sum of the areas of alf the peaks. 

SPECIFfC TE5T5 
° Acidity 

Sample solution: 2.0 ml of Ethyl Acetate in 10 ml of 
neutralized alcohol 

Analysis: Add 2 drops of phenolphthalein TS to the 
Sample solution. Neutralne with 0.10 N sodium 
hydroxide. 

Acceptance criteria: NMT 0,10 mL of 0.10 N sodium 
hydroxide is requlred. 

® Readily Carboniiable Substances Test { 271 } 

Sample: 2 mL of Ethyl Acetate 

Analysis: Add the Somple ca ref ul ly to 10 mL of sulfuric 
acid to form separate layers. 

Acceptance criteria: No dark zonę is developed within 
15 min. 

* Specific Cravity (841): 0.894-0.898 
ADOITIONAL REQUIREMENT5 

a Packagdmg AND Storage: Preserve in tight containers, 
and avoid exposure to excessive heat. 


o U5P Reference Standards (11) 

USP Ethyl Acetate RS 


Ethyl Acrylate and ft/lethy§ MethacryBate 
Copolymer Dispersion 

[901 0-88-2], 

DEFINITION 

Ethyl Acrylate and Methyl Methacryiate Copołymer Disper¬ 
sion is an aqueous dispersion of a copołymer of ethyl ac¬ 
rylate and methyl methacryiate having an average molec- 
ular weicjht of about 800,000. It may contain sultable 
emulsifying agents. 

IDENTIFICATION 
e INFRARED ABSORPTION (197) 

Anaiysis: Place 1 drop of Dispersion on a glass piąte, * 1 
and cover the test substance with a water-resistant crys- 
tal disk (stlver chforide or KRS-5). 2 Gentty press on ano 
then remove the crystal disk. Dry the ery stal disk at 80° 
for approxlmately 15 min. 

Acceptance criteria: The IR absorption spectrum of 
Ethyl Acrylate and Methyl Methacryiate Copołymer Dis¬ 
persion exhtbits maxima correspondlng to the same 
wavelengths as those of a similar preparation of USP 
Ethyl Acrylate and Methyl Methacryiate Copołymer Dis¬ 
persion RS treated in the same manner* 

IMPURITIES 
Inorgatik Impurities 

■ Resipue on Ignition (281): Using mild heating conditions 
(e.g., steam bath, sand bath) to avoid loss of materiai, 
evaporate the Ethyl Acrylate and Methyl Methacryiate 
Copołymer Dispersion to dryness before ignition: NMT 
0.4% residue is obtained, calculated on the undried 
basis. 

Organie Impurities 
o procedurę: Limit of Monomers 

Solution A: 35 mg/mL of sodium perchlorate 
Solution B: Dilute phosphoric acid with water to ob- 
tain a solution having a pH of 2.0, 

Mobile phase: Soiution B and methanol (4:1) 

Standard solution: Prepare a solution in tetrahydro- 
furan havtng a concentration of 2 pg/mL each of ethyl 
acrylate and methyJ methacryiate. lo 10.0 mL of this 
solution add 5.0 ml of Solution A , and mix. Dilute 
5,0 mL of the mixture with water to 10.0 mL, and mix. 
The solution contains a concentration of 0.67 pg/mL 
each of ethyl acrylate and methyl methacryiate. 

Sample stock solution: 20 mg/mL of Ethyl Acrylate 
and Methyl Methacryiate Copołymer Dispersion in 
tetra hydrof uran 

Sample solution; To 5,0 mL of Solution A add 10,0 mL 
of Sample stock solution , dropwise, while stirring contim 
uousjy. Centrifuge, and filter the elear supernatant. Di¬ 
lute 5.0 mL of the elear supernatant with water to 
10.0 ml, and mix. 

1 A simpfe glass microscope sllde is sultable* 

1 KR5-5 consists of 42% tnfllfium(l) bromide and 58% thaJlium(l) iodirie by 

mDlecular weight Suitable dfsks of silver ehloride and of KR5-5 are availabte 
from www.photonfcsaint-gobain.com,www.alrrwoptics.com, and www.in- 
tema tlona Joysta I. n a t 
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Chromatographic system 

(See C hromatogrophy (621), System Suitability.) 

Modę: LC 

Detector: UV 200 nm 
Cofumn: 4.6-mm x 12.0-cm; packing LI 
Flow ratę: 2 mL/min 
Injection srze: 50 pL 
System suitability 
Sam ple: Standard soiution 
Suitability requrrements 
Resolution: NLT 2.0 between ethyl acrylate and 
methyl methacrylate 

Reiative standard deviation: NMT 2*0% 

Analysis 

Sam pies: Standard soiution and Śample soiution 
Calcu la te the percentage of each monomer in the 
portion of Ethyl Acrylate and Methyl Methacrylate 
Copolymer Dispersion taken: 

Result = (ru/rs) x (C s /Cu) x D x F x 100 

ru - peak response of each monomer from the 
Sample soiution 

r s = peak response of each monomer from the 
Standard soiution 

C s = concentration of each monomer in the 
Standard soiution (pg/mL) 

Cu = concentration of Ethyl Acrylate and Methyl 
Methacrylate Copolymer Dispersion in the 
Sample stock soiution (mg/mL) 

D - dilution factor for the preparation of the 
Sample soiution from the Sample stock 
soiution, 3 

F = unit conversion factor, 10 3 mg/jig 
Total impurities: NMT 0*01% of total monomers 

SPECIFIC TESTS 

* Microbial Enumeratjon Tests (61) and Tests for Speci 
fjed MiCRoORGANtSMS (62): The totai aerobic microbial 
count does not exceed 1000 cfu/g, and the total yeasts 
and molds count does not exceea 100 cfu/g* 

* PH (791): 5.5-8*6 

* Loss on Drying (731): Dry a sample at 110 q for 3 h: it 

[oses between 68*5% and 71*5% of its weight. 

* Vi5COSiTY~R otational Methods (912): Equtp a suitable 

rotational viscometer with an adapter comprising a cyltn- 
drical spindle rotating within an accurately machfned 
chamber (or tubę). 3 Mix the Dispersion, pipet the test 
specimen in the spedfied volume, which is recom- 
mended by the instrument manufacturer, into the cham- 
ber (or tubę), and ensure that the temperaturo of the 
test specimen is at 20 ±0.1°. The shear ratę under the 
test condition is NLT 1 s* 1 and NMT 100 s- 1 . 4 Measure 
the apparent viscosity, following the instrument manufac- 
turer f s directions* 

Acceptance criteria: The viscosity is between 2 and 
20 mPa - s* 

* COAGUiUrwi 

Sample: 100 g of Ethyl Acrylate and Methyi Methacry¬ 
late Copolymer Dispersion 

Analysis: Weigh a stainless Steel sieve having 125-pm 
openings or a suitable single-woven wire cloth with a 
mesh width of 125 pm, and fiiter the Sample through 
it* [NoiE —Suitable single-woven wire cloth mesh meets 
the reauirements set in ISO 9044.] 

Wash the sieve or the cloth with distilled water until a 
elear ftltrate is obtained, and dry the sieve or the cloth 
to constant weight at 105°* 

3 A commercial davica 1 % available from Brookfidd as an ultra-low (UL) vistos- 
ity adapter* The adapter comprises a 0.4-cm diameter shaft, an accurately 
machfned ehamber (or lube) wrth an fnternal diameter of 2.8 cm and a 
depth of 13.5 cm, and a cylindncal spindle 2,5 cm in diameter and 9.1 cm in 
height, 

4 The cylindrical spindle rolates at 30 rpm* 


Acceptance criteria: The weight of the residue does 
not exceed 1000 mg (1 %}* 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in wefl-ciosed contain- 
ers. Storę between 5° and 25°, with excursions permitted 
up to 30°. Do not freeze* 

* Labeung: Label it to indicate the name and guantity of 
any added emulsifiers* 

* USP Reference Standard s (11) 

USP Ethyl Acrylate and Methyl Methacrylate Copolymer 
Dispersion RS 


Ethyl Malto! 



CjHbOj 140.14 

2-Ethyl-3-hydroxy-4-pyrone; 

2-£thyl-3-hydroxy-4H-pyran-4-one; 

2-Ethyl pyromeconic add [4940*11-8]. 

DEFINITION 

Ethyl Maltol contains NLT 99.0% of CjHaCh, cakulated on 
the anhydrous basis* 

IDENTIFICATION 

• A* Infrared Absorpuon (197S): 1:50 soiution in 

chloroform 

ASSAY 

• Procedurę 

Standard soiution: 10.0 pg/mL of USP Ethyl Maltol RS 
in 0.1 N hydrochloric acid 

Sample soiution: lO.Opg/mL of Ethyl Maltol in 0.1 N 
hydrochloric acid 
inśtrumental conditlons 
(See Ultraviolet-Visible Spectroscopy (857)*) 

Modę: UV 

Analytical waveiength: 276 nm 
Celi: 1 cm 

Blank: 0.1 N hydrochloric acid 
Analysis 

Samples: Standard soiution and Sample soiution 
Calculate the percentage of ethyl maltol (C 7 Hg0 3 ) in the 
portion of Ethyl Maltol taken: 

Result = (A u /A,) x (Cd Cu) x 100 

A u = absorbance of the Sampfe soiution 
Aj - absorbance of the Standard soiution 
Q - concentration of USP Ethyl Maltol RS in the 
Standard soiution (jig/mL) 

Co = concentration of Ethyl Maltol in the Sample 
soiution (jig/ml) 

Acceptance criteria: NLT 99 s 0% on the anhydrous 
basis 

IMPURITIES 

• RESIDUE ON IGNITION (281): NMT 0*2% at 800° for 15 

min 
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SPECIFIC TE5TS 

* Water Determination, Method I (921): NMT 0.5% 

ADDITIONAL REQUIREMENT5 

e Packagimg AMD Storage: Preserve in tight conlalners. 
@ USP Referemce Stamdards (11) 

USP Ethyl Maltol RS 


Carrier gas: Hydrogen 
Flow ratę: 0.7 mL/min 
Injection volume; 1,0 jaL 
injection type: Split injection; Split ratio h 200:1 
Run time: 23-24 min 
System suitability 
Sam ple: System suitability solu don 
[Notę— See Table 2 for the relative retention times.] 


EthyE Oleate 


HjC 


xv\/x 


Cz 0 H 3 E O 2 310.51 

9-Octadecenoic acid, (2)-, ethyl ester; 

Ethyl (Z)-9-octadecenoate; 

Ethyl ds-9-octadecen o a te [111-62-6]. 

PEF5NIT10N 

Ethyl Oleate consists of esters of ethyl alcohol and high mo- 
lecuJar weight fatty adds, principally oleić acid. It contains 
NLT 65.0% of ethyl (Z)-9-óctadecenoate (C 20 H 3 SO 2 ). It 
may contain suitable stabilizers. 

IDENTIFICATION 
* A. PRESENCE OF ESTER 

Analysis 1: Proceed as directed in Fats and Fixed OHs, 
Sapcnification Value (401). 

Acceptance criteria: 177-188 

Analysis 2: Proceed as directed in Fats and Ffced Qils, 
Ada Value (401). 

Acceptance criteria: NMT 0,5 
3 B. CHROMATOGRAPHie Identity 

Analysis: Proceed as directed in the Assay. 

Acceptance criteria: The retention time of the major 
peak of the Sample solution corresponds to the ethyl 
oleate peak of the System suitability solution. 

ASSAY 
o Procedurę 

System suitability solution: 5 mg/mL of USP Ethyl Ole¬ 
ate RS, 1.2 mg/mL of USP Ethyl Palmftate RS, 1.2 mg/ 
mL of USP Ethyl linoleate RS, and 0.5 mg/mL of USP 
Ethyl Stearate RS in n-hexane 
Sample solution: 5 mg/mL of Ethyl Oleate in n-hexane 
Chromatographic system 
(See Chromatography {62 1), System Suitability.) 

Modę: GC 

Detector: Ffame ionization 

Column: 0.25-mm x 25-m capiilary; bonded with a 
0 . 2 -pm layer of phase G16 
Temperatures 
Detector: 270° 

Injection port: 250° 

Column: See temperaturę program shown in Table 1. 


Table 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperatura 

fminł 

178 


178 

2 

178 

3,3 

240 

2.5 


Table 2 


Component 

R&!ative 

Retention 

Time 

Ethyl palmitate 

0.65 

Ethyl stearate 

0.96 

Ethyl oleate 

1.00 

Ethyl linoleate 

1.08 


Suitability reguirements 

Resolution: NLT 2.0 between the ethyl stearate and 
ethyl oleate peaks 

Analysis 

Samples: System suitability solution and Sample solution 
IdentEfy each ethyl ester (ethyl palmitate, ethyl stearate, 
ethyl oleate, or ethyl linoleate) peak in the Sample so- 
lution based on that in the System suitability solution. 
Calcu late the percentage of each ethyl ester (ethyl pal- 
mitate, ethyl stearate, ethyl oleate, or ethyl linoleate) 
in the portion of Ethyl Oleate taken: 

Result - {fu!ri) x 100 

fu = peak response of each ethyl ester (ethyl 
palmitate, ethyl stearate, ethyl oleate, or 
ethyl linoleate) from the Sample solution 
fj = sum of all the peak responses excluding peak 
responses due to $olvent from the Sample 
solution 

Acceptance criteria: Dtsregard peaks that are less than 
0,05% for any unspecified impurities, and any peaks 
due to sohrent. 

Ethyl Oleate exhibits the composition profiles shown in 
Table 3 below. 


Table 3 


Component 

Percentage 

_ 

Ethyl palmitate 

<16,0 

Ethyl stearate 

<6.0 

Ethyl oleate 

>65.0 

Ethyl linoleate 

<18.0 


IMPURITIES 
* Total Ash 
Sample; 2.0 g 

Analysis: Heat a silica or platinum crudble to redness 
for 30 min, allow to cool in a desiccator, and weigh. 
Transfer the Sample to the crucibfe. Dry at 100 Q -105° 
for 1 h and ignite to constant weight in a muffle fur- 
nace at 600 ± 25°, allowing the crucible to cool In a 
desiccator after each ignition. Flames should not be 
produced at any Orne during the procedurę. If after 
prolonged ignition the ash still contains black partides, 
take up with hot water, pass Lhrough an ashless fil ter 
paper, and ignite the residue and the filter paper. Con> 
olne the filtrate with the ash, carefully evaporate to dry- 
ness, and ignite to constant weight. 
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Acceptance criteria: NMT 0.1% 

SPECIFIC TEST5 

• Fats and FlXED OlLS, lodine Value (401): 75-85 

• Fats and Fixed Oils, Peroxide Value (401): NMT 10.0 

• WATER DETERMINATION (921): NMT 1.0% 

ADDITIONAŁ REQU I REMENTS 

• Packaging and Storace: Preserve in tight, light-resistant 
containers. 

• Labelinc: Label it to indicate whether oleić acid is de- 

rived from vegetable, animal, or synthetic sources. Indi¬ 
cate the names and amounts of any added stabilizers. 

• USP Reference Standards (11) 

USP Ethyl Linoleate RS 
USP Ethyl Oleate RS 
USP Ethyl Palmitate RS 
USP Ethyl Stearate RS 


Ethyl Vanillin 




C 9 H 10 O 1 166.17 

Benzaldehyde, 3-ethoxy-4-hydroxy-; 
3-Ethoxy-4-hydroxybenzaldehyde [121 -32-4]* * 

DEFINITION 

Ethyl Vanillm r dried over phosphorus pentoxide for 4 h, can¬ 
ta! ns NLT 98.0% and NMT 101.0% of C 9 H, 0 0 3 . 

IDENTIFICATION 

* A. Infrared Absorption (197K) 

* B. Ultra vi olei Absorption (197U) 

Sample solution: 8 jjg/mL in methanol 
Acceptance criteria; Meets the requirements 

ASSAY 

* Procedurę 

Sample; 300 mg of Ethyl Vanillin (previously dned) 
TStrimetric system 
(See Titrimetry (541).) 

Modę: Dlrect titration 
Titrant: 0.1 N sodium methoxide VS 
Blank; 50 mL of dimethyJformamide, accuratdy 
measured 

Endpoint detection: Visual 

Analysts: Transfer the Sample solution to a 125-mL eoni- 
cal fiask, and dissolve in 50 mL of dimetbylformamide, 
Add thymof blue TS and titrate, using a magnetic sfirrer 
and tanino precautions against the absorption of atmos- 
pheric carnon dioxide, Perform a blank determination. 
Cale u la te the percentage of ethyl va nillin (C 9 H 10 O 3 ) in 
the Sompfe taken: 

Resuft {[(V s - V s ) x N x F\/ W) x 100 

= lit rant volume consumed by the Sample (mL) 

- Titrant volume consumed by the Blank (mL) 

N - actual normality of the Titrant (mEq/mL) 

F ^ equivalency factor, 166,2 mg/mEq 

W ^ Sample weight (mg) 

Acceptance criteria: 98,0%-101,0% on the previously 
dried basis 


IMPURITOS 

* Residue on Jgnition (281): NMT 0.1% 

SPECIFIC TESTS 

* Melting Rance or Temperaturę (741): 76°-78 c 

* LOSS ON Drying (731): Dry a sample over phosphorus 

pentoxtde for 4 h: it loses NMT 1.0% of its weight. 

ADDITIONAŁ REQUIREMENT$ 

* PACKAGING AND Storage: Preserve in tight, light-resistant 
containers. 

* USP Reference Standards (11) 

USP Ethyl Va nil lin RS 


Ethylcellulose___ 

Portions of the monograph text tbat are national USP text, 
and are not part of the harmonized text, are marked with 
symbols (♦+) to specify this fact. 

Cellulose, ethyl ether; 

Cellulose ethyl ether [9004-57-3], 

DEFINITION 

Ethylcellulose is a partly CLethylated cellulose, It contains 
NLT 44.0% and NMT 51.0% of ethoxy {-OC 2 Hs) groups, 
calculated on the dried basis, 

IDENTIFICATION 

* A. Infrared Absorption <197K) 

ASSAY 

• Procedurę 

[Noi£—Hydriodic add and its reaction byproducts are 
highfy toxic, Perform all steps of the Sample solution 
preparation and the Standard solution preparation in a 
properly functionfng hood.] 

Interna! standard solution: DiJute 12Q^L of toluene 
with o-xylene to 10 mL. 

Standard solution: Transfer 100,0 mg of adipic add, 

4.0 ml of the Interna! standard solution, and 4.0 mL of 
hydriodic acid into a suttable IG-mL thick-wafled reac¬ 
tion vial with a pressureTight septum closure. Close the 
vial tightly, and weigh the viaf and contents accurately. 
Afterwards inject 50 pL of iodoethane through the sep- 
tum with a syringe, weigh the vial again, and calculate 
the mass of iodoethane added, by difference, Shake 
well, and allow the layers to separate. Use the upper 
fayer for analysis, 

Sample solution: Transfer 50.0 mg of Ethylceilulose, 

50 mg of adipic acid, and 2.0 mL of the Interna! stan¬ 
dard solution into a suitable 5-rnL thkk-walled reaction 
vial with a pressure-tight septum closure. Cautlousiy 
add 2.0 mL of hydriodic add, im media teły close the vial 
tightly, and weigh the contents and the vial accurately. 
Snake the vtaf for 30 s, heat to 125 a for 10 min, allow 
to cool for 2 min, shake again for 30 s, and heat to 
125° for 10 min, Afterwards allow to cool for 2 min, 
and repeat shaking and heattng for a third time. Allow 
the vial to cool for 45 min, and reweigh, if the loss is 
greater than 10 mg, discard the mixture, and prepare 
another. Use the upper layer for analysrs. 
Chromatographic system 
(See Chromatograpny (621), System Suitabifity.) 

Modę: CC 

Detector: Flame ionization 

Column: 2-mm x 5,0-m stainless Steel packed with 3% 
C2 on 150-180-pm mesh support 51A 


NF Monographs 







NF Monographs 


7654 Ethylcellulose / Official Monographs 


NF 35 


Temperatures 
Column: S0 a 
Injector: 200° 

Detecfor: 200° 

Carrrer gas: Nitrogen 
Flow ratę: 15mL/min 
Injection volume: 1 [iL 
System suitability 
Sampie: Standard solution 

[Notę —The relative retention times for iodoethane, tol- 
uene, and o-xylene are 0,6, 1*0, and 2,3, respectively,] 
Soitability reguirements 
Resolution: NU 2.0 between iodoethane and 
toluene 
Analysis 

Sam pies: Standard solution and Sampie solution 
Calculate the percentaae of ethoxy eon tent of the Eth- 
ylcellulose as dedarea in ihe labefing: 

Resuit = (451,000/312) x(R u x m 2 )/[(/?jX m,) x (100- 

d)] 

Ru - ratio of the iodoethane peak area to the 

totuene peak area from the Sampie solution 
mi - mass of iodoethane used in the Standard 
solution (mg) 

R$ = ratio of the iodoethane peak area to the 

toluene peak area from the Standard solution 
m\ ~ mass of Ethylcellulose used in the Sampie 
solution (mg) 

d - loss on drying as a percentage 
Aeceptance criteria: 44.0%-51.0% on the dried basis 

IMPURITIES 

O RESJDUE ON IGNITION <281) 

Sampie: 1.0 g 

Aeceptance criteria: NMT 0.5% 

Detete the fotlowing: 

®*Heaw Metals, Method U <231); NMT 20 ppm*# [oms\ i- 
lan-zoibj 

O CHLORIPES 

Standard stock solution: 0.824 mg/mL of sodium 
chiorlde 

Standard solution: 8,24 jig/mL of sodium chloride, 
prepared from the Standard stook solution. [NOTĘ—Pre- 
pare immediateiy before use.] 

Sampie solution: Disperse 250 mg rn 50 mL of water, 
heat to botirng, and allow to cool, shaking occasionally. 
Filter, and dtscard the first 10 ml of the fiTtrate. 

Analysis 

Sampfes: Standard solution and Sampie solution 
Separately dilute 10 mL of the Sampie solution and 
Standard solution wlth water to 15 mL, add 1 mL of 
dituted nitric acid, and pour the mixtures as a single 
addition into test tubes containlng 1 ml of 0,1 N siF 
ver nrtrate V5. Examlne the tubes Eaterally against a 
blade background, 

Aeceptance criteria: After standing for 5 min proteoted 
from light, any opalescence in the Sampie solution ts not 
morę intense than that in the Standard solution (0.1%). 

e ACETALDEHYDE 

Solution A: 0,5 rng/rnL of methylbenzothiazolone 
hydrazone hydrocnloride 

Solution B: 10 mg/mL of ferric chloride and 16 mg/mL 
of sulfamic acid 

Standard stock solution: 10 mg/mL of acetaldehyde in 
water. [NOTĘ —Use immediateiy. Prepare the Standard 
solution and Sampie solution at the same time.] 

Standard solution: 3 pg/mL of acetaldehyde from the 
Standard stook solution in water. [Notę —Use 
immediateiy.] 


Sampie solution: Dissolve 3,0 g of ethylceflulose in 
10 mL of water, stir by mechanical means for 1 h, allow 
to stand for 24 h, filter, and dilute the filtrate with 
water to 100.0 mL. 

Analysis 

Sam pies: Standard solution and Sampie solution 
Transfer 5.0 ml of the Sampie solution and Standard 
solution to sępa ratę flasks. To each fiask add 5 mL of 
Solution Ą and heat in a water bath at 60° for 5 min. 
Add 2 mL of Solution B, and heat again at 60° for 5 
min, Cool, and diiute with water to 25.0 mL. 
Aeceptance criteria: The Sampie solution is not morę 
intensety coiored than the Standard solution. 

SPECJFIC TESTS 

* VI5C0SITY—CAPILLARY METHODS (911) 

Solution A: Alcohol and toluene (1 :4 w/w) 

Sampie solution: Shake a ąuantity of Ethylcellulose, 
equivalent to 5,00 g of the dried substance, with 95 g 
of Solution A untiJ the substance is dissolved. 

Analysis: Determme the viscosity using a capillary 
viscometer. 

Aeceptance criteria: The viscosity (mPa ■ s) determined 
at 25° is NLT 80.0% and NMT 120.0% of that stated 
on the la bel for a nominał viscoslty greater than 6 
mPa . s; and NLT 75.0% and NMT 140.0% of that 
stated on the la bel for a nominał Yiscosity of NMT 6 
mPa ■ s. 

O ACIDITY OR AlKALINITY 

Solution A: Dissolve 100 mg of phenolphthaiein in 
80 mL of alcohol, and dilute with water to 100 mL, 
Solution B: Dilute 50 mg of methyl red with 1.86 mL of 
0.1 N sodium hydroxide and 50 mL of alcohol, and dF 
lute with water to 100 mL. 

Sampie solution: To 0,5 g of Ethylcellulose add 25 ml 
of carbon dioxlde-free water, and shake for 15 min. 

Pass through a sintered-giass frlter with a maximum df- 
ameter of pores between 16 and 40 pm. 

Analysis: To 10 mL of Sampie solution add 0,1 mL of 
Solution A and 0.5 mL of 0,01 N sodium hydroxide ( So¬ 
lution Q. To 10 ml of Sampie solution add 0.1 ml of 
Solution B and 0.5 mL of 0,01 N hydrochlonc acid ( Solu¬ 
tion 0). 

Aeceptance criteria: Solution C is pink; Solution D is 
red, 

* Loss on Drying (731) 

Sampie: 1 g 

Analysis: Dry at 105° for 2 h. 

Aeceptance criteria: It loses NMT 3,0% of its weight. 

ADDITIONAL REQUIREMENT5 

* *Packaging and Storage: Preserve in well-closed com 

tainers.* 

® Labeling: La bel it to indicate its nominał viscosity in 
mPa * s for a 5% m/m solution, 
a usp reeerence standards (11) 

♦USP Ethylcellulose RS 
CeJlulose, ethyl ether. 

Cellulose ethyl ether,* 


Ethylcellulose Agueous Dispersion 

DEFINITION 

Ethylcellulose Aqueous Dispersion is a colloidal dispersion of 
Ethylcellulose in water. It eon tai ns NLT 90.0% and NMT 
110.0% of the labeled amount of ethylcellulose. It con- 
tains suitabfe amounts of Cetyl Alcohol and Sodium Lauryl 
Sulfate, which assist in the form a tron and stabilization of 
the dispersion, It may contain suitable antifoaming and 
antimicrobial agents. 
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IDENTIFICATION 

* A. 

Diluent: Toluene and alcohol (80:20) 

Standard solution: 250 mg of USP Ethylcellulose RS In 
5 mL of Diluent 

Sample solution: A smali quantity of Dispersion in 
5 ml of Diluent 

Analysis: Transfer a few mL of the Standard solution and 
the Sample solution to two sępa ratę silver chloride 
plates, and evaporate. 

Acceptance criteria: The IR absorption spectrum of the 
resldue in the regions 3600 to 2600 cm- * 1 and 1500 to 
800 cm- 1 exbibits maxima only at the same 
wavenumbers as that of a film of USP Ethylcellulose RS. 

* B. 

Sample: 2 mL 

Analysis: Transfer the Sample to a Petri dish, 100 mm in 
diameter, $o that the bottom of the dish is covered 
uniformly. Place the dish in an oven or on a hot piąte 
to evaporate the water, 

Acceptance critena: A transparent film results. 

* C 

Sample solution: Dissolve the film formed in Identifica¬ 
tion test B in 20 mL of chloroform. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Column: 2-mm x 1.8-m; 10% liguid phase G1 on sup- 
port SI A 
Temperatures 
Injection port: 250° 

Detector: 275° 

Column: 220° 

Injection volume: 2 fiL 

Acceptance criteria: The retention time of the major 
peak following the sotvent peak from the sample corre- 
sponds to that from a similar solution of USP Cetyl Al¬ 
cohol RS, 

* D. 

Indicator solution: To a 150-mL graduated beaker eon- 
taining 0.7 mL of sulfuric acid and 5 g of anhydrous 
sodium sulfate slowly add water to the 90-mL mark. 

Add methylene blue solution (3 in 1000) to the 100-ml 
mark, 

Analysis: To 1 ml of Dispersion in a 1GO-mL graduated 
mlxing cylinder add 9 mL of water foflowed by 25 ml 
of indicator solution. Add 15 ml of chloroform, and 
shake vigorously. Allow the two phases to sępa ratę. 
Acceptance cnteria: The lower phase is blue, indicating 
the presence of sodium lauryl sulfate, 

ASSAY 

* Procedurę 

Sample solution: Dispersion equivalent to 25 mg of 
ethylcellulose 

Analysis: Determine the ethoxy content, as directed in 
Methoxy Determination (431). Calculate the ethylceliu- 
lose content from the ethoxy content found, and calcu- 
late the etboxy content of the ethylceltulose as dęcia red 
in the labeling, Each mL of 0,1 N sodium thiosulfate is 
equlvalent to 0.7510 mg of (-OC 2 H 5 ). 

Acceptance criteria: 90.0%~1 10.0% 

IMPURITI ES 


Detete the following: 

•• Heavy Metals, Method II <231 >: NMT 10 pg/g* 1- 

J*nJ013) 


SPECIFIC TEST5 

* Vl S CO SIT V-—ROT ATI ON AL METHODS (912) 

Sampie: Neat 

Analysis: Use a rotational yiscometer egutpped with a 
lowwiscosity adapter. Mix the Sampie , and pipet 20 mL 
of it into the Jowwiscosity smali sample adapter. Start 
the viscometer, and take readings after 60, 90, and 120 
s at a temperaturę of 25 ± 2° and at a spindle speed 
that results in readings of 10%-90% of full-scale. Multi- 
ply the average of the three readings by the factor 
spedfied for the selected spindle speed to obtain the 
viscosity in centipoises. 

Acceptance criteria: NMT 150 centipoises 

* pH (791): 4.0-7.0 

* LOSS ON DRYING <731) 

Sample: 5 mL 

Analysis: Place 10 g of standard 20- to 30-mesh $and, 
previousiy dned for at least 30 min at 60°, into a tared 
Petri dish. Add the Sampie , and again weigh. Dry at 60° 
to eonstant weight. 

Acceptance criteria: NMT 71.0% 

ADDITIONAL REQUIREMENTS 

* Packacing and Storage: Presen/e in tjght containers, 

and protect from freezing. 

* Labeling: The labeling States the ethoxy content of the 

ethylcellulose and the percentage of ethylcellulose. The 

labeling also States the names and quantities of any 

added antifoaming and antimicrobial agents, 

* USP reference standaros (11) 

USP Cetyl Akohol RS 

USP Ethylcellulose RS 


Ethylcellulose Dispersion Type B 

DEFINITION 

A stabilized dispersion of ethylcellulose in water. tt contains 
NLT 90.0% and NMT 110.0% of the labeled amount of 
Ethylcellulose. It may contain suitable amounts of piasti- 
cizers, stabilizers, and glidants, 

IDENTIFICATION 

* A. Film Formation 

Analysis: Transfer an appropriate quantity of Ethylcellu¬ 
lose Dispersion Type B to a elear glass piąte, distnbute 
even!y, and place in a laboratory oven at about 60 * 
until dry. [Notę —It may take less than 60 min.] 
Acceptance criteria: A continuom transparent or trans- 
lucent film is formed. 

* B. infrared absorption 

Analysis: Use the film prepared in Identification test A 
and perform infrared Absorption <197A). 

Standard spectrum: Perform Infrared Absorption < 197A) 
using USP Ethylcellulose RS. 

Acceptance cnteria: The IR absorption spectrum of the 
film so formed in the 3600-2600 cm 1 and 

1 500-800 cm 1 regions exhibtts maxima corresponding 
to the same wave numbers as the Standard spectrum . 

* C. The retention Ume of the ethylcellulose peak of the 

Sample solution corresponds to that of the Standard soiu- 
tion, as obtained in the Assoy. [Notę—P lasticizer and/or 
stabilizer peaks may be present in the chromatogramj 

ASSAY 

* Procedurę 

Mobile phase: Tetrahydrofuran 
Standard solution: Transfer 375 mg of USP Ethylcellu¬ 
lose RS to a 100-mL vofumetric fiask, and add 70 ml of 
tetrahydrofuran. Shake by mechanical means until the 
ethylcellulose is dissolved, and dilute with tetrahydro- 
furan to volume. The Standard solution contalns 
3,75 mg/mL of USP Ethylcellulose RS. 


NF Monographs 







NF Monographs 


7656 Ethylcellulose / Official Monographs 


NF 35 


Sample solution: Add 30 mL of tetrahydrofuran to 
I.Og of Ethylcellulose Dispersion Type B In a 50-mL vol- 
umetric fiask, and mix the mixture on a suitabie shaker 
for 15 min, Dilute wifh tetrahydrofuran to yolume, and 
mix, The Sample solution contains 20 mg/ml of Ethyl- 
cellulose Dispersion Type B tn tetrahydrofuran. [Notę —If 
Ethylcellufose Dispersion Type B contains inorganic in- 
soJuble materiał, a portion of the Sample solution should 
be centrifuged at 15,800 x g for NIT 1 5 min.] 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 
Column: 8.0-mm x 30-cm; ó-um packing L21 
Temperaturę 
Detector: 45 g 
Column: 45° 

FIow ratę: 0.5 mL/min 
Injection size: 20 j.lL 
System suitability 
Sample: Standard solution 
Suitablity requirements 

Relative standard deviation: NMT 5.0% determined 
for the ethylcellulose peak 

Tailing Factor: NMT 2.0 for the ethylcellulose peak 
Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of the labeled amount of eth- 
ylcdlulose in the portion of Ethylcellulose Dispersion 
Type B taken: 

Result = (ru/r s ) x (C 5 /Cu) x 100 

fu - peak response of ethylcellufose from the 
Sample solution 

r$ = peak response of ethylcellulose from the 
Standard solution 

Cs - concentration of USP Ethylcellulose RS in the 
Standard solution (mg/ml) 

Cu - concentration of Ethylcellufose Dispersion Type 
B in the Sample solution (mg/mL) 

Acceptance criteria: 90.0%-110,0% 

OTHER COI¥IPONEfMT$ 

[NOTĘ —Perform the test for individual plasticizers, stabilizers, 
or glidants only if they are incfuded in the LahelingĄ 
* CONTENT OF MEDIUM-CHAIN TRIGLYCERIDES 

Mobile phase, Sample soiuton, and Chromatographic 
system: Proceed as directed in the Assoy, 

Standard solution: Transfer 375 mg of USP Ethylcellu¬ 
lose RS, 60 mg of medium-chain triglycerides, and 
40 mg of oleić add to a 100-mL yofunnetric fiask. Add 
70 ml of tetrahydrofuran, and shake by mechanical 
means until the ethylcellulose is dissolved, Dilute with 
tetrahydrofuran to yolume. The Standard solution con¬ 
tains 3.75 mg/mL of USP Ethylcellulose RS, 0.6 mg/ml 
of medlum-cTiain triglycerides, and 0.4 mg/mL of oleić 
add. [Notę—O leić acid is included in the Standard solu¬ 
tion to assist with consistent integration between Stan¬ 
dard and Sample Solutions,] 

System suitability 
Sample: Standard solution 

[Notę—T he relative retentlon tlmes for ethylcellulose, 
medium-chain triglycerides, and oleić acia are 1,00, 

1.18, and 1.25, respective!yj 
Suitability requirements 

Relative standard deviation: NMT 5,0% determined 
for the medium-chain triglycerides peak 
Resolution: NLT 2.0 between ethylcellulose and me¬ 
dium-chain triglycerides 


Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of medium-chain triglycerides 
in the portion of Ethylcellulose Dispersion Type B 
taken: 

Result = (ru/rs) x {C s /Cu) x 100 

Hj = peak response of medium-chain triglycerides 
from the Sample solution 

r$ - peak response of medium-chain triglycerides 
from tne Standard solution 

C 5 - concentration of medium-chain triglycerides in 
the Standard solution (mg/mL) 

Cu - concentration of Ethylcellulose Dispersion Type 
B in the Sample solution (mg/mL) 

Acceptance criteria: The percentage content of me¬ 
dium-chain triglycerides falls within the guantity rangę 
indicated by tne tabeling. The ratio of medium-chain 
triglycerides to ethylcellulose is less than 0.25. 
o Content of Oleić Acid 

Standard solution: 1.68 mg/mL of USP Oleić Acid RS 
in tetrahydrofuran 

Sample solution: Add 15 ml of tetrahydrofuran to 
2.0 g of Ethylcellulose Dispersion Type R In a 25-mL vol- 
umetric fiask, and mix the mixture on a suitabie shaker 
for 15 min. Dilute with tetrahydrofuran to volume, and 
mix* The Sample solution contains 80 mg/ml of Ethyl¬ 
cellulose Dispersion Type B in tetrahydrofuran. 
Chromatographic system 
(See Chromatograpny {62 1}, System Suitability .) 

Modę: CC 

Detector: Flame ionization 

Column: 0.53-mm x 30-m capfltary column; 0.25-^m 
Jayer of phase C25 (or C35) 

Temperaturę 
Detector: 280 c 
Injector port: 280° 

Column: See the temperaturę program table below. 


In i Li al 

Temperaturę 

n 

Temperaturę 

Ramp 

(7mir0 

Finał 

Temperaturę 

n 

HoEd Time at 
Finał 

Temperaturę 

(mini 

120 


120 

5 

120 

10 

250 

20 


Carrier gas: Helium 
FIow ratę: 7.0 mL/min 
Injection size; 1.0 pi 
Injection type: Splitless 
System suitability 
Sample: Standard solution 

[Notę—T he retention time for oleić acid is about 18,5 
min.] 

Suitability requirements 
Reiative standard deviation: NMT 5.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of oleić add in the portion of 
Ethylcellulose Dispersion Type B taken: 

Result = (ru/rs) x (C s /Cu) x 100 

r y - peak response of oleić add from the Sample 
solution 

r$ = peak response of oleić acid from the Standard 
solution 

Cs = concentration of USP Oleić Add RS tn the 
Standard solution (mg/mL) 

Cu = concentration of Ethylcellulose Dispersion Type 
B in the Sample solution (mg/ml) 

Acceptance criteria: The percentage content of oleić 
add falls within the guantity rangę indicated by the La- 
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beling. The ratio of oleić acid to ethylcellulose is less 
than 0,15, 

* CONTENT OF DIBUTYL SEBACATE AND OLEIĆ ACID 

Standard solution; 0.74 mg/mL of USP Di butyl Seba- 
cate RS and 0.48 mg/mL of USP Oleić Acid RS in 
tetrahydrofuran 

Sampie solution: Add 25 ml of tetrahydrofuran to 
1.0 g of Ethylcellulose Dispersion Type B in a 50-mL vol- 
umetric fiask, and mix the mixture on a suitable shaker 
for 15 min, Diiute with tetrahydrofuran to volume, and 
mix. The Sampie solution contains 20 mg/mL of Ethyl- 
cellulose Dispersion Type B m tetrahydrofuran. [Notę —If 
Ethylcellulose Dispersion Type B contains inorganic in- 
soluble materiał, a portion of the Sampie solution should 
be centrifuged at 15,800 x g for NLT 15 min.] 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: CC 

Detector: Flame ionization 

Column: 0.53-mm x 15-m capillary column; 0.1 -pm 
layer of phase G25 (or G35) 

Temperaturo 
Detector: 280 c 
Injector port: 280* 

Column: See the temperaturę program table below. 


Inftial 

Temperaturę 

1 fi 

Temperaturę 

Ramp 

(Vmin) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(mini 

150 


150 

2 

150 

10 

250 

10 


Carrier gas: Helium 

Flow ratę: 5,0 mL/min 

Injection size: 0,5 pL 

Injection type: Split (ratio about 10:1} 

System suitability 
Sampie: Standard solution 

[NOTĘ —The relative retention times for dibutyl sebacate 
and oleić acid are 1,00 and 1.45, respectively.] 
Suitability reąuirements 
Relative standard deviation: NMT 5,0% 

Resolution: NLT 2,0 between dibutyl sebacate and 
oleić add 
Anafysb 

Sam pies: Standard solution and Sampie solution 
Calculate the percentage of each component (dibutyl 
sebacate or oletc acid) in the portion of Ethylcellulose 
Dispersion Type B taken: 

Result - (rufo) x (Cs/Cg) x 100 

rg - peak response of each component (dibutyl 
sebacate or oleić add) from the Sampie 
solution 

r$ ^ peak response of each component (dibutyl 
sebacate or oletc acid) from the Standard 
solution 

Cs - concentration of each component (USP 

Dibutyl Sebacate RS or USP Oleić Acid RS) in 
the Standard solution (mg/mL) 

Cy = concentration of Ethylcellulose Dispersion Type 
B in the Sampie solution (mg/mL) 

Acceptance enteria 

Dibutyl sebacate: The percentage contentfalls within 
the guantity rangę indicated by the Labeling. The ratio 
of dibutyl sebacate to ethylcellulose is less than 0.25, 
Oleić acid: The percentage content falls within the 
guantity rangę indicated oy the Labeling. The ratio of 
oleić acid to ethylcellulose is less than 0.15. 


IMPURITIES 
Inorganic Impurities 

* Reskdue on Sgnition (281): NMT 1.95%, [Notę—P erform 

this test only if Ethylcellulose Dispersion Type B contains 
inorganic nonvolatile materiał.] 

Organie Impurities 

• PROCEDURĘ i: LIMIT OF GLYCERIN 

[Notę —Perform this test only if Ethylcellulose Dispersion 
Type B contains glyterides.j 

Standard solution: 0.05 mg/mL of USP Glycerin RS in 
methanof 

Sampie solution: Add 15 ml of methanol to 2.0 g of 
Ethylcellulose Dispersion Type B in a 25-mL volumetric 
fiask, and mix the mjxture on a suitable shaker for 15 
min. Diiute with methanol to volume, and mix. The 
Sampie solution contains 80 mq/mL of Ethylcellulose 
Dispersion Type B in methanol. 

Chromatographk system 
(See Chromatography (621), System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Column: 0,53-mm x 30-m capillary column; 3.0-pm 
layer of phase G43 

Temperaturę 
Detector: 280° 

Injector port: 280° 

Column: See the temperaturę program table below. 


Initłał 

Temperatura 

n 

Temperaturę 

Ramp 

(Vmin) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(mini 

120 

10 

150 

2 

150 

15 

240 

20 


Carrier gas: Helium 
Flow ratę: 10,0 mL/min 
Injection size: 1.0 pL 
Injection type; Splitless 
System suitability 
Sampie: Standard solution 

[Notę—T he retention time for glycerin is about 3.8 
min.] 

Suitability requirements 
Relative standard deviation: NMT 5.0% 

Tailing factor: NMT 2.5 
Analysis 

Samples; Standard solution and Sampie solution 
Calculate the percentage of glycerin in the portion of 
Ethylcellulose Dispersion Type B taken: 

Result = (rufo) x (Cs/Cu) x 100 

ru - peak response of glycerin from the Sampie 
solution 

r% - peak response of glycerin from the Standard 
solution 

Cs = concentration of USP Glycerin RS in the 
Standard solution (mg/mL) 

Cu = concentration of Ethylcellulose Dispersion 
Type B in the Sampie solution (mg/mL) 
Acceptance enteria: NMT 0.6% 

• Procedurę 2: Limit of 1-Butanol 

[Notę —Perform this test only if Ethylcellulose Dispersion 
Type 6 contains butyl esters.] 

Standard solution: 0,1 mg/mL of USP 1-Butanol RS in 
methanol 

Sampie solution: Add 15 mL of methanof to 2.0 g of 
EthyłceJlulose Dispersion Type B in a 25-mL volumetric 
fiask, and mix the mixture on a suitable shaker for 15 
min. Diiute with methanol to volume, and mix. The 
Sampie solution contarns 80 mg/mL of Ethylcellulose 
Dispersion Type B in methanof. [Ngte— If Ethylcellulose 
Dispersion Type B contains inorganic insoluble materiał, 


NF Monographs 















NF Monographs 


7658 Ethylcelluiose / Officiol Monographs 


NF 35 


a portion of the Sample solution should be centnfugee 
at 15,800 x g for 30 min,] 

Chromatographic system 
(See Chromotography (621 System Suita bil i ty.) 

Modę: GC 

Detector: Flame ionization 

Cofurrm: 0.53-mm x 30-m capiilary column; TO-pm 
layer of phase Gló 
Temperaturę 
Detector: 250° 

Injector port: 250 D 

Column; See the temperaturę program tabJe below. 


Initial 

Temperaturę 

n 

Temperatura 

Ramp 

C/min) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

45 


45 

5 

45 

10 

80 

_ 

80 

20 

220 

10 


Carrier gas; Helium 
Flow ratę: 10.0 ml/mfn 
Injection size: 0,5 pL 
Injection type: Splitless 
System suitability 
Sample: Standard solution 

[Notę—T he retentfon time for 1 -butanol is about 7.8 
min.] 

Suitability requirements 
Relative standard deviation: NMT 5.0% 

Tailing factor: NMT 2,0 
Analysls 

Sam pies: Standard solution and Sample solution 
CaJcuJate the percentage of 1-butanol En the portion of 
Ethyfcellulose Dispersion Type B taken: 

Result = (lu/rs) X (Cs/Cu) x 100 

r u =a peak response of 1 -butanol from the Sample 
solution 

r$ - peak response of 1-butanol from the Standard 
solution 

Cs = concentration of USP 1-Butanol RS m the 
Standard solution (mg/mL) 

Cu - concentration of Ethyfcellulose Dispersion 
Type B in the Sample solution (mg/mL) 
Acceptance criteria: NMT 0,2% 

SPECHFIC TESTS 

° PH (791): 9.5-11.5 

O Totai Souds 

Analysis: Place 3 g (4 mm in diameter) of glass beads in 
an aluminum dish, and weigh. Add 10 g of Ethyfcellu- 
lose Dispersion Type B, and again weigh. Dry at about 
105° for 3 h. Determine the percentage of total solrds 
in Ethylceflulose Dispersion Type B. 

Acceptance criteria: 23.0%-26,0% 

O VISCOStTY—ROTATIONAL METHODS (912) 

Sample: 500 mL of Ethylcelluiose Dispersion Type B 
Analysis: Transfer the Sample to a beaker with an inside 
diameter of 83 mm. Place the beaker in a water bath, 
cover with a watchglass, ailow to equilibrate at 25 ±0, 
1°, and let air bubbfes dissipate. Keep the sample free 
from entrapped air bubbles and uniform in tempera¬ 
turę. Stir the dispersion in the beaker at Iow agitation 
speed to ensure homogeneity, making surę Lhat no air 
bubbles are incorporated. Determine viscosity at 25 ± 0. 
1°, using a suitable rotational viscometer with a spindle 
having a cylinder 4.7 cm in diameter and 0.2 cm high 
attached to a shaft 0.3 cm in diameter, the distance 


from the top of the cyfinder to the lower tip of the 
shaft being 2.7 cm, and the immersion depth being 
4,9 cm. 1 Operate the vi$cometer at 20 rpm. Follow the 
instrument manufactureds directlons to measure the ap- 
parent viscosity. 

Acceptance criteria: 400-1500 mPa - s 

ADD1TIONAL REQUIREMENT5 

• Packaging and Storage: Preserve in tight containers at a 

temperaturo below 25°. Protect from freezing. 

• Iabeung: The la beli ng States the percentage of ethyicel- 
lulose. Labef it to indicate the nanieś and guantity ranges 
of any added plasticizers, stabilizers, and gtidants. Label It 
to indicate whether any fatty add components, or fatty 
acid-contatnmg components are derived from animal, 
vegetable, or synthetic sources. 

« USP Reference Standards (11) 

USP 1-Butanol RS 
1-Butanol. 

C 4 Hi d O 74,12 
USP Di butyl Sebacate RS 
Decanedioic add; 

Dibutyl ester. 

CtbH^O., 314.46 
USP Ethylcelluiose RS 
Celtulose, ethyl ether; 

Cellulose ethyl ether, 

USP Glycerln RS 
1,2,3-Propanetrioi; 

Clycerol. 

USP Oleić Ac id RS 
9-Octadecenoic add, (2)-; 

Oleić add, 

CkHhO* 282.46 


Ethylene Glycol! and Vinyl Alcohol Graft 
CopoEymer 



Poiyethytene glyco[-graft-polyvinyl alcohol; 

Graft-copoly(ethyiene g[ycol-vinyl alcohol) [121 786-1 ód]. 

DEFINITION 

Ethylene Glycol and Vinyl Alcohol Graft Copolymer is a graft 
copolymer of ethylene glycol and vinyl alcohol. It consists 
of about 75% of vinyl alcohol (-CH^CHfOH)-) units and 
25% of ethylene glycol (-CH^CH^O-) units. The Co- 
pofymer is produced by using polyethylene glycol and 
vinyl acetate as startrng materials, Polyethylene glycol 
forms the potymer backbone on which po!yvinyl acetate is 
grafted. Hydrolysfs of polyvinyl acetate side chains leads 
to formatfon of polyviny1 alcohol grafted chains. Ethylene 
Glycol and Vrnyl Alcohol Graft Copolymer may contain 
giidant to improve flowability, 

5DENTIFBCATRON 

O INFRARED ABSORPTrON 

Sample: 200 mg of Ethylene Glycol and Vinyl Alcohol 
Graft Copolymer 

1 A commercial instrument is available as an RV2 spindle from Brookfteld. 
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Analysrs: Dissolve the Sample in 5-10 mL of water. 
Spread 1 mL of this solution on a thalfium bromoiodide 
window. 1 Totalfy molsten the surface area of the wrn- 
dow. Dry the window at 110° for approximately 30 
min, and allow the window to cool to room 
temperaturę. 

Acceptance cnteria: The IR absorption spectrum of 
Ethylene Glycol and Vinyl Alcohol Graft Copolymer ex- 
hibits maxima corresponding to the same wavelengths 
as those of a similar preparation of USP Ethylene GTycol 
and Vinyl Alcohol Graft Copolymer RS treated in the 
same manner. 

IMPURITIES 
inorgamt OmpontSes 
o Residue on Bcnition (281) 

Sample: 10,0g 

Acceptance cnteria: NMT 3.0% 

Organie Bmpurities 

® Procedurę t: Ethylene Oxide and Dioxane 
[Caution—E thylene oxlde is toxtc and flammable. Prepare 
these Solutions En a well-ventilated fume hood, using 
great care. Protect both hands and face by wearing poły- 
ethylene protective gloves and an appropriate face masie. 
Storę ali Solutions En hermetic containers, and refrigerate 
at a temperaturę between 4 n and 8 rt .] 

[Notę —Before using polyethylene glycol 200 in this test, 
remove any volatife components from it by placing 
500 mL of polyethylene glycol 200 in a IGOO-mL 
round-bottom fiask, and attaching the fiask to a rotary 
evaporator maintained at a temperaturę of 60 D and 
under a vacuum of 10-20 mm Hg for 6 h.J 
Acetaldehyde solution: 10 pg/mL of acetaldehyde. 
[Notę —Prepare the Acetaldehyde solution im media tely 
before use.j 

Ethylene oxide stock solution: Introduce 300 pL (cor¬ 
responding to 250 mg) of gaseous ethylene oxide to 
the polyethylene gfycol 200. Determine the absorbed 
mass of ethylene oxtde via the weight of the solution 
before and after the absorption. Dilute the solution 
with the polyethylene glyol 200 to 100 g. This stock 
sofution contains 2.5 mg/g of ethylene oxide. [Notę— 
Prepare this stock solution Emmedtately before use, and 
storę in a refrigerator after preparation.] 

Ethylene oxrde sofution: 100 u g/g of ethylene oxide 
En polyethylene giycol 200 from Ethylene oxide stock so- 
lution. Transfer 5 g of lOOjrg/g ethylene oxide En poly¬ 
ethylene giycol 200 to a 50-mL volumetnc fiask filleo 
wito 30 mL of water. Dilute wlth water to voJume, and 
mix to obtain a solution containing lOpg/ml of ethyl¬ 
ene oxide. [NOTĘ—Prepare this solution Emmediately 
before use, and use the sotution directly after 
preparation.] 

Dioxane solution: 500 pg/mL of dioxane 
Standard solution A: Transfer 0.1 mL of Ethylene oxide 
solution to a 10-mL pressure headspace vial. [Notę— 
Other slzes, such as 22-mL, may be used, depending 
on the operating conditions; however, the same size 
must be used for Standard solution A, Standard solution 
B, and the Sample sofution.] Add OJ mL of Acetaldehyde 
solution and OJ ml of Dioxane solution , seal the vial, 
and mix. 

Standard solution B: Transfer 1.0 g of Ethylene Glycol 
and Vinyl Alcohol Graft Copolymer to a 10-mL pressure 
headspace vial* Add OJ mL of Ethylene oxide solution, 

OJ mL of Dhxane solution, and 1.0 mL of /V,N-drmeth- 
ylacetamide, seal the vtal, and mix. 

Sample solution: Transfer 1.0 g of Ethylene Glycol and 
Vinyl Alcohol Graft Copolymer to a 10-mL pressure 
headspace viaL Add 1.0 mL of N,AAdrmethytacetamlde 
and 0.2 mL of water, seal the vial, and mix. 

1 Thallium bromoiodide, afso known as KRS-5, consists of 42% Lhallium(l) 
bromlde and 5B% thallium(l) iodine by moleCLtlar weight, Suitable diskrof 
KRS-5 are available from www.photomc.saint-gobain.coiTi, www.afmazoptics. 
cam, and wwwJntemationakrystal.net. 


Chrom atographit system 

(See Chromatography {621), System Suita hi lity.) 

[Notę—U se a headspace apparatus that automaticaliy 
transfers a measured amount of headspace.] 

Modę: GC 

Detector: Ftame ronization 
Detector temperaturo: 250° 

Column: 0.25-mm x 30-m glass or ąuartz capillary 
column; 1.Q-pm layer of phase G1 
Column temperaturę: See the temperaturę program 
tabfe below. 


Imtial 

Tempera¬ 

turę 

n 

Tempera¬ 

turę 

Ramp 

P/miirt 

Finał 

Temperaturę 

(min) 

Hołd Time at 
Finał 

Temperaturę 

(min) 

50 


50 

5 

50 

5 

180 

_ . 

180 

30 

230 

5 


Carrier gas: Helium 
Flow ratę: 0.8 mL/min 

Injection size: 1 mL (the gaseous headspace) 
Injection type: Split ratio 20:1 
Injection port temperaturę: 250° 

Headspace sampler 
Equilibration time: 45 min 
Eguifibration temperaturę 
Standard solution A: 70° 

Standard solution B: 90° 

Sample solution: 90° 

Transfer linę temperaturę: 1 50 Q 
Pressurization time: ] min 
Finai headspace pressure: 0.7 bar 
Injection time: 12 s 
System suitability 
Sample: Standard solution A 

[Ngte —The retative retention times for acetaldehyde 
and ethylene oxide are 0.94 and 1.0, respectivefy,] 

Suitability requirements 

Resolution: NLT hS between acetaldehyde and eth¬ 
ylene oxide 

Stgnat-to-nofse: NLT 5 determined from the diox- 
ane peak 

Relative standard deviation: NMT 15% 

Analysis 

Sam pies: Standard sofution B and Sample solution 
Calculate the content of ethylene oxide, in ppm, tn 
the portion of Ethylene Glycol and Vi nyi Alcohof 
Graft Copolymer taken: 

Result = A e x ru/[(r s x W u ) - (ru x W s )] 

Au - quantity of ethylene oxide added to Standard 
solution B (jig) 

ru = ethylene oxide peak response from the 
Sample solution 

r$ = ethylene oxide peak response from Standard 
solution B 

Wu = weight of Ethylene Glycol and Viny! Alcohol 
Graft Copolymer taken to prepare the 
Sample solution (g) 

W$ - weight of Ethylene Glycol and Vinyl Alcohol 
Graft Copolymer taken to prepare Standard 
solution B (g) 

Calculate the content of dioxane, in ppm, in the 
portion of Ethylene Glycol and Vinyl Alcohol Graft 
Copolymer taken: 

Result - Ao x ru/[(r?; x Wu) - (fu x W s )] 

A d = quantity of dioxane added to Standard 
solution B (pg) 
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ry = dioxane peak response from the Sample 
soluthn 

h = dioxane peak response from Standard soluthn 
B 

Wy = weight of Ethylene Glycol and Vinyl Aleohol 
Graft Copolymer taken to prepare the 
Sample soluthn (g) 

W* = weight of Ethylene Gfycoi and Vinyl Aleohol 
Graft Copolymer taken to prepare Standard 
soluthn B (g) 

Acceptanee criteria: NMT 1 ppm of ethylene oxide; 

NMT 10 ppm of dioxane 
• Procedurę z : VfNYL Acetate 

Solution A: Acetonitrile, methanol, and water (5:5:90) 
Solution B: Acetonitrile, methanol, and water (45:5:50) 
Mobile phase: See the gradient table betów. 


Time 

(mini 

Sofution A 

Solution B 

(°/o) 

0 

100 

0 

2 

100 

0 

40 

85 

15 

42 

0 

100 

48 

0 

100 

51 

100 

0 


System suitabifity solution: Transfer 50 mg of vinyl 
acetate and 50 mg of 1-vinylpyrro!ldin-2-one to a 
50-mL volumefric fiask, add 10 mL of methanol, and 
sonicate or gently shake the fiask to dissolve the mater- 
ials, Dilute with Solution A to volume. Ditute 10 ml of 
this sofution with Soluthn A to 100 mL. Dilute 5 ml of 
this solution with Solution A to 100 mL. The System 
su i ta hiH ty sofution contalns about 5 pg/mL each of vinyl 
acetate and 1 winylpyrrolidin-2-one. 

Standard solution: Transfer 50 mg of viny[ acetate to a 
1 00-ml volumetric fiask, dtsso!ve in and dilute with 
methanol to volume, and mix welL Dilute 5.0 mL of 
the solution with Solution A to 100 ml, Dilute 10.0 mL 
of this solution with Solution A to 100 mL. The Stan¬ 
dard solution contains about 2.5 jag/mL of vinyl acetate. 
[Notę—T his solution shouid be analyzed withrn 1 b 
when stored at room temperaturę,] 

Sample solution: Transfer 250 mg of Ethylene Glycol 
and Viny1 Aleohol Graft Copolymer to a 10-mL volu- 
metric fiask, and add 1-2 mL of methanol, using an 
ultrasonic bath if necessary. After cooling to ambient 
temperaturę, dilute with water to volume, and mix. 

Pass through a 0.2-mm membranę filter. [Notę—T his 
solution shouid be analyzed within 1 h when stored at 
room temperaturę.] 

Chromatographic system 
(See Chromatography (62 1), System Suitabifity.) 

Modę: LC 

Detector: UV 205 nm 

Column: 4.0-mm x 25-cm analytical column; 5-pm 
packing LI, A 4.0-mm x 3-cm pre-eolumn; 5 -Lim 
packing LI may be used if a matrix effect is observed. 
[Notę—T he matrix effect may result in poor repro- 
dudbillty of the retentlon times and of the peak 
shapes.] 

Cofumn temperaturę: 30° 

Flow ratę: 1 rnL/min 
Injection size: 10 pL 
System suitability 
Sample: System suitability solution 
[Notę—T he relative retentlon times for vinyi acetate 
and 1-vinylpyrrolidin-2“One are 1.0 and 1.4, 
respectively.j 
Suitability reguirements 
Resolution: NIT 5.0 between vinyl acetate and 
i -v[ny]pyrroiidin-2-one 


Relative standard deviation: NMT 5,0% deter- 
mined from the 1-vinylpyrrolidin-2-one peak 
Analysis 

Samples: Standard sofution and Sample solution 
Acceptanee criteria; The response of the viny] acetate 
peak from the Sample solution is NMT that of the vinyl 
acetatejoeak from the Standard solution , corresponding 
to NMT 100 ppm of viny! acetate. 

* Procedurę 3: Acetic Acbd/Acetate 

Mobile phase: 5 mM sulfuric acid 
Standard solution: 0.3 mg/mL for each of acetic add 
and citrlc acid rn Mobile phase 
Sample solution: 20 mg/mL of Ethylene Glycol and 
Vinyl Aleohol Copolymer 
Chromatographic system 
{See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
Column clean: After each injection, rinse the column 
with a mixture of egual volumes of Mobile phase and 
acetonitrile. 

Column temperaturę: Ambient 
Flow ratę: 1 mL/min 
Injection size: 20 pL 
System suitability 
Sample: Standard solution 
[Notę—T he relative retention times for acetic acid 
and citrlc acid are 1.0 and 13, respectiveiy.] 
Suitabifity requirements 

Resolutlon: NLT 2.0 between acetic acid and citric 
acid 

Relative standard deviation: NMT 5.0% deter- 
mined from the acetic acid peak 
Analysis 

Samples: Standard solution and Sample solution 
Acceptanee criteria: The response of the acetic acid 
peak from the Sample soluthn is NMT that of the acetic 
acid peak from the Standard soluthn , corresponding to 
NMT 1.5% of acetic acid. 

SPEC1FIC TESTS 

Fats and FlXED Oils, Ester Value (401): 10-75 

o Loss ON Drying (731): Dry 1.0 g of Ethylene Glycol and 
Vinyf AJcohoi Graft Copolymer In a vacuum at 140° for 1 
h: it loses NMT 5,0% of its weight. 

* PH (791): 5.0-8,0, in a solution of 20% (w/w) in carbon 
dioxide-free water 

fi Vi5 CQSITY-—RotationAL Methods (912): After determin- 
ing the Loss on Drying , weigh a quantity of undried Ethyl¬ 
ene Glycol and Vinyl Aleohol Graft Copolymer, equivalent 
to 100.0 g on the dried basis. Transfer the sample to a 
short form, 600-mL beaker (interna! dlameter about 
80 mm and height 120 mm), and add water to make the 
mixture weigh 500 g. Ensure a homogeneous solution by 
gently stirring at room temperaturę for 48 h. Afterwards 
aliow the Container to stand for 24 h to let the en- 
trapped a Er dissipate. [Notę— Ensure that the concentra- 
tEon of this solution is 20% (w/w).] Determine the viscos- 
ity of this solution at 23 ± 0.1° using a suitable rotational 
viscometer with a spindie havinq a cylinder 4.7 cm in 
diameter and 0,2 cm high attacned to a shaft 03 cm in 
dlameter, the distance from the top of the cylinder to 
the lower tip of the shaft being 2.7 cm, and the immen 
sion depth being 4.9 cm. 3 Operate the viscometer at 100 
rpm. Follow the instrument manufactureCs directions to 
measure the apparent viscosity. 

Acceptanee criteria: 25-250 mPa ■ s 

ADDITIONAL REQUIREMENTS 

o PACKAGING and Storage: Preserve in well-dosed contain- 
ers, and storę at a temperaturę helów 25 °. 

o Labeung: Label it to indicate the viscosity, grving the vis- 
cosity measurement parameters, concentration of the so- 


1 A tommercial instrument is available as an RV2 spindte from Brookfidd. 
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lution, and the type of equipment used. The labeiing also 
indicates the name and quantity of any added glidant 
o usp Reference standards (11) 

USP Ethylene Glycol and Viny! Alcoho! Graft Copoiymer 
RS 


EtBuyBene GBycol Stearates 

DEFINITION 

Ethylene Glycol Stearates is a mixture of ethylene glycol 
monoesters and diesters of stearic and pafmitic acids. It 
contains NLT 50.0% of monoesters produced from the 
condensation of ethylene glycol and stearic add of vege- 
table or animał origim 

IDENTIFICATION 

* A, It meets the requirements in Spedfic Tests for Melting 

Rangę or Temperaturę, Class II (741 ). 

* IB. It meets the requirements in Spedfic Tests for Fats and 

Fixed Oifs, Fatty Add Composition (401). 

ASSAY 
o Procedurę 

Mobile phase; Tetrahydrofuran 
Sample solution: 40 rng/mL of Ethylene Glycol Stea¬ 
rates in tetrahydrofuran 
Chromatographic system 
(See Chromatogropny (621), System SuitabtlłtyF) 

Modę: LC 

Detector: Refractive index 

Column: 7.5-mm x 60-crn; containing 5-pm 100A 
packing L21. [Notę—T wo or three 7.5-mm x 30-cm 
L21 columns may be used in place of the one 60-cm 
column, provlded that System suitabiiity requsremenfs 
are met.] 

Temperatures 

Column: 40°. [NOTĘ—The column temperaturę may 
be lowered to ambient temperaturę, although work- 
ing at 40° provides stable separation conditions and 
ensures better sample solubility.] 

Detector: 40 c 
Flow ratę: 1 m L/min 
Injection volume: 40 pL 
System suitabiiity 
Sample: Sample solution 
[NOTĘ —The refative retention times for diesters, 
monoesters, and ethylene glycol are 0.76, 0.83, and 
1.0, respectively.] 

Suitabiiity requirements 
Relative standard deviation: NMT 2.0% for the 
monoesters peak 
Analysis 

Sample: Sample solution 

Caicufate the percentage of free fatty adds, E t in the 
portion of Ethylene Glycol Stearates taken: 


Acceptance criteria: NLT 50,0% of monoesters 

IMPURITIES 

o Limit of Free Ethylene Glycol 

Mobile phase, Sample solution, Chromatographic sys¬ 
tem, and System suitabiiity: Proceed as directed in 
the Assoy. 

0.5 mg/mL of ethylene glycol in 


l.Omg/mL of ethylene glycol in 
2.0 mg/mL of ethylene glycol in 
4.0 mg/mL of ethylene glycol in 


Standard solution A: 
tetrahydrofuran 
Standard solution B: 
tetrahydrofuran 
Standard solution C: 
tetrahydrofuran 
Standard solution D: 
tetrahydrofuran 
Analysis 

Samples: Sample solution and Standard Solutions 
Plot the ethylene glycol peak responses obtained ver- 
sus the concentration of ethylene glycol in the iton- 
dard Solutions. From the standard curve so obtained, 
determine the ethylene glycol concentration in the 
Sample solution. 

Ca ku la te the percentage of free ethylene glycol in the 
portion of sample taken: 

Result - (C/Cu) x 100 


C = concentration of ethylene glycol, determined 
from the standard curve (mg/mL) 

C u = concentration of the Sample solution (mg/mL) 
Acceptance criteria: NMT 5.0% 

SPEOFIC TESTS 

* MELTING RANGĘ OR TEMPERATURĘ, ClaSS II (741): 54 c -60° 

* Fats and Fixed Oils, Add Value (Free Fatty Adds) (401) 

Sample: 10,0 g 
Acceptance criteria: NMT 3.0 
Fats and Fixed Oils, lodine Value{ 401): NMT 3.0 

* Fats and Fixed Oils, Sapanification Value (401) 

Sample: 2,0 g 

Acceptance criteria: 170-195 
■ Fats and Fixed Oils, Fatty Add Composition (401): 
40.0%-60.0% of stearic acid, and the sum of palmitic 
and stearic adds is NLT 90.0%, 

® Articles of Botanicał Origin, Total Ash (561) 

Sample: 1.0 g 

Acceptance criteria: NMT 0.1% 

ADDmONAL REQUIREMENTS 

® Packaging and Storage: Preserve in tight containers. No 
storage requirements specified. 
o Labeling: Label it to indicate that it is intended for topi- 
cal use only. 


Etlhyii para bert 


£= U x 270/561.1 

l A = add value, determined In Spedfic Tests for Fats 
and Fixed Oils , Add Vaiue (Free Fatty Acids) 
<401) 

Calculate the percentage of monoesters in the portion 
of Sample taken: 

Result = DW(/m + r D )]( 100 - D - E) 

fw - peak response for the monoesters 

r D - peak response for the diesters 

D = percentage of free ethylene glycol in the 

portion of Ethylene Glycol Stearates taken, as 

determined In tmpurities for Limit of Free . 
Ethylene Glycol 



CgHroOi 166.17 

Benzoic acid, 4-hydroxy~, ethyl ester; 

Ethyi p-hydroxybenzoate [120-47-8]. 

DEFINITION 

Ethylparaben contains NLT 98.0% and NMT 102,0% of 

CpHioO^ 
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IDENTIFICATION 

* A. iNFRAftED ABSORPTION (197M) 

e B. MELTJNG RANGĘ OR TEMPERATURĘ (741): 115M18° 

ASSAY 

* PROCEDURĘ 

Mobile phase, Sample solution, Standard solution B, 
and Chromatographic system: Proceed as described 
in the procedurę for Related Substonces . 

System suitability 
Sample: Standard solution B 
Suitability reguirements 
Relative standard deviation: NMT 0,85% for 6 
Injectlons 

Analysis 

Samples: Sample soluthn and Standard solution B 
Calculate the percentage of Ethylparaben in the Sample 
solution: 

Result ^ P x (r u x Gs)/(rs * Cu) 

P = Jabeled purlty of USP Ethylparaben RS 
expressed as a percentage 

ru - peafc area of ethylparaben from the Sample 
solution 

Cs - concentration of ethylparaben in Standard 
solution B 

rs - peak area of ethylparaben from Standard 
solution B 

Cu - concentration of Ethylparaben in the Sample 
solution 

Acceptance criteria: 98*0%-! 02.0% 

IMPURITIES 

Enorganic Impurities 

* RE5IDUE on Ignition (281): NMT CU%, determined on 

1.0 9 

Organie Impurities 

* Procedurę: Related Substances 

Mobile phase: Methanol and a 6,8-g/L solution of po- 
tassium dihydrogen phosphate {65:35 v/v) 

Sample solution: Dissolve 50.0 mg of Ethylparaben in 
2.5 ml of methanol, and dii u te with Mobile phase to 
50.0 ml. Dilute 10*0 mL of this solution with Mobile 
phase to 100.0 mL. 

Standard solution A: 5.0 pg/ml each of c^hydroxy- 
benzoic acid, USP Methylparaben RS, ancf USP Ethyl¬ 
paraben RS in Mobile phase 

Standard solution B: Dissofve 50.0 mg of USP Ethyl¬ 
paraben RS in 2,5 ml of methanol, ano dilute with Mo¬ 
bile phase to 50*0 mL, Dilute 10,0 ml of this solution 
with Mobile phase to 100*0 mL. 

Standard solution C: Dilute 1.0 mL of the Sample solu¬ 
tion with Mobile phase to 20.0 mi. Dilute 1 *0 mL of this 
solution with Mobile phase to 10.0 mL. 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 2 72 nm 

Coftimn: 4.6-mm x 15-cm; 5-f.im packing LT 

Flow ratę: 1 *3 mL/min 

fnjection size: lOpL 

Run time: About 4 times the retention time of 
ethylparaben 

System suitability 
Sample: 5 ta neto rd s olution A 
[Notę—T he retention time of ethylparaben is about 
3.0 min; the relative retention times for p-hydroxy* 
benzoic acid, ethylparaben, and methylparaben are 
about 0,5, 1*0, and 0.8, respectively*J 
Suitability requirements 

Resolution: NLT 2.0 between the methylparaben 
and ethylparaben peaks 


Analysis 

Samples: Sample solution and Standard solution C 
[Notę—D isregard any limit that is 0.2 times the area 
of the prmcipai peak in the chromatogram obtained 
with Standard solution C (0.1%).] 

Acceptance criteria 

p-Hydroxybenzok acid: The peak area in the Sample 
solution , multiplied by 1,4 to correct for the calcu la- 
tion of content, is NMT the area of the pnncipal peak 
in Standard solution C (0.5%)* 

Unspecified impurities: The peak area of each impu- 
rity in the Sample solution is NMT the area of the 
Principal peak in Standard solution C (0.5%). 

Total impurities: The totai peak area for all impurities 
In the Sample solution is NMT twice the area or the 
Principal peak in Standard solution C (1*0%). 

SPECIFIC TESTS 
Color of Solution 

Sample solution: 100 mg/mL in alcohol 
Companson solution: mx 2,4 mL of ferric chlonde CS, 

1,0 mL of cobaitous chloride CS, and 0.4 mL of cupric 
sulfate CS with 0.3 N hydrochloric acid to make lOmL. 
Dilute 5 mL of this solution with 0,3 N hydrochloric 
acid to make 100 mL* [NOTĘ—Prepare and use this solu* 
tion immediately.] 

Analysis 

Samples: Alcohof, Sample solution , and Companson 
solution 

Make the comparison by viewing the Solutions down- 
ward in matened cplor-companson tubes against a 
white surface (see Color ana Achromicity (631)). 
Acceptance criteria: The Sample solution is elear and 
not morę intenseiy colored than alcohol or the Compan¬ 
son solution* 

* ACIDITY 

Sample solution: To 2 mL of Sample solution prepared 
in tne test for Color of Solution, add 3 mL of alcohol, 

5 mL of carbon dioxide-free water, and 0.1 mL of 
bromocresol green TS, 

Analysis: Titrate with 0.10 N sodium hydroxide, 
Acceptance criteria: NMT 0*1 ml is reguired to pro- 
duce a blue color. 

ADDITIONAL RE Q U IR EM ENT S 

* Packaging and Storage: Preserve in well-dosed 

containers. 

* liSP Reference Standards (11) 

USP Ethylparaben RS 
USP Methylparaben RS 


Ethylparaben Sodium 



Ctł^NaOj 188.2 

Benzoic acid, 4-hydroxy-, methyl ester, sodium salt; 

Ethyl p-hydroxybenzoate, sodium salt; 

Sodium 4-ethoxycarbonylphenolate [35285-68-8], 

DEFINITION 

Ethylparaben Sodium contains NLT 95.0% and NMT 
102.0% of ethylparaben sodium (CsEUNaOa), calculated 
on the anhydrous basis. 
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IDENTIFICATION 

® A, 

Standard: 0.5 g of U5P Ethylparaben RS 
Sample: 0.5 g of Ethylparaben Sodium 
Analysis: Dissoke the Sample in 5 mL of water, addify 
with hydrochlonc add, and filter the resulting prectpi- 
tatę. Wash the p red pi ta te with water, and dry under 
vacuum at S0° for 2 h, 

Aeeeptance criteria: The IR absorption spectrum of a 
minerał oil dispersion of the Sample exhlbits maxima 
only at the same wavelengths as those of a similar 
preparation of the Standard. 

■ IB. 

Sample solution: Ignite 03 g of Ethylparaben Sodium, 
cool, and dissoke the resśdue tn about 3 mL of 3 N hy- 
droehloric add. 

Acceptance criteria: A platinum wire dipped In the 
Sample solution im parts an intense, persistent yellow 
color to a nonluminous flame. 

ASSAY 
o Procedurę 

Mobile phase: Methanol and a 6.8-g/L solution of po- 
tassium dihydrogen phosphate (65:35) 

System suitability solution: 5.0 pg/mL each of p-hy- 
droxybenzoic add, USP Methylparaben RS, and USP 
Ethylparaben RS in Mobile phase 
Standard solution: Dissolve 50.0 mg of USP Ethylpara¬ 
ben RS in 2.5 mL of methanol, and diiute with Mobile 
phase to 50.0 mL. Difute 10.0 mL of this solution with 
Mobile phase to 100.0 mL« 

Sample solution: Dissoh/e 50.0 mg of Ethylparaben So¬ 
dium in 2.5 mL of methanol, and diiute witli Mobile 
phase to 50.0 mL. Drlute 10.0 mL of this solution with 
Mobile phase to 100.0 mL. 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detecton UV 272 nm 

Column: 4.6-mm x 15-cm; 5-pm packing LI 

Flow ratę: 1.3 mL/min 

Injection volume: lOpL 

Run time: About 4 tlmes the retention tlme of the 
ethylparaben peak 
System suitability 

Sam pies: System suitability solution and Standard 
solution 

[Notę—T he retention time of ethylparaben is about 2.9 
min; the relatlve retention Eimes for p-hydroxvbenzoic 
add, methylparaben, and ethylparaben are about 0.5, 
0.8, and 1.0, respectively.] 

Suitability reguirements 

Resolution: NLT 2.0 between methylparaben and 
ethylparaben peaks, System suitability solution 
Relative standard deviation: NMT 0.85% for stx In- 
jections, Standard solution 

Analysis 

Sam pies: Standard solution and Sample sofution 
Calcufate the percentage of ethylparaben sodium in the 
portion of Ethylparaben Sodium taken: 

Result = (ruin) x ( Q/Cu ) x (Mh/Hz) X P 

ru = peak area of ethylparaben from the Sample 
sofution 

- peak area of ethylparaben from the Standard 
solution 

Cs = concentration of USP Ethylparaben RS in the 
Standard solution 

Cu = concentration of Ethylparaben Sodium in the 
Sample solution 

M r i - molecutar weight of ethylparaben sodium, 

188.2 

M f 2 ~ molecular weight of ethylparaben, 166.17‘ 


P = labeled purity of USP Ethylparaben RS 
expressed as a percentage 

Acceptance criteria: 95.0%-102.0% on the anhydrous 
basis 

IMPURITIES 

* Related Compounds 

Mobile phase. System suitability solution, Sample so¬ 
lution, and Chromatographic system: Proceed as di- 
rected Sn the Assay. 

Standard solution: Diiute 1.0 mL of the Sample solution 
with Mobile phase to 20.0 mL. Diiute 1.0 ml of this so¬ 
lution with Mobile phase to 10.0 mL. 

System suitability 
Sample: System suitability solution 
[Notę—T he retention time of ethylparaben is about 2.9 
min; the relative retention trmes for p-hydroxybenzoic 
acid, methylparaben, and ethylparaben are about 0.5, 
0.8, and 1.0, respectivelyj 
Suitability requirements 

Resolution: NLT 2.0 between methylparaben and 
ethylparaben peaks 
Analysis 

Sam pies: Standard solution and Sample solution 

Acceptance criteria 

p-Hydroxybenzoic acid: The peak area in the Sample 
sofution , multrpJied by 1.4 to correct for the calculation 
of eon tent, is NMT 6 times the area of the principal 
peak in the Standard solution; NMT 3.0%, 

Unspedfied impurities: The peak area of each im pu¬ 
rity in the Sample solution is NMT the area of the prin¬ 
cipal peak in the Standard solution ; NMT 0.5%. 

Totai impurities: The total peak area for all unsped¬ 
fied impurities in the Sample solution is NMT twice the 
area of the principal peak En the Standard solution ; 

NMT 1.0%. 

* Chloride amd Sulfate, Chloride (221) 

Sample: 0.2 g 

Contro! solution: 0.10 mL of 0.020 N hydrochloric add 
Acceptance criteria: 0.035%; the Sampfe shows no 
morę chloride than the Control solution. 

* Chloride and Sulfate, Sulfate (221) 

Sample: 1.0 g 

Contro! solution: 031 ml of 0.020 N sulfunc acid 
Acceptance criteria: 0.030%; the Sample shows no 
morę sulfate than the Control solution . 

SFEC1FIC TE5TS 

* PH (791) 

Sample solution: 1 mg/mL 
Acceptance criteria: 9.5-10,5 
o Water Determinatjon, Method I (921): NMT 5.0% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight containers. 

» USP Reference Standards (11) 

USP Ethylparaben RS 
USP Methylparaben RS 


Add the fotlowing: 


^Eucalyptus Oil 

[8000-48-4]. 

DEFINITION 

Eucalyptus Oil ss obtained by steam distiilation and rectifica- 
tion from the fresh leaves'or the fresh terminal branchlets 
of various species of Eucalyptus rich in 1,8-cineofe. The 
species mainly used are Eucalyptus globulus LabtlL, Eucalyp¬ 
tus polybroctea R.T. Baker, and Eucalyptus smithli R.T, 
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Baker; It contains NLT 70,0% and NMT 95,0% of eucalyp- 
tol (1,8-dneole, CioH^O). 

IDENTIFICATION 

* A. SNFRARED ABSORPTION (197F) 

* B. IDENTITY BY AftóMA SUBSTANCE PROFILE: The retentbn 

times of the (+)-a-pinene, /Tpinene, (tf)-{-)-a-phellan- 
drene, (RM+)-limonene, and euealyptoi peaks of the 
Sample solution correspond to those of the Standard solu- 
tion f as obtained in the test for Contenf of Ar oma Sub- 
stan ces in the Assay. 

ASSAY 

* CONTENT OF AROMA SUBSTANCES 

Standard solution A: 1.0 pL/mL of (+)-a-pinene, 

0.5 pL/ml of fi- pinene, 0.5 pl/mL of sabinene, 0.5 pL/ 
mL of (R)-(-)-a-p h e I la ndrene, 1.0 pL/mL of 
nene, 5 jll/ml of USP Euealyptoi RS, and 5 mg/mL of 
USP Camphor RS in heptane 

Standard solution B: 0.01 pL/mL of (/?H+)-limonene in 
heptane 

Sample solution: 20 pL/mL of Eucalyptus Oil in 
heptane 

Chromatographic system 

(See Chromatograpny (62~\), System Suitability:) 

Modę: CC 

Detector: Flame ionization 

Column: 0.25-mm x óO-rn fused-silica capillary; 0.25- 
pm Jayer of phase Cl 6 
Temperatures 
Injection port: 220° 

Detector: 220 Ł 
Column: See Tabfe 1. 


Table 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

Finał 

Temperaturę 

n i 

Hołd Time 
at Finał 
Temperaturę 
(mini 

60 


60 

5 

60 

5 

200 

5 


Carrier gas: Helium 
Flow ratę: 1.5 mL/mm 
Injection type: Split ratio, 1:50 
Injection volume: 1 jljL 
System suitability 
Sample: Standard solution A 

[NoTE—The relatiye retention ttmes are listed in Table 

2 } 


Table 2 


Name 

ftelative 

Retention 

Time 

ć+)-a-Pinene 

0.64 

3-Pinene 

0,80 

Sabinene 

0.83 

( R)A-)-o -Ph el la nd rene 

0.91 

ffiW+J-Limonene 

0,98 

Euealyptoi 

1,00 

Camphor 

1.58 


Table 3 


Name 

Relat>ve 

Retention 

Time 

B-Myrcene 

0.86^0.90 

y-Terpinene 

i .05-1.07 

p-Cymene 

1.12-1,13 

Terpinen-4-of 

1.68 

o-Terpineol 

1.82 


fi- Myrcene elutes hefore (/?)-(-)-a-phel[andrene and af- 
ter sabinene; y-terprnene and p-cymene elute between 
euealyptoi and camphor; and terpinen-4-ol and o-ter- 
pineoi elute after camphor. 

Caiculate the pereentage of (*t*)-oc-pinene [/2-pinene, 
sabinene, {R)-(-)-a-phdlandrene, (/?)-(+)-limonene, or 
euealyptoi] m the portion of Eucalyptus Oif taken: 

Result = {futn) x (G/Cu) x 1 00 

fu peak response of (+)-cc-pinene [/Tpinene, 

sabinene, (tfM-~)-oc-phelfandrene, (/?)-(+)- 
limonene, or euealyptoi] from the Sample 
solution 

fs = peak response of (+)-(x-pinene f/3-pinene, 
sabinene, (/?)-(-)-£x-phd land ren e, (/?)-(+)- 
limonene, or euealyptoi] from the Standard 
solution 

Q - concentration of (+)-<X’pinene [/Tpinene, 
sabinene, (^-(“J-a-phellandrene, (/?)-(+)- 
timonene, or USP Euealyptoi RS] in the 
Standard solution (juL/ml) 

C v - concentration of Eucalyptus Oil in the Sample 
solution (pL/mL) 

Caiculate the pereentage of camphor in the portion of 
Eucalyptus Oil taken: 

Result - (r w /rj) x [C S /(C V x D)j x 100 

ru = peak response of camphor from the Sample 
solution 

r$ ~ peak response of camphor from the Standard 
solution 

G = concentration of USP Camphor RS in the 
Standard solution (mg/mL) 

Cu - concentration of Eucalyptus OH En the Sample 
solution (pL/mL) 

O ” den sity of Eucalyptus OH (mg/pL) 

Caiculate the pereentage of /Tmyrcene (y-terpinene, p- 
cymene, terpinen-4-oT, or a-terpineol) In the portion of 
Eucalyptus Oil taken: 

Result - (rufr T ) x 100 

ru = peak response of fi-myrcene (y-terpinene, p- 
cymeną terpinen-4-ol, or a-terpineol) from 
the Sample solution 

ff ~ sum of the total peak responses, except for 
the peaks due to solvent, from the Sample 
solution 

Acceptance errteria: See Table 4. Disregard any peak 
with an area less than the major peak arel from Ston- 
dard solution B f corresponding to 0.05%. 



Suitability requirements 

Resolution: NLT 1.5 between (fi)-(+)-limonene and 
euealyptoi 
Analysis 

Samples; Standard solution A, Standard solution B, and 
Sample solution 

Identlfy the peaks in the Sample solution based on those 
in Standard solution A as well as in Tobie i. 


Table 4 


Name 

Acceptance 

Crftęrła, 

NMT 

f+l-a-Pinene 

0,2-10.0 

i^Pinene 

0.05-1,5 

Sabinene 

0,3 

f flł-M-ct- P h el fa n d ren e 

0.05-1.5 
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Tabte 4 (Contfrrued,) 



Acceptance 


Criteria, 

Name 

NMT 

fffW+TLimonene 

2.0-15.0 

Eucalyptol 

70.0-95.0 

Camnhor 

0.1 


Percentage of y-terpinene; 0.1 %-6.0% 

Percentage of p-cymene: 0,5%-15,0% 

Total percentage of att identified aroma substances 
[(+)-tt-pinene, /5-pinene, sabirtene, (/?)-(-}-a-phelfan- 
drene, (flM+)Jimonene, eucalyptol, camphor, Zi¬ 
my r cen e r y-terpinen e, p-cymene, terpinen-4-ol, and 
a-terpineol]: NIT 98.0% 

IMPURITIES 

* Test for Aldehyde 

Akoholic hydroxylamine solution: Dissolve 3.5 g of 
hydroxylamine hydrochloride in 95 ml of 60% aicohol 
(v/v) and add 0.5 mL of a 2-mg/mL solution of methyl 
o rangę in 60% aicohol (v/v) and sufficient 0.5 M potas¬ 
sium hydroKide in 60% aicohol (Wv) to qive a pure 
yellow colon Dilute with 60% aicohol (v/v) to 100 mL. 

Analysis: In a ground-glass-stoppered tubę, 25 mm in 
drameter and 150 mm long, ada 10 mL of Eucalyptus 
Oil. Then add 5 mL of toiuene and 4 mL of Akoholic 
hydroxylQmine solution, Shake Mgorously, and ti tratę im- 
mediately with 0,5 M potassium hydroxlde In 60% ab 
cohol (v/v) until the red color changes to yellow. Con- 
tinue the titration with shafdng; the endpoini is reached 
when the pure yellow color of the indicator is perma- 
nent in the lower layer after shaking wgorously for 2 
min and allowing separation to take place. The reaction 
fs complete in about 15 min. 

RepeaL the titrailon ustng a further 10 mL of Eucalyptus 
Oil and, as a reference solution for the endpoini, the 
titrated liquid from the first determinatfon, to which 
has been added 0.5 mL of 0.5 M potassium hydroxide 
in 60% aicohol (y/v), 

Acceptance criteria: NMT 2.0 mL of 0.5 M potassium 
hydroxide in 60% aicohol (v/v) is reguired in the sec- 
ond titration. 


SPECIFIC TESTS 

* Specific Gravity (841): 0.906-0.927, at 20° 

* Refractive Index (831): 1 <450-1.470, at 20 rj 

* Optical Rotation (781): G°^10 c , at 20° 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers, Do 

not storę above 25°. 

* USP Reference Standards <11) 

USP Camphor RS 
USP Eucalyptol RS 
USP Eucalyptus Oil RS 

ANF35 


Acceptance criteria: NMT 0,15 mL of 0.01 N hydro- 
chloric acid 

SPECIFIC TESTS 

® Melting Rangę or Temperaturę, Ciass U (741); The melt- 
ing temperaturę does not differ by morę than 2° from 
the nominał value gtven in Labeling. 

* FAT5 AND FlXED OlLS, Add Value (401): NMT 1.0 

* Fats and Fixed OiLS, Hydroxyl Value (401): NMT 70 

* Fats and Fixed Oils, lodine Value (401): NMT 7.0 

o Fats and Fixed Oils, Saponification Vafue (401); 215-255 

* FATS and Fixed Oils, Unsaponifiable Matter (401): NMT 

3.0% 

ADDiTIGNAL REQUIREMENT$ 

* Packaging and Storage: Preserve in tight containers at a 

temperaturę that is 5 Q or morę below the melting rangę 
stated in the labeling. 

* Labeling: The labeling indudes the nominał melting 

temperaturę, which is 27 c -44 a , 


Ferane! Oil 


DEFINITION 

Fennel Oil is the volatile oil distiljed with steam from the 
dried, ripe fruit of Foenlculum vulgare MIIL (Fam. 
Aptaceae). 

[Notę— if solid materiał has separated, carefully warm the 
Fennel OH until it is completely liguefied, and mix before 
using.j 

IMPURITIES 


Dekle the foilowing: 

•• Heavy Metals, Method li (231): NMT 40 pg/g* * (OITłcial l- 

|an2ÓT8) 

SPECIFIC TESTS 

a Specific Gravpty (841): 0.953-0.973 
® Congealing Temperaturę (651): NLT 3° 

* Optical Rotation, Anguiar Rotation (781 A): +12° to 

-e24° 

« Refractive Index (831): 1.528-1.538 at 20° 
a So LUBILI TY IN 90% AlCOHOl: 1 volume dlssofyes in 1 vol- 
ume of 90% aicohol. 

ADDITIONAL REQUBREMENT5 

* Packaging and Storage: Freserve in tight containers, 

» Labeling: The fabel States the Latin binomial and, follow- 
ing the official name, the part of the plant sourte from 
which the artide was derived. The label also States that if 
solid materiał has separated, carefully warm Oil until it is 
completely liguefied, and mix before using. 


Ha^dl Faf 


DEFINITION 

Hard Fat is a mixture of glycerides of saturated fatty acids. 

IMPURITIES 

• RESIDUE ON IGNITION (281): NMT 0,05% 

fi ALKALINE IMPURITIES 

Sampie: 2,0 g 

Analysis: Dissolve the Sampie in a mixture of 1.5 mL of 
aicohol and 3.0 mL of ether. Add 0.05 mL of bromo- 
phenol blue T5, and titrate with 0,01 N hydrochloric 
acid to a yellow endpornt. 


Ferric Oxide 


DEFINITION 

Ferric Oxide contains NLT 97,0% and NMT 100.5% of ferric 
oxide (Fe 2 O0, calcufated on the ignited basis. 

IDENTIFICATION 

s A, Identification Tests—General, /rorc(191) 

Sampie solution: Dissolve 0.5 g in 50 mL of hydrochlo- 
ric acid, and dilute with water to 200 mL, 

Acceptance criteria: Meets the requirements of the test 
for Ferric Solts 
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AS5AY 
• Procedurę 

To calculate the percentage of ferric oxide on the ignited 
basis, ignite about 2 g at 800 ±25° to constant weigh: 
as directed in Loss on Ignition {733), [Notę— ignited Fer¬ 
ric Gxide is hygroscopic,] 

Sample: 1*5g 

Blank: 25 ml of hydrochloric acid 
Ti tri metne system 
Modę: Direct titratfon 
Titrant: OJ N sodium thiosulfate VS 
Endpolnt detection: Vrsual 
Analysis: Digest the Sample in 25 mL of hydrochloric 
acid on a water bath until dlssolved* Add 10 mL of hy- 
drogen peroxide TS, and evaporate ona water bath 
almost to dryness to yolatilize all hydrogen peroxide. 
Dissolve the residue by warming with 5 mL of hydro- 
chtoric acid; add 25 mL of water; filter into a 250-mL 
volumetric fiask, washing the filier with water; and add 
water to volume. 

Transfer a 50-mL aliquot to a glass-stoppered fiask, add 
3 g of potasstum iodide and 5 mL of hydrochloric acid, 
and insert the stopper into the fiask. Allow the mixture 
to stand for 15 min, add 50 mL of water, and titrate 
the liberated iodine with Titrant , using starch TS as the 
indicator. Perform a blank determination in the same 
manner 

Calculate the percentage of ferric oxide (Fe 2 0 3 ) in the 
portion of the sample taken: 

Result = {[(Vs - 14) x N x F\!W) x 100 

14 - Titrant volume consumed by the Sample (mL) 

V& - Titrant vo!ume consumed by the Biank (mL) 

N - actual normality of the Titrant (mEq/ml) 

F = equivalency factor, 79.85 mg/mEq 
W - Sample weight, calcu lated with a correction 
for loss on ignition (mg) 

Acceptance criteria: 97.0%-l 00.5% on the ignited 
basis 


IMPURITIE5 

* MERCURY, Method ito (261) 

Test preparation: Combine 0.67 g of Ferric Oxide and 
35 mL of 0.5 N hydrochloric acid. Heat to boiling, and 
allow to cool. 

Analysis: Proceed as directed for Test preparation in the 
chapter, beginning with “Add 2 drops of 
phenolphthalein", 

Acceptance criteria: NMT 3 pg/g 

* Limit of Arsenic 

Lead acetate cotton: Immerse absorbent cotton pled- 
gets in a mixture of lead acetate TS and 2 N acetic acid 
(10:1), Free the cotton piedgets from excess llqurd by 
expression, and allow to air-dry. 

Sodium borohydrrde solution: 30 mg/mL of sodium 
borohydride in 0*25 N sodium hydroxlde* Storę in a 
looseiy covered Container protected from direct 
sunlight. 

Mercu ric bromide paper: Immerse several filter paper 
dlsks with a 15-mm diameter rn alcoholic mercuric bro¬ 
mide TS, remove the disks from the solution, and allow 
to dry, protected from light. Storę in a glass-stoppered 
Container protected from light. 

Arsenie trioxrde stock solution: Dissolve 132.0 mg of 
arsenic trioxide in 2.0 mL of 2 N sodium hydroxide, and 
diiute with water to 100 mL. 

Standard stock solution; On the day of use, diiute 
1.0 ml of Arsenic trioxide stock solution with water to 
1000 mL 

Standard solution: Diiute 1.5 mL of the Standard stock 
solution with hydrochloric acid to 10 mL. This solution 
contains 0.15 pg/mL of arsenie* 


Sample solution: Dissolve 0*5 g of Ferric Oxide in sev- 
eral mL of hydrochloric add with the aid of heat, and 
diiute with hydrochloric acid to lO.OmL. 

Apparatus: Prepare a 300-mL, side-arm conical fiask 
containing a magnetk stirring bar* Attach to the conical 
fiask a ground-glass stopper* Pass through the ground- 
glass stopper a glass tubę 20 cm long with an Interna) 
diameter of 5 mm* The lower end of this tubę is inside 
the conical fiask, and it has been drawn to a tip with an 
interna! diameter of 1 mm, There is an orifice, 2.5 mm 
in diameter, 15 mm from the tip, and at least 3 mm 
bdow the lower surface of the stopper. The upper end 
of the tubę has a fiat ground surface at a right angle to 
the axis of the tubę. 

A second glass tubę, 30 mm long with an interna! di¬ 
ameter of 5 mm and with a similar fiat ground surface, 
is placed in contact with the ground surface of the 
first tubę and is held in position by a clamp and 
springs. 

Into the lower tubę insert 55 mg of looseiy packed Lead 
acetate cotton . Between the fiat surfa ces of the tubes 
place a disk of Mercuric bromide paper 
Analysis: Before placing the tubę assembly into the 
fiask, transfer the Sample solution to the fiask, and add 
5.0 ml of potassium iodide TS and 20 mL of water. As- 
semble the apparatus immediately, and stir whrle slowly 
adding, over a period of 20 min, 40 mL of Sodium boro - 
hydriae solution through the side arm of the fiask* Ex- 
amine the stain produced on the Mercuric bromide pa¬ 
per : Perform the same Ano/ys/s using the Standard 
solution . 

Acceptance critena: NMT 3 pg/g; the stain produced 
on the Mercuric bromide paper from the Sampie solution 
is not morę intense than that from the Stanoard 
solution * 

« Limit of Lead 

Lead nitrate stock solution: 1598 mg/mL of lead ni- 
tratę in 0,5 M nitric add. Prepare and storę this solution 
in glass containers free from soluble lead salts. 

Standard stock solution: On the day of use, combine 
5*0 mL of Lead nitrate stock solution and 10 mL of 1 N 
hydrochloric add, and diiute with water to 100 mL. 
Standard solution: Transfer 1 .0 mL of the Standard 
stock solution to a 100-mL volumetric fiask, add TO mL 
of 1 N hydrochloric acid, and diiute with water to vol- 
ume* This solution contains 0.5 jig/mL of lead. 

Sample solution: Transfer 2*5 g of Ferric Oxide to a 
100-mL, glass-stoppered conical fiask. Add 35 mL of 0,1 
N hydrocnloric acid, and stir for 1 h. Filter, collecting 
the filtrate in a 50-mL vo!umetric fiask, and diiute with 
OJ N hydrochloric acid to volume* 

Instrumenta! conditions 
(See Atomie Absomtion Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
eguipped with a flow spoiler 

Analydcal wavelength: 217*0 nm (!ead emission linę) 
Lamp: Lead holJow-cathode 
Flame: Air-acetylene oxidking 
Analysis 

Sam pies: Standard solution and Sample solution 
Acceptance criteria: 0.001%; the absorbance of the 
Sample solution does not exceed that of the Standard 
solution , 

SPECIFIC TE5TS 

* Water Solubie Substances 

Sample: 2,0 g 

Analysis: Digest the Sample in 100 mL of water on a 
boiling water bath for 2 n, filter, and wash the filter 
with water. Evaporafe the filtrate and washings, and dry 
the residue at 105= for 1 h. 
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Acceptance criteria: 1.0%; NMT 20 mg of resrdue 

O ACID- INSOLUBLE SUBSTAMCES 

Sample: 2.0 g 

Analysis: Digest the Sample in 25 mL of hydrochioric 
add by boi ling for 20 min. Add 100 ml of hot water, 
and fflter guantitatively through a tared filtenng cruci- 
ble, with tne aid of hot wash water, untif the filtrate 
Lests negative for chloride, Dry the crudble and con¬ 
tents at 105 & for 1 h. 

Acceptance criteria: 03%; the residue weighs NMT 
6 mg, 

° Organic Colors and Lakes 

Sample: 3.0 g 

Analysis: Place 1.0 g of the Sample In eath of 3 beak¬ 
ers, and add 25 mL of each of tne following reagents, 
one reagent to each beaker: 1 -chloronaphtnalene, afco- 
hol, and chloroform. Heat the beakers containing alco- 
hol and chloroform just to boiling. Heat the other 
beaker on a boi ling water bath for 15 min, with occa- 
sional swirling. Pass the contents of the beakers through 
retentlve, sofvent-resistant fliter paper, ff any of the fil- 
trates shows visible turbidity, centrifuge for 15 min. Re- 
cord the spectra agalnst respective solvent blanks In 
1 -cm cells from 350 to 750 nm, 

Acceptance criteria: No peak above the noise level 
with a slope greater than +0.001 absorbance unit/nm is 
found. 

ADDDTIONAL REQUIREMENT5 

« Packaging and Storage: Preserve in well-dosed 
contarners. 


Ferrosofernc Oxide 


stant weight as directed in Loss on Ignition (733). 

[No te —Ignited Ferrosofernc Oxide is hygroscopic,] 

Sample: 1.5 g 

Blank: 25 ml of hydrochioric add 
Titrimetric system 
(See Titrlmetry (541).) 

Modę: Direct titration 
Titrant: 0.1 N sodium thiosulfate VS 
Endpoint detection: Visual 
Analysis: Digest the Sample in 25 mL of hydrochioric 
add on a water bath unti! dissolved. Add 10 mL of hy- 
drogen peroxide TS, and evaporate on a water bath 
almost to dryness in order to volatilize ali hydrogen per- 
oxide. Dtssofve the residue by warming witn 5 mL of 
hydrochioric acid; add 25 mL of water; fliter into a 
250-mL volumetric fiask, washing the filier with water; 
and add water to volume. Transfer a 50-mL aliguot to a 
glass-stoppered fiask, add 3 g of potassium iodide and 
5 mL of hydrochioric acid, and insert the stopper into 
the fiask, Allow the mixture to stand for 15 min, add 
50 mL of water, and titrate the iiberated iodine with 0.1 
N sodium thiosulfate V5, using starch TS as the indica- 
tor. Perform a blank determlnation in the same manner. 
Calcuiate the percentage of the labeled amount as ferric 
oxide (Fe20 3 ) in the portion of the Sample taken: 

Result ={[(l/ s - V B ) x N x F\/W] x 100 

= Titrant volume consumed by the Sample (mL) 

V B - Titrant volume consumed by the Blank (mL) 

N - actual normaiity of the Titrant (mEq/mL) 

F “ equivalency factor, 79.85 mg/mEq 
W = weight of the Sample , calcu lated with a 
correction for loss on ignition (mg) 

Acceptance criteria: 97.0%=100.5% on the ianlted 
basis 


Fe 3 0 4 (FeO- Fe 2 0 3 ) 231.54 

Magnetite; 

Ferrous-ferric oxide; 

Iron (II, III) oxide [1317-61-9]. 

DEF1NITION 

Ferrosoferric Oxfde contains NIT 97.0% and NMT 100.5% 
of Fez0 3 , calculated on the ignited basis, 

IDENTIFICATION 

® A. 

Sample solution: Dissolve OH g in 5 mL of hydrochlonc 
acid, and dilute with water to 50 mL. 

Analysis 1: Transfer 5 mL of the Sample solution to a 
test tubę, and add a few drops of potassium ferrotya- 
nide TS. 

Analysis 2: Transfer 5 mL of the Sample solution to a 
test tubę, and add a few drops of potassium ferrfcya- 
ntde TS, 

Acceptance criteria: For bath Analysis 1 and Analysis 2 t 
a biue precipitate (Prussian blue) is formed, which does 
not dissofye In dilute hydrochioric add subseguently 
added, The precipitate dissofyes in oxalic acid and so¬ 
dium or potassium hydroxide, 

o B. Ferrosoferric OxEde presents as Black powder, which is 
distinguished from fernc oxide exhibiting two basie col¬ 
ors (red and yellow). It is attracted to a magnet. 

AS5AY 
o Procedurę 

To enable the calcuiation of the percentage of Fe 2 0 3 on 
the Ignited basis, ignite about 2 g at 800 ±25° to eon- 


IMPURITIE5 
o limu of Arsenic (As) 

[Notę —Select ali reagents to have as Iow contents of 
heavy metals as practicable, and storę all reagent Solu¬ 
tions in contalners of borosilicate glass. Cleanse all 
glassware before use by soaklng in warm 8 N nitric acid 
for 30 min and by rinsing with deionized water.] 
Solyent; 10% hydrochioric acid in water 
Standard stock solution: Prepare a solution containing 
2 ppm of arsenie from an Arsenic 1CP/AA standard solu¬ 
tion in Solvent. [Notę —A commerciaily available certi- 
fied standard solution can be used,] 

Sample stock solution: In a 100-mL volumetrrc fiask, 
dlssolve 5.0 g of Ferrosoferric Oxide in 50 mL of hydro¬ 
chioric acid by heating without boiling for about 1 h 
untif the sample is dEsso!ved. Cool down to room tem¬ 
peraturę. Pass through a filter, if necessary. Dilute with 
water to volume. Transfer 20.0 mL of the solution to a 
100-mL volumetric fiask, add 40 mL of ascorbic acid so¬ 
lution (200 mg/mL of ascorbic acid in water) and 20 mL 
of potassium iodide solution (400 mg/mL of potassium 
Iodide in water), and dilute with water to volume. 

[Notę —Reduce arsenic to the lowest possible oxidation 
State.] The resulting solution contains 10 mg/mL (g/L) 
of Ferrosoferric Oxide. 

Sample solution A: Transfer 20 mL of the Sample stock 
solution to a 100-mL vo!umetric fiask. Dilute with 5o/- 
vent to votume. The resulting solution contains 2 mg/ 
mL (g/L) of Ferrosoferric Oxide. 

Sampfe solution B: Transfer 20 mL of the Sampie stock 
soiutian to a 100-mL volumetric fiask. Add 25 mL of the 
Standard stock solution , and dilute with Solvent to 
volume. 

Sample solution C: Transfer 20 mL of the Sample stock 
solution to a 1 00-mL volumetric fiask. Add 50 mL of the 
Standard stock solution, and dilute with Solvent to 
yolume. 
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Blank: Sofvent 
Instruments conditions 
(See Atomie Ahsorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
Lamp: Arsenie hollow-cathode 
Flame: Air-acetylene 
Analytical wavefength: 193.696 nm 
Analysis 

Samples: Sampie sofution A, Sampie solution B f and 
Somple sofution C 

[NOTĘ—To minimize matm interference, it is recom- 
mended that the method of standard additions be 
used.] 

Determine the absorbances of the Sompfes against the 
Blank, and plot the corrected absorbances versus their 
added content of arsenie (0, 0.5, and 1.0 ppm). Draw 
the straight fine best fitting the three points, and ex- 
trapolate the linę until it meets the concentration axis. 
The distance between this point and the intersection 
of the axes represents the concentration of arsenie, G, 
in ppm (pg/g) in the 2 mg/mL of Ferrosoferric Gxide 
in Soivent. 

Calcufate the content of arsenie, in pg/g, in the portion 
of Ferrosoferric Oxide taken: 

Result -GxO 

D - dilution factor, 25 
Acceptance criteria: NMT 2 ppm 

Change ta mad; 

* Limit of Cadmium (Cd) and Chromium (Cr) 

[Notl—S elect all reagents to have as Iow contents of 
•elemental impurities# (otnttan as practicable, and 
storę all reagent Solutions In containers of borosilicate 
glass. Cleanse all glassware before use by soakrng in 
warm 8 N njtric add for 30 min and by rinsing with 
deionized water] 

Solvent: 10% hydrochloric acid in water 
Standard stock solution: Prepare a solution containing 
2 ppm eath of cadmium and chromium from an ICP 
standard solution containing cadmium and chromium 
in Solvent. [NOTĘ—A commercially availabie certified 
standard solution can be used.j 
Sampie stock solution: In a 100-mL volumetnt fiask, 
dissoJye 5,0 g of Ferrosoferric Oxide in 50 mL of hydro- 
chloric acid by heating without boiling for about 1 h 
until the sampie is dissolved. Coo! down to room tem¬ 
peraturę. Pass through a filter, ff necessary. Dilute with 
water to volufne, Transfer 20,0 mL of the solution to a 
100-mL volumetric fiask, and add water to volume. The 
resulting solution contains 10 mg/mL of Ferrosoferric 
Oxtde. 

Sampie solution A: Transfer 20 mL of the Somple stock 
sofution to a 100-mL yolumetrlc fiask, Dilute with Sof- 
vent to volume. The resulting solution contains 2 mg/ 
mL of Ferrosoferric Oxide. 

Sampie solution B: Transfer 20 mL of the Sampie stock 
solution to a 100-ml volumetric fiask, Add 25 mL of the 
Standard stock solution , and dilute with Solvent to 
volume. 

Sampie solution C: Transfer 20 mL of the Somple stock 
sofution to a 100-mL volumetric fiask. Add 50 mL of the 
Standard stock solution, and dilute with Sofvent to 
vo!ume. 

Blank: Sofvent 
Instrumental conditions 
(See Plasma Spectrochemistry (730).) 

Modę: lnductiveiy coupled pląsma-atomie emission 
spectrometer (ICP-AES) 


Analytical wavelength 
Cadmium: 228.802 nm 
Chromium: 267.716 nm 
Analysis 

Samples: Sampie solution A, Somple solution B t and 
Somple solution C 

[Notę —The operating conditions may be developed 
and optimized based on the manufactureds 
recommendatiom] 

[NOTĘ—To minimize matrix interference, it is recom- 
mended that the method of standard additions be 
used.] 

Instrument performance must be yerified to conform to 
the manufactureds spedfications for resolution and 
sen$rtivity, Before analyzing samples, the instrument 
must pass a suitable performance theck. Aspirate the 
Samples , at least in duplicate, and calculate the aver- 
age absorbances for each against the Blank . Plot the 
average absorbances of the Samples versus their added 
content (0, 0,5, and 1.0 ppm) of cadmium (or chro¬ 
mium), Draw the straight linę best fitting the three 
points, and extrapo!ate the linę until it intercepts the 
concentration axis. The distance between this point 
and the intersection of the axes represents the eoncen- 
tration of cadmium (or chromium), Q, in ppm (pg/g) 
in the 2 mg/mL of Ferrosoferric Oxide in 5o/wit. 
Calculate the content of cadmium (or chromium), in 
pg/g, in the portion of Ferrosoferric Oxide taken: 

Result = Cc x O 

D = dilution factor, 25 

Acceptance criteria 
Cadmium: NMT 1 ppm 
Chromium: NMT 100 ppm 

Change to read; 

• Limit of Leao (Pr) 

[Notę —Select all reagents to have as Iow contents of 
*e!emental impuriUes* i-^a>V 9 ) as practicable, and 
storę all reagent Solutions in containers of borosilicate 
glass. Cleanse all glassware before use by soaking in 
warm 8 N nitric acid for 30 min and by rinsing with 
deionized water,] 

5olvenf: 4% hydrochloric acid and 8% nitric acid in 
water 

Standard solution: Prepare a solution containing 
25 ppb of lead in Solvent [Notę—A commercially availa- 
ble certified standard solution can be used,] 

Sampie stock solution: Dissolve 1,0 g of Ferrosoferric 
Oxide in 4 mL of hydrochloric acid and 8 mL of nitric 
acid in a 100-mL volumetric fiask by heating without 
boiling until the sampie is dissolved. Cooi down to 
room temperaturę. Pass through a fil ter, if necessary. 
Dilute with water to volume. The resulting solution in 
the fiask contains 10 mg/mL of Ferrosoferric Oxide. 
Sampie solution A: Transfer 10 mL of the Sampie stock 
solution to a 100-mL volumetric fiask, and dilute with 
Solvent to volume. The solution contains 1 mg/mL of 
Ferrosoferric Oxide. 

Sampie solution B: Transfer 10 ml of the Somple stock 
sofution to a 100-mL volumetric fiask. Add 4 mL of the 
Standard solution , and dilute with Solvent to vofume. 
Sampie solution C: Transfer 10 mL of the Sampte stock 
sofution to a 100-mL volumetric fiask. Add 12 mL of the 
Standard solution t and dilute with Solvent to yolume. 
Sampie solution D: Transfer 10 mL of the Sampie stock 
solution to a 1 00-mL yolumetric fiask. Add 20 ml of the 
Standard solution , and dilute with Solvent to yolume. 
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Blank: Solvent 
[nstmmental conditions 
(See Atomk Absorption Speetroscopy (852).) 

Modę: Atomie absorption spectroph otom eter 
eguipped with graphite heating device 
Analytical wavelength: 283.3 nm 
Lamp: Lead hollow-cathode 
Analysis 

Samples: Sctmpie solution A, Sample solution B f Sample 
solution C, and Sanipie solution D 
[Notę—T o minimize matrix interference, it is recorm 
mended that the method of standard additions be 
used.] 

Determine the absorbances of the Samples against the 
Blank, and plot the corrected absorbances versus thelr 
added content (0, 1 3, and 5 ppb) of lead. Draw the 
straight iine best fitting the four points, and extrapo¬ 
la te the linę until it intercepts the concentration axis. 
The distance between this point and the intersection 
of the axes represents the concentration of lead, C t , in 
ppm (pg/g) in the 1 mg/mL of Ferrosoferric Qxide. 
Calculate the content of lead, in pg/g, the portion of 
Ferrosoferric Oxide taken: 

Result -Q x D 

D = dilution factor, 1 0 
Acceptance criteria: NMT 10 ppm 

Change to tead: 

* Limit of Mercury (Hg) and Nickel <Mi> 

[Notę—S elect alf reagents to have as fow contents of 
®elemental impurities* * (omM Han-aai aj as practicable, and 
storę afl reagent Solutions in containers of borosilicate 
gfass. Cleanse all glassware before use by soaking in 
warm 8 N nltric add for 30 min and by rinsing with 
deionized water.] 

Solvent: 10% hydrochloric add in water 
Standard solution: Prepare a solution contalnmg 
2 ppm of mercury (or nickel) from a Mercurv (or 
Nfckel) ICP/AA standard solution En Solvent. [NOTĘ—A 
commerda!ly avaiSabie eertified standard solution can 
be used.] 

Sample stock solution: In a 1 00-mL vo1umetric fiask, 
dissolve 5.0 q of Ferrosoferric Oxide in 50 mL of hydro¬ 
chloric add by heating without boiling for about 1 h 
until the sample fs dissolved. Cool down to room tem¬ 
peraturę, Pass through a filter, if necessary. Di lute with 
water to volume. Transfer 20.0 mL of the solution to a 
100-mL vofumetric fiask, and add water to vofume. The 
resulting solution contains 10 mq/mL of Ferrosoferric 
Oxide. 

Sample solution A: Transfer 20 mL of the Sample stock 
solution to a 100-mL volumetric fiask. Dilute with Sol- 
vent to vofume. The resulting solution contains 2 mg/ 
mL of Ferrosoferric Oxide, 

Sample solution B; Transfer 20 mL of the Sample stock 
solution to a 100-mL volumetnc fiask. Add 25 mL of the 
Standard solution , and dilute with Sofvent to voiume. 
Sample solution C: Transfer 20 mL of the Sample stock 
solution to a 100-mL volumetric fiask, Add 50 mL of the 
Standard solution , and dilute with Solvent to volume. 
Blank: 

Instrumental conditions 

(See Atomie Absorption Speetroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
Detection 

Mercury: Flameless 
Nickel: Air-acetylene flame 
Lamp: Mercury hollow-cathode or nickel hol Iow- 
catnode 


Analytical wavelength 
Mercury: 253,7 nm 
Nickel: 231.604 nm 
Analysis 

Samples: Sample solution A, Sample solution B, and 
Sample solution C 

[NoTE—To minimize matrix interference, it is recom- 
mended that the method of standard additions be 
used,] 

Determine the absorbances of the Samples against the 
Blank , and plot the corrected absorbances versus their 
content (0, 0.5, and 1.0 ppm) of mercury (or nickel). 
Draw the straight linę best fitting the three points, and 
extrapolate the linę until it intercepts the concentra¬ 
tion axis. The distance between this point and the in¬ 
tersection of the axes represents the concentration of 
mercury (or nickel), Q, in ppm (pg/g) in the 2 mg/mL 
of Ferrosoferric Gxtde 6n SolvenL 
Calculate the content of mercury (or nickel), in pg/g, in 
the portion of Ferrosoferric Qxide taken: 

Result = Cs x D 

D = dilution factor, 25 
Acceptance criteria 
Mercury: NMT 1 ppm 
Nickel: NMT 200 ppm 

SPECIRC TESTS 

* Water-Soluble Substances 

Sample: 2.0 g 

Analysis: Digest the Sample in 1 00 mL of water on a 
boiling water bath for 2 n, fil ter, and wash the fil ter 
with water, Evaporate the filtrate and washings, and dry 
the residue at 105° for 1 h. 

Acceptance criteria: The weight of the dried residue is 
NMT 20 mg, correspondtng to NMT 1.0%. 

* Acjd-Insoluble Substances 

Sample: 2.0 g 

Analysis: Digest the Sample in 25 mL of hydrochloric 
acid by boiling for 20 min. Add 100 mL of hot water, 
and filter quantitative!y through a tared filtering 1 cruci- 
bfe, with the a id of hot wash water, until the filtrate 
tests negative for chloride. Dry the crucible and con¬ 
tents at 105° for 1 h. 

Acceptance criteria: The weight of the residue is NMT 
6 mg, corresponding to NMT 03%. 

* Organic Colors and Lakes 

Analysis: Place 1.0 g In each of 3 beakers, and add 
25 mL of each of the following reagents, respeetive!y: 
1-thioronaphthalene, alcohol, and chloroform. Heat the 
beakers containing alcohol and chloroform just to boil¬ 
ing. Heat the other beaker on a boiling water bath for 
15 min, with occasional swirling. Pass the contents of 
the beakers through retentive, solvent-resistant filter pa- 
per.- If any of the filtrates show visib!e turbidity, centri- 
fuge for 15 min, Record the spectra against respectrve 
sofvent blanks in 1 -cm ceils from 350 to 750 nm, 
Acceptance criteria: Absorbance in the rangę of 
350-750 nm is NMT 0.01 AU. 

* Micrgbeal Enumeration Tests (61) and Tests for Speci 
fied Microorganisms (62): The total aerobic microbial 
count does not exceed 10 3 cfu/g, and the total com- 
bined mofds and yeasts count does not exceed 10 z 
cfu/g. 

1 A gJass-ftiter disc (P4; porę size diameter 9 to 15 jim] can be u$etL or 

equivalent. 

* A PTFE fi Eter (diameter 25 mm, 0,2-jim porę si ze), or equivalent. 
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• PH (791): 6-9 in a 10% suspension 

• Lass on Drying (731) 

Analysis: Dry a sampfe at 105° for 1 h. 

Acceptance criteria: NMT 1.0% of its weight 

ADDITIONAL REQUIREMENTS 

• Packaging and Stora ge: Preserve in well-dosed contafn- 

ers, Storę at room temperaturę. 


Fructose —see Fructose General Monographs 


Fumaric Acid 


C<H<0 4 T16.07 

2-Butenedioic acid, F-; 

Fumaric acid [110-1 7-8]* 

DEFINITtON 

Fumaric Acid contams NLT 99,5% and NMT 100.5% of 
CthUO*, calculated on the anhydrous basrs, 

IDENTIFICATION 

• 1NFRARED ABSORPTION (T97A) 

ASSAY 

• PROCEDURĘ 

Sample solution: Dissolve 1 g of Fumaric Acid in 50 rnL 
of methanol, and warm gently on a steam balh to ef- 
fect solution. Cool, and add phenolphthalein TS, 
Analysis: Titrate the Sample solution with 0.5 N sodium 
hydroxide VS to the first appearance of a pink cofor 
that persists for not less than 30 s, Perform a blank 
titration (see Titrimetry (541)). Each ml_ of 0,5 N sodium 
hydroxide is equivalent to 29.02 mg of C 4 H40 4 , 
Acceptance criteria: 99.5%-] 00.5% on the anhydrous 
basis 

IMPURITIES 

Bnorganic Impurities 

• RESIDUE ON IGNITION (281): NMT 0.1% 


Dełete the following: 

*• Heaw Metals, Method II (231): NMT 10 ppm. gmcui t- 

J*n-2O10} 

Organie Impurities 
* Procedurę: Limit of Maleic Acid 

Mobile phase: 0.005 N sulfunc acid 
Standard solution: 1 jrg/mL of USP Maleic Acid RS in 
Mobile phase 

Sampfe solution: 1 mg/mL of Fumaric Acid in Mobile 
phase 

System suitability soiution: lO^g/mL of USP Fumaric 
Acid RS and 5 ug/mL of USP Małek Acid RS in Mobile 
phase 

Chromatographic system 

(See Chromotography (621), System Suitability.) 

Modę: LC 

Detector: UV210nm 
Coiumn: 4,ć-mm x 22-cm; packing LI 7 
Ffow ratę: 03 m L/min 
Injection size: 5 ^iL 
System suitability 
Sample: System suitability solution 
[Notę—T he relative retention times for maleic acid 
and fumaric add are about 0,5 and 1,0, 
respectively.] 


Suitability reguirements 

Resofution: NLT 2,5 of the maleic acid and fumaric 
acid peaks 

Relative standard deviation: NMT 2.0% of the ma¬ 
leic acid peak 
Analysis 

Samples: Standard solution and Sample solution 
CalcuJate the percentage of mafeic add in the total 
weight of Fumaric Acid taken: 

Result - (ru/ts) x (Cs/Cu) x 100 

Fii - peak response of maleic add from the Sample 
solution 

r s = peak response of maleic acid from the 
Standard solution 

C s - concentration of USP Maleic Acid RS in the 
Standard solution (mg/mL) 

Cu = nominał concentration of the Sample solution 
(mg/mL) 

Acceptance criteria: NMT 0,1% 

SPECIFIC TESTS 

* Water Determination, Method I (921): 0.5% 

ADDITIONAL REQUIREMENTS 

» Packaging and Storage: Preserve in well-closed 
containers. 

* USP Reference Standaros (11) 

USP Fumaric Add RS 
USP Maleic Add RS 


Galactose 



C 6 H t2 0 6 180.16 

a- D-C a I a c topy ranose [3646-73-9], 

DEFINITION 

Galactose is one of the products of the mefabolism of lac- 
tose, a naturally occurring sugar in dairy products, by the 
digestive enzyme lactase, 

IDENTIFICATION 

* A, INFRARED ABSORPTION (197K) 

* B. Thin-Layer Chromatographic Identification Test 

( 201 ) 

Solution A: Methanol and water (60:40) 

Standard soiution A: 500 fig/mL of USP Galactose RS 
m Solution A 

Standard solution B: 500 pg/mL each of USP Galactose 
RS, USP Dextrose RS, and USP Lactose Monohydrate RS 
in Solution A 

Sample solution: DissoNe 10 mg of Galactose in 20 ml 
of Soiution A. 

Chromatographic system 

(See Chromatography (621), Thin-Layer Chromato¬ 
grafy.) 

Application volume: 2 jiL 
Devcioping soivent system: Propanol and water 
(85:15) 
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System suitabifity 
Sample: Standard solution 8 
Suitability requirements 

Resolution: There must be three clearly resolved 
spots m the chromatogram for Standard solution B. 

Analysis 

Samples; Standard solution Ą Standard solution B, and 
Sample solution 

Devefop the pJate in an unsaturated tank. After the sol- 
vent front Has moved over 15 cm, remove the piąte 
from the tank. Dry the piąte with warm a!r, then spray 
the piąte with Spray reagent. Heat for 1 0 min in an 
oven at 130°. 

Acceptance criteria: The Rf of the principal spot of the 
Sample solution corresponds to that of Standard solution 
A . 

IMPURITLES 

* RE5IDIIE ON 9GNIT10N (281): NMT 0.1% 

• Limit of Lead 

Diluent: Dilute 12 mL of acetic add with water to 
100 mL. Mix equal parts of this solution and water to 
prepare the Diluent. 

Lead standard solution: 1ójag/mL of lead nitrate 
Standard Solutions: To three identical ffasks add 0.5, 
TO, and 1.5 mL of Lead standard solution, respectively, 
and then add to each fiask 20.0 g of Galactose, Dilute 
with Diluent to 100 mL. To each fiask add 2.0 ml of 
ammonium pyrrolidinedithiocarbamate solution 
(10 mg/mL) and 10.0 mL of methyl isobutyl ketone, 
then snake for 30 s. Protect from fight. AIJow the layers 
to sępa ratę, and use the methyl isobutyl ketone (upper) 
layer. 

Sample solution: DIsso3ve 20.0 g of Galactose in 
1 00 mL of Diluent. Add 2.0 mL of ammonium pyrroli¬ 
dinedithiocarbamate solution (10 mg/mL) and 10.0 ml 
of methyl isobutyl ketone, and shake for 30 s. Protect 
from lignt Al Iow the layers to separata, and use the 
methyl isobutyl ketone (upper) layer. 

Instrumental conditrons 
(See Atomie Absorpthn Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: 283.3 nm 
Lamp: Lead hollow-cathode 
Flame: Air-acetyJene 
Analysis 

Sam pies: Standard Solutions and Sample solution 
Concomitantiy determine, at least in triplicate, the ab- 
sorbances of the Samples . Record the average steady 
readings for each of the Standard Solutions and the 
Sample solution. Plot the absorbances of the Standard 
Solutions and the Sample solution versus the amount 
of lead added. Extrapolate the linę joining the points 
on the graph until It meets the concentration axrs. 

The distance between this point and the intersection 
of the axes represents the concentration of lead in 
the Sample solution. 

Acceptance criteria: NMT 0,5 uq/q 
« Barium 

Standard solution: Add 6 mL of water to 5 mL of the 
Sample solution prepared for the Addity test. 

Sample solution: Add 5 mL of water and 1 mL of dilute 
su [furie acid to 5 mL of the Sample solution prepared for 
the Addity test. AIlow to stand for 1 h. 

Acceptance enteria: Any opaiescence in the Sample so¬ 
lu don is not morę intense tnan that in the Standard 
solution. 

5PECIFIC TESTS 
■ Appearance of Solution 

Sample solution: Dissolve, with heating at 50°, lO.Og 
of Galactose in 50 mL of carbon dioxide-free water. 
Contro! solution: Prepare immediatefy before use by 
mixlng 3,0 mL of ferric chloride CS, 3.0 mL of cobaltous 
chloride CS, and 2.4 mL of cupric sulfate CS with dilute 


hydrach loric add (1 0 mg/mL) to make 10 mL, and di- 
luting 1.5 mL of this solution with the dilute hydrach fo- 
ric add to 100 mL. 

Analysis: Compare by viewing the Sample solution and 
the ControI solution downward in matened cofor-com- 

parison tubes against a white surface (see C olor and 

Aehromidty (631)). 

Acceptance criteria: The Sample solution is not morę 
intensely cofored than the Controi solution. 

■ Micrgbiai Enumeration Test s (61) and Tests for Specl 
FIED MiCROORGANiSMS (62): The total aerobic microblal 
count does not exceed 10 3 cfu/g, and the total com- 
bined molds and yeasts count does not exceed 1 0 2 cfu/ 
g. It meets the reguł rements of the test for absence of 
Salmonella species, Escheridiia coli, Staphylcoccus aureus , 
and Pseudomonas aeruginosa. 

O OPT1CAL Rotation, Specific Rotation (7 81S) 

Sample solution: Transfer 10.0 g to a 100-mL volumet- 
ric fiask, and dissolve in 80 mL of water, Add 0.2 mL of 
ammonra TS, allow to stand for 30 min, then dilute 
with water to volume. 

Analysis: Perform at 20°. 

Acceptance criteria: +78.0 D to +81.5° 

• Acipity 

Sample solution: Dtssolve 10.0 g of Galactose, with 
heating at 50°, in 40 mL of carbon dioxide-free water. 
Dilute with carbon dioxide-free water to 50 mL. 

[Notę—U se this solution for the Barium test.] 

Analysis: To 30 mL of the Sample solution add 0.3 mL of 
phenolphthalein TS, and titratę with 0.01 N sodium hy- 
droxide to a pink color. 

Acceptance criteria: NMT 1.5 mL of 0.01 N sodium 
hydroxide is required. 

o Water Determination, Method I {92 1): NMT 1,0% 

AOOITIONAL REQUI REMENTS 

• Packaging ano Storage: Preserve in a tight Container. 

No storage req u [rements specified. 

• USP REFERENCE STANDARDS (11) 

U5P Dextrose RS 

USP Galactose RS 

USP Lactose Monohydrate RS 


tGaBagjeersiarii 

DEFINITION 

Galageenan is the hydrocoljoid obtained by extraction with 
water or agueous alkali from the red seaweed class Rho- 
dophyceae species Eucheuma gelatinae . Galageenan eon- 
sists chlefly of potassium, sodium, calcium, magnesium, 
and ammonium sulfate esters of galactose and 3,6- 
anhydroga lactose copolymers, These hexoses are alter- 
nately linked as a-l,3 and /3- 1,4 in the polymer. The ester 
sulfate content ranges from 8%-18%. Jn addition, it con- 
tains inorganic salts that onginate from the seaweed and 
from the process of recovery from the extract. 

Gafageenan is recovered by alcohol predpitation or by 
freezing and pressing. 

IDENTIFICATION 

* A. Film Formatjon 

Solution A: A solution (1 in 50), prepared by heating a 
uniform dispersron in a hot water bath to 80° 
Acceptance criteria: Solution A becomes morę viscous 
upon cooling and may form a gel. 

o B. 

Analysis: Dilute a portion of Solution A (retained from 
Identification test A) with 4 parts water, and add 
2-3 drops of methylene blue TS, 

Acceptance criteria: A blue, stringy precipitate is 
formed. 
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* C. INFRARED AB50RPT10N (197R 

Sampie solution: Disperse 2 g of Galageenan in 
400 mL of a solution containing 5 g of edefate diso- 
dium in 1000 mL of 60% isopropyralcohol, and stir for 
2 h. Filter with the a id of vacuum, and wash the resi- 
due with a to tal of 200 mL of 65% isopropyl alcohol. 
Finish washing with a total of 100 mL of 80% isopropyl 
aitohol. Dry the residue for 30 min in a 60° oven, and 
overniqht in a 70° vacuum oven. Break lumps by grind- 
ing wifn a mortar and pestle. Dissolve 15 mg or the 
alcohol-treated materia) in 5 mL of water. Heat for 10 
min in a water bath. Pipet 2 mL on to a suitable nom 
sticking surface to produce a 5-jim-thick film (when 
dry). 

Spectral rangę: 2000-600 cm- 1 
Analysis: Subtraet the baseline (drawn by connecting 
the minima in the rangę of 1500 and 800 cm- 1 ) from 
the raw spectrum. Record the absorbances for the 
bands at 1220-1260, 928-933, 840-850, and 
800-805 crrr 1 relative to the absorbance at 1050 cm -K 
Acceptance criteria: The absorbance values so ob- 
tained are within the ranges specified in Tobie 1. 


Table 1 


Wave Number 
fcmn 

Molecular 

Assianment 

Absorbance 
Relatłve to 
1050 cm 1 
Galaqeenan 

1220-1260 

Ester sulfate 

0.3-0.6 

928-933 

3,6 -An h vd roa ala c tose 

0.3-0.6 

840-850 

Galactose-4-sulfate 

0.1-0.3 

800-805 

3,6-An hyd rogal a c tose-2- 
sulfate 

0.0-0.1 


ASSAY 

• CONTENT OF SULFATE 

Sampie: 300 mg 

Analysis: Weigh the Sampie on an ashless filter paper. 
Fola the paper so as to endose the Sampie , and place it 
in a 50Q-mL Kjeldahl fiask. Add 45 mL of nitric acid, 
and bring to a boil on a hot piąte in a fume hood. Add 
nitric acid as necessary to keep the sampie from evapo- 
rating to dryness. Conlinue boiling until digestion is 
complete and the voiume of nitric acid remaining is 
about 10 mL. Cool the mixture, and reduce the excess 
nitric acid by adding formaldehyde TS until the evolm 
tion of nitrogen oxiae vapors has ceased. Heat this mix- 
turę on a hot piąte to reduce the volume to about 
10 mL. Transfer the mlxture to a 150-mL beaker with 
the a id of several portions of water until the total vol- 
u me is approximately 100 mL. Add 0.5 mL of hydro- 
chloric acid, and bring to a boil on a hot piąte. Add 
carefully 10 mL of 0.25 M barium chloride, and allow to 
boil for 1 min. Cover with a watch glass, and allow to 
stand overnight Filter the solution through a tared, 
fine-porosity fiftering crudble previously ignited in a 
muffle furnace at 55G* for 30 min and cooied in a des- 
tccator for 30 min. Wash the barium sulfate predpitate 
so obtained on the crucible several times with boiling 
water. Place the crudble in an oven, and heat at 1 00° 
for 30 min. Transfer the crudble to a muffle furnace, 
and ignite for 30 min at 550°. Remove the crucible, 
and cool in a desiccator for 30 min. 

Weigh and calcu la te the percentage of sulfate groups; 


Acceptance criteria: 8%-18% sulfate 

IMPURITTE5 

■ Lead <251): NMT 5 ppm 
Detete the fofhwing: 

•• Heaw Metals, Method tt <231): NMT 20 ppm* (Głfki&l I* 

Jan-201 A) 

* ACID-lNSOLUBLE IVtATTER 

Sampie: 2 g 

Analysis: Transfer the Sampie to a 250-mL beaker con¬ 
taining 150 mL of water and 1.5 mL of sulfuric acid. 
Cover with a watch glass, and heat on a steam bath for 
6 h, rubbing down the wali of the beaker frequently 
with a rubber-tipped stirring rod, and repladng any 
water lost by evaporation. Transfer 500 mg of a suitable 
filter a id to the beaker, and pass through a tared filter- 
ing crucible eguipped with a 2.4-cm glass fiber filter. 
Wash the residue several times with hot water, dry at 
105° for 3 h, cool in a desiccator, and weigh. The dif- 
ference between the total weight and the sum of the 
weights of the filter aid, crudble, and glass fiber filter is 
the weight of the acid-insoluble matter. 

Acceptance criteria: NMT 2,0% of the weight of 
Galageenan taken 

SPECIFIC TESTS 

* Microbial Enumeration Tests (61) and Tests for Speci 

fiid Microoeganisms <62): The total aerobic microbial 
count does not exceed 200 cfu/g, the total comblned 
molds and yeasts count does not exceed 20 cfu/g, and it 
meets the reguirements of the tests for absence of Escher- 
ichia coli and Salmonella species, 

* Vl5 COSITY—RotatioMAL METHGDS <912) 

Sampfe solution: Transfer 7.5 g of Galageenan to a 
tared, tall-form, 600-mL beaker, Add 450 mL of water, 
and disperse with agitation for 15 min. Add water to 
bring the weight to 500 g, and heat in a water bath, 
with continuous agitation, until a temperaturę of 80° is 
reached. Add water to adjust for loss by eva pora tion, 
cool to between 76° and 77 d , and place in a constant- 
temperature bath maintained at 75°. 

Analysis: Use a suitable rotational vi 5 cometer eguipped 
witn a spindle having a cylinder 1.88 cm in diameter 
and 6.51 cm in heignt, and an immerslon depth of 
8.10 cm (No. 1 spindle), Allow the spindle to rotate in 
the solution at 30 rpm for six revolutions, then observe 
the scalę reading. Convert the scalę reading to centi- 
poises by muftiplying by the constant for tne spindle 
and speed usea, 

Acceptance criteria: NLT 15 centipoises (at 75°) 

* Articles of Botanical Oricin, Total Ash (561): NMT 

35.0% 

* Loss on Dryinc <731): Dry a sampie at a pressure not 

exceeding 10 mm of mercury at 70° for 18 h, cool in a 
desiccator, and weigh: it loses NMT 12.5% of its weight. 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers, 

preferably in a cool place. 


Gelatin 



Result = (WJW t ) x (Mn/M,,) x 100 

W B - weight of barium sulfate obtained (mg) 

Wi = weight of Galageenan taken (mg) 

M/ = molecular weight of the sulfate group, 96,02 
M f 2 - molecular weight of barium sulfate, 233.43 


Portions of this monograph that are nationai U5P text, and 
are not part of the harmonized text, are marked with 
symbols (*♦) to specify this fact. 

[Notę—A li tests in this monograph are harmonized attrib- 
utes based on PDG sign-off documents for both gelling 
and non-gelllng grades.] 
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DEF1NITION 

Purified protein obtained from collagen of animals (includ- 
ing fish and poultry) by partia! alkaltne and/or acid hy- 
drolysis, by enzymatic hydrolysis, or by thermaf hydrolysis. 
The hydrolysis leads to gefling or ngn-gelling grades. This 
monograph covers both the geliing and nomgellmg 
grades as well as hydrolyzed gelatiin. 

IDENTIFICATION 

• A. 

Sample solution: Dissotve 1.00 g in carbon dioxicle-free 
water at about 55° , dilute with the same solvent to 
100 ml, and keep at 55 p , $ave the unused portion of 
this solution for use En the test for pH. 

Analysis: To 2 ml of Sample solution add 0.05 ml of a 
125-g/l solution of copper suEfate pentahydrate. Mix, 
and add 0.5 ml of an 85-g/L solutEon of sodium 
hydroxtde. 

Acceptance criteria: A violet color js produced. 

• B. 

Sample: 0.5 g 

Analysis: Place the Sample in a test tubę of about 
15 mm interna! diameter and add 10 ml of water. Al¬ 
le w to stand for 10 min, heat at 60 n for 15 min, and 
keep the tubę upright at 0° for 6 h, Invert the tubę, 
Acceptance criteria: The contents do not flow out im¬ 
mediately for geliing grades. The contents immediately 
flow out for non-gefling grades. 

■ c For Non-Gelung Grades 

Medium: pH 6.8 phosphate buffer. Mix 7 7.3 mL of a 
71.5-g/L solution of dlsodium hydrogen phosphate 
dodecahydrate with 22,7 mL of a 21-g/L solution of cit- 
ric add. 

Sample: 0.5 g 

Analysis: Place the Sample in a 250-mL bottle. Add 
10 mL of water and 5 mL of sulfuric add. Place the bot- 
tle, partiy but not completely closed (for example, us- 
ing a watch glass), in an oven at 105° for 4 h. Allow to 
cool, and add 200 mL of water. Adjust to a pH of 
ć.0-8.0 using a 200-g/L solution of sodium nydroxide. 
Place 2 mL of the solution in a test tubę, and add 2 mL 
of oxldizing reagent (14-g/L solution of chloraminę T in 
the Medium; prepare immediately before use). Mix, and 
allow to stand for 20 min. Add 2 mL of color reagent 
[prepared immediately before use by dissoiving 1,0 g of 
dimethylaminobenzalaehyde in 3.5 mL of perchlaric 
acid (600 g/L of HCICL) and slowly adding 6.5 mL of 
2-propanoT]. Mix, and place in a water bath at 60° for 
about 15 min. 

Acceptance criteria: A red color develops. 

SPECIFIC TEST5 

° m (79i) 

Sample: Use the Sample solution prepared in Identifica¬ 
tion test A. 

Acceptance criteria: 3,8-7.6 at 55° 

® Water Conductmty (645) 

Sample: 1.0% Solution at 30 ± 1.0° 

Analysis: DetermEne without the use of the temperaturę 
compensation. 

Acceptance criteria: NMT 1 mS ■ cm * 

• SULFUR DlOXIDE 

Sample: 25.0 g 
Titrimetrk system 
Modę: Direct titration 
Titrant: 0.1 M sodium hydroxide VS 
Endpoint detection: Visual 
Analysis: Introduce 150 mL of water into the fiask (A) 
(see Figurę 1), and pass carbon dioxtde through the 
whole system for 15 min at a ratę of 100 mL/mtn. To 
1 0 ml of hydrogen peroxide solution [30 g/L of hydro- 
en peroxide (H 2 G 2 }] add 0.15 mL of bromophenol 
lue TS. Add 0.1 M sodium hydroxEde until a violet- 
blue color is obtained, without exceeding the endpoint. 
Place the solution in the test tubę (D), Without inter- 


rupfing the stream of carbon dioxide, remove the fun- 
nel (B), and introduce through the opening into the 
fiask (A) the Sample with the aid of 1 00 mL of water, 
Add through the funnel 80 mL of dilute hydrochloric 
add [73 g/L of hydrogen chloride (HCI)], and boli for 1 
h. Open the tap of the funnel, stop the flow of carbon 
dioxide, and also stop the heating and the cooling 
water. Transfer the contents of the test tubę with the 
aid of a little water to a 200-mL wide-necked, conical 
fiask, Heat on a water bath for 15 min, and allow to 
cool. Add 0.1 mL of bromophenol blue TS, and titrate 
with Titrant until the color chan ges from yellow to vio- 
lebblue. 



Figurę 1. Apparatus for determination of sulfur dioxlde, 

Carry out a blank titration, and calculate the content of 
sulfur dioxide, in ppm: 

Resuit = [{V, - V 2 ) x (mlW)] x 32,030 

V t = votume of 0.1 M sodium hydroxide consumed 
by the Sample (mL) 

V 2 = volume of 0,1 M sodium hydroxide consumed 
by the blank (mL) 

m ~ actual molarity of the Titrant (mol/L) 

W = weight of the Sample (g) 

Acceptance criteria: NMT 50 ppm 

« FEROXIDES 

Peroxidase transfers oxygen from peroxides to an or¬ 
ganie redox indicator which is converted to a blue oxL 
dation product. The intensity of the color obtained is 
proportionai to the quantlty of peroxide, and can be 
compared with a color scalę provided with the test 
strips to determine the peroxide concentration. 

Peroxide test strips: Use commercia] test strips with a 
suitable scaEe coverlng the rangę of 0-25 ppm of 
peroxlde. 

Sample: 20,0 ± 0.1 g 

Surtability test: Dip a test strip for 1 s into hydrogen 
peroxide standard solution [2 ppm of hydrogen perox- 
tde (H 2 O 2 )] [prepared by diJution of hydrogen peroxide 
solution (30 g/L of hydrogen peroxide (H 2 G 2 )], such 
that the reactEon 2 one is properly wetted. Remove the 
test strip, shake off excess liquid, and after 15 s com- 
pare the reaction zonę with the color scalę provlded. 
The test strips are suitable if the color matenes that of 
the 2 ppm concentration. 

Analysis: Weigh the Sample in a beaker, and add 80.0 ± 
0.2 ml of water. Stir to moisten all the gelatin, and 
allow the sample to stand at room temperaturę for 1-3 
h. Cover the beaker with a watch glass, If the Sample is 
not dissolved completely, place the beaker in a water 
bath at 65 ±2° for 20 ± 5 min to dissoMe the Sample. 

Stlr the contents of the beaker with a glass rod to 
achleve a homogeneous solution. Dip a test strip for 1 s 
into the test solution, such that the reaction zonę is 
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properly wetted. Remove the test strip, shake off excess 
lrquid, and after 15 s compare the reaction zonę with 
the eoior scalę provided. Multiply the concentratlon 
read from the color scalę by a factor of 5 to calculate 
the concentration, in ppm, of peroxide in the test 
substance, 

Acceptance criteria: NMT 10 ppm 

• GEL STREMCTH (BLOOM VALUE) 

For gelling grades 

The gel strength is expressed as the mass in grams nec* * 
essary to produce the force which, applied to a plunger 
12,7 mm in diameter, makes a depression 4 mm deep 
in a gel with a concentration of 6,67% m/m and ma- 
turea at 10 °, 

Sample: 7.5g 

Apparatus: Texture analyzer or gelometer with a cylin* 
arical piston 12,7 ± OJ mm m diameter with a piane 
pressure surface and a sharp bottom edge, and a bottle 
59 ± 1 mm in interna! diameter and 85 mm high, Ad* 
just the apparatus aceording to the manufacturer's 
manuał. 

Settings 

Distance: 4 mm 
Test speed: 0.5 mm/s 

Analysis: Place the Sample in a bottle* Add 105 ml of 
water, place a watch glass over the bottle, and allow to 
stand for 1-4 h, Heat rn a water bath at 65 ±2° for 15 
min. While heating, stir gently with a glass rod. Ensure 
that the solution is uniform and that any condensed 
water on Lhe inner walls of the bottle is incorporated. 
Aflow to cool at room temperaturę for 15 min, and 
transfer the bottle to a thermostatically contro lled bath 
at 10*0 ± 0 . 1 °, fitted with a device to ensure that the 
platform on which the bottle stands is perfectly hori- 
zontaL Close the bottle with a rubber stopper, and al- 
low to stand for 17 ± 1 h* Remove the sample bottle 
from the bath, and qulękły wipe the water from the 
exterier of the bottle. Center lhe bottle on the platform 
of the Apparatus so that the plunger contacts the sam* 
ple as nearly at its midpoint as possible, and start the 
measurement 

Acceptance criteria: 80%-12G% of the labeled nomi¬ 
nał value 

• Iron 

Atomie absorption spectrometry, standard addltions 
method 

Iron standard solution (8 ppm): Dissolve 80 mg of iron 
in 50 mL of hydrochlonc acid [220 g/L of hydrogen 
chloride (HG)], and dilute with water to 1000*0 mL, 
Immediately before use, prepare a 1 JO dilution with 
water. 

Standard Solutions: Prepare the Stondord Solutions us- 
ing the Iron standard soiution t diluted with water as 
necessary. 

Sample solution: In a conical fiask add 10 mL of hydro- 
chioric acid [37% m/m of hydrogen chloride (HCI)J to 
5,00 g of the substance to be examined. Close the 
fiask, and place in a water bath at 75 o -80° for 2 h* (If 
necessary for proper solubilization, the gelatin may be 
allowed to swell after addition of the acid and before 
heating, the heating time may be prolonged, and a 
higher temperaturę may be used,) Allow to cool, and 
adjust the contents of the fiask with water to 100.0 g* 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852),) 

Analytical wavelength: 248*3 nm 
Acceptance criteria: NMT 30 ppm 

• CHROMIUM 

Atomie absorption spectrometry, standard addltions 
method 

Chromium standard solution {100 ppm): 0,283 mg/ 
mL of potassium dtehromate (K 2 O 2 O 7 ) in water 
Standard Solutions: Prepare the Standard Solutions us- 
ing the Chromium standard solution , diluted with water 
if necessary* 


Sample solution: Use the Sample solution described in 
the test for iron, 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852),) 

Analytical wavelength; 357,9 nm 
Acceptance criteria: NMT 10 ppm 

* ZlNC 

Atomie absorption spectrometry, standard addltions 
method 

Zinc standard solution (1 0 ppm): Dissolve 0*440 g of 
zinc sulfate heptahydrate and 1 ml of acetic add 
(300 g/L of C 2 H 4 O 2 ) in water, and dilute to 100*0 mL. 
Immediately before use, prepare a 1:100 dilution in 
water. 

Standard Solutions: Prepare the Standard Solutions us- 
ing the Zinc standard solution, diluted rf necessary with 
water* 

Sample solution: Use the Sample solution described in 
the test for Iron. 

Instrumental conditions 
(See A tomie Absorption Spectroscapy (85 2 ).) 

Analytical wavelength: 213*9 nm 
Acceptance criteria: NMT 30 ppm 

* LOSS ON DRVfNG (731) 

Sample: 5.0 g 

Analysis: Dry the Sample in an oven at 105° for 16 h. 
Acceptance criteria: NMT 15% 
o Microbial Enumeration Tests (61) and Tests for Speci 
fied Microorganisms (62): The total bacterial count 
does not exceed 10 3 cfu/g, the total yeasts and molds 
count does not exceed 10 2 cfu/g, and the tests for Sal¬ 
monella speeres and Escherichia coli are negative* 

ADD1TIONAL REQUIREMENT5 

* Storage; Protect from heat and moisture* 

o Labelinc: The label States the Gel Strength (Bioom Value) 
or that it is a non-gelling grade. 


Gellan Gum 


[71010-52-1]* 

DEFINITION 

Gellan Gum is a hfgh-molecular-weight pofysaccharide gum 
produced by a pure-culture fermentation of a carbohy- 
drate with Pseudomonas efodeo , purified by recovery with 
i so pro pyl alcohol, and then dried and milled. It is a heter- 
opolysaccharide comprismg a tetrasaccharide repeating 
unit of one rhamnose, one glucuronic add, and two glu- 
cose units* The glucuronic acid is neutralized to mixed 
potassium, sodium, calcium, and magnesium salts. It may 
contain acyl (glyceryl and acetyl) groups as the O-glyco- 
sidtcally linked esters. It yields NtLT 3,3% and NMT 6 . 8 % 
of carbon dioxide, calculated on the dried basis. 

IDENTIFICATION 

* A* 

Sample solution: Nydrate 1 g of Gellan Gum in 99 mL 
of ddomzed water. Stir the mixture for 2 h, using a 
motorized stirrer and a propeller-type stirring blade. 
Analysis: Draw a smali amount of the solution obtained 
into a wide-bore pipet, and transfer it to a 10 % calcium 
chloride solution, [Notę—R eserve the remaming portion 
of this solution for Identification test 8 *] 

Acceptance criteria: A touoh, wormlike qel will form 
instantly, 

« B 

Sample solution: The remaining Sample solution from 
Identification test A 

Analysis: Add 0*5 g of sodium chloride, heat the solu¬ 
tion to 80°, stirring eon stan tly, and hołd at 80° for 1 
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min. Stop heating and stirring the solution, and allow it 
to cool to room temperaturę. 

Acceptance criteria: A firm gej will form. 

ASSAY 

* Alginates Assay (311) 

Sampie: 1.2 g of undrled Gellan Gum 
Analysis: Proceed as directed for the Procedurę En the 
chapter* 

Acceptance criteria: 3.3%-ó*8% of carbon dioxide on 
the dried basEs 

IMPURmES 

a LEAD (251) 

Test preparation: Prepare as directed, using a 2.0-g 
portion of GeJlan Gum. Use 4 mL of Óiiutea Standard 
Lead Solution (4 jag of Pb) for the test. 

Acceptance criteria: NMT 2*0 pg/g 

■ Arsenic, Method II (211): NMT 3.0 pg/g 
o Limit of Isopropyi Alcohol 

InternaJ standard solution: 1 mg/mL of tertEary butyl 
alcohol 

Standard stock solution: 1 mg/mL of isopropyl alcohol 
Standard solution: Pipet 4 ml of the Standard stock so¬ 
lution and 4 mL of the tnternal standard solution In to a 
100-mL vofumetric fiask, difute with water to volume, 
and mix. 

Sampie solution: DJsperse 1 mL of a sultable antifoam 
emulsion En 200 mL of water contained En a IGOO-mL, 
round-bottom distilling fiask having a 24/40 standard 
taper ground joint. Add 5 g of Gellan Gum, and shake 
for 1 h on a wrist-action mechanical shaker, Connect 
the fiask to a fractionating column, and distill about 
100 mL, adjusting the heat so that foam does not enter 
the column. Add by pipet 4 mL of the Interna! standard 
solution, and mix. 

Chromatographte system 
(See Chromatograpny (621), System Suitability.) 

Modę: GC 

Detector: Flame ionizatton 

Column: 3.2-mm x 1.8-m stainless Steel; packed with 
80- to 100-mesh surface silanized packing S3, or 
equivalent 
Temperatures 
Column: 1 65° 

Detector: 200° 

Injection port: 200 c 
Carrier gas: Helium 
Injection vo!ume: 4-5 )iL 
Analysis 

Samples: Standard solution and Sampie solution 
[Notę—T he retention time of tertfary butyl alcohol is 
1*5 re!ative to that of isopropyl alcohol.] 

Calculate the amount of isopropyl alcohol in the por¬ 
tion of Gellan Gum taken: 

Result = {Ru/Rs) x ( C s /Cu ) x 100 

Ru = peak response ratio of isopropyl alcohol to the 
interna! standard from the Sampie solution 
Ri - peak response ratio of isopropyl alcohol to the 
interna] standard from the Standard solution 
Q = eoncentration of isopropyl alcohol in the 
Standard solution (mg/mL) 

Cu = eoncentration of the Sampie soiution (mg/mL) 
Acceptance criteria: NMT 0.075% 

SPECIFiC TESTS 

a Microbial Emumeration Tests (61) and Tests for Speci 
FIEd IVS!icroorganissvjs (62): It meets the reguirements of 
the tests for absence of Salmonella species and Escherichia 
coli . The total aerobic microbml count is NMT 10^ cfu/g, 
and the total combined molds and yeasts count is NMT 
IG* cfu/g. 

* Articles of Botanical Origin, Total Ash (561): 

4.0%-14>0% on the dried basis 


o Loss on Drying (731) 

Analysis: Dry at 105° for 2,5 h. 

Acceptance criteria: NMT 15.0% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storace: Presen/e in well-closed contain- 
ers, and storę at room temperaturę. 


Pharmaceutical Glaze 


DEFINITION 

Pharmaceutical Glaze is a specially denatured alcoholic solu- 
tion of Shellac contaEning between 20.0% and 57.0% of 
anhydrous shellac and is madę with either dehydrated al- 
cohof or alcohol containEng 5% water by voiume. The 
solvent is a specially denatured alcohol approved for glaze 
manufacturing by the Interna! Revenue Service. It contains 
NLT 90.0% and NMT 110.0% of the labeled amount of 
shellac, It may contain waxes and titanmm dioxide as an 
opaguing agent* 

BDENTBFECATBON 


Change to read: 

® A* 

Sampie: RemainEng sampie solution retained from the 
Assay 

Analysis: Pour the Sampie from a vo!umetric fiask onto 
a dean glass piąte, and place the piąte in a nearly verti- 
cal position. After drainage is complete, allow the re- 
sulting film to dry in a well-ventiJated place at 20° for 1 
h, then place the piąte in an oven at a temperaturo of 
43* for 16-24 h. Cool, and scrape the film from the 
piąte with a sharp blade, discarding the thick edges. To 
50 mg of the solid shellac from the film add a few 
drops of a mfxture of I g of ammonium molyhdate and 
3 mL of sulfuric add. Re ta i n the remaining film for the 
tests for Identification of Aieuritic Acid and Sheilolic Acid 
by Th in-Layer Chromatogrophy and (omm\ Mw-am 
Rosin . 

Acceptance criteria: A green color is produced, and It 
becomes IE!ac on standing for 5 min. 

* B* Identification of Aleurihc Acid and Shellolic Acid by 
Thin-Layer Ghromatography 

Standard solution: ó mg/mL of U5P Aieuritic Acid RS in 
methanol, heating slightfy if necessary 
Solid shellac sampie: 500 mg of soltd shellac from the 
film p rep a red in Identification test A 
Sampie solution: Wetgh and finely powder the Solid 
shellac sampie. Transfer 500 mg of the finely powdered 
shellac to a test tubę and heat with 4 ml of 85-mg/mL 
sodium hydroxide solution in a vigorously boiling water 
bath for 5 min. Cool, add 1 0 mL of ethyf acetate, and 
transfer the content to a separatory funnel* With stir- 
ring, add slowly 4 mL of a 1 20-mg/mL solution of gla- 
dalacetic acid to the funnel. Shake the solution thor- 
oughly and withdraw the lower layer. Transfer the 
upper layer to a smali fiask, add anhydrous sodium sui¬ 
ta te, and pass the content through a 0.45-pm syringe 
filter. 1 Collect the filtrate and use it as the sampie, 
Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromato¬ 
grophy,) 

Modę: TLC 

Platę: 10-cm x 20-cm, or 20-cm x 20-cm, silica gel 60 
F254 

Application volume: l Ojul, as 8-mm bands. [Notę— 
An automated apparatus may be used.] 


1 A 0,45-pnn CHP membranę syringe filter is suitable. 
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Developing solvent system: Ethyl acetate, methylene 
chloride, methyl alcohol, and acetic add (60:32:8:1) 
Spray reagent: Prepare the anisaldehyde solution by 
mixing in the following order. In 0,5 ml of 
anisaldehyde add 10 mL of glaclal acetic add, 85 mL 
of methyf alcohol, and 5 mL of sulfuric add, 

Analysis 

Sam pies: Standard solution and Sample solution 
Deve!opment: Apply the Sampies in different bands to 
the previous!y marked starting point on a TLC piąte, 
and deyelop the piąte two times over a path of 15 cm. 
Dry the piąte in air. 

Detection: Spray wrth Spray reagent. Heat the piąte at 
100°-105 a for 10 min, and examine in dayfight (or 
white light), 

fNOTE—The principal band of aleuritic acid shows 
strong intensity and purpte color. The retardation fac- 
tor (R f ) for the principal band of aleuritic acid is 0,41. 

A blue-gray band with medium intensity at Rf 0.22 
could be assigned to shellolic acid,] 

Acceptance criteria: The chromatogram from the 5om- 
ple solution shows several colored bands. One of the 
coiored bands Es similar in position and color to the 
band in the chromatogram from the Standard solution , 
and Et is assigned to aleuritic acid. Below the aieuritic 
acid band, a blue-gray band is assigned to shellolic 
acid, 

ASSAY 
* Procedurę 

Sample solution A: When testing Glaze that does not 
contain titanium dioxide, transfer a quantity of Glaze 
containing 17 g of shellac to a 100-mL yolumetric fiask, 
and add alcohol to volume. Pipet 3 mL into a tared dish 
containing 10 g of washed sand and a smali glass rod, 
Retain the remaining solution in the yolumetric fiask for 
Identification test A . The tarę weight indudes the com* 
bined weights of the dish, the washed sand, and the 
lass rod. 

tir until a uniform mixture is obtained, allow the glass 
rod to remain in the dish, dry at 105° for 1 h in an 
explosion-proof oven, cool, and weigh, 

Sample solution B: When testing Glaze that contains 
titanium dioxide, transfer a guantity containing 10 g of 
solids to a beaker, and add 10 mL of alcohoL Filter off 
the pigment with the a id of a yacuum. Wash the filter 
with alcohol; transfer the com bined fil trale and wash- 
ing, with the ald of alcohol, to a 200-mL volumetric 
fiask; add alcohol to yoltime; and mix. Pipet 6 ml into a 
tared dish containing 10 g of washed sand and a smali 
glass rod. Proceed as directed in Sample sotution A , be- 
ginning with "The tarę weight,,.". 

Analysis: The weight of shellac, Wt t in g, in the guan¬ 
tity of Glaze taken is obtarned by subtracting the tarę 
weight from the finał weight of the dried dish and 
contents. 

For Glaze not containing titanium dioxide calculate the 
percentage of shellac in the ąuantity of Glaze taken: 

Result = [(W f /Vf) * Vt]fWx 100 

Vf = fina! volume used, 3 mL 
V t - initial volume prepared, 100 mL 
W = weight of Glaze (g) for preparation of 100-mL 
solution 

For Glaze containing titanium dioxide calculate the 
percentage of shellac in the guantity of Glaze taken: 

Result = [ (Wf/V f ) x V,}/Wx 100 

V f - fina! yolume used, 6 mL 
V( - initial volume prepared, 200 mL 
W - weight of Glaze (g) for preparation of 200-mL 
solution 


Acceptance criteria: 90.0%-110.0% of the labeled 
amount of shellac 

OTHER C0MP0NENTS 

■ Wax 

Sample: Weigh, by difference, a guantity of Glaze con¬ 
taining 10 g of shellac into a 200-mL taff-form beaker, 
Analysis: To the Sample add with sttrring 150 mL of hot 
water containing 2.5 g of sodtum carbonate, immerse 
the beaker in a boiling water bath, and stir until the 
solid is dissoived. Cover the beaker with a watch glass, 
and maintain the heat for 3 h morę without agitation, 
Remove the beaker to a cold water bath. When the wax 
bas floated to the surface, pass the solution through 
medrum-speed quantitative ashtess filter paper, transfer- 
ring the wax to the paper, and wash the filter with 
water, Pour 5-10 mL of alcohol onto the filter to fadli- 
tate drying. Wrap the paper loosefy in a larger piece of 
filter paper, bind with a piece of fine wire, and dry wiLh 
the aid of gentle heat. Extract with chloroform in a suit- 
able continuous extraction apparatus for 2 h, ustna a 
weighed fiask to receive the extracted wax and solyent. 
Evaporate the solvent, and dry the wax at 105° to con- 
stant weight 

Acceptance criteria: It meets the reguirements in Tobie 


Tabte 1 


Type of Shellac 

Wax 

Oranae shellac 

NMT 5.5% 

Reflned oranae shellac 

NMT 0.2% 

Reaular bleached shellac 

NMT 5.5% 

Refined bleached shellac 

NMT 0.2% 


IMPURITIES 


Delete the following: 

Heavy Metals, Method II (231) 

Test preparation: The film prepared in Identification 
test A 

Acceptance criteria: NMT 10 ppm# t-i*iv 2 o^> 

* ROSIN 

Sample: 2 g of the solid shellac from the film prepared 
In Identification test A 

Analysis: Dissolve the Sample by shaking with 10 mL of 
dehydrated alcohol. Add slowly, with shaking, 50 mL of 
solyent hexane, wash with two successtve 50-mL por- 
tions of water, filter the washed alcohol-solyent hexane 
solution, and evaporate to dryness. To the resrdue add 
2 mL of a mixture of liguefiedphenol, dehydrated alco¬ 
hol, and solyent hexane (1: 0.5: 2). Stir, and transfer a 
portion of the solution to the cavlty of a coior-reactlon 
piąte. Fili an adjacent cavity with a mixture of bromine 
and solyent hexane (1:4), and cover both cavities with 
an inverted watch glass. 

Acceptance criteria: No purple or deep Endigo-blue 
color is produced in or above the liguld containing the 
residue. 

5FECIFIC TESTS 

* Acid Value 

Sample: Weigh, by difference, a quantity of Glaze con¬ 
taining 2 g of shellac, 

Analysis: Dissoive the Sample in 50 mL of alcohol that 
has been neutralized to phenolphthalein with 0,1 N so- 
dium hydroxide, add additlonal phenolphthalein T5 if 
necessary, and titrate with 0,1 N sodium hydroxtde V5 
to a pinfe endpoint, or determine the endpoint potenti- 
ometrically (see Titrimetry (541)). [Notę —For Glaze com 
taining orange shellac, titrate slowly, stlrring yrgorously, 
until a glass rod dipped into the tltrated solution pro- 
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duces a cofor change when touched to a drop of 
thymol blue TS on a spot piąte.] 

Ex press the acid value in terms of the number of mg of 
potassium hydroxide reguired per g of drred shellac 
Calcu lale the acid value as directed in Fats and Fixed 
Oils (401}, Acid Value . 

Acceptance criteria: It meets the reguirements in 

Tobie 2, 


tor, repeat the titration, adding the necessary volume 
of titrant before adding the indicator. Bring the con- 
tenis of the second fiask to boiling, and similarJy ti- 
trate with the Sampie solution , 

Calcu late the dextrose equiva!ent, on the anhydrous 
basis, taken: 

Result = (C s /Co) x (V s /Vu) x [ 1/(1 - 0.01 x A)] x 1 00 


Talii e 2 


Type of Shellac 

Add Vtilue 
(on Dried Basisl 

Oranqe shelEac 

68-76 

Refrned oranae shellac 

68-79 

Reqular bfeached shellac 

73-89 

Refined bleached shellac 

75-91 


AODITBONAL REQUIREMENTS 

o Packaging ano Storage: Preserve in tight, lined metal or 
piastic contalners, protected from excesslve heat, p refera- 
bly at a temperaturę below 25°* 
o LA8ELING: Label it to indicate the type of shellac Label If 
also to indicate the shellac concentration, the composi- 
tion of the solvent, and the guantity of titanium dioxide, 
rf present Where titanium d:oxide or waxes are present, 
the label must State that the Glaze reguires mixing 
before use. 

• U SP Reference Standards (11) 

USP Aleuritic Acid RS 


ClMconoiactofie —see Gluconolactone 
General Monographs 


Liguid GEiacose 

[8027-56-3]. 

DEFINITION 

Liquid Glucose is a product obtained by the incom plete hy- 
drolysis of starch. It consists chiefly of dextrose, aextnns, 
maftose, and water. 

IDENTIFICATION 

o A, It meets the reguirements in the Assayfor Reducing 
Sugars (Oextrose Equivatent). 

ASSAY 

9 Reducing Sugars (Dextrose Equevalent) 

Methylene biue solution: 10 mg/mL 
Standard solution: 6 mg/mL of USP Dextrose R5 
Sampie solution: Transfer a guantity of Liguid Glucose, 
equivalent to about 3.0 g of reducing sugars (dextrose 
equiva!ent), to a 500-mL volumetric fiask, and dilute 
with water to volume. 

Analysis 

Sampies: Standard solution and Sampie solution 
Transfer 25,0-mL portions of aikaJine cuprrc tartrate TS 
to each of two boiling flasks. Bring the contents of 
one fiask to boiling with i n about 2 min while titrating 
with Standard solution to within 0.5 mL of the antich 
pated endpoint. Boil gently for 2 min, Continue to 
boli gently, add 2 drops of Methylene bfue solution, 
and complete the titration within 1 min by adding 
the Standard solution dropwise or in smali merements 
untfl the blue color disappears, determined by vrew- 
ing agalnst a white background in daylight or under 
equiva!ent illumination. [f morę than 0.5 mL of the 
titrant was regulred after the addition of the fndtea- 


Cj = concentration of USP Dextrose RS in the 
Standard solution (mg/mL) 

Cu = concentration of dextrose equivalent in the 
Sampie solution (mg/mL) 

V s - Titrant voiume consumed by the Standard 
solution (mL) 

V u - Titrant volume consumed by the Sampie 
solution (mL) 

A = pencentage of water in the Uquid Glucose 
taken 

Acceptance criteria: 90%-110% of the labeied value 
on the anhydrous basis 

IMPURIT1E5 

O RESIDUE ON 1GNITION (281): NMT 0.5% 

Delete the following: 

*• Heavy Metals (231) 

Test preparation: Mix 2.0 g of Liguid Glucose with 
water to make 25 mL 

Acceptance criteria: NMT 10 pg/g* (offaiaii^oia) 

« SULFITE 

Sampie solution: 5 g in 50 mL of water 
Analysis: To the Sampie solution add 0.2 mL of 0.1 N 
iodine, then add 0.5 ml of starch TS. 

Acceptance criteria: A blue color i$ produced. 

o Starch 

Sampie solution: 5 g in 50 mL of water 
Analysis: Boil the Sampie solution for 1 min, cool, and 
add 0.2 mL of 0,1 N iodine. 

Acceptance criteria: No biue color is produced. 

SPEOFIC TESTS 
O AClDiTY 

Sampie solution: 5.0 □ in 15 mL of water 
Analysis: To the Sampie soiution add 5 drops of phenol- 
phtnalein TS, and titrate with 0.10 N sodtum 
hydroKide* 

Acceptance criteria: NMT 0.60 mL of 0.1 0 N sod rum 
hydroxide is reguired to produce a pink color, 

■ Water Determination, Method la (921) 

Sampie: 100 mg 

Acceptance criteria: NMT 21.0% 

ADD1TIONAL REQUIREMENTS 

o Packaging and Storage: Preserve in tightly closed com 
tainers. No storage requirements spedfied. 
e Labeling: Label it to indicate the natura! source of starch. 
Label it to indicate its nominał dextrose equivalent 

• USP Referemce Standards (11) 

USP Dextrose RS 


L-Glutamłc Acid, HydrochloHde 



* MCI 


C 5 H 9 NO, ■ HO 183.59 

L-2-Aminoglutaric acid, hydrochloride; 

2-Aminopenlanedioic acid, hydrochloride [138-15-8]. 
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DEFINITION 

L-Clutamrc Acid, Hydrochloride, contains NLT 98.5% and 
NMT 101.5% of C 5 H 0 NO 4 - HCI, calculated on the dried 
basis. 

IDENTIFICATION 

• iNFRARED ABSORPTiON (197K) 

ASSAY 

* Procedurę 

Sam ple: 100 mg of L-Clutamic Acid, Hydrochloride, 
previously dried 

Analysis: Dissolve the Sample in 0* *5 ml of water, add 
15.0 mL of 0.1 N perchloric acid VS, and heat on a 
water bath for 30 min. After cooling, add 45 mL of qla- 
cial acetic add, and titrate the excess perchloric acid 
with 0.1 N sodium acetate, determining the endpoint 
potentlometrically. Perform a blank determinatlon (see 
Titńmetry {541)). Each mL of 0*1 N perchforic acid is 
equrvaJent Lo 18.36 mg of C 5 H 9 NO 4 ■ HC!. 

Acceptance criteria: 98.5%-1Ó1.5% on the dried basis 

9MPURIT1ES 

flnorganic Impuiitśes 

o Residue on Jgnition (281): NMT 0.25% 


Delete the fotłowing: 

** Heavy Metals, Method i (231): NMT 5 ppm# (OffTrial 
2016 ) 

5PECIFIC TESTS 

* Optical Rotation, Spetific Rotodon (781S): +25.2° to 
+25.8°, determined at 20° 

Sample solution: 1 00 mg/mL, in 2 N hydrochloric acid 
» ŁOSS on Drying (731): Dry a sampfe at 80° for 4 h: It 
loses NMT 0.5% of its werght 

ADDITIONAL REQUIREMENTS 

* PACKAGING and Storage: Storę in wefl-closed, light-resis- 
tant containers. 

^ U5P Reference Standards (11) 

USP L-Glutamic Add, Hydrochloride RS 


Glutaral Disinfectant Solution 


DEFINITION 

Glutaral Disinfectant Solution contains NLT 100*0% and 
NMT 1 10 * 0 %, by weight, of the labeied amount of 
giutaraidehyde (CsHaO?). 

IDENTIFICATION 

* A, MELTiNG RANCE OR TEMPERATURĘ <741) 

2,4-Dlnitrophenylhydrazine reagent: To 0.8 g of 2,4- 
dinitrophenylhydrazine add 4 mL of sulfunc acid, then 
add 6 mL of water, dropwise, with swiriing. When dis- 
solution is essentially complete, add 20 mL of alcohol, 
and fllter Use the fiftrate* 

Sample: 5 mL 

Analysis: To 20 ml of 2,4-Dlnitrophenylhydrazine reagent 
add the Sample, mix by swiriing, and allow to stand for 
5 min* Coliect the precipitate on a filter, and rinse thor- 
oughly with alcohol. DissoJve the precipitate in 20 mL 
of not ethylene djchtoride, filter, and cooi the fiftrate in 
an ice bath until crystaJlization occurs, Coliect the pre¬ 
cipitate on a filter Redissolve the precipitate by refiux- 
ing with 30 mL of acetone, fil ter, and cool the fil tratę in 
an rce bath until crystallization occurs. Coliect the pre¬ 
cipitate on a filter. 

Acceptance criteria: The 2,4-dinitrophenylhydrazDne so 
obtained melts between 185° and 195°, witnrn a 3 D 
rangę. 


ASSAY 
o Procedurę 

Buffer: Dissolve 2.59 g of monobaslc potassium phos- 
phate and 6.77 g of anhydrous dibasic sodium pnos- 
phate in 500 mL of water in a 1000-mL volumetric 
fiask. Di lute to volume. 

Hydroxylamine hydrochloride solution: 70 pg/mL of 
hydroxylamine hydrochloride in Buffer 
Standard solution: 50 jug/mL of giutaraidehyde in 
water from Glutaral Concentrate 

Standard blank solution: Add 10.0 mL of Standard so¬ 
lution and 10.0 mL of Buffer to a 50-mL volumetric fiask, 
and dilute with water to volume. 

Sample solution: 50 pg/mL of giutaraidehyde m water 
from Disinfectant Solution 

Sample blank solution: Add 10.0 mL of Sample solution 
and 10*0 mL of Buffer to a 50-mL voJumetrie fiask, and 
difute with water to volume* 

Reagent blank solution: Add 10*0 mL of Buffer and 
1 0.0 mL of Hydroxylamine hydrochloride solution to a 
50-mL vo!umetnc fiask, and dilute with water to 
volume* 

Instrumental conditions 
Modę: UV 

Analytical waveiength: 238 nm 
Blank: Reagent blank solution 
Analysis 

Samples: Standard solution , Standard bfank solution, 
Sample solution, and Sample blank solution 
Transfer 10.0 mL each of the Standard solution and the 
Sample solution to sępa ratę 50-mL volumetric flasks. To 
each fiask add 10.0 ml of Hydroxylamine hydrochloride 
solution , dilute with water to volume, mix, and allow 
each fiask to stand for 25 min. 

Concomitantly determlne the absorbances of the Stan¬ 
dard solution , Sample solution, Standard blank solution, 
and Sample blank solution. 

Calculate the percentage of the labeied amount of 
giutaraidehyde (CsHsOz) in the portion of Disinfectant 
Solution taken: 

Result = [(A u - Aub)/(As - A Sb )] x (G/Cu) x 100 

A u = absorbance of the Sample solution 

Aub - absorbance of the Sample blank solution 

A 5 = absorbance of the Standard solution 

Ast - absorbance of the Standard blank solution 

G - concentration of giutaraidehyde in the 
Standard solution (pg/mL) 

Cu = concentration of the Sample solution (pg/mL) 
Acceptance criteria: 100.0%-110.0% 

SPECIFIC TESTS 

* PH (791): 2*7-3,7 

ADDITIONAL REQUIREMENT5 

® Packaging and Storage: Preserve in tight, light-resistant 
containers, and avold exposure to excessive heat. 


Glycerin —see Ciycerin General Monographs 


GByceryl Behenate _ 

(Title for this monograph—not to change until December J , 
2019) 

(Priar to December l f 2019 f the current practice of labeling 
the artide of commerce with the name Clyceryl Behenate 
may be continued. Use of the name Clyceryl Di behenate 
will be permitted as of December 7, 2014; however, the 
use of this name will not be mandatory until December l f 
2019 * The óOmonth extension will provide the tlme 
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needed by manufacturers and u sers to make necessary 
changes.) 

DEFINITJON 

Glyceryl Behenate is a mixture of diglycerides, mainly glyc¬ 
eryl dibehenate, together wlth variable guantities of 
monoglycerides and triglycerides. ft contains NLT 15.0% 
and IMMT 23.0% of monoglycerides, NLT 40.0% and 
NMT 60,0% of diglycerides, and NLT 21.0% and NMT 
35.0% of tnglycerides, It is obtained by esterification of 
gfycerin wtth behenic (docosanoic) acid. The fatty add 
may be of vegetable or synthetic origin. 

IDENTIFICATION 

o A, It rneets the requirements for the content of digfycer- 
ides in the Assay. 

* IB. It meets the recjulrements for Fats and Fixed Oils {401), 

Fatty Acid Composition in Specific Tests. 

* C, Meltimg Rangę or Temperaturę, Ctass tl ( 741 ): 

6S a -77° 

ASSAY 
■ Procedurę 

Mobile phase; Tetrahydrofuran 

System suitabiliŁy solution: 40.0 mg/mL of USP Glyc¬ 
eryl Behenate RS in tetrahydrofuran. Heat gently at 
about 35°. 

Sam ple solution: 40.0 mg/mL of Glyceryl Behenate En 
tetrahydrofuran. Heat gently at about 35°. Determine 
the total mass of solvent and substance. 

Chrom atographic system 
(See Chromatography (621), System Suita bili ty.) 

Modę: LC 

Detector: Refractive index 

Column: 7.5-mm x 60-cm; 5-pm 100-A packing L21 
[Notę—T wo 7.5-mm x 30-cm L21 columns may be 
used in place of one 60-cm column, provlded system 
suitability reguirements are met.] 

Temperatures 
Detector: 35° 

Column: 35° 

Flow ratę: 1.0 ml/min 
Injection volume: 40 pL 

[NOTE—Maintain the temperaturę of the sampie at 35° 
to avoid precipitation.] 

System suitability 

Samples; System suitability solution and Sampie solution 
Suitability reąuirements: The retention times of the 
major peaks of the Sampie solution correspond to those 
of the System suitability solution. 

[Notę—T he relative retention limes for triglycerides, di- 
glycerides, monoglycerides, and glycerin are about 
0.73, 0.76, 0.82, and 1.0, respectEvely,] 

Anaiysis 

Sampie: Sampie solution 

Calcuiate the percentage of monoglycerides in the par¬ 
don of Glyceryl Behenate talcen: 

Result = [(r u ,/r s ) x (100 - A - - D 

- peak area of monoglycerides 
r$ = sum of the peak areas of monoglycerides, 
diglycerides, and triglycerides 
A = content of free glycerin from Limit of Free 
Glycerin (%) 

B - content of water from the Water Determination 
test in Specific Tests (%) 

D - content of free fatty acids (%) using the 
foliowing formula: 

D - 41/ x x 7 000)] x 1 00 

AV - acid value, determined fn the Acid Value test in 
Specific Tests 

M r j == molecuiar weight of behenic acid, 340.58 


M r2 = molecuiar weight of potassium hydroxlde, 

56,11 

1 000 = converslon of mg to g 
Calcuiate the percentage of diglycerides In the portion 
of Glyceryl Behenate taken; 

Result = ( fui/rs) x (100 - A- B) 

fu? - peak area of diglycerides 
r 5 = sum of the peak areas of monoglycerides, 
diglycerides, and triglycerides 
A = content of free glycerin from Limit of Free 
Glycerin (%) 

B - content of water from the Water Determination 
test in Specific Tests (%) 

Calcuiate Lhe percentage of triglycerides in the portion 
of Glyceryl Behenate taken: 

Result - (Wr*) x (1 00 - A - B) 

rm - peak area of triglycerides 
r% = sum of the peak areas of monoglycerides, 
diglycerides, and triglycerides 
A = content of free glycerin from Limit of Free 
Glycenn (%) 

B - content of water from the Water Determination 
test in Specific Tests (%) 

Acceptance crfteria 
Monoglycerides: 15.0%-23.0% 

Diglycerides: 4Q.0%-60.0% 

Triglycerides: 21.0%-35,0% 

iMPtmmEs 

* Residue on Ugnition <281): NMT 0.1% 

Delete the foliowi ng: 

•* Heavy Metals, Method ll (231): NMT 10 fig/g* (omaai i- 

jan-201B] 

o Limit of Free Glycerin 

Mobile phase, System suitability solution, and Chro- 
matoaraphlc system: Proceed as directed fn the 
Assay * 

Standard stock solution: 4.0 mg/mL of USP Glycerin 
RS in tetrahydrofuran 

Standard Solutions: To four 15-mL flasks transfer 0.25, 
0.5, 1.0, and 2.0 mL of the Standard stock solution, re- 
spectively, and add 5.0 mL of tetrahydrofuran. Deter¬ 
mine the concentration for each (mg/g). 

Sampie solution: Transfer 0.2 g of Glyceryl Behenate to 
a 15-mL fiask, and add 5.0 ml of tetrahydrofuran. Heat 
gently at about 35°. Determine the total mass of sok 
vent and substance. 

System suitability 

Samples: System suitability solution and Sampie solution 
Suitability requirements: The retention times of the 
major peaks of the Sampie solution correspond to those 
of Lhe System suitability solution. 

[Notę—T he relatlve retention times for triglycerides, di¬ 
glycerides, monoglycerides, and glycerin are about 
0,73, 0,76, 0.82, and 1,0, respectively.] 

Anaiysis 

Samples: Standard Solutions and Sampie solution 
Using the chromatograms from the Standard Solutions , 
measure the responses for the glycerin peaks. Plot the 
concentration, In mg/g, of USP Glycerin RS in the 
Standard Solutions versus the glycerin peak responses 
obtained, From the standard curve so obtained, deter¬ 
mine the glycerin concentration, C, in mg/g, In the 
Sampie solution . 

Calcuiate the percentage of free glycerin in the portion 
of Glyceryl Behenate taken: 

Result = (C/Cu) x 100 
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C = concentration of glycerin determined from the 
callbration curve in the Sampie sotution 
(mg/g) 

Cu ~ concentration of Glyceryl Behenate in the 
Sampie solution (mg/g) 

Acceptanee cnteria: NMT 1.0% 

5PECIFIC TIESTS 

e Fats and Fixed Giłs, Acid Value, Method I (401) 

Sampie: 1 g 

Analysis: Suspend the Sampie in 50 mL of a mixture of 
alcohol and toluene (1:1) witli gentle heating, Continje 
as directed in Fats and Fixed Oiis (401), Acid Value, be- 
ginning with "Add 1 mL of phenolphthalein TS". 
Acceptance criteria: NMT 4 

® Fats and Fixed Oils, Fatty Acid Compositlon (401): Glyc¬ 
eryl Behenate exhibits the compositlon profile of fatty 
acids in Tobie l f as determined in the cnapter. 


Table 1 


Carbon-Cłiain 

Lenqth 

No. of 

Double Bonds 

Percentage 

(%) 

16 

0 

<3.0 

18 

0 

£5.0 

20 

0 

£10.0 

22 

0 

£8 3.0 

22 

1 

<3.0 

24 

0 

<3.0 


* Water Determination, Method la (921): NMT 1.0% on 

1,0-g sampie. Use pyridine as the solyent. 

ADDITIONAL R£QUIREM!ENTS 

• Packaging and Storage: Preserve in tight contatners at a 
temperaturę not higher than 35°. 

o Labeling: tabel to indicate the origin of behenit acid 
and glycerin. 

# USP Reference Standards (11) 

USP Glycenn RS 

USP Glyceryl Behenate RS 


Glyceryl DifoehercaŁe _ 

(Title for this monograph—not to become official until De¬ 
cember 7, 2019) 

(Prior to December 1 , 2019 , the current practke of labeling 
the articie of commerce with the name Glyceryl Behenate 
may be continued. Use of the name Glyceryl Dibehenate 
will be permitted as of December 1, 2014; however, the 
use o f this name will not be mon do tory until December 7, 
2019, The 60-month extension will provide the time 
needed by manufacturers and u sers to make necessary 
changes,) 

DEFINmON 

Glyceryl Dibehenate is a mixture of digłycerides, mainly 
glyceryl dibehenate, together with variable guantities of 
monoglycerides and tnglycerides. It contains NLT 15.0% 
and NMT 23.0% of monoglycerides, NLT 40.0% and 
NMT 60.0% of digłycerides, and NLT 21,0% and NMT 
35.0% of triglycerldes. It is obtained by esterification of 
glycerin with behenic (docosanoic) acid. The fatty acid 
may be of vegetabfe or synthetic origin, 

IDENTIFICATION 

o A. It meets the reguirements for the content of digfycer- 
ides in the Assay. 

«» B. It meets the reguirements for Fats and Fixed Oils (401), 
Fatty Acid Compositlon In Spedfic Tests . 

* C Melting Rangę or Temperaturę, Class II (741): . 

65°-77° 


ASSAY 
o procedurę 

Mobile phase: Tetra hydrofit ran 

System suitability solution: 40.0 mg/mL of USP Glyc¬ 
eryl Dibehenate RS in tetrahyd refu ran. Heat gentiy at 
about 35°. 

Sampie solution: 40.0 mg/mL of Giyceryl Dibehenate 
in tetrahydrofuran. Heat gentiy at about 35°. Determine 
the total mass of solvent and substance. 
Chromatographic system 
(See Chromatograpny {62 1), System Suita bili ty.) 

Modę: LC 

Detector: Refractive index 

Column: 7,5-mm x 60-cm; 5-pm 100-A packing L21 
[Notę—T wo 7.5-mm x 30-cm L21 columns may be 
used En place of one 60-cm column, provided system 
suitability reguirements are met] 

Temperatures 
Detector: 35° 

Column: 35° 

Flow ratę: 1.0 mL/min 
Injection volume: 40 pL 

[NOTĘ— Maintain the temperaturę of the sampie at 35° 
to avoid precipitation.] 

System suitability 

Sam pies: System suitability solution and Sampie solution 
Suitability reguirements: The retention tfmes of the 
major peaks of the Sampie solution correspond to those 
of the System suitability solution. 

[Notę—T he relative retention times for tnglycerides, di¬ 
głycerides, monoglycerides, and glycerin are about 
0.73, 0.76, 0.82, and 1.0, respectively.] 

Analysis 

Sampie: Sampie solution 

Calculate the percentage of monoglycerides in the por¬ 
tion of Glyceryl Dibehenate taken: 

Result - [(rut/r$) x (1 00 - A - 5)] - D 

rui - peak area of monoglycerides 
r 5 = sum of the peak are as of monoglycerides, 
digłycerides, and trigfycerides 
A ~ content of free glycerin from Limit of Free 
Glycerin (%) 

B = content of water from the Water Determination 
test En Spedfic Tests (%) 

D = content of free fatty acids (%) using the 
folfowtng formula: 

D = AVx x 1000)] x 100 

AV - acid value, determined in the Acid Value test in 
Spedfic fests 

~ molecular weight of behenic acid, 340.58 
Mti = molecular weight of potassium hydroxide, 

56.11 

1000 - converslon of mg to g 
Calculate the percentage of digłycerides in the portion 
of Giyceryl Dibehenate taken: 

Result = (W/s) x (100-4-0) 

rm - peak area of digłycerides 
Ts = sum of the peax areas of monoglycerides, 
digłycerides, and tnglycerides 
A - content of free glycerin from Limit of Free 
Glycerin (%) 

B ~ content of water from the Water Determination 
test in Spedfic Tests (%) 

Calculate the percentage of tnglycerides in the portion 
of Glyceryl Dibehenate taken: 

Result = (r 0 j/r$ x (100-4-0) 

rui - peak area of tnglycerides 
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n = sum of the peak areas of monoglycerides, 
diglycerides, and triglycerides 
A = content of free glycenn from Limit of Free 
Glycerin (%) 

B - content of water from the Water Determination 
test in Spedfic Tests (%) 

Acceptance criteria 
Monoglycerides: 15.0%=23.G% 

Diglycerides: 40.O%-ćO,O% 

Triglycerides: 21.096-35.0% 

IMPURIT1ES 

* Residue on Ignition (281): NMT 0.1% 


Detete the foltowing: 

** Heavy Metals, Method ii <231): NMT 10 fig/g# mKlA] h 

jan 201B) 

o Liiviit of Free Clycerin 

Mobile phase, System suitability solutfon, and Chro¬ 
ma tographit system: Proceed as directed in the 
Assay. 

Standard stock solution: 4.0 mg/mL of U5P Glycerin 
RS in tetrahydrofuran 

Standard sofutions: To four 15-mL flasks transfer 0.25, 
0,5, 1,0, and 2.0 mL of the Standard stock solution, re- 
spectively, and add 5,0 ml of tetrahydrofuran, Deter- 
mine the concentration for each (mg/g), 

Sample solution: Transfer 0.2 g of Clyceryl Dibehenate 
to a 15-mL fiask, and add 5*0 mL of tetrahydrofuran. 
Heat gently at about 35°. Determine the total mass of 
solvent and substance. 

System suitability 

Samples: System suitability solution and Sample solution 
Suitability regulrements: The retention times of the 
major peaks of the Sample solution correspond to those 
of the System suitability solution. 

[NOTĘ —The relative retention times for triglycerides, di¬ 
glycerides, monoglycerides, and glycerin are about 
0.73, 0,76, 0.82, and 1,0, respectively.] 

Analysis 

Sampies: Standard Solutions and Sample solution 
Using the chromatograms from the Standard Solutions, 
measure the responses for the glycerin peaks. Plot the 
concentration, in mg/g, of USP Glycerin RS in the 
Standard Solutions versus the glycerin peak responses 
obtained, From the standard turve so obtained, deter¬ 
mine the glycerin concentration, C, In mg/g, in the 
Sample solution. 

Calculate the percentage of free glycerin in the portion 
of Clyceryl Dibehenate taken: 

Result = (C/Qx100 

C = concentration of glycerin determined from the 
calibration curve in the Sample solution 
(mg/g) 

Cu - concentration of Clyceryl Dibehenate in the 
Sample solution (mg/g) 

Acceptance criteria: NMT 1.0% 

SPECIFIC TESTS 

• Fats ano Fixed Oils, Add Vaiue f Method I (401) 

Sample: 1 g 

Analysis: Suspend the Sample in 50 mL of a mixture of 
alcohol and toluene (1:1) with gentie heating* Continue 
as directed in Fats and Fked Oils (401), Actd Volue f be- 
ginning with "Add 1 mL of phenolphthalein TS"* 
Acceptance criteria: NMT 4 

* Fats and Fixed Oils, Tafty Acid Composition (401): Glyc- 
eryl Dibehenate exhibits the composition profile of fatty 
adds In Tobie 7, as determined in the chapter. 


Table 1 


Carb on-Chain 
Unqth 

No* of 

Double Bond; 

Pcrcentagc 

(°/<0 

16 

0 

<3.0 

18 

0 

<5.0 

20 

0 

£10.0 

22 

0 

>8 3.0 

22 

1 

£3.0 

24 

Q 

£3.0 


• Water Determination, Method la (92 1): NMT 1*0% on 

1,0-g sample, Use pyridine as the solvent* 

ADDITIONAL REQUIREMENT5 

• Packaging and Storage: Preserve in tight containers at a 
temperaturę not higher than 35°. 

• Labeling: Label to indicate the origin of behenic acid 
and glycerin. 

• USP Reference Standards (11) 

USP Clycerin RS 

USP Clyceryl Dibehenate RS 


Glyceryl Distearate 

625.01 

[1B23-8B-7]. 

DEFINITION 

Clyceryl Distearate is a mixture of diglycerides, mainly glyc- 
eryi distearate, together with variable quantities of mono¬ 
glycerides and triglycerides, It contains MLT 8.0% and 
NMT 22.0% of monoglycerides, NLT 40*0% and NMT 
60.0% of diglycerides, and NLT 25*0% and NMT 35*0% 
of triglycerides* It is obtained by partia! glycerolysis of 
vegetable oil that consists mainly of triglycerides of pal- 
mitic or stearic acid or by estermcation of glycerol with 
stearic acid* The fatty acids may be of veqetable or animal 
origin. 

IDENTIFICATION 

* A, It meets the reguirements in Spedfic Tests for Melting 

Rangę or Temperaturę , Oass II (741), 

• B. Thin-Layer Chromatdgraphic Identification Test 

( 201 ) 

Standard solution: 50 mq/mL of USP Glyceryi Dis¬ 
tearate RS in methyfene cnloride 
Sample solution: 50 mg/mL in methylene chloride 
Chromatographk system 

Developing solvent system: Ether and hexane (70:30) 
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol 
Analysis: Proceed as directed in the chapter. Spray with 
the Spray reagent , and locate the spots on the piąte by 
examination under UV light at a wavelength of 365 
nm. 

Acceptance criteria: The principal spot of the Sample 
solution corresponds in co lor, size, and Rf value to that 
of the Standard soiution. 

ASSAY 
» Procedurę 

Mobile phase: Tetrahydrofuran 
Sample solution: 40 mg/mL of Clyceryl Distearate rn 
tetrahydrofuran 
Chromatographk system 
(See Chromatograpny (62 1), System Suitability.) 

Modę: LC 

Detector: Refraetive index 

Column: 7.5-mm x 60-cm; 5-pm 100-A packing L21. 
[NOTĘ—Two or three 7.5-mm x 30-cm L21 columns 
may be used in place of the one 60-cm column, pro- 
vrded that System suitability reguirements are met. The 
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column temperaturę may be fowered to ambient tem¬ 
peraturę, altnough worklng at 40° provides stable sep- 
aration condittons and ensures better sample 
solubility,] 

Temperatures 

Detector: 40° 

Column: 40 c 
Flow ratę: 1 mL/min 
Injection volume: 40 j.lL 
System suitability 
S a m p I e: Sam ple solu tion 

[NOTĘ—The relative retention tfmes for trlglycerides, dr- 
glycerides, monoglyeerides, and glycerin are 0.75, 
0.78, 0.84, and 1,0, respectivelyj 

Suitability reguirements 

Resolutron: NLT 1.0 between the digfycerides and 
monoglyeerides peaks 

Relative standard deviation: NMT 2.0%, determlned 
from the monoglyeerides peak 
Analysis 

Sample: Sample solution 

Calculate the percentage of monoglyeerides, diglyeer- 
ides, and trlglycerides in the portion of Glycery] Dis¬ 
tearate taken: 

Resuft - (ru/rj) x 100 

ru - indlvidual peak response for the 

monoglyeerides, diglycerides, and 
trlglycerides, as appropriate 
r T = sum of the responses for a 11 of the gfyceride 
peaks 

Acceptance criteria 
Monoglyeerides: 8.0%-22,0% 

Diglycerides: 40.0%-60.0% 

Trigfycerides: 25,Q%-35.0% 

IMPURITtES 
o limit of Michel 

[Caution —When usrng dosed high-pressure digestion ves- 
sels and microwave laboratory eguipment, be familiar 
with the safety and operating instructions given by the 
manufacturer.] 

Magnesium nitrate solution: 5 mg/ml_ of magnesium 
ni tratę 

Standard stock solution: Transfer 5.0 mL of nickel stan¬ 
dard solution TS to a 10-mL volumetnc fiask. Add 
0.5 mL of nitric acid and 1,0 ml of 30% hydrogen per- 
oxide, and dilute with water to volume, 

Standard Solutions: Into four identicaJ 25-mL yolumet- 
ric flasks, each contamrng 6 mL of nitric add, transfer 
20, 50, 100, and 150 pL, respecth/ely, of the Standard 
stock solution f and dilute with water to vol u me, These 
Solutions contain 4, 10, 20, and 30 ng/mL of nickel, 
respectlvely. 

Sample solution: Transfer 0,1 g of Glyceryl Distearate 
into a suitable high-pressure resistant digestion vesse! 
(fluoropolymer or quartz), and add 6.0 ml of nitric acid 
and 2.0 ml of 30% hydrogen peroxide. Place the 
dosed vessel in a laboratory microwave oven, and di- 
gest using an appropriate program (for example, 250 
W for 10 min; 600 W for 5 min; 400 W for 5 min; and 
250 W for 7 min). Allow the digestion vesseJ to tooi 
before opening, Quantitatively transfer the contents to 
a 25-mL volumetnc fiask, ano dilute with water to 
voJume. 

Blank: Add 6.0 mL of nitric acid and 2,0 mL of 30% 
hydrogen peroxide to a high-pressure-resistant diges¬ 
tion vessel, and proceed as drrected for the Sample 
solution. 

Zero solution: Transfer 6.0 mL of nitric acid into a 
25-mL volumetric fiask. Dilute with water to vofume. 


Instrumental conditions 

(See Atomie Absorptlon Spectroscopy (852).) 

Modę: Atomie absorptlon spectrophotometry 
equipped with a pyroiytically coated tubę with a 
platform 

Analyticai wavelength: 232 nm 
Lamp: Nickel hoflow-cathode 
Graphite furnace parameters: Maintain the drying 
temperaturę of the furnace at 100° for 10 s after a 
10-s ramp, the ashing temperaturę at 1400° for 10 s 
after a 20-s ramp, and the atomization temperaturę at 
2500° for 5 s. Use the Zero solution to set the instru¬ 
ment to zero. 

Analysis 

Samples: Into seven separate 25-mL flasks, each eon- 
taining 5.0 mL of Magnesium nitrate solution , transfer 
respectively 10.0 mL of each of the followingr the 
Sample solution, the Blank, the four Standom Solutions , 
and the Zero solution, 

Concomitantly determine the absorbances of the Sam¬ 
ples at least three times each, Record the average of 
the steady readfngs for each of the Solutions. [Notę—I f 
necessary, dilute the Sample solution with the Zero so¬ 
lution to obtain a readlng within the calibrated absorb- 
ance rangę.] 

Acceptance criteria: NMT 1 pg/g 

9 Limit of Free Glycerin 

Mobile phase, Sample solution, Chromatographic sys¬ 
tem, and System suitability: Proceed as directed in 
the Assoy . 

Standard Solutions: 0.2, 0.4, 1.0, and 2,0 mg/mL of 
glycerin in tetrahydrofuran 

Analysis 

Samples: Standard Solutions and Sample solution 
Plot the glycerin peak responses versus the concentra- 
tlon of glycerin in the Standard Solutions, From the 
standard curve so obtained, determine the glycerin 
concentration in the Sample solution. 

Calculate the percentage of free glycerin in the portion 
of Glyceryl Distearate taken: 

ResuEt = (C/Cu) x 100 

C = concentration of glycerin in the Sample 

solution from the standard curve (mg/mL) 

Cu - concentration of Glyceryl Distearate In the 
Sample solution (mg/mL) 

Acceptance criteria: NMT 1.0% 

SPECIFIC TE5TS 

o Mełtinc Hance or Temperaturę, C/oss // (741): 50 3 -70° 

» Fats and Fixed Oils, Add Value <401) 

Sample: 1.0 g 

Analysis: Use a mixture of alcohol and toluene (1:1, v/ 
v) as the solvent and with gentle heating. 

Acceptance criteria: NMT 6,0 

* Fats and Fixed Oils, Fatty Acid C omposition (401): The 
fatty acid fraction of it eon tai ns NLT 40,0% of stearic 
acid, and the sum of the contents of palmitic and stearic 
acids is NLT 90.0%. 

» Fats and Fixed Oils, lodine Value (401): NMT 3.0 

* Fats and Fixed Oils, Saponlficadon Vaiue( 401) 

Sample: 2.0 g 

Analysis: Carry out the titration with heating. 
Acceptance criteria: 165-195 
o Water Determination, Method I (921) 

Analysis: Use pyridine in place of methanol in the titra¬ 
tion vessei. 

Acceptance criteria: NMT 1.0% 
e Articles of Botanical Origin, Total Ash (561): NMT 
0 . 1 % 

ADDETIONAL REQUiREMIENT5 

* Packagjng and Storage: Preserve in tight containers. No 
storage regutrements are specified. 
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• USP Reference standards (11) 
USP Glyceryl Distearate RS 


Glyceryl Monocaprylate 



OH 


CuHuO* 218.29 

Octanok acid, monoester with 1,2,3-propanetriol; 

Caprylic add monoglyceride; 

Glyceryl monooetanoate; 

Monocapryl glyceride [26402-26-6]. 

DEFINITION 

Glyceryl Monocaprylate is a mixture of glyceryl monoesters, 
mainly mono-Ó-octanoylglycerol, contalning variable 
quantities of diesters and triesters of fatty acids composed 
predominately of caprylic acid* The reguirements for 
monoester, dl ester, and tfiester content differ for the two 
types of Glyceryl Monocaprylate, as set forth jn the ac- 
companying table: 


Cool, remove the condenser, add about TO mL of Satu- 
roted sodium chloride solution , shake, add a quantity of 
Saturated sodium chloride solution to brfng the upper 
layer up to the neck of the fiask, and allow the layers to 
separate. Collect 2 mL of the n4ieptane layer (upper 
layer), wash with three guantities each of 2 mL of 
water, and dry the n-heptane phase over anhydraus so¬ 
dium sulfate. 

Chromatographic system 

(See Chroma tography (62^), System Suita bili ty,) 

Modę: CC 

Detector: Flame ionization 

Coiumn: 0.53-mm x 30-m capillary bonded with a 
1.0-pm layer of phase G16 
Temperatures 
Injection port: 250° 

Detector: 250° 

Coiumn: See Tobie L 


Table 1 


Enltial 

Temperaturę 

n 

Temperaturę 

Ramp 

r/mlnł 

Finał 

Temperaturę 

O 

Hołd Time at 
FinaJ 

Temperaturę 

(min> 

50 

20 

180 


180 

9 

240 

12 



Content of 
Monoesters 

_ 

Content of 
Diesters 

_ 

Content of 
Triesters 

im 


Min. 

Max. 

Min. 


Min. 

Max. 

Type 

40.0 

75.0 

20.0 

50,0 

— 

15.0 

Type 

II 

75.1 

— 

— 

24.9 

— 

5.0 1 


IDENTIFICATION 
* A. Fatty Acid Composition 

Boroń trifluoride methanol solution: 140 mg/mL of 
boron trifluoride in methanol 

Saturated sodium chloride solution: Mix 1 part so¬ 
dium chloride with 2 parts water, shake from time to 
time, and allow to stand. Before use, decant the solu¬ 
tion from any undissotved substance and fil ter, If 
necessary. 

Standard solution 1: 1.0 mg/mL of USP Methyl 
Caproate RS, 1.0 mg/mL of USP Methyl Capryfate RS, 
and 2.0 mg/mL of USP Methyl Caprate R5 m n-heptane 
Standard solution 2: 0.1 mg/mL of USP Methyl 
Caproate RS, 0.1 mg/mL of USP Methyl Capryfate RS, 
and 0,2 mg/mL of USP Methyl Caprate RS m n-heptane, 
diluted from Standard solution 1 

Standard solution 3: Prepare an ester mixture either by 
mixing a commercially available ester mixture with 
methyl caprylate and methyl caprate or by using USP 
Methyl Caproate RS, USP Methyl Caprylate RS, USP 
Methyl Caprate RS, USP Methyf Laurate RS, and USP 
Methyl Myristate RS. Dissolve a ąuantity of the pre- 
parea ester mixture containlng methyl caproate, methyl 
caprylate, methyl caprate, methyl laurate, and methyl 
myristate in n-heptane to make a solution of about 
9.0 mg/mL for methyl caprylate, 1.0 mg/mL for methyl 
caprate, and 0.05-0,1 mg/mL for each of the other 
methyl esters, 

Sample solution: Transfer 100 mg of Glyceryl Mono¬ 
caprylate to a 25-mL conieal fiask fitted with a suitable 
water-cooled reflux condenser and a magnetic stir bar. 
Add 2 mL of a 20-mg/mL solution of sodium hydroxide 
In methanol, mlx, and reflux for about 30 min. Add 
2 ml of Boron trifluoride methanol solution through the 
condenser, and reflux for about 30 min. Add 4 mL of n- 
heptane through the condenser and reflux for 5 min. 


Carrier gas: Helium 
How ratę: lOmL/min 
injection volume: 2 \il 
Injection type: Split injection, split ratio h 4:1 
System suitability 

Samples: Standard solution 1 and Standard solution 2 
[NOTi—The retative retention times for methyl caproate, 
methyl caprylate, and methyl caprate are about 0.7, 
1.0, and 1.3, respeetively.j 
Suitabriity reąuirements 

Resolutron: NLT 4.0 between methyl caprylate and 
methyl caprate peaks, Standard solution 7 
Signal-to-noise ratio: NLT 10 for the methyl 
caproate peak. Standard solution 2 
Analysis 

Samples: Standard solution 3 and Sample solution 
Measure the peak areas for the methyl esters of the 
fatty acids. Disregard any peaks witn an area less than 
0.05% of the to ta f area and any peak due to the soh 
vent, [Notę—R elative retention times for severa! 
methyl esters are sumnwized tn Tobie 2.] 


Table 2 


CarfaonChaln 

Length 

Nom ber 

of Double Bonds 

Relative 

Retention 

Times 

ć 

0 

0.7 

S 

Q 

1.0 

10 

0 

T3 

12 

0 

1.6 

14 

0 

1.9 


Take the main component in Standard solution 3 as a 
reference component and calcu late the callbration fac- 
tor, FpĄf for each fatty acid methyl ester: 


FfA - (Fh, fC X PfAl x Ak4c)/(Pmc x 4 M j) 

F mc = factor for the main component, 1 
Pfai - percentage by weight of the fatty add methyl 
ester in Standard solution 3 
Amc = peak area for the main component In 
Standard solution 3 

Pmc = percentage by weight of the main component 
in Standard soiution 3 
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A F ąj = peak area for the fatty acid methyl ester En 
Standard solution 3 

Calculate the percentage of the fatty acid methyl ester 
by weight in the portion of Glyceryl Monocaprylate 
taken: 

Result - l(AfA 2 x Ffa)/At ] x 100 

Afa 2 = peak area for the fatty acid methyl ester in the 
Sampie solution 

Ar = sum of the peak areas for the fatty acid 
methyl esters in the Sampie solution 
Acceptance criteria: Glyceryl Monocaprylate exhibits 
the composition profile of fatty adds shown In Tobie 3. 


labie 3 


Carbon-Cbam 

Lenqth 

Number of Double 
Bonds 

Percentage 

(%, w/w) 

6 

0 

£l.0 

3 

Jjg 

£90.0 

10 

0 

< 10.0 

12 

0 

Si .0 

14 

0 

< 0,5 


* B. Glyceride Content: It meets the reouirements of the 
test for Contents of Monoglycerides, Diglycerides, and Ja¬ 
głycerides in the Assay. 

o C Fats and Fixed OlLS, Saponificatbn Value {401} 
Glyceryl Monocaprylate Type I: 266-300 
Glyceryl Monocaprylate Type II; 245-2 72 

AS5AY 

» Contents of Monoglycerides, Diglycerides, and 
Triglycerides 

System suitabiHty solution; 20 mg/ml each of 
1 -monooctanoyr-rac-glycerol and 1 -monodecanoyl-rac- 
glyceroi in tetrahydrofuran 

Standard solution: 50 mg/mL of USP Glyceryl Mono 
ca pry Ea te RS in tetrahydrofuran 

Sampie solution: 50 mg/ml of Gfyceryl Monocaprylate 
in tetrahydrofuran 
Chromatagraphk system 
(See Chromatagraphy {62^, System SuitabiHty.) 

Modę: GC 

Detector: Ramę ionization 
Column: 0.32-mm x 10-m bonded wrth a 0,1-pm 
layer of phase G27 
Temperatures 
Injection port: 350° 

Detector: 370° 

Column: See Table 4. 


Tabłe 4 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

P/min) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

60 

__ 

60 

3 

60 

8 

340 

12 


Carrrer gas; Helium 
Flow ratę: 2,3 mL/min 
injection volume: 1 pi 

injection type: Split injection, splft ratio Es 50:1 
System surtaoility 

Samples: System suitabiHty solution and Standard 
solution 

[Notę—T he typical refative retention times for mono- 
glycerides, diglycerides, and triglycerides are 1,0-1.2, 
1.5-1.9, and 2.0-23, respectively, Standard solution] 


Suita bility requirements 

Resofution: NLT 5,0 between 1-monooctanoyl-rac- 
gfycerol and 1-monodecanoyhrac-glycerol peaks, Sys¬ 
tem suitabiHty solution 

Anaiysrs 

Samples: Standard solution and Sampie solution 

Based on the chromatogram from the Standard solution , 
identify the peaks due to monoglycerides, diglycerides, 
and triglycerides in the Sampie solution * 

For the calculatEon of the contents of monoglycerides, 
diglycerides, and triglycerides, disregard the peaks 
with retention times less than those of the monoglyc¬ 
erides, which are due to impurities of the solvent and 
to the free fatty adds, 

Calculate the percentage content of free fatty acids (O): 

Ci - [(Ia x f x M r t)/Mtf] x 100 

Ią - acid value for Glyceryl Monocaprylate, 

determined from the test for Fats and Fixed 
OilSf Acid Value 

F - conversion factor, 10 3 g/mg 

= molecular weight of caprylic acid, 144,21 g/ 
mof 

M f 2 = molecular weiaht of potassium hydroxide, 

56.11 g/mol 

Calculate the percentage of monoglycerides, 
diglycerides, or triglycerides in the portion of Glyceryl 
Monocaprylate taken: 

Result = (nJr r ) x [(100 - C* - C w - C c )/100] x 1 00 

ru - peak responses of the monoglycerides, 

diglycerides, or triglycerides in the Sampie 
solution 

rr = sum of a II the glyceride peak responses in the 
Sampie solution 

Ca = percentage of free fatty adds, determined 
above 

Cw - percentage of water, determined from the test 
for Water Determination 

Cc = percentage of free gfycerin, determined from 
the test for Limit of Free Glycerol 

Acceptance criteria: See Table 5. 


Table 5 



Percentage 
{%, w/w) 


Monoglycer¬ 

ides 

Digłycerides 

Triglycerides 

Glyceryl 
Monocapry¬ 
late Type 1 

40,0-75,0 

20.0-50.0 

<15,0 

GlyceFyl 
Monocapry- 
Eate Tvoe II 

>75.1 

<24.9 

<5.0 


IMPURITIES 
* total ash 

Sampie: 1.0 g 

Anaiysrs: Heat a silica or platinum crucible to redness 
for 30 min, allow to cool in a desiccator, and weigh. 
Evenly distribute the Sampie in the crucibfe. Dry at 
100 Q -105° for 1 h and ignite to constant weight En a 
muffie furnace at 600 ± 25°, alfowing the crucible to 
cool in a desiccator after each ignition. Flames shouid 
not be produced at any time during the procedura, If 
after prolonged ignition the ash stilT contains black par- 
ticles, take up with hot water, pass through an ashless 
filter paper, and ignite the residue and the filter paper 
Combine the filtrate with the ash, carefulJy evaporate to 
dryness, and ignite to constant mass. 
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Acceptance criteria: NMT 0,5% 

* Limit of Free Glycerol 

Sample: 1 .2 g 

Blank: 25 mL of methylene chloride 
Periodie acetic acfd solution: Disso!ve 0.446 g of so- 
dium periodate in 2.5 mL of a 25% (v/v) solution of 
sulfuric acid, and dilute with gtadal acedc add to 
100.0 mL 

PoEassium iodide solution: 75 mg/mL of potassium 
iodide 

Titrimetrk system 
(See Tftrimetry (541).) 

Modę: Residual titration 

Titrant: 0.1 M sodium thiosulfate VS 

Endpoint deiection: Visual 

Analysis: Dissolve the Sample in 25 mL of methylene 
chloride. Heat to about 50° and ailow to cooL Add 
100 mL of water. Shake and add 25 mL of Periodic ace- 
tk add solution. Shake again and allow to stand for 30 
min, Add 40 mL of Potassium iodide solution , and altów 
to stand for 1 min. Add 1 mL of starch TS and Eitrate 
the liherated iodine with Titrant until the agueous phase 
becomes colorless. Perform a blank determination. 
Calculate the percentage of free glycerol in the portion 
of GlyceryI Monocaprylate taken: 

Result = {[(14- V s )xNxBx F]/W] x 100 

Vb = volume of Titrant consumed in the Blank 
titration (ml) 

Vs = vo!ume of Titrant consumed in the Sample 
titration (ml) 

N - actual normaiity of the Titrant (mEq/mL) 

E = equivafent factor for glycerol, 23 mg/mEq 
E = conversion factor, 10 3 g/mg 
W — weight of Glycery! Monocaprylate taken for 
the titration (g) 

Acceptance criteria: NMT 3.0% 

SPECIFIC TESTS 

* Fats and Fixed Oils, Add Value{ 401): NMT 3.0 

* Fats and Fixed Oils, Peroxide Value (401): NMT 1 

* Water Determination, Method la (921): NMT 1.0% 

ADDITIONAL REQUIREMENT5 

* Packaginc and Storage: Preserve in tight containers, 
and storę at room temperaturę. Protect from moisture. 

* Lab ELI NC: Label it to indicate the type (Type 1 or Type II). 

■ U5P Reference Standards (11) 

U5P Glyceryl Monocaprylate RS 
USP Methy! Caprate R5 
USP Methyl Caproate RS 
USP Methyf Caprylate RS 
USP Methyl Laurate RS 
USP Methyl Myristate RS 


ClyteyyE Monocaprylocaprate 


PH 



C11H22O4 

CtiH 

Octanoic add, monoester with 1,2,3-prapanetriol and deca- 
noic acid, monoester with 1,2,3-propanetrioi; 


Caprylic add monoglyceride and capric add monoglyceride; 

Glyceryl monooctanoate and glyceryl monodecanoate. 

DEFINITION 

Glycery[ Monocaprylocaprate h a mixture of glyceryl 
monoesters, mainly mono-G-octanoy[glycerol and mono- 
O-decanoylglycerol, containing variable quantities of dres- 
ters and triesters of fatty acids composed predominatefy 
of caprylic add and capric add. The requirements for 
monoester, diesfer, and tri ester content differ for the two 
types of Glyceryl Monocaprylocaprate, as set forth in the 
table: 



Content of 
Monoesters 

Content of 
Diesters 

(W 

Content of 
Triesters 

(°/q) 


Min. 


Min. 

Max. 

Min. 

Max. 

Type 

[ 

40.0 

75,0 

20.0 

50.0 

— 

15.0 

Type 

li 

75J 

— 

— 

24.9 

— 

5.0 


BDENTIF1GATION 
» A. Fatty Acid Composition 

Boroń trifluoride methanol solution: 140 mg/mL of 
boron trifluoride In methanol 

Saturated sodium chloride solution: Mix 1 part so¬ 
dium chloride with 2 parts water, shake from time to 
time, and allow to stand. Before use, decant the solu- 
tion from any undlssolved substance and filter, if 
nece ssaiy. 

Standard solution 1: 1.0 mg/mL of USP Methyl 
Caproate RS, 1.0 mg/mL of USP Methyl Caprylate RS, 
and 2.0 mg/mL of USP Methyl Caprate RS in n-heptane 
Standard solution 2: 0.1 mg/mL of USP Methyl 
Caproate RS, 0.1 mg/mL of USP Methyl Caprylate RS, 
and 0.2 mg/mL of USP Methyl Caprate RS In n-heptane, 
diluted from Standard solution 1 

Standard solution 3: Prepare an ester mixture either by 
mixing a commercially availabie ester mixture with 
methyl caprylate and methyl caprate, or by using USP 
Methyl Caproate RS, USP Methyl Caprylate RS, USP 
Methyl Caprate RS, USP Methyl Laurate RS, and USP 
Methyl Myristate RS. Dissolve a quantity of the pre- 
pared ester mixture containing methyl caproate, methyl 
caprylate, methyl caprate, methyl laurate, and methyl 
myristate in n-heptane to make a solution of about 
5.0-9.0 mg/mL for methyl caprylate, TO-5.0 mg/mL for 
methyl caprate, and 0.1-03 mg/mL for each of the 
other methyl esters. 

Sample solution: Transfer 100 mg of Glyceryl Mono¬ 
caprylocaprate to a 25-mL conical fiask fitted with a 
suitable water-cooled ref!ux condenser and a magnetic 
stir bar. Add 2 mL of a 20-mg/mL solution of sodium 
hydroxide in methanol, mix, and reflux for about 30 
min. Add 2 mL of Boron trifluoride methanol solution 
through the condenser and reflux for about 30 min. 

Add 4 mL of n-heptane through the condenser and re- 
flux for 5 min. Cool, remove the condenser, add about 

1 0 mL of Saturated sodium diloride solution , shake, add 
a quantity of Saturated sodium diloride solution to bring 
the upper layer up to the neck of fhe fiask, and allow 
the layers to separate, Collect 2 mL of the n-heptane 
layer (upper layer), wash with three quantities each of 

2 mL of water, and dry the n-heptane phase over anhy- 
drous sodium sulfate. 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Column: 0.53-mm x 30-m capillary bonded with a 
1.0-pm layer of phase G1 6 
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Temperatures 
InjecOon port; 250° 
Detector: 250° 
Column: See Tobie h 


TabU 1 


Inłtial 

Temperaturę 

n 

Temperatura 

Ramp 

C/min) 

Finał 

Temperatura 

n 

Hołd Time 
at Finał 
Temperatura 
(min) 

50 

20 

180 

_ 

180 

9 

240 

12 


Carrier gas: Helium 
Flow ratę: 10 mL/mtn 
Enjection volume: 2 jliL 
Injection type: Split injection, split ratio ts 4:1 
System suitaoiiity 

Samples: Standard solution 1 and Standard solution 2 
[NOTĘ—The reJative retention times for methyl caproate, 
methyl capryiate, and methyl caprate are about 0.7, 
1,0, and 1.3, respectivefy.] 

Suitabilrty reguirements 

Resolution; NLT 4,0 between methyl capryiate and 
methyl caprate peaks, Standard solution 1 
Signabto-noise ratio: NLT 10 for the methyl 
caproate peak, Standard solution 2 
Analysrs 

Samples: Standard solution 3 and Sample solution 
Measure the pealc areas for the methyl esters of the 
fatty acids. Disregard any peaks with an area less than 
0.05% of the total area and any peak due to the sol- 
vent. [Notę—R elative retention times for several 
methyl esters are summarized in Tobie 2,] 


Table 2 


Carbon-Cbain 

Number of Double 
Bonds 

Relattae Retention 
Times 

6 

0 

0.7 

a 

0 

10 

10 

0 

1.3 

12 

0 

1.6 

14 

0 

1.9 


Take the ma in component i n Standard solution 3 as a 
reference component and calculate the calibration fac- 
tor, FfAf for each fatty acid methyl ester: 

FfA = (Fmc x Pfaj x Amc)/(Pmc x Apaj) 

Fmc = factor for the main component, 1 

Pm - percentage by weight of the fatty acid methyl 
ester in Standard solution 3 

Amc = peak area for the main component in 
Standard solution 3 

Pmc - percentage by weight of the main component 
In Standard solution 3 

Afai ~ peak area for the fatty acid methyl ester in 
Standard solution 3 

Calculate the percentage of the fatty acid methyl ester 
by weight in the portlon of Glyceryl 
MonocapryJocaprate taken: 

Result - [(A^ x Ffa)/A t ] x 100 

A F a 2 = peak area for the fatty acid methyl ester in the 
Sample solution 

At - sum of the peak areas for the fatty acid 
methyl esters in the Sample solution 

Acceptance crrteria: Glyceryl Monocapryfocaprate ex- 
hibits the composition profile of fatty acids shown in 
Table 3, 


TabU 3 


Carbon-Cham 

Length 

Number of Double 
Bonds 

Percentage 
l Q /o> w/w) 

6 

0 

<3,0 

8 

0 

50.0-90.0 

10 

0 

10.0-50.0 

12 

0 

<3.0 

14 

0 

£1.0 


* IB. Glyceride Content: It meets the reaulrements of the 
test for Contents of Monoglycerides, Diglycerides, and Tri- 
glycerides in the Assay. 

* C. Fats and Fixed Oils, Saponification Value (401) 

Glyceryl Monocaprylocaprate Type !: 250-280 
Glyceryl Monocaprylocaprate Type 1E: 225-255 

ASSAY 

o Contents of Monoglycerides, Diglycerides, and 
Triglycerides 

System suitabEIEty solution: 20 mg/ml each of 
1-monooctanoyKac-glycerol and l-monodecanoyl-rac- 
glycerol in tetrahydrofuran 

Standard sofution: 50 mg/ml of USP Glyceryl Mono¬ 
caprylocaprate RS in tetrahydrofuran 
Sample solution: 50 mg/mL of Glyceryl Monocaprylo¬ 
caprate in tetrahydrofuran 
Chromatographic system 
(See Chromatography {62^, System Suitability.) 

Modę: GC 

Detector: Ffame ionization 
Column: 0.32-mm x 10-m bonded with a 0.1 -jam 
layer of phase G27 
Temperatures 
Injection port: 350° 

Detector: 370° 

Column: See Table 4. 


Table 4 


Bnftial 

Temperaturę 

n 

Temperaturę 
Ramp 
(V mini 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperatura 
(mini 

60 


60 

3 

60 

8 

340 

12 


Carrier gas: Helium 

Flow ratę: 2.3 ml/min 

Injection vołume: IpL 

Injection type: Split injection, split ratio is 50:1 
System suitaoiiity 

Samples: Sys tem s u itability solution and S tandard 
solution 

[Notę—T he typlcal refative retention times for mono- 
glycerides, diglycerides, and triglycerides are 1,0-1.2, 
1.5-1,9, and 2.0-2.3, respectively, Standard solution.) 

Suitability reąuirements 

Resolution: NLT 5.0 between 1-monooctanoykrac- 
glycerol and 1-monodecanoyl-rac-glycero! peaks, Sys¬ 
tem suitability solution 

Anaiysrs 

Samples: Standard solution and Sample solution 

Based on the chromatogram from the Standard solution , 
identify the peaks due to monoglycerides, diglycerides, 
and triglycerides in the Sample solution. 

For the calculatlon of the contents of monoglycerides, 
diglycerides, and triglycerides, disregard the peaks 
with retention times less than those of the monoglyc- 
erides, which are due to Impurltles of the solvent and 
to the free fatty acids. 

Calculate the percentage content of free fatty acids (G): 

G = [(U X F X Mrl)/Mrz] x 100 
































NF 35 


Officiol Monographs / Glycery] 7687 


U - add value for G]yceryl Monocaprylocaprate, 
determined from the test for Fats ona Fixed 
Oiłs, Add Vafue 

F = conyersion factor, 1CH g/mg 

= molecular weight of caprylic add, 144,21 g/ 
mol 

Ma ~ molecular weight of potassium hydmxrde, 

56 A 1 g/mof 

CaEculate the percentage of monoglycerides, 
diglycerides, or triglycerides in the portion of GlyceryI 
Monocaprylocaprate taken: 

Result = (ru/rr) x [(100 - G - Cw - Cc)/100] x 100 

fu = peak responses of the monog tyce rides, 

diglycerides, or triglycerides m the Sample 
solution 

rj - sum of all the glyceride peak responses in the 
Sample solution 

Ca - percentage of free fatty adds, determined 
above 

Cw - percentage of water, determined From the test 
for Water Determination 

Cc - percentage of free glycerin, determined from 
the test for Limit of Free Ciyceroi 

Aeceptance criteria: See Table 5. 


Tabie 5 



Percentatie (%* w/w) 

Monoglycer- 

kies 

Dialycerides 

Tnglycerides 

Glyceryl Mono¬ 
caprylocaprate 
Type t 

40.0-75.0 

20.0-50.0 

<15.0 

Glyceryl Mono¬ 
caprylocaprate 
Type II 

>75.1 

<24.9 

£5,0 


IMPURJTIE5 

* Total Ash 

Sample: 1.0 g 

Analysis: Heat a silica or platinum crudble to redness 
for 30 min, ailow to cool in a desiccator, and welgh. 
Evenly distribute the Sample in the crudble. Dry at 
100°-105° for 1 h and ignite to constant weight in a 
muffle furnace at 600 ±25°, allowing the crudble to 
cool in a desiccator after each Ignition. Flames shoufd 
not be produced at any time during the procedurę. If 
after prolonged ignition the ash stilT contains biack par- 
ticles, take up with hot water, pass through an ash less 
filter paper, and ignite the residue and the filter paper 
Combine the filtrate with the ash, carefully evaporate to 
dryness, and ignite to constant mass. 

Aeceptance criteria: NMT 0.5% 

* Limit of Free Glycerol 

Sample: 1.2 g 

Blank: 25 mL of methylene chloride 

Periodlc acetic add solution: Dissolve 0.446 g of so- 
dium periodate En 2.5 mL of a 25% (v/v) solution of 
sulfuric acid, and drlute with glacial acetic add to 
100.0 mL. 

Potassium iodide solution: 75 mg/rnL of potassium 
iodide 

Ti tri metr i c system 
(See Titrlmetry (541).) 

Modę: Residual titration 

Titrant: 0.1 M sodium thiosulfate VS 

Endpoint detection: Vlsual 

Analysis: DissoIve the Sample in 25 mL of methylene 
chloride. Heat to about 50° and ailow to cool. Add 
100 mL of water. Shake and add 25 mL of Periodie ace¬ 
tic add solution. Shake again and ailow to stand for 30 
min. Add 40 mL of Potassium iodide solution and ailow 


to stand for 1 min. Add 1 mL of starch TS and titrate 
the liberated iodine with Titrant unti! the agueous phase 
becomes colorless. Perform a blank determination. 
Calculate the percentage of free glyceroJ in the portion 
of Glyceryl Monocaprylocaprate taken: 

Result - {[(Vfl - V$) x N x E x F\/W} x 100 

14 = Titrant volume consumed in the Blank titration 

(mL) 

V* - Titrant volume consumed in the Sample 
titration (mL) 

N = actual norma! ity of the Titrant (mEq/mL) 

E - equrvalent factor for glycerol, 23 mg/mEq 
F - conversion factor, 10- 3 g/mg 
W ~ weight of Glyceryl Monocaprylocaprate taken 
for the titration (g) 

Aeceptance criteria: NMT 3.0% 

SPECIF8C TESTS 

* Fats AND FIXED OlLS, Add Vaiue (401): NMT 3.0 

« Fats and Fixed Ojls, Peroxide Vaiue (401); NMT 1 
■ Water Determination, Method la (921): NMT 1.0% 

ADDITIONAL REQUIREMENTS 

e PACKAGING AND 5TORAGE: Preserve in tight containers, 
and storę at room temperaturę. Protect from moisture. 

* Labeung: Labę] it to indicate the type (Type 1 or Type II). 

* USP Referencie Standards (11) 

U5P Glyceryl Monocaprylocaprate RS 

USP Methyl Caprate RS 

USP Methyl Caproate RS 

USP Methyl Caprylate RS 

USP Methyl Laurate RS 

USP Methyl Myristate RS 


Ciyceryfl MonolinoBeate 


354.5 

[26545-74-4], 

DEFINITION 

Glyceryl Monolinoleate rs a mixture of monoglycerides, 
malnly glyceryl monooleate and glyceryl monolinoleate, 
togetner with varfab!e guantities of digfycerides and tri- 
giycerides. It is obtained by partial glycerolysls of vegeta- 
ble oil that consists mainly of triglycerides of linoleic acid. 
It contains NU 32.0% and NMT 52.0% of monoglycer¬ 
ides, NLT 40.0% and NMT 55,0% of diglycerides, and 
NLT 5,0% and NMT 20.0% of triglycerides. A suitable an- 
tioxldant may be added. 


IDENTiFSCATION 

* A. Thin-Layir Chrom atographic Identification Test 

( 201 ) 

Standard solution: 50 mg/mL of USP Glyceryl Monoli- 
nofeate RS in methylene chloride 
Sample solution: 50 mg/mL In methylene chloride 
Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromato- 
graphy.) 

Developing solvent system: Ether and hexane (70:30) 
Spray reagent: 0.1 mg/mL of rhodamine B in aicohol 
Analysis: Proceed as directed in the chapter. Spray with 
the Spray reagent , and Jocate the spots on the piąte by 
examination under UV light at a wavelength of 365 
nm, 

Aeceptance criteria: The principai spot from the Sam- 
ple solution corresponds in color, size, and R r value to 
that of the Standard solution. 

* B. it meets the requirements in Spedfic Tests for Fats and 

Fixed Oils, Iodine Vaiue (401). 
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» C !t meets the recjuirements in Spedfic Tests for Fats and 
Fixed Oils, FottyAad Composition (401), 

ASSAY 
* Procedurę 

Mobile phase: Tetrahydrofuran 

Sample solution: 40 mg/mL of Glyceryl Monolinoleate 
En tetrahydrofuran 
Chromatographic system 
(See Chmmatography (62 1), System Su i ta bili ty,) 

Modę: LC 

Detector: Refractive index 

Column: 7.5-mm x 60-cm; 5-|_im 1G0-A packing L21 
[NOTĘ—Two or three 7.5-mm x 30-cm L21 columns 
may be used in place of the one 60-cm column, pro- 
vEded that system suitability reguirements are met. The 
column temperaturę may be lowered to ambient tem¬ 
peraturę, altnough woridng at 40° provides stable sep- 
aration conditions and ensures better sample 
sol u bil i ty. j 
Temperatures 
Detector: 40° 

Column: 40° 

Flow ratę: 1 mL/min 
Injection volume: 40 pL 
System suitability 
Sample: Sample solution 

[NDTE—The re(ative retention times for tnglycerides, dl- 
glycendes, monoglycerides, and glycerin are about 
0.76, 0.80, 0.86, and 1,0, respectiyely,] 

SuitabNity requirements 

Resolution: NLT 1.0 between the digtycerides and 
monoglycerides peaks 

Relative standard deviation: NMT 2.0%, determined 
from the monoglycerides peak 
Analysis 

Sample: Sample solution 

Calculate the percentage of monoglycerides, diglycer¬ 
ides, and tnglycerides in the portion of Glyceryl 
Monolinoleate taken: 

Result = (ru/fj) x 100 

fu ~ individual peak response for the 

monoglycerides, diglycerides, and 
tnglycerides, as approprEate 
r r - sum of the responses for all of the giyceride 
peaks 

Aceeptance criteria 
Monoglycerides: 32.Q%-52.0% 

Diglycerides: 40.0%-55.G% 

Triglycerides: 5.0%-20.0% 

IMPURITIES 
« Limit of Free Glycerin 

Mobile phase, Sample solution, Chromatographic sys¬ 
tem, and System suitability: Proceed as directed in 

the Assay. 

Standard Solutions: 0.4, 1.0, 2.0, and 4.0 mg/mL of 
glycerin in tetrahydrofuran 
Analysis 

Samples: Sample solution and Standard Solutions 
Plot the glycerin peak responses obtained versus the 
concentration of glycerin in the Standard Solutions. 
From the standard curve so obtained, determlne the 
glycerin concentration in the Sample solution. 

Calculate the percentage of free glycerin In the portion 
of Glyceryl Monolinoleate taken: 

Result i= (C/Cu) x 100 

C - concentration of glycerin in the Sample 

solution from the standard curve (mg/mL) 

Cu - concentration of Glyceryl Monolinoleate in the 
Sample solution (mg/mL) 


Aceeptance criteria: NMT 6.0% 

SPECIFIt TESTS 

» Fats and Fixed Oils, Add Value <401) 

Sample: 1 .Od 

Aceeptance criteria: NMT 6.0 

* Fats and Fixed Oils, lodine Value <401): 100-140 

* Fats and Fixed Oils, Peroxide Value <401) 

Sample: 2,0 g 

Aceeptance criteria: NMT 12.0 

* Fats and Fjxed Oils, Saponification Value <401) 

Sample: 2.0 g 

Aceeptance criteria: 16CM80 
» Fats and Fixed Oils, Fatty Add Composition (401): See 
Tobie h 


Tabie 1 


Carbon-Chain 

Lenqth 

No. of 
Double 
Bonds 

Percentage 

(%) 

Ić 

0 

4,0-20.0 

18 

0 

NMT 6.0 

18 

1 

10.0-35 0 

18 

2 

NLT 50.0 

18 

3 

NMT 2,0 

20 

0 

NMT 1.0 

20 

1 

NMT 1.0 


* Water Determiwation, Method l (921) 

Analysis: Use a mixture of methanol and methylene 
chloride (1:1) in place of methanol in the titration 
vessel. 

Aceeptance criteria: NMT 1.0% 

« ARTICLES OF Botanical Origin, Total Ash <561): NMT 

0 , 1 % 

ADDITIONAL REQU1REMENT$ 

* PACKAG1NG and Storage: Preserve in fight confainers. No 
storage requirements specified. 

* Labeling: The labeling indicates the name and the con¬ 
centration of any added antioxidant. 

o liSP Reference Standards <11} 

USP Glyceryl Monolinoleate RS 


Glyceryl] Morcooleate 

Oleić acid, 2,3-dihydroxypropyl ester, (±); 

(ft5)-1-Glyceryl oleate 356.54 

[25496-72-4]. 

DEFBNITION 

Glyceryl Monooleate is a mlxture of monoglycerides, mainly 
glyceryl monooleate, together with variabfe quantities of 
diglycerides and triglycerides, It is obtained by partia! 
glycerolysts of vegetable oif that consists mainly of triglyc- 
erides of oleić acid, or by estenfication of glycerol with 
oleić acid of vegetab!e or ani mai ongin. It is defined by 
the nominał content of monoglycerides. The assay re- 
qulrements differ as set forth in fhe accompanying table. 

A suitable antloxidant may be added. 


Nominał Content of Mo noglyc erides (%) 



40 

60 

90 

Monoalycerides 

32.0-52.0 

SS.0-65.0 

90.0-1 01.0 

Diqtycerides 

30.0-50,0 

15.0-35.0 

<10.0 

Triqlvcerides 

5.0-20.0 

2.0-10.0 

<2.0 
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IDENTIFICATION 

o A, Thin-Iayer Chromatographic Identification Test 

< 201 ) 

Standard solution: 50 mg/mL of LfSP Ctyceryl 
Monooleate 40% RS or USP Glyceryi Monoofeate 90% 
RS in methylene chloride 

Sample solution: 50 mg/mL of Glyceryi Monooleate in 
methylene chloride 
Application volume: 10 pL 

Developfng solvent system: Ether and hexane (7:3) 
Spray reagent: 0.1 mg/mL of rhodamine B in alcoho! 
Analysis: Proceed as directed in the chapter. Spray with 
the Spray reagent , and locate the spots on the piąte by 
examination under UV Jight at a wavelength of 365 
nm. 

Acceptance criteria: The prindpal spot of the Sample 
solution corresponds in colon sśze, and Rf value to that 
of the Standard solutlon. 

• B. It meets the requirements Sn Specifk Tests for Fats and 

Fixed OIIs, Iodine Value {401 >. 

AS5AY 

* Procedurę 

Mobile phase: Tetrahydrofuran 
Sample solution: 40 mg/mL of Glyceryi Monooleate in 
tetrahydrofuran 
Chromatographic system 
(See Chromatograpny (62 1), System Su i ta bili ty.) 

Modę: LC 

Detector: Refractive index 

Column: 7.5-mm x 60-cm; 5-pm 100-A packrng L21 
[NOTĘ—Two or three 7.5-mm x 30-cm L21 columns 
may be used in pface of the one 60-cm column, pro- 
vlded that the system suita bil i ty reguirements are met. 
The column temperaturę may be lowered to ambient 
temperaturę, altnough working at 40° provides stable 
separation conditions and ensures better sample 
solubllity.] 

Temperaturę 
Column: 40 fJ 
Detector: 40° 

Fiow ratę: 1 mL/min 
Injeetlon size: 40 pL 
System suitability 
Sample: Sample solution 

[Notę—T he relative retention times for triglycerides, dr- 
lycerides, monoglycerides, and glycerin are about 
.76, 0,79, 0,85, and 1.0, respectively.] 

Suitability reguirements 

Resolution: NLT 1.0 between the diglycerides and 
monoglycerides 

Relative standard devlation: NMT 2.0%, determined 
from the monoglycerides peak 
Analysis 

Sample: Sample solution 

Calculate the percentage of monoglycerides, dtglycer- 
ides, and triglycerides in the portion of Glyceryi 
Monooleate taken: 

Result =: ( ru/rj ) x 100 

ru - lndividual peak responses for the 
monoglycerides, diglycerides, and 
triglycerides, as appropriate 
= sum of a ii the glyceride peak responses 
Acceptance criteria: See the table in the Definition . 

IMPURITIES 
o Limit of Free Glycerin 

Mobile phase, Sample solution, and Chromatographic 
system: Proceed as directed in the Assay. 

Standard Solutions: Prepare four Solutions by dissoMng 
glycerin in tetrahydrofuran, and dlluting each with tet¬ 
rahydrofuran as necessary, to obtain Solutions having 
known concentratlons of0.4, 1.0, 2.0, and 4.0 mg/mL. 


Standard curve 
Samples: Standard Solutions 

Plot: Record the chromatograms, and measure the re¬ 
sponses for the glycerin peaks, Plot the glycerin peak 
responses obtained versus the concentration, in 
mg/mL, of glycerin in the Standard Solutions, 

Analysis 

Sample; Sample solution 

From the Standard curve , determine the glycerin con¬ 
centration, in mg/mL, in the Sample solution. 

Calculate the percentage of free glycerin in the portion 
of Gfyceryl Monooleate taken: 

Result = (Cs/Cu) x 100 

G = concentration of glycerin in the Sample 

solutlon from the Standard curve (mg/mL) 

Cu = concentration of Glyceryf Monooleate in the 
Sample solution (mg/mL) 

Acceptance criteria; NMT 6.0% 

SPECIFIC TEST5 

* Fats and Fixed Oils, Acid Yalue (401): NMT 6.0, deter¬ 

mined on 1.0 g 

* Fats and Fixed Ojłs, Iodine Value (401): 65.0-95.0 

* Fats and Fjxed Oils, Peroxide Value (401): NMT 12.0, 

determined on 2.0 g 

* Fats and Fixed Oils, Saponification Value (401): 

150-175, determined on 2.0 g 

* Fats and Fixed Oils, Fatty Ada Composition (401): Glyc¬ 

eryf Monooleate exhibits the foflowing composition pro¬ 
file of fatty acids (see Table ?), determined as directed in 
the chapter. 


Table 1 


Carfaon Chain 
Lencith 

Number of 
Double Bonds 

Perce nfaqe (%1 

16 

0 

NMT 12.0 

18 


NMT 6.0 

18 

i 

NLT 60.0 

18 

2 

NMT 35.0 

18 

3 

NMT 2.0 

20 

0 

NMT 2.0 

20 

1 

NMT 2.0 


* Water Determination, Method I (921): NMT 1.0%, us- 

ing a mixture of methanol and methylene chloride (1:1) 
in place of methanol in the titration vessel 

a Articles of Botanjcal Origin, Toto! Ash (561): NMT 
0 . 1 % 

ADDmONAl REQOm£EVIENTS 

* Packaging and Storage; Preserve tn tight containers. No 

storage requirements spedfted. 

* Labeling: The labeiing indicates the nominał content of 

monoglycerides and tTie name and the concentration of 
any added antioxidant. 

« OSP Reference Standards (11) 

USP Glyceryf Monooleate 40% RS 
USP Gfyceryl Monooleate 90% RS 


Glyceryfl IMonostearate 

Octadecanoic acid, monoester with 1,2,3-propanetriol; 
Monostearin [31566-31-1]. 

DEFINITION 

Glyceryi Monostearatę contains NLT 90.0% of monoglycer¬ 
ides of saturated fatty acids, chiefly glyceryi monostearate 
(GihhzCh) and glyceryi monopafmitate (C^H^Gj)- It may 
contatn a suitable antioxidant. 
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ASSAY 
« Procedurę 

Mobile phase: Tetra hydratu ran 

Sample solution: 8 mg/ml of Glyceryl Monostearate n 
tetrahydrofuran 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 

Column: 7.5-mm x 6G~cm; 5-pm 1 00-A packing L21 
Temperaturę: Column and detector temperatures are 
maintained at 40 

[NOTĘ—Iwo or three 7.5-mm x 30-crn 121 columns 
may be used in place of the one 60-cm column, pro- 
vided that system suita bil ity requirements are met The 
column temperaturę may be lowered to ambient tem¬ 
peraturę, altnough working at 40° provides slabie sep- 
aration conditions and ensures better sample 
solubilityd 

Flow ratę: 1 m L/min 
Jnjection s Ize: 40 jiL 
System suitability 
Sample: Sample solution 

[Notę—T he relattve retention dmes for triglycerides, di- 
glycerides, monoglycerides, and gfycerin are 0.77, 

0.81, 0,86, and 1.0, respectfvelyj 
Suitability requirements 

Relative standard deviation: NMT 2.0%, determined 
from the monoglycerides peak 
Anaiysrs 

Sample: Sample solution 

Calculate the percentage of monoglycerides In the 
. portfon of Glyceryl Monostearate taken: 

Result - (ru/ri) x 100 

r y - peak response of the monoglycerides 
rr - sum of aII the glycende peal< responses 
Acceptance critena: NLT 90.0% of monoglycerides of 
saturated fatty acids, chiefly and CisH^Oi 

IMPUMTIES 

Inorgank Dmpurities 

* RESIDUE ON IGNITIGN (281): NMT 0.5% 

Detete the foHowing : 

** Heavy Metals, Method II (231): NMT 10 ppm# (oniciai 

Jarv2fliaj 

Organie impurities 
o Procedurę: Limit of Free Glycerin 

Propionating reagent: Pyridine and propionic anhy- 
drrde (1:2) 

internal standard solution: 0.2 mg/mL of tributyrin in 
chloroform 

Standard solution: Transfer 15 mg of glycerin and 
50 mg of tributyrin to a glass-stoppered, 25-mL conical 
fiask. Add 3 mL of Propionating reagent, and heat at 
75° for 30 min. Vofati3ize the reagents with the aid of a 
stream of nitrogen at room temperaturę, and add 
12 mL of chloroform. Dilute 1 mL of this mixture wlth 
chloroform to 20 mL. 

Sample solution: Transfer 50 mg of Glyceryl Mono¬ 
stearate to a glass-stoppered, 25-mL conical fiask. Add 
5 mL of Internal standard solution by pipet, and mix to 
disso!ve, Immerse the fiask in a water bath, maintained 
at a temperaturę between 45* and 50°, and volatllize 


the chloroform with the aid of a stream of nitrogen. 
Add 3 mL of Propionating reagent, and heat at 75° for 
30 min. Volatiiize the reagents with the aid of a stream 
of nitrogen at room temperaturę, and add 5 mL of 
chloroform. 

Chromatographic system 

(See Chromatography (6 21), System Suitability.) 

Modę: GC 

Detector: Flame ionization (under typlcal conditions) 
Column: 4-mm x 2,4-m borosilicate glass, packed 
with 2% liguld phase G16, on 80- to 100-mesh sup- 
port 51A 

Temperatura 
Injector: 300* 

Detector: 310° 

Column: The column is maintained isothermally at a 
temperatura between 190° and 200T 
Carrier gas: Helium 
Flow ratę: 70 mL/min 
System suitability 

Sample: Standard solution (6-1 0 injections) 

Suitability reąuirements 

Resolution: NLT 4.0 between derlvatized glycerin 
and tributyrin 

Relative standard deviation: NMT 2,0% of the ra¬ 
do of their peak areas 
Anaiysrs 

Sam pies: Standard solution and Sample solution 
Calculate the response factor, F: 

F - (Ad/As) X (W S /W D ) 

A d = peak area of tributyrin from the Standard 
solution 

A? - peak area of tnpropjontn from the Standard 
solution 

Ws - weight of glycerin in the Standard solution 

W D = weig?it of tributyrin in the Standard solution 
(mg) 

Calculate Lhe percentage of glycerin in the portion of 
Glyceryl Monostearate taken: 

Result = (Au/As) x (W D /W U ) x F x 100 

Au - peak area of tripropionin in the Sample 
solution 

As - peak area of tributyrin in the Sompfe solution 

W D - weight of tributyrin in 5 mL of Internal 

standard solution (mg) 

Wy “ weight of Glyceryl Monostearate in the 
Sample solution (mg) 

Acceptance criteria: NMT 1.2% 

SPECIFIC TE5TS 

* Melting Rangę or Temperaturę, Class I (741): Does not 
melt below 55° 

* Fats and Fixed OILS, Add Value (401): NMT 6 

* Fats and FtXED Oils, Hydroxyl Value (401): 290-330 
■ Fats and Rxed Oils, lodine Value (401): NMT 3 

* Fats and Fixed Oils, Saponification l /alue (401): 150-165 

ADDSTIONAL REQUIREMENT5 

o Packaging and Storage: Preserve in tight, light-resistant 
containers. 

* Labeung: Labei It to indicate the name and quantlty of 
any added anttoxidant. 




NF 35 


Officioi Monographs / GSycery! 7691 



Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: GC 

Detector: Flame ionlzation 

Column: 0.53-mm x 30-m capillary, boncted with a 
1layer of phase G16 
Temperatures 
Injection port: 250° 

Detector: 250° 

Column: See Tobie 1. 


Cs?HnoOa 891.48 

Octadecanoic add, 1,7 “-(1 ^2,3-propanetriyJ) ester; 

Octadecanoic acid, 1,2,3-propanetriyl ester; 

Glycerol trioctadecanoate; 

Tristearoy Igły cero! [555-43-1]* 

DEFINITION 

Glyceryl Tristearate contains NLT 90.0% of triglycerides of 
saturated fatty acids, chief ly glyceryl tristearate 

(C5;Hho06). 

IDENTIFICATION 


Change to read: 

® Fatty Acid Comfosition 

Boroń trifluonde methanol solution: 140 mg/mL of 
boron trifluoride En methanol 

Saturated sodium chloride solution: Mix 1 part of so- 
dlum chloride with 2 parts of water, shake from time to 
time, and allow to stand. Before use, decant the solu- 
tron from any undissofved substance and filter, if 
necessary* 

Standard solution 1: 0*5 mg/mL of USP Methyl Myris- 
tate RS, 2*0 mg/mL of USP Methyl Stearate RS, ano 
2.0 mg/mL of USP Methyl Gleate RS in n-heptane 
Standard solution 2: 0.05 mg/mL of USP Methyl Myris- 
tatę RS, 0.2 mg/mL of USP Methyl Stearate RS, and 
0.2 mg/mL of USP Methyl Gleate RS in n-heptane, di- 
luted from Standard solution ] 

Standard solution 3: Dissolve a guanlity of an ester 
mixture 1 containlng methyl hexanoate, methyl capry- 
Jatę, methyl caprate, methyl laurate, methyl myriState, 
methyl pafmitate, methyl palmitoleate, methyl stearate, 
methyl oJeate, methyl linoleate, and methyl arachidate 
in n-heptane to make a solution of about 9*0 mg/mL 
for methyl stearate and OJ-0.2 mg/mL for each other 
methyl ester. 

Sample solution: Transfer 100 mg of Glyceryl Tris¬ 
tearate to a 25-ml conical fiask fitted with a suitable 
water-cooled reflux condenser and a magnetic stir bar. 
Add 2 mL of a 20-mg/mL solution of sodium hydroxide 
in methanol, mix, and ref!ux for about 30 min. Add 
2 ml of Boron trifluonde methanol solution through the 
condenser, and reflux for about 30 min* Add 4 mL of /> 
heptane through the condenser, and ref!ux for 5 min. 
Cool, remove the condenser, add about 10 mL of Satu¬ 
rated sodium chloride solution, and shake* Add a q u ant i ty 
of Saturated sodium chloride solution to brtng the upper 
Jayer up to the neck of the fiask, and aliow the layers to 
separate. Collect 2 mL of the n-heptane layer (the up¬ 
per layer); wash with three quantities of water (2 mL 
each), and dry the n-heptane phase over anhydrous so¬ 
dium sulfate. 


1 Ester miKture tan be obtarned commerdally from Nu-Chek-Prep, Int*, P.O, 
Bex 295, Elysian, MN 56028, or from Stgma-Aldrich; or ie tan be prepared by 
mixing a commerdally-avaElable ester rrtixture with methyl stearate. 


Table 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

P/minl 

Finał 

Temperaturę 

n 

Hołd Time ał 
Finał 

Temperaturę 

(mini 

50 

20 

ISO 

_ 

ISO 

9 

240 

12 


Carrier gas: Helium 
Flow ratę: 10 mL/mrn 
Injection volume: 2 jiL 
Injection type: Split ratio, 4:1 
System suitability 

Sam pies: Standard solution 7 an d Standard solution 2 
[NOTĘ—The relative retention times for methyl myris- 
tate, methyl stearate, and methyl oleate are about 
0.70, 1.00, and 1.01, respectEvely.j 

Suitability requirements 

Resolution: NLT 1.5 between methyl stearate and 
methyl oleate, Standard solution 1 
Srgnal-to-noise ratio: NLT 5 for methyl myristate, 
Standard solution 2 
Analysis 

Samples: Standard solution 3 and Sample solution 
Measure the areas for the peaks of the methyl esters of 
the fatty acids. Disregard any peak with an area less 
than 0.05% of the to tal area and any peak due to the 
soivent. [Noit—Re!ative retention times for several 
methyl esters are summanzed in Tobie 2.] 


Table 2 


Carbon-Chain 

Lenqth 

Number of 
Double Bonds 

Relative 

Retention Times 

12 

0 

0.58 

14 

0 

0.70 

16 

0 

0.83 

Ta 

0 

1.00 

18 

T 

1.01 

20 

0 

1.14 


Take the main component of Standard solution 3 as a 
reference component, and calculate the calibration 
factor, Fm, for each fatty acid methyE ester: 


Result - (Fmc x PfAt x Amc)/(Pmc x Amj) 

Fmc = factor for the main component, 1 

Pms ~ percentage by weight of the fatty acid methyl 
ester in Standard solution 3 

TWc = peak area of the main component in Standard 
solution 3 

Pm t - percentage by weight of the main component 

of Standard solution 3 

Am ~ peak area of the fatty acid methyl ester in 
Standard solution 3 

Calculate the percentage of the fatty add methyl ester 
by weight in the portion of Glyceryl Tristearate taken: 

Result = [(Aw 2 x Fm)fA r ] x 100 
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Am = peak are a of the fatty add methyl ester in the 
Sample sofution 
ftA = calibration faetor 

At - sum of the peak areas of the fatty acid methyl 
esters in tne Sample solution 
Acceptance criteria: Glyceryl Tristearate exhibits the 
compositlon profile of fatty acids shown In Table 3. 


Tabfle 3 


Carbon-Chain 

Lenqth 

Number of 
Double Bonds 

Percentage 
(w/w) 

6. 8. 10 

0 

0.0-0.3 

12 

0 

0.0-0.5 

14 

0 

0,0-0.5 

76 

0 

0.0-2.O 

16 

] 

0.0-O.1 

18 

0 

>97 

18 

1 

0.0-0,5 

18 

2 

0,0-0.5 

20 

_0 _ 

0 0- *1 -0* i-jui 

_ __-Hl4»l_ 


ASSAY 

* CONTENT OF TRIGLYCERIDES 

Mobile phase: Tetrahydrofuran 

System suitability solution: 40 mg/mL of USP Glyceryl 
D i stea ratę RS in Mobile phase 

Sample solution: 8 mg/mL of Glyceryl Tristearate In 
Mobile phase 

Chrom atographic system 

(S ee Ch m matog ropny (621}, Sys tern S u i La bil i ty .) 

Modę: LC 

Detector: Refractive index 

Column: 7.5-mm x 6Q-cm; 3-pm or 5-pm 100-A pack- 
Ing L21 

Temperatures 
Column: 40° 

Detector: 40° 

[Notę—I wo or three 7,5-mm x 30-cm l_21 columns 
may be used in place of the one 60-cm column, pro- 
vided that system suitability reguirements are met. The 
column temperaturę may be lowered to ambient tem¬ 
peraturę, altnough working at 40° provides stable sep- 
aration conditions and ensures better sample 
solubility.] 

Flow ratę: 1 m L/min 
Injection volume: 40 pL 
System suitability 
Sample: System suitability solution 
[Notę —The relatlve retention times for triglycerides, di- 
glycerldes, monoglycerides, and glycerin are 0.78, 

0.81, 0.86, and 1.00, respective[y.J 
Suitability requirements 

Resolution: NLT 1.0 between the diglycendes and 
fhe monoglycerides 

Relative standard deyiation: NMT 2.0%, determined 
for the monoglycerides peak 
Analysis 

Sam pies: System suitability solution and Sample solution 
Cakulate the percentage of triglycerides in the portion 
of Glyceryl Tristearate taken: 

Result - (ru/r T ) x 100 

ru - peak response of the triglycerides from the 
Sample solution 

rr = sum of all the glyceride peak responses from 
the Sample solution 


Acceptance criteria: NLT 90.0% of triglycerides 

IMPURITIES 

* RESiDUE ON IGNITION (281): NMT 0.1% 

De te te the following: 

** HEAW Metals (231), Method II: NMT 10 ppm# (oificiaic 

Jnrv 2016 ) 

® Alkaline Impurities 

Analysis; Prepare a mixture of 2.0 g of Clyceryl Tris¬ 
tearate, 15 mi of alcohol, and 30 mL of ether, Dissolve 
by gentle heating. Add 0.05 mL of bromophenol blue 
TS, and titrate with 0.01 N hydrochlonc add VS until 
the mixture turns yellow. 

Acceptance criteria: NMT 0.4 mL of 0.01 N hydrochlo¬ 
nc acid is reguired. 

« Limit of Nickel 

[Caution —When using closed higb-pressure digestlon ves- 
sels and laboratory micmwave eguipment, be familiar 
wlth the safety and operating instructions given by the 
manufacturer.] 

Magnesium nitrate solution: 10 mg/mL of magnesium 
nitrate in water 

Ammonium dihydrogen phosphate solution: 100 mg/ 
mL of ammonium dihydrogen phosphate in water 
Standard stock solution: transfer 5.0 mL of nickel stan¬ 
dard solution TS to a 10-mL yoiumetrlc fiask, and dilute 
with water to make a solution containing 5 ug/mL of 
nickel. 

Standard Solutions: To four identical 25-mL yolumetric 
fiasks, each containing 6 mL of nitric add, transfer 25, 
50, 75, and 100 pL, respectively, of the Standard stock 
solution. To each fiask add 0.5 mL of Magnesium nitrate 
solution and 0.5 mL of Ammonium dihydrogen phosphate 
solution , and dilute with water to volume. These Solu¬ 
tions contaln 0,005, 0.01, 0.015, and 0.02pg/mL, re- 
spectfvely, of nickel. 

Sample solution: Transfer 0.25 g of Glyceryl Tristearate 
to a suitable high-pressure-resrstant digestlon vessel 
(ftuoropolymer or guartz), and add 6.0 mL of nitric acid 
and 2.0 mL of 30% hydrogen peroxlde. Place the 
closed vessel in a laboratory microwave oven, and di- 
gest using an appropnate program (e.g., 1000 W for 
40 min). Allow tne digestlon vessel to cool before open- 
ing. Add 2.0 mL of 30% hydrogen peroxide, and repeat 
the digestlon step. Allow tne digestion vesse! to cool 
before openrng. Quantitatively transfer the contents to 
a 25-mL volumetric fiask, ada 0.5 mL of Magnesium ni¬ 
trate solution and 0.5 mL of Ammonium dihydrogen phos¬ 
phate solution, dilute with water to volume, and mix. 
Blank solution: Add 6,0 mL of nitric add and 2.0 mL of 
30% hydrogen peroxide to a high-pressure-reslstant di¬ 
gestion vessel, and proceed as directed for the Sample 
solution. 

Zero solution: Into a 50,0-mL yolumetric fiask, Intro- 
duce 1.0 mL of Magnesium nitrate solution , 1.0 mL of 
Ammonium dihydrogen phosphate solution, and 12,0 mL 
of nitric acid. Dilute with water to volume, and mix. 
Instrumental conditions 
(See Atomie Absorptbn Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: Maximum absorbance at 
232.0 nm 

Detectlon; Graphite furnace 

Lamp: Nickel hollow-cathode 

Tubę: Pyro lyt i ca I iy c oate d 

Other: Background compensation system 

Furnace program: See Tabfe 4. 

[NOTE—Tne temperaturę program may be modifted to 
obtain optimum furnace temperatures.] 
















NF 35 


Official Monographs / Guar 7693 


Table 4 


Step 

Drv 

A sh 

Cool 

Atom a ze 

Temperatura 

n 

120 

1100 

800 

2600 

Ramp time 
(s) 

5 

30 

5 

— 

Hołd time 

_ (Ś _ 

35 

10 

5 

fdeerease) 

7 


Analysis 

Samples: Standard Solutions , Sample sofution, and Blank 
soiution 

Use the Zero soiution to set the instrument to zero. 
Coneomitantly determine the absorbances of the 5an?- 
ples at least tnree times each. Record the average of 
the steady readlngs for each of the Solutions. If neces- 
sary, dilute the Sample soiution with the Zero soiution 
to obtain a reading wlthin the calibrated absorbance 
rangę. 

Plot the absorbances versus the concentrations of 
nickel, in pg/mL, in the Standard Solutions. On the ba- 
sis of the calibration curve, determine the concentra- 
tions of nickei, in pg/mL, in the Sample soiution and 
the Blank soiution from the corresponding absorptions. 
Obtain the correct concentration of nickei, Co rn 
uq/mL, in the Sample soiution. 

Calculate the content of nickei, In jjg/g (ppm), in the 
portion of Glyceryl Tristearate taken; 

[Notę—I f the Sample soiution \s diluted with the Zero 
soiution , appEy an appropriate correction factor for 
dtlution.] 


Result - (Cc x V)JW 

Cc - concentration of nfckel En the Sample soiution 
(jjg/mL) 

V - yalunne of the Sample soiution, 25 mL 
W - weight of Glyceryl Tristearate taken to prepare 
the Sample soiution (g) 

Acceptance criteria: NMT 1 pg/g (ppm) 

SPEC8FIC TE5T5 

* Melting Rance dr Temperaturę (741), Procedures, Proce¬ 

durę for Closs U: 69°-7 3 a 

* Fats and Fixed Oils (401), Acid Value: NMT 1.0 

o Fats and Fixed Oils (401), Hydmxyl Value: NMT 5.0 
« Fats and Fixed Oils (401), Saponification Value : 186-192 

* Fats and Fixed Oils (401), Peroxide Value: NMT 3 

□ Fats and Fixed Oils (401), Unsaponiflabie Matten NMT 
0.5% 

» Water Determination (921), Method l f Method la: NMT 
0.1% 

ADDITIONAL REQUIREEVYENTS 

o IPackaging and Storage: Preserye in tlght contalners, 
and storę at room temperaturę. Protect from moisture, 

* usf reference standards (11) 

USP Glyceryl Distearate RS 
USP Methyl Myristate RS 
USP Methyl Oleate RS 
USP Methyl Stearate RS 


GSycine —see Glycine General Monographs 


Guar Gum 



[9000-30-0]. 

DEFINITION 

Guar Gum Is the flour obtained by gnnding the endosperms 
of seeds of Cyamopsis tetragonofobus (L.) Taub. (Fam. 
Leguminosae). It conslsts chiefly of high molecular weight 
hydrocolloidal pofysaccharides composed of gaEactoman- 
nan. The content of gaiactomannan is NLT 66,0%. 
Galactomannan consists of a linear main chain of /3- 
(1 -?4)-glycos3dicalfy linked mannopyranoses and single a- 
(1 ^6)-q]ycosidical[y linked galactopyranoses, and the ra¬ 
fio of the mannose and galactose is from 1.4: 1 to 2,2: 1, 

IDENTIFICATION 

i A. INPICATION FOR A POLYMERIC COMPOUND AND DlSTINC- 
T10N FROM LOOJST BEAN CUM 
Sample: 2 g 

Analysis 1: Place the Sample in a 4Q0-mL beaker, and 
moisten it with 4 mL of Isopropyl aleohoL Add 200 ml 
of co id water with yfgorous stirring, and continue stlr- 
ring until the Sample is completeiy and uniformfy 
dispersed. 

Acceptance criteria 1: An opalescent, viscous disper- 
sion resuits. 

Anafysis 2: Transfer 100 mL of the sample dispersion 
prepared above to a 400-ml_ beaker, heat in a boiling 
water bath for about 10 min, and then cool to room 
temperaturę, 

Acceptance criteria 2: No appreciable Increase in vis- 
cosity is produced (disflnction from iocust bean gum: 
see Reagents, Indicators, and Solutions—Reagent 
Specifications). 

* B. IDENTIFICATION OF CON5TITUTING MANNOSE AND GALAC 
TOSE BY THIN-LAYER CHR0MATOGRAPHY 

Mobile phase: Acetonitrile and water (85:15) 

Standard soiution: DissoIve 10 mg of USP Galactose RS 
and 10 mg of USP Mannose RS In 2 mL of water, and 
dilute with methanol to 20 mL. 

Sample soiution: Transfer 20 mg of Guar Gum to a test 
tubę, add 4 mL of a 100 mg/mL soiution of trifluoroace- 
tic acid, and shake vigorouś1y to dissoJye the forming 
gel. Stopper the tubę, and heat the mixture at 115° for 
1 h 20 min in a dry bath (heating błock) or oif bath. 
Cool, transfer the hydro łysa te to a centrifuge tubę, and 
centrifuge. Some suspended partfdes/gel are formed. 
Pass the supematant soiution through a 0.45-pm disc 
filter. Wasli the test tubę and the centrifuge tubę with 
two 5-mL portlons of water, and filter. Combine the 
washing filtrate with the filtered supematant of the hy- 
drolysate. Transfer the combined elear filtrate to a 
50-mL fiask, and evaporate the sofution to dryness 
under reduced pressure. To the resultlng residue add 
0.2 mL of water and 1.8 mL of methanol. 
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Chromatographic system 

(See Chromatograpny (62 1), Thin-Layer Chromato- 
grophy.) 

Modę: TLC 

Absorbent layer: 0,25-mm siltca gel 60 £254 
Application vo(ume: 5 (.iL, as 9‘tnm bands, using an 
automated apparatus 

Spray reagent Dlssolve 3 g of phthalic add and 03 o 
of aminonippuric acid in ethyl alcohol, and dilute with 
ethyl alcohol to 100 mL, 

Analysis 

Samples: Standard sofution and Sample solution 
Develop over a path of 1 5 cm. Spray wrth Spray rea¬ 
gent, and dry at 120* for S min. 

Acceptance criteria: The chromatagram from the 5to/7- 
dard solution shows, in the fower region, twe dearly 
separated brownish or yellowish zones due to galactose 
and mannose in order of inereasing Rf vafue. The chro- 
matogram from the Sample solution shows two zones 
due to galactose and mannose. 


fn the chromatogram of Standard solution B f no galac- 
tose and mannose peaks are observed, 

CaJculate the percentage of galactose (Cc) or mannose 
(C w ) in the portion of Guar Gum taken: 

Resuit (Cc or C M ) - (r u /n) x (Cs/Cu) x 100 

ru - peak response of galactose or mannose in 
Sample solution A 

n ~ response of galactose or mannose in the 
Standard solution 

Cs « concentration of USP Galactose RS or USP 
Mannose RS in the Standard solution 
(mg/mL) 

Cu = concentration of Guar Gum in Sample sofution 
A (mg/ml) 

Calculate the content of galactomannans in the portion 
of Guar Gum taken: 

Resuit = C M + C c 


A55AY 

* Content of Galactomannan and Ratio of Constitotinc 
Mannose and Galactose 
Mobile phase: Water 

System suitabiiity sofution: 5 mg/mL of USP Galactose 
RS, 5 mg/mL of USP Mannose RS, 5 mg/mL of USP Xy- 
lose RS, and 5 mg/mL of USP Dextrose RS in Mobile 
phase 

Standard solution: 10 mg/mL of USP Galactose RS and 
10 mg/mL of USP Mannose RS in Mobile phase 
Sample solution A: Transfer 100 mg of Guar Gum to a 
gJass test tubę, Add 2.0 mL of water and 2.0 mL of 1 M 
trifluoroacetic add to the tubę, and mix on a vortex 
mixer for 30 s. Incubate the solution at 105° in an oih 
bath heating module for 6 h, After the first 15 min of 
ineubation, mix on a vortex rmxer for 30 5 , After the 30 
min of ineubation, mix on a vortex mixer for 30 s. 
[NOTĘ—This ensures that Guar Cum does not stick to 
the bottom of the test tubę and bum.] Before HPLC 
analysis, mix on a vortex mrxer for 30 5 , and pass the 
solution through a 0.45-pm PES (polyethersuffone) 
membranę syringe filter. 

Sample solution B: 5 mg/mL of Guar Gum m Mobile 
phase 

Chromatographic system 

(See Chromatograpny (621), System Suitobility .) 

Modę: LC 

Detector: Refractive index 
Column: 8.0-mm x 30-cm; 7-pm packing L22 
Temperatures 
Detector: 55° 

Column; 80° 

Flow ratę: 0,75 mL/min 
Injection volume: 10pL 
Detector purge time: 1 min 
Run ttme: 17 min 
System suitabiiity 

Samples: Sys tem suitabiiity s atut ton a n d 5 tandard 
solution 

[NOTĘ—The relative retention times for glucose, xylose, 
galactose, and mannose are 0,88, 0.94, 1,00, and 
1.10, respecti veiy,] 

Suitabiiity requirements 

Resolutron: NLT 0.9 between dextrose and xylose; 

NLT 1.0 between xylose and galactose; NLT 1,5 be¬ 
tween galactose and mannose. System suitabiiity 
solution 

Tarling factor: 03-1*8 for the galactose and man¬ 
nose peaks, Standard solution 

Relative standard deviation: NMT 2,0% for the ga¬ 
lactose and mannose peaks, Standard solution 

Analysis 

Samples: Standard solution , Sample solution A, and 
Sample solution B 


Cakulate the ratio of constrtuting mannose and 
galactose in the portion of Guar Gum taken: 

Resuit ~ Cw/Cc 

Acceptance criteria 

Content of galactomannan: NLT 66*0% 

Ratio of constituting mannose and galactose: 

1.4-2,2 

IMPURETIE5 

* Arsenic, Method fi (211): NMT 3 uq/q 

* iEAD (251) 

Analysis: Prepare a Test Preparation as directed in the 
chapter, and use 10 mL of Diluted Standard Lead Solu - 
t/on (10 (ig of Pb) for the test 
Acceptance criteria: NMT lOpg/g 

Delete the followmg: 

*• Heavy METALS, Method II <231): NMT 20 M g/g. (0 h. CU i i. 

|*v201S) 

SPECIFIC TESTS 

* Articles of Botanical Origin, To ta I Ash (561): NMT 

1.5% 

■ Acid Insoluble Matter 
Sample: 1.5 g 

Analysis: Transfer the Sample to a 250-mL beaker con- 
tarning 150 mL of water and 1,5 mL of sulfuric acid. 
Cover the beaker with a watch qłass, and heat the mix- 
ture on a steam bath for 6 h, rubbing down the wali of 
the beaker freąuently with a rubber-tipped stirring rod 
and replacing any water fost by eyaporation* At tne end 
of the ó h heating period, add 500 mg, accurately 
weighed, of a fiiter aid, and pass through a tared, 
ashfess filter, Wash the residue severa! times with hot 
water, dry the filter and its contents at 105° for 3 h, 
cool In a desiccator, and weigh, Determine the amount 
of acid-insoluble matter by subtracling the weight of 
the filter aid from that of the residue. 

Acceptance criteria: NMT 7,0% 

* Microbial Enumeration Tests (61) and Tests for Speci 
fied Microorganisms (62): The total aerobic microbial 
count does not exceed 10 4 cfu/g, and the totai com- 
bined molds and yeasts count does not exceed T O 2 cfu/ 

. It meets the reguirements of the tests for absence of 
almonella species and Escherichia coli L It is recommended 
that the enrrchment broth contain a 1% cellulase solu¬ 
tion additive to optimize the recovery of Salmonella from 
this materia!. 
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* Protein 

Sampie: 1.0 g 

Analysis: Transfer the Sampie to a 500-mL Kjeidahl fiask, 
and proceed as directed in Nitrogen Determination 
(461), Method L Determine the percentage of nitrogen, 
Calculate the amount of protein by multiplying the per¬ 
centage of nitrogen by 6,25, 

Acceptance criteria: NMT 10.0% 

* STARCH 

Analysis: To a dispersion (1 In 10) of Guar Gum add a 
few drops of iodine TS. 

Acceptance criteria: No blue color is produced. 

* Loss on Drying (731) 

Analysis: Dry at 105° for 5 h. 

Acceptance criteria: NMT 15,0% 

ADDITIONAL REQUIREMENTS 

a Packaging and Storage: Preserve in well-dosed 

containers. 

e USP Reference Standards (11) 

U5P Dextrose RS 

USP Galactose RS 

USP Mannose RS 

USP Xylose RS 


He^yBerae COycol 

CH> Ott 


C 6 H I4 02 118.17 

2,4-Pentanedioi, 2-methyl-; 

2-Methyh2,4-pentanediol [1 07-41-5]. 

DEF1N1TION 

Hexylene Glycol is 2“methyl-2 ; 4-pentanedioi. 

IDENTIFICATION 
« A. INFRARED ARSORPTION (197F) 

Sampie: Undried specimen 

Acceptance criteria: Meets the reguirements 

SPECIF1C TE5TS 

* Specifk Gravity (841): 0,917-0.923 
O REFRACTIVE 8NDEX (831): 1.424-1.430 

* Audity 

Sampie: 10 ml 

Analysis: Mix 1 ml of phenolphthalein TS with 50 ml 
of water, and add 0.1 N sodium hydroxide until the 
solution remains pinkfor 30 s. Add the Sampie , and 
titrate with 0,10 N sodium hydroxide until the onginal 
pink color retums and remains for 30 s. 

Acceptance criteria: NMT 0.20 ml of 0,1 0 N sodium 
hydroxtde is reguired. 

e Water Determination, Method l (921): NMT 0.5% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers. 

« USP Reference Standards (11) 

USP Hexylene Glycol RS 


PŁurifued IfoEmey 

DEFINITSON 

Pu rif ied Honey ts obtained by purification of honey from the 
comb of the bee, Apis meflifera L and alL subspecies of 


Apis mellifera, The honey is extracted by centrifugation, 
pressure, or other suita ble procedures. 

IDENTIFICATION 

9 A. 

Sampie solution: 1 in 20 solution 
Standard solution: A 7.5 ug/mL solution of USP L-Pro- 
linę RS 
Analysis 

Sam pies: Standard solution and Sampie solution 
Place 0.5 ml of the Sampie solution and the Standard 
solution in separate reaction vials, and add 0.25 ml of 
formie add and 1.0 ml of freshly prepared 3% solu- 
tron of ninhydrio in peroxide-free ethylene glycol 
monom et hy ł ether to each vial. Cap the reaction vials 
tightly, shake weJI, and place In boi ling water for 1 5 
min, Cool for 5 min in a 22° water bath, remove the 
caps, and add 5.0 ml of 5% aqueous isopropanol 
solution. 

Acceptance criteria: The Sampie solution shows a pur- 
ple color similar to, or morę inteme than that of the 
Standard solution. If necessary, scan the Solutions being 
tompared using a suitable spectrophotometer against a 
water blank. The two Solutions each exhibit a maximum 
at the same wavelength, at about 520 nm. The absorb- 
ance of the Sampie solution should be at least as high as 
that of the Standard solution, 

IMPURITIES 

* Chloride and StJLFATE, Chloride (221): A 1-g portion 
shows no morę chloride than corresponds to 0.5 mL of 
0.020 N hydrochloric add (0.035%). 

■ Chloride and Sulfate, Sulfate (221): A 2-g portion 
shows no morę sutfate than corresponds to 0.5 mL of 
0.020 N suifuric add (0,024%). 

e Articles of Botanical Origin, Toto! Ash (561): NMT 
0.3% 

SPECIFIC TESTS 

* Microbial Enumeration Tfcsrs (61) and Tests for Speci- 
fied WIicroorganisms (62): the total bacteriai count 
does not exceed 10 3 cfu/g, The total combined molds 
and yeasts count does not exceed 100 cfu/g. 

* SPECIFIC Gravity (841): 1,400-1.435 at 20° 

o Refragtive Bndex (831): 1.4900-1.4992 at 20 D 

© Water Determination, Method l (921): 15.0%-18.6% 

» (tyllCROBIOLOGlCAL PROCEDURES FOR ABSENCE OF SPECIF1ED Ml 
croorganisms (2022): Where it is intended for use in 
preparattons for infants under one year of age, it meets 
the requirements of the Test for Absence of Clostridium 
Spedes. 

ADDITIONAL REQUIRE£V9ENTS 

* Packaging and Storage: Preserve in tight containers. No 
storage reguirements spedfied. 

■ Labeling: Label it to indicate that it is not intended for 
use in preparations for infants under one year of age, 
unless it meets the requirements of the Test for Absence of 
Clostridium Spedes , 

* USP Reference Standards (11) 

USP L-Proline R5 


Hydrochloric Ac5d 

HC! 36.46 

Hydrochloric acid [7647-01-0]. 

DEFINITION 

Hydrochloric Acid contains NLT 36.5% and NMT 38.0%, by 
weight, of HCI. 
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IDENTIFICATION 

• A* Identification Tests—General, Chloride ( 191 ) 

ASSAY 

• PROCEDURĘ 

Sample: 3 ml 
Titrimetrte system 

(See Titnmetry (541).) 

Modę: Drrect tftration 
Titrant: 1 N sodium hydroxide VS 
Blank: 45 mL of water 
Endpoint detectlon: Visual 
Analysis: Place Ehe Sompie in a glass-stoppered fiask, 
previously tared while containing about 20 mL of water, 
and weigh again to obtain the weight of Ehe substance 
under assay. Dilute with 25 mL of water, and add 
methyl red TS. Utratę with I N sodium hydroxide VS. 
Calculate the pereentage of hydrochloric add (HCI) in 
the Sompie taken: 

Result = l(Vs - V B ) x N x F}/W x 100 

l/s = volume of Titrant consumed by the Sompie 
(mL) 

Vg = volume of Titrant consumed by the Blank (mL) 
N = actual norma li ty of the Titrant (mEq/mL) 

F - equivalency tac tor, 36.46 mg/mEq 
W - weight of the Sompie (mg) 

Acceptance criteria: 36.5%^38.0% 

IMPURIT1E5 

• Residue on Icnjtjon (281) 

Sample: 20 ml 

Analysis: To the Sample , add 2 drops of sulfuric add, 
evaporate to dryness, and ignite. 

Acceptance criteria: NMT 2 mg of residue remains 
(about 0.008%). 


Delete the Mlowing: 

# * HEAW METALS (231) 

Sample: 3.4 mL (4 g) 

Analysis: Evaporale The Sample on a steam bath to dry¬ 
ness, add 2 mL of 1 N acetic acid to the residue, and 
dilute with water to 25 mL. 

Acceptance criteria: NMT 5 ppm# i0 mm 

SPECIFIC TESTS 
« Bromide or Iodide 

Sample solution: I part Hydrochloric Acid to 2 parts 
water 

Analysis: Add 1 mL of chloroform Eo 10 mL of the Sam¬ 
ple solution . Cautiously add, dropwise, with constant 
agitation, chlorine TS that has been diluted with an 
equa! volume of water. 

Acceptance criteria: The chloroform remains free from 
even a transient yellow, orange, or vrolet color. 

* Free Bromine or Chlorine 

Sample solution: 1 part Hydrochloric Add Eo 2 parts 
water 

Analysis: Add 1 mL of potassium iodide TS and 1 mL of 
chloroform to 10 mL of the Sample solution, and agitate 
the mixture. 

Acceptance criteria: The chloroform remains free from 
any violet color for at least 1 min, 

« SULFATE 

Sample solution: 1 part Hydrochloric Add to 2 parts 
water 

Analysis: To a mixture of 3 ml of the Sompie solution 
and 5 mL of water, add 5 drops of barium chloride TS. 
Acceptance criteria: Neither turbidity nor predpitate 
appears within 1 h. 

■ SULFITE 

Sample solution: 1 part Hydrochloric Add to 2 parts 
water 


Analysis: Complete the test for Suifate, then add to the 
liquid 2 drops of OT N iodine. 

Acceptance criteria: Neither turbidity nor decoloriza- 
tion of the iodine occurs. 

ADDITIONAL REQUIREMENT$ 

» Packaginc and Storage: Preserve in tigfit containers. 


Diluted Hydrochloric Acid 

DEFINITION 

Diluted Hydrochloric Acid contains, in each 100 mL, NLT 
9.5 g and NMT 10.5 cj of hydrochloric add (HO). 
Diluted Hydrochloric Acid may be prepared as follows. 


Hydrochloric Acid 

226 mL 

Purificd Water. a sufficient QuantFtv to make 

1000 ml 


Mix the mgredients, 

IDENTIFICATION 

• A. Identification Tests— General, Chloride (191) 

ASSAY 

* Procedurę 

Sample: lO.OmL 
Blank: 20 mi of water 
Titrrmetric system 
(See TJtrimetry (541).) 

Modę: Direct titration 
Titrant: 1 N sodium hydroxide VS 
Endpoint detection: Visual 

Analysis: Transfer the Sample to a conical fiask, and add 
about 20 mL of water. Ada 3 drops of methyl red TS. 

Ti tratę with Titrant. Perform a blank determination. 
Calculate the amount of hydrochloric acid (HCI) in the 
portion of sample taken: 

Result = (V s -V $ )xNxF 

Vs - Titrant volume consumed by the Sompie (mL) 

V» = Titrant volume consumed by the Blank (mL) 

N = actual norma lity of the Titrant (mEq/mL) 

F - equivałency factor, 3.646 x ICH g/mEq 
Acceptance criteria: 9.5-10.5 g of HCI in each 100 mL 

IMPURITIES 

* Residue on Kgnition (281) 

Sample: 20 mL 

Analysis: To the Sompie add 2 drops of sulfuric add, 
evaporate to dryness, and ignite. 

Acceptance criteria: NMT 2 mg 

Detete the followlng: 

•• heavy Metals (231) 

Test preparatron: To 3.8 mL (4 g) of Diluted Hydro¬ 
chloric Acid add 5 ml of water and 1 drop of phenol- 
phthalein TS. Add ó N ammonium hydroxide until the 
solution assumes a faint pink color. Add 2 mL of 1 N 
acetic acid, then add water to make 25 mL, 

Acceptance criteria: NMT 5 pg/g# i-^zots) 

• Free Bromine or Chlorine 

Sample: 10 mL 

Analysis: To the Sompie add 1 mL of potassium iodide 
TS and 1 mL of chloroform, and agitate the mixture. 
Acceptance criteria: The chloroform remains free from 
any violet coloration for at least 1 min. 

■ SULFATE 

Sample solution: Mix 3 ml of Diluted Hydrochloric 
Acid and 5 mi of water. 
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Analysis: To the Sampie solution add 5 drops of barium 
chloride TS. 

Acceptance criteria: Neither turbidity nor prectpitate 
appears within 1 h. 

® SULFfTE 

Analysis: Complete the test for Sulfate t then add to the 
llquid 2 drops of 0.1 N iodine. 

Acceptance criteria: Neither turbidity nor decoforlza- 
tion of the iodine occurs. 

ADDSTIONAL REQUIREMENT$ 

o Packaging and Storage: Preserve In tight containers. 


HydroxyetihyB CeBlyB^se 

Ceilulose, 2-hydroxyethyl ether [9004-62-0]. 

DEFINITION 

Hydroxyethyl Ceilulose is a partially substituted poJy(hydrox- 
yethyl) ether of ceilulose. It is available in several grades, 
varying Sn viscosity and degree of substitution, and some 
grades are modified to improve Lheir dtspersion in water* 
it may contain suitable anticaking agents. 

IDENTIFICATION 

* A. 

Sampie solution: 1 g in 100 ml of water 
Analysis: Stir the Sampie solution, 

Acceptance criteria: it dlssolves completdy to produce 
a colloidal solution that remains elear when heated to 
60T 

* B. 

Sampie: 1 mL of the solution from Identification test A 
Analysis: Place the Sampie on a glass piąte, and allow 
to evaporate, 

Acceptance criteria: A thin, self-sustaming film is 
formed. 

* C 

Sampie solution: 1 in 2000 

Analysis: To 1 mL of the Sampie solution add 1 ml of 
phenof solution (50 mg/mL), then add 5 ml of sulfuric 
add, shake, and allow to cool. 

Acceptance criteria: The color of the solution becomes 
orange. 

IMPURITIE5 

* Residue on Egnition (281); NMT 5.0% 

® Lead (251); NMT 10 Lig/g 

Deiele the foifowing: 

** Heaw Metals, Method U (231): NMT 20 pg/g* jcómiM i- 

|on-2Q 18} 

SPECIFiC TESTS 

* PH (791) 

Sampie solution: 10 mg/mL 
Acceptance criteria: 6 ,0-8.5 
0 Lass on Drying (731) 

Analysis: Dry at 105 D for 3 h. 

Acceptance criteria: NMT 10.0% 

O VlSCOSITY—CAPILLARY METHODS (911) or VlSCOSITY—“ROTA‘ 
tional Methods (912): When determined at the eon- 
centration and under the conditions spedfied in the la¬ 
beling, its viscosity is NLT 50% and NMT 150% of the 
fabeled viscoslty, where stated as a single value, or it is 
between the maximum and minimum values, where 
stated as a rangę of yiscosities. 

ADDETIGNAl REQUIREMENTS 
O Packaging ano Storage; Preserve in well-closed 
containers. 


* Labeling: The labeling indicates its viscosity, under sped¬ 
fied conditions, in agueous solution. The indicated yIscos- 
ity may be in the form of a rangę encompassing 
50%^15Q% of the average value. 


Hydjroxyprogsy9 BSetadlex 



C 42 H 70 O 35 (GjHjjO)* where a = 7 x MS, MS betng molar 
substitution 

Beta cyclodextrin, 2-hydroxypropyl ether [94035-02-6]. 

DEFINITION 

Hydroxypropyl Betadex is a partiaily substituted 
poly(nydroxypropyl) ether of Betadex. The number of 
hydroxypropyI groups per anhydroglucose unit expressed 
as molar substitution (MS) is NLT 0.40 and NMT 1.50 and 
is within 10 % of the value stated on the tabeL 

IDENTIFICATION 

“ A. Infrared Absorption (197K): The spectrum obtained 
with Hydroxypropyl Betadex shows the same absorption 
bands as the spectrum acauired with USP Hydroxypropyl 
Betadex RS. Due to the difference in the substitution of 
the substance, the intensity of some absorption bands 
may vary. 

* B. It meets the reguirements of the test for Cfority of 
Solution, 

ASSAY 

® Molar Substitution 

(See Nuclear Magnetic Resonance Spectroscopy (761).) 

The moiar substitution (MS) is calculated from the rado 
between the slgnal from the three protons of the 
methyl group, contained in the hyaroxypropyl func- 
tional group, and the signal from the proton attaehed 
to the carbon Ci (glycosidic proton) ot the 
anhydroglucose units. 

Use a Fourier-transform nuclear magnetic resonance 
(NMR) spectrometer having a magnetic field strength 
of at least 6 Tesfa and that is ca panie of performing 
quantltative analysis using proton NMR spectroscopy at 
a temperaturę of at least 25°. 

Sampie solution: Mix NLT the equivalent of 10.0 mg of 
dried Hydroxypropyl Betadex with 0.75 mL of deute- 
rjum oxide thoroughly in an NMR tubę. Place the tubę 
Into an NMR probe. 

Analysis: Adjust the spectrometer settings so that a 
hign-resolution proton NMR spectrum can be acgulred 
that will provide quantitative data. Aequire a free induc- 
tion decay (FID) with at least 8 tran sień ts using a spec¬ 
tra! window from at least 0 - 6.2 ppm, with the solvent 
pealc located at 4.8 ppm at 25T Zero fili the spectrum 
at least three times, and Fourier transform the FID with 
no Gaussian llne broadening and no morę than 0.2 Hz 
of Lorenzian linę broadening. 
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Determine the peak areas of the doublet from the 
rnethyl protons of the hydroxy propyl functiona! group 
at 1.2 ppm (4/) and the peak areas from the glycosidic 
protons, which are iocated between 5 and 5.4 ppm 
{Ai). 

Calculate the MS: 


Aesult = A t /(3Az) 

At - area of the rnethyl group of hydroxypropyl 

Az - area of the glycosidic proton 

The degree of substitution is the number of 
hydroxypropyl groups per molecule of betadex and is 
obtaineo by multiplying the MS by 7. 

Acceptance criteria: 0.40-1.50 and within 70% of the 
value stated on the la bel 

IMPURITIES 


Delete the fołtowłng: 


System Suitabifity.) 


* Heavy Metals, Method I <231); NMT 20 pg/g# i- 

Ifin^OTB) 

* Limit of Betadex, Propylene Glycol, and Other Related 

SUBSTANCES 

Mobile phase: Water 

Standard solutlon A: 15 mg/mL of U5P Beta Cyclodex- 
trin RS and 25 mg/mL of USP Propylene Glycol RS 
Standard solution B: 1.0 ml of Standard solution A di- 
luted with water to 10.0 mL 

Sampie solution: Dissolve 2.50 g of Hydroxypropyl 
Betadex, accurately weighed and calculated on the 
dried basis # in water with the aid of heat Gooi, and 
dilute with water to 25.0 mL. The resultina solution is 
1 00 mg/mL of Hydroxypropyl Betadex, calculated on 
the dried basis, in water. 

Ohromatographlc system 
(See Chromatograpny (621}, 

Modę: LC 
Detector: Differential refractometer 
Columns 

Guard: Packi ng LII 

Analytkal: 3.9-mm x 30-cm; packing LII 
Column temperaturo: 40° 

Flow ratę: 1.5 mL/mln 
Injeclion volume: 20 pL 
System suitabillty 

Sam pies: 5 ta na a rd solution A and Standard solution B 
[Notę —The retentlon time of propylene glycol is about 
2.5 min, and the relatlve retentlon times with refer¬ 
entce to that of propylene glycol for betadex and 
hydroxypropyl betacfex are about 4.2 and about 6, re- 
spectivefy; Hydroxypropyl Betadex elutes as a very 
wide peak or several peaks.] 

Suitabillty requfrements 

Rosołu tion: NLT 4 between betadex and propylene 
glycol, Standard solution A 

Refative standard deyfation: NMT 2.0%, Standard 
solution B 
Analysis 

Sampies: Standard solution B and 5omp/e solution 
Acceptance criteria: Disregard any peaks eluting before 
propylene glycol and after the hyaroxypropyl betadex 
peak, 

Betadex: NMT 1.5%; the area of the betadex peak in 
the Sampie solution is NMT the area of the correspond- 
ing peak from Standard solution B. 

Propylene glycol: NMT 2.5%; the area of the propyl¬ 
ene glycol peak in the Sampie solution is NMT the area 
of the corresponding peak from Standard solution B. 
Any other single Impurity: NMT 0.25%; the area 
from any other single impurity peak is NMT 0.1 times 
the area of propylene glycol in the chromatogram of 
Standard solution B, 


Total Impurities excluding betadex and propylene 
glycol: NMT 1%; the total area from all impurity 
peaks, excluding betadex and propylene glycol, is 
NMT 0.4 times the area of propylene glycol from Stan¬ 
dard solution B. 

Disregard limit: 0.1%; disregard any peaks that are 
less tnan 0.04 times the area of propylene glycol from 
Standard solution £?. 

• LiMfT or Propylene Oxide 

Ether stock solution: Add 75 pL of ether to 30 mL of 
dimethylacetamide in a 50-mL volumetric fiask, dilute 
with dimethylacetamide to volume, and mix. This solu¬ 
tion contains 1.0 mg/mL of ether. 

Interna! standard solution: Add 30 pL of Ether stock 
solution to 70 mL of dimethylacetamide in a 100-mL 
yolumetnc fiask, dilute with dimethylacetamide to vol- 
ume, and mix. 

Propylene oxide stock solution 
[Caution— Propylene oxide is toxic and flammabfe. Prepare 
this solution in a welJ-ventilated fume hood.] 

Add 30 mL of dimethylacetamide Into a 50-mL volu- 
metric fiask. Weigh tne fiask and contents accurately, 
add 60 pL of propylene oxide (cooled tn a refrigerator) 
into the fiask wltn a 100-pL cooled microsyringe, 
weigh again, and calculate the weight of propylene 
oxide adaed, by difference. Dilute with dimethylaceta¬ 
mide to vo!ume, and mtx. This solution contains 
1.0 mg/mL of propylene oxide. 

[Notę—P ropylene oxide is a gas at room temperaturę. 

It is usually stored in a lecture-type gas cylinder or 
smali metal pressure bomb. Chill the cylinder in a re¬ 
frigerator before use. Transfer 5 mL of the Isguid pro- 

B /lene oxide to a 100-mL beaker chilled in wet ice. 

se a gas-tight syringe that has been chilled in a 
refrigerator.] 

System suitability solution: Add 30 pL of Ether stock 
solution and 20 pL of Propylene oxide stock solution to 
70 mL of dimethylacetamide in a 100-mL yolumetnc 
fiask, dilute with dimethylacetamide to volume, and 
mix. 

Standard stock Solutions: Add 7 mL of dimethylaceta¬ 
mide into each of four 10-mL yolumetnc flasks. Transfer 
the following amounts of Propylene oxide stock solution 
Into each of the four flasks using a microsyringe, with 
one amount per fiask: 40, 100, 200, and 400 pL. Dilute 
with dimethylacetamide to volume, and mix. The Stan¬ 
dard stock Solutions contain about 4, 10, 20, and 40 pg/ 
mL of propylene oxide, respect3vely. 

Standard Solutions: Into each of four 10-mL headspace 
vfals, transfer 200 ±5 mg of Hydroxypropyl Betadex, 
calculated on the dried basis. Pipet TO mL of the inter¬ 
na! standard solution into each vial, and dose the vial 
with septum and cap. Into each of the vials add 10 pL 
of each of the Stanaard stock Solutions using a 10-uL 
syringe, respectively. Allow each vial to stand, and gen- 
tly shake until the sampie is dissolved. The Standard So¬ 
lutions contain, respectively, about 0.04, 0.1, 0.2, and 
0,4pg/mL of propylene oxrde. 

Sampie solution: Transfer 200 ± 5 mg of Hydroxypropyl 
Betadex, calculated on the dried basis, Into a 10-mL 
headspace autosampler viaL Pipet 1.0 mL of the Iniemal 
standard solution rnto the via), and close the vral with a 
septum and cap. Add 10 pL of dimethylacetamide using 
a 10-pL syringe. Allow the vial to stand, and gently 
shake until the sampie is dissolved. 

Chromatographrc system 
(See Chromotogropny (621), System Suitabifity.) 

Modę: GC with a balanced pressure automatic head¬ 
space sampler 
Detector: Flame ionization 

Column: 0.32-mm x 10-m fused-silica caplllary; coated 
with a 10-pm layer of statlonary phase SB 
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Temperatures 
Injection port* 120° 
Detector: 250° 
Column: See Table 1. 


Table 1 


Inltial 

Temperatura 

n 

Temperaturę 

Ramp 

Finał 

Temperaturę 

O 

Hołd Time at 
Finał 

Temperaturę 

(min'! 

50 

_ 

50 

10 

50 

10 

100 

10 

100 

20 

220 

4 


Transfer linę: 120° 

Carrier gas: Helium 

Flow ratę: 2 mL/min, correspondmg to the linear ve- 
locity of 44 cm/s 
Injection volume: 1.0 mL 

Injection type: Split injection; the spfit ratio is 1:1* 
System suitability 
Sampie: System suitability solution 
[Notę —The relatwe retention tfmes for propyiene oxide 
and ether are about 1*0 and 1*3, respectively*] 
Suitability reguirements 

Resołution: NLT 2,0 between ether and propyiene 
oxide 
Analysis 

Samptes: Standard Solutions and Sampie solution 
Separately place the vials containing the Standard Solu¬ 
tions and the Sampie solution in the automated sam- 
pler, and start the seguence so that the vial is heated 
at a temperaturę of 100° for 30 min before a suitable 
portion of its headspate is injected into the 
chromatograph. 

Using a 2-mL gas syringe preheated in an oven at 
110°, separatety inject the headspace from each vial 
into the chromatograph. Chromatograph the Stan¬ 
dard Solutions and the Sampie solution , record the 
chroma tog rams, and measure the area ratios of the 
peak responses of propyiene oxide and ether. 
Determine, based on a retention time comparison, 
whether propyiene oxide is detected in the Sampie 
solution. Plot the area ratios of the peak responses of 
propyiene oxide and ether of the Sampie solution and 
the Standard Solutions versus the content, in pg, of 
propyiene oxide in each vial, as furnished by the 
Standard stock solutions f draw the straight linę best 
fitting the five points, and calcuiate the correiatron 
coefficient for the linę. [NOTĘ—The Sampie solution 
should be plotted as tf it had a content of added 
propyiene oxide equiva!ent to 0 Lig.] 

A suitabie system is one that yields a linę having a 
correlation coefficient of NLT 0,99, Extrapolate the 
linę until it meets the content axis on the negative 
side* The distance between this point and the inter- 
section of the axes represents the total amount, T Ut in 
ug, of propyiene oxide in the Sampie solution. 
Calcuiate the percentage of propyiene oxide in the 
portion of sampie taken: 

Re suit = (Tu/W) x 100 

Tu = total amount of propyiene oxłde from the 
graph in the Sampie solution (pg) 

W - weight of Hydroxypropyl Betadex taken to 
prepare the Sampie solution (pg) 

Acceptance criteria: NMT 0*0001% 

SFECIFIC TESTS 

• MlCROBIAL ENUMERATtON TESTS (61) and TESTS FOR SPEC! 
fieo Mecroorcanisms ( 62 ): The total aerobic microbial 
count does not exceed 10* cfu/g, and the total com- 


bined molds and yeasts count does not exceed IG* cfu/ 
9 - 

* LOSS ON DRYINC (731) 

Sampie: 1 g 

Anafysis: Dry the Sampie at 120° for 2 h. 

Acceptance criteria: NMT 10.0% 

* ClARITY OF SOLUTION 

Sampie: 1,0 g 

Analysis: DissoIve the Sampie in 2*0 mL of water, and 
beat* 

Acceptance criteria: The resulting solution is elear and 
rematns transparent after cooling to room temperaturę* 

* Bacterial Endotoxins Test (85): The leve! of bacterial 
endotoxrns is such that the reguirement under the rele- 
vant dosage form monograph(s) in which Hydroxypropyl 
Betadex is used can be met* Where the la bel States that 
Hydroxypropył Betadex must be subjected to further Pro¬ 
cessing during the preparation of injectable dosage 
forms, the leve! of bacterial endotoxins is such that the 
requirement under the re!evant dosage form mono- 
graph(s) in which Hydroxypropyl Betadex is used can be 
met, 

* Sterility Tests (71): Where the label States that 

Hydroxvpropyl Betadex is sterile, it meets the reguire- 
ments for Sterility Tests (71) in the relevant dosage form 
monograph(s) in which Hydroxypropyl Betadex is used* 

* C ON D UCTIVITY 

Sampie solution: 100 mg/mL of Hydroxypropyl 
Betadex, calcu la ted on the dried basis in previously 
boiled and cooJed to room temperaturę water 
Apparatus: Use a conductmty meter or resistivity meter 
that measures the resistance of the column of liguid 
between the electrodes of the immersed measunng de- 
vice* The apparatus is suppiied with alternating current 
to avoid the effects of electrode polarization. It is 
equipped with a temperaturę compensation device or a 
preasion thermometer. 

Standard Solutions: Prepare three standard Solutions of 
potassium chloride containing 0.7455, 0.0746, and 
0*0149 g, respectiveiy, of potassium chloride per 
1000,0 g of solution. These Solutions should be pre- 
pared using water, which has been previously boiled 
and cooied to room temperaturę and has conductivity 
that does not exceed 2 p5 emb The conductivity and 
resistivity of these three Standard Solutions at 20° are 
given in Table 2. 


Table 2 


Concentration 
of Solution 
(q/l 000.0 ą) 

Conductlvlty 
(uS - cm 

Re$i5tłv{ty 
(Q - cm) 

0,7455 

1330 

752 

0.0746 

133*0 

7519 

0.0149 

26.6 

37,594 


Calibration 

Sam pies: Standard Solutions 

Choose a conductivity celi that is appropriate for the 
conductivity of the solution to be examined. The 
higher the expected eonductivrty, the hlgher the celi 
constant that must be chosen* CommonTy used con- 
ductivity cells have celi constants on the order of 0*1, 
1, and lOcm-L 

Use a Standard solution of potassium chloride that is 
appropriate for the measurement* The conductivity 
value of the Standard solution of potassium chlonde 
should be near the expected conductivity va\ue of the 
Sampie solution. 

Rinse the celi $everal times with water, which has been 
previously boiled and cooied to room temperaturę, 
and at least twice with the Standard soiution (potas¬ 
sium chloride solution) used for the determination of 
the celi constant of the conductivity celi. 
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Measure the resistance of the conductivity celi usmg Ihe 
Standord sotution (potassium chlaride solution) at 
20 + 0 , 1 °. 

Calcu late the constant of the conductMty celi, C 
(in cm 1 ): 

C — Rko x Kko 

Rkci = measured resistance, expressed in mega-ohms 
Kko = conductfvity of the Standard solution of 
potassium chloride used, expressed in 
pS-cnr’ 

Calibration acceptance enteria: The measured con¬ 
stant, C, of the conductivity celi must be within 5% of 
the given value. 

Anafysis 

5ample: Sample solution 

Rinse the conauctivity celi severa! times with water, 
whicb has been previously boiled and cooled to room 
temperaturę, and at ieast twice with the Sample solu¬ 
tion. Measure the conducUvity of the Sample solution, 
whlle gently stirrmg with a magnetic stirrer. 
Acceptance critena: NMT 200 uS ■ cm 1 

ADDITIONAL R£QUIREMENTS 

• Packaging and Storage: Preserve in well-dosed contain* 
ers. Storę at room temperaturę. 

• Labeung: Labei it to indicate the molar substitution 
(MS). Where Hydroxypropyl Betadex is intended for use 
in the manufacture of injectable dosage forms, it is so 
labeled. Where Hydroxypropyl Betadex must be sub- 
jected to further processing during the preparation of in- 
jectable dosage forms to ensure acceptable levels of bac- 
terial endotoxins, it is so labeled, Where Hydroxypropyl 
Betadex is stenie, it is so labeled. 

• USP Reference Standards (11) 

USP Beta Cyclodextrin RS 
USP Endotoxin RS 
USP Hydroxypropyl Betadex RS 
USP Propylene Glycol RS 


Hydi-oxvpropyl Cellulose _ 

Portions of this monoaraph that are nationaJ USP text, and 
are not part of the harmonized text, are marked with 
symbols (%) to specify this fact, 

Cellulose, 2-hydroxypropyl ether [9004-64-2], 

DEFINITION 

Hydroxypropyl Cellulose is partly 0(2-hydroxypropylated) 
cellulose. It contains NLT 53,4% and NMT 80,5% of 
hydroxypropoxy groups, calcuJated on the drled basis, It 
may contain suilable anti-caking agents, such as silica. 

IDENTIFICATION 

* A, INFRARED Absorption (197K): [Note— D i sregard any 

peak at about 1719 cm- 1 *] 

• B. 

Sample: 1 g of Hydroxypropyl Cellulose 

Anafysis: Dissolve the Sample in 100 ml of water. 
Transfer 1 mL of this solution to a glass pfate, and allow 
the water to evaporate. 

Acceptance criteria: A thin film h formed. 

ASSAY 

« Nydroxypropoxy Groups 

Internal standard solution: Methylcydohexane in o-Xy- 
lene (1 in 50) 

Standard solution: Weigh accurately 60 mg of adipic 
add in a reaction viaf, add 2,00 mL of Internal standard 
solution, and 1,0 mL of hydriodic add, Stopper the vial 
tightly, and weigh accurately. Inject 25 pi of isopropyl 


iodide through the septum, and again weigh accu¬ 
rately, Mix welL After pliase separation, pierce through 
the septum of the vial with a cooled syringe, and with- 
draw a sufficient volume of the upper phase as the 
Standard solution. 

Sample solution: Weigh accurately 30 mg of hydroxy- 
propylcelluiose (dried substance), and transfer to a reac¬ 
tion viaL Add 60 mg of adipic add, 2,00 mL of Interna! 
standard solution , and 1.0 ml of hydriodic add. Stopper 
the vial tightly with the valve, ancf weigh accurately the 
reaction vial (total mass before heating), Place the vial 
in an oven or heat in a suitabie heater with continuous 
stirring, m a in tarnina an internal temperaturę of 115 + 2° 
for 70 min. Allow tne yral to cool, and weigh accurately 
the reaction viai (total mass after heating). If the differ- 
ence of the total mass before heating to the total mass 
after heating is morę than 10 mg, prepare a new Sam¬ 
ple solution , After phase separation, pierce through the 
septum of the vial with a cooled syringe, and withdraw 
a sufficient volume of Lhe upper pnase as the Sample 
solution . 

Chromatographic system 

(See Chromatograpny (621), System Su i to bili ty.) 

Modę: CC 

Detector: Ffame ionization 

Column: 0.53-mm x 30-m fused silica capillary, coated 
with a 3-pm iayer of phase Cf 
Tempera tures 
Detector: 280° 

Injection port: 180° 

Column: See Tabfe L 


Tafcie 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

Finał 

Temperatura 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

40 

0 

40 

3 

40 

10 

100 

_ 

100 

50 

250 

3 


Carrier gas: Helium 
Linear velocity: 52 cm/s 
Injection vo!ume: 2 jiL 
Injection type: Split; split ratio, 50:1 
Run time: 15 min 
System suitabrlify 
Sample: Standord solution 

[Notę—T he relative retention time for isopropyliodide is 
about 0.8 with reference to methylcydonexane (reten¬ 
tion time about 8 min).] 

Suitability reguirements 

Re solu ti on: NLT 2 between isopropyl iodide and 
methylcyclohexane 

Relatwe standard deviation: NMT 2,0%, using the 
response factor calculation (0 for six injections 
Analysts 

Sam pies: Standord solution and Sample solution 
Calcufate the response factor ( F }: 

F = (A, X W t x Q/(A>x 100) 

Ai = peak area of the internal standard from the 
Standard solution 

W\ - weigh t of isopropyl iodide in the Standard 
sofutiort (mg) 

C = content of isopropyl iodide (%) 

A z = peak area of isopropyl iodide from the 
Standard solution 

Calculate the percentage content (m/m) of the 
hydroxypropoxy group: 

Result = (A, x f x Mi x 1.15 x 100)/(A, x x M 2 ) 
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Ar = peak area of isopropyl iodide from the Sample 
solutbn 

F - response factor calcu lated from above 
Mt - molar mass of hydroxypropoxy group, 75.1 
1.15 - correction factor to correlate results to 

previous assay method replaced by this 
method 

A j = peak area of the internal standard from the 
Sample solution 

W 2 - weight of the sample (dried substance) in the 

Sample solution (mg) 

JWj = molar mass of isopropyl iodide, 170,0 
Acceptance criteria: 53.4%-8 0.5% of hydroxypropoxy 
groups 

IMPURITIES 

* Residue on Ignition (231) 

Sample: 1.0 g 

Analysis: Proceed as directed in the chapter, using a 
platinum crucible. 

Acceptance criteria: NMT 0,8% 

* SlLICA 

[Caution— Perform the mixjng and heating of the mixtures 
contatning hydrofluoric acid in a weil-ventilated hood.] 
Analysis: If the addition of silica is stated on the la bet 
ano jf morę than 0.2% residue is found from the Resi¬ 
due on Ignition test, moisten the residue with water, 
and ada 5 mL of hydrofluoric acid in smali poitions. 
Evaporate on a steam bath to dryness, and cool. Acid 
5 mL of hydrofluoric acid and 0.5 mL of suffuric acid, 
and evaporate to dryness. Slowly increase the tempera¬ 
turę until all of the acids have been volatilized, and ig- 
nite at 1000 ± 25°, Cool in a desiccator, and weigh. The 
difference between the finał weight and the weight of 
the initially ignited portion represents the weight of 
silica. 

Acceptance criteria: The weight of silica is NMT 0.6%, 

* *Lead (251): NMT 10 ppm* 

Detete the foltowing: 

** *Heavy Metals, Method II (231): NMT 20 ppm#* <oincui 

Hfln-2018) 

5PECIFIC TEST5 

* PH <791): 5.0-8,0, in a solution (1 in 100), prepared by 
evenly distributing the powder into botltng carbon dtox- 
ide-free water and stirring the mfocture with a maanetic 
stirrer 

* LOSS ON DRYING <731) 

Analysis: Dry at 105° for 4 h. 

Acceptance criteria: NMT 5,0% 

* *Viscosity—Rotational Methods <912): Determrne the 
apparent viscosity at the concentration and temperaturę 
speeified on the label with a suitable rotational Yiscome- 
ter (see Laheling).* 

ADDITIONAL REQUIREMENTS 

* ♦Packacing and Storage: Storę in welbdosed contain- 
ers,* 

* +LABELING: Label it to indicate the viscosity in an aqueous 
solution of stated concentration and temperaturo. The in- 
dicated viscosity may be in the form of a rangę encom- 
passing 50%-150% of the average value. Suitable anti- 
caking agents, such as silica, should be stated on the 
label.* 


• usp reference standards (11) 
USP Hydroxypropyl Cellulose RS 


Low-Substituted Hydroxypropyl 
Cellulose 


DEFfNITION 

Low-Substituted Hydroxypropyf Cellulose is a low-substi- 
tuted hydroxypropyl et ner of cellulose. When dried at 
105° for 1 h, it contains NLT 5.0% and NMT 16.0% of 
hydroxypropoxy groups (-OCHjCHOHCHj), 

IDENTIFICATION 

* A. 

Sample: 20 mg 

Analysis: Shake the Sample with 2 ml of water, and 
cautiously add 1 mL of a solution of anthrone in sulfuric 
acid (350 pg/mL). 

Acceptance criteria: A blue to greenish-blue color de- 
velops at the zonę of contact, 

■ B. 

Sample: 0.1 g 

Analysis: Shalce the Sample thoroughly with 10 mL of 
water. Add 1 g of sodium hydroxide, and shake until it 
becomes homogeneous. Save 5 mL of this solution for 
Identification test C. To 0.1 mL of this solution add 9 mL 
of 32 N sulfuric acid, and shake. Heat in a water bath 
for 3 min, accurately timed, and immediately cooi in an 
ice bath. While the mixture is cold, ca ref ul \y add 0,6 mL 
of ninhydrin TS. Allow to stand at room temperaturę. 
Acceptance criteria: The red color that appears imme- 
diateiy turns to violet within 100 min. 

* C. 

Sample solution: 5 mL of the solution prepared for 
Identification test 8 

Analysis: Shake the Sample solution with 10 mL of a 
mixture of acetone and methanol (4:1). 

Acceptance criteria: A white, flocculent predpitate is 
formed. 

ASSAY 
« Procedurę 

[Caution— Hydriodic acid and its reaction byproducts are 
hlghly toxic. Perform all steps of the Standard solution and 
the Sample solution in a properly funttioning hood. Spe- 
ctfic safety practfces to be followed are to be identified to 
the analyst performing this test.] 

Apparatus: For the reaction vial, use a 5-mt pressure- 
tight serum vial, 50 mm in height, 20 mm in outslde 
diameter, and 13 mm m inside diameter at the mouth. 
The vial is equipped with a pressure-tight septum hav- 
ing a polytetrafluoroethylene-faced butyl rubber and an 
air-tight seal using an afuminum crimp or any sealmg 
system that provtdes suffident air-tightness, Use a 
heater having a heating module that has a square- 
shape aluminum block with holes 20 mm in cliameter 
and 32 mm in depth, into which the reaction vial fits. 
The heating module is also eguipped with a magnetie 
stirrer capaole of mixing the contents of the viaf, or use 
a reciprocal shaker that performs a redprocating mo- 
tion of approximateiy 100 times/mrn. 

Hydriodic acid: Use a reagent having a typical concen¬ 
tration of Hi about 57%. 

Internal standard solution: 30 mg/ml of n-octane m 
o-xy lene 

Standard solution: Into a suitable serum vial, weigh 
between 60 and 100 mg of adipic add, and add 2.0 mL 
of Hydriodic add and2.0mLof Interna! standard solution 
into the vial. Close the vial securely with a suitable sep¬ 
tum stopper. Weigh the vial and contents, add 
1S—22 jliL of isopropyl iodide through the septum with 
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a syrlnge, weigh again, and calculate the weight of iso 
propyl iodide added, by difference. Use the upper layer 
as tne Standard solution . 

Sample solution: Transfer 0.065 g of dried Low-Substi- 
tuted Hydroxypropyl Cellulose to a 5-mL thick-walłed 
reattion vial equipped with a pressure-tight septum- 
lype closure, add between 60 and 100 mg of adipEc 
add, and pipet 2.0 mL of InternaI standard solution into 
the vial. Cautiousfy pipet 2.0 mL of Hydrhdk acid into 
the mixture, rmmediately cap the vial tightly, and 
weigh. Using the magnetic stirrer equipped in the heai- 
ing module, or using a reciprocal shaker, mix the eon- 
tents of the vial continuously, heating and maintaining 
the temperaturę of the contents at 130 ±2° for 60 min. 
If a reciprocal shaker or magnetic stirrer cannot be 
used, shake the vial weli by hand at 5-min intervals 
during the initial 30 min of the heating time. Allow the 
vial to cool, and weigh. If the weight loss is greater 
than or egual to 0.50% of the contents or there is evi- 
dence of a leak, discard the mixture, and prepare an- 
other Sample sofution . 

Chromatographic system 
(See Chromatograpny (621}, System Suita hi!i ty.) 

Modę: GC 

Detector: Thermal conductivity or hydrogen flame 
ionization 

Column: 3-4-mm x 1.8-3-m glass, packed with 20% 
liquid phase G28 on 100-120 mesh support SIC that 
is not siianized. [Notę —Use a column givinq well re- 
solved peaks of methyl iodide, rsopropyl iodide, and 
the internat standard in this order.] 

Carner gas: Helium is used for the thermal conduct?v- 
ity detector; helium or nitrogen can be used for the 
hydrogen fEame-ionization detector. 

Column temperaturę: 100° 

Flow ratę: With the Standard sofution , adjust the flow 
ratę so that the retention time of the interna! standard 
is about 10 min. 
fnjection volume: 1-2 pL 
Analysis 

Samples: Upper layer of the Standard sofution and the 
Sample solution 

Calcu late the percentage of hydroxypropoxy 
(-GCsHóOH) in the sample taken: 

Result = (QWQW x (WsbfWu) x 44.1 7 

Qtb = ratio of the peak area of isopropyj iodide to m 
octane in the Sample solution 
Qst, - ratio of the peak area of i so pro pyl iodide to n- 
octane En the Standard solution 
Wsh = weight of isopropyf iodide in the Standard 
solution (mg) 

Wu - weight of Low-Substituted Hydroxypropyl 

CelluEose calcu la ted on the dried basis, taken 
for the Sample solution (mg) 

Acceptance criteria: 5.0%-16.0% on the dried basis 

IMPURIT1ES 

* Residue on Egnition (281): NMT 0.5% 

• Chloride and Sulfate, Chloride (221) 

Sample solution: Shake 0.50 g of Low-Substituted 
Hydroxypropyl Cellulose thoroughly wEth 30 mL of boif- 
ing water, heat on a water bath for 10 min, and fil ter 
the supernatant by decantatlon while hot. Wash the 
residue thoroughly with 50 mL of boiling water, com- 
bine the washings with the filtra te, and add water to 
make 100 mL after cooling. 

Control solution: 0.25 mL of 0.02 N hydrochloric add 
Analysis: Using 10 mL of the Sample solution and the 
Control sofution , proceed as dtrected in the ehapter, 
starting with the addition of the nitric acid. 

Acceptance criteria: NMT 0.36%; the Sample shows no 
morę chloride than the Control solution, 


Delete the foflowing: 

** Heaw Metals, Method II (231); NMT 10 pg/g# (płfai i- 

t«iv2oiaj 

SPECIFIC TESTS 

• Loss on DftyiNG (73!) 

Analysis: Dry at 105° for 1 h. 

Acceptance criteria: NMT 5.0% 

ADDITION AL REQUIREMENT5 

* Packaging and Storage: Preserve in tight contalners. 


Hydroxy propyl Methylcellulose —see 

Hypromeflose General Monographs 


Hymetellose 

M e t hy I hy d roxy et hy I cel I u I ose; 

Cellulose 2-hydroxyethyl methyl ether [9032-42-2]. 

DEFINITSON 

Hymetellose is a partly O-(methylated) and 0-(2-hydroxy- 
ethylated) cellulose. 

IDENTIFICATION 

* A. 

Sample solution: Use the Sample sofution prepared in 
the test for Color of Solution* 

Anafysrs: Heat the Sample solution in a water bath while 
stirring. 

Acceptance criteria: At a temperaturę above 50*, the 
solution becomes cloudy or a ffocculent precipitate is 
formed. The solution becomes elear again on cooiing. 

* B. 

Sample solution: 1 ml of the solution from Identifica¬ 
tion test A 

Analysis: Transfer the Sample solution to a glass piąte, 
and allow the water to evaporate. 

Acceptance criteria: A thfn fifm is formed. 

* C 

Sample solution: 10 mL of the solution from Identifica¬ 
tion test A 

Analysis: To the Sample solution add 0.3 mL of 2 N ace- 
tic acid and 2.5 ml of tannic acid T$. 

Acceptance criteria: A yellowish-white, flocculent pre- 
cipitate is formed that aissolves in ammonia TS. 

■ D. 

Sample: 1 g 

Dietnanolamine-sodium nltroprusside solution: 

50 mg/mL of sodium nitroprusside solution adjusted 
with 1 N hydrochloric add to a pH of 9.8. Mix 11 mL 
of this solution with 1 mL of a diethanolamine solution 
(200 mg/mL) in water 

Analysis: In a test tubę about 160 mm long, thoroughly 
mix the Sample with 2 g of finely powdered manganese 
sulfate. introduce, to a depth of 2 cm into the upper 
part of the tubę, a strip of fil ter paper impregnated 
with a freshly prepared Diethanolamine-sodium ni - 
troprusside solution, Insert the tubę 8 cm into a siiicone- 
oil bath at 190 fl -200*\ Perform a blank test without the 
addition of Hymetellose. 

Acceptance criteria: The filter paper becomes blue 
within 10 min. 

« E. 

Sample: 0.2 g 

Analysis: Dtssoive the Sample completely, without heat¬ 
ing, in 15 mL of 70% sulfuric acid. Pour the solution 
while stirring Ento 100 mL of Ece water, and dilute with 
ice water to 250 mL. Transfer 1 mL of this solution to a 
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test tubę, and while cooling in ice water, add dropwise 
8 mL of sulfunc add, and mix thoroughiy. Heat in a 
water bath for exactly 3 min, and ImmedEately cool in 
ice water. While the mixture !s cold, carefully add 
0.6 mL of ninhydnn 15, and mix well. Allow to stand at 
25 °. 

Acceptance criteria: A pEnk color is produced immedh 
ateiy and does not become violet within 100 min. 

9MPURITIES 

a RESIDUE ON 0GNITION (231) 

Sample: 1.0 g 

Acceptance criteria: NMT 1.0% 

® Chloride and Sulfate, Chloride (221) 

Sample solution: Dilute 1.0 mL of the Sample solution 
from the test for Color of Solution with water to 20 mL, 
and add 1 mL of nitric acid and 1 mL of silver nEtrate 
TS. Mix, and alfow to stand for 5 min, protected from 
direct sunlight. 

Control sofution: Dilute 0.71 mL of 0.020 N hydro- 
chloric add to 1 00 mL, Mix 10 mL of this sofution with 
water to 20 mL, and add 1 mL of nitric add and 1 mL 
of silver nitrate TS. MEx, and allow to stand for 5 min, 
protected from direct sunlight. 

Analysis 

(See Nephelometry , Turbidimetry, and Vtsual Comparison 
(855), Vhual Comparison.) 

Compare the turbidity of the Sample solution and Con¬ 
tro/ solution , Ef any. 

Acceptance criteria: 0,5%, Any turbidity produced by 
the Sample solution does not exceed that of the Contro/ 
solution. 


Detete the folfowing: 

** Heaw Metals, Method II (231): NMT 20 pg/g# (om*\ h 

Jan-2018) 

SPEOJF0C TEST5 
* fH (791) 

Sample solution: Use the Sample solution from the test 
for Color of Solution. 

Acceptance criteria: 5.5-8.0 
o Loss ON Drying (731) 

Sample: l.Og 

Analysis: Dry the Sample at 105° to constant weight, 

Acceptance criteria: NMT 10.0% 
a VlSC0SIT Y—ROTATION A L METHODS (912) 

Sample: An arnount equivalent to 6.0 g of dried 
HymeteNose 

Analysis: While stirring, add the Sample to 150 g of car- 
bon dioxide-free water heated to 90°. Stir with a pro- 
pelEer-type stirrer for 10 min, place the fiask in a bath of 
Ice water, continua the stirring, and allow to remain in 
the bath of ice water for 40 min to ensure that dissoiu- 
tion is complete. Adjust the mass of the sofution to 
300 g, and centrifuge the solution to expel any en- 
trapped air. Adjust the temperaturę of the solution to 
20 + 0.1°, and determine the viscosity using a rotational 
viscometer with a shear ratę of 10/s. 

Acceptance criteria: The apparent viscosity is 
75%-140% of the value stated on the fabel. 
e Color of Solution 

Diluent: 27.5 ml of hydrochloric add in 1000 mL of 
water 

Standard solution: Prepare immedEately before use. 

Mix 2A mL of ferric chloride CS and 0,6 mL of cobal- 
tous chloride CS with Diluent to make 10 mL, and dilute 
5 mL of this solution with Diluent to make 100 mL. 

Sample solution: While stirring, add a portion equiva- 
lent to 1.0 g of dried Hymetellose to 50 g of carbon 
dEoxide-free water heated to 90°. Allow to cool, adjust 
the weight of the solution to 100 g with carbon dioX' 
ide-free water, and stir untif dissolution is complete. 


Analysis: Make the comparison by viewing the sub- 
stance and the sofution downward in matched color- 
comparison tubes against a white surface (see Color and 
Achromicity (631)). 

Acceptance criteria: The Sample solution is not morę 
intensely colored than the Standard solution, 

o Clarity of Solution 

Hydrazine sulfate solution: 10 mg/mL of hydrazine 
sulfate. Allow to stand for 4-6 h before use. 

[Caution —Hydrazine sulfate is highly toxEc. Avoid skin 

eon ta et] 

Methenamine solution: Transfer 2.5 g of methenamine 
to a 100-mL giass-stoppered fiask, add 25.0 mL of 
water, insert the glass stopper, and mix to disso!ve. 

Primary opalescent mrxture: To the fiask containing 
Methenamine solution add 25.0 mL of Hydrazine sulfate 
solution, mix, and allow to stand for 24 h. This suspen- 
sion is stable for 2 months. Mix before use, and do not 
use Ef it adheres to the Container. 

Opalescence standard: Dilute 1 5,0 mL of Primary opal- 
escent mixture with water to 1000,0 mL, Use this sus- 
pension wEthin 24 h after preparation. 

Reference suspension: Transfer 30,0 mL of Opalescence 
standard to a 100-mL volumetric fiask, and dilute with 
water to volume. 

Sample solution: Use the solution from the test for 
Color of Soiutbn. 

Analysis: Transfer a suffieient portion of the Sample so¬ 
lution to a test tubę of colorless, transparent, neutra! 
glass with a fiat base and an interna! diameter of 
15-25 mm to obtain a depth of 40 mm. Similarly trans¬ 
fer a portion of the Reference suspension to a sępa ratę 
matching test tubę. Compare the Sample solution and 
the Reference suspension in diffused daylight, viewing 
vertically against a black background (see Nephelometry, 
Turbidimetry, and Visuai Comparison (855), Visual Com¬ 
parison) 5 min after preparation of the Reference 
suspension . 

Acceptance criteria: The Sample solution is not morę 
opalescent than the Reference suspension , 

ADDBTDONAL REQU1REMEMTS 

f Packaging and Storage: Preserve in well-closed contain- 

ers. No storage requlrements are specified, 

• Labeling: Labei it to indicate the viscosity of the solution 

(1 tn 50) at 20°. 


g-flypophosphorous Acid 

H : ,PO 66.00 

Phosphlnic acid; 

Hypophosphorous aerd [6303-21-5]. 

DEFINITSON 

Hypophosphorous Acid contains NLT 30.0% and NMT 
32.0% of th?Q 2 . 

IDENTBFICATION 

* A. Hypophosphorous AcEd yields a white precipitate with 
merturic chloride T5, This precipitate becomes gray 
when an excess of hypophosphite is present. 

® B. Hypophosphorous Acid addified with sulfunc add and 
warmed with cuprlc sulfate TS yields a red precipitate. 

A55AY 
» Procedurę 

Sample solution: Pour 7 mL of Hypophosphorous Acid 
Ento a ta red, giass-stoppered fiask, and weigh. Dilute 
with about 25 mL of water, and add phenolphthalein 
TS, 
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Analysis: Titrate with 1 N sodium hydroxide VS. Each 
mL of 1 N sodium hydroxide is equivalent to 66.00 mg 
of H 3 PQ* *. 

Acceptance criteria: 30.0%-32.0% 

IMPURITIES 

Inorgarrk Impurities 

Oelete the fofhwing: 

•• Heavy Metals, Method U (231) 

Analysis: Place 0.90 mL (1 g) of Hypophosphorous Acid 
in a smali beaker, and add 3 mL of water. Add 1 mL of 
nitric acid, and evaporate on a steam balh to about 
1 mL. Again add 1 mL of nitric acid, and evaporate on a 
steam bath. Dissolve the resldue in 3 mL of water, add 
ó N ammonium hydroxide until the solution rs distlnctly 
alkaline to litmus, then boil gently until the odor of 
ammonia disappears. Add 2 mL of 1 N acetic acid and 
15 mL of warm water, filter, and di lute the filtrate with 
water to 25 mL. 

Acceptance criteria; NMT 20 ppm# corfioai i-i^n 2 oisj 

SPECIF1C TESTS 

* Limit of Barium and Oxalate 

Sample solution: Hypophosphorous Acid and water 

0:3) 

Analysis 1: Neutralize 30 mL of the Sample solution with 
6 N ammonium hydroxide: the mixture exhibits little or 
no predpitatlon. Filter, acidify 10 mL of the filtrate with 
hydrochloric acid, and add 2 mL of potassium sulfate 
TS* 

Acceptance criteria 1: No turbidity is produced 
(barium). 

Analysis 2: To a 10-mL portion of the filtrate obtained 
in Analysis 1, add 1 mL of calcium chloride TS. 
Acceptance criteria 2: The filtrate shows no turbidity 
upon the addition of the calcium chloride TS (oxalate). 

ADDBTBONAL REQUIREMENTS 

• Packaginc and Storage: Preserve in tight containers. 


Hypromellose Acetate Succinate 

Hydroxypropyl methylcellulose acetate succinate; 

Cellulose, 2-hydroxypropyl methyl ether, acetate hydrogen 
butanedioate; 

Cellulose, 2-hydroxypropyl methyl ether, acetate succinate 
[711 38-97*1]. 

DEFIN1TION 

Hypromellose Acetate Succinate is a mixture of acetic acid 
and monosuccinic acid esters of hydroxypropyl methylcel 
lulose. It contalns NLT 12.0% and NMT 28.0% of 
methoxy groups (-OCH*), NLT 4.0% and NMT 23.0% of 
hydroxypropoxy groups (-OCH 2 CHOHCH 3 ), NLT 2.0% 
and NMT 16.0% of acetyl groups (-COCHj), and NLT 
4.0% and NMT 28.0% of succinoyl groups 
(-COC 2 H 4 COOH), calculated on the dried basis. 

IDENTIFICATION 

* A. INFRARED ABSORPTION (197A) 

Sample: Neat. Do not dry specimen. 

Analysis: Use a Fourier transform IR spectrophotometer 
fitted with a suitable accessory for single bounce atten- 
uated total reflectance ($ee Mid-lnfrared Spectroscopy 
(854)) with a diamond or germaniom crystal Acquire a 
background single-beam spectrum with a dean dia¬ 
mond or germanium crystaf sampling piąte in place. 
Place the sample on the diamond or germanium ery stal 
sampling surface with a microspatula or equiva!ent. For 
best results, the sample should cover the crystal surface 


under the pressure point tlp, Using the pressure device, 
apply pressure to the sample, maldng surę the sample 
remains centered under the pressure tip. Acguire a sin- 
gle-beam spectrum of the sample, and make the neces- 
sary corrections for the background. Release the pres¬ 
sure device, and elear it from the sample area. Wipe the 
sample off the crystal and pressure device tip, and rinse 
both with acetone. 

Acceptance criteria: The IR spectrum of the Sample ex- 
hlbits maxima only at the same wavelengths as a slmi- 
iarly obtained spectrum of USP Hypromellose Acetate 
Succinate RS. 

AS5AY 

• Acetyl and Suconoyl Croups 

Phosphoric acid solution: 1,25 M phosphoric acid and 
water (2:98) 

Buffet: 2.72 g/L of monobasic potassium phosphate 
Diiuent: Adjust the Buffer with 1 N sodium hydroxide to 
a pH of 7.5, 

Acetic acid stock solution: Add approximate!y 20 mL 
of water to a stoppered, 100-mL volumetric fiask, place 
the fiask on a balance, and tarę. Transfer 2.0 mL oł qla- 
ciał acetic acid to the fiask, and record the weight of 
the acid added. Fili the fiask with water to volume. 
Transfer 6 mL of the resulting solution into a 100-mL 
vo!umetric fiask, and dilute with water to volume, 
Succinic acid stock solution: 1,3 mg/mL of succinic 
acid 

Mobile phase: Adjust the Buffer to a pH of 2.8 by the 
dropwise addition of 6 M phosphoric acid. Pass through 
a 0.22-pm nylon filter. 

Standard solution 1: Transfer 4.0 mL of the Acetic acid 
stock solution and 4.0 mL of the Succinic acid stock solu¬ 
tion to a 25-nriL volumetric fiask. Dilute with Mobile 
phase to volume, and mix. 

Standard solution 2: Prepare as directed for Standard 
solution 7, This solution is prepared as a duplścate. 
Sample solution: Weigh 12.4 mg of Hypromellose Ace¬ 
tate Succinate into a glass vial. Transfer 4.0 mL of 1.0 N 
sodium hydroxide to the vial, and stir the solution for 4 
h. Then, add 4,0 mL of 1.25 M phosphoric acid to the 
same vial to bring the pH of the solution to 3 or less, 
lnvert the test Sample solution vlal severai times to en- 
sure complete mixing, and pass through a filter of 0.22- 
urn porę size. Use the elear filtrate. 

Ćhromatographic system 
(5 e e Chroma tograp ny (62 1), Sys tem Su i to bility .) 

Modę: LC 

Detector: UV 215 nm 

Column: 4.6-mm x 15-cm; 5-pm packing LT 

Calumn temperaturę: 20°-30° 

Flow ratę: 1 mL/min 
Run limę: 15 min 
injection volume: 10 \xl 
System suitabllity 

Samples: Standard solution 1 and Standard solution 2 

Suitabllity reguirements 

Column efficiency: NLT 8000 theoretical plates, de- 
termined from the succinic acid peak, Standard solu¬ 
tion J 

Tailing factor; 0.9-1.5 for the succinic acid peak, 
Standard solution 1 

Relative standard deviation: NMT 2.0% for each 
peak from six rep fi ca te injections. Standard solution 1 
Peak difference: The difference rn peak areas be- 
tween Standard solution 7 and Standard solution 2 for 
both acetic and succinic acids peaks does not exceed 
2 %. 

[NoTE—After each run sequence, the column should be 
flushed first by 50% water and 50% acetonitrile for 60 
min and then by 100% methanol for 60 min. The col¬ 
umn should be stored in 100% methanol] 
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Analysis 

Sam pies: Standard solution 1 and Sample solution 
Calojfate the percentage of acetic acid, Ą in the por¬ 
tion of Hypromellose Acetate Succinate taken: 

A - (Wru) x (CJCu) x 100 

r U A - peak response for acetic acid from the Sample 
solution 

= peak response for acetic acid from Standard 
solution 1 

C A = concentration of acetic acid in Standard 
solution 1 (mg/mL) 

Cu « concentration of Hypromellose Acetate 

Succinate in the Sample solution (mg/mL) 
Calcu late the percentage of acetyl groups (-COCH 3 ) in 
the portion of Hypromellose Acetate Succinate taken: 

Result = (A - Ahce) x (M r) /A4?) 

A = defined above 

Aftee = percentage of free acetic acid, as determined 
in the test for Limit of Free Acetic and Sucdnic 
Acids 

M ri = molecular weight of the acetyl group, 43.04 
Mti = molecular weight of acetic acid, 60.05 
Calculate the percentage of succrnic acid, 5, in the 
portion of Hypromellose Acetate Succinate taken: 

5 = (Wns) x (Cs/Cu) x 100 

rus - peak response for sucdnic acid from the 
Sample solution 

= peak response for succinic acid from Standard 
solution J 

G - concentration of succinic acid in Standard 
solution 1 (mg/mL) 

Cu = concentration of Hypromellose Acetate 

Succinate in the Sample solution (mg/mL) 
Calculate the percentage of sucdnoyl groups 
(-COGH-jCOOH) In the portion of Hypromellose 
Acetate Succinate taken: 

ReSUlt - (S - ${„t) X (Mrt/Mrl) 

S = defined above 

Stnę - percentage of free sucdnic acid, as 

determined in the test for Limit of Free Acetic 
and Sucdnic Acids 

Mn = molecular weight of the sucdnoyl group, 
101.08 

Mt 2 - molecular weight of sucdnic acid, 118.09 
Acceptance criteria 

Acetyl groups (-COCHs): 2*O%-16.0% on the dried 
basis 

Sucdnoyl groups (-COC 2 H,)COOH): 4,0%-28.0% on 
the dried basis 

• CONTENT OF METHOXY AND 2-HYDRQXYPROPOXY GROUPS 
[Caution —Hydriodic acid and its reaction byproducts are 
highly toxic. Perform a II steps in the preparatton of the 
Sample solution and the Standard solution in a propedy 
functioning hood. Specific safety practices to be followed 
are to be identified to the analyst performing this test*] 
Hydriodic acid: Use a reagent having a specific gravity 
of at least 1.69, equivalent to 55% hydrogen iodide. 
Solution A: Methanol and water (10:90) 

Solution B: Methanol and water (85:15) 

Mobile phase: See Tabte /* 


Table 1 


Time 

fmlnl 

Solution A 

(%) 

Solution B 

0 

70 

30 * 

8 

40 

60 


Table 1 ( Continued ) 


Time 

(mini 

Solution A 
(%) 

Solution B 

10 

15 

85 

i; 

15 

85 


[Nort’—These gradient efution times are established on 
an HPLC system with a dwell volume of approximately 
2*0 mL* The injection time can be adjustea relatwe to 
the start of a run to accommodate the change in 
dwell volume from one HPLC system to another to 
achieve the separation described.] 

Standard stock solution: Transfer 2 ml of o-xylene into 
a stoppered, 10-mL volumetric fiask, place the fiask on 
a balance, and tarę. Add 200 ul of methyl iodide, insert 
the stopper into the fiask, and accurately weigh: the 
weight of methyl iodide is about 350 mg. Tarę the fiask 
agam, add 34 pL of isopropyl iodide, and weigh the 
fiask: the recorded weight of isopropyl iodide is 50 mg. 
Dilute with o«xylene to volume, and mix. 

Standard solution: Transfer 85 mg of adipic add into 
an 8-mL vial (or other suitable Container), add 2 mL of 
Hydriodic acid , and add 2.0 ml of the Standard stock 
solution , Shake and allow the phases to separate. Care- 
fully transfer approximately 1.5 mL of the o-xylene (top) 
layer to a smali vial, making surę that the bottom aque- 
ous layer is not disturbed. Transfer I.OmL of the result- 
ing solution to a 10*mL volumetric fiask, and dilute 
with methanol to volume. [Notę—T his solution ts stable 
for 8 h at 5°.] 

Sample solution: [Caution —Use a cap that has a top 
safety relief valve, such as a Minniert valve, to prevent 
accidental explosion of the vial under high pressure 
when heated.] Weigh 65 mg of Hypromellose Acetate 
Succinate into a 5-mL reaction vial, and add 2.0 ml of 
o-xylene and about 100 mg of adipic acid. Add 2.0 mL 
of Hydriodic add , and close the vial tightly with a cap. 
Weigh the vial before heating, and place the viai into a 
heating błock at 150 fl . Shake the vial after 5 min and 
after 30 min of heating. Remove the vial from the 
heating błock after 1 h of heating, and cooL Weigh 
the vial* If the weight loss is greater than 10 mg, dis- 
card the mixture, and prepare another reaction solu¬ 
tion, Carefully transfer approximately 1*5 mL of the 
top oxylene layer into a smali glass vial, making surę 
that the bottom aqueous layer is not disturbed. Trans¬ 
fer 1.0 mL of this solution into a 10-mL volumetric 
fiask, and dilute with methanol to votume. [Notę —This 
solution rs stable for 8 h at 5°*] 

Chroma tog raphtc system 
(See Chromatograpny (621), System Suitability .) 

Modę: LC 

Detector: UV 254 nm 

Column: 4.6-mm x 15-cm; 5-pm packing LI 

Column temperaturę: 30° 

Flow ratę: 1 mL/min 
I njection vol ume: T 0 \x L 
System suitability 
Sample: Standard solution 
Suitability requirements 

Column efficiency: NLT 10,000 theoretical plates, 
determined from the methyl iodide peak 
Talling factor: 0.9-1.5 for the methyl iodide peak 
Relative standard detfiation: NMT 2.0% for each 
peak 
Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of methoxy groups (-OCH 3 ) in 
the portion of Hypromellose Acetate Succinate taken: 

Result — (fuM/fsw) x (G/Cu) x (A4 r ?/M f ^) 

ruM = peak response for methyl iodide from the 
Sample solution 
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- peak response for methyl iodide from the 
Standard solution 

Q = concentration of methyl iodide in the Standard 
soiutbn (mg/mL) 

= concentration of Hypromellose Acetate 
Succinate in the Sample solution (mg/mL) 

Mfi = molecular weight of the methoxy group, 

31.03 

Mrz - molecular weight of methyl iodide, 141.94 
Calculate the percentage of 2-hydroxypropoxy groups 
(-OCH^CHOHCHi) in the portion of Hypromellose 
Acetate Succinate taken: 

Result = (WrjJ x (Q/Cu) x 

fm - peak response for isopropyl iodide from the 
Sampfe solu tion 

rsi = peak response for isopropyl iodide from the 
Standard soiutbn 

C? - concentration of isopropyl iodide in the 
Standard soiutbn (mg/mL) 

Cu ~ concentration of Hypromellose Acetate 

Succinate in the Sampfe solution (mg/mL) 

Mri = molecular weight of the 2-hydroxypropoxy 
group, 75.09 

H? - molecular weight of isopropyl iodide, 169.99 
Acceptance critena 

Methoxy groups (-OCH* *): 12«0%-28.0% on the 
dried basis 

Hydroxypropoxy groups (-OCHrCHOHCH*): 
4*0%“23.0% on the dried basis 

impurities 

* Residue on Ignition (281) 

Analysis: Determine at 600150°. 

Acceptance critena: NMT 0.20% 


Oelete the followingt 

•» Heavy Metals, Method li (231): NMT 10 pg/g* @m*\ t. 

Jjn20I8) 

• Limit of Free Acetic and Succinic Acids 

Phosphoric acid solution, Buffer, Diluent, Acetic acid 
stock solution, Succinic acid stock solution. Mobile 
phase, Standard solution, and Chromatographic sys¬ 
tem: Proceed as directed in the Assoy for Acetyl and 
Sucdnoyl Groups * 

Sample solution: Weigh 102 mg of Hypromellose Ace¬ 
tate Succinate into a glass viaL Transfer 4.0 mL of Dilu¬ 
ent to the vial, and stir the content for 2 h, Then, trans¬ 
fer 4,0 mL of the Phosphoric acid soiutbn to the same 
vial to bring the pH of the Sample solution to 3 or less. 
Invert the vial several times to ensure complete mixing, 
centrifuge, and use the elear supernatant 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of free acetic acid, A frtVt in the 
portion of Hypromellose Acetate Succinate taken: 

Af itv — (r uJt^a) x ( Ca/ Cu) x 100 

fuA - peak response for acetic acid from the Sample 
solution 

Tm - peak response for acetic acid from the 
Standard solution 

C A = concentration of acetic acid in the Standard 
solution (mg/mL) 

Cu - concentration of Hypromellose Acetate 

Succinate in the Sample solution (mg/mL) 
Calculate the percentage of free succinic acid, 5^, in 
the portion of Hypromellose Acetate Succinate taken: 

Sltee = (rWcsj) x (Cs/Cu) x 100 


Ti/s = peak response for succinic acid from the 
Sample solution 

rss = peak response for succinic add from the 
Standard solution 

C 5 = concentration of succinic acid in the Standard 
solution (mg/mL) 

C u = concentration of Hypromellose Acetate 

Succinate in the Sample solution (mg/mL) 
Acceptance crlteria: The sum of free acetic add and 
free succinic acid is NMT 1,0%. 

SPECJF1C TEST5 

* LOSS ON t>R¥ING (731) 

Analysis: Dry at 105° for 1 h t 
Acceptance crlteria: NMT 5.0% 

* VISCOSITY*— Ca pi ll ar y Methods (911) 

Sodium hydroxide solution: Immediately before use, 
prepare 4,3 mg/mL of sodium hydroxide in carbon di- 
oxide-free water. 

Analysis: To 2.00 g of Hypromellose Acetate Succinate, 
previously dried, add Sodium hvdroxlde solution to make 
100.0 g, insert a stopper into tne vessel, and dissolve by 
constant shaking for 30 min. Adjust the temperaturę of 
the solution to 20 ± 0.7°, and determine the visco$tty in 
a suitable viscometer. 

Acceptance critena: 8G%~120% of that stated on the 
label 

ADDITIONAL REQUIREMENT$ 

ł PACKAGING and Storage: Preserve in tight containers. No 
storage reguirements specified, 

* Labeling: Label it to indicate its nominał viscosity type. 

* USP Referenci Standards (11) 

USP Hypromellose Acetate Succinate RS 


Hypromellose Phthalate 

DEFINITION 

HypromeIJose Phthalate is a monophthalic acid ester of 
hydroxypropyl methylceliulose. ft contains methoxy 
(-OCH 3 ), hydroxypropoxy (“OCH 2 CHOHCH 3 ), and 
phthalyf (o-carboxybenzoyl, CaH s Oj) groups. It contains 
NLT 21.0% and NMT 35,0% of phthalyl groups, calcu- 
lated on the anhydrous basis. 

IDENTIFICATION 

o A, Infrared Absgrption (197K): Do not dry specimens. 
ASSAY 

* Phthalyl Content 

Sample: 1 g 

Analysis: Transfer the Sample to a conical fiask, dissolve 
in 50 mL of a mixture of alcohol, acetone, and water 
(2:2:1), add phenoiphlhalern T$, and Utratę with 0.1 N 
sodium hydroxtde VS. Perform a blank determination 
(see Titrimetry (541)), 

Calculate the percentage of phthalyl taken: 

Result = [0.01 x Hi x (V/W)} - [2 x (Mi/Hj) x P] 

Mri - molecular weight of the phthalyl group, 149.1 

V - volume of 0.1 N sodium hydroxide consumed 

after correction for the blank (mL) 

W - weight of Hypromellose Phthalate taken, 
calculated on the anhydrous basis (g) 

Mri - molecular weight of phthalic acid, 166.1 
P - percentage of free phthalic add found as 

directed in the test for Limit of Free Phthalic 
Acid 

Acceptance critena: 21.0%-35.0% of phthalyl groups 
on the anhydrous basis 
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lMPURfTIE5 

a Residue on Bgnition (281): NMT 0.20% 

* Chloride ano Sulfate, Chlońde (221) 

Sample solution: Drssolve 1.0 g In 40 mL of 0,2 N so- 
dium hydroxide, add 1 drop of phenolphthalein TS, 
and add 2 N nitric add dropwise, wfth stirring, until the 
red color is discharged. Add an additional 20 ml of 2 N 
nitric acid with stirring. Heat on a water bath, with stir¬ 
ring, until the gel-like predpitate formed becomes gran¬ 
ulat. Cool the mixture, and centrlfuge. Separate the Uq- 
uid phase, and wash the residue with three succe$5ive 
20-mL partiom of water, separating the washings by 
centrifuging. Dilute the combined liguids with water to 
200 mL, mix, and filter. 

Standard solution: Treat 0,50 mL of 0.01 N hydrochlo¬ 
ric add with 10 rrtL of 0.2 N sodium hydroxide, add 
7 mL of 2 N nitric acid, and dilute with water to 50 mL. 

Acceptance criteria: A 50-mL portion of the Sample so¬ 
lution shows no morę chloride than the Standard solu¬ 
tion (0.07%). 


Analysis: Determine the viscosity at 20 ± 0,1 T 
Acceptance criteria: 80%-120% of that indicated by 
the la bel 

ADDITIONAL REQUIREMENT5 

• PAC k AG ING AND STGRAGE: Preserve in tight containers. 

• Labeling: Label it to indicate its viscosity and nominał 

phthalyl eon tent. 

• USP Reference Standards (11) 

USP Hypromellose Phthaiate RS 


imr 



Dęte te the foilo wing: 

** Heaw Metals, Method II (231): NMT TO pg/g» [omciai i- 

Ian-2018) 

• Limit of Free Phthalic Acid 

Mobile phase: Acetonitrile and 0.1 M cyanoacetic acid 
(15:85) 

Standard solution: Transfer 12,5 mg of phthalic acid to 
a 250-mL volumetric fiask, and add 125 mL of acetonu 
trile, Add 25 mL of water, and dilute with acetonitrile to 
volume. 

Sample solution: Transfer 200 mg of Hypromellose 
Phthaiate to a 100-mL vo1umetric fiask. Add 50 mL of 
acetonitrile, and sonicate to dissolve partially. Add 
10 mL of water, and sonicate to dissolve, Cool to room 
temperaturę, and dilute with acetonitrile to volume. 
ChromaEographic system 
(See Chromatograpny (621), System Sultabltlty.) 

Modę: LC 

Detector: UV 235 nm 

Column: 4.6-mm x 25-cm; packing LI with a high 
carbon load 
Flow ratę: 2 ml/min 
Injection volume: 10 pL 
System suitability 
Sample: Standard solution 
Suitability reąuirements 

Relative standard deviation: NMT 1.0% for replicate 
injections 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of phthalic acid in the por¬ 
tion of Hypromellose Phthaiate taken: 

Result = (ru/rs) x (Cs/Cu) x 100 

ru ~ peak response of phthalic acid from the 
Sample solution 

r 5 =* peak response of phthalic acid from the 
Standard solution 

Cs - concentration of phthalic add in the Standard 
solution (mg/mL) 

Cu ~ concentration of Hypromellose Phthaiate in 
the Sample solution (mg/mL) 

Acceptance criteria: NMT 1.0% 

SPECIFIC TEST5 

■ WATER Determination, Method I (921): NMT 5.0% 

8 Viscositv—Capellary Methods (911) 

Sample solution: Dissolve 10 g, previously dried at 
105° for 1 h, in 90 g of a mixture of methanol and 
methylene chloride (1:1 w/w) by mixing and shaking. 


CiiHuNuOs 388.29 

N f N ;/ “Methylenebis[/V'-[3-(hydroxymethyl)-2,5-d[Oxo- 

4-imidazotidinyllurea]: 

1,1 '-Methy[enebis[3-[3-(hydroxymethYl)-2,5-diQXO- 
4-imidazoitdinyl]urea] [39236-46-9]. 

DEFINITION 

Imidurea contains NLT 26.0% and NMT 28.0% of nitrogen 
(N), cakulated on the dried basis, 

IDENTIFICATION 

* A. Dnfrared Absorption (197K) 

OTHER COMPONENTS 

« Nitrogen Content 

Sample: 150 mg 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0.1 N hydrochloric acid VS 
Endpoint detectlon: Visual 
Analysis: Place the Sample in a 500-mL Kjeidahl fiask, 
and add 8,0 g of anhydrous sodium sulfate, 0.5 g of 
anhydrous cupric sulfate, 0.1 g of yellow mercunc ox- 
tde, and 11 mL of sulfuric acid. Inciine the fiask at an 
angle of 45°, and gentty heat the mixture, keeping the 
temperaturę below the boillng point until frothing has 
ceased. Increase the heat until the add boils briskly, 
and continue the beating until the solution has beconme 
elear green in cofor or practicady colorless for 30 min. 
Allow to cool, cautiously add 225 ml of water, mrx the 
contents of the fiask, and again cool. Add cautiously 
1.0 g of zinc metal dust, 2.0 g of sodium thiosulfate, 
and 18.0g of sodium hydroxTde pellets, and without 
delay connect the fiask to a Kjeidahl connecting bu Ib 
(trap), previously attached to a condenser, the delivery 
tubę of which dips beneath the surface of 50 mL of 
boric acid solution (40 mq/mL) in a 300-mL conical 
fiask, Mix the contents of the Kjeidahl fiask by gen tle 
rotation, and distill 125 ml into the receiver. Add NLT 
3 drops of methyl red-methylene bfue TS to the con¬ 
tents of the recdving vessel, and determine the ammo- 
nia by titration with Titrant Perform a blank determina¬ 
tion, and make any necessary correction. 

Calculate the percentage of nitrogen in the portion of 
Imidurea taken. Lach mL of 0.1 N hydrochloric add is 
equivalent to 1.401 mg of nitrogen, 

Acceptance criteria: 2ó.0%-’28.0% of nitrogen (N) on 
the dried basis 
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iMPURITIES 

* Residue on Icnition (281): NMT 3.0% 


Delete the foliowing: 

Heavy Metals, Mełhod II <231): NMT 10 pg/g* aomm- 

^20 f 8) 

SPECIFIC TEST5 

* PH (791) 

Sample solution: 10 mg/mL 
Acceptance criteria: 6.0-7.5 

* Loss ON Dryinc (731) 

Analysis: Dry under vacuum over phosphorus pentox- 
ide for 48 h. 

Acceptance criteria: NMT 3,0% 

* COLOR AND CLARrTY OF SOLUTION 

Sampie: 3.0 g 

Analysis: Dissolve the Sample in 7.0 mL of water in a 
test tubę, 

Acceptance criteria: The solution is elear and colodess. 

ADDITIONAL REQUIREMENTS 

* Packaginc and Stdrage: Preserve in tight containers. 

* USP Reference Standards (11) 

USP imidurea RS 


Inositol 


y t 

ho—/ y^o« 

C 6 H, z 0 6 180.16 

c/s-1,2,3, S-tram-4,6«Cydohexanehexol; 
myo-lnositol [8 7-89-8J. 

DEF1NITION 

Inositol contains NLT 97.0% and NMT 102.0% of Inositol 
(CńHiaOs), calculated on the anhydrous basis. 

IDENTIFICATION 

• A. INFRARED ABSORPTION (197K) 

• B. The retention ttme of the major peak of the Sample 

solution corresponds to that of the Standard solution, as 
obtained in the Assay. 

ASSAY 

• PROCEDURĘ 

Mobile phase: Water 

System suitability solution: 0,05 mg/mL of USP Inosi¬ 
tol RS and 0.05 mg/mL of USP Manmtol RS 
Standard solution: 50 mg/mL of USP Inositol RS 
Sample solution: 50 mg/mL of Inositol 
Chromatographic system 
(See Chromałograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 

Column: 7,8-mm x 30-cm or equivalent; packing LI 9 

Temperaturę 
Column: 85° 

Detector: Constant temperaturę of 30 o -35* 

Flow ratę: 0.5 mL/min 
Injection volume: 10 pi 
System suitability 

Samples: System suito bili ty solution and Standard 
soiution 

[Notę—T he relative retention times for inositol and 
mannitol are 1.0 and 13, respectively.] 


Suitability requirements 

Resolution: NLT 4.0 between inositol and mannitol, 
System suitability solution 

Relative standard devratlon: NMT 2.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
[Notę—R ecord the chromatograms over a period of 
two times the retention time of inositol, and measure 
the peak responses.] 

Calcu lale the percentage of inositol (CńH^O*) in the 
portion of sample taken: 

Result - (fu/ft) x (C5/GJ x 100 

ru - p^ak response of inositol from the Sample 
solution 

n = peak response of inositol from the Standard 
solution 

Ci - concentration of USP Inositol RS in the 
Standard solution (mg/mL) 

Cu = concentration of Inositol in the Sample solution 
(mg/mL) 

Acceptance criteria: 97.0%-l02.0% on the anhydrous 
basis 

IMPURITIES 

* Barium 

Sample solution: Use the Sample solution prepa red in 
the test for Clarity of Solution. to 10 mL of the Sample 
solution add 1 ml of diluted sulfuric acid, 

Acceptance criteria: When examined immediately and 
after 1 h, any opalescence in the solution is not morę 
intense than that in a mixture of 1 mL of water and 
10 mL of the Sample solution from the test for Clarity of 
Solution . 

* Limit of Lead 

Lead nitrate stock solution: Di$so!ve 159.8 mg of fead 
nitrate in 100 mL of water to which has been added 
T mL of nitric add, then dilute with water to 1000 mL. 
Prepare and storę this solution in glass containers free 
from soluble lead salts. 

Standard lead solution: On the day of use, dilute 
10.0 mL of the Lead nitrate stock solution with water to 
100.0 mL. Each mL of the Standard lead solution con¬ 
tains the equivalent of 10 pg of lead. A comparison so¬ 
lution prepared on the basis of 100 pL of the Standard 
lead solution per g of substance being tested contains 
the equivalent of 1 part of lead per million parts of sub¬ 
stance being tested. 

Sample solution: Dissolve 20,0 g of Inositol in diluted 
acetic aeid, and dilute with diluted acetic add to 
100 mL. Add 2.0 mL of a saturated ammonium pyrroli- 
dinedithiocarbamate solution (containing about 10 g of 
ammonium pyrrolidinedithiocarbamate per L) and 
10,0 ml of methyl isobutyl ketoną and shake for 30 s. 
Protect from bright light. Atlow the two layers to sępa- 
ratę, and use the methyl isobutyl ketone layer. 

Blank solution: Prepare as directed for the Sample solu¬ 
tion except omit the use of Inositol. 

Standard Solutions: Prepare as directed for the Sample 
solution , except prepare three Standard Solutions by 
adding 0.5, 1.0/and 1.5 mL, respectively, of the Stan¬ 
dard lead soiution in addition to the 20,0 g of Inositol to 
be examined. 

Instrumental conditions 
(See Atomie Absorption Spectmscopy (852).) 

Modę: Atomie absorption 
Analytical wave!ength: 283.3 nm 
Lamp: Lead hollow-cathode 
Flame: Air-acetyiene 

Analysis: Set the atomie absorption spectrometer to 
zero, using the Blank solution . tatro duce the Sampie so¬ 
lution and each of the three Standard Solutions into the 
instrument, and record the steady absorbance reading. 
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Plot the absorbance readings against the known con- 
centrations of added lead (in pg), and draw a straight 
linę. Extrapolate the linę until It meets the concentra¬ 
tion axis to obtain the concentration, in mg/kg, of lead 
in the sample. 

Acceptance criteria: NMT 0,5 mg/kg 

o Organic Dmpurities 

Mobile phase, System suitability solution, and Sample 
solution: Proceed as direeted in the Assay. 

Standard solution: Transfer 2.0 ml of the Standard so¬ 
lution , prepared as direeted In the Assoy, to a 100-mL 
voJumetric fiask, and di lute with water to volume. 

[Notę —This solution eontarns 1 mg/mL of inositol.] 
Chromatographic system: Proceed as direeted in the 
Assay, except use an injection volume of 20 pL 
Analysis 

Sam pies: Standard solution and Sample solution 
Cafculate the percentage of each impurity in the por¬ 
tion of Inositol taken: 

Result - (rjr s ) x {G/ Cu) x 100 

fu - peak response of any impurity from the 
Sample solution 

rś - peak response of inositol from the Standard 
solution 

G = concentration of USP Inositol RS in the 
Standard solution (mg/mL) 

Cu - concentration of Inositol in the Sample solution 
(mg/mL) 

Acceptance criteria 
lndividual impunties: NMT 0.3% 

Total impurities: NMT 1.0%. [NOTĘ—Disregard any 
Impurity peak that is less than 0.05%.] 

5PECIFIC TESTS 
o Cłarity of Solution 

[Notę—T he Sample solution is to be compared to Refem 
ence suspension A in diffused dayiight 5 min after prepa- 
ration of Reference suspension A ,] 

Solution A: 10 mg/mL of bydrazine sulfate* Aflow to 
stand for 4-6 h before use. 

Solution B: 100 mg/mL of methenamine prepared in a 
glass-stoppered fiask. 

Primary opalescent suspension: [NoTE—Thls suspen¬ 
sion is slabie for 2 months, provided it is stored in a 
glass Container free from surface defeets. The suspen¬ 
sion must not adhere to the glass and must be well 
mixed before use.] Solution A and Solution B (1:1). Al Iow 
to stand for 24 h. 

Opalescence standard: Transfer 15,0 mL of the Primary 
opalescent suspension to a 1000-mL volumetric fiask, di- 
iute with water to volume. [Notę —This suspension 
should not be used beyond 24 h after preparation.] 
Reference suspensions 

Reference suspension A: Transfer 5,0 mL of the Opal¬ 
escence standard to a 1 00-mL volumetric fiask, and dr- 
lute with water to volume, 

Reference suspension B: Transfer 10.0 mL of the 
Opalescence standard to a 100-mL vo!umetric fiask, 
and cli lute with water to volume. 

Sample solution: 100 mg/mL of Inositol 
Analysis: Transfer a sufficient portion of the Sample so- 
iuthn to a sample tubę of colorless, transparent, neutral 
lass, with a fiat base and an internat diameter of 
5“25 mm, to obtain a depth of 40 mm. Similarly 
transfer portions of Reference suspension Ą Reference sus¬ 
pension B, and water to separate matching sample 
tubes. Comparę the Sample solution , Reference suspen¬ 
sion A f Reference suspension B, and water in diffused 
dayiight, viewlng verticaliy againsL a black background 
(see Nephelometry, Turbldimetry, and Visuai Comparison 
<855)), [Notę —Tne diffusion of light must be such that 
Reference suspension A can readify be distinguished-from 


water, and that Reference suspension B can readily be 
distingulshed from Reference suspension A.] 

Acceptance criteria: The Sample solution shows the 
same darity as that of water, 

■ Color of Solution 

Standard stock Solutions: Prepare three Solutions, Ą B f 
and C, containing, respectively, the following parts of 
ferric chloride CS, cobaftous chloride C5, cupnc sulfate 
CS, and diluted hydrochloric acid. 

Standard stock solution A: 2.4: 0.6: 0: 7.0 
Standard stock solution B: 2.4:1.0: 0.4: 6.2 
Standard stock solution C: 9.6: 0,2: 0.2: 0 
Standard Solutions: [Notę — Prepare the Standard Solu¬ 
tions immediately before use.] 

Standard solution A: Transfer 2.5 mL of Standard 
stock solution A to a 100-mL volumetric fiask, dilute 
with diluted hydrochloric acid to volume, and mix. 
Standard solution B: Transfer 2.5 mL of Standard stock 
solution B to a 100-mL volimnetric fiask, dilute with di¬ 
luted hydrochloric acid to vo!ume, and mix. 

Standard solution C: Transfer 0.75 mL of Standard 
stock solution C to a 100-mL volumetric fiask, dilute 
with diluted hydrochloric acid to vo!ume, and mix. 
Sample solution: Use the Sample solution prepared In 
Clarity of Solution. 

Analysis: Transfer a sufficient portion of the Sample so¬ 
lution to a sample tubę of colorless, transparent, neutral 
glass, with a fiat base and an interna! diameter of 
15-25 mm, to obtain a depth of 40 mm. Similarly 
transfer portions of Standard solution A t Standard solu - 
tion B, Standard solution C, and water to separate 
matching sampte tubes. Compare the Sample solution , 
Standard solution A t Standard solution B t Standard solu¬ 
tion C, and water in diffused dayiight, viewing verticaily 
against a white background (see Nephelometry, Turbi - 
dtmetry, and Visuai Comparison <855)). 

Acceptance criteria: The Sample solution is not morę 
intensdy cotored than Standard solution A, Standard so- 
lution p. Standard solution C, or water. 

e COMDUCTlVłTY 

Sample solution: 0.2 g/mL of Inositol in water (previ- 
ousiy boiled and cooled to room temperaturę). 
Apparatus: Use a conductivity meter or a resistivity 
meter that measures the resistance of the column of 
liguid between the electrodes of the immersed measur- 
ing device. The apparatus is supplied with allemating 
current to avoid the effects of electrode polarization. It 
is eguipped with a temperaturę compensation device or 
a precision thermometen 

Reagents: Prepare three Standard Solutions of potassium 
chloride containing 0.7455, 0.0746, and 0.0149 g, re- 
spectively, of potassium chfonde per 1000.0 g of solu¬ 
tion, These sofutions should be prepared with water 
that has been previousfy boiled and cooled to room 
temperaturę and whose conductivity does not exceed 2 
pS/cm. The conductivity and resistMty of these three 
Solutions at 2G a are provided in Tobie 1. 


rabie 1 


Concentration of 
Solution 
(n/1000,0 u) 

Conductivify 

(MS/cm) 

Resistivfty 

0.7455 

1530 

752 

0.0746 

133.0 

7519 

0.0149 

26.6 

37,594 


Calibratlon: Choose a conductivity cefl that is appropri- 
ate for the conductivity of the solution to be examined. 
The higher the expected conductMty, the higher the 
celi constant that must be chosen. Commonly used 
conductmLy cells have celi constants of the order 0.1, 

1, and 10 cm b Use a standard solution of potassium 
chloride that is appropriate for the measurement The 
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conductivity value of the standard solution of potassium 
chloride should be near the expected conductivity value 
of the Sample solution. Rinse the celJ several times with 
water that has been previous!y boiled and cooied to 
room temperaturę, and rinse at least twice with the po- 
tassium chloride solution used for the determination of 
the celt constant of the conductivtty celi. Measure the 
resistance of the conductivity celt, ustng the potassium 
chloride solution at 2010.1°. 

Calculate the constant, in cm -1 , of the conductivity celi: 

Result = Rko x Kxa 

R K a - measured resistance, expressed in mega-ohms 
Kko - conductjvity of the standard solution of 

potassium chloride used, expressed in pS/ 
cm. The measured constant of the 
conductMty celi must be with i n 5% of the 
given value. 

Analysis: Rinse the conductivity celi several times with 
water that has been previously boiled and cooied to 
room temperaturę, and rinse at least twice with the 
Sample solution. Measure the conductMty of the Sample 
solution, while gently stirring with a magnetic stirrer. 
Acceptance criterra: NMT 20 pS/cm 

* Water Determination, Method l (921): NMT 0.5% de- 
termined on a 1.0-g sample 

ADDITIONAL REQUIREMENTS 

® Packaging and Storage: Preserve in wefl-closed contain- 
ers, and storę at room temperaturę. 

■ USP Reference Standards <11} 

USP Inositol RS 
USP Mannitol RS 


irtyęrt Sygąar 

lnvert Sugar Syrup [801 3-1 7-0]. 

DEFINITION 

lnvert Sugar is an aqueous solution of lnverted or partly in- 
verted, refined or partly refined sucrose containing dex- 
trose (glucose), fructose, and sucrose. ft is produced by 
the hydrolysls or partial hydrolysis of sucrose with suitable 
acids or enzymes. Total lnvert Sugar contains NLT 90.0% 
of dextrose and fructose, and medium lnvert Sugar con¬ 
tains NIT 45.0% and NMT 55.0% of dextrose and fruc¬ 
tose, both calculated on the total solids basis. 

IDENTIFICATION 
* A. 

Mobile phase: Acetonitrile and water (80:20, v/v) 
Standard solution: 10 mg/mL each of USP Fructose RS, 
USP Dextrose RS, and USP Sucrose RS 
Sample solution: 50 mg/mL of fnvert Sugar 
Chromatographic system 
(See Chromo tog ropny (621), System Su i la bili ty.) 

Modę: LC 

Detector: Refractive index 
Column; 4,ó-mm x 15-cm; 5-pm packing L8 
Temperatures 
Column: 45° 

Detector: 40° 

Flow ratę: 2.0 mL/min 
Injection volume: 15 ul 
Analysrs 

Samples: Standard solution and Sample solution 
[Notę—T he relative retention times for fructose, dex- 
trose, and sucrose are about 0.5, 0.6, and 1.0, 
respecth/ely.] 

Compare the retention times for frucose, dextrose, and 
sucrose glven in the two chromatograms. 


Acceptance criteria: The retention times of the fruc¬ 
tose, dextrose, and sucrose peaks of the Sample solution 
correspond to those of the Standard solution , 

ASSAY 
* Procedurę 

Apparatus: Mount a ring support on a ring stand 1-2 
in above a gas burner and mount a second ring 6-7 in 
above the first. Place a 6-in open-wrre gauze on the 
lower ring to support a 400-mL conical fiask, and place 
a 44n watch glass with a center hole on the upper ring 
to deflect heat. Attach a 50-mL bu ret to the ring stand 
so that the tip just passes through the watch glass cen- 
tered above the fiask. Place an indirectly lighted whlte 
surface behind the assembly for observing the 
endpoint. 

Sample solution: 2.5-4.0 mg/mL of lnveit Sugar 
Analysis: Conduct a prellminary test to ascertain the 
volume of water to be added to the 20,0 mL of stan- 
dardized cupric tartrate, alka linę, solution VS to obtain a 
finał total volume of 75.0 mL when the endpoint of the 
titration is reached. The invert sugar content of the 
Sample solution should be between 250 and 400 mg 
per 100.0 ml so that a titer between 25 and 40 mL is 
needed to achieve the endpoint. 

Calculate the amount of water to be added to the cu¬ 
pric tartrate, aIkalinę, solution VS a$ the difference; 

Result = 75.0 - (20.0 mL of cupric tartrate, aIkalinę, so¬ 
lution V5 + number of mL of prellminary titer) 

Transfer 20,0 mL of cupric tartrate, alkalinę, solution VS 
to a 400-mL fiask containing a few glass beads or boil- 
ing chips. Raptdly add the Sample solution to within 
0.5 mL of the endpoint, and mix by swirling at ambi- 
ent temperaturę. Immediately place the fiask on the 
wire gauze of the Apparatus, and adjust the burner 
flame so that the boifing point of the solution is 
reached in about 2 min. Boil gently but steadily for 2 
min. As boiling continues, add drops of methylene 
blue solution fi in 100). Comptete the titration within 
I min by adding the Sample solution dropwise until 
the blue cotor disappears. Al Iow a 5-s reaction time 
between drops at the end of titration. 

Calculate the percentage of invert sugar in the sample 
taken: 

Pi = [W/ (Cs x V$ x 100 

W - amount of lnvert sugar equivalent to 20,0 mL 
of cupric tartrate, afkaline, solution V5, 

100 mg 

Cs = concentration of the Sample solution (mg/mL) 

Vj - volume of the Sample solution used in the 
titration (mL) 

Calculate the percentage of invert sugar on the total 
solids basis: 

Pz = (Pi/D) x 100 

D - percentage of total solids corrected for the 

percentage of invert sugar and temperaturę 
as obtalned in Total Solids 

Acceptance criteria 

Total lnvert Sugar: NLT 90.0% of dextrose and fruc¬ 
tose on the total solids basis 

Medium lnvert Sugar: 45.0%-55.O% of dextrose and 
fructose on the total solids basis 

IMPURITIES 

* RE5IDUE ON iGNITłON <281} 

Analysis: Weigh a portion of fnvert Sugar in a platinum 
dish. Heat gently until the sample ignites, then alfow 
the sample to burn until it seff-extingulshes. Coof, then 
wet the residue with 2 mL of concentrated sulfunc acid, 
and heat the sample over a Iow flame until dry. fgnite 
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the instrument Has been pro perły checked and cali- 
brated against a standard provided by the 
manufacturer. 

Analysis: Measure the refractjve tndex of lnvert Sugar, 
andeonvert the value to the approximate percentage 
of solids (uncorrected for invert sugar) by using Tobie 1, 
Correct for invert sugar and temperaturę: 

D = (S + T) + (P } x F) 

S - approximate percent solids determined from 
tne refractive index table (see Tobie 1) 

T - temperaturę correction derEved from the 

temperaturę correction table (see Table 2) if 
the refractometer was operated at other than 
20 * 

Pi = percentage of invert sugar determined as 
directedf in the Assay 

F - deWhalley factor, 0.022 


Suerosę 
(g/ioo 

nl b 

0.0 

0.1 

0*2 

0,3 

0.4 

0*5 

0.6 

0*7 

0.8 

0,9 

56 

1.4329 

4332 

4334 

4336 

4338 

4340 

4343 

4345 

4347 

4349 

57 

1.4352 

4354 

4356 

4358 

4360 

4363 

4363 

4367 

4369 

4372 

58 

1.4374 

4376 

4378 

4380 

4383 

4385 

4387 

4389 

4392 

4394 

59 

1.4396 

4398 

4401 

4403 

4405 

4407 

4410 

4412 

4414 

4417 

60 

1.4419 

4421 

4423 

4426 

4428 

4430 

4432 

4435 

4437 

4439 

61 

1.4442 

4444 

4446 

4448 

4451 

4453 

4455 

4458 

4460 

4462 

62 

1.4464 

4467 

4469 

4471 

4474 

4476 

4478 

4481 

4483 

4485 

63 

1.4488 

4490 

4492 

4495 

4497 

4499 

4502 

4504 

4506 

4509 

64 

1*4511 

4513 

4516 

4518 

4520 

4523 

4525 

4527 

4530 

4532 

65 

1.4534 

4537 

4539 

4541 

4544 

4546 

4548 

4551 

4553 

4556 

66 

1.4558 

4560 

4563 

4565 

4567 

4570 

4572 

4575 

4577 

4579 

67 

1.4532 

4584 

4586 

4589 

4591 

4594 

4596 

4598 

4601 

4603 

68 

3.4606 

4608 

4610 

4613 

4615 

4618 

4620 

4623 

4625 

4627 

69 

1.4630 

4632 

4635 

4637 

4639 

4642 

4644 

4647 

4649 

4652 

70 

1.4654 

4657 

4659 

4661 

4664 

4666 

4669 

4671 

4674 

4676 

71 

1.4679 

4681 

4683 

4686 

4688 

4691 

4693 

4696 

4698 

4701 

72 

1.4703 

4706 

4708 

4711 

4713 

4716 

4718 

4721 

4723 

4726 

73 

1.4728 

4 730 

4733 

4735 

4738 

4740 

4743 

4745 

4748 

4750 

74 

1.4753 

4756 

4758 

4761 

4763 

4766 

4768 

4771 

4773 

4776 

75 

1.4778 

4781 

4783 

4786 

4788 

4791 

4793 

4796 

4798 

4801 

76 

1.4804 

4806 

4809 

4811 

4814 

4816 

4819 

4821 

4824 

4826 

77 

1.4829 

4832 

4834 

4837 

4839 

4842 

4844 

4847 

4850 

4852 

78 

1.4855 

4857 

4860 

4862 

4865 

4868 

4870 

4873 

4875 

4878 

79 

1.4881 

4883 

4886 

4888 

4891 

4894 

4896 

4899 

4901 

4904 

80 

1.4907 

4909 

4912 

4914 

4917 

4920 

4922 

4925 

4928 

4930 

81 

1,4933 

4935 

4938 

4941 

4943 

4946 

4949 

4951 

4954 

4957 

82 

1*4959 

4962 

4964 

4967 

4970 

4972 

4975 

4978 

4980 

4983 

83 

1,4986 

4988 

4991 

4994 

4996 

4999 

5002 

5004 

5007 

5010 

84 

1.5012 

5015 

5018 

5020 

5023 

5026 

5029 

5031 

5034 

5037 

85 

1.5039 

—■ 

— 

— 

*— 

— 

—. 

— 

_. 

_ 


J SOUJICE; "International Rehactive lndex Scalę of ICUMSA (1974) for Pure Su:ro5e Solutions at 20°C and 589 nrn." AdapLed from "Refrac to metry and Tabtes— 
Offidal" (ICUMSA SP5-3 1 994), International Commissión for Uniform Methods of Sugar Analysis (ICUMSA), c/o British Sugar Technlcal Centre, Colney, 
Norwich NR4 7UB, England. No rounding has been carried out; therefore, values given may be too Iow by a maximum ofl x 10 t 

b The refractlve tndex of sugar Solutions is used asa raprd method for the approximate deterrnination of dry su bs tance eon tent. For the de term i na Li on of dry 
substance content in aqueous Solutions of mixtures of sucrose and invert sugar the Refmctive lndex Scalę for Pure Sucrose Solutions is typically used. The 
sucrose content is considered to be an equ3valent to the approximate dry substance content. 


to constant welght in a muffle furnace at 800 ± 25° for 
30 min, or tonger if necessary for compiele ignition; 
cool in a desiccator; and weigh, 

Aeceptance criteria: NMT 0*2% 

Dele te the foliowing: 

•• Heaw Metals (231): NMT IGpg/gs tOflicial 1 -Jan*201 H) 

SPEOF1C TESTS 

■ PH (791): 3.0-5.5 

* Total Solids 

Instrumental conditions 

(See Refroctlve lndex (831)*) 

Modę: Refractometer, operating at 589 nm, equipped 
with a jacket for water circulation or some other 
mechanism for mamtalning the sample at 20 ± 0*1 ° or 
some other fixed temperaturę. Before proceedrng with 
measurements, ensure that the sample and the prlsm 
have reached the equiltbrium temperaturę and that 

Table 1° 
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Temperaturę 

Measured Sucrose (% solidy 

'n 

0 J 

s 

10 

1S 

20 1 

25 1 

30 

35 

40 

45 1 

50 

.- S$l 

60 

65 

70 1 

75 1 

80 

85 

Subtract from tfie measurcd value 

15 

0.29 

0.30 

0.32 

0.33 

0.34 

0.35 

036 

037 

0.37 

0.38 

0.38 

038 

038 

0.38 

0.38 

038 

0,37 

037 

16 

0.24 

0,25 

0.26 

027 

0.28 

0,28 

0.29 

0.30 

0.30 

030 

0.31 

0 il 

031 

0.31 

031 

030 

030 

0.30 

17 

OJ 8 

0.19 ! 

0.20 

0.20 

021 

021 

022 

0.22 

023 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

022 

18 

0.12 

0.13 

0J 3 

0.14 

0.14 

0.14 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

015 

0,15 

0.15 

0.15 

0.15 

0.15 

19 

0.06 

0.06 

0.07 

0.07 

0.07 

0.07 

0.07 

0.08 

0.08 

0.GB 

0.08 

0,08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.07 

Ac 

Id to the measured 

value 

21 

0.06 

0.07 

0,07 

0.07 

0,07 

0,07 

0.08 

0,08 

0.08 

0,08 

0,08 

0,08 

0,08 

0,08 

0,08 

0,08 

0,08 

0.07 

22 

0.13 

0,14 

0.14 

0.14 

0,15 

0.15 

0.15 

0.15 

0.16 

0.16 

0JÓ 

o . 1 6 

OJ 6 

0.16 

0.15 

0.15 

0.15 

0.15 

23 

0.20 

0,21 

021 

0.22 

022 

023 

023 

0,23 

023 

024 

0.24 

024 

024 

0,23 

023 

0.23 

023 

022 

24 

0,27 

028 

0,29 

029 

030 

030 

0,31 

031 

031 

0.32 

032 

032 

032 

0.31 

031 

0.31 

030 

030 

25 

0.34 

0.35 

0.36 

0.37 

038 

038 

039 

039 

0.40 

0.40 

0.40 

0,40 

0.40 

039 

039 

0.38 

038 

0.37 

26 

0.42 

0.43 

0,44 

0.45 

0,46 

0,46 

0,4 7 

0.47 

0.45 

0.48 

0.48 

0.48 

0.46 

0.47 

0.47 

0.46 

0.46 

0.45 

27 

0.50 

051 

0.52 

0.53 

0.54 

0.55 

0.55 

0.56 

0.56 

0.56 

0.56 

0 . S6 

0.56 

0.55 

0.55 

0.54 

0.53 

0.52 

28 

0.58 

0.59 

0.60 

0.61 

0.62 

0.63 

0.64 

0.64 

0.64 

0,65 

0.65 

0.64 

0.64 

0.63 

0.63 

0,62 

0.61 

0.60 

29 

0.66 

0.67 

0.68 

0,70 

0,71 

0,71 

0.72 

0,73 

0,73 

073 

0,73 

073 

0.72 

0,72 

071 

070 

0,69 

0.67 

30 

0,74 

0,76 

0,77 

0.78 

0,79 

0,80 

0,81 

0.81 

0,82 

0,82 

0.81 

0,81 

0,80 

0.80 

0.79 

078 

076 

075 

1 31 

0,83 

0.84 

0.85 

0,87 

0.88 

0,89 

0.89 

0.90 

0.90 

0,90 

0.90 

0.89 

0.89 

0.88 

0.87 

0.86 

0.84 

0.82 

32 

0,92 

0,93 

0,94 

0.96 

0.97 

0.98 

0,98 

0,99 

0.99 

0.99 

0.99 

0,98 

0,97 

0,96 

0.95 

0.93 

0.92 

0.90 

33 

1,01 

1.02 

1,03 

1.05 

1,06 

1.07 

1,07 

1,08 

1,08 

1,08 

1.07 

1,07 

1.06 

1.04 

1.03 

1.01 

1.00 

0,98 

34 

1J0 

Ul 

1,13 

1.14 

1,15 

1,16 

1,16 

1,17 

U7 

1.16 

1.16 

135 

114 

1,13 

Ul 

1.09 

1,07 

1.05 

35 

1.19 

121 

122 

123 

124 

125 

125 

1,26 

1,26 

1,25 

125 

1.24 

1.23 

121 

1J9 

1.17 

1.15 

1.13 

36 

1.29 

1.30 

1,31 

133 

134 

134 

135 

135 

1 35 

1,34 

1.34 

1.33 

1.31 

1.29 

1.28 

1.25 

123 

1.20 

37 

U9 

1.40 

1,41 

1.42 

1.43 

1,44 

1.44 

1.44 

1.44 

1.43 

1.43 

1*41 

1.40 

1.38 

136 

133 

1.31 

1.28 

38 

1,49 

1.50 

1.51 

1.52 

1.53 

1.53 

1.54 

1.54 

1.53 

1,53 

1.52 

1 50 

1,48 

1.46 

1,44 

1.42 

139 

136 

39 

1.59 

1.60 

1.61 

1.62 

1.63 

1.63 

1.63 

1.63 

1.63 

1.62 

1.61 

1.59 

1.57 

1.55 

1.52 

1.50 

1.47 

1.43 

40 

1.69 

1.70 

1.71 

1.72 

1.73 

1.73 

1.73 

1.73 

1.72 

1.71 

1.70 

1,68 

1.66 

1,63 

1,61 

1,58 

1,54 

1*51 


a Source: Ada pled from "Relraciometry and Tables—Offtcial" (ICUMSA SPS3 1994), International Commłssion lor Uniform Metbods of Sugar Analysrs (ICUMSA), c/o Brilish Sugar Teehnical Centre, Cofney* 
Norwich NR4 7UB r England, 
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Acceptance criteria 
Jota! Irwert Sugar: 71,7%-77.3% 

Medium invert Sugar; 76.2%-77.2% 

ADDITIONAL REQU1REEVIENT5 

o Labeling; Label to indicate the percentage of total soltds 
and lnvert Sugar. 

o Packaging and Stgrage: Preserve in tight, light-resistant 
containers. 

• USP Reference Standards (11) 

USP Dextrose RS 
USP Fructose RS 
USP Sucrose RS 


Isobwtane 


OH io 58.12 

DEFINITION 

Isobutane contains NLT 95,0% of isobutane (CiHio). 
[Caution—I sobutane i$ highly flammable and explosive.] 

IDENTIFICATION 

* A. IR AbsorptióN: Exhibits maxima, among others, at 

about the folfowfng wave3enqths (pm): 3.4 (vs), 6.8 (s), 
7.2 (m), 8.5 (m), and 10.9 (m). 

Change to read: 

* B. The vapor pressure of a test spedmen obtained as 

directed for 9 Piopellants (602)• {cn and deter- 

mined at 21 ° by means of a suitable pressure gauge, is 
between 303 and 331 kPa absolute (44 and 48 psia). 

ASSAY 
« Procedurę 

Chromatographic system 

(See Chromatograpny (621), System Suita bili ty.) 

Modę: GC 

Detector: Thermal conductivity 
Column: 3-mm x 6 -m aluminum; packed wifh 1 0 
weight percent of ltquld phase G30 on support SI D 
Column temperaturę: 33° 

Carrier gas: Helium 
Ffow ratę: 50 mL/min 
Injection voIume: 2 \,il 
System suitability 
Sample: Isobutane 
Suitability requirements 

Sample response comparison: Peak responses for 
isobutane from duplicate injections agree within 1 %. 
Analysis 

Sample: Isobutane 

Connect one Isobutane cylinder to the chramatograph 
through a suitable sampling valve and a ffow contro! 
vajve downstream from the sampling valve. Flush the 
liguid specimen through the sampling valve, ta king 
care to avoid entrapment of gas or air in the sampling 
valve. 

Calcufate the percentage purity of Isobutane: 

Result = (rjrr) x 100 

r u = peak response of isobutane 
fr - sum of afl the peak responses 


Acceptance criteria: NLT 95.0% 

SPECIFIC TESTS 


Change to read: 

a WATER: NMT 0.001%, determlned as directed in 9 Pro - 
peliants (602)* * ( cw 

Change to read: 

* High-Boiung Residues: NMT 5 pg/mL, determined as di¬ 

rected in 9 Propellants (602)* (cn 

• ACIDITY OF RESIDUE 

Sample: Residue from the test for High-Boiling Residues 
Analysis: Add 10 mL of water to the Sample , mix by 
swirling for about 30 s, add 2 drops of methyl o rangę 
TS, insert the stopper in the tubę, and shake vigorously. 
Acceptance criteria: No pink or red color appears in 
the aqueous layer. 

ADDITIONAL REQUiREMENTS 

o Packaging and Storage: Preserve in tight cylinders, and 
prevent exposure to excesslve heat. 


Isobutyl Alcohol 



CH 3 CH(CH 3 )CH 2 OH 74.12 

2-Methyl-l -propanol; 

2-Methylpropyl alcohol; 

1-lsobutanoi [78-83-1]. 

DEFINITION 

Isobutyl Alcohol eonfains NLT 98.0% of 2-methyl-l-propa¬ 
nol (C 4 H T £jO). 

IDENTIFICATION 
* A. Infhared Absorption < 197F) 

o B. The retention time of the major peak of the Sample 
solution corresponds to that of tne 2 -methyl-l-propanol 
peak of the System suitability solution , as obtained in the 
Assay ♦ 

ASSAY 
® Procedurę 

System suitability solution: USP 1-Butanol RS and USP 
2-Methyi-1-Propanol RS (1:1) 

Reference solution: 0.1% of Isobutyl Alcohol in water 
Sample solution: Isobutyl Alcohol (neat) 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: GC 

Detector: Ftame ionization 
Column; 0,53-mm x 30-m; coated with a 3.0-pm 
layer of thickness phase G43 
Temperatures 
Detector: 250° 

Injection port: 140° 

Column: See Tobie 1. 


Tabte 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

r/min) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min') 

40 


40 

20 
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Table 1 (Continued) 


BnitEal 

Temperaturę 

n 

Temperaturę 

Ramp 

Finał 

Temperaturę 

O 

Hołd Time at 
Finał 

Temperatura 

(min) 

40 

10 

240 

20 


Carrier gas: Helium 
Flow ratę: 4.8-4.9 mL/min 
InjecEion volume: 1 pL 

fnjectlon type: Split injection, The split ratio is 30:1. 
[NOTĘ—A needle wash with the Sample solution is rec- 
ommended to minimize the carry ovei\] 

System suitability 
Sample: System suitabifity s o fution 
[Notę —The 2-methyl-1 -propanol peak typically elutes at 
about 11 min, and 1-butanol at about 15 min. The 
relative retention times for 2-methyl-l-propanol and 
1-butanol are 0.7 and 1.0, respecttve!y.] 

Suitability requirements 

Resofution: NLT 2.0 between 2-methyl-1-propanol 
and 1-butanol 

Relative standard deviation: NMT 2.0% 

Analysis 

Sample s: Reference solution and Sample solution 
Calculate the percentage of 2-methyM -propanol 
(C^HtoO) in tne portion of Isobutyl Alcohol taken: 

Result - (ru/n) x 100 

fu - peak response of isobutyl alcohol 

r$ - sum of all the peaks except those each of 

which with an area less than 0.1 Limes the 
area of the major peak from the Reference 
solution 

Acceptance criteria: NLT 98.0% 

JMPURJTIE5 

« Limit of Isobutyraldehyde, Butyraldehyde, 2-Bittanol, 
i-Butanol, and Other Volatile Impurities 

Sample solution and Chromatographic system: Pro- 
ceed as directed in the Assay, 

Reference solution: 0.1% of isobutyl Alcohol in water 
Standard solution: 0.2% of USP Isobutyraldehyde RS, 
0.2% of USP Butyraldehyde RS, 0.1% of USP 1-Butanol 
RS, and 0.1% of USP 2-Butanol RS in the Sample 
solution 

System suitability 
Sample: Standard solution 
[NoiE—See Tobie 2 for relatNe retention times,] 


Ta bis 2 


Component 

Relative 

Retention 

Time 

Isobutyraldehyde 

0.4 

Butyraldehyde 

0,5 

2-Butanol 

0.6 

2-MethvM -propanol 

0.8 

1-Butanol 

TO 


Suitability reguirements 
Resolution: NLT 1.5 between alf adjacent peaks 
Analysis 

Sam pies: Sample solution , Reference solution, and 5 ron¬ 
dom solution 

If any peaks of the Sample solution have the same reten¬ 
tion times as the peaks due to isobutyraldehyde, 
butyraldehyde, 2-butanol, and 1-butanol, subtract the 


areas of any such peaks from the peak areas of the 
Standard solution at these retention times. The differ- 
ence is calculated below: 

Resuft (Ar) = rj - fu 

r$ = peak response of each individual impurity 

(isobutyraldehyde, butyraldehyde, 2-butanol, 
or 1-butanol) from the Standard solution 
r u = peak response of each individual impurity 

(isobutyraldehyde, butyraldehyde, 2-butanol, 
or 1 -butanol), if present, from the Sample 
solution 

Calculate the percentage of each impurity other than 
Isobutyraldehyde, butyraldehyde, 2-butanol, and 
1-butanol in the portion of Isobutyl Alcohol taken: 

Result = (fu/rr) x 100 

ru ~ peak response of each impurity other than 

isobutyraldehyde, butyraldehyde, 2-butanol, 
and 1-butanol from tne Sample solution 
rr - sum of all the peaks from the Sample solution, 
except those each of which with an area less 
than 0.1 times the area of the major peak 
from the Reference solution) 

Acceptance criteria: See Table 3, Disregard any peak 
with an area iess than 0,1 times the area of the major 
peak from the Reference solution , corresponding to 
0 , 01 %. 


Table 3 


Impurity 

Percentaae f%l 

Isobutyraldehyde 

The area of any peak of the Sample so/uf/on 
corresponding to isobutyraldehyde, ru, Es 

NMT half of the difference (Ar) between the 
area of the peak due to isobutyraldehyde in 
the Standard solution and the area of the 
peak due to isobutyraldehyde in the Sample 
solution, correspondino to NMT 0.1%. 

Butyraldehyde 

The area of any peak of the Sample solution 
corresponding to butyraldehyde, Aj, is NMT 
half of the difference (Ar) between the area 
of the peak due to butyraldehyde in the 
Standard solution and the area of the peak 
due to butyraldehyde in the Sample solution, 
corresDoncfina to NMT 0.1%, 

2-8 u ta no 1 

The area of any peak of the Sample solution 
corresponding to 2-butanol, r Uł Is NMT the 
difference (Ar) between the area of the peak 
due to 2-butanol rn the Standard solution 
and the area of the peak due to 2-butanol in 
the Sample solution t corresponding to NMT 
0.1%. 

1 -Butanol 

The area of any peak of the Sample solution 
corresponding to Tb u tan oj, ru, Is NMT the 
difference (Ar) between the area of the peak 
due to 1 -butanol In the Standard solution 
and the area of the peak due to Tbutanoi in 
the Sample solution, corresponding to NMT 
0.1%. 

Total Impurities 

NMT 2.0% 


o Limit of NorwotATiLE Residue 
Sample: 100 mL 

Analysis: Evaporate the Sample in a tared porceiain dish 
on a steam bath, and dry at 105° for 30 min, 
Acceptance criteria: The weicjht of the residue does 
not exceed 4 mg, corresponding to NMT 0.004%. 
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SPECIFIC TESTS 

• Acidity 

Sample: 74 mL (60 g) 

Analysis: Tltrate the Sample with 0.020 N alcoholic po- 
tassium hydroxide, using phenolphthalein TS as the in- 
dicator, untii a pink colorJpersists for NLT 15 s. 
Acceptance criteria: NM1 2.5 mL is cansumed. 

• Water Determination, Method I (921): NMT 0.5% 

ADDITIONAL REQU1REMENT5 

• PACKACINC and Storace: Presen/e in tight containers, 
and prevent exposure to excessive heat. 

• USP REFERENCE 5TANDARD5 <11) 

USP 1-Butanol RS 
USP 2-Butanol RS 
USP Butyraldehyde RS 
USP Isobutyraldehyde RS 
USP 2-Metnyl-l-Propanol RS 


Isomalt _ 

Portions of this monograph that are national USP text, and 
are not part of the harmonized text, are marked with 
symbols (**) to specify this fact 



CijHaOn 34431 

C 12 H 34 O 11 ■ 2 H z O 38032 

ó-O-ot-Clucopyranosyl-D-sorbitol and 1-O-a-D-glucopyra- 
nosyl-D-mannitol dihydrate; 

ć-O-a-D-Giucopyranosyl-D-glucitol and 1-G-a-D-glucopyra- 
nosyl-D-mannitol dihydrate [64519-82-0], 

DEFINITION 

isomalt contains NLT 98,0% and NMT 102.0% of a mlxture 
of 6-O-a-D-g I u co py ra n o sy l-D-sorb i to ] (1,6-GPS) and 1-O-a- 
D-glucopyranosyl-o-mannitol (1,1 -GPM), and neither of 
the two components is less than 3*0% of the mixture, 
calcu lated on the anhydrous basis* 

IDENTIFICATION 

* ł A, Thim*layer chromatographic Identification Test 

( 201 ) 

Standard soiution: 5 mg/mL of USP Isomalt RS 
Sample soiution: 5 mg/mL 
Chromatographic system 

Adsorbent: 0.25-mrn layer of chromatographic silica 
gel mlxture containing a ffuorescent indicator havtng 
optimal intensity at 254 nm 

Application vo!ume: 1 juL 

Developrng so!vent system; Ethyl acetate, pyridine, 
water, acetic arid, and propionic acid (10:10:2:1:1) 
Analysis 

Sam pies: Standard solution and Sample solution 

Proceed as directed in the chapter. Thoroughly dry the 
starting points in warm air* Develop over 10 cm using 
the DeveIoping solvent system , dry the piąte in a cur- 
rent of hot air, and dip for 3 s in a 1-mg/mL solution 
of sodlum periodate* Dip the piąte for 3 s in a mixture 


of dehydrated alcohot, sulfuric add, acetic acid, and 
anisaldehyde (90:5:1:1)* Dry the piąte in a current of 
hot air untii colored spots become Msibie. The back- 
ground color may be brightened by exposure to warm 
steam, Examine in daylight 

Acceptance criteria: The principal spots of the Sample 
solution are similar in position and color to those of the 
Standard solution .+ 

* B. The retention times of the two principal peaks of the 

Sample solution correspond to those of the Standard solu¬ 
tion, as obtained in the Assay. 

ASSAY 

• Procedurę 

Mobrie phase: Water 

Standard solution: 20 mg/mL of USP Isomalt RS 
Sample solution; 20 mg/mL of Isomalt 
Chromatographic system 
(See Chromatografy (621), System Suita bili ty.) 

Modę: LC 

Detector: Refractive fndex, mainlained at a constant 
temperaturę (40° for examp[e) 

Columns 

Guard: 4.6-mm x 3-cm; packing LI 9 
Anaiytkal: 7,8-mm x 30-cm; packing LI 9 
Column temperaturę: 80 ± 3° 

Fiow ratę; 0.5 ml/min 
Injection volume: 20 pL 
System surtability 
Sample: Standard solution 

[NOTĘ—The relative retention times for 1,1 -GPM and 
1,6-GPS are about 1,0 and 1.2, respectlvely.] 

Sultability requirements 

Resoiution: NLT 2.0 between 1,1-GPM and 1,6-GPS 
Relative standard deviat!om NMT 2.0% for the 1,6- 
GPS and 1,1-GPM peaks 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the pereentage of 1,6-GPS in the portion of 
Isomalt taken: 

Result - (rjrs) x (Cj/Cu) x 100 

ry = peak response of 1,6-GPS from the Sample 
solution 

r s = peak response of 1,6-GPS from the Standard 
solution 

Cs - concentration of 1,6-GPS in the Standard 
solution, with ealculation based on the 
declared 1,6-GPS eon tent of USP Isomalt RS 
(mg/mL) 

Cu = concentration of Isomalt in the Sample solution 
(mg/mL) 

Caiculate the pereentage of 1,1-GPM in the portion of 
Isomalt taken: 

Result 3 (rb/rs) x (Cj /Cu) x 100 

ru - peak response of 1,1-GPM from the Sample 
solution 

r s = peak response of 1,1 -GPM from the Standard 
solution 

Cs - concentration of 1,1-GPM in the Standard 
solution, with caiculation based on the 
declared 1,1-GPM eon tent of USP Isomalt RS 
(mg/mL) 

Co = concentration of Isomalt in the Sample solution 
(mg/mL) 

Acceptance criteria: 98.0%-1 02*0% of a mtxture of 
6-O-a-D-glucopyranosyl-D-sorbitol (1,6-GPS) and 1-O-a- 
D-glucopyranosyl-D-mannitol (1,1-CPM), and neither of 
the two components Is less than 3,0% of the mixture, 
calculated on the anhydrous basis 
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IMPURITIES 


Detete the foilowing: 

Heaw Metals, Method \ (231); NMT 10 pg/g* r 

Jan*203S> 

° LlMBT OF NICKEL 

[Notę—T he purity of the reagents and the water used 
most be suitabfe for tracę analysis, and the reagents 
and water must be free of nickel.] 

Sample solution: Dissolve 10,0 g of Isomalt in 30 mL of 
dilute acetlc acid (115-125 g/L), add water, and shake 
to dtssolve. Dilute with water to 100.0 mL. Add 2.0 mL 
of saturated ammonium pyrrolldinedithiocarbamate TS 
and 10.0 mL of water-saturated methyi isobutyl ketone 
(CćHi^O, 4-methyf-2-pentanone), and then shake for 30 
s, protected from brsght fight Alfow the layers to sepa- 
rate and use the methyi isobutyl ketone layer. 

Standard Solutions: Prepare three reference Solutions in 
the same manner as the Sample solution except add 
0.5 mL, 1.0 mL, and 1*5 ml, respectively, of nicket stan¬ 
dard solution TS (10 ppm NI) in addidon to the 10.0 g 
of the substance to be exarmned. 

Blank solution: Treat water-saturated methyi Isobutyl 
ketone as descrlbed for preparation of the Sample solu - 
tion omitting the Isomalt, 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: 232*0 nm 
Lamp: Nickel hollow-cathode 
FI a me: Ai r-acetyl e n e 
Analysis 

Samples: Sample solution, Standard Solutions, and Blank 
solution 

Set the zero of the instrument using the Blank solution. 
Record the average of the steady readings for each of 
the Standard Solutions and the Sample solution. Be- 
tween each measurement, nnse with water and ascen 
tarn that the reading returns to zero with the Blank 
sofution. Plot the absorbances of the Standard Solutions 
and the Sample solution versus the added quantity of 
nickel. ExtrapoIate the fine joining the points on the 
graph unfll it meets the concentration axis. The dis- 
tance between this point and the Intersectlon of the 
axes represents the concentration of nickel in the Sam¬ 
ple solution. 

Acceptance criteria: NMT 1 pg/g, calculated on the 
anhydrous basis 

O Organic Impurities 

Mobile phase, Sample solution, and Chromatographic 
system: Proceed as directed In the 
System suitability solution: 20 mg/mL of USP Isomalt 
RS and 0.1 mg/mL each of USP Mannitol RS and USP 
Sorbitol RS in water 

Standard solution: 0,1 mg/mL each of USP Sorbitol RS 
and USP Mannitol RS 
System suitability 
Sample: System suitability solution 
[Notę—T he relative retention times for 1,1 -GPM, 1,6- 
CPS, mannitol, and sorbitol are about 1,0, 1.2, 1.6, 
and 2,0, respectively. The typtcal retention time for 
1,1-GPM is about 12*3 min.] 

Suitability requirements 

Resolution: NLT 2.0 between 1,1-GPM and 1,6-GPS 
Analysis 

Samples: Sampie solution and Standard solution 
Calcutate the percentage of mannitol or sorbitol in the 
portlon of Isomalt taken: 

Result - (rjrs) x (Q/Cu) x 100 

r u = peak response of mannitol or sorbitol from the 
Sample solution 


rs ~ peak response of mannitol or sorbitol from the 
Standard solution 

Cs = concentration of USP Mannitol RS or USP 

Sorbitol RS in the Standard solution (mg/mL) 

Cu = concentration of Isomalt in the Sample solution 
(mg/mL) 

Calculate the percentage of any unknown im purity in 
the portion of Isomalt taken: 

Result - (r u /fs) x {Cs/C u) x 100 

fu - peak response of each unknown impurity from 
the Sample solution 

rs = peak response of sorbitol from the Standard 

solution 

Cs = concentration of USP Sorbitol RS in the 
Standard solution (mg/mL) 

Ci; - concentration of isomalt in the Sampie solution 
(mg/mL) 

Acceptance criteria: See Table 7* [Notę—D isregard any 
impurity peak that is less than 0,1%.] 


Table 1 


Name 

Acceptance 

Criteria, 

NMT 

Mannitol 

0.5 

Sorbitol 

0.5 

Any unknown impurity 

0*5 

Total impurities 

2.0 


« reduong Sugars 

Sample solution: Dissolve 3*3 g in 10 mL of Purifted 
Water with the aid of gentle heat. Cool and add 20 mL 
of cupric citrate TS and a few glass beads. Heat so that 
boiling begins after 4 min, and maintain boiling for 3 
min. Cool raptdly, and add lOOmL of a 2*4% (v/v) so¬ 
lution of glacial acetic acid and 20 mL of 0,025 M to- 
dine VS. With continuous shaking, add 25 mL of a ma¬ 
turę of hydrochioric acid and water (6:94). 

Analysis: After the precipitate has dissoh/ed, titrate the 
excess iodine with 0.05 N sodium thiosulfate VS, using 
1 mL of starch iS, added toward the end of the titra- 
tion as an indicator, 

Acceptance criteria: NLT 12.8 mL of 0.05 N sodium 
thiosulfate VS is reguired, corresponding to NMT 0.3% 
of reducing sugars, determined on the anhydrous basis 
as glucose. 

SPECIRC TESTS 

• Water Determination (921), Method i 
Sample: 0.3 g 

Analysis: Add the Sampie to a mixlure of anhydrous 
methanol and formamide (1:1) at 50 ±5°. 

Acceptance criteria: NMT 7.0% 

4 Conduowity 

Sample solution: Dissolve 20 g in carbon dioxide-free 
water with gentle heating (40°-50°), cool, and dilute 
with the same so!vent to 100 mL. 

Analysis: Using an appropriate conductivity meter that 
has been standardized with a potassium chloride con- 
ductivlty calibratfon standard, measure the conductivity 
of the Sampie solution while qent!y stirrinq with a mag- 
netic stirrer. 

Acceptance criteria: NMT 20 pS/cm 

ADDITIONAL REQUIREMENTS 

4 ^Packaging and Storage: Preserve in weil-closed con- 
tainers. No storage requirements are specified.* 

4 Labelfng: LabeJ it to indicate the percentage content of 
1,6-GPS and 1,1-GPM, 
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* USP Reference Standards (11) 
USP fsomaft RS 
USP Mannitol RS 
USP Sorbitol RS 


Isopropyl Alcohol —see Isopropyl Alcohol 
General Monographs 


isopropyl Myristate 



C 17 H 3 .,02 270.45 

Tetradecanoic acid, 1-methylethyl ester; 

Isopropyl myristate [110-27-0]. 

DEFINmON 

Isopropyl Myristate consists of esters of isopropyl alcohol 
and saturated high molecufar weight fatty acids, prind- 
pally myristic add. It contarns NLT 90.0% of isopropyl 
myristate 

IDENTIFICATION 

* A. The retention times of the major peaks of the Somple 

solution correspond to those of the System suitability solu¬ 
tion, as obtained in the Assay. 

A5SAY 

• Procedurę 

System suitability solution: 5.0 mq/mL of USP Isopro- 
pyl Myristate RS and 0.5 mg/mL of USP Isopropyl Pal¬ 
mitate RS in n-hexane 

Sam ple solution: 5,0 mg/mL of Isopropyl Myristate in 
mhexane 

Chromatographk system 

(See Chromatograpny (621), System Suitability .) 

Modę: CC 

Detector: Flame ionization 

Column: 0.32-mm x 15-m fused silica coatecl with a 
1,0-pm layer of sta tlona ry phase C27 
Temperatures 
Injection port: 240° 

Detector: 280* 

Column: See Tobie L 


Table l 


Initial 

Temperaturę 

. n 

Temperaturę 

Ramp 

(Vmin) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min) 

150 

__ 

150 

1 

150 

6 

210 

8 


Carrier gas: Helium 
Flow ratę: 1.5 mL/min 
Injection volume: 2.0 pL 
Injection type: Split injection, split ratio 10:1 
Run time: 22 min 
System suitability 
Sam ple: System suitability solution 
[NOTĘ—The relative retention times for isopropyl myris¬ 
tate and isopropyl palmitate are 1.0 and 1.3, 
respectively.] 

Suitability reąuirements 

Resolution: NLT 6,0 between the isopropyl myristate 
and isopropyl palmitate peaks 


TaHing factor: NMT 2 for the isopropyl myristate 
peak 

Relative standard deviation: NMT 2.0% 

Analysis 

Sam ple: Sample solution 
Calculate the percentage of isopropyl myristate 
CC 17 H 34 O 2 ) in the portion of Isopropyl Myristate taken: 

Result = (fu/rr) x 100 

r 0 = peak area of isopropyl myristate 

r T = sum of the peak areas of alt the peaks, except 

the solvent peak 

Acceptance criteria: NLT 90.0% 

1MPURITIES 

* RESIDUE OM ICNiTlON (281): NMT 0.1% 

SPECIFIC TESTS 

* SPEOHC GRAVITY (841): 0.846-0.854 

* Refractive Index (831): 1.432=1.436 at 20° 

« Fats and Fixed Oils, Add Value (401): NMT 1 
■ Fats and Fixed Oils, lodine Value (401): NMT 1 

* Fats and Fixed Oils, Saponificathn Value (401): 202-212 

ADDITIONAL REQU!REMENT$ 

* Packaging and Storace; Preserve in tight, light-resistant 
containers. 

* USP Reference Standards (11) 

USP Isopropyl Myristate RS 
USP Isopropyl Palmitate RS 


Isopropyl Palmitate 



C„Hm0 2 298.50 

Hexadecanoic acid, 1 -methylethyl ester; 

Isopropyl palmitate [142-91-6], 

DEFINmON 

Isopropyl Palmitate consists of esters of isopropyl alcohol 
and saturated high molecular weight fatty acids, Jt con- 
tains NLT 90,0% of isopropyl palmitate (C]gH 3 &0 2 ), 

IDENTIFICATION 

* A. The retention times of the major peaks of the Somple 
solution correspond to those of the System suitability solu- 
tion r as obtained in the Assoy . 

A5SAY 
- Procedurę 

System suitability solution: 5.0 mg/mL of USP isopro¬ 
pyl Palmitate RS and 0,5 mg/mL or USP Isopropyl My¬ 
ristate RS in n-hexane 

Sample solution: 5.0 mg/mL of Isopropyl Palmitate in 
n-hexane 

Chromatographk system 

(See Chroma tog ropny (621), System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Column: 0.32-mm x 15-m fused siiica; coated with a 
1.0-jim layer of stationary phase G27 
Temperatures 
Injection port: 240° 

Detector: 280° 

Column: See Tobie 1. 
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Table 1 


Inifial 

Temperaturę 

(°> 

Temperaturę 

Ramp 

(7mln) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min) 

150 

_ 

150 

1 

150 

6 

230 

8 


Carrier gas: Helium 
Flow ratę: 1.5 mL/min 
Injection volume: 2.0 \xi 
Injection type: Split injection, Split ratio 10:1 
Run time: 22 min 
System suitability 
Sample: System suitabiiity solution 
[NOTĘ— The relative retention times for isopropyl myris- 
tate and isopropyl palmitate are 0.8 and 1.0, 
respectivefy.j 
Suitability requirements 

Resolution: NIT 6,0 between the isopropyl myristate 
and isopropyl palmitate peaks 
Tailing ractor: NMT 2 for the isopropyl palmitate 
peak 

Relative standard deviation: NMT 2*0% 

Analysis 

Sample: Somple solution 
Calculate the percentage of isopropyl palmitate 
(C 19 H 38 O 2 ) in the portion of Isopropyl Palmitate taken: 

Result - ( Fu/tt) x 100 

hi - peak area of Isopropyl palmitate 

rr = sum of the peak areas of all the peaks, except 

the soivent peak 

Acceptance arteria: NLT 90.0% 

IMPURITI1S 

* Residue on Gcnition (281): NMT 0*1% 

5PECIFIC TE5TS 

* Specific Gravity (841): 0.850-0.855 

* RefraCTIVE Sndex (831): 1.435-1.438 

* Fats and Fixed Oils, Add Vaiue (401): NMT 1 

* Fats and Fixed Oils, lodine Vaiue <401): NMT 1 

* Fats and Fixed Oils, Soponification \/o/ue{4Q1): 183-193 

ADD1TIONAL REQUIREMENTS 

e Packacinc and Storage: Preserve in tight, light-resistant 
containers. 

0 USP Reference Standards (11) 

USP Isopropyl Myristate RS 
USP Isopropyl Palmitate RS 


Juniper Tar —see juniper Tor General 
Monographs 


Kaolin —see Kaolin General Monographs 


Alpha-Lactaibuman 

141 78 

[9051 -29-0]. 

DEFINITION 

Aipha-Lactalbumin is a Jyophitized or spray-drred powder of 
compact alobular metalfoprotein that may contain a sin¬ 
gle bouna calcium ion and is capable of binding zinc and 


other metals. Alpha-Lactalbumin is isolated either from 
bovine miik or from whey, both of which should be from 
edible sources suitable for human use. All materials de- 
rived from bovine sources must originate from countries 
free of bovine spongiform encephalopathy* it contains al- 
pha-lactalbumin at NLT 90.0% of the labeled total protein 
content. The remalnder consists mostly of betaUactoglob- 
ufin. It may contain suitabie stabilizers. 

IDENTIFICATION 

9 A. SD S-POLYACRYLamide Gel Electrophoresis 

Gel fixing solution: In a 1-L Pyrex bottie, thoroughly 
mix 500 ml of water, 400 mL of alcoholic TS, and 
100 mL of gfacial acetic acid, 

Gel staining solution: Prepare a solution of Coomassie 
blue G-250 having a concentration of 0.25 g/L in a 
10.0% (v/v) acetic add solution. 1 Storę at room tem¬ 
peraturę. 

Destaining solution: 10.0% (v/v) acetic acid in water 
[NOTĘ—Tnis solution may be stored at room tempera¬ 
turę for up to 6 months from the datę prepared.] 
Sample buffer: Prepare a solution containing 200 mM 
tris(hydroxymethy[)aminomethane hydrochioride (Tris- 
HCI), 2% (w/v) sodium dodecyl sulfate (SDS), 40% (v/ 
v) glycerol, and 0.04% (w/v) Coomassie blue G-250. If 
necessary, adjust with hydrochloric acid or sodium hy- 
droxide to a pH of 6.8 . 2 

Running buffer: Prepare a solution containing 100 mM 
tn5(hyaroxymethyl)aminomethane, 100 mM N- 
tris<hydroxymethyl)methy!g3ycine (trtclne), and 0.1% 
(w/v) SD5 in water. If necessary, adjust with hydrochio- 
ric acid or sodium hydroxide to a pH of 8.3. B In a 
400-mL beaker, thoroughiy mix 35 ml of the solution 
so obtained (or 10x Triś/Tricine/SDS buffer)' 1 * with 
315 mL of water. 

Molecular weight marker: Use a suitabie molecular 
weight marker containing protein bands between 3.5 
and 27 kDa. 

Molecular weight standard solution: Transfer 1 6 uL of 
the Somple buffer into a 0.5-mL microcentrifuge tubę. 
Pipet 4 pL of the Molecular weight marker into the 
microcentrifuge tubę, and mix. fncubate the mixture in 
the closed microcentrifuge tubę for 5 min at 95°. After 
incubation, aliow the tubę to stand for 5 min at room 
temperaturę. Centrifuge at 5000 rpm for 1 min. 
Alpha-Lactalbumin standard stock solution: 1.0% 
(w/v) of USP Alpha-Lactalbumin RS in water in a 2-mL 
centrifuge tubę, 

Alpha-Lactalbumin standard working solution: Pipet 
21 of the Sample buffer and 3 uL of the Aipha-Lactai- 
bumin standard stock solution into a 0.5-mL microcen¬ 
trifuge tubę, and mśx* Proceed as directed for Molecular 
weight standard solution beginning with "Incubate the 
mixture"* 

Sample stock solution: 1.0% (w/v) of Aipba-Laetalbu- 
rnin in water in a 2-mL centrifuge tubę. 

Sample solution: Pipet 21 uL of the Sampie buffer and 
3 pL of the Sample stock solution into a 0.5-mL 
microcentrifuge tubę, and mfx* Proceed as directed for 
Molecular weight standard solution beginning with "In- 
cubate the mixture". 

SDS-RAGĘ gel and apparatus set-up: Folfowing the 
manufacturer's instructions, assembfe and fili a 16.5% 
Tris-Tridne Ready Gel 5 in the Mini-Protean III Electro¬ 
phoresis Module, 6 or En an equivalent module* Add Run¬ 
ning buffer appropriately to tnis apparatus, 

1 A suftable gel staining solution is avaflable from, e,g, H Bio-Rad. Coomassie 

bnlliartt blue C-250 Is avaiJable from Bio-Rad, Cat. tf 161 -0406, 

- A suitable sampfe buffer is avaiiabie as Tricine sample buffer from Bio-Rad, 

Cat, # 161-0739. 

Mn undiluted suitabie running buffer [s avatlable as 10x Tris/Tridne/SDS 
buffer from Bio-Rad, CaL # 1 (fi-0744. 

■f Available as 10x Tns/Trieme/SDS buffer from Bio-Rad, Cat. ff 161-0744. 
s Available from Bio-Rad, Cat # 161 -1107 or 161 -11 79, 
s Available from Bio-Rad, Cat. # 165-3302. 
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Analysis 

Gel loading: Łoad 10 uL of the Molecufor weight stan¬ 
dard solution, 2.5 \il or the Alpha-Lactaibumin standard 
working solution, and 2.5 jiL of the Sample solutbn , re- 
spectively, into the 16.5% Tris-Tricine SD5-PAGE gel. 
[fslOTE —The loaded samples contaln approximateTy 
3 |ig of protein based on the sample weight.] 

Running the gej; Set the voltage to 100 V, and run at 
a constant voltage. Run the gel until the tracking dye 
front is approxfmately 10 mm from the bottom of the 
gel (approximately 80-90 mm). 

Gel fixing: Remove the gel, transfer to a plastic Con¬ 
tainer, and soak in the Cel ftxing solution for 30 min on 
a shaking rack. Decant the Cel ftxing solution . Rinse 
with water, and decant. 

Gel staining: Pour approximately 100 mL of the Cel 
staining solution into the staining Container. Place the 
ge! into the staining Container, and allow the stain to 
completefy cover the qel. Place the staining Container 
on an appropriate shaker, and stain the geT for 60-90 
min with gentle shaking. 

Destaining: Drain the Cel stoining solution into an ap¬ 
propriate waste Container, and add 100 mL of De¬ 
staining solution to the Container to cover the gel. 

Place the Container on an appropriate shaker, and 
shake with gentle agrtatlon for 30 min. Discard the 
used Destaining solution , and repeat destaining as neo- 
essary. Repeat rinsing with Destaining solution three to 
four times at 30-min inten/als or until the gel is de- 
stained to the deslred clarity. 

Acceptance enteria: The Alpha-Lactalbumtn has one 
major band at 14 kDa, a minor band at 16 kDa, and a 
molecular weight that is simiłar to that of U5P Alpha- 
Lactaibumin RS. 

* B. The retention time of the major peak for atpha-iactal- 
bumin from the Sample solution corresponds to that of 
the Standard solution, as obtained in the test for Content 
of Alpha-Lactaibumin in the Assay . 

ASSAY 

* Content of Alpha-Lactalbuiwin 

Mobile phase: Prepare a solution of 0.02 M Tris-HCI, 
0.5% SD5, and 0.1 N sodium chloride. Adjust the pH of 
the soEution to 5.95 ± 0.05. Pass thls solution through a 
filter having a 0.5-pm or flner porosity, and degas. 
Standard solution: 1,0 mg/mL of USP Alpha-Lactalbu- 
mEn RS in Mobile phase. [NOTĘ—Prepare it immedtately 
before use.] 

System suitabNity solutulon: 0,5 mg/mL of USP Alpha- 
Lactalbumin RS and 0.5 mg/mL of beta-lactoglobulm in 
Mobile phase 

Sampfe solution: 1.0 mg/mL of Alpha-Lactaibumin in 
Mobile phase 

Chromatographk system 

(See Chromatography (62]) f System Suitability.) 

Modę: LC 

Detector: UV 280 nm 

Cofumn: 7.8-mm x 30-cm analytlcaE column, packing 

[NOTE“Equilibrate the coiumn for approximately 90 
mEn at 0.6 mL/min of Mobile phase or until a stable 
baselrne is achieved.] 

Flow ratę: 0.6 mL/min 
fnjection size: 20 ^iL 
System surtablJity 
Sampfe: System suitability solution 
[Notę—T he relative retention times for beta-lactoglobu- 
Ifn and alpha-lactafbumin are 0.91 and 1.00, 
respectively.] 

Suitability requirements 

Resołutfon: NLT 1.65 between beta-lactoglobulin and 
afpha-lactalbumin 

Taillng factor: Not greater than 1.1 for the alpha- 
Eactalbumin peak 


Analysis 

Samples: Standard solution and Sample solution 
CalcuEate the purity of Alpha-Lactaibumin as a percent- 
age of total protein: 

Result = (r u /r 5 ) x [C s /(Cu x p)] x 100 

ru - peak response for alpha-lactalbumln from the 
Sample solution 

r s = peak response for alpha-factalbumin from the 
Standard solution 

C 5 = concentration of USP Alpha-Lactaibumin RS in 
the Standard solution (mg/mL) 

Cu - concentration of Alpha-Lactaibumin in the 
Sampfe solution (mg/mL) 

P = percentage of total protein content 
Acceptance criteria: Content of alpha-lactalbumin is 
NLT 90.0% of the labeled total protein content 

• Total Protein Content 

Sample; 250 mg of AEpha-Lactalbumin 
Analysis: Combust the Sample in the presence of pure 
oxygen (99.9%) in an airtight oven at 950° with a suit- 
able nitrogen analyzer. The components such as carbon 
dkmde, sulfur dioxide, and moisture are absorbed by 
various in-line Chemical filters. Ali nitrogenous matter Is 
converted into nitrogen in the presence of catalytic 
converters. The weight percent of nitrogen is measured 
by a thermal eonductivity detector. Blank the system by 
analyzing a suitable nitrogen blank materiał, such as 
owdered cdlulose, and obtaining a zero reading. Cali- 
rate and gualify the system by using EDTA, The rela- 
tive standard deyiation for repficate runs is NMT 0,5%. 
Calculate the weight percent of total protein content in 
Alpha-Lactaibumin by multlplying the percentaae of ni¬ 
trogen found by 6.23. 

Acceptance critena: Total protein content is NLT 
90.0%. 

OTHER COMPONENTS 

• Limit of Beta-Lactoclobulin 

Mobile phase. System suitability solution, Sample so¬ 
lution, Chromatographic system, and System suitabil¬ 
ity: Prepare as djrected In the test for Content of Alpha- 
Lactaibumin. 

Standard solution: 1.0 mg/mL of beta Eactoglobulin in 
Mobile phase. [NOTĘ—Prepare it im mediately "before 
use.] 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of beta-lactoglobulin as a 
percentage of total protein: 

Result = (rg/rs) x [C s /(Cu x P)] x 100 

tu = peak response for beta-lactoglobulin from the 
Sample solution 

rs = peak response for beta-lactoglobulin from the 
Standard solution 

Cs - concentration of beta-lactoglobulin in the 
Standard solution (mg/mL) 

Cu = concentration of Alpha-Lactaibumin in the 
Sample solution (mg/mL) 

P = percentage of total protein content 
Acceptance critena: NMT 6.5%, calcufated on the to¬ 
tal protein basis 

• Content of calcium 

Standard stock solution: Dfssolve 1.249 g of calcium 
carbonate in 270 mL of 3 N hydrochlonc add (dilute 
250 ml of hydrochlonc acid with water to 1000 mL) in 
a 1000-ml volumetric fiask. Dilute with water to voJ* 
u me, and mix. Dilute 50 mL of the solution so obtained 
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to 1000 mL The Standard stock solution contains 25 pg/ 
ml ot cafciumT 

Lanthanum chloride solution: Weigh 11.7 g (± 

100 mg) of lanthanum oxlde, and transfer to a 
1000-mL yolumetric fiask. Add enough water to wet 
the powder, and then slowly add 50 mL of hydrochloric 
add. [Cautiom —Exothermic reaction.] let the test speci- 
men dissolye, dilute with water to voiume, and mix. 

This solution contains 1% (w/v) of lanthanum and is 
stable for up to 6 months when stored at room 
temperaturę. 

Blank solution: 10-fold dllutlon of Lanthanum chloride 
solution 

Working standard Solutions: To five identical 25-mL 
yolumetric flasks add 0, 5, 10, 15, and 20 ml, respec- 
tlvely, of Standard stock solution. Add 2.5 mL of Lantha¬ 
num chloride solution, and dii u te with water to volume. 
The Working standard Solutions contain 0 # 5, 10, 15, and 
20pg/mL of ca [dum, each containing 0.1% (w/v) of 
lanfhanum. 

Sample solution: Transfer TO g of Alpha-Lactalbumin 
to a 100-mL yolumetric fiask, add 10 mL of Lanthanum 
chloride solution , and dii u te with water to volume. 

Spectrometric condifions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytkal wayelengtn: 422,7 nm 
Lamp: Caldum hollow-cathode lamp 
Flame: Reduced asr-acetylene 

Analysis 

Sam pies: Working standard Solutions and Sample 
solution 

Concomitantly determine the absorbances of the 
pies using the Blank solution. [Notę— Optimtze flame 
parameters In accordance with the Instrument manu- 
factureris instructions.] 

Plot the absorbances of the Working standard Solutions 
versus the concentration, in pg/mL, of calcium, and 
draw the stralght linę best fitting the five plotted 
points. From me graph so obtained, determine the 
concentration, C, in pg/mL, of caldum In the Sample 
solution. 

Calcuiate the guantity of calcium (Ca), in mg, in each g 
of Alpha-Lactalbumin taken: 

Resuft = (Vx C)/W x F x 100 

V = volume of the Sample solution , 100 mL 

C - as determined above 

W - weight of Alpha-Lactalbumin taken to prepare 
the Sample solution (g) 

F = conversion factor for pg to mg (10 3 mg/pg) 

Acceptance criteria: NMT 1 mg/g of calcium 

1MPURITIES 

Inorgamc impuHfles 

o ASH: Ignite 1 g of Alpha-Lactalbumin at NMT 550° until 

free from carbon. Coo[ in a desiccator, and weigh: NMT 

3.5% is found. 


De let e the fotlowing; 

Heavy Metals, Method II (231): NMT 10 ppm* (Official l- 

jan- 2018 ) 

* Limit of Phosphorus 

HydrochJoric add solution: Pipet 250 mL of hydrochlo- 
ric add into a 1000-mL yolumetric fiask, ci Nutę with 
water to voiume, and mix. 

Molybdovanadate reagent: Dissolve 20 g of ammo- 
niurn molybdate in 200 mL of water with the aid of 
heat, and then alfow the molybdate solution to cool. 

? A c om merda Hy p repa red, certificated AA standard is avaitebfe as Caldum 
AA, ICP standards, 1000 ppm Ca rn dllute hydro chi o ric add, Cat # ACA1KH, 
from RIĆCA, Make an appropriate dilutlon lo obtafn a finał concentration of 
25 pg/mL of caldum. 


Drssofve TO g of ammonium vanadate In 125 mL of 
water with the aid of heat, cool, and add 160 mL of 
hydrochloric acid, Graduaily add, with stirring, the mo¬ 
lybdate solution to the vanadate solution, and dilute 
with water to 1000 mL, 

Phosphorus standard stock solution I: Transfer 8,8 g 
of monobasfc potassium phosphate (KH 2 PO 4 ), previ- 
ously dried for 2 h at 105 Q , to a 1000-mL yolumetric 
fiask, and add 750 mL of water to dtssoive. Dilute with 
water to volume. This solution contains 2 mg/mL of 
phosphorus, [NOTĘ—Storę the solution in a refrigerator.] 

Phosphorus standard stock solution II: Immediately 
before use, dilute 50 mL of Phosphorus standard stock 
solution I with water to 1000 ml. [NOTĘ—Storę in a 
refrigerator.] 

Standard Solutions: Transfer 0,0 mL, 5.0 ml, 8.0 mL, 
10.0 mL, and 15.QmL of Phosphorus standard stock solu- 
tion II, respectiyely, to five identical 100-mL yolumetric 
flasks. Proceed as directed in the Analysis: after treat- 
ment with the Molybdovanadate reagent, the resuiting 
finał phosphorus concentrations for the Standard Solu¬ 
tions are 0.0, 5.0, 8.0, 10.0, and 15.0 pg/mL, 
respectiyely. 

Sample solution: Transfer 4.0 g of Alpha-Lactalbumin 
to an ashing dish. Dry the test speclmen on a hot piąte 
or steam bath. Ignite in a muffle furnace at a maxlmum 
temperaturę of 600° until free of carbon. Cool, add 
40 mL of Hydrochloric acid solution and seyeral drops of 
nitric acid, and bring to boil on a hot piąte, Cool, trans¬ 
fer to a 100-mL yolumetric fiask by rinsing the ashing 
dish with water, dilute with water to vo!ume, and mix. 
Pipet 20.0 mL of the Sample solution into a 100-mL yol¬ 
umetric fiask. 

Spectrometric conditions 

(See Uftravioiet-Visible Spectroscopy (857).) 

Modę: UV-Vis 

Analytical Wavelength: 400 nm 

Analysis 

Samples: Standard Solutions and the Sample solution 
To each of the flasks containing the Samples , add 
20,0 mL of Molybdovanadate reagent , dilute with water 
to volume, mix, and allow to stand for exact!y 10 min 
for maximum color deveiopment. The Standard Solu¬ 
tions and the Sample solution are treated identically. 
Concomitantly determine the absorbances of each of 
the Samples in Tern ceils using the Spectrometric condh 
tions described above. Use one of the Standard Solu¬ 
tions with phosphorus concentration at 0.0 pg/mL to 
zero the spectroph otom eter. Plot the absorbances of 
the Standard Solutions versus concentration, in pg/ml, 
of phosphorus, and draw the straight linę best fitting 
the four plotted points. From the graph so obtained, 
determine the concentration, C, in pg/rnL, of phos¬ 
phorus in the Sample solution. 

Calcuiate the guantity, in pg, of phosphorus in each g 
of Alpha-Lactalbumin taken: 

Result = (V x Q/W x D 

V = yolume of the Sample solution, 100 mL 

C = as determined above 

W - weight of Alpha-Lactalbumin taken to prepare 
the Sample solution (g) 

D = dilution factor, 5 

Acceptance criteria: NMT 700 pg/g of phosphorus 
Organik Impurities 
* Procedurę i: Limit of Lipid (Fat> 

Weighing dish preparaiion: Pre-dry the cEean dishes 
under the same conditions that will be used for finał 
drying after fat extraction. Ensure that all surfaces 
where weighing dishes will be placed (Le., hot piąte, 
desiccator, etc.) are clean and free of particulates. At 
the end of oven drying, place the weighing dishes in a 
desiccator, and cool to room temperaturę. Immediately 
before use, weigh the dishes to the nearest 0.1 mg. 
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and record the welghts. Check the balance zero after 
weighing each dish. Protect the weighed dishes from 
contamination with extraneous matter. 

Analysis 

Transfer 0.5 g of Alpha-Lactalbumin to a Mojonnier- 
style ether extractlon ffask that has the capaclty to 
hołd a volume of 21—23 mL in the lower btilb plus 
neck at the bottom of the fiask. The fiask has a 
smooth, round opening at the top that can be sealed 
when closed with cork. Add 10 mL of water at a tern- 
erature of 40°, and mix. Add 1,5 mL of ammonium 
ydroxide to the Alpha-Lactalbumin, and mix thor- 
oughly. Add 3 drops of phenolphthalein TS to help 
sharpen the yisual appearance of the interface be* 
tween the ether and the aqueous layers durmg ex- 
traction. Add 10 mL of alcohol, close with the cork 
stopper that has been water soaked, and sliake the 
fiask for 15 s. 

For the first extraction, add 25 ml of ether, replace 
the cork stopper, and sliake the fiask very vigorously 
for approxtmately 1 min, releasing built-up pressure 
by Joosening the stopper as necessary. Add 25 mL of 
Petroleum ether, replace the cork stopper, and repeat 
vigorous shaking for about 1 min. Centnfuge the 
fiask at about 600 rpm for NLT 30 s to obtain a clean 
separation of the agueous (brięjht pink) and the ether 
phases. Decant the ether solution into a suitable 
weighmg dish prepared as directed for Weighing dish 
preparatton . Wnen the ether solution is decanted into 
the dish, be ca ref ul not to pour any suspended solids 
or aqueous phase into the weighing dish. Ether can 
be evaporated at NMT 100 c from tne dish while con- 
ductlng the second extraction. 

For the second extraciion, add 5 ml of alcohol to the 
odginaI fiask, close with the cork stopper, and shake 
yigorously for 15 s. Add 15 mL of etner, replace the 
cork, and shake the fiask yigorously for about 1 min. 
Add 15 mL of petroleum etner, replace the cork stop¬ 
per, and repeat viqorous shaking for about 1 min. 
Centnfuge the flasK at about 600 rpm for NLT 30 s to 
obtain a clean separation of the agueous (bright 
pink) and the ether phases. if the interface isoelow 
the neck of the fiask, add water to bring the !eve! 
about hałfway up lo the neck. Add water slowly 
down the mside surface of the ffask so that there is 
minimum disturbance of the interface. Decant the 
ether solution for the second extraction Into the same 
weighing dish used for the first extraction. 

For tne third extraction, omit addition of the alcohol 
and repeat the procedurę used for the second extrac- 
tion. Completely evaporate the solyents in a hood on 
a hoL piąte at NMT 100°, and avoid spattering. Dry 
the extracted fat and the weighing dish to constant 
weight in a forced air oven at 100° ± 1° for NLT 30 
min or in a vacuum oven at 70° to 75* at morę than 
50.8 cm (20 inches) of vacuum for NLT 7 min. Re- 
move the weighing dish from the oven, and place in 
a desiccator to cool to room temperaturę. Record the 
weight of the weighing dish containing the fat. 

Run a blank determination using water, and record the 
weight of any dry residue collected, The reagent 
blank should be tess than 2.0 mg of residue. [NOTĘ— 

A negative number is not acceptabJe.] 

Calculate the weight percent of lipid (fat) in the por- 
tion of Alpha-Lactalbumin taken; 

Result = [(W 2 - Wi) - WJ/W x 100 

Wi - weight of empty weighing dish (g) 

Wj = weight of the weighing dish containing fat 

(g) 

V\h = weight of the reagent blank residue (g) 

W - weight of the Alpha-Lactalbumin taken for the 

fat extraction (g) 


Acceptance criteria: NMT 1.0% is found. The differ- 
ence between duplicate runs is NMT 0.03% fat. 
p Procedurę z; Limit of Lactose 

Carrez I solution: Transfer 3.60 g of potassium ferrocy- 
anide [K. s Fe(CN) ć - 3H z O] to a 100-mL yolumetrie fiask, 
dissoive in and dilute with water to vofume, and mix. 
Carrez II solution: Transfer 7.20 g of zinc sulfate 
heptahydrate (ZnSO.i - 7 H 2 O) to a 100-mL yolumetrie 
fiask, dissolve in and dilute with water to volume, and 
mix. 

[Notę—T he following four test reagents are inciuded In 
a test kit 8 ] 

Test reagent 1: About 600 mg of lyophilisate consist- 
ing of a mixture of citrate bufrer (pH 6.6), nrcotin- 
amide adentne dinucleotide (NAD) (35 mg), anhydrous 
magnesium sulfate, and stabilizers (added tf necessary). 
Dissolve lyophilisate in 7.0 mL of water before use. 

Test reagent 2: About 1.7 mL of an enzyme suspen- 
sion of /Tgalactosidase (approximately 100 Units). 

Test reagent 3: 34 mL of a solution consisting of 0.51 
M potassium diphosphate buffer (pH 8.6), and stabiliz¬ 
ers (added if necessary). 

Test reagent 4: About 1.7 mL of an enzyme suspen- 
sion of galactose dehydrogenase (about 40 Units). 
Sample solution: Transfer 1.0 g of Alpha-Lactalbumin 
to a 100-mL yolumetric fiask, add about 60 mL of 
water, and mix. Add 5 mL of Carrez / solution, and mix. 
Add 5 mL of Carrez II solution , and mix. Add 10 ml of 
0.1 N sodium hydroxide solution, and mix yigorously. 
Dilute with water to volume, and mix. Pass through a 
filter paper, and use the elear filtrate. [NOTĘ —This pro¬ 
cedurę breaks emulsions, absorbs some colors, and pre- 
cipitates proteins.] 

Analysrs 

Label one glass or disposable plastic cuvet as "blank" 
and the second glass or disposable plastic cuvet as 
“test"* [Notę—T nese two cuvets should be equiva- 
lent.] To each cuvet, pipet 0.20 mL of Test reagent 1 
and 0.05 mL of Test reagent 2. Pipet 0.10 ml of the 
Sample solution into the cuvet that is iabeled "test". 
Mix both cuvets with their stirrers, and ineubate at 
20°-25° for 20 min. Pipet 1.00 mL of Test reagent 3 
into each cuvet. Pipet 2.00 mL of water into tne 
cuvet that is Iabeled "blank" and 1.90 mL of water 
into the cuvet containing the Sample solution. Mix, 
and ineubate at 20 rj -25° for about 2 min. 

Determine the absorbances, and A B1 , at 340 nm, 
for the Sample solution and the blank, respectively, 

Add 0.05 mL of Test reagent 4 to each cuvet. Mix and 
ineubate at 2G*“25 P untif the reaction has stopped 
(about 10—15 min). Determine the absorbances Asa 
and Am, at 340 nm, again for the Sample solution and 
the blank, respectively. If the reaction nas not 
stopped after 15 min, continue to read the ab¬ 
sorbances at 2-min interva!s untii the absorbance for 
the Sample solution remains constant for two succes- 
sive measurements, 

Calculate the percentage of lactose in the portion of 
Alpha-Lactalbumin taken: 

Result - V T x V z x M r x [(A^ - Asi) - (A 82 - Aai)]/(e x L 
x V 3 x W) x 100 

V 1 = vo!ume of the Sample solution , 0.1 L 

S/z - volume of the finał sample solution in the 
cuvet, 3.30 mL 

Mr = molecular weight of lactose monohydrate, 
360.32 g/mot 

e = absorption coefficient of nicotinamide adenine 
dinucleotide reduced form (NADH) at 340 
nm, 6300 L - mol 1 - cnrr T 
L = light path of the cuvet, 1.0 cm 

> Avallabie from Boehringer’Mannheim (R-Biopharm H fnc., 7950 Old US 27S, 
Marshall, Ml 49068 USA; TeL +-1 877 789-3053 or h- 1 -269-789-5033; Fax: 

+1 - 269 - 789 - 3070 ; www . r - blopharm . com ). 
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Vj = vołume of the Sample solution taken Into the 
cuvet, OJ ml 

W = weight of Alpha-Lactaibumin taken to prepare 
the Sample solution (g) 

Acceptance criteria: NMT 1.0% of lactose 

SPEOFDC TESTS 

* MlCROBIAL ENUMERATION TESTS (61) and TESTS FOR SPECł- 

fied Microorganisms (62): The Lotal aerobic bacterial 
count does not exceed 1000 cfu/g, The total combined 
molds and yeasts count does not exceed 100 cfu/g. it 
meets the requirements of the tests for absence of Salmo¬ 
nella species and Escherichia coli. 

« Denaturation Temperaturę 

Sample solution: Prepare a protein dough by mixing 
3 g of Alpha-Lactalbumin powder with 2 g of water. 
Place the dough into a weli-sealed sample Container. 
Analysis: Perform two measurements on the dough 
sample using a differentiaf seannina calorimeter. Heat 
to 140 D , and scan. Cool rapidly to oefow room temper¬ 
aturę, and rescan. AppJy a scan ratę of 10'7min. Weigh 
pans before and after stanning to verify that no mois- 
ture Joss occurs during the scanning process. Measure 
and record the denaturation temperatures as peak tem¬ 
peraturo*. The formation of two peaks indicates the 
presence of both the apo form and the holo form of 
Alpha-Lactalbumin, 

Acceptance criteria: The denaturation temperaturę for 
Alpna-Lactalbumin in the apo form is between 50° and 
52°; the denaturation temperaturę for Alpha-Lactaibu- 
min in the holo form is between 58° and 61 

* PH (791): NMT 7.5, in a solution (1 in 10) 

* Loss on Orying (731); Dry 1*0-1.5 g in a vacuum oven 

at 100°, at a pressure of 660 mm of mercury, and with 
continuous dry air feed for 5 h: it ioses NMT 6.5% of its 
weight. 

ADDmONAL REQU1REMENTS 

* Packaging and Storage: Preserve in tight containers, 

and storę at the temperatura indicated on the tabel, 
o ILabeling: La bel it to state the protein content, expressed 
as a total protein percentage. indicate the type of source 
materiał, expressed as bovine milk, whey, or both, used 
to manufacture the finał product. Label it to indicate the 
storage conditions, the expiration datę, and the narne 
and concentration of any added stabilizers, 
o USP Reference Standards (11) 

USP Alpha-Lactatbumin RS 


Lactic Acid —see Lactic Acid General 
Monographs 


Lactitoł 



C u H 24 0 lt 344.31 

Ci 2 H«Ołi • H 2 0 362.34 


Ci 2 H 24 On ■ 2H 2 0 380.35 

4-0-j3-D-Ga[actopyranosyl-D-glucitol [585-86-4], 

Monohydrate [81025-04-9]. 

Dihydrate [81025-03-8]. 

DEFINITION 

Lactito! contains NLT 98.0% and NMT 101.0% of C 12 H 24 O 11 , 
calcuiated on the anhydrous basis. 

IDENTIFICATION 
* A. Bnfrared Absorption (197K) 

ASSAY 
» Procedurę 

Mobile phase: Water 

Standard solution: 10.0 mg/mL of USP Lactito! RS 
Sample solution: 10.0 mg/mL of LactitoI 
Chromatographic system 
(See Chroma tography (621), System Suita bili ty.) 

Modę: LC 

Deteotor: Refractive index 

Colurrm: 7.8-mm x 30-cm; packing L34 

Column temperaturę: 85° 

Fiow ratę: 0.7 mL/min 
Injection slze: 25 pL 
System suitability 
Sample: Standard solution 
Suitability requirements 

Relative standard deviation: NMT 1.0% for lactitoł 
Analysis 

Sampies: Standard solution and Sample solution 
Calcułate the percentage of lactitoł (Ć^htaOn) In the 
portion of Lactito! taken: 

Re suit = (ru/fs) x (Q/G) x 100 

ru = peak response from the Sample solution 

n = peak response from the Standard solution 

Q = concentration of USP Lactitoł RS in the 
Standard solution (mg/mL) 

Cy = concentration of Lactito! in the Sample solution 
(mg/mL) 

Acceptance criteria: 98.0%-101.0% on the anhydrous 
basis 

IMPURITIES 

4 RES1DUE ON iGNITtON (281): NMT 0.5% 


Delete the foltowing: 

** Meavy Metals (231) 

Test preparation: Dissoive 4 g in 25 mL of water. 
Acceptance criteria: NMT 5 ppm# m a a \ h^ois) 

O related compounos 

Standard solution: 0.3 mg/mL of USP Lactito! RS 
Sample solution: Prepare as directed in the Assay. 
Chromatographic system: Proceed as directed in the 
Assoy. 

System suitability 
Sample: Standard solution 

[NOTĘ—The relative retention times for lactose, głucosą 
galactose, lactulStol, lactitoł, gajactitol, and sorbitol are 
about 0.53, 0.58, 0.67, 0.72, 1.0, 1.55, and 1.68, 
respectivefy.] 

Analysis 

Sampies: Standard solution and Sample solution 
Calcułate the percentages of g a lactitoł, sorbitol, lactu- 
litol, lactose, glucose, and galactose in the portion of 
Lactitof taken: 

Result = (ru/rs) x (CdCu) x 100 

ru = peak response of the rełevant related 

compound, if observed, from the Sample 
solution 
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r s = peak response of lactitol from the Standard 
solution 

Q - concentration of USP Lactitol RS In the 
Standard solution (mg/mL) 

Cu - concentration of Lactitol in the Sample solution 
(mg/mL) 

Acceptance criteria: The total of the percentages of all 
related compounds is NMT 1.5%, 

O Reducjng Sugars 

Standard solution: Pipet 2 ml of a dextrose solution 
containing 0.5 mg/mL Into a 10-mL conlcal fiask. 

Sample solution: Disolve 500 mg in 2.0 mL of water in 
a 10-mL conical fiask. 

Analysis: Concomitantly add 1 mL of alkaline cupric tar* 
tratę TS to each solution, heat to boiling, and coo!. 

Acceptance criteria: NMT 0.2%, caJculated as dex- 
trose, The Sample solution shows no morę turbfdity than 
that produced in the Standard solution, in which a red- 
dish brown precipitate forms. 

SPEC)FIC TESTS 

* Water Deteriwination, Method l (921); For the monohy- 

dra te form, 4.5%-5.5%; for the dihydrate form, 

9.5%-1G.5%; and for the anhydrous form, NMT 0.5%. 

ABD1TBONAL REQUIREMENTS 

* Packaging AMD Sto RAGĘ: Fre$erve in weli-ciosed 

containers, 

* Labeling: Label it to rndicate whether it is the monohy- 

drate, the dihydrate, or the anhydrous form. 

0 USP Referemce Standards (11) 

USP Lactitof RS 


Lactobionic Acid 


CuH 22 Oi 2 (acid form) 358.30 

[96-82-2], 


HD 



Ct^H^oOh (5-lactone) 340.28 

[5965-65-1 ]. 


4-0-/5-Cafactopyranosyl-D-gfuconic add. 

DEFINITION 

Lactobionic Acid is a mtxture in variabie proportions of 4-0 
j3-D-ga!actopyranosyl-D-gluconic acid and 4-0-/J-D- 
galactopyranosy]-D-glucono-1,5-Jactone. !t contains NLT 
98.0% and NMT 102.0%, on the anhydrous basis, 

IDENTIFICATION 

* A. Infrared Absorption (197K); [Notę— ff the spectra 
obtained show differences, dissolve the test substance 
and USP Lactobionic Acid RS separatefy in water, dry at 
105 % and record new spectra using the residues.] 

« R. Thin-Layer Chromatography (621) 

Standard solution: 10 mg/mL of USP Lactobionic Acid 
RS 


Sample solution: 10 mg/mL of Lactobionic Acid 
Adsorbent: Chromatographic silica gel mixture with an 
average particie size of 10-15 pm (TLC plates) 
Developing solvent: Methanol, ethyi acetate, amrno- 
nium hydroxide, and water (2:1:1:1) 

Application vo!ume: 5pL 

Spray reagent: Slowiy add 10 mL of suJfuric acid to 
about 40 ml of water. Mix, and allow to cooL Dilute 
with water to 100 ml, and mix. Add 2.5 g of ammo- 
nium molybdate and 1 g of ceric sulfate, and sba3<e for 
15 min to drssolve. 

Analysis: Develop the chroma tograms until the soivent 
front has moved about three-fourths the length of the 
piąte, and aflow to dry. Spray the piąte with Spray rea¬ 
gent, and allow to dry. Repeat two morę times, heat at 
110° for 15 min, ano examine. 

Acceptance criteria: The principal spot from the Sam- 
ple solution is similar in position and cofor to the princt- 
pai spot from the Standard solution. 

ASSA¥ 

« Procedurę 

Sample: 0,350 g of Lactobionic Acid 
Analysis: Dissoive the Sample in 50 mL of carbon 
dioxide-free water, previously heated to 30 Q . Immedi- 
ateiy titrate with 0.1 N sodium hydroxide, and deter- 
minę the two equivalence points potentiometrically. 

(See Titrimetry (541).) 

Each mL of 0.1 N sodium hydroxide consumed to the 
first equivalency point is equiva!ent to 35.83 mg of 
C 12 H 22 O 1 Z (corresponds to the acid form), and each mL 
of 0.1 N sodium hydroxide consumed between the 
first and second equivalency points is equivajent to 
34.03 mg of C^FLoOm (corresponds to the <54actone 
form). 

Cafculate the content, expressed as a percentage, of the 
lactobionic acid as the sum of both results. 

Acceptance criteria: 9S,0%-102.0% on the anhydrous 
basis 

IM PU RIT BIES 


Delete the foUowing; 

•* Heavy Metals (231) 

Thioacetamide reagent: To 0,2 ml of thioacetamide 
TS add 1 mL of a mixture of 5 mL of water, 1 5 mL of 
1 M sodium hydroxide, and 20 ml of giycerrn. Heat in 
a water bath for 20 s. [Notę —Prepare immediately 
before use.j 

Lead nitrate stock solution: Prepare as directed for 
Spedal Reagents in Heavy Metals (231). 

Standard solution: On the day of use, dilute 2.0 mL of 
the Lead nitrate stock solution (10 ppm Pb) in water to 
30 mL 

Sample solution: Dissolve 1 g of Lactobionic Acid in 
water to 30 mL. 

Prepare the filtration apparaius by adapting the barrel 
of a 50-mL syringe without its piston to a support con¬ 
taining, on the piąte, a membranę filier of 3-pm porę 
size, and above it a prefilter. 

Transfer the Sample solution into the syringe barreł, put 
the piston in piąte, and then appfy an even pressure 
on it until the whole of the liquid has been filtered. 
When opening the support and removrng the prefifter, 
check that the membranę filier remains uncontami- 
nated with impurities. If this is not the case, repiace it 
with another membranę fil ter, and repeat the opera- 
tion under the same conditions. 

Analysis: To the prefiltrate, add 2 mL of pH 3.5 Acetate 
Buffen Mix, and add 1,2 mL of Thioacetamide reagenL 
Mix immediately, allow to stand for 10 min, and again 
fi Eter as described above, but inverting the order of the 
filters, the Iiqu3d passing first through the membranę 
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filter before passing through the prefilter. The fjltration 
musi be carried out sfowly and unrformly by applying 
moderate and constant pressure to the ptston of the 
syringe, After complete fiitration, open the support, re- 
move the membrana fifter, and dry usmg filter paper In 
paralleL treat the Standard solution in the same manner 
as the Sampie solution. 

Acceptance criteria: The color of the spot from the 
Somple solution is not morę intense than that from the 
Standard solution (NMT 20 ppm),# 

5PEC1FIC TEST5 

* Water Determinahon, Method ta (921) 

Sampie solution: 0.50 g in a mixture of methanol and 
formamide (2:1) 

Acceptance criteria: NMT 5.0% 

* Appearance of Solution 

Sampie solution: 120mg/mL of Lactobionic Acid 

Standard stock solution: Pipet 24.0 mL of ferric chlo 
ride CS and 6.0 mL of cobaltous chtoride CS into a 
100-mL volumetric fiask* Dilute with 1% (w/v) hydro- 
chloric acid to volume. 

Reference solution: Pipet 12*5 ml of the Standard stock 
solution into a 100-mL yolumetric fiask. Dilute with 1% 
(w/v) hydrochloric acid to vo!ume. 

Acceptance criteria: The Somple solution is elear and 
not morę intensely colored than the Reference solution. 

* OPTICAL Rotation, Specific Rotation <781S) 

Sampie solution: 10 mg/mL of Lactobionic Acid. Allow 
to stand for 24 h. 

Acceptance criteria: +23*0° to +29*0° (anhydrous 
substance) 

* REDUCINC sugars 

Sampie solution: Dissolve 5.0 g of Lactobionic Acid in 
25 mL of water with the aid of gentle heat, and cool. 

Analysis: To the Sampie solution add 20 mL of cupric 
citrate TS and a few glass beads. Heat so that boifing 
begins after 4 min, and maintaln boiling for 3 min* 

Cool rapidly, and add 100 mL of a 2.4% solution of 
glactal acetic acid and 20.0 ml of 0.025 M iodine VS. 
with continuous shaking, add 25 mL of a mixture of 
6 mL of hydrochloric acid and 94 ml of water* When 
the precipitate has dissolved, titrate the excess iodine 
with 0.05 M sodium thiosulfate V5 ustng 1 mL of starch 
TS, added toward the end of the titration as an 
indicator* 

Acceptance criteria: NLT 12.8 mL of 0.05 M sodium 
thiosulfate VS is required, correspondlng to NMT 0.2% 
of reducing sugars, as glucose. 

* Articles of Botanical Origin, Total Ash (561): NMT 

0 . 2 % 

ADDITIONAL REQUIREMENTS 

* Fackaging and Storage: Preserve in welhdosed 

containers. 

* USP Reference Standards (11) 

U5P Lactobionic Add RS 


Anhydrous Lactose _ 

Portions of the monograph text that are national USP text, 
and are not part of the harmonized text, are marked with 
symbois {**) to spedfy this fact 



DEFINITION 

Anhydrous Lactose is 0-/J-D-gaiactopyranosyl-(l 
glucopyranose (/Mactose), or a mixture of 0-/3-p- 
galactopyranosyhfl ->4)-/3-D-glucopyranose and 0-/3-D- 
galactopyranosyi-(l ^4}-ce-D-glucopyranose (a-lactose), 

IDENTIFICATION 

• A * iNFRARED ABSORPTION <197K) 

• +B. Thin-Layer Chrom atographig Identification Test 

( 201 ) 

Adsorbent: 0.25-mm layer of chromatographic silica 
gei 

Diluent: Methanol and water (3:2) 

Standard solution A: 0*5 mg/mL of USP Anhydrous 
Lactose RS in Diluent 

Standard solution B: Contains 0.5 mg/mL of USP Dex- 
trose RS, 0.5 mg/mL of USP Anhydrous Lactose RS, 

0.5 mg/mL of USP Fructose RS, and 0*5 mg/mL of USP 
Sucrose RS in Diluent 

Sampie solution: 0*5 mg/mL of Anhydrous Lactose in 
Diluent 

Application volume: 2 pL 

Developing solvent system: Ethylene dichloride, gladal 
acetic acia, methanol, and water (10:5:3:2) 

Spray reagent: 5 mg/mL of thymol in a mixture of al- 
cohol and sulfuric acid (19:1) 

Anafysis 

Samples: Standard solution A , Standard solution B, and 
Somple solution 

Alfow the spot s to dry, and develop the piąte in a pa- 
per-Jined chromatographic chamber equiiibrated with 
the Developing solvent system for about 1 h prtor to 
use. Allow the chromatogram to develop until the soi- 
vent front has moved about three-quarters of the 
length of the piąte. Remove the piąte from the cham¬ 
ber, dry in a current of warm air, and redevelop the 
pfate in fresh Developing solvent system . Remove the 
piąte from the chamber, mark the solvent front, and 
dry the piąte in a current of warm air. Spray the piąte 
evenly with Spray reagent. Heat the piąte at 13Q C for 
10 min* 

System suitability: The test is not va!id unless Standard 
solution B shows four dearly discemibie spots, disregard- 
ing any spots at the origin. 

Acceptance criteria: The principal spot from the Som- 
ple solution corresponds in appearance and Rn yaJue to 
that from Standard solution A.* 

OTHER components 

• +CDNTENT OF ALPHA AND BETA ANOMERS 

Silylation reagent: Dimethyt sulfoxide, pyridine, and 
trimethylsflylimidazole (19*5: 58.5; 22) 

Standard solution: Prepare a mixture of alpha-lactose 
monohydrate and beta-łactose having an anomeric ratio 
of about 1:1 based on the labeled anomeric contents of 
the alpha-lactose monohydrate and the beta-lactose* In- 
troduce 10 mg of this mixture into a vial with a screw 
cap* Add 4 mL of Silylation reagent Sonicate for 20 min 
at room temperaturę. Transfer 400 pL to an injection 
vtaf. Add 1 mL of pyridine. Close the viaf, and mix well* 
Sampie solution: Introduce 10 mg of Anhydrous Lac¬ 
tose into a vial with a screw cap. Add 4 mL of Silylation 
reagent. Sonicate for 20 min at room temperaturę. 
Transfer 400 uL to an injection vial. Add 1 mL of pyri¬ 
dine, Close the vial, and mix weil* 

Chromatographic system 
(See Chramatogropny (62*\), System Suitability .) 

Modę: CC 

Detector: Flame ionization 
Cofumns 

Precolumn: 1 0,53-mm x 2-m intermediate polarity 
deactivated fused silica 


1 Restek Guard column fs suitable. 
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Analytical: 2 0.25-mm x 15-m G27 on fused siltca; 
film thickness 0.25 [im 
Tempera tures 
Detector: 325° 

Injection port: 275° or use cold on-cofumn injection 
Column: See Tobie 1. 


Table 1 


Enltlal 

Temperaturę 

n 

Temperaturę 

Ramp 

r/min) 

Fina! 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(mim) 

m 

__ 

BO 

1 

80 

35 

150 

—, 

750 

12 

300 

2 


Carrier gas: Helium 
Ffow ratę: 2,8 mL/min 
injection volume: 0.5 pL 
Injection type: Splltless or by cold on-column 
injection 

System suifability 
Sample: Standard solution 
Suitability reguirements 

Resolution: NLT 3.0 between the peaks due to alpha- 
lactose and beta-lactose 
Analysis 

Sample: Sample solution 

[Notę—T he relative retention time with reference to 
beta-lactose is about 0.9 for alpha-lactose (retention 
time = about 12 min).] 

CaJculate the percentage content of alpha-lactose: 

Result = V(S a + 5*0 x 100 

5 P = area of the peak due to alpha-lactose 

Si. - area of the peak due to beta-lactose 

Calculate the percentage content of beta-lactose: 

Result = Sb/(S a + St) x 100 

S a - area of the peak due to alpha-lactose 
= area of the peak due to beta-lactose 

* 

IMPURHTIES 


Delete the folłowing: 

# * *Heavy Metals, Method 11 (231): N1V1T 5 ppm** lon^\ i- 

Jan-201S) 

^ Resipue on Bgnitign (281); NMT 0.1% 

SPEOFIC TESTS 

• clarity and color of Solution 

Hydrazine sulfate solution: Dissolve 1.0 g of hydrazine 
sulfate in water, and dilute to 100.0 mL. Allow to stand 
for 4-6 h. 

Hexamethylenetetramine solution: In a 100-ml 
ground-gfass stoppered fiask dissolve 2.5 g of hexa- 
methylenetetramine in 25.0 mL of water. 

Pr i mary opalescent suspension: To the Hexamethy(ene- 
tetramine solution in the fiask add 25.0 mL of the Hydra¬ 
zine sulfate solution. Mix and allow to stand for 24 h. 
This suspension is stabie for 2 months, provided it is 
stored in a glass Container free from surface defects. 


The suspension must not adhere to the giass and must 
be wefl mixed before use. 

Standard opalescence: Dilute 1 5.0 mL of the Primary 
opalescent suspension to 1000.0 mL with water. This sus- 
ension is freshly prepared and may be stored for up to 
4 h. 

Reference suspension: To 5.0 mL of the Standard opal¬ 
escence add 95.0 mL of water. Mix and shake before 
use. 

Reference solution: To 6.0 mL of ferric chloride CS, 

2.5 mL of cobaltous chloride CS, and 1.0 mL of cupric 
sulfate CS add hydrochloric acid (10 g/l HCI) to make 
1000 mL, 

Sample solution: 1 q in 10 mL of boilina water. Allow 
to cool. 

Instrumental conditions 
Modę: Vis 

Analytical wavelength: 400 nm 
Acceptance criteria: NMT 0.04 for the absorbance di- 
vided by the path length in centimeters; and the darity 
of the Sample solution is the same as that of water or its 
opalescence is not morę pronounced than that of the 
Reference suspension, and it is not morę colored than 
the Reference solution. 

O LOSS ON DRYING (731) 

Analysis: Dry a sample at 80 G for 2 h. 

Acceptance criteria: NMT 0.5% 

■ Water Determination, Method 1 (921) 

Sample solution: Anhydrous Lactose in a mixture of 
methanol and formamide (2:1) 

Acceptance criteria: NMT 1.0% 

■ Mecrobial Enumeration Tests (61) and Tests for Specl 
fied Microorganisms (62): The total aerobic microbial 
count is NMT IG 3 cfu/g and *the total combined molds 
and yeasts count is NMT 50 cfu/g*. It meets the reguire- 
ments of the test for absence of Escherichia cod . 

* Protein and Light-Absorbing Impurities 

(See UItfaviolet"Visibfe Spectroscopy (857).) 

Sample soiution: 1% solution (w/v) 

Instrumental conditions 
Modę: UV 

Wavelength rangę: 210-300 nm 
Acceptance criteria: NMT 0.25 for the absorbance di- 
vided by the path length in centimeters at 210-220 
nm; NMT 0,07 for the absorbance dmded by the path 
length in centimeters at 270-300 nm 

* Acidity or Alkalinity 

Sample solution: Dissoive 6 g by heating In 25 mL of 
carbon dioxtde-free water, cool, and add 0.3 mL of 
phenolphthalein TS. 

Acceptance criteria: The solution is colorless, and NMT 
0.4 ml of 0.1 N spdium hydroxide Es required to pro- 
duce a pink or red coior. 
o Optical Rotation, Specific Rotation (781 $} 

Sample solution: Dissolve TO g by heating in 80 mL of 
water to 50T Aliow to cool, and add 0.2 mL of 6 N 
ammonium hydroxide. Altów to stand for 30 min, and 
dilute with water to 1 00 mL. 

Acceptance criteria: +54.4° to +55.9* calculated on 
the anhydrous bas is, at 20° 

ADDSTIONAL REQUIREMENTS 

* ^Packaging and Storage: Preserve in tight containers. 

o Labeling: Where the Jabding indicates the relative quan- 
tities of alpha- and beta-lactose, determine compliance 
using Content of Alpha and Beta Anomers. Where the la- 
beling States the particie size distribution, it also indicates 
the dio, d 50 , and d 90 values and the rangę for each. 


? Varian CP-SH 8 CB is suitabJe. 
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• U5P Referencie Standards (11) 
USP Dextrose RS 
USP Fructose RS 
USP Anhydrous Lactose RS 
USP Sucrose RS* 


Lactose Monohydrate_ 

Portions of ihe monograph text that are nationa! USP text, 
and are not part of the harmonized text, are marked with 
symbols (**) to specify this fact 

DEFINITION 

Lactose Monohydrate is the monohydrate of O-p-D- 
gaiactopyranosyL(l ^4}-a-D-glucopyranose, [Notę —Lac¬ 
tose Monohydrate may be modified as to its physical 
characteristics, II; may contain varytng proportions of 
amorphous lactose,] 

IDENTIFICATION 
* A, Infrared ABSORPTION (197K) 
a + B. Thin-Layer Chromatographic Identification Test 
(201 > 

Diluent: Methanol and water (3:2) 

Standard solution A: 0.5 mg/mL of USP Lactose Mono¬ 
hydrate RS in Diluent 

Standard solution B: 0.5 mg/mL each of USP Dextrose 
RS, USP Lactose Monohydrate RS, USP Fructose RS, and 
USP Sucrose RS in Diluent 

5 ample solution: 0.5 mg/mL of Lactose Monohydrate 
in Diluent 

Adsorbent: 0,25-mm layer of chromatographic silica 
gel 

Application volume: 2 pL 

Developinq solvent system: Ethylene dichloride, glaclai 
acetk ario, methanol, and water (10:5:3:2) 

Spray reagent: 5 mg/mL of thymol in a mixture of al- 
cohol ano sulfurfc aad (19:1) 

Analysis 

Sampl es: Standard solution Ą Standard solution 8, and 
Sompie solution 

Allow the spots to dry, and develop the piąte in a pa- 
per-lined chromatographic chamber equilibrated with 
Developing solvent system for about 1 h prior to use, 
Allow the chroma tog ram to deve!op until the so!vent 
front has moved about three-quarters of the length of 
the piąte. Remove the piąte from fhe chamber, ary in 
a currenl of warm air, and redevelop the piąte In fresh 
Developing soivent system. Remove me piąte from the 
chamber, mark the solyent front, and ary the piąte in 
a eurrent of warm air. Spray the piąte evenly with 
Spray reagent. Heat the piąte at 130 Q for 10 min. 
System suitability: The test is not vafid unless the chro¬ 
matografu of Standard solution B shows four clearly dis- 
cernibfe spots, dtsregarding any spots at the origin. 
Acceptance criteria: The principal spot from the Sam- 
ple solution corresponds in appearance and R F value to 
that from Standard solution A + 

IMPURITIE5 

• Resjdue on Kcnition (281) 

Analysis: A sample ignited at a temperaturę of 
600 ± 50 q 

Acceptance criteria: NMT 0,1% 

Dele te the folłowlng: 

•• *heavv Metals (231) 

Sample solution: A g in 20 mL of warm water* Add 
1 mL of 0.1 N hydrochloric add, and dilute with water 
to 25 mL 


Acceptance criteria: NMT 5 jig/g*« 

SPECIFIC TE5TS 

* Clarity ano Color of Solution 

Sample solution: 1 g in 10 mL of boiling water 
Analysis: The Sample solution is elear and nearly color- 
less. Determine the absorbance of this solution at a 
wavelength of 400 nm. 

Acceptance criteria: The absorbance divided by the 
path length, rn cm, is NMT 0.04. 

* +Microbial Enumeration Tests (61) and Tests for Speci- 
fied Microorcanisms (62): The total aerobic microbial 
count does not exceed 1 x 10 2 cfu/g, the total combmed 
moids and yeasts count does not exceed 5x10’ cfu/g, 
and it meets the requirements of the test for absence of 
Escherichia co//.* 

* Optical Rotation, Spedfic Rotation (7815) 

Sample solution: Dissolve 10 g by heating in 80 mL of 
water to 50*. Allow to cool, and add 0.2 ml of 6 N 
ammonium hydroxide, Aflow to stand for 30 min, and 
dilute with water to 100 mL. 

Acceptance criteria: +54.4° to +55.9°, caleulated on 
the anhydrous basis, determined at 20° 

■ Acidity or Alkalinity 

Sample solution: Dissolve 6 g by heating in 25 mL of 
carbon dioxide-free water, cooi, and add 0.3 mL of 
phenolphthalein TS. 

Acceptance criteria: The solution is colorless, and NMT 
0.4 mL of 0.1 N sodium hydroxide V5 is required to 
produce a ptnk or red color. 

* +LOSS ON Drying (731) 

Analysis: Dry a sample at 80° for 2 h. 

Acceptance criteria 
Monohydrate: NMT 0.5% 

Monohydrate, modified: NMT 1.0%* 

* Water Determination, Method I (921) 

Sample solution: Prepare a preparation containing Lac¬ 
tose Monohydrate in a mixture of methanol and forma- 
mide (2:1). 

Acceptance criteria: 4*5%~5.5% 

* Protein and Ught-Absorbing Impurities 

(See Uitraviolet’Visible Spectroscopy (857).) 

Sample solution: 1 % (w/v) 

Analysis: Measure the light absorption of the Sample 
solution in the rangę of 210-300 nm. 

Acceptance criteria: The absorbance divided by the 
path length, in cm, is NMT 0,25 in the rangę of 
210-220 nm and is NMT 0.07 in the rangę of 270-300 
nm. 

ADDITIONAŁ REQUIREMENTS 

* *Packaging and Storage: Preserve in tight contalners. 

* Labeung: Where the labelmg States the particie size dis- 
tribution, it also indicates the di 0 , d 5 o, and dgo values and 
the rangę for each. For modified Lactose Monohydrate, 
also label it to indicate the method of modification. 

* USP Referenge Standards (17) 

USP Dextrose RS 
USP Fructose RS 
USP Lactose Monohydrate RS 
USP Sucrose RS* 
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Lanolin, Anhydrous —see Lanolin General 
Monographs 


Lanolin, Modlfled —see Modified Lanolin 
General Monographs 


Lanolin Alcohols 


[8027-33-6]. 

DEFINITION 

Lanolin Alcohols is a mixture of aliphatie alcohols, triterpe- 

noid alcohols, and sterols, obtained by the hydrolysis of 

Lanolin. It may contain NMT 0.1% of a suitable 

antioxidant. 

IDENTIFICATION 

■ A. 

Sample: 0.5 g 

Analysis: Dissolve the Sample in 5 mL of chloroform, 
andadd 1 mL of acetlc anhydride and 2 drops of sulfu- 
ric acid. 

Acceptance criteria: A green color is produced. 

ASSAY 

• Content of Sterols (as cholesterol) 

Sample: 20 g 

Analysis: Meh the Sample on a water bath, nrtix, and 
allow to cool. Dissolve 100 mg in 12 mL of wamn (60°) 
90% alcohoL Allow to stand for 18 h, pass through a 
medium-porosity, sintered-giass fil ter, and wash tne res- 
tdue with two 15-mL portions of 90% alcohoL Com- 
bine the fil tratę and washings, add 20 mL of a freshly 
prepared 1 -in-100 solution of digitonin in 90% alcohd, 
and warm to 60°* Allow to cool, pass through a me- 
dium-porosity, sintered-glass filter with the aid of gentle 
yacuum, wasri the resldue with 10 mL of 90% aleohol, 
and dry at 105° to constant weight Each g of residue is 
equivalent to 0.239 g of cholesterol. 

Acceptance criteria: NLT 30.0% of sterols, cafculated 
as cholesterol 

IMPURITIES 

• Residue on Ignition (281): NMT 0.15% 

• tOPPER 

Solution A: 1 mg/ml of sodium diethyldithiocarbamate 

Sample: 5.0 g 

Contro!: Add 1 mL of Solution A and a few drops of 6 N 
ammonium hydroxide to 2.5 mt of a 39.3-ppm solu¬ 
tion of cupric sulfate, Dilute with water to 50 mL. 

Analysis: Heat the Sample over a smali flame untrl char- 
red, ignite the residue at 550°, and dtssolve the ash in 
5 mL of hydrochloric acid, with the aid of heat. Cool, 
dilute with water, render atkaline with ammonium hy- 
droxide, boil to remove the excess ammonia, add a few 
drops of bromine TS, boil agam, and filter To the fil- 
trate add 1 mL of Solution A, a few drops of 6 N ammo¬ 
nium hydroxide, and sufficient water to bring the vol- 
ume to 50 mL. 

Acceptance criteria: The Sample is not darker than the 
Control (5 ppm). 

SPECIFIC TESTS 

• Melting Rance or Temperaturę, Class II (741): NLT 5Ó D 

• Acidity and Alkaunity 

Analysis: Boil 10 g with 100 mL of water for 5 min, 
witn freguent stirnng. Remove the source of heat, add 
0.5 mL of phenolphtnalein T5, and stir. 

Acceptance criteria: No plnk color is produced. Add 
0.5 mL of methyl orange TS, and stir: no red color is 
produced. 


• Loss on Drying (731) 

Analysis: Dry at 105° for 1 h. 

Acceptance criteria: NMT 0.5% 

• FATS and FIX£D Oils, Add Value (401): NMT 2.0. 

* FATS AND Fixed Oils, Hydroxyl Value (401): 120^180 
■ FATS and FIXED Oils, Peroxide Value (401) 

Sample: Take wedge-shaped pieces with bases that 
contain part of the surface. 

Analysis: Melt the pieces before carrying out the deter- 
mination. Before adding the 0.5 mL of saturated potas- 
sium iodide solution, cool the solution obtained to 
room temperaturę. 

Acceptance criteria: NMT 15 

• Fats and Fixed Oils, Saponification Ma/ue{401) 

Sample: 5 g of moften Lanolin Alcohols 
Analysis: Reflux the Sample with the alcoholic potas- 
slum hydroxide for 4 h. 

Acceptance criteria: NMT 12 

ADDITIONAL requirements 

* Packaging and Storage: Preserve in welf-closed, light- 
resistant containers, and storę at controlled room 
temperaturę, 

* Labeling: Label it to indicate the name and guantlty of 
any antioxidant added. 


Hydrogenated Lanolin 

[8031 -44-5]. 

DEFINITION 

A mixture of higher aliphatie alcohols, hydrocarbons, and 
sterols is obtained from the direct high-pressure, high- 
temperature hydrogenation of lanolin. During the hydro- 
genation process, tne esters and acids present are re- 
duced to the corresponding alcohols. Aicoholic derivatives 
may be further reduced to nydrocarbons. It may contain 
antioxidants. 

IDENTIFICATION 

* A, 

Sample: 50 mg 

Analysis: Diss6lve the Sample in 5 mL of methylene 
chloride, and add 1 mL of acetic anhydride and 0.1 mL 
of suJfuric acid. 

Acceptance criteria: A green color is produced. 

■ B. Chromatographic Identity 

Analysis: Proceed as directed in the test for Chromato¬ 
graphic Profile of Fatty Alcohols, Hydrocarbons, and Sterols 
in the Assoy. 

Acceptance criteria: The retention times of the cetyl 
alconol, stearyl aleohol, cholestane, cholestanol, and 
24,25-dihydrolanosterol peaks of the Sample solution 
correspond to those of Standard solution A f as obtained 
in the Assoy. 

ASSAY 

• Chromatographic Profile of Fatty Alcohols, Hydrocar* * 

bons, and Sterols 

Standard solution A: 2.5 mg/mL of U5P Hydrogenated 
Lanolin RS in dehydrated aleohol 

Standard solution B: 0.5 mg/mL of cholestane, 

0.5 mg/mL of cholestanol, and 0.25 mg/mL of 24,25- 
dihydrolanosterol in dehydrated aleohol 

Standard solution C: 0.5 mg/mL of USP Cetyl Aleohol 
RS in dehydrated aleohol. [Notę —Vortex or sonification 
helps standard preparation.] 

Standard solution D: 0.5 mg/mL of USP Stearyl Alco- 
hol RS in dehydrated aleohol, [NOTĘ —Vortex or sonifica¬ 
tion helps standard preparation.] 

Sample solution: 2,5 mg/mL of Hydrogenated Lanolin 
in dehydrated aleohol 
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Chrornatographic system 

(See Chromatogropny (62 1), System Sus ta bility.) 

Modę: CC 

Detector: Flame ionization 

Column: 0,25-mm x 30-m fused-silica capillary; 0.25 
um layer of phase G2 
Temperatures 
Detector: 350° 

Injection port: 325° 

Column: See Table L 


Tabfe 1 


Inltlal 

Temperaturę 

n 

Temperaturę 

Ramp 

C/min} 

Finał 

Temperaturę 

n 

Hołd Time ' 

at Finał 
Temperaturę 
(mini 

100 

_ 

100 

5 

100 

5 

300 

15 


Carrier gas: Helium 
Flow ratę: 1 mL/mrn 
Injection volume: 1 |iL 
System suitability 

Samples: Standard solution Ą Standard solution 8 , 
Standard solution C, and Standard solution D 
[Notę—S ee Table 2 for refative retention times.] 


Table 2 


Compunent 

Relative 

Retention 

Time 

Cetyl alcohol 

1.00 

Stearyl alcohol 

1J5 

Cholestane 

LĆ3 

Cholestanol 

1.77 

24,25-Dih ydrolanosterol 

1.85 


System suitability requirements 
Resolution: NLT 30 between cetyl alcohol and stearyl 
alcohol, Standard solution A 
Analysis 

Sam pies: Standard solution A t Standard solution B, 
Standard solution C, Standard solution D, and Sample 
solution 

identify the peaks from Standard solution A, Standard 
solution B t Standard solution C, and Standard solution D. 
Calculate the percentage of cetyl aicohol (stearyl alco¬ 
hol, cholestane, cholestanol, or 24,25-dihydrolanos¬ 
terol) rn the portion of Hydrogenated lanolin taken: 

Resuit = (fu/n) x Cu) x 100 

fu - peak response of cetyl alcohol (stearyl alcohol, 
cholestane, cholestanol, or 24,25- 
dihydrolanosterol) from the Sample solution 
r* = peak response of cetyl alcohol (stearyl alcohol, 
cholestane, cholestanol, or 24,25- 
dihydrolanosterol) from Standard solution C, 
Standard solution 0, or Standard solution B 
Q = concentratlon of USP Cetyl Alcohol RS (USP 
Stearyl Alcohol RS, cholestane, cholestanol, 
or 24,25-dihydrolanosterol) tn Standard 
solution C, Standard solution 0, or Standard 
solution B (mg/mL) 

Cu = concentration of Hydrogenated Lanolin in the 
Sample solution (mg/mL) 

Acceptance criteria 

Sample solution: Chromatogram exhibits a profile 
similar to that in the chromatogram of Standard solu¬ 
tion A. 

Cetyl alcohol, stearyl alcohol, cholestane, cholesta¬ 
nol, and 24,25-dihydrolanosterol: See Table 3. 


Table 3 


IMame 

Acceptance 

Criteria (%) 

Cetyl alcohol 

2-15 

Stearyl alcohol 

0.5-10 

Cholestane 

2-13 

Cholestanol 

3-11 

24 r 2 5 -D i h vd rola noste roi 

__3-15 


IIWPURITIES 

* Residue on Ignition (281): NMT 0.1%, determined on 
5.0 g 

SPECIFIC TESTS 

* Meltimg Rangę or Temperaturę (741): 45 c -55°. Allow to 
stand at 20° for 16 h, 

* Fats AND Fixed OlLS, Add Value (401); NMT 1,0, deter- 

mtned on 5.0 g 

« Fats and Fixed Oils, Hydroxyl Value (401); 140-180 

* Fats and Fixed Oils, Saponification Va!ue (401): NMT 
8.0. Heal under reflux for 4 h. 

* Loss ON DftYING (731) 

Sample: 2,0 g 

Analysis: Dry the Sample in an oven at 105° for 1 h. 
Acceptance criteria: NMT 3.0% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserye in weflclosed contain- 
ers, protected from light. Do not storę above 45°, 

* Labeling: Label it to indlcate the name and amount of 
the antioxidant added, 

* USP Reference Standard* (li) 

USP Cetyl Alcohoi RS 

USP Hydrogenated Lanolin RS 

USP Stearyf Alcohol RS 


Lauric Acid 



C„H 2 „0 2 200.32 

Dodecanoic acid; 

1-Dodecanoic acid; 
l-Undecanecarboxylic acid; 
n-Dodecanoic acid [143-07-7], 

DEFINITION 

Lauric Acid contains NLT 98.0% and NMT 102.0% of 
dodecanoic add (C^HmOj), calculated on the anhydrous 
basis. 

IDENTIFICATION 

* A. INFRARED ARSORPTION (197K) 

* B. The retention time of the major peak of the Sample 

solution corresponds to that of the standard solution , as 
obtained in the Assay, 

ASSAY 

* Procedurę 

Solvent A: 0,1% (v/v) trifluoroacetic acid in water 
Mobile phase: Acetonitrile and Solvent A (85:15, v/v) 
Standard solution: 15 mg/mL of USP Lauric Acid RS in 
Mobile phase 

Sample solution: 15 mg/mL of Lauric Acid in Mobile 
phase 

Chrornatographic system 

(See Chromatogropny (621), Sysfe/n Suitability.) 
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Modę: LC 

Detector: UV 212 nm 

Column: 4,6-mm x 15-cm analytical; 5-^m packtng LI 
Column temperaturę: Ambient 
Ftow ratę: 1.0 mL/min 
Injection volume: lOpL 
System suita bil i ty 
Sample: Standard solution 
Suitability reguirements 

Relative standard deyfatlon: NMT 3.0%, Standard 
sofution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of lauric add (C 12 H 24 O 2 ) in the 
portion of Lauric Acidtaken: 

Result - (ru/n) X (Q/Cy) x 1 00 

ry - peak response of lauric acid from the Sample 
solution 

n - peak response of lauric acid from the Standard 
solution 

Cs - concentration of USP Lauric Acid RS in the 
Standard solution (mg/mL) 

Cu = concentration of Lauric Add in the Sample 
solution (mg/mL) 

Acceptance criteria: 98.0%-102.0% on the anhydrous 

basis 

IMPURITIES 

* RES1DUE ON fCNlTlON (281) 

Sample: 10 g 

Acceptance criteria: NMT 0,1% 

SPECIFtC TESTS 

• Fats and Fixed OlLS, todine Value (401): NMT 3.0 

• FATS and Fixed Oils, Peroxide Volue (401): NMT 10.0 

* Watek Determination, Method fa (921): NMT 0.2% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in welhclosed contain- 

ers. Storę at room temperaturę. 

• USP Reference Standards (11) 

USP Lauric Acid RS 


LauroyU P€>ByoxyBs|iycerides 

DEFINITION 

Lauroyl Polyoxyfglycerides is a mixture of monoesters, dies- 
ters, and triesters of glycerol and monoesters and diesters 
of polyethylene glycols. The polyethylene glycols used 
have a mean molecular weignt between 300 and 1500, 
The article is produced by partial akoholysis of saturated 
oils, mainly containing trigiycerides of lauric acid with pol¬ 
yethylene glycols, by estenncatlon of glycerol and poly¬ 
ethylene glycols with fatty acids, or as a mixture or glyc¬ 
erol esters and ethylene oxide condensate with the fatty 
acids of the hydrogenated oils. It may contain free poly¬ 
ethylene glycols. 

IDENTIFICATION 

• A. INFRAREP ABSORPTION (197K) 

* B. Thin-Layer Chrom atographic Identification Test 

( 201 ) 

Standard sofution: 50 mg/mL of USP Lauroyl Polyoxyl- 
glycerides RS in methyiene chloride 
Sample sofution: 50 mg/mL of Lauroyl Polyoxylglycer¬ 
ides in methyiene chloride 


Application volume: 10 |iL 

Developing solvent system: Ether and hexanes (70:30) 
Spray reagent: OJ mg/mL of rhodamine B in alcohol 
Analysis 

Sam pies: Standard solution and Sample solution 
Proceed as directed in the cbapter. Then spray the piąte 
with Spray reagent , and iocate the spots on the piąte 
by examination under UV light at a wavelength of 365 
nm, 

Acceptance criteria: The Rt values of the pnndpal spots 
of the Sampie solution correspond to those of the Sfon- 
dard solution , 

• C. It meets the requirements in Spedfic Tests (see Tobie 1) 
for Fats and Fixed óils, Fatty Acid Composition (401), 

iMPimmis 


Defete the fotlowing: 

# * Heaw Metals, Method II (231): NMT lOpg/g#ibmtinii- 

|an-201S| 

* AitTlCLES of BOTANICAL 0RIGIN, Total Ash (561): NMT 

0 J% 

« Alkaune Impurities 

Sample: 5.0 g 

Analysis: Heat the Sample slightly until the test sub- 
stance melts, add 10 mL of alcohol and 0,05 mL of bro- 
mophenol blue T5, and mix well. While the solution is 
still warm, titrate with 0.01 N hydrochloric acid VS to 
change the color to yellow. 

Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochlo¬ 
ric acid is required. 

* Limit of Free Ethylene Oxide and Diokane 

Analysis: Proceed as directed in Ethylene Oxide and Dh 
oxane (228), Method I. 

Acceptance criteria 
Ethylene oxide: NMT 1 pg/g 
Dioxane: NMT 10 pg/g 

* Limit of Free Glycerol 

Sample: 1.2 g 

Periodk acetic acid solution: Dissdve 0.446 g of so- 
dium periodate in 2.5 ml of a 25% (v/v) solution of 
sulfuric acid, diluting to 100.0 mL with gladal acetic 
add. 

Potassium rodide solution: 75 mg/mL of potassium 
Jodide 

Blank: 25 mL of methyiene chloride 
Titrimeiric system 
(See Titnmetry (541).) 

Modę: Residual titration 
Tltrant: 0.1 M sodium thiosulfate V5 
Endpoint detection: Visual 
Analysis: Dissolve the Sample in 25 mL of methyiene 
chloride, heating if necessary. Cool, and add 100 ml of 
water and 25.0 mL of Perioaic acetic add sofution , Shake, 
and allow to stand for 30 min. Add 40 ml of Potassium 
iodide solution , and allow to stand for 1 min. Add 1 ml 
of starch TS, and titrate the liberated iodine with 0.1 M 
sodium thiosulfate VS. Perform a blank determination, 
and make any necessary correction. 

Calculate the percentage of glycerol in the sampie 
taken: 

Result = {[(V B - V$) x N x F]/W) x 100 

V& - Tltrant volume consumed by the Blank (mL) 

Vi - Tltrant volume consumed by the Sample (mL) 

N - actual normalrty of the Titrant (mEq/mL) 

F = equivaiency factor, 23,0 mg/mEq 

W - Sample weight (mg) 
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Acceptance criteria: NMT 5.0% 

SPEC) FIC TESTS 

* Fats and Fixed Oils, Add Vafue (401) 

Sample: 2,0 g 

Acceptance criteria: NMT 2.0 

• Fats and Fixed Oils, Fotty Add Composition (401): 
Lauroyl Po)yoxyJglycerides exhibits the composition pro¬ 
file of fatty acids sliown in Tobie 1 . 


Tsblo 1 


Carbon-Chaln 

Lenath 

Number of 
Double Bonds 

Percentage 

8 

0 

<15.0 

10 

0 

<12.0 

T 2 

0 

30.0-50*0 

14 

0 

5.0-25.0 

16 

0 

4,0-25,0 

18 

0 

5.0-35.0 


* Fats and Fjxed Oils, Hydroxyi Value (401) 

Sample: 1.0 g 

Acceptance criteria: Within the rangę specified rn Tobie 
2 for the labeled type 


Tobie 2 


Type of 

Polvetbvlene Glycols 

Hydroxyl 

Value 

300 

65-85 

400 

60-80 

600 

50-70 

1500 

36-56 


* Fats and Fixed Oils, lodine Value (401): NMT 2.0 

* Fats and Fixed Oils, Peroxide Vafue (401) 

Sample: 2.0 g 

Acceptance criteria: NMT 6.0 

* Fats and Fixed Oils, Saponificotion Vb/ue(401) 

Sample: 2.0 g 

Acceptance criteria: Within the rangę specified in Tobie 
3 for the labeled type 


Table 3 


Type of 

Folyethylene Glycols 

Saponificatlofi 

Value 

300 

190-204 

400 

170-190 

600 

150-170 

1500 

79-93 


• WATER D ETER min ATI ON, Method I (921) 

Sampfe: 1.0 g 

Analysis: Instead of using methanol as the solvent, one 
of two solvent systems ean be used: a mixture of meth- 
ylene chloride and anhydrous methano! (70:30 v/v), or 
anhydrous pyridine. 

Acceptance criteria: NMT 1.0% 

ADDfTEONAL REQUIREIV5ENT5 

• Packaginc and Storage: Preserve in tight tontainers, 

protected from light and molsture, Storę at controlled 

room temperaturę. 

• Labeling: Label it to fndicate the type and the average 

nominał molecular weight of polyetnylene glycols used as 

part of the official titfe. 


* USP Reference Standards (11) 

USP Lauroyl Polyoxylglycerides R5 


Lecithin 


[8002*43-5]. 

DEFINITION 

Lecithin is a compiex mtxture of acetone-insoluble phospha- 
tides, which consist chiefly of phosphatidylcholme, phos- 
phatidylethanolamine, phosphatidylinositol, and phospha- 
tidic acid, present in conjunction with various amounts of 
other substances such as triglycerides, fatty acids, and car- 
bohydrates, as separated from the crude veqetable oil 
source. The content of each of the phospholipids 
(phosphatidylchol ine, phosphat idy lethanoJami ne, 
phosphatidylinositol, and phosphatEdlc add) is indicated 
on tlie certrficate of analysis. 

IDENTIFICATION 

* A. Identification of Phospholipids by Thin-Layer 
Chromatography 

Mobile phase: Chloroform, methanol, water (65:25:4, 
v/v/v) 

Standard solution A: 10 mg/mL of USP Phosphatidic 
Add (Soy) Monosodium RS and 10 mg/mL of USP 
Phosphatidylcholine (Soy) RS in Mobile phase 
Standard solution B: 7 mg/mL of USP Phosphatidyleth- 
anolamine (Soy) RS and 7 mq/ml of USP Lysophospha- 
tidylcholtne (Soy) RS in Mobile phase 
Sample solution: 20 mg/mL ot Lecithin in Mobile phase 
Chromatographic system 
(See Chromatography (621), Thin-Layer Chromato- 



Platę: 20-cm x 20-cm, silica gei 60 on alumrnum Foil, 
0.2-mm layer 

Application volume: 20 pL 
Spray reagent: Dilute 80 ml of phosphoric add 
(85%) with 600 mL of water in a 1-L volumetrlc fiask. 
[Notę —Add water to the fiask first.] While stirring, add 
100 g of anhydrous cupric sulfate, After stirring for 10 
min, most of the cupric sulfate Is dissolved. Add water 
to volume and continue stirring until the solid com- 
pletely dissoives. 

Analysis 

Samples: Standard solution A f Standard solution B r and 
Sample solution 

Fili the chromatography cham ber with the Mobile phase 
to a height of about 0.5 cm. Place a fat-free, U-shaped 
filter paper in the glass trough and press it against the 
wali. Sufficient saturadon is reached once the Mobile 
phase has permeated to the upper nm of the filter 
paper. Apply the Samples in different bands to the pre- 
viously marked starting point on a TLC piąte. Place the 
TLC piąte in the saturated chromatography chamber. 
When the Mobile phase front has reached the mark 
(12 cm above the starting point), remove the TLC 
piąte, and dry it using a dryer. Spray or immerse the 
TLC piąte in the Spray reagent , and dry it again with a 
dryer (a current of hot air). Heat the piąte to 170° for 
10 min. Develop ali lipids by charring as dark brown 
spots. 

Acceptance criteria: The values of the spots for 
phosphatidylcholine, phosphatldylethanolamme, phos¬ 
phatidic and, and lysophosphatldylcholine from the 
Sample solution conespond to those from Standard solu¬ 
tion A and Standard solution B . [NoiE—Depending on 
the sample tested, if a phospholipld component 
presents In a Iow amount in the sample, the corre- 
sponding spot in the Sampfe solution on the TLC may 
not be wsualized.] 
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AS5AY 

» CONTENT OF PHOSPHOLIPIDS 

[Notę —Perform the test for lysophGsphatidylchaline for 
Ledthin intended for use in the manufacture of Inject- 
able dosage forms.] 

Solution A: Mix 1342 g (2,0 L) of />hexane, 334.1 g 
(425 mL) of isopropanol (2-propanol), 39.4 g (38 mL) 
of glacial acetic acid, and 2.0 mL of triethylamine* 

Solution B: Mix 663.5 g (850 mL) of isopropanol, 

15.8 g (15 mL) of glaciai acetic add, 140 g (140 mL) of 
water, and 0.8 ml of tnethylamine. 

$oivent: n*Hexane, isopropanol, and water (46:46:8, v/ 
v/v)* [Notę—T o avoid the formatfon of two phases, mlx 
the isopropanol and water first, and then add the n- 
hexane.] 

Mobile phase: See Tobie 1. 


Table 1 


Program 

Step 

Time 

(mini 

Fi o w 
Ratę 

(mL/min) 

Solution 

A 

(°/c) 

Solution 

B 

iL 

0 

TO 

95 

5 

2 

5.0 

1.0 

80 

20 

3 

8.5 

1.0 

60 

40 

4 

14.0 

1.0 

SS 

45 

5 

15.0 

1.0 

0 

100 

6 

17.5 

1.0 

0 

100 

7 

17.6 

1.0 

95 

5 

8 

21.0 

1.0 

95 

5 

9 

22.0 

2.0 

95 

5 

10 

27.0 

2.0 

95 

5 

Tl 

29.0 

1.0 

95 

5 


Phospholipids standard stock soiution (2X): 0.8 mg/ 
mL of USP Phosphatidylcholine (Soy) RS, 0.4 mg/mL of 
USP Phosphatidylethanolamine (Soy) RS, 0.4 mg/mL of 
phosphahdylinositol prepared from USP Phosphatrdyli- 
nositof (Soy) Sodium RS, and 0.2 mg/mL of phospha- 
tidic add prepared from USP Phosphatidic Acid (Soy) 
Monosodium RS in SolvenL [Notę—D ue to the highly 
hydroscopic naturę of phospholipids, take special pre- 
caution in the Standard preparation.] 

Phospholipids standard Solutions: Prepare as directed 
in Tobie 2. 


labie 2 


Concentration 

Phospholipids 
Standard Stock Solution 
(2X): Sol ve rat 
(v/v) 

0.6X 

3:7 

0.6X 

4:6 

l.QX 

5:5 

1,2X 

6:4 

1.4X 

7:3 


System suitability soiution: Phospholipids standard solu- 
tion 1.0X 

Lysophosphatidylcholine standard stock soiution 
(2X): 60 jig/ml of USP Lysophosphatidyicholine (Soy) 
RS in Solvent 

Resolution soiution: Phospholipids standard stock solu¬ 
tion (2X) and Lysophosphatidylcholine standard stock so¬ 
lution (2X) (1:1) 

Lysophosphatidylcholine standard soiution: 30 pg/ml 
of USP Lysophosphatidytcholine (Soy) RS in Solvent 

Sample soiution: 1 mg/mL of Lecithin in Solvent. 

[NoTE—If necessary, adjust the concentration of the 
Sample soiution to obtaln the concentration of each of 
the phospholipids within the calibration rangę.] 


Chromatographic system 

(See Chromatograpny {62 1), System Suitability ,) 

Modę: LC 

Detector: Evaporative light-scattering 
Column: 4*mm x 12.5-cm; 5-pm packing L20 

Temperatures 
Detector: 50 D 
Column: 55° 

Flow ratę: 1.0 mL/min with step gradient at 2.0 mL/ 
min (see Table I) 

Injection volume: 20 pL 

[Notę —Depending on the different settings of the De- 
tector f the Detector temperaturę and Flow ratę can be 
adjusted as Jong as system suitability requirements are 
met.] 

System suitability 

Samples: System suitability soiution and Resolution 
solution 

[Notę —The relative retention times for phosphatidic 
acid, phosphatidylethanolamine, phosphatidylcholine, 
phosphatidylinositol, and lysophosphatidylcholine are 
0.4, 0.9, 1.0, 1.2, and 13, respectively, for the Resolu- 
tion solution.] 

Suitability reguirements 
Resolution: NLT 2.0, System suitability solution 
Relative standard deviation: NMT 5.0%, System suit¬ 
ability solution 
Analysis 

Samples: Phospholipids standard Solutions , Lysophospha 
tidylcholine standard solution , and Sample solution 
Identify the peaks of the relevant phospholipids from 
the Sample solution by co m par i son with the 
Phospholipids standard Solutions . Measure the areas of 
the phospholipid peaks. Plot the logahthms of the rei* 
evant responses versus the logarlthms of the concen- 
trations, in mg/mL, of each of the phospholipids from 
the Standard Solutions , and determlne the linear regres- 
sion linę using a least-sguares analysis, The eorrelation 
coeffident for the linear regression linę is NLT 0.995. 
From the graphs, determine the concentration (Q, in 
mg/mL, of tne relevant phospholipid in the Sample 
solution. 

Calculate the percentage of each of the phospholipids 
(phosphatidic acid, phosphatidylethanolamine, 
phosphatidylcholine, and phosphatidylinositol) in the 
portion of Ledthin taken: 

Result - ( Cy/Cs ) x 100 

Cu ~ concentration of each of the phospholipids in 
the Sample solution (mg/mL) 

G = concentration of Lecithin (mg/mL) 

Based on the Lysophosphatidylcholine standard soiution, 
identify the peak of tysophosphatidylcholine. Compare 
the peak area of iysophosphatidylcholine from the 
Lysophosphatidylcholine standom solution and the 
Sample solution , respectively. 

Acceptance crlterra 
Content of each of the phospholipids 
(phosphatidylcholine, phosphatidylethanolamine, 
phosphatidylinositol, and phosphatidic acid): Within 
the respective ranaes stated on the la bel 
For Lecithin intended for use In the manufacture of 
injectable dosage forms 

Content of lysophosphatidylcholine: The peak area 
of lysophosphatidylcholine in the Sample solution is 
NMT tne peak area of lysophosphatidylcholine in the 
Lysophosphatidylcholine standard soiution, correspond- 
ing to NMT 3.0% of lysophosphatidylcholine in 
Lecithin. 
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Content of phosphatidylcholine: NLT 70.0% 

JMPURITIES 


Delete the following : 

*• Heaw Metals, Method II (231): NMT 20 ppm, 

* Lead (251): NMT 10 ppm 

* Hexane-Insoluble Matter 

Sample: ff the substance under test is plastic or semi- 
solid, soften the Lecithin by warming rt at a tempera¬ 
turę not exceeding 60*, and then mix. Weigh 10.0 g 
into a 250-mL conical fiask, 

Analysis: To the Sample add 100 mL of hexane. Shake 
until solution is apparently complete or until no morę 
residue seems to be di$solving. Pass through a coarse- 
porosity ffltering funnel that previously has been heated 
af 105 13 for 1 h, cooled, and welghed. Wash the fiask 
with two 25-mL portions of hexane, and pour both 
washings through the funnel. Dry the funnel at 105° for 
1 h. [Cautjon —Hexane is fiammablej Cool to room 
temperaturę, and determine the gain in weight. 

Acceptance criteria: NMT 03% 

Por Sunflower Lecithin: NMT 1,0% 



SPECIFIC TESTS 

* CONTENT OF ACETONE-INSOLUBLE MATTER 

Sample: If the substance under test is plastic or semh 
solid, soften the Lecithin by warming it briefly at a tem¬ 
peraturę not exceeding 60 a , and then mix. Transfer 2 g 
to a 40-mL centrifuge tubę that previously has been 
tared afong with a stirring rod, cool, and weigh. 
Anafysis: To the Sample add 15,0 mL of acetone, and 
warm carefully in a water bath to melt the test speci- 
men without evaporadng the acetone. Stir to help dls- 
solve completely, and place in an ice-water bath for 5 
min, De-oiled lecithin and fractions are suspended in 
acetone by stirring. Add acetone that has been prevt- 
ously chifled to 0°-5° to the 40-mL mark on the tubę, 
stirring during the addition. Cool in an ice-water bath 
for 15 min, stir, remove the rod, darify by centnfuging 
at about 2000 rpm for 5 min, and decant Break up the 
residue with the stirring rod, and refill the centrifuge 
tubę to the 40-rnL mark with chilled acetone, while stir¬ 
ring. Cool in an ice-water bath for 15 min, stir, remove 
the rod, centrifuge, and decant. Break up the residue 
with the stirring rod. Place the tubę in a horizontal po- 
sition until most of the acetone has evaporated. Mix 
again, and heat the tubę containing the acetone-msolu- 
bfe residue and the stirring rod at 105° to constant 
weight. [Oaution —Acetone is flammable.] 

Determine the weight of the residue, and calculate the 
percenlage of acetone-insoluble matter. 

Acceptance criteria: NLT 50.0% 

For Lecithin intended for use in the manufacfure of 
infectable dosage forms: NLT 80-0% 

* Fats and Fixed Oii5 <401 }, Add Value 

Sample: If the substance under test is plastic or semi- 
solid, soften the Lecithin by warming it briefly at a tem¬ 
peraturę not exceedlng 60 n , and then mix. Transfer 2g 
to a 250-mL conical fiask, 

Analysis: Dissolve the Sample in 50 mL of petroleum 
ether with 100°-120 c boiJing rangę. To this solution 
add 50 mL of alcohol, previously neutraiized to phenol- 
phthalein with 0.1 N sod i u m hydroxide, and mix. Add 
phenolphthaiein TS. Titrate with 0.1 N sodium hydrox- 
ide VS to a pink endpoint that persists for 5 s. 

Calculate the amount, in mg, of potassium hydroxide 
reguired to neutralize the free acids in 1.0 g of 
Lecithin: 


Result = (M r x N x V)i W 


M r - molecular weight of potassium hydroxide, 

56.11 

N - normality of the sodium hydroxide V5 
V = volume of the sodium hydroxide VS 
consumed in the titration (mL) 

W = weight of Lecithin taken (g) 

Acceptance criteria: NMT 36 
9 peroxide Value 

Sample: 5 g of Lecithin 

Analysis: Transfer the Sample into a 250-mL Erlenmeyer 
fiask with a ground-glass stopper, add 35 mL of a mix- 
turę of chloroform and glacial acetic add (2:1), and 
mix. Completely dissolve the test spedmen while shak- 
ing gently. The solution becomes transparent Com¬ 
pletely repface the air in the fiask with nitrogen. While 
purging with nitrogen, add 1 mL of potassium iodide 
solution (165 mg/mL of potassium iodide), then stop 
the flow of the nitrogen, and immediately place a stop¬ 
per in the fiask. Shake for 1 min, and allow to stand in 
a dark place for 5 min. Add 75 mL of water, replace the 
stopper again, and shake viqorously. Titrate with 0.01 
N sodium thiosulfate V5, adaing starch TS as the 
endpoint is approached, and continue the titration until 
the blue starch color has just disappeared. Perform a 
blank determination (see Tltńmetry (541}), and make 
any necessary correction. 

Cafculate the peroxide value, as mEq of peroxide per 
1000 g of Lecithin: 

Result ^ (5x N/W) x 1000 

5 = net volume of sodium thiosulfate solution 

required for titration (mL) 

N = norma li ty of the sodium thiosulfate solution 

W = weight of Lecithin taken (g) 

Acceptance criteria: NMT 10 
For Lecithin intended for use in the manufacture of 
mjectable dosage forms: NMT 3 

* Microbial Enumeration Tests (61) and Tests for Spici- 
fieo Mtcroorganisms (62): The total aerobic microbial 
count does not exteed 10^ cfu/g, and the total com- 
bined molds and yeasts count does not exceed 10 ? cfu/ 
g. Jt meets the requirements of the tests for absence of 
Salmonella species and Escherkhia coli. 

* Water Determination (921), Method I: NMT 2.0% 

ADDITIONAL REQUIREIWENTS 

* Packaging and Storage: Preserve in well-closed, fighl- 
resistant containers. Storę at the temperaturę indkated 
on the labeL Protect from excess heat and moisture. 

* Labeling: Label to indlcate the content of each of the 
phospholipids (phosphatidylcholine, phosphatidylethanol- 
amine, phosphatidylinositol, and phosphatidic acid), The 
labeling also indicates the naturai source of lecithin. 

Where Lecithin is intended for use in the manufacture of 
injectable dosage forms, it rs so labeled. Label it to indi- 
ca te the storage conditions. 

* USP Referenci Standards (11) 

USP Lysophosphatidylcholine (Soy) RS 
USP Phosphatidic Acid (Soy) Monosodium RS 
USP Phosphatidylcholine (Soy) RS 
USP Phosphaddyfethanolamine (Soy) RS 
USP Phosphatidylinositol (Soy) Sodium RS 


Lemon Oil 


DEFINmON 

Lemon Oil is the volatile oil obtained by expression, without 
the aid of heat, from the fresh peei of the fruit of Citrus x 
limort (L.) Osbeck (Fam. Rutaceae), with or without the 
previous separation of the pulp and the peel, The total 
aldehyde content, calculaled as citrai (CioH,ćO), is NLT 
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2.2% and NMT 3,8% for California-type Lemon Oil, and 
NIT 3.0% and NMT 5*5% for Etalian-type Lemon OiL 

[Notę—D o not use Lemon Oil that has a terebinthine odor*] 

ASSAY 

a TOTAL ALPEHY0E CONTENT 

Reagent solution: Dissolve 4*5 g of hydroxy[am[ne hy- 
drochforide in 1 3 mL of water. Add 85 ml of tertiary 
butyl alcohol, mix, and adjust with 0.5 N potassium 
hycfroxide to a pH of 3*4* 

Sampie: 5 mL 

Analysis: Pipet 50 mL of the Reagent solution into a 
conica! fiask containing the Sampie. Insert the stopper 
in the fiask, and allow to stand at room temperaturę for 
30 min, with occasional shaking. Utratę Ehe liberated 
hydrochloric acid with 0*5 N afcoholic potassium hy- 
droxide VS to a pH of 3.4* Each ml of 0*5 N alcohoJic 
potassium hydroxide consumed in the titration is equiv- 
afent to 76,12 mg of total aldehydes, calcufated as citral 
(CioHińO), 

Acceptance criferia: The total aldehyde content, calcu- 
lated as citral (CioHifiO), is 2.2%-3,8% for Catifornia- 
pe Lemon Oil or 3.0%-5.5% for Italtan-type Lemon 
ii. 

IMPURITIES 


Delete the following: 

•* Heaw Metals, Method II (231): NMT 40 pg/g* (omcmi 

SPECIFIC TESTS 

® Specific Cravity (841): 0.849-0.855 
o Optical Rotation, Angular Rototlon {781 A): +57° to 
+65.6° 

* REFRACTIVE Dndex {831): 1 *473-1,476 at 20° 

* Ultraviolet Absorbance 

Sampie solution: Dilufe 250 mg of Oil to 100 mL with 
alcohoi 

Blank: Alcohol 
Instrumental eonditions 

(See Ultraviolet-Visible Spectroscopy {857).) 

Modę: UV-Vb 

Spectra! rangę: 260^400 nm 
Analysis 

Samptes: Sampie solution and Blank 
Record the spectrum in a 1-cm celi, and determine the 
absorbanee at the wave!ength of maximum absorb- 
ance at about 315 nm using the linę drawn tangent 
to the curves appearing as minima in the spectrum in 
wavelength regions above and below the maximum 
wavelength as the baseline. 

Acceptance critena: The absorbanee, caJculated on the 
basis of a 250-mg specimen, is NLT 0.20 for Californla- 
type Lemon Oil or NLT 0*49 for Italian-type Lemon Oil, 
o Foreign 0ils: Place 50 ml of Oil in a four-bulb 

Ladenburg fiask having the folfowing dimensions: the 
lower or main bulb is about 6 cm in diameter, and the 
smaller condensing bulbs are about 3.5, 3.0, and 2*5 cm 
in diameter; the djstance from the bottom of the fiask to 
the side-arm is about 20 cm. Distill Oil at a ratę of 1 
drop/s untll the distillate measures 5 mL: the angular ro- 
tation of the first 5 mL is NMT 6° less than that of the 
original Oil. The refractive index at 20° of this same por- 
tion is 0.001-0,003 lower than that of the original Oil. 

ADD1TIONAL REQUIREMENT5 

* PACKAGING and Storage: Preserve in welbfilled, tight 

containers, and avoid exposure to excessive heat. 

* La bel ing; The labei States the Latin binomia! and, fol Iow- 

ing the official name, the part of the plant source from 


which the article was derived. Labei it to a bo indicate 
whether it is California-type or Italian-type Lemon Oil. 
The labei indicates that Oil is not to be used if it has a 
terebinthine odor. 


Lemon Tincture 


DEFINITION 

Lemon Tincture es prepared from lemon peel, which is the 
outer yellow rind of the fresh, npe fruit of Citrus x Union 
Osbeck (Fam. Rutaceae)* 

Prepare Lemon Tincture as follows. 


Lemon Peel 

500 ct 

Alcohol 

900 mL 

Alcohoi, a suffident quantitv lo make 

1 000 mL 


Macerate the Lemon Peel in 900 mL of Alcohoi in a closed 
Container, and storę in a warm place* Agitate the Con¬ 
tainer freguently for 3 days or until the soluble matter is 
dbsoived. Transfer the mixture to a fil ter, using tale as the 
filtering medium, and when most of the llquid has 
drained away, wash the residue on the filter with a suffi- 
cient amount of Alcohoi, and combine the filtrates so that 
the preparation is brought to a finał voiume of 1000 mL. 

OT HER CGMPONENTS 

* Alcohol Determination, Method l (611): 62%-72% of 
the Jabeied amount 

IMPURITIES 


Delete the followmg: 

*i HEAW METALS, Method II {231): NMT 40 pg/mL* 

1 -|an* 2016 ) 

ADDITIONAL REQU1REMENT5 

a PACKAGING AND Storage; Package in tight, light-resistanl 
containers, and avoid exposure to direct sunlight and to 
excessive heat. Storę at controlled room temperaturę, 

* Labę ling: The labei States the Latin binomia! and, follow- 
ing the offidal name, the part of the plant source from 
which the article was derived. 


Licorice Fluidextract 


DEFINITION 

Prepare Licorice Fluidextract as fotlows (see Phannaceutical 
Compounding—Nonsterile Preparations {795)). To 1000 g of 
coarsely ground Licorice, add about 3000 mL of boiting 
PurlfEed Water, mix, and allow to macerate in a suitable, 
covered percolator for 2 h. Allow the percolation to pro- 
ceed at a ratę of 1-3 mL/mtn, gradually adding boiling 
Purlfied Water until the Licorice is exhausted. Add enough 
diluted ammonia solution to the percolate to impart a 
distinctly ammoniatal odor, and boil the liquid actively 
under norma! atmospheric pressure until it is reduted in 
yolume to about 1 500 mL. Filter the liquid, evaporate the 
fiitrate on a steam batli until the residue measures 
750 mL, cool, gradually add 250 mL of Alcohoi and 
enough Purlfied Water to make the product measure 
1000 mL, and mix. 
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OTHER COMPONENTS 

* Alcohol Determination, Method I (611): 20.0%-24.0% 

ADDITIONAL REQU1REMENT5 

* Packaging and Storage; Preserve in tlght, light-resistant 
containers, and avoid exposure to direct suniight and tc 
excessive heal. 

* Lareling: The label States the Latin binomial and, follow- 
ing the offtcial na me, the part of the plant source from 
wFiich the artide was derived. 


Linoleoyl Polyoxylqlycerides 

DEFINITION 

Linoleoyl Polyoxylglycerides is a mixture of monoesters, dies- 
ters, and triesters of glycerol and monoesters and dfesters 
of polyethylene glycols, The polyethylene glycols used 
have a mean moietular weignt between 300 and 400. 

The artide is produced by partia! aicoholysis of unsatu- 
rated oils, mamly containing triglycerides of linoletc acid 
with polyethylene glycol, by esterification of glycerol and 
polyethylene glycof with fatty acids, or as a mixture of 
glycerof esters and ethylene oxide condensate with the 
fatty acids of the unsaturated oils. It may contain free pol- 
yethyEene glycols. 


Acceptance criteria 
Ethylene oxide: NMT 1 ]jg/g 
Dioxane: NMTlOpg/g 

■ Limit of Eree Glycerol 

Sample: 1 *2 g 

Periodk acetic add solution: Dissolve 0,446 g of $o- 
dium periodate in 2.5 mL of a 25% (v/v) solution of 
sulfuric acid. Dilute with giacial acetic acid to 100,0 ml. 

Potassium lodide solution: 75 mg/mL of potassium 
iodide 

Blank: 25 mL of methylene chloride 

Titrimetric system 
(See Titrimetry (541}.) 

Modę: Residua! titration 

litr ant: OJ M sodium thiosulfate V5 

Endpornt detection: Visuai 

Analysis: Dissolve the Sample in 25 mL of methylene 
chloride, heating if necessary. Cool, and add lOOmL of 
water and 25,0 mL of Perioalc acetic acid solution, Shake, 
and allow to stand for 30 min. Add 40 mL of Potassium 
iodide solution , and allow to stand for 1 min. Add 1 ml 
of starch T5, and titrate the liberated Iodine with OJ M 
sodium thiosulfate VS. Perform a blank determination, 
and make any necessary correction. 

Caiculate the percentage of glycerol in the sample 
taken: 

Result = {l(V B - V s ) x N X fj/W] x 100 


IDENTIFICATION 

* A. INFRARED ABSORPTtON (197F) 

* B. Thin-Layer Chromatographic Identification Test 

( 201 ) 

Standard solution: 50 mg/mL of USP Linoleoyl Polyox- 
ylglycerides RS in methylene chloride 
Sample solution: 50 mg/mL of Linoleoyl Polyoxylgiy* 
cerides in methylene chloride 
Application volume: lOpL 

Developing solvent system: Ether and hexanes (70:30) 
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol 
Analysis 

Samples: Standard solution and Sample solution 
Proceed as dfrected in the chapter. Then spray the piąte 
with Spray reagent , and locate the spots on the piąte 
by examination under UV light at a wavelength of 365 
nm t 

Acceptance criteria: The Rf values of the principal spots 
of tne Sample solution correspond to those of the Stan¬ 
dard solution. 

* C It meets the reguirements in Specific Tests (see Tobie 7) 
for Fats and Fixed Oils , Fatty Add Composition (401), 

IMPURJTIES 


De te te the fottowtng; 


V & - Titrant volume consumed by the Blank (mL) 

IA 2 = Titrant volume consumed by the Sample (mL) 

N = actual normality of the Titrant (mEq/ml) 

F ~ equivalency factor, 23.0 mg/mEq 

W - Sample weight (mg) 

Acceptance criteria: NMT 5.0% 

SPECIFIC TESTS 

• Fats and Fixed Oils, Add Value (401) 

Sample: 2.0 g 

Acceptance criteria: NMT 2.0 

* Fats and Fixed Oils, Fatty Acid Composition (401): Li- 
noleoy! Polyoxylglycerides exhibits the composition pro¬ 
file ot fatty acids snown in Tobie L 


Table 1 


Carbon-ChiiJn 

tenoth 

Ntimber of 
Double Bonds 

Percentage 

(%> 

16 

0 

4,0-20.0 

18 

0 

<6.0 

18 

1 

20,0-35.0 

18 

2 

50.0-65.0 

18 

3 

52.0 

20 

9 

<1.0 

20 

i 

51,0 


# * HEAVV Metals, Method II (231): NMT 10 pg/g* (oiricmi t- 

IW-20TB) 

* Articles of Botanecal Origin, Total Asfr (561): NMT 

QJ% 

* Alkaline Impurities 

Sample: 5.0 q 

Analysis: To the Sample add 10 mL of alcohol and 
0.05 mL of bromophenol blue TS, and mtx well. Titrate 
with 0.01 N hydrochloric add VS to change the color 
to yellow. 

Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochlo¬ 
ric acid is required. 

* Limit of Free Ethylene Oxide and Dioxane 

Analysis: Proceed as directed in Ethylene Oxide and Di - 
oxane (228), Method /. 


• Fats and Fjxed Olis, Hydrokyl Value (401) 

Sample: 1.0 g 
Acceptance criteria: 45-65 

• Fats and Fixed Oils, Iodine Vałue (401): 90-110 

• Fats and Fixed Oils, Peroxide Value (401) 

Sample: 2.0 g 

Acceptance criteria: NMT 12.0 

• Fats and Fixed Oils, Saponification Vałue (401) 

Sample: 2.0 g 

Acceptance criteria: 150-170 

• Water Determination, Method I (921) 

Sample: 1.0 g 

Analysis: Instead of using methanol as the sofvent, one 
of two so!vent Systems can be used: a mixture of meth¬ 
ylene chloride and anhydrous methanol (70:30 v/v), or 
anhydrous pyridine. 
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Acceptance criteria* NMT 1*0% 

ADDITIONAL REQU1RE(V1ENTS 

o Packaging and Storage: Preserve in tight containers, 
protected from light and moisture, Storę at controlled 
room temperaturę. 

® Laseling: Label it to indicate the type and the average 
no mina J molecular weight of polyetnylene glycol used as 
part of the official titfe. 

* USP Reference Standards (11) 

USP Linoieoyl Po]yoxylgfycendes RS 


IVlaqnesium AlumSnometasilicate 

DEFINmON 

Magneslum Aluminometasilicate is a synthetjc materiał that 
exists in two forms, Type l-A and Type l-B, baving differ- 
ent pH requirements. The reguired contents for both 
forms are the same: NLT 29.1% and NMT 35.5% of alu- 
minum oxide (Al 2 0 3 ), NLT 11.4% and NMT 14.0% of 
magnesium oxide (MgO), and NLT 29.2% and NMT 
35.6% of Silicon dioxide (SiOz), calculated on the dried 
basis, 

IDENTIFICATION 

* A. Identification Tests—General, Aiuminum (191) 

Sample sofution: Transfer 0.5 g of Magnesium Atumr- 
nometasiJicate to a suitabie Container, add 5 mL of a 
suffuric add solution (1 in 3), and heat until white 
fumes are observed, Cool, add 20 mL of water, and fil¬ 
ier* Neutralize the filtrate with ammonia TS, and retain 
for use in Identification test B. Colfect the p red pi tatę, 
and dissolve in 3 N hydrochloric acid. 

Acceptance criteria: The Sample solution meets the 
requirements. 

o B. Identification Tests—General, Magnesium (191) 

Sampie solution: Use the filtrate retained from Identifi¬ 
cation test A. 

Acceptance criteria: The Sample solution meets the 
reąuirements. 

* C 

Analysis: Prepare a bead by fusing a few crystals of 
sodium ammonium phospnate on a platinum ioop In 
the flame of a Bunsen burner. Place the hot, transpar¬ 
ent bead in contact with Magnesium Aluminometasili¬ 
cate, and again fuse. 

Acceptance criteria: Si lica fioats about in the bead pro- 
ducing, upon cooling, an opaque bead with a web-like 
structure. 

ASSAY 

» alumlnum Oxide 

Edetate disodium titrant: Prepare a solution with a 
concentration of 18.6 g/L of edetate disodium in water 
and standardize as foilows. Weigh 2 g of aiuminum 
wire, transfer to a 1000-mL volumetric fiask, and add 
50 mL of a mrxture of hydrochloric acid and water 
(1:1). Swirl the fiask to ensure contact of the aiuminum 
and the acid, and aliow the reaction to proceed until aII 
of the aiuminum Has dissolved. Di lute with water to 
volume. Pipet 10 mL of this solution into a 250-mL 
beaker and add, in the order named and with contlnu- 
ous stirring, 25.0 mL of Edetate disodium titrant and 
20 ml of acetlc add-amrnonium acetate buffer TS, and 
boil gently for 5 min. Cool, and add 50 mL of alcohot 
and 2 mL of dithizone TS. TEtrate with 0.05 M zlnc sul- 
fate VS to a briaht rose-pink colon Perform a blank de- 
termination, suostitutlng 10 mL of water for the alumi- 
num solution, and make any necessary correctEon. 
Calculate the moiarity of the solution taken: 

Resutt — Wf(A r x 10 


IV = weight of aEuminum in the portion of solution 

taken (mg) 

A r - atomie weight of aiuminum, 26,98 

V = volume of Edetate disodium titrant consumed 

(ml) 

Sample solution: Transfer 1.25 g of Magnesium Alumn 
nometasEIEcate to a conical fiask, add 10 mL of 3 N hy¬ 
drach loric acid and 50 mL of water, and heat on a 
water bath for 15 min. To this sofution add 8 mL of 
hydrochloric add, and heat on a water bath for 1 0 min. 
After cooling, transfer the solution to a 250-mL volu- 
metric fiask, rinse the conical fiask with water, and add 
the washings to the volumetric fiask. Dilute with water 
to volume. Centrifuge, and use the supernatant as the 
Sampie sofution. Retain a portion for use in the Assay for 
Magnesium Qxide. 

Analysis: Transfer 20.0 mL of the Sample solution to a 
beaker and add 20.0 mL of Edetate disodium titrant > To 
this solution add 15 mL of aeetre add-ammonium ace¬ 
tate buffer TS and 20 mL of water, and boil for 5 min. 
After cooling, add 50 ml of aicohol and 2 mL of 
dithizone TS, and titrate with 0.05 M zinc suita te V5 
until the cotor of the solution changes from green-violet 
to rose-pink. Perform a blank determination. Each mL of 
0,05 M Edetate disodium titrant is equivalent to 
2.5490 mg of Ab0 3 . 

Acceptance criteria: 29.1%-35.5% of aiuminum oxEde 
(AhCb) on the dried basis 

• Magnesium Oxide 

Sample solution: Use the Sample solution prepared for 
use in the Assay for Aiuminum Oxide. 

Analysis: Transfer 50.0 ml of the Sampie solution to a 
suitabie Container, add 50 mL of water and 25 mL of a 
trolamine solution (1 Sn 2), and shake welL Add 25 mL 
of ammonia-ammonium chloride buffer TS and 0.04 g 
of eriochrome bfack TS trituration as the indicator* Ti¬ 
trate with 0.05 M edetate disodium VS until the red- 
purpie color changes to blue and persists for 30 s. Each 
mL of 0.05 M edetate disodium VS is equivalent to 
2.0152 mg of MgO. 

Acceptance criteria: 11.4%-14.0% of magnesium ox- 
ide (MgO) on the dried basis 

* SILICON Dl0X!DE 

Sample: 1 g 

Analysis: To the Sample add 30 mL of 3 N hydrochloric 
add, and evaporate on a water bath to dryness. Mois- 
ten the residue with hydrochloric acid, and evaporate 
again on a water bath to dryness. To the residue add 
8 mL of hydrochloric acid and 25 mL of hot water, and 
sfir. Aliow to stand, and tlien decant the supernatant 
through an ashless filter paper. To the residue in the 
Container add 10 mL of hot water, stlr, and decant the 
supernatant through the filter paper. Wash the residue 
in the Container with three additional 10-mL porttons of 
hot water, stlr, and decant as described above. Treat 
the residue in the Container with 50 mL of water, and 
heat on a water bath for 15 min. Filter, and rinse the 
residue on the filter paper with hot water until no pre- 
cipitate is obtained when 1 mL of silver nitrate TS ts 
added to 5 mL of the washing. Transfer the filter paper 
and its contents to a tared platinum cmcible, heat to 
dryness, inetnerate, and continue to heat at 800 ± 25* 
for 1 h. Cooi, and weigh. Moisten the residue with 
6 mL of hydrofluorlc acid, evaporate to dryness, and ig- 
nite for 5 min. Cool, and weigh. The lass in weight 
represents the weight of Silicon dioxide (SiOz). 
Acceptance criteria: 29.2%-35,6% of Silicon dioxide 
(Si0 2 ) on the dried basis 

IMPURITIES 

o Chloride and Sulfate, Chloride (221) 

Sampie: A 20-mL portion of the diluted filtrate retained 
from the test for Soluble Salts 
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ControJ: 0,75 mL of 0.020 N hydrochloric add 
Acceptance criteria: NMT 0.053%; the Sample shows 
no morę chiorlde than corresponds to the Contro!. 

* Chlorjde and Sulfate, Suifate <221) 

Sample: A 2-mL portion of the diluted filtrate retained 
from the test for Soluble Salts 
Control: 0,5 mL of 0.020 N suifuric add 
Acceptance criteria: NMT 0.480%; the Sample shows 
no morę suifate than corresponds to the Control. 

* Arsenk, Method t (211): NMT 3 pg/g 

* Iron (241) 

Sample solution: To 0.11 g of Magnesium Alumlno- 
metasilicate add 8 mL of 2 N nitric add, boil for 1 min, 
and cool, Dilute with water to 100 mL, and centrifuge. 
Dilute 30 mL of the supernatant with water to 45 mL 
Acceptance criteria: NMT 0.03% 

Detete the foltowing: 

•* * Heavy Metals, Method i (231) 

Test preparatron: Transfer 2.67 g of Magnesium Alumi- 
nometasilicate to a suitable Container, add 20 mL of 
water and 8 mL of hydrochloric acid, and evaporate to 
dryness on a water bath. To the residue add 5 mL of 
1 N acetic add and 20 mL of water, boil for 2 min, add 
0.4 g of hydroxylamine hydrochloride, and heat to boil- 
mg. Cool, dilute with water to 100 mL, and filter. Use 
25 mL of the I(Urale as the Test preparathn* 

Monitor preparation: Transfer another 25 mL of the d - 
luted filtrate to a suitable Container, and add 2.0 mL of 
Standard Lead Solution. 

Standard solution: Transfer 2 ml of hydrochloric acid 
lo a suitable Container, and evaporate to dryness on a 
water bath. To the residue add 2.0 mL of Standard Lead 
Solution and 0.1 g of hydroxylaminę hydrochloride. Di- 
lute with water to 25 mL. 

Acceptance criteria: NMT 30 pg/g* hoiudib) 

SPECIFIC TESTS 

* ACID-CONSUMINC CAPACITY 

Sample solution: Transfer 0.2 g of Magnesium Alumh 
nometasilicate to a glass-stoppered fiask, and add 
100.0 mL of 0.1 N hydrochloric acid VS. Stopper the 
fiask tightly, shake at 37 ± 2° for 1 h, and filter. Use the 
filtrate, 

Analysis: Transfer 50.0 mL of the Sample solution to a 
beaker, and while stlrring, titrate the excess hydrochlo¬ 
ric add with 0.1 N sodium hydroxide VS to attain a pH 
of 3.5. Perform a blank determination. 

Acceptance criteria: NLT 210 mL of 0.1 N hydrochloric 
acid is consumed per g of Magnesium Aluminometasilh 
cate, calculated on the dried basis. 

* pH (791) 

Sampfe: 2 g 

Analysis: Acid 50 mL of water to the Sample. While sttr- 
ring, immerse the pH electrodes in the suspenslon, and 
after 2 min, retora the pH. 

Acceptance criteria 
Type l-A: 6.5-8.5 
Type 1-8: 8.5-10.5 

* Loss ON Drying (731) 

Analysis: Dry at 110° for 7 h. 

Acceptance criteria: NMT 20.0% 

* SOLUBLE SALTS 

Sampie: 10.0 g 

Analysis: Transfer the Sample to a suitable Container, 
add 150 mL of water, and boil gently for 15 min, with 
shaking. After cooling, dilute with water to 150 mL and 
centrifuge. Dilute 75 mL of the elear filtrate with water 
to 100 mL, and retain the diluted filtrate for use in the 
tests for Alkolinity f Chforide, and Suifate . Evaporate 
25 ml of the diluted filtrate on a water bath, and heat 
at 70Q C for 2 h. 


Acceptance criteria: NMT 0.020 g (NMT 1.6%) 

o Alkalinity 

Sample: A 20-mL portion of the diluted filtrate retained 
from the test for Soluble Salts 
Analysis: Add 2 drops of phenolphthalein TS to the 
Sample. 

Acceptance criteria; ff a pink color is produced, NMT 
0.50 mL of 0.1 N hydrochloric acid is reąuired to dis- 
charge Jt. 

APPITIONAL REQUflREMENT$ 

* Pachaging and Storage: Preserye In tight containers, 
and prevent exposure to excessive heat. 

* Labeling: tabel it to indicate whether l£ is Type l-A or 
Type l-B. 


Magnesium Aluminosilicate 

DEFINITION 

Magnesium Aluminosilicate is a synthesized materia! that 
contains NLT 20.5% and NMT 27.7% of magnesium ox- 
ide (MgO), NLT 27.0% and NMT 34.3% of aluminum 
oxide (AbOi), and NLT 14.4% and NMT 21.7% of Silicon 
dioxide (Si 02 >, calculated on the dried basis, 

IDENTIFICATION 

o A. Identification Tests—General, Aluminum (191) 

Sample: 0.5 g 

Analysis: Transfer the Sample to a suitable Container, 
add 5 mL of a suifuric add solution (1 in 3), and heat 
until white fu mes are observed. Cool, add 20 mL of 
water, and filter. Neutralize the filtrate with ammoma 
TS, and retain for use in Identification test B. Collect the 
precipitate, and dissolve in 3 N hydrochloric acid. 

Acceptance criteria: Meets the reąuirements 

* B. Identification Tests—General, Magnesium (191) 

Sample solution: The filtrate retained from Identification 
test A 

Acceptance criteria: Meets the requ*rements 

* C. 

Analysis: Prepare a bead by fusing a few crystals of 
sodmm ammonium phosphate on a platinum loop in 
the flame of a Bunsen burner. Place the hol, transpar¬ 
ent bead in contact with Magnesium Aluminosilicate, 
and agatn fuse. 

Acceptance criteria: The sflica floats about in the bead, 
produdng, upon cooling, an opaque bead with a web- 
tike structure. 

AS5AY 

* Aluminum Oxide 

Edetate disodium titrant: Prepare a solution with a 
concentration of 18.6 g/L of edetate disodium in water, 
and standardize as follows. Weigh 2 g of aluminum 
wire, transfer to a 1000-mL voiumetric fiask, and add 
50 mL of a mixture of hydrochloric add and water 
(1:1). Swirl the fiask to ensure contact of the aluminum 
and the add, and allow the reaction to proceed until afl 
the aluminum has dissolved. Dilute with water to vob 
ume. Pipet 10 mL of this solution into a 250-mL beaker, 
and ada, in the order named and with conti nuous stir- 
ring, 25.0 ml of Edetate disodium titrant and 20 ml of 
acetic add-ammonium acetale buffer TS. Boil gently for 
5 min. Cool, and add 50 ml of alcohol and 2 mL or 
dithizone TS. Titrate with 0.05 M zinc suifate VS to a 
bright rose-pink coior. Perform a blank determination, 
substituting 10 mL of water for the aluminum solution, 
and make any necessary correction. 

Calcu late the molarity of the solution taken: 

Result = W/(A, x V) 
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W - weight of aluminum in the portion of solution 
ta Ren (g) 

A r “ atomie weight of aluminum, 26.98 g/mol 
V - volume of Edetate disodium Utrant consumed 

t mL ) 

Sampie solution; Transfer 1.25 g of Magnesium Alumi- 
nosificate to a conical fiask, add 10 ml of 3 N hydro- 
chloric add and 50 mL of water, and heat on a water 
bath for 15 min. To this solution add 8 mL of hydro- 
chloric acid, and heat on a water bath for 10 min, After 
cooling, transfer the solution to a 250-mL volumetric 
fiask, rinse the conical fiask with water, and add the 
washings to the volumetric fiask. Dii u te with water to 
volume. Centrifuge, and use the supernatant as the 
Sompie solution r 

[Notę—R etain a portion ofthe Sompie solution for use 
in the Assay for Magnesium QxideĄ 
Blank: 10 ml of 3 N hydrochforic acid and 50 mL of 
water 

Titrimetric system 
(See Titrimetry <541).) 

Modę: Residua! titration 
Titrant: Edetate disodium dtrant 
Back-tltrant: 0.05 M zinc sulfate V5 
Endpoint detection: Visual 

Analysis: Transfer 20.0 mL of the Sampie solution to a 
beaker, and add 20.0 ml of Titrant. To this solution add 
15 mL of aeetic acid-ammonium acetate buffer TS and 
20 mL of water, and boi! for 5 min, After cooiing, add 
50 mL of alcohol and 2 mL of dithizone TS, and titrate 
with the Back-titrant untll the color of the solution 
changes from greenwiolet to rose-pink. Perform a blank 
determination, and make the necessary correction. Each 
mL of 0.05 M Edetate disodium titrant is equivalent to 
2.5490 mg of aluminum oxide (AhCh), 

Acceptance criteria: 27.0%-34.3% on the dried basis 
o Magnesium Okide 

Sampie solution: Use the portion retained from the 
Sampie solution prepared in the Assay for Aluminum 
Oxiae. 

Titrimetric system 

(See Titrimetty (541)0 
Modę: Direct titration 
Titrant: 0,05 M edetate disodium V5 
Endpoint detection: Visual 
Analysis: Transfer 50.0 mL of the Sampie solution to a 
suitable Container, add 50 mL of water and 25 mL of a 
trolamine solution (500 mg/mL), and shake welL Add 
25 mL of ammoniakammonium chloride buffer TS and 
0.04 g of eriochrome black TS trituration as the indica- 
tor. Titrate with Titrant untll the red-purpie color 
changes to blue and persists for 30 s. Each mL of 0.05 
M edetate disodium VS is equivalent to 2.01 52 mg of 
magnesium oxide (MgO). 

Acceptance criteria: 20,5 %-2 7.7% on the dried basis 

« Silicon Dioxide 
Sampie: 1 g 

Analysis: To the Sampie add 30 mL of 3 N hydrochloric 
acid, and evaporate on a water bath to dryness. Mois- 
ten the residue with hydrochloric acid, and again evap- 
o ratę on a water bath to dryness. To the residue add 
8 mL of hydrochloric acid and 25 mL of hot water, and 
stir* Allow to stand, then decant the supernatant 
through an ashfess filter paper* To the residue in the 
Container add 10 mL of hot water, stir, and decant the 
supernatant through the filter paper. Wash the residue 
in the Container with three adaitional 10-mL portions of 
hot water, stir, and decant as described above. Treat 
the residue in the Container with 50 mL of water, and 
heat on a water bath for 15 min. Filter, and rinse the 
residue on the filter paper with hot water untJE no pre- 
cipitate is obtained when 1 mL of sE!ver nitra te TS is 


added to 5 ml of the washlng* Transfer the filter paper 
and its contents to a tared platinum crucible, heat to 
dryness, indnerate, and continue to heat at 800 ±25° 
for 1 h. Cool, and weigh. Moisten the residue with 
6 mL of hydrofluoric add, evaporate to dryness, and ig- 
nite for 5 min. Cooi, and weigh. The loss in weight 
represents the weight of Si 02 * 

Acceptance criteria: 14.4%-21.7% on the dried basis 

IMPURETIE5 

o Chloride and Sulfate, Chioride (221) 

Analysis: A 20-mL portion of the diluted filtrate re¬ 
tained from the test for Soluble Salts shows no morę 
chloride than corresponds to 0,75 mL of 0.020 N hy¬ 
drochloric acid. 

Acceptance criteria: NMT 0.053% 
o Chloride and Sulfate, Sulfate (221) 

Analysis: A 2-mL portion of the diluted filtrate retained 
from the test for Soluble Salts shows no morę sulfate 
than corresponds to 0.5 mL of 0.020 N sulfuric acid. 
Acceptance criteria: NMT 0.480% 
o Arsenic, Method I (211): NMT 3jig/g 
■ Iron (241) 

Sampie: 0.11 g 

Analysis: To the Sampie add 8 mL of 2 N nitric add, 
borl for 1 min, and cooL Dilufe with water to 100 mL, 
and centrifuge* Di I u te 30 mL of the supernatant with 
water to 45 mL. 

Acceptance criteria: NMT 0.03% 

Delete the fałtowing: 

•• Heaw Metals, Method I (231) 

Standard preparation: Transfer 2 mL of hydrochforic 
acid to a suitable Container, and evaporate to dryness 
on a water bath. To the residue add 2.0 mL of Standard 
iead Solution and 0. 3 g of hydroxylamine hydrochio- 
ride. Di lute with water to 25 mL, 

Sampie: 2.67 g 

Test preparation: Transfer the Sompie to a suitable Con¬ 
tainer, add 20 mL of water and 8 mL of hydrochforic 
acid, and evaporate to dryness on a water bath. To the 
residue add 5 mL of 1 N acetic acid and 20 mL of 
water. Boli for 2 min, add 0,4 g of hydroxylamine hy- 
drochloride, and heat to boiling. Cool, dilute with water 
to 100 mL, and filter. Use 25 mL of tlie filtrate as the 
Test preparation 

Monitor preparation: Transfer 25 mL of the filtrate 
from the Test preparation to a suitable Container, and 
add 2.0 mL of Standard iead Solution. 

Acceptance criteria: NMT 30 pg/g# to ^i h^pis) 

SPECJFIC TE5T5 

* Acid-Consuming Capacity 

Sampie solution: Transfer 0.2 g of Magnesium Alumi- 
nosilicate to a glass-stoppered fiask, and add 100,0 mL 
of 0,1 N hydrochloric acid VS. Stopper the fiask tightly, 
shake at 37 ±2° for 1 h, and filter, Use the filtrate. 
Analysis: Transfer 50.0 mL of the filtrate from the Sam- 
ple sofutlon to a beaker, and while stirring, titrate the 
excess hydrochloric add with 0,1 N sodium hydroxide 
VS to a pH of 3.5. Perform a blank determination, and 
make any necessary correctlons* 

Acceptance criteria: NLT 250 mL of 0.1 N hydrochloric 
acid is consumed per g of Magnesium Aluminosilicate, 
calculafed on the dried basis. 

* PH (791) 

Sampie: 2g 

Analysis: Aad 50 mL of water to the Sampie. While stir¬ 
ring, immerse the pH electrodes in the suspension, and 
after 2 min, record the pH. 
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Acceptance criteria: 8.5-10*5 

* LOSS ON DRVING (731) 

Analysis: Pry at 110° for 7 h. 

Acceptance criteria: NMT 20.0% 

* SOLUBLE SALTS 

Sampie: lO.Og 

Analysis: Transfer the Sampfe to a suitable Container, 
add 150 mL of water, and boil gentiy for 15 min, with 
shaking. After tooling, dilute with water to 150 mL, and 
centrifuge. Dilute 75 mL of the elear filtrate with water 
to 100 mL ; and retain the diluted filtrate for use in the 
tests for Chlońde , Sulfate, and Alkollnlty . Evaporate 
25 mL of the diluted filtrate on a water bath, and heat 
at 700° for 2 h. 

Acceptance criteria: NMT 1 *6%; the residue weighs 
NMT 0.020 g* 

* Alkalinity 

Sampie: 20 mL of diluted filtrate retatned from the test 
for Soluble Safts 

Analysis: Add 2 drops of phenoJphtliaJein TS to the 
Sampie, containing 1 g of Magnesium Aiuminosilicate, 
Acceptance criteria: If a pink color is produced, NMT 
0,50 mL of 0.1 N hydrochloric acid is required to dis- 
charge It. 

ADDITIONAL R EQUIREM ENTS 

* PACKAGING and Storage: Preserve in tight containers, 

and prevent exposure to excesstve heat. 


Magnesium Aluminum Sillcate 

DEFINITION 

Magnesium Aluminum Sillcate is a blend of tolloidal 
montmorillonite and saponite that has been processed to 
remove grrt and nonswellable ore components. 

The requirements for vrscosity and ratio of aluminum eon- 
tent to magnesium content differ for the several types of 
Magnesium Aluminum Silicate, as set forth in the table 
belo w. 


Type 

Viscosity 

(mPa*s) 

Al Goi 
Mci Cc 

itent/ 

mtent 

Appear¬ 

ance 


Min. 

Max. 

Min. 

Max. 


fA 

225 

600 

0.5 

1,2 

Fine 

granules 
or fiakes 

IB 

ISO 

45 0 

0.5 

1.2 

Microfine 

powder 

IC 

800 

2200 

0.5 

1*2 

Fine 

granules 
or flakę $ 

ha 

100 

100 

1.4 

2.8 

Fine 

granules 
or fiakes 



IDENTIFICATION 
* A. 

Sampie: 2 g 

Analysis 1: Add the Sampie in smali portions to 100 ml 
of water with intense agitation* Allow to stand for 12 h 
to ensure complete hydration. Place 2 mL of the resull- 
ing mixture on a suitable glass siide, and alfow to air- 
dry at room temperaturę to produce an oriented film. 
Place the slide in a vacuum deskcator over a free sur- 
face of ethylene glycol. Evacuate the desiccator, and 
close the stopcock so that the ethylene glycol saturates 
the desiccator chamber. Allow to stand for 12 h, Record 
the X-ray diffraction pattern (see X-Ray Diffraction 
(941)), and calculate the dvalues. 


Acceptance criteria 1: The largest c peak corresponds to 
a d va!ue between 15.0 and 1 7.2 A. 

Analysis 2: Prepare a random powder specimen of 
Magnesium Aluminum Silicate, record tne X-ray diffrac¬ 
tion pa ttern, and determjne the d vaiues in the region 
between 1*48 and 1*54 A, 

Acceptance criteria 2: Peaks are found at 1 *492-1.504 
A and at 1.510-1.540 A. 

■ B. It meets the requirements of the test for Viscosity in 
Specific Tests * 

* C It meets the requirement$ for Ratio of aluminum con¬ 

tent to magnesium content rn the test for Aluminum Con¬ 
tent and Magnesium Content 

* D. its appearance corresponds to the description in the 

table in tne Definition. 

A55AY 

* Aluminum Content and Magnesium Content 

Aluminum content 

Aluminum standard stock solution: Dissolve I.OOOg 
of aluminum in a mixture of 10 mL of hydrochloric 
acid and 10 mL of water by gentie heating. Transfer 
the solution to a 1000-mL volumetric fiask, dilute with 
water to volume, and mix. This solution contains the 
equivatent of 1 mg/mL of aluminum* 

Aluminum standard Solutions: Transfer 2% 5*, and 
10-mL aliquots of the Aluminum standard stock solution 
to separate 100-mL volumetric flasks containing 
200 mg of sodium chloride, dilute eacli with water to 
volume, and mix* 

Sampie stock solution: Transfer 0.200 g of Magne¬ 
sium Aluminum Silicate to a 25-mL platinum crucible 
containing 1,0 g of lithium metaborate, and mix. Us- 
ing a mufrle fu mace or a suitable bumer, heat slowly 
at first, and ignite at 1000 & -1200° for 15 min* Cool, 
place the crucible in a 100-mL beaker containing 
25 mL of dilute nitric acid (50 mg/mL), and add an 
additiona! 50 mL of the dilute acid, fiiling and sub- 
merging the upnght crucible. Place a poiyfluoro- 
carbon-coated magnetic stirnng bar into the crucible, 
and stir gentiy witn a magnetic stirrer to dissolve. Pour 
the contents into a 250-mL beaker, and remove the 
crucible. Warm the solution, transfer through a rapid- 
flow fiiter paper with the a id of water into a 200-mL 
volumetric fiask, dilute with water to volume, and mix* 
Sampie solution: Pipet 20 mL of the Sampie stock solu¬ 
tion into a 100-mL volumetric fiask. Add 20 mL of a 
solution of sodium chloride (10 mg/mL), dilute with 
water to volume, and mix* 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
equipped with a single-slot burner 
Analytical wavelength: 309 nm 
Lamp: Aluminum hollow-cathode 
Ffame: Oxidizing acetylene-air-nitrous oxide 
Analysis 

Samples: Aluminum standard Solutions and Sampie 
solution 

Determine the absorbances of the Aluminum standard 
Solutions and the Sampie sofution * From a linear re- 
gression eguation calculated from the absorbances 
and concentrations of the Aluminum standard Solu¬ 
tions, determine the aluminum content in the magne¬ 
sium aluminum silicate. 

Magnesium content 

Lanthanum solution: Stir 88.30 g of lanthanum ehlo- 
ride (lat U) with 500 mL of 6 N hydrochloric add to 
dissolve, transfer with the aid of water to a 1000-ml 
volumetric fiask, dilute with water to volume, and mix. 
Magnesium standard stock solution: Place 1.000 g of 
magnesium in a 250-mL beaker containing 20 mL of 
water, and ca ref ul ly add 20 mL of hydrochloric acid, 
warming, if necessary, to complete the reaction. Trans¬ 
fer the solution to a 1000-mL volumetric fiask, dilute 
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with water to vo!ume, and mix. This solution contams 
the equivalent of 1 mg/mL of magnesium. Transfer 
10.0 mL of this solution to a 1 000-mL vo!umetric fiask, 
dilute with water to volume, and mix, 

Magnesium standard Solutions: Transfer 5-, 10-, 15-, 
and 20-mL aJiquols of the Magnesium standard stock 
solution to sępa ratę 100-mL volumetric flasks. To each 
fiask add 20.0 mL of Lanthanum solution, dilute with 
water to volume, and mix. 

Sample stock solution: Use the Sample stock solution 
p rep a red as directed for Aluminum content 
Sample solution: Transfer 25 mL of the Sample stock 
solution to a 50-mL vo1umetric fiask, dilute with water 
to vofume, and mix. Transfer 5.0 mL of this solution to 
a 100-mL volumetric fiask, add 20.0 mL of Lanthanum 
solution, dilute with water to volume, and mix. 
Instrumentaf conditions 
(See Atomie Absarption Spectroscopy (852)*) 

Modę: Atomie absorption 
Analytical wavelengtnr 2S5 nm 
Lamp: Magnesium hollow-cathode 
Flame: Reducing flame of acetylenem i r 
Analysis 

Sam pies: Magnesium standard Solutions and Sample 
solution 

Determine the absorbances of the Sample sofution and 
the Magnesium standard Solutions. From a linear re- 
gression eguatlon calculated from the absorbances 
and concen tratEons of the Magnesium standard Solu¬ 
tions, determine the magnesium content in the mag¬ 
nesium aluminum silfcate. 

Ratlo of aluminum content to magnesium content 
Analysis: Using the results from the Aluminum content 
and the Magnesium content , determine the ratio of alu¬ 
minum content to magnesium contenL 
Acceptance criteria 
Type IA: 0.5-1.2 
Type IB: 0.5-1.2 
Type IC: 0.5-1.2 
Type HA: 1.4-2.8 

IMPURITIES 

* Arsen ic (211), Method i 

Standard preparation: Transfer 5.0 mL (5 jig of arse- 
nic) of the Standard Arsenie Solution to a 25-mL vo tu - 
metric fiask, and add dilute hydrochloric acid (1:25) to 
vofume. 

Test preparation: Transfer 13.3 g of Magnesium Al u mi- 
num Silicate to a 250-mL beaker containing 100 mL of 
dilute hydrochloric acid (1:25), mix, cover with a watch 
glass, and boil gently with occasional stirring for 15 min 
without allowing excessive foaming. Altów the insoluble 
materiał to settle, and decant the not supematant 
through a rapid-fJow filter paper into a 200-mL volu- 
metric fiask, retaining as much sediment as possrble in 
the beaker. Add 25 mL of hot dilute hydrochloric acid 
(1:25) to the residue in the beaker, stir, and heat to 
boiling. Altów the insoluble materiał to settle, and de¬ 
cant tne supematant through the filter into the 200-mL 
volumethc fiask. Repeat the extraction with four addi- 
tional 25-mL portions of hot dilute hydrochloric add 
(1:25), decantlng each hot supematant through the fil¬ 
ter into the votumetric fiask. At the last extraction, 
transfer as much of the insoluble materiał as possible 
onto the filter, Cool the combined filtrates to room 
temperaturę, add dilute hydrochloric acid (1:25) to voJ- 
ume, and mix. Use 25 mL for the test. 

Acceptance criteria: NMT 3 pg/g; the absorbance due 
to any red color from the Test preparation does not ex- 
ceed that produced by the Standard preparation . 

* Lead 

Standard preparation: On the day of use, dilute 
3.0 mL of lead nitrate stock solution TS with water to 
100 mL. Each mL contalns the equivalent of 3 pg of 
lead. 


Sample: 10.0g 

iest preparation: Transfer the Sample to a 250-mL 
beaker containing 100 mL of dilute hydrochloric acid 
(1:25), stir, cover with a watch glass, and boil for 15 
min. Cool to room temperaturę, and allow the insoluble 
matter to settle. Decant the supematant through a 
rapid-flow filter paper into a 400-mL beaker. Add 25 mL 
of hot water to the insoluble matter in the 250-mL 
beaker, and stir. Allow the insoluble matter to settle, 
and decant the supematant through the filter into the 
400-ml beaker. Repeat the extraction with two addi- 
tional 25-mL portions of water, decanting each super- 
natanf portion through the filter into the 400-ml 
beaker. Wash the filter with 25 ml of hot water, collect- 
ing this filtrate in the 400-mL beaker. Concentrate the 
combined extracts by gentle boiling to approximately 
20 mL. If a precipitate appears, add 2-3 drops of nitric 
acid, heat to boiling, and cool to room temperaturę. 
Filter the concentrated extracts through a rapid-fJow fil¬ 
ter paper into a 50-mL volumetric fiask. Transfer the 
remaining contents of the 400-mL beaker through the 
filter paper and into the fiask with water. Dilute with 
water to volume. 

Instrumental condrtions 
(See Atomie Absarption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
equipped with a deuterium arc haekground correction 
and a single-slot burner 
Analytical wave!ength: 284 nm 
Lamp: Lead hollow-cathode 
Flame: Oxidizing flame of air and acetylene 
Acceptance criteria: The absorbance of the Test prepa¬ 
ration is NMT that of the Standard preparation (15 pg/ 

g>. 

SPECIFSC TESTS 

* Microbi al Enumeration Tests (61) and Tests for Speci- 
FIED Mscroorganisms ( 62 ): Its to tal aerobic microbial 
count does not exceed 10 J cfu/g, and it meets the re¬ 
guł rements of the test for absence of Escherichia coli. 

« pH (791) 

Sample suspension: 50 mg/mL 
Acceptance criteria: 9,0-10,0 

* Loss on Prying (731) 

Analysis: Dry at 110° to constant weight. 

Acceptance criteria: NMT 8,0% 

» VfSCOSITY 

Sample: After determining the Loss on Drying , weigh a 
quantfty of Magnesium Afuminum Silicate, equlvalent to 
25.0 g on the dried basls. Over a period of a few 
seconds, transfer the undried test specimen to a suita- 
ble 1-L blender jar containing an amount of water, 
maintained at a temperaturę of 25 ±2°, that is suffident 
to produce a mixture weighing 500 g. Blend for 3 min, 
accurateiy timed, at 14,000-15,000 rpm (high speed). 1 2 
[Notę—H eat generated during blending causes a tem¬ 
peraturę rise to above 30“,] 

Analysis: Transfer the contents of the blender to a 
ÓOO-nnL beaker, and aliow to stand for 5 min. The sam¬ 
pie temperaturę shouid be 33 ± 3°. Using a suitable ro- 
tational viscometed equ!pped with a spindle as spęd- 
fied below, operate the viscometer at 60 rpm for 6 min, 
accurateiy timed, and record the scalę reading. 

For Type IA, use a spindle with a cylinder 1.87 cm in 
diameter and 0.69 cm high attacned to a sbaft 
0,32 cm in diameter, the dislance from the top of the 
cylinder to the lower tlp of the shaft being 2.54 cm, 
and the immersion depth being 5,00 cm (No. 2 spin- 
die). If the scalę reading is greater than 90% of fuli 
scalę, repeat the measurement, using a spindle similar 

1 A suitabie blender is avaifable from Waring as Waring Commerrial Blender 

Model 7009G or equtvalenE with 1-L glass jar and tathometer adapter. Model 

CAC24 or equivalent. 

2 A suitable viscojmeter is avatlable from Brookfield as Yiscometer ModeE LVF or 

LVT, or equivalenl. 
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to the No. 2 spmdle but with the cylinder 1.27 cm in 
diameter and 0.16 cm high instead (No. 3 spindle). 
For Type IC, use a No. 3 spindJe. If the scalę reading is 
greater than 90% of fuli scalę, repeat the measure- 
rnent using a spmdle consisting of a cyfindrital shaft 
0.32 cm in diameter and with an immersion depth of 
4.05 cm (No. 4 spindle)* 

For Types IB and IIA, use a No. 2 spindle* 

Acceptance criteria 
Type !A: 225-600 
Type IB: 150^*50 
Type [Cr 800-2200 
Type ii A: 100-300 

* Acid Demand 

Sam ple: After determining the Loss on Drytng, weigh a 
guantity of Magnesium Afuminum Silicate equivalent to 

Anaiysis: Disperse the Sampfe in 500 mL of water with 
the aid of a suitable blender fitted with a R jar, Using 
a stopwatch, designate zero dmę. With constant mit¬ 
ing, add 3.0-mL porttons of 0.100 N hydrochloric acid 
at 5, 65, 125, 185, 245, 305, 365, 425, 485, 545, 605, 
665, and 725 s, and add a 1,0-mL portion at 785 s* 
Determine the pH potentiometricaliy at S40 s, 
Acceptance criteria: NMT 4.0 

ADDITIONAL REQUIREMENTS 

* PACKAGING and Storage: Pre$erve in tight containers* 

* Labelinc: La bel it to indicate its type. 


Magneslmm SSBicate 

DEFINITION 

Magnesium Silicate is a compound of magnesium oxide and 
sificon dioxide. It contains NLT 15.0% of magnesium ox- 
tde (MgO) and NLT 67.0% of Silicon dioxide (SiCb), calcu- 
lated on the ignited basis. 

IDENTIFICATION 

* A* IDENTIFICATION Tests—General, Magnesium (191) 

5 ample: 500 mg 

Anaiysis: Mix the Sample with 10 mL of 3 N hydrochlo¬ 
ric acid. Filier, and neutralize the filtrate to litmus paper 
with 6 N ammonium bydroxide, 

Acceptance criteria: Tne neutralized filtrate meets the 
requirements. 

* B, 

Anaiysis: Prepare a bead by fusing a few crystals of 
sodtum ammonium phosphate on a platinum loop in 
the flame of a Bunsen burner. Place the hot, transpar¬ 
ent bead in contact with Magnesium Silicate, and again 
fuse. 

Acceptance criteria: Silica floats about in the bead, 
producing, upon cooling, an opaque bead with a web- 
like structure, 

A5SAY 

* Magnesium Oxide 

Sample: 1.5 g 
Titrimetric system 
Modę: Residual tltration 
Titrant: 1 N sodium hydroxide VS 
Endpoint detection: visual 

Anaiysis: Dissolve the Sample in 50.0 mL of 1 N sulfuric 
acid VS. Digest on a steam bath for 1 h, cool to room 
temperaturę, and add methyl orange TS. Titrate the ex- 
cess acid in the sample with 77front. Each mL of 1 N 
sulfuric acid is equivafent to 20.15 mg of MgO, 


Acceptance criteria: NLT 15.0% on the ignited basis 

• Silicon Dioxide 

Sample: 700 mg 

Anaiysis: Transfer the Sample to a smali platinum dish, 
Add 10 mL of 1 N sulfuric acid, and heat on a steam 
bath to dryness, leaving the dish uncovered, Treat the 
residue with 25 mL of water, and digest on a steam 
bath for 15 min. Decant the supernatant through an 
ashless filter paper, with the aid of suction, andwash 
the residue, by decantation, three times with hot water, 
passing the washings through the filter paper. Finally, 
transfer the residue to the filter, and wash thoroughly 
with hot water* Transfer the filter paper and its eon ten ts 
to the platinum dish previously used, Heat to dryness, 
incinerate, ignite strongly for 30 min, cool, and weigh, 
Moisten the residue with water, and add 6 mL of hy- 
droffuoric acid and 3 drops of sulfuric acid. Evaporate to 
dryness, ignite for 5 min, cool, and weigh. The loss in 
weight represents the weight of 5i0 2 * 

Acceptance criteria: NLT 67,0% on the ignited basis 

IMPURITIES 

• Fluoride 

Indicator solution: 100 mg/mL of lanthanum alizarin 
comp!exan mixture in 60% isopropyl alcohol. Filter the 
solution if it is not elear. 

Standard solution: 2.21 jag/mL of sodium fluoride in 
0,1 N hydrochloric acid 

Sample solution: Prepare a slurry consisting of 5.0 ig of 
Magnesium Silicate and 45 mL ot 0.1 N hydrochloric 
add. Stir at room temperaturę for 15 min, and pass 
through a filter of 0.45-pm porę size tnto a 50-mL volu- 
metric fiask* Wash the filter with five 1-ml portions of 
0,1 N hydrochloric acid, collecting the washings in the 
fiask. Diiute with 0.1 N hydrochloric acid to volume, 
Instrumental conditions 
Modę: Vis 

Analytical wavelength: About 620 nm 
Celi: 1 cm 

Blank: 0,1 N hydrochloric acid, Indicator solution, and 
water (5:5:15) 

Anaiysis: Transfer 5,0 mL of the Standard solution and 
Sample solution to separate 25-mL vofumetric flasks, add 
5.0 mL of indicator solution , diiute with water to vof- 
ume, and aliow to stand for 1 h in diffuse Hght at ambi- 
ent temperaturę. Determine the absorbance of the Solu¬ 
tions against the Blank , 

Acceptance criteria: lOug/g; the absorbance of the 
Sample solution is NMT than that of the Standard 
solution. 

< SOLUBLE 5ALTS 

Sample: 10,0 g 

Anaiysis: Boil the Sample with 150 mL of water for 15 
min. Cool to room temperaturę, and allow the mixture 
to stand for 15 min. Filter with the aid of suction, trans¬ 
fer the filtrate to a 200-mL volumetric fiask, and diiute 
with water to vo!ume. Evaporale 50.0 mL of this solu¬ 
tion, representing 2,5 g of the Silicate, in a tared plati¬ 
num dish to dryness, Ignite gently to constant weight, 
Retain the remaining dlluted solution for the test for 
Free AlkalL 

Acceptance criteria: 3.0%; NMT 75.0 mg 

• Free Alkali 

Sample; 20 mL of the retained difuted filtrate prepared 
in the test for Soluble Salts 

Anaiysis: Add 2 drops of phenolphthalein TS to the 
Sample, representing 1 g of Magnesium Silicate. 
Acceptance criteria: If a pink color is produced, NMT 
2,5 mL of 0.1 N hydrochloric acid is required to dis- 
charge it. 
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Dełete the foliowing: 

®* Heaw Metals (237) 

Solution A: Hydrochlonc acid in water (1 in 100) 

Test preparation: Boil 4.0 g of Magnesium Silicate with 
a nmxture of 50 mL of water and 10 mL of hydrochlonc 
acid for 20 min, and add water to maintain the volume 
during ihe boilincj. Add ammonium hydroxide until the 
mixture is onfy slightly acid to litmus paper Filter with 
the aid of suction, and wash with 1 5-20 mL of water, 
combining the washings with the origina! filtrate. Add 
2 drops of phenotphthalein TS, then add a slight excess 
of 6 N a m mon i urn hydroxide. Discharge the pink color 
with Solution A, then add 8 mL of Solution A , Dii u te 
with water to 100 mL, and use 25 mL of the solution 
for the test. 

Acceptance criteria: NMT 20 pg/g« (omcfai ms^ibj 

* Lead (257) 

Test preparation: Dissolve 1.0 g of Magnesium Sificate 
in 20 mL of 3 N hydrochlonc add, evaporate on a 
steam bath to 7 0 mL, dilute with water to 20 mL, and 
cool. 

Acceptance criteria: NMT lOpg/g 

SPECIFIC TESTS 

* Ratio of Sio, to mgo 

Analysis: Divtde the percentage of Si0 2 obtained in the 
Assay for Silicon Dioxtde by the percentage of MgO ob- 
tained in the Assay for Magnesium Oxide . 

Acceptance criteria: 2,50-4.50 
® Loss ON DRYING (731) 

[Notę—R etain the dried specimen for the test for Loss on 
Ignition.] 

Analysis: Dry at 7 05 ń for 2 h. 

Acceptance criteria: NMT 15.0% 

9 LOSS ON IGNITION (733) 

Sam ple: The spęd men retatned from the test for Loss 
on Diying 

Analysis: Ignite the Satnple at 900^-1000° for 20 min. 
Acceptance criteria: NMT 15%, prev!ously dried 
9 pH (797) 

Sample solution: A well-mixed agueous suspension (1 
in 10) 

Acceptance criteria: 7.0-10,8 

ADDITIONAL REQUIREMENTS 

o Packacinc and Storage: Preserve in well-closed 
containers. 


Magaiesium Stearate _ 

Portions of the monograph text that are national USP text, 
and are not part of the harmonized text, are marked with 
symbols {%) to specify this fact, 

Octadecanoic acid, magnesium salt; 

Magnesium stearate [557-04-0], 

OEFIWIT0ON 

Magnesium Stearate is a compound of magnesium with a 
mixture of solid organie acids, and comists chiefly of vari- 
able proportions of magnesium stearate and magnesium 
palmrtate. The fatty acids are derived from edible sources. 
It contains NLT 4.0% and NMT 5,0% of magnesium 
(Mg), calculated on the dried basis. 

IDENTIFICATION 

o A. Identification Tests—General (191), Magnesium 
Sample solution: Mix 5,0 g with 50 mL of peroxide- 
free ether, 20 mL of diluted nitric acid, and 20 mL of 
water in a round-bottom fiask, Connect the fiask to a 
reflux condenser, and reflux until dissolution is com- 
plete. Allow to cool, and transfer the contents of the 


fiask to a separator. Shake, allow the layers to separate, 
and transfer the agueous layer to a fiask Extract the 
ether layer with iwo 4-mL portions of water, and add 
these agueous extracts to the main aqueous extract 
Wash the aqueous extract with 15 mL of peroxide-free 
ether, transfer the aqueous extract to a 50-mL volumet- 
ric fiask, and dilute with water to vo]ume, Retain the 
unused portion of this solution for the chloride and sul- 
fate impurity tests, 

Acceptance criteria: The Sample solution meets the 
req uirements. 

■ B. Tne retention times of the peaks corresponding to ste- 
arie acid and pafmitic acid of the Sample solution corre- 
spond to those of the System suitability solution , as ob- 
Lained in the test for Re!ative Content of Steark Add and 
Palmitk Acid. 

ASSAY 

c Procedurę 

Buffer: Dissolve 5.4 g of ammonium chloride in water, 
add 20 ml of ammonium hydroxide, and dilute with 
water to 100 mL, 

Sample: 500 mg 

Analysis: To the Sample add 50 ml of a mixture of bu¬ 
tyl aicohol and dehydrated alcohoi (1:1), 5 mL of am¬ 
monium hydroxide, 3 mL of Buffer , 30.0 mL of 0.1 M 
edetate disodium V5, and 1 or 2 drops of eriochrome 
black T5, Heat at 45°-50 Q until the solution Is elear. 
Cool, and tltrate the excess edetate disodium with 0.1 
M zinc sulfate VS until the solution color changes from 
blue to vioiet (see Titrimetry (541)). Perform a blank de- 
termination, and make any necessary correction. Each 
mL of 0,1 M edetate disodium is equivalent to 
2.431 mg of magnesium (Mg). 

Acceptance criteria: 4.0%-5.G% on the dried basis 

IMPURITBES 

« Chloride and Sulfate (221), Chloride : A 10,0-mL portion 
of the Sample solution prepared in Identification test A 
shows no morę chloride tnan corresponds to 1,4 mL of 
0.020 N hydrochlonc acid (0.1%). 

• Chloride and Sulfate (221), Sulfate: A 6,0-mL portion of 
the Sample solution prepared in Identification test A shows 
no morę sulfate than corresponds to 3,0 mL of 0.020 M 
sulfuric acid (1.0%). 

o Limit of Cadmium 

[Notę—F or the preparation of all aqueous Solutions and 
for the rinsing of glassware before use, use water that 
has been passed tnrough a strong-add, strong-base, 
mixed-bed ion-exchange resin. Select all reagents to 
bave as Iow a content of cadmium, lead, and nickel as 
practicable, and storę all reagent Solutions in containers 
of borosilicate glass, Cleanse gfassware before use by 
soaking in warm 8 N nitric acid for 30 min, and rinse 
with deionized water.] 

Matrix modifier solution: Prepare a solution containing 
200 mg/ml of monobasic ammonium phosphate and 
10 mg/ml of magnesium ni tratę. Altemalive[y, use an 
appropriate matrix modifier as recommended by the 
manufacturer of the graphite furnace atomie absorption 
(GFAA) spectrophotometer. 

Blank: Nitric acid in water (1 in 4) 

Standard solution: 0,00825 pg/mL of cadmium nitrate 
tetrahydrate in Blank , corresponding to a known eon- 
centration of 0.0030 pg/mL of cadmium 
Sample stock solution: Transfer 0.100 g of Magnesium 
Stearate to a suitabie polytetrafluoroethylene (PTFE)- 
lined acid-digestion bomb, and add 2.5 mL of nitric 
acid. Close and seal the bomb accordrng to the manu- 
factureds operating instructions. [Caution —When using 
an acid-digestion Bomb, be thoroughly familiar with 
the safety and operating instructions. Ca refu Hy follow 
the bomb manufactureds instructions regarding care 
and maintenance of these acid-digestion bombs. Do 
not use metaf-jacketed bombs oriiners that have been 
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used with hydrochloric add because of contamlnation 
from corrosion of the metal jacket by hydrochloric 
acid.j Heat the bomb En an oven at 170* for 3 h. Air 
cool the bomb slowly to room temperaturę as per the 
bomb manufacturer'5 instructions. Place the bomb in a 
hood, and open carefully because corrosive gases may 
be expelled. Dilute the resEdue with water to 10.0 ml in 
a volumetrk fiask. 

Sample Solutions: Dilute the Sample stock soiutbn with 
Blank (1 in 10)* Prepare mixtures of this solution, the 
Standard solution, and the Blank with the fol łowi ng pro- 
porttonal compositions, by volume (ml): 1.0/0/1.0, 1.0/ 
0.5/0.5, and 1.0/1.0/0. Add 50 pL of Matrix modifier sa¬ 
lut ion to each mixture. These Sample Solutions contain, 
respectively, 0, 0.00075, and 0.0015 ug/ml of cad- 
mium from the Standard solution. [NÓte—R etain the re- 
maining Sample stock solution for use in the tests for 
Limit of Lead and Limit of Nickel.] 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry (usEng a 
suitable GFAA spectrophotometer equipped with a py- 
rolytic tubę with platform) 

Analytical wavelength: Cadmium emission linę at 
228.8 nm 

Lamp: Cadmium hotlow-cathode 
Temperaturę: Use the temperaturę próg ra mm ing ret- 
ommended for cadmium by the GFAA manufacturer 
(for examples of temperaturę parameters for GFAA 
anafysis ot cadmium, see Tobie 7). 


Table 1 



Dry ing 
Stape 

Ashin g 
Stacge 

Atom iza tron 
Stacje 

Temperaturę 

110° 

600° 

1800° 

Ramp Lfme 

10 s 

10 5 

Os 

HoJd ttme 

20 s 

30 £ 

5 £ 


Analysis: Use the Blank to set the instrument to zero. 
Plot the absorbances of the Sample Solutions versu$ thejr 
contents of cadmium, in pg/mL, as furnished by the 
Standard solution, draw the straight linę best fitting the 
three points, using a finear least-squares fit, and extra- 
polate the linę until it intercepts the concentration axis 
on the negath/e side. From the intercept determine the 
concentration, C, in jig/ml, of cadmium in the Sample 
solution containing 0 ml of the Standard solution. 
Calculate the content, in ppm, of cadmium in the spec- 
imen taken: 

Result = ( C/W) x F 

W ~ weight of Magnesium Stearate taken to 
prepare the Sample stock solution (g) 

F = dilution factor for the sample, 200 
Alternatively, the GFAA software can be used to 
calculate the cadmium content of the sample. For 
either calculation, the correlation coefficient (r) of the 
standard addltions plot must be at least 0.99. 
Acceptance ciiteria: NMT 3 ppm 
e LSM3T OF LEAD 

[Notę—F or the preparation of all aqueous Solutions and 
for the rinsing of glassware before use, use water that 
has been passed tnrough a strong-add, strong-base, 
mixed-bed ion-exchange resin. Select ali reagents to 
have as Iow a content of cadmium, lead, and nickel as 
practicable, and storę a i] reagent Solutions in containers 
of borosilicate glass. Cleanse glassware before use by 
soaking in warm 8 N ni trio add for 30 min, and rinse 
with deionized water.] 

Matrix modifier solution: Prepare as directed for Ma* 
trix modifier solution in Limit of Cadmium. 

Blanki Prepare as directed for Blank in Limit of 
Cadmium . 


Standard solution: 0.1 598 pg/mL of lead nitrate in 
Biank f corresponding to a known concentration of 
0.100 pg/mL of lead. Prepare and storę any Solutions of 
lead nitrate in glass containers free from soluble lead 
salts. 

Sample stock solution: Uśe a portion of the Sample 
stock solution retained from the test for Limit of 
Cadmium . 

Sample Solutions: Prepare mixtures of the Sample stock 
solution , the Standard solution , and the Blank with the 
folfowing proportionaJ compositions, by volume (mL): 

1.0/0/1.0, 1.0/0.5/0.5, and 1.0/1.0/0. Add 50 pL of the 
Matrix modifier solution to each mixture. These Sample 
Solutions contain, respectively, 0, 0.025, and 0.05 pg/ 
ml of lead from the Standard solution. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry (using a 
suitable GFAA spectrophotometer eguipped with a py- 
roiytic tubę with platform) 

Analytical wavelength: Lead emission linę at 283.3 
nm 

Lamp: Lead hollow-calhode 

Temperaturę: Use the temperaturę programming rec- 
ommended for lead by the GFAA manufacturer (for 
examples of temperaturę parameters for GFAA analysis 
of lead, see Table 7). 

Analysis: Use the Biank to set the instrument to zero. 
Plot the absorbances of the Sample Solutions versus their 
contents of lead, in pg/mL, as furnished by the Stan¬ 
dard solution, draw the straight linę best fitting the 
three points, using a linear least-sguares fit, and extra- 
polate the linę until it intercepts the concentration axis 
on the negath/e side. From the intercept determine the 
concentration, C, in jug/mL, of lead in the Sample soiu- 
tion contain ing 0 mL of the Standard solution , 

Calculate the content, in ppm, of lead in the specimen 
taken: 

Result - {Cl W) x F 

W - weight of Magnesium Stearate taken to 
prepare the Sample stock solution (g) 

F ~ dilution factor for the sample, 20 
Altemativefy, the GFAA software can be used to calculate 
the lead content of the sample. For either calculation, 
the correlation coefficient (r) of the standard additions 
plot must be at least 0*99. 

Acceptance enteria: NMT 10 ppm 
o Limit of Nickel 

[Notę—F or the preparation of all aqueous Solutions and 
for the rinsing of glassware before use, use water that 
has been passed tnrough a strong-acid, strong-base, 
mixed-bed ion-exchange resin. Select all reagents to 
have as Iow a content of cadmium, lead, and nickel as 
practicable, and storę alf reagent Solutions In containers 
of borosilicate glass. Cleanse glassware before use by 
soaking rn warm 8 N nitric acid for 30 min, and rinse 
with deionized water,] 

Matrix modifier solution: Prepare as directed for Ma - 
trix modifier solution in Limit of Cadmium. 

Blank: Prepare as directed for Blank in Limit of 
Cadmium , 

Standard solution: 0.2477 pg/mL of nickei nitrate hex- 
ahydrate in Blank, corresponding to a known concentra¬ 
tion of 0.050 pg/mL of nickel 
Sample stock solution: Use a portion of the Sample 
stock solution retained from the test for Limit of 
Cadmium. 

Sample Solutions: Prepare mixtures of the Sample stock 
solution , the Standard solution, and the Blank with the 
following proportional compositions, by volume (mL): 

1.0/0/1.0, 1.0/0.5/0.5, and 1,0/1,0/0. Add 50 pL of the 
Matrix modifier solution to each mixturę. These Sample 
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Solutions contain, respectively, 0, 0,0125, and 0,025 f.ig/ 
mL of nickel from the Standard soiution, 

Instrumental conditions 
(See Atomie Absorption Spectroscapy (852).) 

Modę: Atomie absorption spectrophotometry (using a 
suitable GFAA spectrophotometer equipped with a py- 
rolytic tubę with pfatform) 

Analytical wavelength: Nickel emission linę at 232.0 
nm 

Lamp: Nickel hollow-cathode 

Temperaturo: Use the temperaturo programming rec- 
ommended for nickel by the GFAA manufacturer (for 
examp!es of temperaturę parameters for GFAA analysis 
of nickel, see Tobie 7). 

Analysis: Use the Blank to set the instrument to zero. 
Plot the absorbances of the Sanipie Solutions versus their 
contents of nickel, in pg/mL, as furnished by the Sfrm- 
dard soiution, dra w the strafght Itne best fitting the 
three points, using a linear least-squares fit, and extra- 
potate the linę untif it intercepts the concentration axis 
on the negative side. From the intercept determine the 
concentration, C, in pg/mL, of nickel in the Sample solu- 
tion containing 0 ml of the Standard soiution. 

Calcu la te the content, in ppm, of nickel in the specb 
men taken: 

Resuft = (C/W) x F 

W = weight of Magnesium Stearate taken to 
prepare the Sample stock soiution (g) 

F = difution factor for the sample, 20 
A[ternatively, the GFAA software can be used to 
calculate the nickel content of the sample. For either 
calculation, the correlation coefficient (r) of the 
standard additions plot must be at feast 0,99. 

Acceptance critena: NMT 5 ppm 

SPECIFIC TE5TS 

* +MtCROGIAL ENUMERATION TESTS (61) and TESTS FOR $PECI- 

fied n/KiCROORGANiSMS (62): The tota! aerobic microbial 
count does not exceed 10 3 cfu/g, the total combined 
molds and yeasts count does not exceed 5 x 1 0 2 cfu/g, It 
meets the requirements of the tests for absence of Salmo¬ 
nella species and Escherichta coli.* 

* ACIDITY OR ALKALINITY 

Sample sofution: To 1.0 g add 20 mL of carbon dfox- 
ide-free water, boli on a steam bath for 1 min with 
continuous shaking, cool, and filter. Add 0.05 mL of 
bromothymol blue TS to 1 0 mL of the filtrate, 
Acceptance critena: NMT 0.05 mL of 0.1 N hydrochlo- 
ric add or 0.1 N sod tum hydroxide Es regufred to 
change the color of the indicator. 

«» * SPECIFIC Surface Area (846) 

[NOTE—ln cases where there are no functionality-related 
concerns regarding the specific surface area of this arti- 
cle, this test may be omitted.] 

Where the labeling States the specific surface area, deter¬ 
mine the specific surface area va!ue as directed in the 
chapter in the P/Po rangę of 0.05-0,15, and using out- 
gassincj conditions of 2 h at 40°. If the plot deviates 
from lineanty for P/Po values of 0.05-0,15, then a suita- 
bte rangę of P/Po values shoutd be validated for linear- 
ity. In this case, it is necessary to State the rangę of 
validated P/Po values, the Encrement of the P/Po values, 
and the outgassing conditions used,# 

O LOSS ON DRYING (731) 

Analysis: Dry at 105° to constant weight. 

Acceptance criteria: NMT 6.0% 

® Relative Content of Stearic Acio and Palmitic Acid 
System suitabillty soiution: Transfer 50 mg each of 
USP Stearic Acid RS and USP Palmitic Acid RS to a smali 
conical fiask fitted with a suitable reflux condenser, Add 
5.0 mL of a soiution prepared by dissoMng 14 g of bo- 
ron trifluoride in metnanol to make 100 ml, swirl to 
mix, and reflux for 1 0 min untif the solids have dis- 


solved. Add 4 mL of chromatographic n-heptane 
through the condenser, and reflux for 10 min. Cool, 
add 20 mL of saturated sodium chloride soiution, shake, 
and allow the layers to sępa ratę. Pass the n-heptane 
layer through 0.1 g of anhydrous sodium sulfate (previ- 
ousfy washed with chromatographic n-heptane) into a 
suitable fiask. Transfer 1,0 mL of this soiution to a 
10-mL votumetnc fiask, and di lute with chromato¬ 
graphic n-heptane to volume, 

Sample soiution: Transfer 100 mg of Magnesium Stea¬ 
rate to a smalf conical fiask fitted with a suitable refEux 
condenser, and proceed as directed for System suitabillty 
soiution, beginning with "Add 5,0 mL of a soiution pre¬ 
pared by dissoMng". 

Chromatographic system 
(See Chroma tog ropny (621), System Suitability .) 

Modę: CC 

Detector: Flame ionization 
Column: 0.32-mm x 30-m fused silica capillary, 
bonded with a 0.5-pm layer of phase G16 
Temperatures 
Injector: 220° 

Detector: 260° 

Column: See Tobie 2. 


Ta bte 2 


Imtial 

Temperaturę 

n 

Temperaturę 

Ramp 

C/mm) 

Finał 

Temperaturę 

Hołd Time 
at Finał 
Temperatura 
(min') 

70 


70 

2 

70 

5 

240 

5 


Carrier gas: Helium 
Row ratę: 2.4 m L/m In 
Injection volume: 1 pL 
Injection type: Splitless injection system 
System suitabillty 
Sample: Sys tern sui ta bili ty solu tion 
[Notę—T he refatlve retention times for methyl palmitate 
and methyl stearate are about 0.9 and 1.0, 
respective1y.] 

Suitability requirements 

Resolution: NLT 5.0 between methyl palmitate and 
methyl stearate 

Relative standard deviation: NMT 3 0% for the pal- 
mitate and stearate peak areas from six replicate in- 
jections; NMT 1.0% for the peak area ratio of palmi¬ 
tate to stearate from six replicate injections 
Analysis 

Sample: Sample soiution 

Measure the peak areas for all the fatty acid esters in 
the chromatogram. 

Calculate the percentage of stearic acid in the fatty acid 
fraction of the portion of Magnesium Stearate taken: 

Result = (ru/rr) x 1 00 

ry = peak area of methyl stearate from the Sample 
soiution 

r T - sum of the peak areas of all the fatty acid 
esters from the Sample soiution 
Srmilarly, calculate the percentage of palmitic add in 
the portion of Magnesium Stearate taken, 

Result - ( rojrj ) x 100 

/> - peak area of methyl palmitate from the 

Sample soiution 

fj - sum of the peak areas of all the fatty acid 
esters from the Sample soiution 
Acceptance criteria: NLT 40% for the stearate peak. 

The sum of the stearate and palmitate peaks Is NLT 
90% of the total peak areas of all the fatty acids. 
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ADDITIONAL REQUER£MENTS 

* Packaging and Storace: Preserve in tight containers. 

* +Labeling: Where the labeling States the spectflc surface 
area, it afso indkates which method s pecif ied in Specific 
Surface Area (846) is used, Label to indicate that the fatty 
adds are derived from edibfe sources.* 

* USP Reference Standards (11) 

USP Palmitic Add RS 
USP Stearic Acid RS 


MaBeic Acid 



C. 1 H 4 O 4 116.07 

(Z)-Butenedioic acid; 

ds-Butenedioic acid [110-1 6-7]. 

DEBWmON 

Maleic Acid contains NLT 99.0% and NMT 101,0% of 
CiH 4 0 4j calculated on the anhydrous basis. 

IDENTIFICATION 

* A, Procedurę 

Analysis: DissoNe 500 mg of Maleic Acid in 10 ml of 
water. 

Acceptance criteria: The pH of the solutlon Is less than 

2. 

* B, The principal spot from Sample solution B corresponds 

in color, size, and Rf value to that from Standard solution 

A, as obtained in the procedurę for Limit of Fumaric Acid. 

* C INFRARED ABSORPTION (197K) 

A5SAY 

® Procedurę 

Sample solution: 1 0 rng/mL of Maleic Acid 

Analysis: Utratę the Sample solution with 1 N sodium 
hydroxide VS, using phenolphthaleln TS as the indica- 
tor. Each ml of 1 N sodium hydroxide Is equivalent to 
58.04 mg of CHA. 

Acceptance criteria: 99,0%-101.0% on the anhydrous 
basis 

IMPUR1TIE5 

Bnorganic Bmpurities 

* Resipue on Ignition (281): NMT 0,1%, determined on a 

1.0-g portion 

* Limit of Iron 

Solution A: Dissolve 9J g of potasslurn thiocyanate in 
100 mL of water, 

Diluted standard iron solution: Immediately before 
use, dl lute 1 volume of Standard Iron Solution, p rep a red 
as directed in Iron (241), with 9 volumes of water. 
[Notę—T h is solution contains the equivalent of 1 iiq/ 
mL of Iron,] 

Standard solution: Add 6 mL of water to 5 mL of Di- 
futed standard iron solution . Add 1 mL of diluted hydra¬ 
ch [orle acid and 0.05 mL of bromine TS. After 5 min, 
remove the excess of bromine with the aid of a current 
of afr, add 3 ml of Solution A f and shake well. 

Sample solution: Dissolve 1 g of Maleic Acid in 10 mL 
of water. Add 2 mL of diluted hydrochloric add and 
0.05 ml of bromine TS. After 5 min, remove the excess 
of bromine with the aid of a current of air, add 3 mL of 
Solution A , and shake welL 

Analysis: Al Iow the Standard solution and Sample solu¬ 
tion to stand for 5 min. 


Acceptance criteria: Any red color in the Sample solu¬ 
tion is not morę intense than that in the Stanaard solu¬ 
tion (NMT 5 ppm), 

Defefe the folhwing: 

•• Heavy Metals, Method II (231) 

Test preparation; Transfer 1.0 g of Maleic Acid to a 
quartz cruciblą and add 0,5 g of magnesium oxide. Ig- 
nite the crudble to duli redness untfl a homogeneous 
white or grayish-white mass is obtained, Ignite at 8G0* 
for 1 h, cool, and dissolve the residue by adding Lwo 
5-mL portlons of diluted hydrochloric acid. Add 0,1 mL 
of phenolphthalein TS, then add ammonium hydroxide 
untll a pink cotor is obtained, Cool, add glacial acetic 
add untll the solution is decolorized, then add 0.5 mL 
of glacial acetic acid in excess, and dilute with water to 
20.0 mL. 

Standard solution: To 0.5 g of magnesium oxide add 
1.0 mL of Standard Lead Solution, and evaporate to dry- 
ness at 105 c for 1 h. Following the procedurę described 
for preparation of the Test preparation, ignite, dissolve 
in ailuted hydrochloric acid, add ammonla and then 
acetic acid, and dilute with water to 20.0 mL. 

Blank: Water and Test preparation (10:2) 

Analysis: To 12 mL of the Test preparation add 2.0 mL 
of pH 3,5 Acetate Buffet , mix, add to 1.2 mL of 
thioacetamide-glycerin base TS, and mix immediately. 
To 10 mL of the Standard solution add 2.0 mL of the 
Test preparation and 2.0 mL of pH 3,5 Acetale Buffet , 
mix, add 1.2 ml of thloacetamide-glycerin base TS, 
and mix immediately, 

Compared to the Blank, the solution from the Standatd 
solution shows a light brown color. Dilute each of the 
Solutions from the Test pteparation and Standard solu¬ 
tion with water to 50 mL. Al Iow to stand for 2 min, 
and view downward over a white surface. 

Acceptance criteria: The color of the solutlon from the 
fet preparation is not darker than that of the solution 
from the Standard solution (NMT 10 ppm).® <ofiidai m,hv 
201 aj 

Organie Bmpuriiies 
* Procedurę: Limit of Fumaric Acid 

Adsorbent: 0.25-mm layer of chromatographic sillca 
gef mfxture 

Standard solutlon A: 2 mg/mL of USP Maleic Add RS 
in acetone 

Standard solution 8: 1.5 mg/mL of USP Fumaric Acid 
RS in acetone 

System suitability solution: Equal volumes of Standard 
solution A and Standard solution B 
Sample solution A: 100 mg/mL of Maleic Acid in 
acetone 

Sample solution B: 2 mg/mL of Maleic Add in acetone 
from Sample solution A 

Deve!oping solvent system: Heptane, butanol, chloro¬ 
form, and anhydrous formie acid (44:36:16:1 6) 
Application vofume: 10 pL for the System suitability so¬ 
lution and 5 pL each for Standard solution A, Standard 
solution B , Sample solution A f and Sample solution B 
Analysis 

Sam pies: 5 fon dard solution Ą Standard solution B f Sys¬ 
tem suitability solution, Sample solution A f and Sample 
solution B 

Proceed as directed in Chromotography <621 ), Thin - 
Layer Chromotography, using an unsaturated cham- 
ber. Dry the piąte at 100° for 15 min, and examlne 
the piąte under short“Wave!ength UV light at 254 
nm. 

Acceptance criteria: The chromatogram from the Sys¬ 
tem suitability solution exhibits two clearfy separated 
spots, and any spot corresponding to fumaric add in 
the chromatogram from Sample solution A does not ex- 
ceed, In size or intensfty, the principal spot In the chro- 
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matogram from Standard solution B (NMT 1,5% of fu- W - weight of the Sample (mg) 

marle add). Acceptance criteria: 99,0%-100.5% 


5PECIFIC TESTS 

<* COLOR AND CLARITY OF SOLUTION 

Dilute hydrochloric add solution: Dilute 27.5 ml of 
hydrochloric add with water to 1000 ml_. 

Reference solution: Mix 2.4 mL of ferric chloride CS 
and 0.6 ml of cobaltous chloride CS with Dilute hydro¬ 
chloric acid solution to make 10 mL, Di Jutę 5 ml of thls 
solution with Dilute hydrochloric acid solution to make 
100 mL 

Sample solution: 100 mg/mL of Maleic Acid 
Analysis: Place the Reference solution and the Sample 
solution in matched color-comparison tubes, and conv 
parę the Solutions by viewing them downward against 
a wbite surface (see Color and Achromicity (631)). 
Acceptance criteria: The Sample solution is dear and 
not morę Intensely colo red than the Reference solution. 

* Water Determination, Method I (921): NMT 2,0% 

ADDITIONAL REQUIREMENTS 

« Packaging and Storage: Preserze in tight glass contain- 
ers, protected from fight. Storę at room temperaturo. 

* U5P Reference Standards (11) 

USP Fumaric Acid RS 
tJSP Maleic Acid RS 


Malic Acid 



C<H 6 O s 1B4.09 

Hydroxybutanedioic acid, (±)-; 

(±)-Mallc acid; 

(±)-Hydroxysuccinic acid [617-48-1]. 

DEFINmON 

Malic Acid contafns NLT 99.0% and NMT 100.5% of 
C,H 6 Q 5 . 

IDENTIFICATION 

* A. Infrared Absorption (197K): On undried sample 

ASSAY 

* Procedurę 

Sample: 2 g 
Titnmetric system 
(See Ti tri met ty (541).) 

Modę: Direct titration 
Titrant: 1 N sodium hydroxide VS 
Endpoint detectlon: Visual 
Analysis: Dissolve the Sample in 40 mL of recently 
boiled and cooled water. Add phenolphthalein TS, and 
Litra te to the first appearance of a faint pink color that 
persists for NLT 30 s. Perform a blank determinatson. 
Calculate the percentage of malic acid (C 4 HfiOs) in the 
Sample taken: 

Resuit =[(l/-6)xNxfxl 00 J/W 


IMPURITIES 

o Residue on Bgnition (281): NMT 0.1% 


Delete the fotiowing: 

** Heavy Metals, Method // (231): NMT 20 ppm* (OlłiciaJ ]- 

|an-201fl) 

* Fumaric and Maleic Acids 

Mobile phase; 0.01 N su [furie acid 
System suitability solution: I mg/mL of Mafie Add, 
lOpg/mL of USP Fumaric Add RS, and 4pg/mL of USP 
Maleic Acid RS in Mobile phase 

Standard solution: 5.0 pg/mL of USP Fumaric Acid RS 
and 2.0 pg/mL of USP Maleic Acid RS in Mobiie phase 
Sample softition: 1,0 mg/mL of Malic Add in Mobile 
phase 

Chromatographtc system 

(See Chromatogropny (621), System Suitability.) 

Modę: LC 

Detector: UV 210 nm 

Column: 6,5-mm x 30-cm; packing LI 7 

Column temperaturę: 37± 1° 

Flow ratę: 0.6 mL/min 
Injection size: 20 pL 
System suitability 
Sample: Sys tem su i ta bil i ty solu tion 
[NOTE—The relative retention ttmes for maleic add, ma¬ 
ile acid, and fumaric acid are 0,6, 1.0, and 1.5, 
respectively.] 

Suitability requirements 

Resolution: NLT 2.5 for the maleic add and malic 
acid peaks; NLT 7.0 for the malic add and fumaric 
acid peaks 

Relative standard deviation: NMT 2.0% for the ma¬ 
leic acid peak 
Analysis 

Sam pies: Standard solution and Sample solution 
Cajcujate the percentage of maleic add and of fumaric 
add in the portion of Malic Acid taken: 

Resuit - (rJri) x (Q/Cu) x 100 

ru = peak response of maleic acid or fumaric acid 
from the Sample solution 

r$ = peak response of maleic add or fumaric add 
from the Standard solution 

Cs - concentration of USP Maleic Acid RS or USP 
Fumaric Add RS in the Standard solution 
(mg/mL) 

C u - concentration of Malic Acid in the Sample 
solution (mg/mL) 

Acceptance criteria 
Fumaric add: NMT 1.0% 

Małek add: NMT 0.05% 
e Water-Insoluble Substances 
Sample: 25 g 

Analysis: Dissolve the Sample In 100 ml of water, filter 
the solution through a ta red Rite ring crucible, wash the 
filter with hot water, and dry at 100° to constant 
weight. 

Acceptance criteria: The inerease in weight is NMT 
25 mg (0.1%). 


V = volume of Titrant consumed by the Sample 

(mL) 

B = volume of Titrant consumed by the Blank (mL) 
N - aclual norma li ty of the Titrant (mEq/mL) 

F = equlvafency factor, 67.04 mg/m£q 


ADDBTIONAL REQUIREMENT$ 

o Packaging and Storage: Preserve in welhclosed 
containers. 
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• USP Reference Standards (11) 
USP Fu marle Acid RS 
USP Maleic Acid RS 
USP Mafie Acid RS 


Maltftol 



Ci 2 H 24 0„ 344.31 

O-Clucopyranosyl-D-glucitol [585-88-6]. 

DOTNITiON 

Maltitol contatns NLT 92,0% and NMT 100.5% of D-maltitol 
(CiaH^OiOr caEculated on the anhydrous basis. The 
amounts of total sugars, other poły hydrie aicohots, and 
any polyol anhydhefes, if detected, are not included in the 
requirements or in the caJculated amount in General No- 
tkes and Requirements, 5,60.10 Other Impurities in USP and 
NF Articies. 

IDENTIFICATION 

* A. INFRARED ABSORPTION (197K) 

o B. The retention time of the major peak of the Sample 
soi u don corresponds to that of the Standard sol u don, as 
obtained in the Assay. 

ASSAY 

• Procedurę 

Mobile phase: Water. [Notę—D egas the Mobile phase 
before use.] 

System suitability solution: 4.8 mg/g of USP Maltitol 
RS and 4.8 mg/g of sorbitol 

Standard solution: 10 mg/g of USP Maltitol RS and 
1.6 mg/g of sorbitof 

Sample solution: Dlssoive 0.20 g of Maltitol in water, 
ano dilute with water to 20 g. Record the ffnal solution 
weight, and mix thoroughfy. The solution es 10 mg/g of 
Maltitol, 

Chromatographic system 

(See Chmmatograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 
Cofumn: 7,8-mm x 10-cm; packing L34 
Temperatures 
Column: 60+ 2* 

Detector: 35° 

Flow ratę: 0,5 mL/min 
Injection volume: 10 uL 
System suitability 

Samples: System suitability solution and Standard 
sol u don 

[NOTĘ—The relatlve retention times for maltitol and sor¬ 
bitol are 0.48 and 1.0, respectively,] 

Suitability requirements 

Resolution: NLT 2.0 between maltitol and sorbitol, 
System suitability solution 

Reiative standard devjation: NMT 2,0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of D-maltitol {C 12 H 24 O 11 } in 
the portion of Maltitol taken: 

Result = (r y /r s ) x (CdCu) x [100/(100 - 140] xlG0 


ru - peak response from the Sample solution 

Cs = peak response from the Standard solution 

C 5 = concentration of USP Maltitol RS in the 
Standard solution (mg/g) 

Cu - concentration of MaititoT in the Sample 
solution (mg/g) 

W = percentage obtained in the test for Water 
Determinadon 

Acceptance critena; 92.0%-100*5% on the anhydrous 
basis 

IMPURITIES 
* LIMIT OF NICKEL 

Sample solution: Dissolve 20,0 g of Maltitol in diluted 
acetic acid, and dilute with diluted acetic acid to 
150 ml. 

Blank solution: 150 ml of diluted acetic acid 
Standard Solutions: Prepare three Solutions by adding 
0.5, 1.0, and 1.5 mL of nicke! standard solution TS to 
20,0 g of Maltitol dissolved in diluted acetic acid, and 
dilute with the same solvent to 150 mL, 

Instrumental conditions 
(See Atomie Absorption Speetroscopy (852).) 

Modę: Atomie ansomtion spectrophotometry 
Analytical wavelength: Maxima at about 232.0 nm 
Lamp: Nickel hollow-cathode 
Flame: Air-acetylene 
Analysis 

Samples: Stan dord so iu tions and Sample 50 fu don 
To each sample, add 2.0 mL of a saturated ammonium 
pyrrofidinedithiocarbamate solution (containtng 10 g/ 
L of ammonium pyrrolidinedithiocarbamate) and 
10.0 mL of methyf isobutyl ketone, and shake for 30 
s. Protect from bright lignt, AJ Iow the two layers to 
sępa ratę, and use the methyl isobutyl ketone layer. 

Set the instrument to zero using the organie tayer 
from the Blank solution , Concomitantiy determine the 
absorbances of the organie layer from the Samples at 
least three times each. Record the averaqe of tne 
steady readinas for each of the Standard soludons and 
the Sample solution, Between each measurement, as- 
pirate the organie layer from the Blank solution , and 
ascertain that the reading returns to zero. Plot the 
absorbances of the Standard soludons and the Sample 
solution versus the added quantity of nickel. Extrapo- 
late the linę jolning the points on the graph until it 
meets the concentration axi$, The distance between 
this point and the intersection of the axes represents 
the concentration of nickel in the Sample solution. 
Acceptance criteria: NMT 1 pg/g 
O REDUCING Sugars 
S ample: 3.3 g 
Titrimetric system 
Modę: Residua! titratron 
Tltrant: 0.05 N sodium thiosuifate VS 
Endpoint detection: Visual 

Analysis: Dissolve the Sample in 3 mL of water with the 
aid of gentie heat, Cool, and add 20.0 mL of cupric 
citrate TS and a few glass beads. Heat so that boifing 
begins after 4 min, and maintain boiling for 3 min. 

Cooi rapidly, and add 40 mL of diluted acetic acid, 

60 mL of water, and 20.0 mL of 0,05 N iodine VS, With 
continuous shaking, add 25 mL of hydrochiorie acid in 
water solution (6:94). When the precipitate has dis- 
soived, titrate the excess of iodine with Tltrant using 
2 mL of starch TS, added towards the end of the titra- 
tion, as an fndicator. 

Acceptance criteria: NLT 12.8 mL of Tit rant \s required, 
corresponding to NMT 0.3% of redudng sugars, as glu- 
cose. [NOTE“fhe amount determined in this test is not 
included in the calculateci amount in General Notlces 
and Requirements, 5.60.10 Other Impurities In USP and 
NF Articies.] 
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5PEGF8C TESTS 

o Microbial Enumeratiion Tests (61) and Tests for Speci- 
fied Microorganfsms (62): The total aeroblc mlcrobia! 
count using the Platę Method does not exceed 10 3 cfu/g, 
and the total combined moJds and yeasts count does not 
exceed 10 1 2 cfu/g. 

0 CONDUCTIVITV 

Sample solution: 200 mg/ml. 

Analysis: Using an appropriate canductivity meter, 
choose a conductivity celi that is appropriate for the 
properties and conductMty of the solution to be ex~ 
amtned. Use a certified reference materia!, for example 
a solution of potassium chloride, that is appropriate for 
the measuremenU 

The conductMty vaJue of the certified reference matę- 
ria! should be near the expected conductMty value of 
the solution to be examrned. After calfbrating the ap- 
paratus with a certified reference materiał solution, 
rinse the conductivity celi several tinnes with water and 
at least twice with the aqueous solution to be ex- 
amined. Measure the conducth/ity of the Sampfe solu- 
tion at a temperaturę of 20 p , white gently stirring with 
a magnetlc stlrrer. 

Acceptance cnteria: NMT 20 pS/cm 

* Wat ER DETERMINATION, Method I (921): NMT 1.0% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Presen/e in well-closed contain- 

ers. No storage requirements are specified. 

« USP Reference Standards (11) 

U5P Maltitol RS 


Maltitol Solution 


DEF1NITEON 

Maltitol Solution is a water solution contalning, on the an- 
hydrous basis, NLT 50,0% of D-maltitol (CizH^On) (w/w) 
and NMT 8.0% of D-sorbitol (C ć H]j0 6 ) (w/w). The 
amounts of tota! sugars, other polyhydric afcohols, and 
any polyof anhydrides, if detected, are not included in the 
requirements nor in the calculated amount under Other 
Impuńties . 

BDENTHFICATION 
0 A. Procedurę 

Sample: 1.4 g of Maltitol Solution 
Analysis: Dissolve the Sample in 75 ml of water. Trans¬ 
fer 3 ml of this solution to a 15-cm test tubę, add 3 ml 
of freshly prepared catechol (1 in 10), and mlx. Add 
6 ml of sulfuric add, and mix, Gently heat the tubę In 
a flame for about 30 s, 

Acceptance cnteria: A deep pinie or wine-red color 
appears, 

o B. The retention tlme of the major peak of the Sample 
solution corresponds to that of tne Standard solution, as 
obtained In the Assay: 

& C Limit of Diethylene Glycgl and ethylene Glycol 
Diluent: Acetone and water (96:4) 

Standard stock solution: 0.5 mg/rnL of USP Diethylene 
Glyco! RS and 0.5 mg/mL of USP Ethylene Glycoi RS In 
Diluent 

Internal standard stock solution: 0.5 mg/mL of 1,3- 
butanediol (interna! standard) in Diluent 
Standard solution: 0.04 mg/mL of USP Diethylene Gly- 
col RS, 0.04 mg/ml of USP Ethylene Glycoi RS, and 
0.04 mg/mL of 1,3-butanediol, in Diluent , prepared 

1 Commercially available conductMty calibration Solutions for conductMty 

meter standardłzation, standardized by method* traceable to the National 

Insi: tu te of Standard* and Technology (NIST), may be used, Solutions pre¬ 
pared according to the InstrucLlons given in ASTM Standard Dl 125 may be 
used, proyided the conductivity of tne resultanl solution fs the same asr that 
of the solution prepared From the NiST-certified materiał, 


from the Standard stock solution and Internal standard 
stock solution 

Sample solution: Transfer 1.0 g of Maltitol Solution to 
a 25-mL volumetric fiask, Add 1,0 mL of water fo the 
fiask, and mix on a vortex mixer for 3 min. Add 2.0 ml 
of the Internal standard stock solution and 5 ml of Dilu¬ 
ent, and mix on a vortex mlxer for 3 min. Add the 
remaining Diluent to the fiask to volume in two equal 
portions. MIx the contents for about 3 min after each 
addition of Diluent, Pass a portion of the supernatant 
layer through a nylon fllter of 0.45-pm porę size. Dis- 
card the first 2 mL of the filtra te, and coliect the rest of 
the filtra te for analysis. [NOTĘ—Acetone is used to pre- 
cipitate maltitol,] 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: GC 

Detector: Flame ionlzation 

Column: 0.32-mm x 15-m fused-slllca capillary col- 
umn; 0,25-fim layer of phase G46 

Temperaturę 
Detector: 300 p 
Injection port: 240 D 

Column: See temperaturę program table beiow. 


Inltlal 

Temperaturę 

n 

Temperaturę 

Ramp 

C/minY 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

70 


70 

.i" 

70 

SO 

300 

5 


Carrier gas: Helium 
Flow ratę: 3.0 m L/m In 
Injection size: 1.0 pL 

Injection type: Split iniection, The split ratio is about 
10:1. [NOTĘ—A generał purpose split/splitless, taper, 
glass wool, and deactivated liner is used.] 

System suitability 
Sample: Standard solution 

[Notę—S ee the relative retention time table below. Rel- 
ative retention times are provided for Information only, 
and the standards should be used to ensure appropri¬ 
ate peak identification.] 



Relative 


Retention 

Na me 

Time 

Ethylene plycol 

1.0 

1,3-Butanediol (Internal stan¬ 


dard) 

2,2 

Diethylene glycoi 

2,8 


Suitability reguirements 

Resolution: NIT 15 between ethylene glycoi and 1,3- 
butanediol 

Analysis 

Sam p ies: Standard solution and Sample solution 
Based on the Standard solution, identify the peaks of 
ethylene glycoi, 1,3-butanediol (internal standard), 
ano diethylene glycoi. Compare peak area ratios of 
ethylene glycoi to the internal standard and of dieth¬ 
ylene glycoi to the internal standard in the Standard 
solution and Sample solution, respectively, 

Acceptance criteria 

Diethylene glycoi: The peak area ratio of diethylene 
glycoi to the internal standard in the Sample solution is 
NMT the peak area ratio of diethylene glycoi to the 
Interna! standard in the Standard solution , correspond- 
ing to NMT 0,10% of diethylene glycoi In Maltitol 
Solution. 

Ethylene glycoi: The peak area ratio of ethylene glycoi 
to the Interna! standard In the Sample solution is NMT 
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the peak area rado of ethylene glycol to the internal 
standard in the Standard solution, corresponding to 
NMT 04 0% of ethylene glycol in Maltitol Solution* 

ASSAY 
« Procedurę 

Mobile phase: Water 

Standard solution: 10 mg/g of USP Maltitol RS and 
1.6 mg/g of USP Sorbitol RS 

Sample solution: 20 mg/g of Maltitol Solution in water 
Chromatographic system 
(See Chromatograpny (621), System Suitability ♦) 

Modę: LC 

Detector; Refracdve index 
Column: 7,8-mm x 10-cm; packing L34 
Temperaturę 
Column: 60 ± 2° 

Detector: 35° 

Flow ratę: 0.5 mL/min 
injection size: 10 piL 
System suitability 
Sample: Standard solution 

[NOTĘ—The relative retention times for maftotrfitol, mai- 
titol, and sorbitol are 0.38, 0.48, and 1*0, 
respectively.] 

Suitability reguirements 

Tailmg factor: NMT 1.2 for maltitol and sorbitol 
Relative standard deviatton: NMT 2*0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage, on the anhydrous basis, of 
CuH^On and C ć HnO & in the portion taken: 

Result = (ru/rO * (Cs/Cy) x [100/(100 - W)] x 100 

ru - peak response of D-maltitol or D-sorbitof from 
the Sam ple solution 

r 5 = peak response of D-maltitol or D-sorbitoi from 
the Standard solution 

Cs - concentration of the appropriate USP 

Reference Standard in the Standard solution 
(mg/g) 

Cu - concentration of Maltitol Solution in the 
Sample solution (mg/q) 

W = percentage in the test for Water Determmaf/on 
Acceptance criteria: NLT 50.0% of D-maltitol (w/w) 
and NMT 8,0% of D-sorbitol (w/w), on the anhydrous 
bas i s 

IMPURITIES 
Inorganic Impurities 

* Residue on ICNITION (281): NMT 0.1%, calculated on the 

anhydrous basis, determined on a 2-g portion 

• Limit of Nickel 

Solution A: 10 mg/ml of ammonium pyrrolldine 
dlthiocarbamate 

Sample solution: Dissolve and diluLe 20.0 g of Maftitot 
Solution with diJuted acetic add to 100 ml. Add 2.0 rrL 
of Solution A and 10.0 mL of methyl isobutyl ketone, 
and shake for 30 s. Protect from bright light. Al Iow the 
two layers to separate, and use the methyl isobutyl ke¬ 
tone layer. 

Standard Solutions: Prepare as directed for the Sample 
solution, except to prepare three Solutions by adding 
0.5, 1.0, and 1.5 mL of nickef standard solution TS* 
Biank solution: Prepare as directed for the Sample solu - 
tbn f except to omit the use of the Maltitol Solution. 
Spectrometric conditions 
(See Atom/c Absorption Speetroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: 232,0 nm (maximum 
absorbance) 


Lamp: Nickel hollow-cathode 
Flame: Air-acetylene 
Analysis 

Samples: Sample solution, Standard Solutions, and Blank 
solution 

Set the instrument to zero using the Blank solution . 
Concomitantly determine the absorbances of the 
Standard Solutions and the Sample solution at least 
three times each. Record the average of the steady 
readings for each of the Standard Solutions and the 
Sample solution, Between each measurement, aspirate 
the Blank solution t and ascertam that the reading te- 
turns to zero. Plot the absorbances of the Standard 
Solutions and the Sample solution versus the added 
guantity of nickel Extrapolate the linę joining the 
points on the grapb until it meets the concentration 
axis. The distance between this point and the inten 
section of the axes represents the concentration of 
nickel In the Sample solution. 

Acceptance criteria: NMT 1 ppm, calculated on the an¬ 
hydrous basis 

Organie Impurities 

* PROCEDURĘ: REDUCING SUGARS 

Sample: An amount of Maltitol Solution equivalent to 
3*3 g on the anhydrous basis 
Analysis: To the Sample add 3 mL of water, 20.0 ml of 
cupric citrate TS, and a few glass beads, Heal so that 
boilrng begins after 4 min, and maintain boiling for 3 
min. Cool rapldly, and add 40 mL of diluted acetic 
add, 60 mL of water, and 20.0 mL of 0*05 N iodine 
VS. With continuom shaking, add 25 mL of a mtxture 
of 6 mL of hydrochlorrc acid and 94 mL of water. 

When the precipitate has dissolved, trtrate the excess of 
iodine with 0,05 N sodium thiosulfate VS using 2 mL of 
starch TS, added toward the end of the titration, as an 
indicator. 

[Notę —The amount determined in this test is not in- 
cluded in the calculated amount under Other 
Impurities .] 

Acceptance criteria: NLT 12.8 mL of 0.05 N sodium thro- 
sulfate VS is reguired, corresponding to NMT 0*3% of re- 
ducing sugars, on the anhydrous basis, as glucose. 

5PECIFIC TEST5 

* MiCROBiAi Enumeration Tests (61) and Tests for Spicific 

Microorganisms (62): The total aerobic microbial count 
using the Platę Method is NMT 1000 cfu/ml, and the 
total comblned molds and yeasts count is NMT 100 cfu/ 
mL 

* PH (791): 5*0'7.5, in a 14% (w/w) solution of Maltitol 

Solution in carbon dioxtde-free water 

* Water Determinatign, Method I <921): NMT 31.5% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in welbclosed contain- 

ers. No storage requirements are spedfled; 

■ USP Reference Standards (11) 

USP Diethylene Glycol RS 
USP Ethylene Glycol RS 
USP Maltitol RS 
USP Sorbitol RS 


liVlaitodextrin 


DEFINmON 

Maltodextrin is a nonsweet, nutritive saccharide mixture of 
polymers that consists of D-glucose units, with a Dextrose 
Equivalent less than 20. It is prepared by the partial hy- 
drolysis of a food grade starch with suita ble acids and/or 
enzymes* It may be physically modified to improve its 
physicaf and functional characteristics* 
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ASSAY 

* DEKTROSE Eqmvalent 

Standard solution: 10 mg/mL of USP Dextrase RS 
Sample solution; Transfer 5 g of Maltodextrin witK the 
aid of hot water to a 100-mL volumetric fiask, cool, add 
water to volume, and mix. 

Analysis: Transfer 25.0-mL portfons of afkafine cupric 
tartrate TS to each of two boiling flasks. Bring the eon- 
tents of one fiask to boiling within 2 min while titrating 
with the Standard solution to within 0,5 mL of the antio 
ipated endpoint. Boil gently for 2 min. Continue to boil 
gentfy, add 2 drops of metriylene blue solution (1 in 
100), and compiete the trtration within 1 min by add- 
ing the Standard solution dropwise or in smali inere- 
ments until the blue color disappears, determined by 
viewing against a white baekground in dayljght or 
under equivalent illumination. If morę than 0.5 mL of 
the titrant was required after the addition of the indica- 
tor, repeat the tltration, adding the necessary volume of 
titrant before adding the indicator. Bring the eon tents 
of the second fiask to boiling, and similarly titrate with 
the Sample solution. 

Calculate the Dextrose Equivalent, on the dried basis, in 
the portion of Maltodextrin taken: 

Result = [100/(1 - 0,01 x A)] x (CJCu) x (VdV 0 ) 

A = percentage Loss on Drying of the MaJtodextrrn 
taken 

C s = concentration of USP Dextrose RS in the 
Standard solution (mg/mL) 

Cu ~ concentration of Maltodextrin in the Sample 
solution (mg/mL) 

V s ^ titrated volume of the Standard solution (mL) 

Vu - titrated volume of the Sample solution (mL) 

Acceptance criteria: Less than 20 
[Notę—T his is a limit test. For Maltodextrins with lower 
reducing values, other procedures may give other 
results,] 

IMPURfTlES 

* Residlie on Icnition (281): NMT 0.5% 


Dełete the following: 

# * Heavy Metals, Method II (231): NMT 5 ppm® (otrrciai mo^ 

201 U} 

* Limit of Protein 

Sample: 10 g 

Analysis: Transfer the Sample to an 800-mL Kjeldahl 
fiask, and add 10 g of anhydrous potassium sulfate or 
sodium sulfate, 300 mg of copper selenite or mercuric 
oxide, and 60 mL of sulfuric acid, GenLly heat the mix- 
ture, keeping the fiask inclined at about a 45° angle, 
and after frothing has ceased, boil brtskly until the solu¬ 
tion has remained elear for about 1 h. Cool, and very 
cautiously add about 50 mL of water while swirling to 
dissipate the resulting heat. Add an additiona! 


150-250 mL of water, mix, and cool aęjain. Cautiously 
pour 75 mL (or enough to make the mixture strongly 
alkaline) of sodium hydroxide solution (2 in 5) down 
the inside of the fiask so that it forms a layer under the 
acid solution, and then add a few pieces of granular 
zinc. Immediately connect the fiask to a distfllation ap¬ 
paratus consisting of a Kjeldahl connecting bu!b and a 
condenser, the delivery tubę of which extends well be- 
neath the surface of an accurately measured excess of 
0,1 N sulfuric add contained in a 500-mL fiask, Gently 
rotate the eon tents of the Kjeldahl fiask to mix, and 
distill until all ammonia has passed into the absorbing 
acid solution (about 250 mL of distillate). To the receiv- 
rng fiask add 0,25 mL of methyl red-methylene blue TS, 
and titrate the exces$ acid with 0.1 N sodium hydro*- 
ide. Perform a blank determmation, substituting pure 
sucrose or dextrose for the test spedmen, and make 
any necessary correction. Each mL of 0,1 N sulfuric acid 
consumed is equivalent to 1.401 mg of nitrogen (N). 
Calculate the percentage of N in the spedmen taken, 
and then calculate the percentage of protein by multt- 
plying the percentage of N by 6.25, 

Acceptance criteria: NMT 0,1% 

• Limit of Sulfur Dioxide 

Hydrogen peroxide solution; Dilute 30% hydrogen 

E eroxide with water to obtain a 3% solution, Just 
efore use, add 3 drops of methyl red TS, and neutral¬ 
ne to a yellow endpoint with 0.01 N sodium hydrox- 
ide. Do not exceed the endpoint, 

Nitrogen: Use high-purity nitrogen, with a flow regula¬ 
tor that will maintain a flow of 200 ± 10 mL/min, Guard 
against the presence of oxygen by passing the nitrogen 
through a scrubber, such as alkaline pyrogallol, pre- 
pared as follows. Add 4,5 g of pyrogaffol to a gas-wash- 
tng bottJe, purge the bottle with nitrogen for 3 min, 
and add a solution containing 85 mL of water and 65 g 
of potassium hydroxide, while maintaining an atmos- 
phere of nitrogen in the bottle. 

Apparatus: The apparatus (see Figurę 1) is designed to 
efrect the selective transfer of sulfur dioxide from the 
specimen in boiling aqueous hydrach loric acid to the 
Hydrogen peroxide solution. The backpressure is limited 
to the unavoidable pressure due to the height of the 
Hydrogen peroxide solution above the tip of the bubbler, 
f. Keeping the backpressure as Iow as possible reduces 
the likelihood that sulfur dioxide will be lost through 
leaks. Freboil vinyi and sificone tubing. Appfy a thin film 
of stopcock grease to the sealing surfaces of all of the 
joints except the joint between the separatory funnel 
and the fiask, and elamp the joints to ensure tightness. 
The separatory funnel, S, has a capacity of 100 mL or 
greater. The iniet adapter, A , with a hose connector 
provides a means of applying head pressure over the so¬ 
lution, [Notę—A pressure-equalizing dropping funnel rs 
not recommended because condensate, which may 
contain suifur dioxide, is deposited in the funnel and 
the side arm.] 
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The round-bottomed fiask, C is a 1000-mL fiask with 
three 24/40 tapered joints. The gas inlet tubę, D, is 
łona enough to permit introduction of the nitrogen 
witnin 2.5 cm of the bottom of the fiask, The Alfihn 
condenser, E, has a jacket length of 300 mm. The bub- 
bler, F, is fabricated from glass according to the 
dimensions given rn Figurę 2. The Hydrogen peroxide 
solution is contained in a vessel, G, havinq an inside 
diameter of about 2.5 cm and a depth of about 
18 cm. Grculate coolant, such as a mixture of water 
and methanol (4:1) maintained at 5°, to chill the 
condenser. 



Figurę 2. Bubbier ( F) for the Sulfur Dioxide Apparatus. 


Analysis: Position the Apparatus m a heating mantle 
controlled by a power-regulating device, Add 400 mL of 
water to the fiask. Close the stopcock of the separatory 
funnel, and add 90 mL of 4 N hydrochloric acid to the 
separatory funnel. Begin the flow of Nitrogen at a ratę 
of 200 ±10 mL/rnln, Start the condenser coolant flow. 
Add 30 mL of the Hydrogen peroxide solution to vessel 
C. After 15 min, remove the separatory funnel, and 
transfer a mixture of 50,0 g of Maltodextrin and 
100 ml of alcohol solution (5 in 100). Apply stopcock 
grease to the outer joint of the separatory funnel, re¬ 
turn the separatory funnel to the tapered joint fiask, 
and concomitantly resume the nitrogen flow. Apply 
headpressure above the hydrochloric acid solution in 
the separatory funnel with a rubber bulb eguipped with 
a valve, Open the stopcock of the separatory funnel to 
permit the hydrochloric acid solution to flow into the 
fiask. Continue to maintain suffident pressure above the 
hydrochloric acid solution to force it into the fiask. 

[NOTĘ—The stopcock may be temporarily closed, if nec- 
essary, to pump up the pressure.] 

To guard against escape of sulfur dioxide (SOj) into the 
separatory funnel, close the stopcock before the last 
few mL of hydrochloric acid drain out Apply power to 
the heating mantle suffident to cause about 85 drops 
of reflux/min. After refluxlng for 1.75 h, remove vessel 
G, add 3 drops of methyl red TS, and titrate the con- 
tents with 0.01 N sodium hydroxide VS, using a 
10-mL buret with an overfiow tubę and a hose con- 
nection to a carbon dioxide-absorbing tubę, to a yel- 
low end point that persists for at ieast 20 s. Perform a 
btank determination, and make any necessary correc- 
tion (see Titrlmetry {5 41)). 

Calculate the quantity, in pg/g, of 50? in the portion of 
Maltodextrm taken: 

Result = 1000 x Fx Vx N/W 

F - milliequivalent weight of suffur dioxide, 32.03 
V - titrant volume consumed (mL) 

N - actual norma lity of the titrant 
W - weight of Maltodextrin taken (g) 

Acceptance enteria: NMT 40 ug/g (ppm) 

5PECIFIC TESTS 

® Microbial Enumeration Tests (61) and Tests for Speci- 
FIED MJCROORGANISM5 (62): It meefs the requirements of 
the tests for absence of Salmonella species and Escherichia 
coli. 
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• pH <791): 4.0-7.0, in a 0,2-g/mL solution in carbon di- 

oxide-free water. 

• Loss ON DfiyiNG <731): Diy a sample at 105° for 2 h in a 

forced-air oven: it loses NMT 6.0% of its weight. 

ADDITIONAŁ REQUIREMENTS 

• Packaging and Storage: Preserve in tight containers, or 

in well-closed containers, at a temperaturę not exceedinę 
30° and a relative humidity not exceeding 50%. 

• USP Reference Standards <11) 

USP Dextrose RS 


Maltol 



C*H*Oi 126.11 

3-Hydroxy-2'methyl-4-pyrone [118-71-8], 

DEFINITION 

Maltol contains NLT 99.0% of maltol (C 6 H*O^X calculated 
on the anhydrous basis. 

IDENTIFICATION 

* A. Bnfrared Absorption (197K) 

o B. Ultraviol£t Absorption (197U) 

Sample solution: 0,01 mg/mL in 0,1 N hydrochloric 
acid 

Blank: OJ N hydrochforit acid 

ASSAY 

* Procedurę 

Standard solution: 0.01 mg/mL of USP Maltol RS in 
0.1 N hydrochloric acid 

Sample solution: 0.01 mg/mL of Maltol in 0.1 N hy¬ 
drochloric acid 
Instrumental conditions 
Modę: UV 

Anajytical wavelength: Maximum at about 274 nm 
Blank: 0.1 N hydrochloric acid 
Anafysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of maltol (CeH^Oi) in the por- 
tion of Maltol taken: 

Result = {AufA$) x (Cj/Cu) x 100 

Au = absorbance of the Sample solution 
A$ - absorbance of the Standard solution 
Cs = concentration of USP Maltol RS in the 
Standard solution (mg/mL) 

Cu = concentration of the Sample solution (mg/mL) 
Acceptance criteria: NLT 99.0% on the anhydrous 
basis 

IMPURITIES 

* Residue on Ignjhon (281): NMT 0.2%, determined on 

1.0 g 

* Lead (251): NMT 10 ppm 


Oefete the fotiowing: 

** Heaw Metals, Method It (231): NMT 20 ppm# (Otfirid 1- 

ł*vMia> 

5PECIFIG TESTS 

• Melting Rangę or Temperaturę, Cfass ta (741): 

160°-164° 


• Water Determination, Method l <921): NMT 0,5% 

ADDITIONAŁ REQUiREMENT5 

■ Packaging and Storage: Preserve m tight containers, 
protected from iight. No storage requirements are 
specified. 

* USP Reference Standards <11) 

USP Maltol RS 


Maltose 



CijHaaO,, • H 2 0 360.31 

ÓałiaaOti 342.30 

4-0-a-D-Glucopyranosyl-/3-D-glucopyranose [69-79-4], 
4*0-a-D-Gliicopyranosyl-/3-D-glucopyranose monohydrate 
[6363-53-7] 

DEFINITION 

Maltose is a sugar. It contains one molecule of water of 
hydration or is anhydrous. It contains NLT 92.0% of malt¬ 
ose, calculated on the anhydrous basis. The amounts of 
other sugars, if detected, are not included in the require- 
ments or the calculated amount in General Notices and 
Requirement$, J. 60JO Other impurities in USP and NF 
Artfdes . 

IDENTIFICATION 

• A. Perfoim this test for Anhydrous Maltose only, 

Sample solution: 50 mg/mL 

Analysrs: Add 2-3 drops of the Sample solution to 5 mL 
of hot al kalinę cupric tartrate TS. 

Acceptance criteria: A red predpitate is formed. 

• B. The retention time of the major peak of the Sample 

solution corresponds to that of tiie Standard solution, as 
obtained in the Assoy. 

• C, Infrared Absorption <197K): Perform the test for 

Maltose Monohydrate only, Use the undried sample and 
USP Maltose Monohydrate RS. 

ASSAY 

• Procedurę 

Mobile phase: Water 

System suitability solution: 10 mg/g each of maltotn- 
ose, maltose, and glucose 

Standard solution: DissoNe USP Maltose Monohydrate 
RS in water to obtain a solution having a concentration 
of about 10 mg/g. Calculate the exact concentration on 
the anhydrous basis. 

Sample solution: DissoNe 0.10 g of Maltose in water, 
ano dilute with water to 10 g. Record the finał solution 
weight, and mix thoroughly, 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 
Column: 7.8-mm x 3G*cm; packing L58 
Temperatures 
Column: 80 ± 2° 

Detector: 40° 

Flow ratę: 035 mL/min; adjust so that the resolution 
between maltotriose and maltose is NLT 1.6. 

Injectron vo jurne; 20 jiL 
System suitability 

Sampfes: System suitability solution and Standard 
solution 
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[Notę—T he relative retention times for maltotriose, 
maltose, and glucose are about 0.9, 1.0, and 1,2, 
respectively.] 

Suitability reguirements 

Resolution: NLT 1.6 between maltotriose and malt¬ 
ose, System suitability soiutbn 

Relatiye standard deviation: NMT 2,0%, Standard 
soiutbn 
Analysis 

Samples: Standard soiutbn and Somple solution 
Calculate, on the anhydrous basis, the percentage of 
Maltose taken: 

Result ^ [{rjfi) x (Q/Q]/[{100 - W)/ 100] x 100 

r u = peak response from the Sample solution 

fi - peak response from the Standard solution 

Cs — concentration of USP Maltose Monohydrate 
RS Sn the Standard solution , on the 
anhydrous basls (mg/g) 

Cu - concentration of Maltose in the Sample 
solution (mg/g) 

W - percentage of water from the test for Waler 
Determinotion 

Acceptance criteria: NLT 92,0% on the anhydrous 
basls 

IMPURITIES 

O RE3IDUE on Sgnithon (281) 

Sample: 2 g 

Acceptance criteria: NMT 0.05% 

Deiete the folio wing: 

Heavy Metals, Method I (231): NMT 5 jug/g* ( o«idai \-i*v- 

SPECIFIC TESTS 
® Dextrin, Starch, and Sulfite 

Sample solution: 1.0 g of Maltose in 1 0 ml of water 
Analysis: Add 1 drop of iodine TS to the Sample 
solution . 

Accepta nce criteria: A yeilow rotor develops. Th en add 
1 drop of starch TS; a blue color develops, 
e PH (791) 

Sample solution: 100 mg/mL in carbon dioxide-free 
water 

Acceptance criteria 
Anhydrous form: 3.7—4.7 
Monohydrate form: 4.0-5.5 
o Water Determfnation, Method l (921) 

Anhydrous: NMT 1.5% 

Monohydrate: 4.5%-ó.5% 

ADDmONAL REQUfREMENT5 

<5 Packaging and Storage: Preserve in welhdosed contaln- 
ers. No storage regulrements specified. 

* USP Reference Standards (11) 

USP Maltose Monohydrate RS 


SWlandelfc Acid 



C B H a 0 3 152.15 

Benzen eacetic add, a- hyd roxy-; 
(/?5)-2-Hydroxy-2~phenylacetic add; 


(±)-a-Hyd roxyphenylacetic acid; 

2-Hydroxy-2-phenyfacetlc add [90-64-2], 

DEFINITUON 

Mandelic Acid contafns NLT 98,0% and NMT 102,0% of a- 
hydroxyphenylacetic acid (CfshhCh), calcuiated on the an¬ 
hydrous basis. 

I0ENT9FBCAT1ON 
o A. Snfrared Absorption (197K) 

* B. Chromatographic Identety 

Analysis: Proceed as directed in the Assay. 

Acceptance criteria: The retention time of the major 
peak of the Sample solution corresponds to that of the 
Standard solution, as obtained in tne Assay. 

ASSAV 
» Procedurę 

Solvent A: 0.01 M phosphoric acid 
Mobile phase: Acetonitrile, methanol, and Solvent A 
(17:3:80) 

Standard stock solution A: Prepare a solution havlng 
known concentrations of 0.2 mg/mL of acetophenone, 
0.5 mg/mL of benzoylformic acid, and 0,25 mg/mL of 
USP Benzaldehyde RS, respectively, in Mobile phase. 
Standard stock solution B: Transfer 25 mg of USP Ben- 
zoic Add RS to a 250-mL yoiumetric fiask, add 5,0 mL 
of Standard stock solution A, di lute with Mobile phase to 
volume, and mix. 

Standard stock solution C: Use USP Mandelic Acid RS 
to prepare a solution having a known concentration of 
5 mg/mL in Mobile phase. 

System suitability solution: Transfer 5.0 ml of Standard 
stock solution Band20,0mLof Standard stock solution C 
to a 1 00-mL volumetric fiask, dii u te with Mobile phase 
to yolurne, and mlx. The solution contains 1 mg/mL of 
USP Mandelic Add RS, 0.2 jtg/mL of acetophenone, 

0.5 pg/mL of benzoylformic acid, 0.25 pg/mL of USP 
Benzaldehyde RS, and 5 jug/mL of USP Benzoic Add RS. 
Standard solution: 1 mg/mL of USP Mandelic Add RS 
in Mobile phase prepared from Standard stock solution C 
Sample solution: 1 mg/mL of Mandelic Add in Mobile 
phase 

Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 240 nm 
Column: 4.6-mm x 25-cm; 5-pm packing LI 
Column temperaturę: Ambient 
Flow ratę: 0.8 mL/min 
Jnjectron yolurne: 20 (ii 
System suitability 
Sample: Sys tern su i ta bil i ty so lu tio n 
[Notę— See Tobie 1 for refative retention times.] 


Table t 


Component 

Relative 

Retention 

Time 

Benzoylformic acid 

0.9 

Mandelic acid 

1.0 

Benzoic acid 

3.2 

Benzaldehyde 

3.6 

Acetophenone 

4,8 


Suitability requirements 

Resolution: NLT 3.0, between the benzoylformic acid 
eak and the mandelic add peak and between the 
enzoic add peak and the benzaldehyde peak 
Rdative standard deyiation: NMT 1% for the man¬ 
delic add peak 
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Taj ling factor: NMT 2.0 for each peak 
Analysis 

Sam pies: Standard solution and Sample sofution 
Calculate the percentage of mandelic acid (C 8 H B 0 3 ) In 
the portion of MandeTlc Acid taken: 

Resuft - (ry/rs) x (Cj/Cy) x 100 

ry = peak response of mandelic acid from the 
Sample sofution 

r$ ~ peak response of mandelic acid from the 
Standard solution 

Q = concentration of USP Mandelfc Acid RS m the 
Standard solution (mg/mL) 

Cy - concentration of Mandelic Acid In the Sample 
solution (mg/mL) 

Acceptance criteria: 98.0%-102.G% on the anhydrous 
basis 

IMPUBBIIES 

* Residue on Ecnition (281): NMT 0.1% 

Detete the foilowing: 

Heavy Metals, Method II (231): NMT 20 jig/ga (oman u 

Jaiv20 IS) 

® Limit of Benzoylformic Acid, Benzaldehyde, Benzoic 
Acid, and Acetophenone 

Standard stock solution A, Standard stock solution B, 
Chromatographk system, and System suitabifity: 
Proceed as directed in the Assay , 

Standard solution: Transfer 5.0 ml of Standard stock 
solution B to a 100-ml volumetric fiask, di lute with Mo¬ 
bile phase to volume, and mlx. The Standard solution 
contalns 0.2 pg/mL of acetophenone, 0,5 pg/mL of 
benzoylformic acid, 0.25 pg/mL of USP Benzaldehyde 
RS, and 5 pg/mL of U5P Benzoic Acid RS, 

Sample solution: 2,5 mg/mL of Manddic Acid in Mo¬ 
bile phase 
Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of each related compound 
(benzoylformic acid, benzaldehyde, benzoic acid, or 
acetophenone) in the portion of Mandelic Acid taken: 

Result - ( ru/ts ) x (CdCu) x 100 

fu = peak response of the re!evant related 
compound (benzoylformic acid, 
benzaldehyde, benzole acid, or 
acetophenone) from the Sample sofution 
rs = peak response of the re!evant related 
compound (benzoylformic acid, 
benzaldehyde, benzoic acid, or 
acetophenone) from the Standard solution 
Cs = concentration of the relevant related 
compound (benzoylformic acid, USP 
Benzaldehyde RS, USP Benzoic Acid RS, or 
acetophenone) m the Standard solution 
(mg/mL) 

Cu - concentration of Mandelic Acid In the Sample 
sofution (mg/mL) 

Acceptance criteria 
Benzoylformic acid: NMT 0,1% 

Benzoic acid: NMT 1.0% 

Benzaldehyde: NMT 0.05% 

Acetophenone: NMT 0.01% 

® Limit of Chloride 
Sample: 1 g 

Analysis: Proceed as directed for Chloride and Sulfate 
(221), Chloride, 

Acceptance criteria: 0.01%; a 1-g portion shows no 
morę than corresponds to 0.15 mL of 0.020 N hydro- 
chioric acid. 


SPECA FIC TESTS 

«» Melting Rance or Temperaturę (741): 118°-l 21° 

* Water Determination, Method la (921): NMT 0.5% 

* TURBIDITY 

(5ee Nephelometry, Turbidimetry, and Visual Comparison 
(855), Visual Comparison *) 

Sample sofution: 50 mg/mL in water 
Blank: Reserve a portion of the water used to prepare 
the Sample solution. 

Fixed reproducible standards: See Determination of 
Turbidity in Eiastomeric Closures for Injections (381), 
Analysis: Measure the turbidity of the Sample solution 
and Blank as directed in Nephelometry ; Turbidimetry ; and 
Visual Comparison (855), Vtsual Comparison against the 
Fixed reproducible standards. 

Acceptance critena: The turbidity is the difference be- 
tween the values obtalned for the Blank and the Sample 
solution, expressed In Nephelos units. The Sample solu¬ 
tion shows no morę turbidity than the 10 Nephelos 
units standard, 

AD DA Tl ON AL REQUI91EMENTS 

* Packacing and Storage: Preserve in weli-closed eon tai n- 
ers. Storę in a dry and well-ventilated place. Protect from 
light. 

* USP Reference Standards (11) 

USP Benzaldehyde RS 
USP Benzoic Acid RS 
USP Mandelic Acid RS 


Mannitol —see Mannitol General 
Monographs 


Meglumine —see Meglumine General 
Monographs 


MenthoS —see Menthol General Monographs 


Metlhaerylic Ad di CopoBymer _ 

(Any article currentiy titfed Methacrylic Acid Co poły mer, 

Type A or Type B, will be officialfy titled Methacrylic Acid 
and Methyf Methacrylote Copolymer after December 1, 
201S . Any article currentiy titled Methacrylic Acid Co¬ 
polymer, Type C, will be officially titled Methacrylic Acid 
and Ethyl Acrylate Copolymer after Decem ber 1, 2015. Af¬ 
ter December 7, 2075, the Methacrylic Acid Copolymer 
mono grap h will no longer be vafid.) 



Tyf® fli W; Ralw 

A CHj, HnrCK, 1:1 

6 CHj H cir ŁH, 13 

C CHj H 1:1 

ar H CjH h 

Type A or Type B: Poly(methacrylic acid, methyl 
meth acrylate); 

Methacrylic add-methyl meth acrylate copolymer 
[25086-15-1 ]. 

Type C: Polyfmethacrylic acid, ethyl acrylate); 
Methacrylic acid-ethyl acrylate copolymer [25212-88-8], 
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DEF1NITJON 

Methacrylic Acid Copolymer consists of methacrylic add and 
methyl methacryiate monomers arranged in a random 
distribution or consists of methacrylic acid and ethyl acry- 
late monomers arranged in a random distribution. It may 
contain suitable surface~active agents. The Assay and Ws- 
cosity requirements differ for the three types, as described 
in the table helów. 



Methacrylic 

Acid Units, 

Dried Basis 

_ 

Visci 

tmp, 

351 ty 
as) 

Type 

Min. 

Max. 

Min. 

(VI 

A 

46 .0 

50.6 

60 

120 

B 

27,6 

30.7 

50 

200 

C 

46.0 

50.6 

100 

200 


IDENTi F1CATION 

» A, iNFRARED ABSORPTBON (197K) 

o B. It meets the requirements of the Assay. 

ASSAY 
• Procedurę 

Sample: 1 g, previously dried 

Analysis: Pissoive the Sampie in 100 mL of neutraiized 
acetone, and titrate with 04 N sodium hydroxide V5, 
determining the endpoint potentiometrically (see 77- 
trimetry (541)). Each mL of 0.1 N sodium hydroxide is 
equivałent to 8.609 mg of methacrylic acid (GhUCh) 
units. 

Acceptance criterla: See Tobie 1. 


Table 1 


Type 

Methacrylic 

Acid Unifc, 

Dried Basis 

(V) 

Min. 

Max. 

A 

46.0 

50.6 

B 

27.6 

30.7 

C 

46.0 

50.6 


IMPURITIES 

* Residue on Ignition <281): NMT 04% for Types A and B; 

NMT 0.4% for Type C 

Detete the foitowing: 

•* Heaw Metals, Method ii (231): NMT 20 pg/g* toNitifli ;i- 

|an-201 B) 

» Limit of Monomers 

Phosphate buffer: Prepare an aąueous solution eon- 
taining 17,8 g/L of anhydrous dibasic sodium phos¬ 
phate and 1 7.0 g/L of monobasic potassium phosphate. 
Adjust with phosphoric acid to a pH of 2.0. This buffer 
has a concentration of 04 25 M. 

Sodium perchiorate solution: 35 mg/mL of sodium 
perchlorate. This solution has a concentration of 0.25 

Mobile phase: Add phosphoric acid dropwise to water 
to obtain a soiution with a pH of 2.0. Prepare a mixture 
of this acidified water and methano! (80:20), and 
degas. 

Standard solution for Type A or Type B: Disso!ve 
0,05 g of methacrylic add and 0,05 g of methyl meth¬ 
acryiate in 5 mL of butanol, and add methanol to ex- 
actly 100 ml. Transfer 1.0 mL of this solution to a 
lOOmnt volumetric fiask, Dilute with methanol to vol- 
ume. Mix 3,0 mL of this solution with 10,0 mL of Phos¬ 


phate buffer\ This solution contains 145 pg/mL each of 
methacrylic add and methyl methacryiate. [NOTĘ—Due 
to volatlfity of monomers, tightly closed vials should be 
used.] 

Standard solution for Type C: Dissolve 0.01 g of 
methacrylic acid and 0.01 g of ethyl acrylate in 5 mL of 
butanol, and add methanol to exactly 100 mL, Transfer 
1.0 mL of this solution to a 1 00-mL volumetnt fiask. 
Dilute with methanol to volume, Mix 10,0 mL of this 
solution with 5.0 mL of Sodium perchiorate soiution. This 
solution contains about 0.67 pg/mL each of methacrylic 
acid and ethyl acrylate. 

Sample solution for Type A or Type B: Transfer 1 g of 
Methacrylic Acid Copolymer, Type A or Type B, to a 
50-mL voiumetne fiask, dilute with methanol to volume, 
and mix. Add 3 ml of this solution dropwise, whEle 
continuousiy stirring, to a beaker that contains 10.0 mL 
of Phosphate buffer. Remove the precipitated poły mer to 
obtain a elear supernatant by centrifugation (e.g., NLT 
5000 x g for NLT 5 min), Use the dear supernatant. 
[Notę—D ue to vofatifity of monomers, tightly closed 
ais should be used.] 

Sample solution for Type C: Transfer 3 g of Metha- 
crylic Acid Copolymer, Type C, to a 50-mL volumetric 
fiask, dilute with methanol to voiume, and mix. Add 
lO.OmL of this solution dropwise, while continuousiy 
stirring, to a beaker that contains 5,0 mL of Sodium per¬ 
chlorate solution. Remove the precipitated polymer to 
obtain a dear supernatant by centrifugation (e.g., NLT 
5000 x g for NLT 5 min), Use the elear supernatant. 
Chromatographic system 
(See Chromatography (62 1), System Suitability.) 

Modę: LC 

Detector: UV 202 nm 

Column: 4,0“mm x 1 2.5-cm; 7-j.im packing LI 
Fiow ratę: 2 mL/min 
Injection volume: 20 \xL 
For Type A or Type B 
System suitability 

Sample: Standard solution for Type A or Type B 
[NOIE—The relative retention times for methacrylic acid 
and methyi methacryiate are 1.0 and 2,8, 
respectively.] 

Suitability requirements 

Resolution: NLT 2.0 between methacrylic acid and 
methyl methacryiate 

Relative standard deviation: NMT 5.0% 

Analysis 

Samples: Standard solution for Type A or Type B and 
Sample solution for Type A or Type B 
Calculate the percentage of each monomer (metha¬ 
crylic acid or methyl methacryiate) in the portlon of 
Methacrylic Acid Copolymer Type A or Type B taken: 

Result - (rufrT) x (CfW) x x D x F x 100 

fu = peak response of the monomer (methacrylic 
acid or methyl methacryiate) from the 
Sampie solution for Type A or Type B 
r* = peak response of the monomer (methacrylic 
acid or methyl methacryiate) from the 
Standard soiution for Type A or Type 8 
C - concentration of the monomer (methacrylic 

acid or methyi methacryiate) in the Standard 
soiution for Type A or Type B (pg/mL) 

W = weight of Methacrylic Add Copolymer Type A 
or Type B taken to prepare the Sample 
solution for Type A or Type B (g) 

Vf ~ finaf volume of the Sample solution for Type A 
or Type B, 13 mL 

D - dilution factor for preparation of the Sample 
solution for Type A or Type B t 1 6.7 
F = conversion factor, 1(H g/pg 
Acceptance enteria: NMT 0.05% for the total 
amount of monomers 
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For Type C 
System suitabllity 

Sam ple: Standard solution for Type C 
[Notę—T he refatwe retention times for methacrylic adcl 
and ethyl acrylate are 1.0 and 2.6, respectively.] 

Suitability requirements 

Resolution: NIT 2.0 between methacrylic acid and 
ethyl acrylate 

Relative standard deviation: NMT 5.0% 

Analysis 

Sam pies: Standard solution for Type C and Sample 
solution for Type C 

Calculate the percentage of each monomer (metha¬ 
crylic acid or ethyl acrylate) in the portion of Metha¬ 
crylic Acid Copolymer Type C taken: 

Result = (ru/rs) x (C/HO x V F x D x F x 100 

ru = peak response of the monomer (methacrylic 
acid or ethyl acrylate) from the Sample 
solution for Type C 

/* = peak response of the monomer (methacrylic 

acid or ethyl acrylate) from the Standard 
solution for Type C 

C = concentration of the monomer (methacrylic 
acid or ethyl acrylate) in the Standard 
solution for Type C (ug/mL) 

W = weight of Methacrylic Acid Copolymer Type C 
taken to prepare the Sample solution for Type 

c (g) 

Vf - finał volume of the Sample solution for Type C, 

15 ml 

D = dilution factor for preparation of the Sampie 
solution for Type C, 5 
f - conversion factor, 10“ ć g/pg 
Acceptance criteria: NMT 0.01% for the total 
amount of monomers 

5PECIFIC TE5TS 

a Vi5G05TTY—IROTATIONAL METHOD5 (912) 

Analysis: Place 254.6 g of isopropyl aicohol and 7.9 g 
of water in a test fiask. Add a quantity of Methacrylic 
Acid Copolymer, equivalent to 37.5 g of sollds on the 
dried basis, while stirring by means of a magnetic stir- 
rer. Close the fiask, and continue stirring until the poly- 
mer has dlssolved completely. Adjust the temperaturę 
to 20 ±0.1°. Equip a rotatlonal rheometer 1 following 
Method li. The shear ratę under the test condition is 
NLT 1 s~ 3 and NMT 100 S“ L Validations demonstrate 
that equivalent viscosity value is also obtamed using a 
rotational vlscometer with a cylindrical spindle 1.9 cm 
in diameter and 6.5 cm high, attached to a shaft 
0.3 cm in diameter. 2 The spindle rota fes at 30 rpm at 
an immersion depth of 8.15 cm (see Method i). Foflow 
the instrument manufactureds directions to measure the 
apparent vtsco$Ety. 

Acceptance criteria: See Tabie 2. 


Ta Ib Je 2 



Viscosity 


fm Pa ■ s) 

Type 

Min. 

IVłax. 

A 

60 

120 

B 

50 

200 

C 

100 

200 


1 A suitable rheometer is avaifab!e from Physica Messtechnik GmbH as the 
Coax ta i-Cylinder 27 or the Double-Gap-Cylinder 26.7, or any other ecjuiyafent 
rheometer, 

-'A suitable spindle h available from Brookfield as an LV1 spindle, or the 
equivalent. 


® Loss on Drying (731) 

Analysis: Dry at 110° for ó h, 

Acceptance criteria: NMT 5.0% 

ADBOIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers. 

Storę at controtled room temperaturę. 

® Labeling: La bel Et to State whether it is Type A, B, or C. 
The labeling also indleates the name and guantity of any 
added surface-active agent. 

* USP Reference Standards (11) 

USP Methacrylic Add Copolymer, Type A RS 
USP Methacrylic Acid Copolymer, Type B RS 
USP Methacrylic Acid Copolymer, Type C RS 


5V9ethacry8lc Acid CopoEymer Dlspersaon 

(Title for this monograph—not to change until May 1, 
2017) 

(Prior to May 7, 2017 , the current practice of labeling the 
article of commerce with the name Methacrylic Ada Co¬ 
polymer Dispersion may be continued. Use of the name 
Methacrylic Add and Ethyl Acrylate Copolymer Dispersion 
will be permitted as of May 1, 2012; but the use of this 
name will not be mandatory until May l f 2017. The 
60-month extension will provide the tlme needed by man¬ 
ii facturers and users to make necessary changes.) 

DEFINITION 

Methacrylic Acid Copolymer Dispersion is an aqueous dis¬ 
persion of Methacrylic Acid and Ethyi Acrylate Copolymer 
in water. !t contains, on the basis of the calculatea 
amount of dry substance in the Dispersion, NLT 46,0% 
and NMT 50,6% of methacrylic acid unlts. It may contain 
suitable surface-active agents, 

IDENTIFICATION 

® A. INFRARED Absorption (197K): Proceed as directed in 
the chapter, except use the residue obtained in the test 
for Loss on Drying as the sample, 

• B. It meets the requirements in the Assoy 

ASSAV 

a Procedurę 

Sample: 23 g of the Dispersion 
Titrimetrk system 
(See Tltrimetry (541).) 

Modę: Direct titration 
Titrant: 0.1 N sodium hydroxide VS 
Endpoint detection: Potentlometrlc 
Analysis: Dissolve the Sample in 100 mL of neutralized 
acetone. Ti tratę the solution a$ directed in Titrimetric 
system. Each mL of 0.1 N sodium hydroxide is equiva- 
lent to 8,609 mg of methacrylic acid (CjHfiOz) units. 
Calculate, on the dried basis, the percentage of metha¬ 
crylic acid units in the portion of Dispersion taken: 

Result = (Vx N)/[W x (100 - L)] x 860.9 

1/ - volume of Titrant consumed (mL) 

N = norma! Ety of the Titrant 
W - weight of Dispersion taken (g) 

L - percentage of the Loss on Drying value for the 
Dispersion 

Acceptance criteria: 46,0%-5Q.ó% based on the calcu¬ 
latea amount of dry substance in the Dispersion 

iMPURrms 

° Residue on Ignjtion (281) 

Analysis: Using mi Id heating conditions (e,g., steam 
batn, sand hatn) to avoEd loss of materia!, evaporate 
the Dispersion to dryness prior to ignition. 
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Acceptance critena: NMT 0.2% residue is obtained, 
calculated on the undried Dispersion basis. 

Dełete the fotlowing: 

•* Heaw Metals, Method tł (231) 

Analysis: Using mild heating conditions (e.g., steam 
batn, sand batn) Lo avoid loss of materiał, evaporate 
the Dispersion to dryness prior to wetting with sulfuric 
acid and ignition. 

Acceptance arteria: The cofor of the soiution from the 
Test Preparation is not darker ihan that of the sołution 
from the Standard Preparation (20 49 /g)-* toma t-i^oia) 

* Limit of Monomers 

Mobile phase: Add phosphoric acid dropwise to water 
to obtain a sołution with a pH of 2.0. Prepare a mixture 
of this acidified water and methanol (80:20), and 
degas. 

Sodium perchlorate soiution: Dissolve 3.5 g of sodium 
perchlorate in 100 mL of water. This sołution has a con- 
centration of 0.25 M. 

Standard soiution: Dissołve 0.01 g of methacrylic acid 
and 0.01 g of ethyl acryiate in 5 mL of butanol, and 
add methanol to make exactly 100 mL. Transfer 1.0 mL 
of this sołution to a 100-rnL volumetnc fiask, and dilute 
with methanol to volume, Mix 10.0 mL of this sołution 
with 5.0 mL of 5nd/um perchlorate sołution , accurately 
measured. This sołution contains about 0.67 pg/mL 
each of methacrylic acid and ethyl acryiate. 

Sampie soiution: Transfer a guantity of Dispersion, 
equivafent to 3 g of solids on the dried basis, to a 
50-mL volumetric fiask, dilute with methanol to volume, 
and mix. Add 10.0 mL of this soiution dropwise while 
continuously stirring into a beaker that contains 5.0 mL 
of Sodium perchlorate soiution , accurately measured. Re- 
move the predpitated polymer by centrifugation (e.g., 
NLT 5000 x g for NLT 5 min). Use the elear 
supernatant. 

Chromatographic system 

(See Chromatography ( 621), System Suitabiłity.) 

Modę: LC 

Detector; UV 202 nm 

Column: 4.0-mm x 12,5-cm; 7-pm packing LI 
Fiow ratę: 2 mL/min 
Injection voiume: 20 pL 
System suitabilify 
Sa m ple: Standard sołution 

[Notę—T he relative retention tlmes for methacrylic add 
and ethyl acryiate are 1.0 and 2.6, respectlvely.] 

Suitability requirements 

Resolutton: NLT 2.0 between methacrylic acid and 
ethyl acryiate 

Refatlve standard deviation: NMT 5.0%, determined 
for each anaiyte 
Analysis 

Sampies: Standard sołution and Sampie 50 /uf/on 
Calculate the percentage of each monomer in the 
weight of the Dispersion taken: 

Resuft - (ru/is) x (C/l/V) x Vf x D x F x 100 

fu - peak response of the monomer (methacrylic 
acid or ethyl acryiate) from the Sampie 
sołution 

= peak response of the monomer (methacrylic 
add or ethyl acryiate) from the Standard 
sołution 

C = concentratron of the monomer (methacrylic 
acid or ethyl acryiate) in the Standard 
sołution (pg/mL) 

W - weight of the Dispersion taken to prepare the 
Sampie sołution (g) 

Vf - finał volume of the Sampie soiution , 15 mL 


D = dilution factor for preparation of the 5amp/e 
sołution, 5 

F = conversion factor, 10* g/pg 
Acceptance criteria: NMT 0.01% of total monomers, 
based on the weight of the Dispersion taken 

SPECIFiC TESTS 

* COAGULUM CONTENT 

Analysis: Weigh a stainless Steel sieve having 90-pm 
openings or a suitable single-woven wire cloth with a 
mesh width of 90 pm, and filter 100 g of the Dispersion 
through it. [NoiE—Suitable single-woven wire cloth 
mesh meets the requirements set in ISO 9044.] Wash 
the sieve or the cloth with distilled water untiJ a elear 
filtrate is obtained, and dry the sieve or the cloth to 
constant weight at 110*. 

Acceptance criteria: The weight of the residue does 
not exceed 1000 mg (1%). 

* Loss ON Drying (731) 

Analysis: Dry at 110° for 6 h. 

Acceptance criteria: óS,5%-71.5% 

* MlCROBIAL ENUMERATION TESTS (ól)and TESTS FOR SPECIFIED 

Microorganisms (62): The total aerobic mkrobial count 
does not exceed 1 0 l cfu/g, and the total combined 
molds and yeasts count does not exteed 1 0 2 cfu/g. 

* PH (791): 2.0-3.0 

* Vis cosity— Rotatio n al Methoos, Method ii (912) 

Analysis: Equip a suitable rotational viscometer with an 
adapter comprising a cylindrical spindle rotating within 
an accurately machined chamber (or tubę). 1 Mix the 
Dispersion, pipet the volume of test spedmen recom- 
mended by the instrument manufacturer into the 
chamber (or tubę), and ensure that the temperaturę of 
the test spedmen is at 20 ± 0.1°. The shear ratę under 
the test condition is NLT 1 s~ T and NMT 100 s~K 2 Meas- 
ure the apparent viscosity following the instrument 
manufacturer '5 directions. 

Acceptance criteria: The viscosity is between 2 and 15 
mPa * s. 

ADDITIONAt REQU!REMENTS 

* Packaging and Storage: Preserve in tight containers. 

Storę at controlled room temperaturę. Protect from 
freezing. 

* Labeling: The la bel indicates the na me and amount of 

any substance added as a surface-active agent. 

* USP Reference standards (11) 

USP Methacrylic Add and Ethyl Acryiate Copolymer (1:1) 
RS (USP Methacrylic Acid Copolymer, Type C RS) 


Methacrylic Acid and Ethyl Acryiate 
Copolymer 



Ki "i 
Cm, h 
« H CjM, 

Po!y(methacryNc acid, ethyl acryiate); 

Methacrylic acid-ethyl acryiate copolymer [25212-88-8], 

1 A commerdal devit:e ii availabJe from Brookfield as an uEtra-low (UL) vi$C0$» 
tty adapter. The adapter comprises a 0.4-cm diameter shaft, an accurately 
machined chamber {or tubo) with an interna! diameter of 2.8 Cm and a 
depth of 1 3.5 cm, and a cylindrical spindle 2.5 cm in diameter and 9.1 cm tn 
height. 

J The cylindrical spindle rotates al 30 rpm # which corresponds to a shear rale 
of approximatdy 37 s-L 
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DEFINITION 

Methacrylic Acid and Ethyl Acrylate Copolymer conslsls of 
methacrylic acid and ethyl acrylate monomers arranged in 
a random distributlon. Methacrylic add units in Metha¬ 
crylic Acid and Ethyl Acrylate Copolymer, previously dried,, 
are NIT 46.0% and NMT 50.6%. It may contain sultable 
surface-active agents. 

IDENTIFICATION 

* A. INFRARED AbsorptiOn (197K): Use USP Methacrylic 

Acid and Ethyl Acrylate Copolymer (1:1) RS for Metha¬ 
crylic Acid and Ethyl Acrylate Copolymer having a rangę 
of 4ó.Q%-5G.ó% for methacrylic acid units. 

® E. It meets the reguirements of the Assay. 

ASSAY 

* Procedurę 

Sample: 1 g, previously dried 

Analysis: Dissolve the Sample in 100 mL of neutrallzed 
acetone, and Utratę with 0.1 N sodium hydroxide VS, 
determining the endpoint potentiometncally (see Ti- 
trimetry (541)). Each ml of 0.1 N sodium hydroxide is 
equivaient to 8.609 mg of methacrylic add (C^Hs0 2 ) 
units. 

Acceptance criteria: 4ó.0%-50.6% 

IMPURIT1ES 

e RESIDUE on IgnitioN (281): NMT 0.4% 


Detete the following: 

•i HEAW METALS, Method U (231): NMT 20 j.ig/g* (ÓfflcW 1- 

jan-201B) 


Change to read: 

® Limit of Methacrylic Acid and ethyl Acrylate 
Sodium perchlorate solution; 35 mg/ml of sodium 
jaerchlorate. This solution has a concentratlon of 0.25 

Mobile phase: Add phosphoric add dropwfse to water 
to obtarn a solution with a pH of 2.0. Prepare a mlxture 
of this acidified water and methanol (80:20), and 
degas. 

Standard solution: Dtssolve 0.01 g of methacrylic add 
and 0.01 g of ethyl acrylate in 5 ml of butanol, and 
add methanol to exactfy 100 mL. Transfer 1.0 mL of this 
solution to a 100-mL volumetrlc fiask. Dilute with meth* 
anol to valume. *Mix 5.0 mL of this solution* <err i^ pr - 
2 oi 6) with 5.0 mL of Sodium perchlorate solution, This so- 
lution contains *about 0.5 pg/mL* (err Mpr^oio each of 
methacrylic acid and ethyl acrylate. 

Sample solution: Transfer about 3 g of Methacrylic 
Acid and Ethyl Acrylate Copolymer to a 50-mL yofumet- 
ric fiask, dilute wltn methanol to volume, and mix. Add 
°5.0 mL of this solution* (E rr i-ap^otó) dropwise, while 
continuously stirnng, to a beaker that contains 5.0 mL 
of Sodium perchlorate solution. Remove the predpttated 
polymer to obtain a elear supematant by centrifugation 
(e.g., NIT 5000 x g for NLT 5 min). Use the elear 
supematant. 

Chromatographic system 

(See Chromatograpny (621), System Suita bil i ty.) 

Modę: LC 

Detector: UV 202 nm 

Coiumn: 4.0-mm x 12.5-cm; Z-pm packing LI 
Flow ratę: 2 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 

[Notę—T he relative retention times for methacrylic add 
and ethyl acrylate are 1.0 and 2.6, respectlvely.] 


Suitability reąuirements 

Resolution: NLT 2.0 between methacrylic acid and 
ethyl acrylate 

Relative standard deviation: NMT 5.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of each monomer (metha¬ 
crylic add or ethyl acrylate) In the porbon of Metha¬ 
crylic Add and Ethyl Acrylate Copolymer taken: 

Result = (ru/n) x (C/W) x V F x D x F x 100 

fu = peak response of the monomer (methacrylic 
acid or ethyl acrylate) from the Sample 
solution 

n = peak response of the monomer (methacrylic 
add or ethyl acrylate) from the Standard 
solution 

C - concentratlon of the monomer (methacrylic 
acid or ethyl acrylate) in the Standard 
solution (pg/mL) 

W = weight of Methacrylic Add and Ethyl Acrylate 
Copolymer taken to prepare the Sampie 
solution (g) 

*V f ~ finał volume of the Sampie solution, 10 mL 
D = dl lution factor for preparation of the Sample 

solution , 10* (ERR l-Apr-2016) 

F = conversion factor, 10- fi g/pg 
Acceptance criteria: NMT 0.01% for the total amount 
of monomers 

SPECDFIC TESTS 

e VISCOSITV—1$ OTATIONAL METHODS (912) 

Analysis: Place 254,6 g of isopropyl alcohol and 7.9 g 
of water in a test fiask. Add a quantity of Methacrylic 
Add and Ethyl Acrylate Copolymer, equivalent to 37*5 g 
of solids on the dried basts, while stlrrlng by means of a 
magnetic stirrer. Close the fiask, and continue stirring 
unttl the polymer has dissolved completely. Adjust the 
temperaturę to 20 ±0.1°. Egulp a rotational rheometer 1 
following Method IL The shear ratę under the test con- 
dition is NLT 1 s- 1 and NMT 100 s- 1 . Valldations 
demonstrate that eg u i va lent viscosity value is also ob- 
tained using a rotational viscometer with a cyfindricaf 
splndle 1.9 cm in diameter and 6.5 cm high, attached 
to a shaft 0.3 ern In diameter. 2 The splndle rotates at 30 
rpm at an Immersion depth of 8.15 cm (see Method I). 
Follow the instrument manufactureCs dlrections to 
measure the apparent viscosity. 

Acceptance criteria: 100-200 mPa * s, for Methacrylic 
Acid and Ethyl Acrylate Copolymer with a rangę of 
46.0%-50,6% for methacrylic acid units 

• Loss on Drying (731) 

Analysis: Dry at 110° for ó h. 

Acceptance criteria: NMT 5*0% 

ADDITIONAL REQUIREMENT$ 
a Packaging and Storage: Preserze in tight contalners, 
and storę at controlled room temperaturo. 

® LABEUNG: La bel it to indicate the rangę of methacrylEc 
acid units. The labeling also indfeates the name and 
quantity of any added surface-actlve agent. 

* USP Reference Standards (11) 

USP Methacrylic Add and Ethyl Acrylate Copolymer (1:1) 
RS (USP Methacrylic Add Copolymer, Type C RS) 

J A suitable rheometer is available from Physica Messtechnik. GmbH as the 
Coarial-Cylinder 27 or the DoubJe-Gap-Cylinder 26.7, or any other equivalent 
rheometer. 

-A suiLabie spindfe is availab]e from Brookfield as an LV1 spindle, or the 
equivaienL 
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Methacrylic Acid and Ethyl Aorylafe 
Copolymer Dispersion_ 

(Tltle for this monograph—to become officiaf May 1 t 2017) 
(Prior to Moy 7, 2017 , tbe cunent practice of labeling the 
article of commerce with the name Methacrylic Acid Co¬ 
polymer Dispersion may be continued. Use of the name 
Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion 
will be permitted as of May 1, 2012; but the use of this 
name will not be mandatory untU May 7, 2017 * The 
60-month extension will provide the time needed by mon- 
ufacturers and users to make necessary changes.) 

DEFINITION 

Methacrylic Add and Ethyl Acrylate Copolymer Dispersion is 
an aqueous dispersion of Methacrylic Acid and Ethyl Acry¬ 
late Copolymer. It contains, on the basis of the calculated 
amount of dry substance in the Dispersion, NLT 46.0% 
and NMT 50.6% of methacrylic acid units. It may contain 
suitable surface-active agents. 

IDENTIFICATION 

* A, Infrared A&SORPTION (197K): Proceed as directed in 

the chapter, except use the residue obtained in the test 
for Loss on Drying as the sample, 

* B* It meets the reąuirements in the Assay. 

AS5AY 

* Procedurę 

Sample: 23 g of the Dispersion 
Tltrlmetrk system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 04 N sodium hydroxide VS 
Endpoint detection: Potentiometric 
Analysis: Dissolve the Sample in 100 ml_ of neutralized 
acetone. Titrate the solution as directed in Titńmetrk 
system , Each mL of 04 N sodium hydroxide is equiva- 
lent to 8.609 mg of methacrylic acia (CjHćO?) units* 
Calculate, on the dried basis, the percentage of metha¬ 
crylic acid units in the portion of Dispersion taken: 

Result ^ (Vx N)/[Wx (100 - L)J x 860.9 

V - volume of Titrant consumed (mL) 

N - norma! i ty of the Titrant 
W - weight of Dispersion taken (g) 
i - percentage of the ioss on Drying value for the 
Dispersion 

Acceptance cnteria: 46,0%~50.ó% based on the calcu* 
lated amount of dry substance in the Dispersion 

IMPURfTlES 

* Residue on Icnition (281) 

Analysis: Using mild heating conditions (e.g*, steam 
bath, sand bath) to avoid loss of materiał, evaporate 
the Dispersion to dryness prior to ignition* 

Acceptance cnteria: NMT 0.2% residue is obtained, 
calculated on the undried Dispersion basrs. 

Delete the following: 

# * Heaw Metals, Method II (251) 

Analysis: Using mild heating conditions (e g., sfeam 
bath, sand bath) to avoid loss of materiał, evaporate 
the Dispersion to dryness prior to wetting witn sulfunc 
acid and ignition. 

Acceptance cnteria: The color of the solution from the 
Test Preparotion is not darker than that of the solution 
from the Standard Preparotion (20 pg/g)*# coffictai 1 ^ 2011 > 

* Limit of Monomers 

Mobile phase: Add phosphoric acid dropwise to water 
to obtaln a solution with a pH of 2.0, Prepare a mixture 


of this acidified water and methanol (80:20), and 
degas. 

Sodium perchlorate solution: Dissolve 3*5 g of sodium 
perchlorate in 100 mL of water This solution bas a con- 
centration of 0.25 M. 

Standard solution: Dissolve 0.01 g of methacrylic acid 
and 0,01 g of ethyl acrylate in 5 ml of butanol, and 
add methanol to make exactly 100 mL. Transfer 1*0 mL 
of this solution to a 100-mL volumetric fiask, and dilute 
with methanol to volume* Mix 10*0 mL of this solution 
with 5.0 mL of Sodium perchlorate solution , accurately 
measured. This solution contains about 0.67 pg/mL 
each of methacrylic add and ethyl acrylate. 

Sample solution: Transfer a guantity of Dispersion, 
equivalent to 3 g of solids on the dried basis, to a 
50-mL volumetnc fiask, dilute with methanol to volume, 
and mix* Add 10.0 ml of this solution dropwise while 
continuously stirhng into a beaker that contains 5.0 mL 
of Sodium perchlorate solution , accurately measured. Re- 
move the precipltated poły mer by eentnfugation (e.g., 
NLT 5000 x g for NLT 5 min). Use the elear 
supernatant. 

Ohromatographie system 

(See Chromotography (621), System Suitability,) 

Modę: LC 

Detector: UV 202 nm 

Column: 4.0-mm x 12,5*cm; 7-pm packing LI 
Flow ratę: 2 ml/min 
Injection volume: 20 pL 
System suitability 
Sample: Standard solution 

[Notę— The relative retention times for methacrylic acid 
and ethyl acrylate are TO and 2*6, respectively.J 
Suitability requirements 

Resoiution: NLT 2,0 between methacrylic acid and 
ethyl acrylate 

Relative standard deviation: NMT 5.0%, determined 
for each analyte 
Analysis 

Samples: Standard solution and Sample solution 
Calcufate the percentage of each monomer in the 
weight of the Dispersion taken: 

Result = (fu/rj) x (C/W) x % x D x F x 100 

ru - peak response of the monomer (methacrylic 
acid or ethyl acrylate) from the Sample 
solution 

Cs = peak response of the monomer (methacrylic 
acid or ethyi acrylate) from the Standard 
solution 

C = concentration of the monomer (methacrylic 
acid or ethyl acrylate) in the Standard 
solution (pg/mL) 

W - weight of the Dispersion taken to prepare the 
Sample solution (g) 

Vt = ftnal volume of the Sample solution , 15 mL 
D - dilution factor for preparation of the Sample 
solution, 5 

F - conversion factor, 10 6 g/pg 
Acceptance critena: NMT 0.01% of total monomers, 
based on the weight of the Dispersion taken 

SPECIFtC TESTS 
• cgaculum Content 

Analysis: Weigh a stainless Steel sieve having 90*pm 
openings or a suitable single-woven wire cloth with a 
mesh width of 90 pm, and filter 100 g of the Dispersion 
through it. [Notę —Suitable single-woven wire cloth 
mesh meets the requirements set in ISO 9044*] Wash 
the sieve or the cloth with distllled water until a elear 
filtrate is obtained, and dry the steve or the cloth to 
constant weight at 110°. 

Acceptance cnteria: The weight of the residue does 
not exceed 1000 mg (1%). 
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* Loss on Drying (731) 

Analysis: Dry at 110 c for 6 h. 

Acceptance criteria: 68.5%™ 71.5% 

*> Microbial Enumeration Tests {61) and Tests for Specj- 
FiED MiCROORGANESMS (62): The total aerobic microbiai 
count does not exceed 10* cfu/g, and the total com- 
bined molds and yeasts count does not exceed 10 2 cfu/ 
9- 

* PH {791): 2,0=3.0 

o Viscosu y—Rotational Methods, Method li (912) 

Analysis: Equip a suitable rotational vlscometer with an 
adapter comprising a cylindrical spindle rotating within 
an accurately machined chamber (or tubę), 1 Mix the 
Dlspersion, pipet the volume of fest specimen recom- 
mended by the Instrument manufacturer into the 
chamber (or tubę), and ensure that the temperaturę of 
the test specimen is at 20 ± 0,1°. The shear ratę under 
the test condition is NLT 1 s~ T and NMT 100 s-t, 2 Meas- 
ure the apparent vi$cosity following the instrument 
manufacturer's direettons. 

Acceptance criteria: The viscosify is between 2 and 15 
mPa ■ s, 

ADDITIONAL REQUIR£MENTS 

& Pacraging and Storage: Preserve in tight eontainers. 
Storę at controlled room temperaturę, Protect from 
freezing, 

* Labeling: The label indicates the name and amount of 
any substance added as a surface-active agent 

* USP Reference Standards (11) 

USP Methacrylic Acid and Ethyl Acrylate Copolymer (1:1) 
RS (USP Methacrylic Acid Copolymer, Type C RS) 


Methacrylic Acid and Methyl 
Methacrylate Copolymer _ 

(Title for this new monograph—to become official December 
1, 2015) 

(Prtor to December 1, 2015, the current praetke of labeling 
the article of commerce with the name Methacrylic Acid 
Copolymer, Type A or Type B, whichever is appropriate , 
may be continued, Use of the name Methacrylic Acid and 
Methyi Methacrylote Copolymer will be permitted as of 
December l f 2010, but the use of this name will not be 
mandatory until December 1, 2075. The 60-manth exten- 
sion will provide the time needed by manufacturers and 
users to make necessary changes.) 



R, = H or OH* 


(Ratio of H to CH 3 is either 1:1 or 1:2) 

Pofy(methacrylic acid, methyi methacrylate); 

Methacrylic acid-methyl methacrylate copolymer 
[25086-15-1]. 

DEFINmON 

Methacrylic Acid and Methyi Methacrylate Copolymer con- 
sists of methacrylic acid and methyi methacrylate mono- 

1 A com merdał devite is ayailable from Brookfield as an ultra-Iow (UL) viscos- 
ity adapter. The adapter comprlses a 0,4-cm diameter shaft, an accurately 
machined chamber (or tubę) with an interna! diameter of 2.8 tm and a 
depth of 1 3.5 cm, and a cylindrical spindle 2.5 cm in diameter and 9.1 cm rn 
helght. 

2 The cylindrical spindfe rotates at 30 rpm, which corresponds to a shear ratę 
of appnoximately 37 s- 1 . 


mers arranged in a random distributlon, Methacrylic acid 
units in Methacrylic Acid and Methyi Methacrylate Co¬ 
polymer, previous3y dried, are NLT 27.6% and NMT 
50.6%. It may contain suitable surface-active agents. 

IDENUFICATEON 

* A. Rnfrared Absgrptign {197K) 

Use USP Methacrylic Acid and Methyi Methacrylate Co- 
poiymer (1:1) RS for Methacrylic Acid and Methyi 
Methacrylate Copolymer, with a rangę of 46.0%-5Q.6% 
for methacrylic acid units. 

Use USP Methacrylic Acid and Methyi Methacrylate Co- 
poiymer (1:2) RS for Methacrylic Acid and Methyi 
Methacrylate Copolymer, with a rangę of 27.ó%-30.7% 
for methacrylic acia units, 

* B. It meets the requlrements of the Assay. 

ASSAY 
a Procedurę 

Sample: 1 g, previously dried 

Analysis: Dissolve the Sample in 100 mL of neutralized 
acetone, and tltrate with 0.1 N sodlum hydroxide VS, 
determining the endpoint potentlometrically (see Tb 
trimetry (541)), Bach mL of 0.1 N sodlum hydroxide Is 
equivalent to 8.609 mg of methacrylic add (OHeO;) 
units* 

Acceptance criteria 

Methacrylic acid and methyi methacrylate copolymer 
(1:2): 27.ó%-30,7% 

Methacrylic add and methyi methaeryiate copolymer 
(1:1): 46.0%-5O.Ó% 

IMPURITIES 

* RESiDUE ON OCNITION {281): NMT 0.1% 


Delete the following; 

Heavy Metals, Mefhod II (231): NMT 20 pg/g# n 

lan 201 e) 

* Limit of Methacrylic Acid and Methyl Methacrylate 

Phosphate buffer: Prepare an aqueous solution con- 
taining 1 7.8 g/L of anhydrous dlbasic sodlum phos- 
phate and 17.0 g/L of monobasic potassium phosphate, 
Adjust with phosphorlc acid to a pH of 2.0. This buffer 
has a concentration of 0.125 M. 

Mobile phase: Add phosphorlc add dropwise to water 
to obtaln a solutlon with a pH of 2,0. Prepare a mixture 
of this addified water and methanol (80:20), and 
degas. 

Standard solution: Dlssolve 0.05 g of methacrylic acid 
and 0,05 g of methyi methacrylate In 5 mL of butanol, 
and add methanol to exactly 100 mL. Transfer 1 *0 mL 
of this solution to a 100-mL volumetric fiask, Difute 
with methanol to volume. Mlx 3.0 mL of this solutlon 
with 10.0 ml of Phosphate buffer. This solution contafns 
1.15jig/mL each of methacrylic add and methyi meth¬ 
acrylate, [Notę—D ue to volati!ity of monomers, tlghtly 
dosed vlals should be used.] 

Sample solution: Transfer 1 g of Methacrylic Add and 
Methyi Methacrylate Copolymer to a 50-mL volumetnc 
fiask, dllute with methanol to vo!ume, and mix. Add 
3 mL of this solutlon dropwise, whife continuously stir- 
rmg, to a beaker that contains 1 0.0 mL of Phosphate 
buffer: Remove the predpitated poiymer to obtaln a 
elear supernatant by centrlfugatlon (e.g., NLT 5000 x g 
for NLT 5 min)* Use the elear supernatant. [Notę —Due 
to volatility of monomers, tlghtly dosed vials should be 
used,] 
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Chromatographrc system 

(See Chromatography (62 1), System Suitability.) 

Modę: LC 

Detector: UV 202 nm 

Column; 4.0-mm x 12.5-cm; 7-Lim packing LI 
Flow ratę: 2 mL/mfn 
Injection volume: 20 pL 
System suitability 
Sam ple: Standard solution 

[Notę —The relative retention times for metbacryiic aeicl 
and rnethyl methacrylate are 1.0 and 2.8, 
respectively.] 

Suitabiiity requirements 

Resofution: NLT 2.0 between methaerylic add and 
methyl methacrylate 

Relative standard deviation: NMT 5,0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calcuiate the percentage of each monomer (metha- 
cryltc acid or methyl methacrylate) tn the portion of 
Methaerylic Acid and Methyl Methacrylate Copolymer 
taken: 

Result = (rjrs) x (C/W) x V F x D x F x 100 

fu - peak response of the monomer (methaerylic 
acid or methyl methacrylate) from the 
Sample solution 

rs - peak response of the monomer (methaerylic 
acid or methyi methacrylate) from the 
Standard solution 

C = concentration of the monomer (methaerylic 

acid or methyl methacrylate) In the Standard 
solution (pg/mL) 

W = weight of Methaerylic Acid and Methyl 

Methacrylate Copolymer taken to prepare 
the Sample solution (g) 

V F = finał volume of the Sample solution, 1 3 ml 
D = difution factor for preparation of the Sample 
solution , 16.7 

F - conversion factor, 10 6 g/pg 
Acceptance criteria: NMT 0,05% for the total amount 
of monomers 

SIFECIJFIC TEST5 

* VlSCOSITY—ROTATIONAŁ NlETHODS (912) 

Analysis: Place 254,6 g of isdpropyl alcohol and 7,9 g 
of water in a test fiask. Add a quantity of Methaerylic 
Acid and Methyl Methacrylate Copolymer, equivalent to 
37.5 g of solids on the dried basis, whiie stirring by 
means of a magnetic stirrer. Close the fiask, and con- 
tinue stirring until the polymer Has dissolved com- 
pletely. Adjust the temperaturę to 20 ±0.1°. Equip a ro¬ 
ta tional rheometer 1 following Method ii The shear ratę 
under the test condition is NLT 1 s- 1 and NMT 100 sL 
Va3idations demonstrate that an equivalent viscosity 
vaiue is also obtained using a rotational viscometer with 
a cylindrical spindle 1.9 cm in diameter and 6.5 cm 
high, attached to a shaft 0.3 cm in diameter. 2 The spin- 
dle rotates at 30 rpm at an immersion depth of 
8,15 cm (see Method /)- Folfow the instrument manufac- 
turehs directions to measure the apparent vlseosity. 
Acceptance criteria 

Methaerylic acid and methyl methacrylate co¬ 
polymer, with a rangę of 46 ł 0%-50.6% for metha- 
cryfic add units: 60-120 mPa ■ s 
Methaerylic acid and methyl methacrylate co¬ 
polymer, with a rangę of 27.6%“30.7% for metha- 
cryfic acid units: 50-200 mPa ■ s 

1 A suitable rheometer is avaifable from Physica Messtedinik GmbH as the 
Coaxial-Cylinder 27 or Ehe Doubte-Cap-CyJtnder 26.7, or any other equivalen: 
rheometer. 

-A suitable spindle is avai!able From BrookField as an LV1 spindle, or the 
equivalent. 


O ioss OM DRYIMG (731) 

Analysis: Dry at 110 q for 6 h. 

Acceptance criteria: NMT 5.0% 

ADDITIONAL REQUIREMENT5 

* PACKAGBMG AND Storage: Preserve in tight containers, 

and storę at controlled room temperaturę. 

■ Labeling: Label it to indicate the rangę of methaerylic 
acid units. The labeling also indicates the name and 
quantity of any added surface-active agent. 

* usp referemce standards (Tl) 

USP Methaerylic Acid and Methyi Methacrylate Co¬ 
polymer (1:1) RS (USP Methaerylic Acid Copolymer, 
Type A RS) 

USP Methaerylic Add and Methyl Methacrylate Co¬ 
polymer (1:2) RS (USP Methaerylic Acid Copolymer, 
Type B RS) 


Partially-Neutralized Methaerylic Acid 
and Ethyi AcryBate Copolymer 



R, = CH 3 ; R 2 - Hor 
R t = CH 3 ; R 2 = Ma or 
R] = H; R 2 = C 2 H 5 


Partially-neutralized poly(methacrylic acid, ethyl acrylate); 

Partially-neutralized methaerylic acid-ethyl acrylate co¬ 
polymer [25212-88-8]. 

DEF1NITION 

Partially-Neutralized Methaerylic Acid and Ethyl Acrylate Co¬ 
polymer consists of methaerylic acid and ethyl acrylate 
monomers arranged in a random distribution, some units 
of methaerylic acid in the copolymer are neutralized by 
sodium hyoroxide. The non-neutralized methaerylic acid 
units in tne partially-neutralized methaerylic add and 
ethyl acrylate copolymer are NLT 43,2% and NMT 47.6%, 
cafculated on the dried basis, It may contain suitabie 
emulsifiers. 

IDENTIFICATION 

• A. Hnfrared Absohption 

Sample: 100 mg of Partially-Neutralized Methaerylic 
Acid and Ethyl Acrylate Copolymer 
Analysis: Dissoive the Sample \r\ 1 ml of dehydrated al¬ 
cohol, and place 2 drops of the solution on a sodium 
chloride (or potassium bromide) piąte. Dry to evaporate 
the solvent and allow to form a film and cover with 
another sodium chloride (or potassium bromide) piąte. 
Acceptance criteria: The IR absorption spectrum of Par- 
tialfy-Neutralized Methaerylic Acid and Ethyl Acrylate 
Copolymer exhibits maxima corresponding to the same 
wavelengths as that of a similar preparation of USP Par¬ 
tia lly-Neutralized Methaerylic Acid and Ethyl Acrylate 
Copolymer (1:1) RS, treated In the same manner* 

» B. It meets the requrrements of the Assoy. 

ASSAV 

* Procedurę 

Sample: 1 g, calculated on the dried basis 
Analysis: Dissofve the Sample in 40 mL of water and 
60 mL of 2-propanol, and titrate with 0.1 N sodlum 
hydroxide VS, determining the endpoint potentiometrr- 
cally (see Titrimetry (5 41)). Each mL of 0.1 N sodium 
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hydroxide h equivatent to 8.609 mg af methacrylic acid 
(C-łHfiO^) units. 

Acceptance criteria: 43.2%-47,ó% for Partially-Neutral- 
ized Methacrylic Add and Ethyi Acrylate Copofymer 

IMPURITIES 

Snorganic Impyirifies 
* RE51DUE ON BCNlTroN <281): 2.0%-3.5% 


Deiete the foltowing: 

Heaw Metals, Method II (231): NMT 20 ppm# idńm i- 

|an.201B) 

Organie Impurities 

® Procedurę: Limit of Methacrylic Acid and Ethyl 
Acrylate 

Phosphoric acid solution: 0.1% phosphoric acid pre- 
pared from phosphoric add 
Mobile phase: Methanol and Phosphonc add solution 
(3:7) 

Standard solution: 1.0 pg/mL each of methacrylic acid 
and ethyl acrylate In methanol 

Sample solution: Transfer 0.5 g of Partially-Neutraiized 
Methacrylic Acid and Ethyl Acrylate Copolymer to a 
25-mL volumetnc fiask, and dissolve in 20 mL of meth¬ 
anol. Add Phosphoric add solution dropwise to precipi- 
tate the polymer while continuously stirring untll the 
volume of 25 mL is reached. [NOTĘ—Stir wlth a mag- 
netic starrer for 10 min. Any volume deviation caused 
by the precipitation is negligible for contents in the 
ppm rangę. Use a magnetic stirrer of appropriate size 
to avoid a large variance from the finał volume of the 
Sample solution .] As soon as the solid matter has set- 
tled, pass the supernatant through a filter of 0.45-pm 
porę size, [Notę —Solution that cannot be fiftered is 
centrifuged at NIT 20,000 x g for NLT 30 min*] Use 
the elear supernatant. 

Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 

Column; 4.0-mm x 1 2.5-cm analytical column, 5-pm 
packing LI or 4.6-mm x 1 5.0-cm analytical column, 
5-am packing LI 
Flow ratę: 1.2 mL/min 
Injection size: 20 pL 

[Notę —Where appropriate, the yolume must be 
adapted to the sensitMty of the detector.j 
[Notę —Column switching system may be used for 
extension of column lifetime.j 
System suitability 
Sample: Standard solution 

[NOTĘ—The relative retention times for methacrylic 
acid and ethyl acrylate are 1.0 and 2,2, 
respectively.] 

Suitability reguirements 

Resolution: NLT 5,0 between methacrylic add and 
ethyl acrylate 

Relative standard deviation: NMT 5.0% 

Analysis 

Samples; Standard solution and Sample solution 
Calculate the percentage of each monomer (metha- 
ery lic acid or ethyl acrylate) in the portion of Metha¬ 
crylic Acid and Ethyl Acrylate Copolymer taken: 

Result = (ru/r s ) x (Cs/W) x V F x F x 100 

r u - peak response from the Sample solution 
- peak response from the Standard solution 
Cs ^ eon centra ti on of the Standard solution 
(pg/mL) 

W - weight of Partlally-NeutraEized Methacrylic 

Add and Ethyl Acrylate Copolymer taken to 
prepare the Sample solution (g) 


V F - ftnal vo!ume of the Sample solution , 25 mL 
F - conversion factor, 10 - 6 g/pg 
Acceptance criteria: NMT 0.01% for the total amount 
of monomers 

SPECIFIC TESTS 

* Loss ON Dryłng <731): Dry a sample at 11 0 D for 6 h: it 

loses NMT 5.0% of its weight. 

* Vjscosity—Rotational Methods <912): Welgh 400 g of 

water Ento a short form, 600-mL beaker (internal diame- 
ter about 80 mm and height 120 mm). After determinlng 
the Loss on Drying f weigh a quantity of undried Partially- 
Neutralized Methacrylic Acid and Ethyl Acrylate Co¬ 
polymer, equiva!ent to 100 g on the dried basis. Transfer 
the sample to the beaker very slowly while effectiveiy stir¬ 
ring (avoid lumps). Ensure that the stirring is very effec- 
tive at the beginning and that the powder is immersed 
very slowly at the same time. Once the powder is dis- 
persed and no lumps are yisible, gentie stirring is then 
sufficient. Ensure a colioidal dispersion (mitky wbite liq- 
u id) by stirring at room temperaturę for 3 h and ta king 
care to avoid mixing in excess air. Afterwards allow the 
Container to stand for 1 h, control the temperaturę to 
23 ± 0.1°, and let the entrapped air dissipate. [Ngte— 
Ensure that the concentration of this solution is 20% (w/ 
w).] Determine the yiscosity of fhis solution at 23 ±0.1° 
using a suitable rotational viscometer with a cylindrical 
spindle 1.9 cm \n diameter and 6,5 cm high, attached to 
a shaft 0.3 cm in diameter. 1 The spindle rotates at 50 
rpm at an immersion depth of 8,1 cm. Follow the instru¬ 
ment manufactureds directlons to measure the apparent 
yjscosity, 

Acceptance criteria: 2CM0G mPa * s 

ADDITIONAL REQUIREMENTS 

« Packaging and Storage: Preserve in tight containers, 
and storę at controlled room temperaturę, 

■ Labeung: Label it to indicate the rangę of non-neutral- 
ized methacrylic acid units. The labeling also indicates 
the name and guantity of any emulsifier if the content is 
0,10% or greater. 

B USP Reference Standards (11) 

USP Partially-Neutrafized Methacrylic Add and Ethyl Ac¬ 
rylate Copolymer (1:1) RS 


Methyi Alcohol 


CH.,0 32.04 

Methanol [67-56-1]. 

mnnmon 

Methyl Alcohol contains NLT 99.5% of CHsOFL 
[Cautidn —Methyl Alcohol is poisonous.] 

IDENTIFICATION 
« A, INFRARED AbSORPTIGN <197F) 

a B, The retention time of the major peak of the Sample 
solution corresponds to that of the Standard solution , as 
obtained in the Assay. 

ASSAY 
« Procedurę 

System suitability solution: Dślute 1,0 ml of USP 
Methyl Alcohol RS and 1.0 mL of USP Acetone RS with 
tetrahydrofuran to 50 mL. 

Internal standard solution: 2% (v/v) acetonitnle in 
tetra hydrofuran 

1 A suitable spindle is avaE1ab[e from Brookfield as art LV1 spindle, or the 
equivalent. 
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Standard solution: 15,8 mg/mL of USP Methyl Alcohol 
RS in InternoI standard solution 

Sampfe solution: 15.8 mg/mL of Methyl Alcohol tn In¬ 
terna! standard solution 
Chromatographic system 
(See Chromatograpny (621), System Suitabffity.) 
Deteotor: Flame ionizatlon 

Column; 0,32-mm x 30-m fused-silica capilłary col* * 
umn, coated with a l,8-|im layer of phase G43 
Temperaturę 
Injeetor: 200° 

Detector: 280” 

Column: See Table 1. 


Table 1 


Initial 

Temperatur 

n 

Temperaturę 

Ramp 

Finał 

Temperatury 

n 

Hołd Time at 
Finał 

Temperaturę 

(mini 

40 


■5 0 

5 

40 

20 

240 

_ 


Carrier ga$: Helium 
Linear veiocity: 35 cm/s 
injection type: Split ratio, 20:1 
Injection slze: 1 pL 
System suitabllity 

Samples: System suitabllity solution and Standard 
solution 

[Notę—-T he relative retention times for methyf alcohol, 
acetone, and acetonitrile are 1.0, about 1.6, and about 
1.8, respectively.] 

SuitabiBty requirements 

Resolution: NLT 15 between methyl alcohol and ace¬ 
ton e, System suita bili ty solution 
Tailing factor: NMT 1.5 for methyl alcohol, System 
suitahility solution 

Relative standard deviation: NMT 2.0% for the ratio 
of the peak area of methyl alcohol to acetonitrile, 
Standard solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of methyl alcohol (CHaOH) ir 
the portlon of Methyl Alcohol taken: 

Result = (Ru/R$) x (Cs/Cu) x 100 


Ru = peak area ratio from the Sample solution 

R$ = peak area ratio from the Standard solution 

Q - concentration of USP Methyl Alcohol RS in the 
Standard solution (mg/mL; 

Cu - concentration of Methyl Alcohol in the Sample 
solution (mg/mL) 

Acceptance criterla: NLT 99.5% 



BMPURBTIES 

* Nonvolatile Residue 

Sample: 250 mL of Methyl Alcohol 

Analysis: Evaporate the Sample in a 600-mL beaker on 
a stearn bath, in a wellwentiiated hood, until the vol- 
ume is reduced to about 100 mL. Cool, transfer a por* 
tion of the !iquid to a suitable, tared 50-mL platinum 
dish on a steam bath, and evaporate. Repeat the pro- 
cess untif all of the lfquid has been transferred, and 
then eyaporate to dryness. Dry at 105 a for 30 mrn, 
cool, ana welcjh. 

Acceptance criteria: The weight of the residue does 
not exceed 2 mg, corresponding to NMT 0.001% (w/ 
w). 

• ACETONE AND ALOEHYOES (as acetone) 

Standard solution: Dilute 1.9 mL (1.5 g) of acetone 
with water to 1000 mL, then dilute 1.0 ml of this solu¬ 
tion with water to 100 mL Dilute 2 mL of the resulting 


solution with water to 5 mL The Standard solution con- 
tains 30 ug of acetone and is freshly prepared. 

Sample solution: Dilute 1.25 mL (1 g) of Methyl Alco* 
hol with water to 5 mL. 

Analysis: Adjust to and maintain each solution at 20°. 
Add 5 mL of afkaline mercuric-potassium rodide TS to 
each of the Standard solution and Sample solution. 
Acceptance criteria: Any turbidity produced in the 
Sampfe solution is not greater than that produced in the 
Standard solution (NMT 0.003%). 

® Readily Carbonizable SUB5TANCE5 (271) 

Sample: 5 mL 

Analysis: Cool 5 mL of sulfuric acid, contained in a 
smali conrcal fiask, to 10°, and add the Sample drop- 
wlse with constant mixing, maintaining the temperaturę 
belo w 20° throughout the test. 

Acceptance criteria: No discoloration develops. 
o Readily Oxidizable Substances 
Sample: 20 ml of Methyl Alcohol 
Analysis: Cool the Sample to 15°, add 0.1 mL of 0.1 N 
potassium permanganate, and allow to stand at 15°, 
Acceptance criteria: The pink color does not conv 
pletely disappear within 5 min. 

SPEC1FIC TEST5 

* Acidity 

Sample solution: Mix 25 mL of water with 10 mL of 
alcohol and 0.5 mL of phenolphthalein TS, and add 
0.02 N sodfum hydroxrde until a slEght pink color pen 
sists after shaktng for 30 s. Taking precautions to avoid 
absorption of carbon dioxide, add 19 mL (15 g) of 
Methyl Alcohol. 

Analysis: Titrate the Sample solution with 0.020 N so- 
dium hydroxide. 

Acceptance criteria: NMT 0.45 ml of 0.020 N sodium 
hydroxide is required to produce a pink color. 
e Alkalinity (as ammonia) 

Sampie: 28.6 mL (22.6 g) of Methyl Alcohol 
Analysis: Mix the Sampfe with 25 mL of water, add 1 
drop of methyl red TS, and titrate with 0.020 N sulfuric 
acia 

Acceptance criteria: NMT 0.20 mL of 0.020 N sulfuric 
acia is required to produce a pink color (3 ppm). 

* Water Determination, Method I (921): NMT 0.1% 

ADDmONAL RECfUlREMENTS 

9 Packacing and Storage: Preserve in tight containers, re- 
mote from heat, sparks, and open flames. 

* USP Reference Standard* (11) 

USP Acetone RS 
USP Methyl Alcohol RS 


Methyl IsobutyS Ketone 


U liMj 


C 6 H, 2 0 100.16 

2-Pentanone, 4*meEhyl-; 

4-Methyl-2-pentanone [108-10-1 j. 

BEFINITION 

Methyl Isobutyl Ketone contains NLT 99.0% of methyl 
isobutyl ketone (C 6 HnO). 

IDENTIFICATION 

* A. The IR absorption spectrum of a thln film of it be¬ 
tween sodium chloride crystals exhibits maxima, among 
others, at the following wavelengths, in pm: 5.81 (vs), 
6.80 (m), 7.00 (m), 7.09 (m), 7.29 (vs), 7.72 (m), 8.06 
(m), 8.31 (sh), 8.53 (s), and 8.91 (m). 
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IMPURGTIES 

* Limit of IMonvolatile Residue 

Sample; 50 ml 

Analysis: Evaporate the Sample in a tared porcelain dish 
on a steam bath, and dry at 1 05° for 1 h. Weigh the 
residue. 

Acceptance criteria: NMT 4 mg (0.008%) 

SPEOFfC TE5TS 

* Specific Gravitv <841): NMT 0.799, EndEcating NLT 

99.0% of methyl isobutyl ketone (CćHhO) 

* DiSTiLLiNG Ramce, Method I (721): Between 114° and 

117°, a correction factor of 0.G46°/mm Hg being applied 

as neeessary 

* ACIDITV 

Sample: 15.0 ml 

Analysis: Mix the Sample wrth 15 mL of neutraEized al- 
cohol, add phenolphthalein T5, and Litrate with 0.050 
N sodium hydroxide. 

Acceptance criteria: NMT 0.40 mL is req u i red for 
neutralization. 

ADDITIONAL REQUIREMENTS 

a Fackaging amd Storage: Preserve in tight containers. 


Methyl! Salicylate 


O 



CbHbOs 152.15 

Benzoic acid, 24iydroxy-, methyl ester; 

Methyl salicylate [119-36-8]. 

DEFINITION 

MethyE Salicylate is produced synthetEcafly or Es obtained by 
maceration and subsequent distifiation with steam from 
the leaves of Gauitherio procumbens L. (Fam. Ericaceae) or 
from the bark of Betula lenta L. (Fam. Betutaeeae), It eon- 
tains NLT 98.0% and NMT 100.5% of methyl salicylate 
(CsHsCh). 

IDENTIFICATION 

* A, Bnfrared Absorption <197F) 

* B, Chromatographic idemtuy 

Analysis: Proceed as directed in the Assay. 

Acceptance criteria: The retention time of the major 
peak of the Sample solution corresponds to that of the 
Standard solution. 

A5SAY 

* Procedurę 

Mobile phase: Methanol and 0.1% phosphoric acfd 
(55:45) 

Diluent: Methanol 

System suitability solution: 150 pg/mL of USP Methyl 
Salicylate RS and 3 jig/mL of USP’ Methyl Salicylate Re- 
lated Compound A RS in Diluent 

Standard solution: 150pg/mL of USP Methyl Salicylate 
RS in Diluent 

Sample solution: 15Q|ig/mL of Methyl Salicylate in 

Diluent 


Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 237 nm 

Column: 4.6-mrn x 7.5-cm; 3.5-pm packing L7 

Column temperaturę: Ambient 
Flow ratę: 1.0 ml/min 
Injection yolume: 10|il 
Run time: 7 min 
System suitability 

Sam pies: System suitability solution and Standard 
solution 

[Notę—T he relatMe retention tlmes for methyl salicylate 
and dimethyl 4-hydroxyisophthalate are 1,0 and 1.2, 
respectfvely.] 

Suitability reguirements 

Resolution: NLT 1.5 between methyl salicylate and 
dimethyl 4-hydroxylsophthalate, System suitability 
solution 

Tailrng factor; NMT 1.5 for the methyl salicylate 
peak, Standard solution 

Relative standard deviation: NMT 0.5% for the 
methyl salicylate peak. Standard solution 
Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of methyl salicylate in the por- 
tion of Methyl Salicylate taken: 

Result = (ru/r$) x (G/Cu) x 100 

r u - peak response from the Sample solution 

^ - peak response from the Standard solution 

Ci = concentration of USP Methyl Salicylate RS in 
the Standard solution Qig/mL) 

Cu = concentration of Methyl Salicylate in the 
Sample solution (pg/mL) 

Acceptance criteria: 98.0%-100.5% 

IMPURITIES 


Detete the folfowing: 

** Heavy Metals, Method li (231): NMT 20 pg/g* (oimśkp 

|art*2Ó1B} 

® Limit of Salicylic Acid and Dimethyl 

4-HYDR0X¥IS0PHTHALATE 

Mobile phase, Diluent, Sample solution, and Chromat¬ 
ographic system: Proceed as directed in the Assay. 
Standard solution: 0.15 pg/mL of USP Salicylic Acid RS, 
0.15 fig/mL of USP Methyl Salicylate RS, ano 0.75 j.ig/ 
mL of USP Methyl Salicylate Related Compound A RS in 
Diluent 

System suitability 
Sample: Standard solution 

[NOTĘ—The relative retention times for salicylic acid, 
methyl salicylate, and dimethyl 4-hydroxyisophthalate 
are 0.6, 1.0, and 1.2, respeetwely.] 

Suitability reguirements 

Resolution: NLT 4 between salicylic acid and methyl 
salicylate; NLT 2 between methyl salicylate and di- 
metnyf 4-hydroxyisophthalate 
Relative standard devration: NMT 3% for all three 
peaks 
Analysis 

Sam pies: Sample solution and Standard solution 
Calculate the percentage of each individua! Impurity En 
the portion of Methyl Salicylate taken: 

Result = (ruin) x (Cs/Cu) x 100 

ru ~ peak response of salicylic add or dimethyl 
4-hydroxyisophthalate from the Sample 
solution 
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r s = peak response of salicylic acid or dimethyl 
4~hydroxyrsophthalate from the Standard 
solution 

C 5 = concentration of USP Salicylic Acid RS or U5P 
Methyi Salicylate Related Compound A RS in 
the Standard solution (lag/mL) 

C u - concentration of Methyi Salicylate in the 

Sample solution (pg/mL) 

Acceptance criteria 
Salicylic acid: NMT 0,1% 

Dimethyl 4-hydroxyisophthalate: NMT 0,5% 

SPECIFIC TESTS 

* Solubility in 70% Alcohol: One volume of synthetic 

Methyi Salicylate dissolves in seven volumes of 70% alce- 
hol. One volume of na Lu rai Methyi Salicylate disso3ves In 
seven volumes of 70% alcohol, tne solution shows NMT 
a siight cloudiness, 

* Specific Gravity (841): 1.180-1.1 85 for the synthetic va- 

riety; 1,1 76-1.182 for the natural variety 

* Optical Rotation, Angufar Rotation <781 A): Synthetic 
Methyi Salicylate and that from Betula lenta are optically 
inactive. Methyi Salicylate from Gaultheria procumbens rs 
slightly ievorotatory, the angular rotation not exceeding 
-1,5° rn a 100-mm tubę. 

ADDITIONAL REQUIREMENT$ 

■ Packaging ano Storage: Preserve in tight containers. 

* Labeung: Labeł tt to indicate whether it was madę syn- 
thetically or distifled from either of the plants of 
Gaultheria procumbens or Betula lenta. 

* USP Reference Standard* <11) 

USP Methyi Salicylate RS 
USP Methyi Salicylate Related Compound A RS 
Dimethyl 4-hydroxy*sophthalate. 

C io Hio 0 5 210,18 
USP Salicylic Acid RS 


Metłiylcellulose —see Methylceliulose 
General Monogrophs 


Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: CC 

Detector: Thermal conductrvrty (under typical 
condrtions) 

Column: 4-mrn x 1,8-m; packed with 15% liquid 
phase GIB on 30- to 60-mesh SIC unsilantzed support 
Temperatures 
Injection port: 200* 

Detector: 250* 

Column: 60° 

Carrier gas: Helium 
FIow ratę: 20 mL/min 
Injection volume: 1 jiL 
System suitability 
Sample: System suitability solution 
Suitability regulrements 

Resolution: NLT 4.0 between methylene chloride and 
chloroform 

Tarling factor: NMT 1.4 

Relative standard deviation: The peak response ratio 
does not exceed 2% for five replicate injections, 
Analysis 

Sample: Methylene Chloride 
tnject the Sample t and determine the peak responses 
by any convenient means, [NOTĘ—The order of elu- 
don is amylenes (5 or 6 peaks), if present, and then 
methylene chloride.] 

Calculate the percentage of methylene chloride 
(CH 2 CI 2 ) in the portion of sample taken: 

Result = ( rjrj ) x 100 


ra - peak response of methylene chloride 
fr - sum of alt the peak responses 
Acceptance criteria: NLT 99.0% 

IMPURITIES 

* Limit of Nonvolatjle Residue 
Sample: 50 g 

AnaEysis: Evaporate the Sample rn a platinum or porce- 
lain dish on a steam bath, and dry at 105° for 30 min. 
Acceptance criteria: NMT 0,002%; NMT 1 mg of 
residue 


Methylene Chloride 

CH 2 CIj 84.93 

Methane, dichloro-; 

Dichloromethane [75-09-2], 

DEFINIT10N 

Methylene Chloride contains NLT 99.0% of methylene chlo- 
ride (CH 2 CI 2 ), [Cautjon —Perform all steps invofving evap- 
oration of methylene chloride rn a well-ventilated fume 
hoodj 

IDENTIFICATION 
* A, 

Sample: 5 mL 

Analysis: Place the Sample into a glass-stoppered, 

10-mL conical fiask, and shake for several min. Remove 
the stopper, guickjy with dra w a portion of the vapor 
into a 50-ml syringe that is not fitted with a neeale, 
and inject the vapor into a surtable evacuated gas celi, 
Acceptance criteria: The IR absorption spectrum of the 
vapor shows strong doublet peaks at 7,8 and 7.9 pm 
and at 13,2 and 1 3.4 urn, and relatively few minor 
peaks, 

ASSAY 
o Procedurę 

System suitability solution: Methylene chloride aiid 
chloroform (3:7) 


De Se te the foilowlng: 

•* Meavy Metals, Method I (2 31} 

Test preparatron: 15 mL (20 g) 

Analysis: Evaporate the Test preparation in a glass evap- 
oratlng dish on a steam bath to dryness. Cool, add 
2 mL of hydrochloric acid, and siowfy evaporate again 
on a steam bath to dryness. Dissolve the residue in 
1 mL of 1 N acetrc acid, and add 24 mt of water. 
Acceptance criteria: NMT 1 pg/g* 1^-201 bj 

SPECIFIC TESTS 
* Limit of Hydrogen Chloride 

Sample: 20,0 mL 

Analysis: Into each of twa olass-stoppered, 50-mL 
color-comparison cylinders naving an internal diameter 
of 20 mm, place 10 mL of water, 2 drops of phenol- 
phthalein T$, and sufficient 0.010 N sodium hydroxide 
to produce a prnk color that persists after vigorous 
shaking for 30 s and is of equal intensity in each cylin¬ 
der 

[Notę—I n the fol łowi ng step, take special care to avoid 
contamination with carbon dioxide.] 

Into one of the cylinders, place the Sample and 0.70 mL 
of 0.010 N sodium hydroxide, and shake again. 
Acceptance criteria: NMT 0,001%; the pink color in 
the sample cylinder is at least as intense as that in the 
comparison cylinder, and the color persists for NLT 15 
min. 
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* Specifk Gravity <841): 1.318-1,322 

* Water Deterwunation, Method I (921): NMT 0.02% 

* Free Chlorine 

Sampje: lOmL 

Analysis: To the Sample add 10 mL of water and OJ mL 
of potasstum iodide TS, shake for 2 min, and allow the 
)iquids to separate. 

Acceptance criteria: The lower layer does not show a 
violet tint. 

ADDITSGNAL REQUIREM£NT5 

* Packacinc and Storace: Preserve in tight containers. 


Methylparaben 


jOr* 1 


C 8 H b 0 3 152J5 

Benzoic acid, 4-hydroxy-, methyl ester; 

Methyl p-hydroxybenzoate [99-76-3], 

DEFINITION 

Methylparaben contains NLT 98.0% and NMT 102*0% of 

c 8 h s o 3 . 

IDENTIFICATION 

* A. INFRARED AbSORPTION (197M> 

* 6, Meltinc Rance qr Temperaturę <741 >; 125 a -l 28 fl 

AS5AY 

* PROCEDURĘ 

Mobile phase, Sample soiution, Standard soiution B, 
and Chromatographic system: Proceed as described 
in the procedurę for Related Substances. 

System suitability 
Sample: Standard soiution B 
Suitability reąurrements 
Relative standard deviation: NMT 0.85% for 6 
injections 
Analysis 

Sam pies: Sample soiution and Standard soiution B 
Caleulate the percentage of Methylparaben in the Sam - 
ple soiution: 

Result = P x (ru x Cj)/(rj x Cd) 

P - labeted purity of USP Methylparaben RS 
expressed as a percentage 

tu - peafc area of methylparaben from the Sample 
soiution 

C$ = concentration of methylparaben in Standard 
soiution B 

r% “ peak area of methylparaben from Standard 
soiution B 

Cu = concentration of Methylparaben in the Sample 
soiution 

Acceptance criteria: 98,0%-1Q2,0% 

impurities 

Inorganic Impurities 

* Residue on Icnition (281): NMT 0.1%, determined on 

1.0 g 

Organie Impurities 

* Procedurę: Related Substances 

Mobile phase: Methanol and a 6.8 g/L soiution of po- 
tassium dihydrogen phosphate (65:35 v/v) 

Sample soiution: Dissolve 50.0 mg of Methylparaben 
in 2.5 mL of methanol, and dii u te with Mobile phase to 


50,0 mL. Dilute 10.0 mL of this soiution with Mobile 
phase to 100,0 mL. 

Standard soiution A: 5.0 jtig/mL each of p-hyd roxy- 
benzoic acid and USP Methylparaben RS in Mobile 
phase 

Standard soiution B: Dissolve 50.0 mg of USP Methyl- 
araben RS in 2.5 mL of methanol, and dilute with Ma¬ 
ile phase to 50.0 mi. Dilute 10,0 mL of this soiution 
with Mobile phase to 100,0 mL, 

Standard soiution C: Dilute 1.0 mL of the Sample sofu- 
tion with Mobile phase to 20.0 mL. Dilute 1,0 mL of this 
soiution with Mobile phase to 10,0 mL, 

Chroma to grap hic system 
(See Chromotography <621), System Suitability.) 

Modę: LC 

Detector: UV 272 nm 

Column: 4,6-mm x 15-cm; 5-pm packing LI 

Flow ratę: 1.3 mL/min 

Injection size: 10 pL 

Run time: About 5 times the retention time of 
methylparaben 
System suitability 
Sample: Standard soiution A 

[Notę —The retention time of methylparaben is about 
2,3 min; the relative retention time for p-hydroxy- 
benzoic acid is about 0,6,] 

Sultability requirements 

Resolution: NLT 2.0 between the p-hydroxybenzoic 
acid and methylparaben peaks 
Analysis 

Samples: Sample soiution and Standard soiution C 
[Ngte— Disregard any limit that is 0,2 times the area 
of the principal peak in the chromatogram obtained 
with Standard soiution C (0,1%).] 

Acceptance criteria 

p-Hydroxybenzoic acid: The peak area in the Sample 
soiution, multiplied by 1,4 to correct for the calcuia- 
tion of eon tent, is NMT the area of the principal peak 
in Standard soiution C (0.5%). 

Unspecified impurities: The peak area of each impu- 
rity in the Sample soiution is NMT the area of the 
principal peak in Standard soiution C (0,5%). 

Total impurities: The total peak area for all impurities 
in the Sample soiution is NMT twice the area of the 
principal peak in Standard soiution C (1.0%). 

SPECU FUC TEST5 

* COLOR OF SOLUTION 

Sample soiution: 100 mg/mL in alcohol 
Comparison soiution: Mix 2,4 mL of fenie chloride CS, 
1.0 mL of cobaitous chloride CS, and 0.4 mL of cupric 
sulfate CS with 0.3 N hydrochloric acid to make 10 ml. 
Dilute 5 mL of this soiution with 0.3 N hydrochloric 
acid to make 100 mL. [Notę—P repare and use this solu- 
tion tm mediately,] 

Analysis 

Samples: Alcohol, Sample soiution, and Comparison 
soiution 

Make the comparison by vtewing the Solutions down- 
ward in matched color-comparison tubes against a 
white surface (see Color and Achromidty (631)}. 
Acceptance criteria: The Sample soiution is elear and 
not morę intensely colored than alcohol or the Comporh 
son soiution. 

* AODITY 

Sample soiution: To 2 mL of the Sample soiution pre- 
pared in the test for Color of Soiution, add 3 mL of alco- 
hol, 5 mL of carbon dioxide-free water, and OJ mL of 
bromocresol green TS. 

Analysis: Titrate with 010 N sodium hydroxide, 
Acceptance criteria: NMT OJ mL is reguired to pro- 
duce a blue color. 
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AODITIONAL REQUIREMENTS 

• Packaging and Storage: Preserve in well-closed 
containers. 

• USP Reference Standards (11) 

USP Methylparaben RS 


Methylparaben Sodium 



CnHyNaOj 174.13 

Benzoic acid, 4-hydroxy- ( methyl ester, sodium salt; 

Methyl p-hydroxybenzoate, sodium salt; 

Sodium 4-methoxycarbonylphenolate [5026-62-0]. 

DEFINITION 

Methylparaben Sodium contains NLT 95.0% and NMT 
102.0% of methylparaben sodium (C a H;Na0 3 ), calculated 
on the anhydrous basis. 

IDENTIFICATION 

• A. 

Standard: 0*5 g of USP Methylparaben RS 
Sample; 0,5 g 

Analysis: Di$solve the Sample in 5 mL of water. Acidify 
with hydrochloric acid, and fil ter the resulting preclpi- 
tate. Wash the precipitate with water, and dry it over 
silica gel for S h. Repeat with the Standard. 

Acceptance criteria; The IR absorption spectrum of a 
minerał oil dispersion of the Sampfe exhioits maxima 
oniy at the same wavelengths as those of a simifar 
preparation of the Standard . 

• B, 

Sample solution: Ignite 0.3 g of Methylparaben So¬ 
dium, cool, and dissoke the residue in about 3 mL of 
3 N hydrochloric acid. 

Acceptance criteria: A platinum wire dipped in the 
Sample solution imparts an intense, persisEent yellow 
cofor to a nonluminous flame, 

ASSAY 

• Procedurę 

Mobile phase: Methanol and a 6.8 g/L solution of po~ 
tassium dlhydrogen phosphate (65:35, v/v) 

System suitabiiity solution: 5.0 (jg/mL each of />hy- 
droxybenzoic acid and USP Methylparaben RS in Mobile 
phase 

Standard solution: Dissolve 50.0 mg of USP Methylpar¬ 
aben RS in 2.5 mL of methanol, and di lute with Mobile 
phase to 50.0 mL. Dilute 10.0 ml of this solution with 
Mobile phase to 1 00.0 mL. 

Sample solution: DissoJve 50,0 mg of Methylparaben 
Sodium in 2.5 mL of methanol, and dilute with Mobile 
phase to 50.0 mL. Difute 10.0 mL of this solution with 
Mobile phase to 100.0 mL. 

Chromatographk system 
(See Chfomatography (621), System Suitabiiity.) 

Modę: LC 

Detector: UV 272 nm 

Coiumn: 4.6-mm x 15-cm; 5-um packlng LI 

Flow ratę: 1.3 mL/min 

InjecEton volume: 10 uL 

Run time: About 5 times the retention time of the 
methylparaben peak 
System suitabiiity 

Sam pies: System suitabiiity solution and Standard 
solution 

[Notę—T he retention time for methylparaben is about 
2.2 min; the relative retention times for p-hydroxyben« 


zole acid and methylparaben are about 0.7 and 1.0, 
respectively.] 

Suitabiiity requirements 

Re solution: NLT 2.0 between the p-hydroxybenzoic 
acid and methylparaben peaks. System suitabiiity 
solution 

Re lat i ve standard deviation: NMT 0.85% for srx in- 
jections, Standard solution 
Analysis 

Sampies: Standard solution and Sample solution 
Calculate the percentage of methylparaben sodium 
(CfH/NaOj) in the portion of Methylparaben Sodium 
taken: 

Result = P x {ruin) x (Q/QJ x (Ht/HJ 

P = labeled purity of USP Methylparaben RS 
expressed as a percentage 

tu - peak area of methylparaben from the Sample 
solution 

n = peak area of methylparaben from the Standard 
solution 

G - concentration of methylparaben in the 
Standard solution 

Cu - concentration of Methylparaben Sodium in 
the Sample solution 

M ri = molecular weight of methylparaben sodium, 
174.13 

Mt 2 - molecular weight of methylparaben, 152.15 
Acceptance criteria: 95.0%-l 02.0% on the anhydrous 
basis 

IMPURITIES 
* Related Compounds 

Mobile phase. System suitabiiity solution, Sample so~ 
lution, and Chromatographk system: Proceed as dl- 
rected in the Assay . 

Standard solution: Dilute 1,0 mL of the Sample solution 
with Mobile phase to 20,0 mL Dilute 1.0 mL of this so- 
Jution with Mobile phase to 10.0 mL. 

System suitabiiity 
Sample: System suitabiiity solution 
[NOTĘ—-The retention time for methylparaben is about 
2,2 min; the relatke retention times for p-hydroxyben- 
zoic acid and methylparaben are about 0.7 and 1.0 
respectively.] 

Suitabiiity requirements 

Resolution: NLT 2.0 between the p-hydroxybenzoic 
acid and methylparaben peaks 
Analysis 

Sampies: Standard solution and Sample solution 
Acceptance criteria 

p-Hydroxybenzoic acid: NMT 3.0%; the peak area in 
the Sample solution , multiplied by 1 A to correct for 
the calcutation of eon tent, is NMT 6 times the area of 
the pnncipal peak in the Standard solution. 

Unspecifled Impurities: NMT 0.5%; the peak area of 
each im purity tn the Sample solution is NMT the area 
of the principal peak in the Standard solution , 

Total Impurities: NMT 1.0%; the total peak area for 
all unspecified impurities in the Sample solution is NMT 
twice the area of the principal peak in the Standard 
solution , 

Chloride and Sulfate, Chloride (221) 

Sample: 0.2 g 

Contro): 0.1 0 ml of 0.020 N hydrochloric add 
Acceptance criteria: 0.035%; the Sample shows no 
morę chloride than the ControL 

CHLORIDE AND SULFATE, Sulfate (221) 

Sample: 0.25 g 

Contro!: 0.30 mL of 0.020 N sułfuric acid 
Acceptance criteria: 0.12%; the Sample shows no morę 
sulfate than the ControL 
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SPECBFIC TE5TS 

0 COMPLETENES5 OF SOLUTION <641) 

Sample solution: 1 g of Methylparaben Sodium dis- 
soked in water 

Acceptance criteria: Meets the requirements 

* PH (791) 

Sample solution: 1 mg/mL 
AccepEance criteria: 9.5-10,5 

* Water Determinatiow, Method I (921): NMT 5,0% 

ADDITIONAL REQUIREMENT5 

» Packaging and Storage: Preserve in tight containers. 

* USP Reference Standards (11) 

USP Methylparaben RS 


lyiethylpyrrolidone 



CjHsNO 99,1 

1 -Methyl-2-pyrrolidinone; 

N-Methyl-2-pyrrolidone; 

N-Methy Ipy rro I idone; 

1 “Methy!-2-pyrrolidone; 

Pyrrolidin, 1-methyl-2-one-; 

1 -Methylpyrrolfdin-2-one; 

N-Methyi-y-butyrolacEam; 

N- M e t h yI tetra n yd ro pyrro I o n e; 

1 -Methyl-2“OXGpyrrofidine; 

W-Methyl-1 -oxGtetramethyleneamlne; 
2-Methyl-2-azacytlopentanone [872-50-4]. 

IDENTIFICATION 
® A, Infrared AbSORPTION (197F) 

IMPUMT 1 IS 


Delełe the fołtowing: 

•• Heavy Metals (231): NMT 10 ppm* (Offlctal 1 Jan-201B> 

■ Organeg Impurities 

Standard solution: To 1 mL of USP Methylpyrrolidone 
RS, add 1 mL of pyrrolldone, and di lute wltri methylene 
chloride to 20 mL. 

Sample solution: Methylpyrrolidone (neat) 
Chromatographic system 

(See Chromatograpny <621), System Suita bili ty.) 

Młode: GC 

Detector: Flame lonlzation 

Column: 0.32-mm x 30-m fused-silica capillary; S-jim 
layer of phase G2 
Temperatures 
Injector: 280° 

Detector: 280° 

Column: See Tobie 1. 


Table 1 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

f V mini 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(mini 

100 


100 

0 

100 

3 

170 

30 


Carrier gas: Nterogen 
Linear velocity: 20 cm/s 
Injection type: Split ratio about 100:1 
Injectton volume: 1 pL 
System suita bili ty 
Sample: Standard solution 
SuitabNIty requirements 
Resolution: NLT 2,0 between pyrrolfdone and 
methylpyrrolidone 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of each impurity, excluding 
any sokent peaks and peaks NMT 0.02%, In the por- 
tion of Methylpyrrolidone taken: 

Result = (ry/rr) x 100 

r u = peak response of each indkidual impurity 
from fne Sample solution 

r T = sum of the responses of all the peaks from the 
Sample solution 

Acceptance criteria: NMT 0.1% of any indkidual im¬ 
purity; and NMT 0,3% of total impurlties 

SPECIFIC TESTS 

* Alkaunity 

Bromothymol blue solution: Dissoke 50 mg of 
bromothymol blue in a mixture of 4 mL of 0.02 Mt so¬ 
dium hydroxide and 20 mL of aicohol, and dilute with 
water to 100 mL. 

Sample: Methylpyrrolidone (neat) 

Analysis: Add 0.5 mL of Bromothymol blue solution as 
Indicator to 50 mL of water, and adiust with 0.02 M 
potassium hydroxide or 0,02 M hyarochloric add until 
a yellow color is obtalned. Add 50 mL of the Sample , 
Titrate with 0,02 M hydrochlorio acld to the initiaf 
coloration, 

Acceptance criteria: NMT 8,0 mL of 0.02 M hydrochlo- 
ric acid is reguired. 

® Clarity of Solution 

[Notę—T he Sample is to be compared to the Reference 
suspension in diffused dayfight 5 min after preparatlon 
of the Reference suspension j 

Hydrazine solution: 1 0 mg/rnL of hydrazine sulfate. 

[Notę—A l Iow to stand 4-6 h before use.] 

Methenamine solution: Transfer 2.5 g of methenamine 
to a 100-mL glass-stoppered fiask, add 25.0 mL of 
water, insert tne glass stopper, and mix to dissoke, 
Primary opalescent suspension 

[Notę—T nis suspension is stable for 2 months, provlded 
lt is stored in a glass Container free from surface de- 
fects. The suspension must not adhere to the glass and 
must be well mfxed before use.] 

Transfer 25,0 mL of the Hydrazine solution to the Methe¬ 
namine solution in the 100-mL glass-stoppered fiask. 
[Notę—A llow to stand for 24 h.] 

Opalescence standard: Transfer 15.0 mL of the Primary 
opalescent suspension to a 1000-mL volumetric fiask, 
and dilute with water to vo!ume. [NOTĘ—This suspen¬ 
sion should not be used beyond 24 h after 
p repa ratio n,] 

Reference suspension: Transfer 5.0 mL of the Opales¬ 
cence standard to a 100-mL votumetric fiask, and dilute 
with water to vo!ume, 

Sample: Methylpyrrolidone (neat) 

Analysis: Transfer a sufficient portlon of the Sample to a 
test tubę of coloriess, transparent, neutral glass with a 
fiat base and an internal diameter of 1 5-25 mm to oh- 
tain a depth of 40 mm. Similarly transfer portions of the 
Reference suspension and water to sępa ratę matching 
test tubes. Compare the Sample, Reference suspension, 
and water in diffused daylight, viewlng verticalfy against 
a biack background (see Nephelometry , Turbidimetry, 
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and Vi$ual Comparison (855)}. [Notę—T he diffusion of 
Ifght must be such that the Reference suspension can 
readily be distmguished from water.] 

Aceeptance criteria: The Sample shows the same darity 
as that of water, or its opalestence is not morę pro- 
nounced than that of the Reference suspension* * 

* COLOR OF SOLUTION 

Comparison solution: Mix 3.0 mL of ferric chloride CS, 
3,0 mL of cobaltous chloride CS, and 2A ml of cupric 
suifate CS with 0,3 N hydrochloric add to make 10 mL, 
Dilute TO mL of this solution with 0,3 N hydrochloric 
add to make 100 mL. [Notę—P repare and use this solu¬ 
tion immediately.) 

Sample: Methylpyrrolidone (neat) 

Analysis: Transfer a sufficient portion of the Sample to a 
test tubę of colorless, transparent, neutral glass with a 
fiat base and an internal diameter of 15-25 mm to ob- 
tain a depth of 40 mm, SimilaHy transfer a portion of 
the Comparison solution to a sępa ra tę matching test 
tubę. Compare the color of the Sompie with that of the 
Comparison solution in diffused day light, viewing verti- 
cally against a white background (see Nephelometry, 
Turbidimetry, and Visual Comparison (855)). 

Aceeptance criteria: The Sample is not morę intensefy 
colored than the Comparison solution. 

* Water Determination, Method Ic (921): NMT 0.1%, de- 

termined on TO g 

ADD1TIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in Jight-resistant 

containers, 

* USP Reference Standard* (11) 

USP Methylpyrrolidone RS 


Minerał OH —see Minerał Oil General 
Monographs 


Minerał Oil, Rectal —see Minerał Oil, Rectal 
General Monographs 


Light Minerał Oil 


DEF1NITJON 

Light Minerał Oil is a purified mixture of liquid bydrocar- 
bons obtained from petroleum. It may contain a suitable 
stabilizer. 


IDENTIFICATION 

• A, INFRARED ABSORPTłON (197F) 

• B. It meets the requirements in Specifio Tests for Viscos- 

ity — C apillary Methods (911), 



IMPURITIES 

• Limit of Polycyojc Aromatic Hydrocarbons 

Dimethyl $ulfoxide: Use spectrophotometric grade di- 
methyf sulfoxide. 

n-Hexane: Use n-hexane that has been washed by be- 
ing shaken previous3y twice with one-fifth its volume of 
Dimethyl sulfoxlde. 

Standard solution: 7,0 pg/mL of USP Naphthalene RS 
m isooctane (2,2,4-tnmethylpentane) 

Standard blank: 2,2,4Trimethylpentane 

Sample solution: Transfer 25,0 mL of Light Minerał Oil 
and 25 mL of n-Hexane to a 125-mL separator, and 
mix. [Notę—U se no lubricants other than water on the 
stopcock, or use a separator equfpped with a suitable 
polymeric stopcock.] 


Add 5.0 mL of Dimethyl suifoxide t and shake the mixture 
vigorouslv for 1 min, Allow to stand until the lower 
layer is elear, transfer the lower layer to another 
125-mL separator, add 2 mL of n4iexane t and shake 
vigorously. Use the lower layer. 

Sample blank: Dimethyl sulfoxide that has been shaken 
previousty vigorously for 1 min with n-Hexane in the 
ratio of 5 mL of Dimethyl sulfoxide to 25 mL of n-Hexane 
Instrumenta! conditions 
(See Ultraviolet-Visibie Spectroscopy (857),) 

Modę: UV 

Analytkal wavelengths 
Standard solution: 275 nm 
Sample solution: 260-350 nm 
Celi: T cm 
Analysis 

Samples: Standard solution. Standard blank , Sample so¬ 
lution , and Sample blank 

Aceeptance criteria: The absorbance at any wavelength 
in the specified rangę of the Sample solution is NMT 
one-third of the absorbance of the Standard solution . 

SPEC1F1C TESTS 

• Specifk Gravity (841): 0.818-0.880 

• Vi$C0 S!TY—Capillary Methods (911): 3.0-34,4 mm* ■ 

s - 1 for kinematic viscosity, measured with a capillary vis- 
cometer at 40 ±0.1° 

■ ACIDITY 

Sample solution: Comblne 10 mL of Light Minerał Oil 
and 20 ml of boiling water, shake vigorously for 1 min, 
and allow to cool. Remove, and filter the agueous layer. 
Analysis: To 10 mL of the Sample solution add 0.1 mL of 
phenolphthalein TS, 

Aceeptance criteria: The solution does not produce a 
pink color, NMT TO ml of 0,01 N sodium hydroxide is 
required to produce a pink color. 

• Readily Carbonizable Substances Test (271) 

Sample: 5 mL 

Standard solution: In a glass-stoppered test tubę that 
previously has been rinsed with hot nitne acid (see 
Cleanlng C lass Apparatus (1051)), mix 3 mL of ferric 
chloride CS, 1.5 mL of cobaltous chloride CS, and 
0.5 mL of cupric suifate CS then overlaid with 5 mL of 
Light Minerał Oil. 

Analysis: Place the Sample in a glass-stoppered test 
tubę that previous!y has been rinsed with hot nitric acid 
(see Cleaning Glass Apparatus (1051)), then rinsed with 
water, and aried. Add 5 mL of sulfuric acid containing 
94,5%-94.9% of H 2 SO 4 , and heat in a boiling water 
bath for 10 min. After the test tubę has been in the 
bath for 30 s, remove it guickiy, and, while holding the 
stopper in place, give three vigorous, vertical shakes 
over an amplitudę of about 5 in. Repeat every 30 s. Do 
not keep the test tubę out of the bath longer than 3 s 
for each shaklng period, At the end of 10 min from the 
time when first placed in the water bath, remove the 
test tubę. 

Aceeptance criteria: The oil portion of the Sample may 
turn hazy, but it remains colorless or shows a slight 
pink or yelJow color, and the acid portion of the Sample 
does not become dar ker than the Standard solution . 

• Solid Paraffin 

Sample: Light Minerał Oil that has been dried previ- 
ously in a beaker at 105° for 2 h and cooled to room 
temperaturę in a desiccator over silica gel 
Analysis: Fili a tali, cylindrical, standard oif-sample bot- 
tle of colorless gfass of 120-mL capacity with the Sam- 
ple , Insert the stopper, and immerse the bottle in a mix- 
turę of ice and water for 4 h. 

Aceeptance criteria: The Sample ts suffidently elear that 
a black linę 0.5 mm in width, on a white background, 
held vertical!y behind the bottle, is clearly visibfe. 

• Limit of Sulfur Comfounds 

Solution A: Saturated solution of lead(ll) oxide in so- 
dium hydroxide (200 mg/mL) 
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Sample: 4.0 mL 

Analysis: Combi ne the Sample , 2 ml of dehydrated al- 
cohol, and 2 drops of Soiution A f heat at 70° for 10 min 
with frequent shaking, and cool. 

Acceptance criteria: No dark brown color develops, 

ADDmONAL REQUIREMENT5 

■ Packaging ano Storage: Preserve in tight, Hght-resistant 
containers. No storage requirement$ specified. 

* Labeling: Label it to indicate the name and quantity of 

any substance added as a stabilizer, and label packages 
intended for direct use by the public to indicate thaf it is 
not intended for interna! use, 

* USP Reference Standards (11) 

USP Minera! Oil RS 
USP Naphthalene RS 


Topical Light Minerał Oil —see Topical 
Light Minerał Oil General Monographs 


Mono- and Di-qlycerides 

DEFINITION 

Mono- and Di-q!ycerides is a mixture of glycerol mono- and 
di-esters, with minor amounts of tri-esters, of fatty acids 
from edible oils. It contains NLT 40.0% of monoglycer- 
ides. The monoglyceride content is NLT 90.0% and NMT 
110.0% of the va!ue indicated in the labeling. It may con- 
tain suitable stabilizers. 

AS5AY 

* MONOGLYCERIDES 

Mobile phase: Tetrahydrofuran 
Sample soiution: 40 mg/ml of Mono- and Di-glycer- 
ides in tetrahydrofuran 
Chromatographic system 
(See Chromotograpny (621), System Suitability .) 

Modę: LC 

Detector: Refractive index 

Column: 7-mm x 60-cm; 5*\x m packing L21 (100 A) 
[NOTĘ—Twg or three 7,5-nnm x 30-cm L21 columns 
may be used in place of one 60-cm column provided 
that System suitability reguirements are met] 
Temperatures 
Column: 40° 

Detector: 40 c 
Flow ratę: 1 mL/min 
Injection volume: 40 pi 
System suitability 
Sample: Sampfe soiution 

[NOTĘ’—The order of elution is triglycerides, diglycerides, 
monoglycerides, and glycerin,] 

Suitability reąuirements 

Re!ative standard deviation: NMT 1.0%, determined 
from the monoglycerides peak 
Analysis 

Sample: Sample soiution 

Caleulate the percentaoe of monoglycerides In the 
portion of Mono- ano Di-glycerides taken: 

Result = (o/nr) x 100 

r u - peak response for monoglycerides 
r r = sum of tne responses of ail the peaks, except 
the solvent peak 


Acceptance criteria: 90.0%-110.0% of the value ind«- 
cated in the labeling 

IMPURIT1ES 

* Residue on Ignition (281): NMT 0.1% 

* Arsenic, Method II (211); NMT 3 pg/g 


Delete the fotlowing: 

•» Heavy Metals, Method U (231): NMT 10 jig/g« torndał i- 

Lan- 2018 } 

* LIMIT OF FREE CLYCERIN 

Mobile phase, Sample soiution, and Chromatographic 
system: Proceed as directed in the Assay for 
Monoglycerides 

Standard Solutions: 0.5, 1.0, 2.0, and 4.0 mg/ml of 
USP Clycerin RS in tetrahydrofuran 
Analysis 

Sampies: Sample soiution and Standard Solutions 
Measure the responses for the glycerin peaks. Plot the 
concentration, in mg/mL, of USP Clycerin R5 in the 
Standard Solutions versus the glycerin peak responses 
obtained. From the standard curve so obtained, de- 
termine the glycerin concentration in the Sample 
soiution . 

Caleulate the percentage of glycerin in the portion of 
Mono- and Di-glycerides taken: 

Result = (CufCs) x 100 

Cu - glycerin concentration in the Sample soiution 
from the standard curve (mg/mL) 

C s = concentration of Lhe Sample soiution (mg/mL) 
Acceptance criteria; NMT 7.0% 

SPECIFHZ TEST5 

* Fats and Fixed Oils, Add Value (401): NMT 4 
■ Fats and Fixed Oils, Hydroxyi Value (401): 

90.0%-110.0% of the value indicated in the labeling 

* Fats and Fixed Oils, lodine Value (401): 90.0%-110.0% 

of the value indicated in the labeling. If the value stated 
in the labeling ts less than 10, the iodine value is NMT 
10, 

* Fats and Fixed Oils, Saponification Value (401): 

90.0%-110,0% of the value indicated in the labeling 

ADDITIONAl REQUIREMENTS 

* Packaging and Storage: Pres en/e In tight, light-resistant 

containers, 

* Labeling: The labeling indicates the monoglyceride con¬ 

tent, hydroxyl value, iodine value, saponificartion value, 
and name and quantity of any stabilizers, 

* USP Reference Standards (11) 

USP Glycerin RS 


Monoethanolamine 


CjH 7 NO 61.08 

Ethanol, 2-amino-; 

2-Aminoethanol [141-43-5], 

DEFINITION 

Monoethanolamine contains NLT 98.0% and NMT 100.5% 
by weight of monoethanolamine (C 2 H 7 NO). 
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IDENTIFICATION 

« A, Imfrared ABSORPTiON (197F) 

A55AY 

* Procedurę 

Sample solution: Weigh a glass-stoppered weighing 
bottle containing 25 mL of water. Add 1 g of 
Monoethanolamine, and reweigh. 

Blank: 25 mL of water 
Titrimetrk system 
(See Titrimetry (541).) 

Modę: Direct titration 

Titrant: 0,5 N hydrochloric acid VS 

Endpoint detectlon: Visual 

Analysis: Transfer the Sample solution to a suitable fiask, 
adda mixed indicator of 5 parts bromocresol green TS 
and 6 parts rnethyl red TS for a total of approximately 
11 parts of solution. Titrate the Sample solution with Th 
tranL Perform a blank detemnination, 

Calculate the percentage of monoethanolamine 
(C^FUNO) in the porlion of sample taken: 

Result ={[(Y S - V B ) x N x F\/W] x 100 

Y* = Titrant vofume consumed by the Sample 
solution (mL) 

V B = Titrant volume consumed by the Blank (ml) 

N ~ actual norma li ty of the Titrant (mEq/mL) 

F ~ equivalency factor, 61.08 mg/mEq 

W = sample weight (mg) 

Acceptance criteria: 98.0%-l 00.5% 

IMPUMT1E5 

ci Residue on Hgnition (281): NMT 0.1% 

SPECIFIC TESTS 

* SPECIFIC GRAVITY (841 ): 1.01 3-1.016 

* Distiuinc Rance, Method II (721): NLT 95% of it distills 

between 167° and 173°, a correction factor of 0.052° 
per mm applied as necessary. 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight, light-resistant 
contatners. 

* USP Reference Standard* (11) 

USP Monoethanolamine RS 


Monoglyceride Citrate 

Citric acid ester of glyceryl monooleate [36291 -32-4]. 

DEFINITION 

Monoglyceride Citrate is a mixture of glyceryl monooleate 
and its citric acid monoester, manufaetured by the reac- 
tion of glyceryl monooleate with citric acid under con- 
trolled conditions. It contains NLT 14.0% and NMT 
17.0% of total citric acid, calculated on the anhydrous 
basrs. 

IDENTIFICATION 

• A. 

Sample: 1 g 

Analysis: Ref lux the Sample with 15 ml of 0.5 N potas- 
sium hydroxide solution in dehydrated alcohol for 1 h. 
Add 15 mL of water, and acidify with diluted hydro- 
chloric acid (about 6 mL). Dissolve any oil drops or solid 
produced in 5 mL of hexane. Remove the hexane layer, 
extract again with 5 mL of hexane, and again remoye 
the hexane layer. 

[Notę—K eep the resulting agueous layer for Identifica¬ 
tion test* B and C] 


Acceptance criteria: Oil drops or a white to yellowlsh- 
white solid are produced that are soluble in 5 mL of 
hexane. 

• B. Idemtjfjcation Test*— General, Citrate (T91) 

Sample: 1 mL of the aqueou$ layer resuftmg from Iden¬ 
tification test A 

Analysis: Evaporate the Sample in a poncelain dish. 
Acceptance criteria: The residue meets the 
requirements. 

• C 

Sample: 5 mL of the agueous layer resulting from Iden¬ 
tification test A 

Analysis: Transfer the Sample to a test tubę. Add excess 
calcium hydroxide as a powder, place in boiling water 
for 5 min, shaking several times, cool, and filter. Trans¬ 
fer one drop of the fiitrate into a test tubę, and add 
about 50 mg of potassium hydrogen sulfate. On top of 
the test tubę, place a filter paper moistened with a rea¬ 
gent for acrolein consisting of a mixture of 5% ni- 
troprusside solution in water and 20% piperidfne solu¬ 
tion in water (1:1). Heat the test tubę. 

Aceptance criteria: The filter paper turns blue (pres- 
ence of glycerin). The color ohanges to llght red after 
addition of sodium hydroxide TS. 

A5SAY 

• CONTENT OF CITRIC ACID 

Standard solution: 0.23 rrtg/mL of USP Citric Acid RS 
Sample solution: Transfer 150 mg of Monoglyceride 
Citrate into a saponifkation fiask, add 50 mL of 4% po- 
tasslum hydroxiae solution in dehydrated alcohol, and 
reflux for 1 h. Acidify the reaction mixture with hydro¬ 
chloric acid to a pH of 2.8-3.2, transfer into a 400-mL 
beaker, and evaporate to dryness on a steam bath. 
Quantitatively transfer the contents of the beaker into a 
separator, using NMT 50 mL of water, and extract with 
three 50-mL portions of petrofeum ether, discarding the 
extracts. Transfer the water layer to a 100-mL volumet- 
ric fiask, and diiute with water to volume. 

Blank: Water 
Instrumental conditions 
Modę: UV-Vis 

Analytkaf wavelength: 450 nm 
Celi: 1 cm 
Analysis 

Samples: Standard solution , Sample solu tion , and Blank 
Pipet2.0mleaeh ofthe Standara solution , Sample solu¬ 
tion, and Blank into separate 40-mL graduated centri- 
fuge tubes. Add 2 mL of a 1 in 2 sulfuric acid solution 
and 11 mL of water to each tubę. Boil for 3 min, cool, 
and add 5 mL of bromine TS to each tubę. Dilute to 
20 ml, ailow to stand for 10 min, and centrifuge. 
Transfer 4.0 mL of the supermatant from each tubę into 
separate 19- x 11 0-mm test tubes, add 1 mL of water, 
0.5 mL of a 1 In 2 sulfuric acid solution, and 0.3 mL of 
1 M potassium bromide, and shake. Add 0.3 mL of 1.5 
N potassium permanganate, shake, and allow to stand 
for 2 min. Add 1 ml of a saturated solution of ferrous 
sulfate, shake, allow to stand for 2 min, and then di¬ 
lute with water Lo 10 mL. Add 10.0 mL of r?-hexane 
(previousfy washed with sulfuric acid, followed by a 
water wash, and then dried over anhydrous sodium 
sulfate), shake vigorously for 2 min, and centrifuge at 
Iow speed for 1 min. Transfer 5.0 mL of the hexane 
extract into a 20- x 145-mm tubę containing 10.0 mL 
of 4% sodium sulfide solution, and briefly shake vigor- 
ously (three oscillations only). Centrifuge the mixture 
at Iow speed for 1 min. Immedlately determrne the 
absorbance of each aqueous layer from the Standard 
solution and Sample solution against the aqueous layer 
from the Blank . 

Calculate the percentage of citric acid in the portion of 
Monoglyceride Citrate taken: 

Result = (Au/A s ) x (V x Q/W) x 100 
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Au = absorbance of the Sample solution 
As = absorbance of the Standard solution 
V = volume of the Sample sotution (ml) 

Q - concentratron of U5P Citric Acid RS in the 
Standard solution (mg/mL) 

W = weight of Monoglycende Citrate taken to 
prepare the Sample solution (mg) 

Acceptance criteria: 14.0%-17.0% on tne anhydrous 
basis 

IMPURITIES 

o Residue on Ignition (281): NMT 0.3%, determined on 

1 g 

Defete the folio wing: 

** Heavy Metals, Method II (231): NMT 10 ppm® iomsi u 

)an-201S) 

SPECIFIC TESTS 

* Fats and Fixed Oils, Acid Value (401): 70-100 

* Fats and Fixed Oils, Soponification Value (401): 260-265 
® Water Determination, Method I (921): NMT 0.2% 

ADDITIGNAL REQU!REMENTS 

* PACKAG1NG and Storage: Preserve in well-closed contain- 

ers. No storage requirements specified. 

* U5P Reference Standards (Tl) 

USP Citric Acid RS 


Monosodium Glutamate 


Add the folio wing: 


A 



C s H a NNa0 4 ■ H 2 0 187,13 

L-Glutamic add, sodium salt, hydrate; 

Monosodium L-glutamate, hydrate [61 06-04-3]. *wnj 

DEFIN1TION 

Monosodium Gluta matę contains NLT 99.0% and NMT 
100,5% of monosodium glutamate (CsHaNNaCb' H?Q), 

IDENTIFICATION 


Detete the folio wing: 

** A, 

Sample solution: 1 in 30 

Analysrs: To 1 ml of the Sample solution add 1 mL of 
ninnydrin TS and 100 mg of sodium acetale, and heat 
in a boiting water bath for 10 min. 

Acceptance criteria: An intense, violet b!ue color is 
formed.A ms 

Delete the folio wing: 

B. 

Sample solution: 1 in 10 

Analysis: To 10 mL of the Sample solution add 5,6 ml of 
1 N hydrochloric acid. 


Acceptance criteria: A wbite, crystalline precipitate of 
glutamic add is forrned on stand i ng. Preeipitation is 
promoted by agitation, When 6 ml of 1 N hydrachtoric 
add is addetl to the turbid solution, the glutamic acid 
dissolyes on stirring,*^ 

Add the folio wing: 

A. INFRARED AB$ORm0N (197A) AW ftj 


Change to read: 

■ a B.anf 3 $ Identification Tesis—General (191), Sodium: It 
meets the reguirements of the pyroantimonate precipitate 
test. 

A5SAY 
o Procedurę 

Sample: 250 mg 
Titrimetric system 

(See Titrimetry (541),) 

Modę: Direct titration 
Titrant: 0.1 N perchforic acid V5 
Blank: T00 mL of glacial acetic acid with a few drops 
of water 

Endpornt detecdon: Potentiometric 
Anaiysis: Wet the Sample with a few drops of water, 
Dissolve in 100 mL of glacial acetic add, Titrate with 
0.1 N perchloric add VS, Perform a blank 
determination, 

Calcufate the percentage of monosodium glutamate 
(CsHsNNaCh * bbO) in the Sample taken: 

Result = [(Vs - V B ) xN a xFx 100]/W 

V$ = Titrant vo(ume consumed by the Sample (mL) 

V B = Titrant votume consumed by the Blank (mL) 

N a - actual norma lity of the Titrant (mEq/mL) 
f - equlvaleney factor, 93.56 mg/mLq 

W ~ Sample weight (mq) 

Acceptance criteria: 99.0%-10Q,5% 

IMPURITIES 

* Chloride and SULFate (221), Chiorlde: A 280-mg portion 
shows no morę chloride than corresponds to 1.0 mL of 
0.020 N hydrochloric acid (0.25%), 
e Lead (251): NMT 10 j-ig/g 


Delete the fotlowing: 

** Heaw Metals, Method II (231): NMT 20 pg/g* (t»ndai u 

Ian-201B) 

5PECIFIG TEST5 

* Clarity and Color of Solution 

Sample solution: 1.0 g in 10 mL of water 

Standard solution: To 0,2 mL of a solution of sodium 
chloride containing lOpg/mL of chloride ion (Cl), add 
20 ml of water and mix. Then add 1 mL of 5 N nitric 
acid, 0.2 mL of dextrin solution (1 in 50), and 1 mL of 
sllver nitrate TS, and allow to stand for 15 min. 

Analysis: Compare the Sample solution with the Stan¬ 
dard solution (see Nephefometry , Turbldimetry, and Visual 
Compańson (855)). 

Acceptance criteria: The Sample solution is color less 
and has no morę turbidity than the Standard solution. 

* Optical Rotation (7815), Procedures f Spedfic Rotation 

Sample solution: 100 mg/mL in 2 N hydrochloric acid 

Acceptance criteria: -1-24.8° to +25,3°, determined at 
20 ° 
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* PH (791): 6.7—7.2, rn a solution (I in 20) 

* LOSS ON Drying (731) 

Analysis: Dry at 100° for 5 h. 

Acceptance criteria: NMT 0.5% 

ADDBTIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight contafners. 


Add the following: 

Ł * USP Referekce Standards (11) 
USP Monosodium Gluta matę RS 


SPECIFIC TE5T5 

- SPECIFIC Gravity (841): 1.241-1.250 

• Refraowe Index (831): 1.521 -1.526 

• PH (791) 

Sample solution: 1 in 10 
Acceptance criteria: 3.5-7.0 

• Water Determjnation, Method U (921): NMT 5.0% 

ADDITIONAL REQUiREMENTS 

• Packaging and Storage: Preserve in tight containers. 


Myristic Acid 


MonothiogByceroB 


QM 


C,H 8 0 2 S 108.16 

1,2-Propanediol, 3-mereapto-; 

3-Mercapfco-1,2-propaneaiol [96-27-5]. 

DEFINITION 

Monothrocjlycerol contains NLT 97.0% and NMT 101.0% of 
monothioglycerol (C^HsOzS), calculated on the anhydrous 
basis. 

ASSAY 

* Procedurę 

Sample: 400 mg 
Titrimetrie system 
(See Tftrimetry (541),) 

Modę: Direct titration 
Titrant: 0.1 N rodine VS 
Endpoint detection: Visual 

Analysis: Dissolve the Sample in 50 mL of water, Titrate 
with Titrant , adding 3 mL of starch TS as the endpoint 
is approached. Eacn ml of Titrant is equivalent to 
10.82 mg of monothiogfycerol (CiH&0 2 $). 

Acceptance criteria: 97,0%-1 01,0% on the anhydrous 
basis 

in/IPURITBES 

o Residue on Ignition (281): NMT 0.1% 

• Selenium (291) 

Test solution: 200 pi 
Acceptance criteria: 30 pg/g 

Dęte te the fofłowing: 

# * Heaw Metals, Method U (231): NMT 20 pg/g* (om i. 

lan-2010) 


1 



CnH*Qa 228.37 

Tetradecanoic acid; 

1 -Tetradecanoic acid; 

1 -Tridecanecarboxylic acid [544-63-8]. 

DEHNITION 

Myristic Acid is obtained from coconut oii and other fats. U 
contains NLT 97,0% of myristic acid (C^H 28 0 2 ). 

IDENTIFICATION 

• A. Infrared Absorption (197D) or (197K) 

Sample: Undried specimen 

Acceptance criteria: Meets the requirements 

• B. The retention dme oi Lhe major peak of the Sample 

solution corresponds to that of the Standard solution , as 
obtained in the test for Fats and Fixed 0//s, Fatty Acid 
Composition in the Assay. 

ASSAY 

• Fats and Fixed Oils, Fatty Acid Composition (401) 

System suitabitity solution: Prepare as directed in the 
chapter, except that only stearic acid and palmitic add 
are used. 

Sampie solution: Prepare as directed for the Test Solu¬ 
tion in the chapter. 

Standard sołution: Prepare as directed for the Sample 
solution, using 100 mg of USP Myristic Acid RS rnstead 
of the substance to be examtned. 

Chromatoaraphic system: Prepare as directed in the 
chapter, 

Injection size: 1 pL 
System suitabillty 

(See Chromatography (621), System Suitabiłily.) 

Sampie: System suitability solution 
Suitabifity requirements 

Resolution: NLT 1,5 between methyl stearate and 
methyl palmitate 
Analysis 

Samples: Standard solution and Sample solution 
Identify the methyl myristate peak from the Sample so- 
fution by comparing the retention times of the peaks 
with those from the Standard solution . Measure the re- 
sponses for all the peaks from the Sampie solution t ex- 
cluding the soivent peak. 

Calculate the percentage of myristic acid (Ci^H^O?) in 
the portion of Myristic Acid taken: 

Result = (A/8) x 100 

A - peak response for methyl myristate from the 
Sample solution 

B - sum of all the peak responses in the Sampie 
solution except the solvent peak 








NF 35 


Official Monographs / Myristyl 7773 


Acceptance criteria: NLT 97,0% 

IMPURITIES 

« Residue on Ignition {281): NMT OJ% 

® Limit of Lead 

[Notę—S elect reagents with as Iow a lead content as 
practicable, and storę alJ Solutions in hiah-density poły- 
ethylene containers, Rinse alf plastic and glassware tbor- 
oughly with warm 8 N nitric acid followea by deionized 
water.] 

Standard stock sofution: DissoK/e 160 mg of lead ni- 
trate in 100 mL of water containing 1 mL of nitric acid* 
Dilute with water to 1000 mL. 

Standard Solutions: [Notę —Prepare these Solutions on 
the day of use.] Transfer 10,0 mL of Standard stock solu¬ 
tion fco a 100-mL voiumetric fiask, and dilute with water 
to volume, Each mL of this solution contains the equiw 
alent of about lOiig of lead. Dilute accurately meas- 
ured vo!umes of the diluted Standard stock solution with 
water to obtain Solutions with known concentrations of 
1, 2, and 5 pg/mL of lead* 

Sampie solution: Transfer 5 g of Myristic Acid to an 
evaporating dish* Add 5 mL of a 25% sulfuric acid solu¬ 
tion, and cfistribute the sulfuric acid uniform ty through 
the sampie. Within a hood, place the dish on a steam 
bath to evaporate most of the water. Piace the dish on 
a burner, and slowly pre-ash the sampfe by expelling 
most of the sulfuric acid. Place the dish in a muffle 
furnace Lhat has been set at 525°, and ash the sampie 
until the residue appears free from carbon. Prepare a 
blank by ashing 5 ml of a 25% sulfuric acid sofution. 
Cool, and cautiously wash down the inside of each 
evaporation dish with water. Treat both the sampie and 
the blank as follows. Add 5 mL of 1 N hydrochloric 
add. Pface each dish on a steam bath, and evaporate to 
dryness. To each dish add 1.0 mL of 3 N hydrochloric 
add and about 5 mL of water, and heat brrefJy on a 
steam bath to dissolve any residue. Transfer each solu¬ 
tion quantitatively to a 10-mL volumetrfc fiask, and di¬ 
lute with water to volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy {852).) 

Modę: Atomie absorption spectrophoto metry 
Analytical wavefength; 283.3 nm at the fead emission 
linę 

Lamp: Lead electrodeless discharge 

Flame: Air-acetylene with a suitable burner head 

Sllt width: 0.7 nm 

Blank: Water. [Notę —Perform a blank determination 
foliowino the manufactureris operatina instructions.l 
Analysis 

Sam pies: Standard Solutions , Sampie solution , and Blank 
Determfne the corrected absorbance values by sub- 
tracling the absorbance of the Blank from the absorb¬ 
ance ot each of the Standard Solutions and from the 
absorbance of the Sampie sofution . Prepare a standard 
curve by plotting the corrected absorbance values of 
the Standard Solutions versus their corresponding eon- 
centration, In ug/mL. From the calibration cun/e, de- 
termine the lead concentratron In the Sampie solution. 
Ca kula te the lead content, in ppm, in the portion of 
Myristic Acid taken: 

Result = (C/m) x V 

C = measured concentration of lead in the Sampie 
solution from the standard curve (pg/mL) 

Ws - weiaht of Myristic Acid taken (g) 

V - finaf volume of the Sampie solution, 10 mL 
Acceptance criteria: NMT 2 ppm 
• Limit of Minerał agds 

Sampie: 5 g of melted Myristic Acid 
Analysis: Shake the Sampie with an equal volume of 
hol water for 2 min, cool, and filter* 


Acceptance criteria: The filtrate is not reddened by the 
addition of 1 drop of methyl orange TS. 

SFECIFIC TESTS 

* Congeaung Temperaturę (651): 48°-55.5° 

a Fats and Fixed Oils, Acid Value {401): 242-249 
o Fats and Fixed Oils, lodine Value (401): NMT 1.0 

* Fats and Fixed Oils, Peroxide Value (401): NMT 10.0 

* Fats and Fixed Oils, Unsaponifiable Matter{ 401): NMT 
1% 

o Water Determination, Method i (921): NMT 0.2% 

ADDITIONAL REQUIREMENT$ 

o Packaging and Storage: Preserve in well-closed eon tai n- 
ers. No storage reguirements specified. 

« USP Referencie Standard* (11) 

USP Myristic Acid RS 


MyrosłyB AkolhseG 


C,. t H 30 O 214.39 

n-Tetradecan-1-ol; 

] -Tetradecanol; 

1 -Hydroxytetradecane; 

1 -Tetradecyl alcohol [112-72-1]. 

DEFINITION 

Myristyl Akolici contains NLT 90*0% and NMT 102,0% of 
myristyl alcohol (C^FUoO), the remainder consisting 
chiefly of refated alcohols* It is obtained from sources of 
vegetable, animal, or synthetic origin. 

IDENTIFICATION 
» A, Chromatographic Identfty 

Analysis: Proceed as directed in the Assay. 

Acceptance criteria: The retention tlme of the major 
peak of the Sampie solution , excluding the solvent and 
internal standard peaks, corresponds to the myristyl al¬ 
cohol peak of the Standard solution . 

ASSAY 


Change to read: 

® Procedurę 

Intemai standard solution: 1 mg/mL of 1-pentadeca- 
nol (internal standard) in ethanol 
System suitability solution: Prepare 1 mg/mL of USP 
Cetyl Alcohol RS, 1 mg/mL of USP Stearyl Alcohol RS, 
and 1 mg/mL of USP Oleyl Alcohol RS in Internal stan¬ 
dard solution , and heat the solution in a sealed Con¬ 
tainer tn a 50° water bath until alt fatty alcohols are 
dissolved. Allow the solution to cool to room tempera¬ 
turę, and mix well* 

Standard solution: *1,0 mg/mL of USP Myristyl Alco¬ 
hol RS in internal standard solutionm £err Hun-aois) 

Sampie solution: *1.0 mg/mL of Myristyl Alcohol in in¬ 
ternaI standard solutionm (err 
C hromatographic system 
(See Chromatograpny (621), System Su i ta bili ty.) 

Modę: CC 

Detector: Flame ionization 

Column: 0,25-mm x 30-m fused-sillca capillary col- 
umn, coated with a 0.25-pm layer of phase C7 

Temperatures 
injection port: 27G Q 
Detector: 280 D 
Column: See Table h 
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labie 1 


Initial 

Temperatura 

(-i 

Temperaturę 

Ramp 

C/min) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

60 

20 

180 

_ 

1 80 

10 

220 

5 


Car rie r ga s: Hy d rag en 

Flow ratę: 2.0 ml/min, constant ffow modę 

Injection volume: 1 jlłL 

injection type: Split injection; split ratio is 100:1 
Liner: Single taper, Iow pressure drop Jiner with deac- 
tivated wool 
Run time: 15 min 
System suitability 

Sam pies: System suitability solution and Standard 
solution 

[Notę—S ee Tobie 2 for the relatlve retention times.] 


Table 2 


Compontmt 

Relative 

Retention 

Time 

Myristyl alcohol 

0.92 

1-Pentadecanol 
(internal standard} 

1.00 

Cetyl alcohol 

1.08 

Stearyl alcohol 

1.25 

OWI alcohol 

1.27 


Suitability requirements 

Resolution: NLT 30 between the cetyJ alcohol and 
stearyl alcoho] peaks; NLT 2.0 between the stearyl al¬ 
cohol and oleyl alcohol peaks. System suitability 
solution 

Tailing factor: 0,8-1.8 for the myristyl alcohol and 
1 -pentadecanol peaks, Standard solution 
Reladve standard deviation: NMT 1%, using the 
area ratio of myristyl alcohol to l-pentadecanol, Stan¬ 
dard solution 
Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of myristyl alcohol (C^H^O) 
in the portion of Myristyl Alcohol taken: 

Result - (Ru/RT) x (Q/Cu) x 100 

Ra - peak response ratio of myristyl alcohol to the 
interna) standard (peak response of myristyl 
afcohol/peak response of the internal 
standard) fram the Sample solution 
R$ - peak response ratio of myristyl alcohol to the 
interna] standard (peak response of myristyl 
alcohol/peak response of the internal 
standard) from the Standard solution 
C s - concentration of USP Myristyl Aicohol RS in 
the Standard solution (mg/mL) 

Cu - concentration of Myristyl Alcohol in the 
Sample solution (mg/mL) 

Acceptance criteria; 90.0%-l 02,0% 

IMPURITIES 

« Residue ON IGNITION (281); NMT 0.1%, determined on 

2g 

* Limit of Related Fatty Alcohols 

Solution A: 1 mg/mL of 1-pentadecanol In ethanol 
Resolution solution: Prepare 1 mg/mL of USP Laury! Ab 
cohol RS, 1 mg/mL of USP Myristyl Alcohol RS, 1 mg/ 


ml of USP Cetyl Alcohol RS, 1 mg/mL of USP Stearyl 
Alcohol RS, and 1 mg/mL of USP Oleyl Alcohol RS in 
Solution A. Heat the solution in a sealed Container In a 
50° water bath until alf fatty alcohols are d]ssolved. Al- 
low the solution to cool to room temperaturę, and mix 
well. Dilute the solution with ethanol to obtain a solu- 
tion contalning 0.05 mg/mL each of USP LauryI Alcohol 
RS, USP Myristyl Alcohol RS, USP Cetyl Alcohol RS, 
1-pentadecanol, USP Stearyl Alcohol RS, and USP Oleyl 
Alcohol RS. 

Sample solution: 1 mg/mL of Myristyl Alcohol in 
ethanol 

Chromatographic system: Proceed as directed in the 
Assoy, exeept for the split ratio. 

Injection type: Split injection; split ratio is 5:1 

System suitability 
Sample: Resolution solution 

[Notę—S ee Tahle 3 for the relative retention times.] 


Tatsle 3 


Co mp orient 

Rełative 

Retention 

Time 

Lauryl alcohol 

0.79 

Myristyl alcohol 

0.92 

1-Renta decanol 

1.00 

Cetyl alcohol 

1.08 

Stearyl alcohol 

1.25 

Oleyl alcohol 

1.27 


Suitability requirements 

Resolution: NLT 15 between myristyl alcohol and 
1-pentadecanoi peaks; NLT 30 between the cetyl ab 
cohol and stearyl alcohol peaks; NLT 2.0 between the 
stearyl alcoho! and oleyl alcohol peaks 
Anaiysis 

Sam pies: Resolution solution and Sample solution 
Identify each related fatty aicohoi peak in the Sample 
solution based on that in the Resolution solution. 
Calculate the percentacje of each related fatty alcohol or 
any unspecified impurity in the portion of Myristyl At- 
cono! taken: 

Result = (ru/rr) x 1 00 

ru - peak response of each related fatty alcohol (or 
any unspecified impurity) from the Sample 
solution 

r t ~ sum of ali the peak responses excluding peak 

responses due to solvent from the Sample 
solution 

Acceptance criteria: Disregard peaks that are less than 
0,05% for any unspecified impurities, and any peaks 
due to sofvent. 

Sum of unspecified impurities: NMT 1% 

Sum of related fatty alcohols and unspecified impuri¬ 
ties: NMT 10.0% 

5PECIFIC TESTS 

o Fats and Fixed OilS, Acid Value (401): NMT 2 
• Fats and Fixed Oils, lodine Value (401): NMT 1 
@ Fats and Fjxed Oils, Hydroxyl Va!ue (401): 250-267 
» Water Determination, Method I (921): NMT 0.5% 

ADDITIONAL REQUIREMENT5 
0 Packaging and Storage: Preserve in welbdosed 
containers. 

o Labeling: Label it to indrcate whether it is derlved from 
yegetable, animal, or synthetic sources. 
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• USP Reference Standards (11) 

USP Cety! Alcohol RS 
USP Laury! Alcohol RS 
USP Myristyl Alcohol RS 
USP Ofeyl Alcohol RS 
USP Stearyl Alcohol RS 


Neotame 



CjdHkNiOj 378.46 

L-Phenylalan ine, N-[N-( 3,3-d imethyib utyl)-L-o>aspa rtyl]- 
1 -methyl ester; 

N-[N-(3,3-Dimethylbutyl)-L-a-asparty!]-L-phenylalanine 
1 -methyl ester [1 65450-1 7-9]. 

DEFINITION 

Neotame contains NLT 97,0% and NMT 102.0% of ne¬ 
otame (C 20 H 10 N 2 O 5 ), calculated on the anhydrous basis. 

IDENTBIFi C ATION 

• A. SMFRARED Absghpttgn (197K) 

ASSAY 

• Procedurę 

Mobile phase: Dissolve 3,0 g of sodium 1-heptanesuh 
fonate in 740 mL of water in a suitable 1000-mL vessel, 
and add 3.8 mL of triethylamine. Adjust the resulting 
solution with phosphoric acid to a pH of 3.5, and duute 
with water to 750 mL. Add 250 mL of acetonttrilą and 
adjust with phosphoric acid to an apparent pH of 3.7. 
Standard solution: 1,0 mg/mL of USP Neotame RS in 
Mobile phase 

Sample solution: 1.0 mg/mL of Neotame in Mobile 
phase* 

[Notę—T his solution is stable for up to 32 h when 
stored at a temperaturę of 0 °-l 0 °.] 

Chromatographic system 
(See Chroma tograpny (621), System Suitability,) 

Modę: LC 

Detector: UV 210 nm 

Column: 4,6-mm x 10-cm; packing LI 

Column temperaturę: 45° 

Flow ratę: 1.5 mL/min 
Injection stze: 25 pL 
System suitability 
Sample; Standard solution 
Suitability requirements 
Tallmg factor: NMT 2,0 
Re!attve standard deviation: NMT 2.0% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of neotame (C 20 H 30 N 2 O 5 ) in 
the portion of Neotame taken: 

Result = (ru/n) x (Cs/Cu) x 100 

fu - peak response from the Sample solution 

n = peak response from the Standard solution 

Cs = concentration of USP Neotame RS in the 
Standard solution (mg/mL) 

C u - concentration of Neotame in the Sample 
solution (mg/mL) 

Acceptance criteria: 97.0%-102.0% on the anhydrous 
basis 


IMPUR1T1ES 

* RES1DUE OH iCMITIOK (281): NMT 0.2% 

• LEAD (251) 

[Notę—U se acid-deaned (mixture of 5% nitric acid and 
5% hydrachloric add followed by rtnsrng with water) 
autosampier cups and volumetric glassware to avoid 
contamrnation. For the preparation of afl agueous Solu¬ 
tions and for the rlnslng of glassware before use, use 
water that has been passed through a strong-acid, 
strong-base, mixed-bed ion-exchange resrn. Setect al[ 
reagents to have as Iow a content of lead as practica- 
ble. Storę standards and samples in acid-deaned poly- 
ethyfene containers,] 

Diluent: Transfer 2 mL of fead-free nitric add into a 
1000-mL volumetric fiask, dilute with water to voJume, 
and mix. 

Standard stock solution: 79.9 mg of lead nitrate in 
100 mL of Diluent in a 500-mL voIumetnc fiask, and 
diiute with Diluent to volume. Transfer 10.0 mL of the 
resulting solution into a 100-mL volumetric fiask, and 
di lute with Diluent to vofume, Each ml of the Standard 
stock solution contains the equiva!ent of 1 0 Lig of lead. 
Standard solution A: Dilute an aliquot of the Standard 
stock solution with Diluent to obtain a solution haying a 
concentration of 0.03 pg/mL. 

Standard solution B: Dilute an afiquot of the Standard 
stock solution with Diluent to obtain a solution having a 
concentration of 0.07 5 pg/rnL. 

Sample solution: Transfer 160 mg of Neotame to a 
10-mL volumetric fiask, Dissolve in and difute with Dilu¬ 
ent to Yolume. 

Blank: Diluent 
Instrumental conditrons 
(See Atomie Absorpthn Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer with a 
graphite furnace, pyrolyticafly coated graphite tubes, a 
solid pyrolytic graphite platform, and a background 
compensation system 
Analytkaf wavefength: 283.3 nm 
Lamp: Lead hoflow-catbode 
Purge gas: Argon 
Alternate gas: Breathing-quality air 
Volume: 15 pL. [Notę—O ptimize the instrument pro¬ 
gram as recommended by the manufacturer for lead, 
using a char temperaturę of 500° and an atomization 
temperaturę of 2000 °.] 

Analysis 

Samples: Standard solution A t Standard solution B t 
Sample solution , and Blank 

Correct the area responses of the Sample solution, Stan¬ 
dard solution A, and Standard solution B for the Blank 
area response. Cenerate the appropriate lead calibra- 
tion algorithm, and determine the lead concentration 
in the Sample solution, in jjg/mL, 

Calculate the ppm of lead in the portion of Neotame 
taken: 

Result - (C/W) xVxF 

C = blank-corrected lead concentration in the 
Sample solution (pg/mL) 

W ~ weight of Neotame taken to prepare the 
Sample solution (mg) 

V = voiume of the Sample solution , 10 mL 
F = conversion of mg to g 
Acceptance criteria: NMT 2 ppm 

o Related Compounds 

Mobile phase and Chromatographic system: Proceed 
as directed in the 4ssay, 

Standard solution A: 0,03 mg/mL of USP Neotame Re¬ 
lated Compound A RS in Mobile phase 
Standard solution B: Prepare as directed for the Stan¬ 
dard solution in the Assay. 
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Detector sensitivity solution: Transfer 2 mL of Standard 
solution A to a 50-ml vojumetric fiask, and di Jutę with 
Mobile phase to volume, 

Sample sofirtion: 2 mg/ml of Neotame in Mobile 
phase. 

[Notę—T h is solution is stable for up to 32 h when 
sto red at a temperaturę of 0* to 10T] 

System suitability 

Sampies: Standard solution A and Detector sensitMty 
solution 

Suitability requirements 

Signal-to-noise ratio: NLT10, Detector sensitMty 
solution 

Relative standard deviation: NMT 5.0%, Standard 
solution A 
Analysis 

Sampies: Standard solution A, Standard solution B, and 
Sample solution 

Calculate the percentage of neotame related compound 
A in the portion of Neotame taken; 

Result - (fu/rs) x ( Q/Cu ) x 100 

ru = neotarne related compound A peak response 
from the Sample solution 

r$ = neotame related compound A peak response 
from Standard solution A 
Cs = concentration of USP Neotame Related 
Compound A RS in Standard solution A 
(mg/mL) 

C u = concentration of Neotame in the Sample 
solution (mg/ml) 

Acceptance criteria: NMT 1.5% 

Calculate the percentage of other impurities In the por- 
tion of Neotame taken: 

Result = (r T /r$) x (Cs/Cu) x 100 

r T = sum of the responses of afl impurity peaks 

(except that of neotame related compound 
A and the solvent peak, if observed) fn the 
Sample solution 

n = response of the neotame peak in Standard 
solution B 

Q = concentration of USP Neotame RS in Standard 
solution B (mg/mL) 

Cu - concentration of Neotame in the Sampie 
solution (mg/ml) 

Acceptance criteria: NMT 2.0% 

SPECfFIC TESTS 

o Optical Rotation, Specific Rotation (781S): -40.0° to 
-43.4°, at 20* 

Sample sofution: 5 mg/ml in water 

* Water Determination, Method lc (921): NMT 5.0% 

ADD1TIONAL REQUIREMENTS 

* PACKACINC AND 5TORACE: Presen/e in welFdosed contain- 

ers, storę in a dry place, and avoid exposure to excessive 
heat. 

* USP Reference Standards (11) 

USP Neotame RS 

USP Neotame Related Compound A RS 
N-[3,3-Dimethylbutyt)-L«a-aspartyi]-L-phenylaJantne, 


Nitric Acid 


HNOs 63.01 

Nitric acid [7697-37-2]. 


DEFINITION 

Nitric Acid contains NLT 69.0% and NMT 71.0%, by 
weight, of nitric acid (HNOs), [Cautidn —Avoid contact, 
because Nitric Acid rapidly destroys tissues.] 

IDENTSEICATIOW 

« A. Identification Tests—General, Nitrote (191): Meets 
the requlrements 

ASSAV 
® Procedurę 

Sample solution: Weigh 2 mL of Nitric Add in a glass- 
stoppered conical fiask, and add 25 ml of water. Add 
metnyi red TS. 

Analysis: Utratę the Sample solution with 1 N sodium 
hydroxide VS. Fach ml of 1 N sodium hydroxide is 
ecjuivalent to 63.01 mg of HNO 3 (see Titrimetry (541)). 
Acceptance criteria: 69.0%-71.Q% 

IMPURITIES 

* RES1DUE ON IGNIHON (281) 

Sample: 70 mL (100 g) 

Analysis: Place the Sampie in a tared crucible, add 
2 drops of su [furie add, and evaporate to dryness. Ignite 
for 15 min, 

Acceptance criteria: NMT 0.5 mg (5 ppm) 

* Chloride and Sulfate, Chloride (221) 

Sample: 35 mL (50 g) 

Contro!: 35 pL of 0.020 N hydrochloric acid 
Acceptance criteria: NMT 0.5 ppm; the Sample shows 
no morę chloride than corresponds to the ControL 
° Chloride and Sulfate, Sulfate (221) 

Sample: 28 mL 

Contro I: 40 pL of 0.020 N sulfuric acid in an egual vol- 
ume of solution containing the guantities of reagents 
used in the analysis 

Analysis: Add 10 mg of sodium carbonate to the 5o/?> 
ple. Evaporate to dryness, dissofve in a rnixture of 4 mL 
of water and 1 mL of di lute hydrochloric acid (50 mg/ 
mL), and ftlter if necessary. Wash with two 2-mL por- 
tions of water, dii u te with water to 10 mL, and add 
1 mL of barium chloride T5. Observe 10 min after add- 
ing the barium chloride. 

Acceptance criteria: 1 ppm; any turbidity produced by 
the Sample is not greater than that produced by the 
ControL 
» Iron (241) 

Sample: 35 ml (50 g) 

Analysis: Evaporate the Sample to dryness, dissolve the 
residue in 2 mL of hydrochloric add, and dii u te with 
water to 47 mL. 

Acceptance criteria: NMT 0.2 pg/g 

Dełete the foliowing: 

•* Heaw Metals, Method I (231) 

Test preparation: To 70 mL (100 g) of Nitric Acid in a 
250-mL beaker add 10 mg of sodium carbonate, and 
evaporate on a steam bath to dryness. Add 25 mL of 
water. 

Acceptance criteria: NMT 0.2 ppm. m-j^cis) 
SPECJFIC TESTS 

o Clarity and Color of Solution 

Analysis: Mix it In its origlnal Container, and transfer 
10 mL to a 20- x 150-mm test tubę. Compare with 
water in a similar test tubę, 

Acceptance criteria: The liquids are egually elear and 
free from suspended matter, and when viewed transver- 
sely by transmitted light, exhibit no apparent difference 
in color. 






NF 35 


Official Monographs / Nitrogen 7777 


ADDITIONAL REQUIREMENTS 

• Packacing and Storage: Preserve in tight containens. 


Natrogemi 

N2 28.01 

Nitrogen [7727-37-9], 

DEFINITION 

Nitrogen contains NLT 99.0%, by volume, of nitrogen (N^), 

BDENT8 FIC ATBON 

o A. The flame of a burning wood splinter is extinguished 
when inserted into a test tubę fifleci with Nitrogen. 

[Notę—E xercise caution.] 

ASSAY 
9 Procedurę 

Sample: Nitrogen 

Standard: 0xygen4ielium certified standard (see Re¬ 
agenty Indicators, and Solutions) 

Chromatographk system 
(See Chromatography (621}, System Suita bili ty.) 

Modę: GC 

Detector: Therma! conductivity 

Cofumn: 3-m length x 4-mm inside diameter: molecu- 
lar sieve prepared from a synthetic alkali-metal alumi- 
n osi lica te eapable of absorbing molecules having 
diameters of up to 0.5 nm and completely separating 
oxygen from nitrogen 
Carrter gas: Helium (99.99%) 

Temperaturę: Thermostatically controlled 
Analysis 

Samples: Standard and Sample 
Introduce the Samples separately into the gas chromat- 
ograph by means of a gas sampling valve. 

Acceptance criteiia: The peak response produced by 
the Sample exhibits a retention time corresponding to 
that produced by the Standard and is equivalent to 
NMT 1.0% of oxygen when compared to the peak re¬ 
sponse of the Standard , indicating NLT 99,0%, by voh 
ume, of Na* 

SPECiFiC TE5TS 

[Notę —Reduce the Container pressure by means of a regula¬ 
tor. Measure the aases with a gas volume meter down- 
stream from the detector tubę to minimize contaminatlon 
or change of the spęd mens.] 

^ Carbon W 3 onoxide 

Sample: 1000 ± 50 mL 

Analysis: Pass the Sample through a carbon monoxide 
detector tubę (see Reagents , Indicators , and Solutions) at 
the ratę specified for the tubę, 

Acceptance criteria: NMT 10 ppm 
® Limit of Oxvgen 

Analysis: Determined as directed in the 4ssoy 
Acceptance criterla: NMT 1.0% 

9 Odór 

Analysis: Carefully open the Container valve to produce 
a moderate fiow of gas. Do not direct the gas stream 
toward the face, but deflect a portion of the stream 
toward the nose. 


Acceptance criteria: No appreciabie odor is discemible. 

ADDITIONAL REQUBREMENT5 

a Packagjng and Storage: Preserze in tylinders. 


S^Btrogieri 97 Percent 

DEFINITION 

Nitrogen 97 Percent is Nitrogen produced from asr by phys- 
ical separation methods. Jt contains NLT 97,0%, by vol- 
umą of nitrogen (N 2 ). 

IDENTIFICATION 

■ A, The flame of a burning wood splinter is extinguished 
when inserted into a test tubę fllled with Nitrogen 97 
Percent, [Notę—£ xercise caution.] 

ASSAY 
e Procedurę 

Standard: Oxygen-helium certified standard (see Re¬ 
agents, Indicators , and Solutions) 

Sample: Nitrogen 97 Percent 
Chromatograpnic system 
(See Chromatography (621 ) f System SuitabiUty.) 

Modę: GC 

Detector: Thermal conductivity 

Colomn: 3-m length x 4-mm inside diameter: molecu- 
iar sieve prepared from a synthetic alkali-metaf alumi- 
nosilicate eapable of absorbing molecules having 
diameters of up to 0.5 nm and completely separating 
oxygen from nitrogen 
Carrier gas: Helium (99.99%) 

Temperaturo: Thermostaticaily controlled 
Analysis 

Samples: Standard and Sample 
introduce the Samples separately into the gas chromat- 
ograph by means of a gas sampling vafve. 
Acceptance criteria: The peak response produced by 
the Sample exhibits a retention time corresponding to 
that produced by the Standard and is equfvalent to 
NMT 3,0% of oxygen when compared to the peak re¬ 
sponse of the Standard , indicating NLT 97.0%, by vol- 
ume, of nitrogen (N^). 

IMPURIT1ES 

[Notę — Reduce the Container pressure by means of a regula¬ 
tor, Measure the gases with a gas volume meter down- 
stream from the detector tubę to minimize contaminatlon 
or change of the spedmens.J 

0 Carbon Dioxide 

Sample: 1000 ± 50 mL 

Analysis: Pass the Sample through a carbon d!oxide de¬ 
tector tubę (see Reagents, Indicators , and Solutions) at 
the ratę specified for the Lube. 

Acceptance criteria: The indicator change corresponds 
to NMT 300 ppm 
9 Carbon !V1onoxide 
Sample: 1000 ± 50 ml 

Analysis: Pass the Sample through a carbon monoxide 
detector tubę (see Reagentsindicators, and Solutions) at 
the ratę specified for the tubę. 

Acceptance criteria: NMT 10 ppm 

° SULFUR DK}X1DE 

Sample: 1000 ± 50 ml 

Analysis: Pass the Sample through a sulfur dioxide de¬ 
tector tubę (see Reagents, Indicators, and Solutions) at 
the ratę specified for the tubę. 
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Acceptance criteria: NMT 5 ppm 

° Limit of Nitrk Oxide and Nitrogen Dioxide 

Sample: 500±50 mL 

Analysis: Pass the Sampfe through a nitric oxtde“nl- 
trogen dioxide detector tubę (see Reagents , Indicotors , 
and Solutions) at the ratę specified for the tubę, 

Acceptance cnteria: NMT 2.5 ppm 

* Limit df Gxygen 

Analysis: Determined as directed in the As$py 

Acceptance criteria: NMT 3,0% 

SPECTFIC TESTS 

® Odór 

Analysis: Carefully open the Container valve to produce 
a moderate flow of gas. Do not direct the gas stream 
toward the face, but deflect a portion of the stream 
toward the nose* 

Acceptance criteria: No appreciable odor is discernible, 

ADD DUO N Al REQUIREMENTS 

■ IPackaging and Storage: Preserve In cylinders or in a 

low-pressure collecting tank* 

* Iabeling: Where it is piped directJy from the collecting 

tank to the point of use, label each outlet "'Nitrogen 97 

Percent". 


Nonoxynol 9 —see Nonoxyno! 9 General 
Monographs 


Octoxynol 9 



Poly(oxy-l,2-ethanedlyl), tx-[4-(l,1,3,3-te- 
tra methy I b utył) ph e ny I]-co-hyd ro xy 
ot-[4-(1,1,3,3,“Tetramethylbutyl)phenyl3-D>hydroxypoiy(oxy‘ 
1,2-ethanediyl); 

Polyethylene gfycol mono[p-(1,1,3,3-te- 
tramethylbutyOphenyl] ether; 

Polyethylene glycol mono(4-tert-octyfphenyf) ether 
[9002-93-1J. 

DEFINITION 

Octoxynol 9 is an anhydrous liquid mlxture conslsting 
chiefly of mono [p*(l, 1,3,3 4:etramethylbutyl)]- 
phenyl ethers of polyethylene glycols, corresponding to: 

(CH 3 ) 3 C(CHa)C(CH3)aCfiH 4 (OCH2CHa) fl OH 

in which the average value of n Is about 9, It contains NLT 
90,0% and NMT 110*0% of Octoxynol 9, 

IDENTIFICATION 

« A. Bnfrared Absgrptiom (197F): On undned specimen 
* B. The retentlon time of the major peak of the Sample 
solution corresponds to that of the standard solution f as 
obtained in the Assay. 

ASSAY 
■ Procedurę 

Mobile phase: Methanokwater (4:1) 

Standard solution: 25 mg/mL of USP Octox.ynol 9 RS 
In Mobile phase 

System suitability solution: 25 mg/mL of USP Octoxy- 
nol 9 RS and 25 mg/mL of USP Nonoxynol 9 RS in 
Mobile phase 


Sample solution: 25 mg/mL of Octoxynol 9 In Mobile 
phase 

Chromatographic system 

(See Chromatograpny (621), System Suitability.} 

Modę: LC 

Detector: UV 280 nm 
Column: 4.6-mm x 25-cm, 5-jim packing LI 
Column temperaturo: Ambient 
Flow ratę: 1,0 mL/min 
Injection size: lOpL 
System suitability 

Sam pies: System suito bili ty solution and Standard 
solution 

[Notę— I he relative retention times for octoxynol 9 and 
nonoxynol 9 are 1.0 and 1.4, respectlyely.] 

Suitability reguirements 

Resofution: NLT 2.0 between octoxynol 9 and no- 
noxynol 9, System suitability solution 
Relative standard deviation: NMT 2*0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sompfe solution 
Record the chromatograms, and measure the re- 
sponses for octoxynol 9, includlng any shoulders and 
bumps. 

Calculate the percentage of octoxynol 9 in the portion 
of test specimen taken: 

Result - (ry/rP x ( Cs/Cul ) X 100 

r u = peak response of octoxynol 9 from the Sampie 
solution 

r$ - peak response of octoxynol 9 from the 
Standard solution 

Q = concentration of USP Octoxynol 9 RS in the 
Standard solution (mg/mL) 

Qr - concentration of Octoxynol 9 in the Sample 
solution (mg/mL) 

Acceptance criteria: 90,0%-l 10.0% 

* CONTENT OF FREE POLYETHYLENE CLYCOLS 

Sample: 10 g 

Analysis: Transfer the Sampie to a 250-mL beaker. Add 
100 ml of ethyl acetate, and stir on a magnetic stlrrer 
to make a solution. Transfer, with the a id of 1 00 mL of 
5 N sodium chloride, to a pear-shaped, 500-mL 
separator fitted with a glass stopper* Insert the stopper, 
and shake vigorously for 1 min* Remove the stopper 
carefully to release the pressure. Immerse a thermome- 
ter In the mixture, and support the separator so that it 
Is partially Immersed In a water bath maintained at 50°. 
Świrl the separator gently while letting the internal tem¬ 
peraturę rise to 40 c -45°* fmmediately remove the 
separator from the bath, dry the outside surface, and 
drain the salt (lower) layer into another pear-shaped, 
500-mL separator. In the same manner, extract the 
ethyl acetate layer a second time wfth 100 ml of fresh 
5 N sodium chforide, combining the two aqueous ex- 
tracts* Dlscard the ethyl acetate layer, 

Wash the combined aqueous layers with 100 mL of 
ethyl acetate, using the same technique, and drain the 
salt (lower) layer Into a dean pear-shaped, 500-mL 
separator. Dlscard the ethyl acetate layer, 

Extract the agueous layer with two successive 100-mL 
portions of chloroform, drainlng the chloroform 
(lower) layers through Whatman folded filter paper 2V, 
and combining them Into a 250-mL beaker. 

Evaporate on a steam bath or with a rotary eva pora tor 
to dryness, and continue heating to remove chloro¬ 
form. Allow the beaker to eooL Add 25 mL of acetone, 
and dissolve the resrdue on a magnetic stirrer. Pass 
through Whatman folded filter paper 2V into a ta red 
250-mL beaker, rinsing with two 25-mL portions of 
acetone. Evaporate on a steam bath or with a rotary 
evaporator to dryness* Dry in vacuum at 60° for 1 h. 
Allow the beaker to cool, and weigb. 
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Acceptance criteria: NMT 1*0% of polyethylene glycol 

IMPURITIES 

• Residue on Ignition (281): NMT 0,4% 


Delete the folłowlng: 

•* Heavy METALS (231): NMT 20 pprru 

* LIMIT Of FREE ETHYLENE OXIDE 

Stripped octoxynol 9: Maintain Octoxyno! 9 at a tem¬ 
peraturę of 150° with constant stirnng in an open ves- 
sel until it no longer displays a peak for ethylene oxide 
when chromatographea as directed below. 

Standard stock solution: [Notę—E thylene ox:de is 
toxic and flammable. Prepare these Solutions in a weil- 
ventilated hood, using great care.] Chill al! apparatus 
and reagents used in the preparation of standards in a 
refrigerator or freezer before use* Fili a chllfed pressure 
bottTe with |[quld ethylene oxide from a lecture bottle, 
and storę 3n a freezer when not in use. Use a smali 
piece of polyethylene film to protect the liquid from 
contact with the rubber gasket* Transfer about 100 mL 
of chilled isopropyl alcohol to a 500-mL volumetrio 
fiask* Using a chilled graduated cylinder, transfer 25 mL 
of ethylene oxide to the isopropyl alcohol, and swirl 
gently to mfx. Dtlute wfth additional chilled isopropyl 
alcohol to voiume, replace the stopper, and swtrl gently 
to mix. This stock solution contains about 43.6 mg/ml 
of ethylene oxide* 

Standard Solutions: Pipet 25 mL of 0*5 W alcoholic hy- 
drochloric add, prepared by mixing 45 mL of hydro- 
chloric add with 1 L of alcohol, into a 500-ml conical 
fiask containing 40 g of magnesium chloride hexahy- 
drate* Shake the mixture to effect saturation* Pipet 
10 mL of the Standard stock solution into the fiask, and 
add 20 drops of bromocresol cjreen TS. If the solution is 
not yellow (add), add an additional volunrie, accurately 
measured, of 0*5 N alcoholic hydrach loric add to give 
an excess of about 10 mL* Record the total volume of 
0.5 N alcoholic hydrochloric add added* Insert the 
stopper into the fiask, and allow to stand for 30 min. 
Titrate the excess add with 0*5 N alcoholic potassium 
hydroxide V5* Perform a blank titration, using 10*0 mL 
of isopropyl alcohol instead of Standard stock solution, 
adding the same total vo!ume of 0.5 N alcoholic hydro¬ 
chloric add, and notę the difference En volumes re¬ 
pu ired, Each mL of the difference In volume$ of 0,5 N 
alcoholic potassium hydroxide consumed is equiva!ent 
to 22,02 mg of ethylene oxide. Calculate the concentra- 
tion, in mg/mL, of ethylene oxide in the Standard stock 
solution. Standardize dally* Storę in a refrigerator, Pre¬ 
pare a 1000-ppm standard by pipeting into a Container 
the calculated volume (about 2 mL) of cofd Standard 
stock solution that on the basis of the standardization 
contains 88*6 mg of ethylene oxide, and adding 87*0 g 
of Stripped octoxynol 9, Prepare 10-, 5-, and 0*5-ppm 
standards by quant(fativefy diiuting the 1000-ppm stan¬ 
dard with additional Stripped octoxynol 9. 

Standard solution 0*5 ppm: Transfer 5 ±0*01 g of the 
Standard solution containing 0*5 ppm ethylene oxide to 
suitable serum vlals eauipped with pressure-tight sep- 
tum closures designed to re!ieve any extes$ive pressure, 
and seal them. 

Standard solution 5 ppm: Transfer 5 ±0.01 g of the 
Standard solution containing 5 ppm ethylene oxide to 
suitable serum vials eauipped with pressure-tight sep- 
tum closures designed to relieve any excessive pressure, 
and seal them, 

Standard solution 10 ppm: Transfer 5 + 0.01 g of the 
Standard solution containing 10 ppm ethylene oxide to 
suitable serum vials eauipped wltn pressure-tight sep- 
tum dosu res designea to relieve any excessive pressure, 
and seal them* 


System suitability solution: 10 pg/mL of ethylene ox- 
ide and 10 pg/mL of acetaldehyde in Stripped octoxynol 

9 

Sample solution: Transfer 5+0.01 g of Octoxynol 9 to 
a serum vial of the same kind as the vials usea for Stan¬ 
dard solution A* 

Chromatographfc system 
(See Chromatography {62 1), System Suitability *) 

Modę: GC 

Detector: Flame ionization 

Column: 2*1-mm x 6*4-m nickel; 60- to SO-mesh sup- 
port S9 (under typical conditions) 

Temperaturę 
Column: 100° 
fnjector: 160° 

Detector: 200° 

Carrler gas: Helium 
Flow ra tę: 30 m L/m En 
System suitability 

Samptes: System suitability solution, Standard solution 
0.5 ppm t Standard solution 5 ppm , and Standard solu¬ 
tion 10 ppm 

Suitability reąulrements 

ResoJutfon: NLT 1*5 between ethylene oxide and ac¬ 
etaldehyde, System suitability solution 
Callbration: Nonę of the points used for constructing 
the stralght linę Callbration curve deviates from the 
linę by morę than 10%, Standard solution 0.5 ppm, 
Standard solution 5 ppm t Standard solution W ppm. 
Analysis 

Samples: System suitability solution. Standard solution 
0,5 ppm, Standard solution 5 ppm , Standard solution 

10 ppm, and Sample solution 

Callbration: Place the vial containing Standard solution 
10 ppm in an oven, and heat at 90° for 30 min* Re- 
move the vial from the oven* Using a gas-tight sy- 
ringe, immediately inject a 100-pL aliąuot ot the head- 
space gas into the gas chromatógraph* Obtain the 
area for the ethylene oxide peak (retention time ap- 
proximately 8 min), Raise the temperatura of the col¬ 
umn to 200° after ethylene oxide elutes to volatilrze 
heavy components, Re-equilibrate the coEumn at 100°* 
Repeat the foregoing steps, using the vfats containing 
Standard solution 0.5 ppm and Standard solution 5 ppm * 
On linear graph paper, plot area units versus ppm eth¬ 
ylene oxide for the standards, and draw the best 
straight Hne throucjh the points. 

Place the viaJ containing the Sampfe soiution in an oven, 
and heat at 90° for 30 min* Rermove the vial from the 
oven* Immediately inject a 100-pL aliquot of the head- 
space gas into the gas chromatograph, and obtain the 
area for the ethylene oxide peak, 

Calculate the concentration of ethylene oxide in the 
sample, in ppm: 

Result = Ti iX S 

ru - peak area from the Sample solution 
S = slope of the standard curve (ppm/peak area 
unit) 

Acceptance criteria: NMT 5 ppm 

• Limit of Dioxane 

Apparatus: Assemble a closed-system vacuum dlstrlla- 
tion apparatus, using glass vacuum stopcocks (A, B, and 
Q , as snown in Figurę 1 * The concentrator tubę (D) 1 is 
madę of borosilicate or quartz (not flint) glass, gradu¬ 
ated precisely enough to measure the 0.9 mL or morę 
of distillate collected and marked so that the analyst 
can diiute accurately to 2.0 mL* 

1 A suitable tubę is avaiiable as Chromaflex concentrator tubę, Kontes Glass 
Co„ VI ne land, N| (Catalog No. K42560-0000), 
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Figurę 1. Closed-system vacuum distiflation apparatus for 
dioxane. 

Standard solution: 1 00 jig/mL of dioxane in water. Use 
a freshly prepared solution. 

Sample solution: Transfer 20.0 g to a 50-mL round- 
bottom fiask (£) having a 24/40 ground-g lass neck joint 
Add 7.0 mL of water. Place a smali polytef-coyered stir- 
ring bar in the fiask, insert the stopper, and stir to mix. 
immerse the fiask in an ice bath, and chill for 1 min. 
Wrap heating tape around the tubę connecting the 
concentrator tubę (D) and the round-bottom fiask, and 
apply 10 V to the tape. Apply a light coating of high- 
vacuum silicone grease to the ground-glass joints, and 
connect the concentrator tubę to the 10/30 joint and 
the round-bottom fiask to the 24/40 joint. Immerse the 
vacuum trap In a Dewar fiask filled with fiquid nitrogen, 
close stopcocks A and B, open stopcock C, and begin 
evacuating the system with a vacuum pump. Prepare a 
slurry bath from powdered dry ice and methanol, and 
ratse the bath to the neck of the round-bottom fiask. 
After freeztng the contents of the fiask for 10 min, an a 
when the vacuum system is operating at a 0,05-mm 
pressure or lower, open stopcock A for 20 s, then close 
it. Remove the slurry bath, and a [Iow the fiask to warm 
in atr for 1 min. fmmerse the fiask in a water bath 
maintarned at a temperaturę of 20°-25 D , and after 
about 5 min warm the water bath to 35 D -4G IJ (sufficient 
to liguefy most specimens) while stirrtng slowly but 
constantly with the magnetlc bar. Cool the water in the 
bath by adding ice, and chill for about 2 min. Repface 
the water bath with the slurry bath, freeze the contents 
of the round-bottom fiask for 10 min, open stopcock 4 
for 20 s, and then close it. Remove the slurry bath, and 
repeat the heating steps as before, this time reachlng a 
finał temperaturę of 45°-50° or a temperaturo neces- 
sary to melt the specimen completely. If Lhere i$ any 
condensadon in tne tubę connecdng the round-bottom 
fiask to the concentrator tubę, slowly increase the volt- 
age to the heating tape, and heat until the condensa- 
tron disappears. 

Stir with tne magnetic stirrer throughout the folfowing 
steps. Very slowEy immerse the concentrator tubę in a 
Dewar fiask containing liguid nitrogen. 

[Caution— When there is nguid disdllate in the concentra¬ 
tor tubę, immerse the tubę in the liquid nitrogen very 
slowly, or the tubę will break.] 

Water will begin to distill into the concentrator tubę. As 
ice forms in the concentrator tubę, raise the Dewar 
fiask to keep the liguid nitrogen level only sllghtly be- 
Iow the level of ice in the tubę. When water begins to 
freeze in the neck of the 10/30 joint, or when fiquld 
nitrogen reaches the 2.0-mL graduation mark on the 
concentrator tubę, remove the Dewar fiask, and allow 
the Ice to melt wlthout heating. After the ice has 
melted, check the volume of water that has distiiled, 
and repeat the sequenee of chiIIIng and thawrng until 
NLT 0.9 mL of water has been collected. Freeze the 
tubę once aga in for about 2 min, and release the vac- 


uum first by opening stopcock B f followed by opening 
stopcock A. Remove the concentrator tubę from the 
apparatus, close it with a greased stopper, and allow 
tne ice to melt without heating. Mix tne contents of 
the concentrator tubę by swjrfing, notę the volume of 
distillate, and dilute with water to 2.0 mL, if necessary. 
Chromatographk system 

(See Chromatograpny {62^) / System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Column: 2-mm x 1.8-m glass; support S10 (under 
ty pica I conditions) 

Temperaturę 
Column: 140 3 
Injector: 200° 

Detector: 250° 

Carrier gas: Nitrogen or helium 

Flow ratę: 35 mL/min 

Install an oxygen scrubber between the carrier gas linę 
and the column. Condltion the column for 72 h at 
230° with 30-40 mL/min carrier flow. [Notę—S up¬ 
port S10 is oxygen-sensitive. Each time a column is 
mstalled, flush with carrier gas for 30-60 min before 
heating.] 

Injection size: 2-4 |iL 
Analysis 

Samples; Standard solution and Sample solution 
Acceptance criteria: The height of the peak from the 

Sample solution is NMT that from the Standard solution: 

NMT lOug/g (ppm). 

5PECIFBC TESTS 

6 Fats and Fixed 0115, Add Value (401): NMT 0.2 

* Fats and FiXED Oils, Hydroxyi Value (401): 85-101 

o Fats and Fixed Oils, Peroxiae Yalue (401): NMT 10.0 

* Water DeterwjiNATION, Method t (921): NMT 0.5% 

ADDBTIONAL REQUIREMENTS 

® Packaging and Storage: Preserve In tight tontainers. 
Storę at room temperaturę. 

« USP Reference Standard* (11) 

USP Nonoxynol 9 RS 
USP Octoxynol 9 RS 


OctyBdodecanoB 



C m H«0 298.55 

1- Dodecanol, 2-octyl-; 

2- Octyl-1 -dodecanol; 

2-Octyldodecane-1 -ol; 

2-Octyldodecyl alcohol [5333-42-6], 

DEFBNITION 

OctyJdodecanol contains NLT 90.0% and NMT 102.0% of 
2-octyldodecanol, the remainder consisting chiefly of re- 
lated alcohols. It is obtained from sources of vegetab!e, 
animal, or synthetic origin. 

IDENTIFICATION 
o A. CHROMATOGRAPH1C iDENTiTY 

Analysis: Proceed as directed in the Assay. 

Acceptance criteria: The retention time of the major 
peak of the Sample solution , exciuding the so!vent and 
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intemal standard peaks, corresponds to the 2-octyldo 
decanol peak of tne Standard solution. 

AS5AY 
o Procedurę 

Interna! standard solution: 1 mg/mL of 1-pentadeca- 
nol (interna] standard) In ethanol 
System suitability solution: Prepare 1 mg/mL of USP 
Cetyl Alcohol RS, 1 mg/mL of USP Stearyf Alcohol RS, 
and 1 mg/mL of USP OleyJ Atcohol RS In interna / stan¬ 
dard solution , and heat the solution in a sealed Con¬ 
tainer in a 50° water bath until all fatty alcohols are 
dissolved. Atlow the solution to cool to room tempera¬ 
turę, and mix well. 

Standard solution: Prepare 1.0 mg/mL of USP Octyldo- 
decanol RS in Internai standard solution , and heat tne 
solution in a sealed Container in a 50° water bath untif 
octyldodecanol is dissofved. Allow the solution to cool 
to room temperaturę, and mix well. 

Sampfe solution: Prepare 1.0 mg/mL of Octyldodeca¬ 
nol in Intemal standard solution, and heat the solution 
in a sealed Container in a 50° water bath until octyldo¬ 
decanol is dissolved. Allow the solution to cool to room 
temperaturę, and mix welL 
Chromatographic system 
(See Chromatography {62^) f System Suitability *) 

Modę: CC 

Detector: Flame ionization 

Column: 0.25-mm x 3Q-m fused-silica capi tiary, coated 
with a 0.25-jim layer of phase C7 
Temperatures 
Detector: 280° 
injection port: 270 a 
Cofumn: See Tobie T 


Table 1 


initial 

Temperaturę 

n 

Temperaturę 

Ramp 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

60 

20 

180 

_ 

180 

10 

220 

5 


Carrier gas: Hydrogen 

Flow ratę: 2,0 mL/min, constant flow modę 

injection volume: 1 jliL 

Injection type: Split injection; split ratlo is 100:1 
Liner: Single taper, Iow pressure drop liner with deac- 
tivated wool 
Run time: 15 min 
System suitability 

Samples: System suitability solution and Standard 
solution 

[NOTĘ—See Table 2 for the relative retention tlmes*] 


Table 2 


Component 

Relafive 

Retention 

Time 

1-Rentadecanol (interna! standard) 

1.00 

Cetyl alcohol 

1.08 

Stearvl alcohol 

1*25 

Oleyl a 3 co ho f 

1*27 

2-Oct vl d od ecanol 

1,32 


Suitability requirements 

Resofution: NLT 30 between the cetyl alcohol and 
stearyl alcohol peaks; NLT 2.0 between the stearyl al- 
cohol and oleyl alcohol peaks, System suitability 
solution - 

Talling factor: 0*8-1.8 for the 2-octyldodecanohand 
I - pentadecanol peaks. Standard solution 


Relative standard deviation: NMT 1%, using the 
area ratio of 2-octyldodecanol to 1 -pentadecanof. 
Standard solution 
Anaiysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of 2-octyldodecanol (C^hUzO) 
in the portion of Octyldodecanol taken: 

Result = (Ru/Rs) x (G/G) x 1 00 

Ru = peak response ratio of 2-octyldodecanol to the 
interna! standard (peak response of 
2-octyldodecano!/peak response of the 
internaI standard) from the Sample solution 
Rs - peak response ratio of 2-octyldodecanol to the 
internat standard (peak response of 
2-octyidodecanol/peak response of the 
interna] standard) from the Standard solution 
G = concentration of USP Octyldodecanol RS in 
the Standard solution (mg/mL) 

Cu = concentration of Octyldodecanol in the 
Sample solution (mg/mL) 

Acceptance criteria: 90.0%-l 02,0% of 
2-octyldodecanol 

IIWPURITIES 

o RE5IDUE ON IGNITION (281): NMT 0.1%, determined on 

2g 

* Limit of Related Fatty Alcohols 

System suitability solution: Prepare 1 mg/mL of USP 
Capric Alcohol RS, 1 mg/mL of USP Cetyl Alcohol RS, 

1 mg/mL of USP Stearyl Alcohol RS, 1 mg/mL of USP 
Oleyl Alcohol RS, 1 mg/mL of USP Linoleyl Alcohol RS, 
and 1 mg/mL of USP Octyldodecanol RS In ethanoL 
Heat the solution in a sealed Container in a 50° water 
bath until al! fatty alcohols are dissolved> Allow the solu¬ 
tion to cool to room temperaturę, and mix well. Difute 
the solution with ethanol to obtain a solution contain- 
ing 0*05 mg/mL each of USP Capric Alcohol RS, USP 
Cetyl Alcohol RS, USP Stearyl Alcohol RS, USP Oleyl Al¬ 
cohol RS, USP Linoleyl Alcohol RS, and USP Octyldodec¬ 
anol RS. 

Sample solution: 1 mg/mL of Octyldodecanol In 
ethanol 

Chromatographic system: Proceed as di ret ted in the 
Assay, except use split injection with a splk ratlo of 5:1. 
System suitability 
Sample: System suitability solution 
[NOTE—See Tabfe 3 for the relatlve retention times.] 


Table 3 


Component 

Re|ative 

Retention 

Time 

Capric alcohol 

0.48 

Cetvf alcohol 

0.82 

Stearyl alcohol 

0.95 

Oleyl alcohol 

0.96 

Linofeyl alcohol 

0.99 

2-Octvldodecanol 

T00 


Suitability requirements 

Resolution: NLT 30 between the cetyl alcohol and 
stearyl alcohol peaks; NLT 2.0 between the stearyl al¬ 
cohol and oleyl alcohol peaks; NLT 2.0 between the 
finoleyl alcohol and 2-octyldodecanol peaks 
Anaiysis 

Samples: System suitability solution and Sample solution 

Identlfy each related fatty alcohol peak in the Sample 
solution based on that in the System sultabilitY solution. 

Observe some unspecified impurities at the relative re¬ 
tention time with reference to 2-octyldodecanol, rang- 
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ing from 0.63 to 0,66. Those peaks may be due to 
branched fatty alcohols, 

Calculate the percentage of each related fatty alcohol or 
any unspecified impurity In the portion of Octyldodet- 
ano! taken: 

Result = (rjrj) x 100 

ru = peak response of each related fatty alcohol (or 
any unspecified impurity) from the Sample 
sofution 

fj = sum of all the peak responses excluding peak 
responses due to solvent from the Sample 
soiution 

Acceptance criteria 

Disregard peaks that are less than 0.05% for any 
unspecified impurities, and any peaks due to solvent. 
Sum of unspecified impurities: NMT 1% 

Sum of related fatty alcohols and unspecified rmpuri- 
ties: NMT 10.0% 

SPECSFIC TESTS 

* Fats and Fixed Oils, Acid Value (401): NMT 0,5 

® Fats and Fixed Oils, Hydroxyl Value <401): 175-190 

* Fats and Fixed Oils, lodine Value (401): NMT 8 

* Fats and Fixeb Oils, Peroxide Value (401): NMT 5.0 
« Water Determination, Method I (921): NMT 0,5% 

ADD8TI0NAL REQUIREMENTS 
« Packacing AND Storage: Preserve in tight containers. 

* Labeleng: La bel it to indlcate whether it is derived from 
vegetable, ani mai, or syrtthetic sources, 

■ USF Reference Standards (Tl) 

USP Capric Alcohol RS 
USP Cetyl Alcohol RS 
USP Linoleyl Alcohol RS 
USP Octyldodecanol RS 
USP Oleyl Alcohol RS 
USP Stearyl Alcohol RS 


Ointment, Hydrophilic —see Hydrophilic 
Ointment General Monographs 


Ointment, White —see White Ointment 
General Monographs 


©ir&tmeBut, Yeilow —see Yellow Ointment 
General Monographs 


Olek Acid 


9-Octadecenoic acid, (Z)-; 

Olek acid [112-80-1], 

DEFINITION 

Oleić Acid is manufactured from fats and oils derived from 
edible sources, animal or vegetable, and consists chiefly of 
(Z)-9-octadecenoic acid [CH,(CH ; >) ? CH:CH(CH z ) 7 COOH]. It 
contains NLT 65,0% of (Z>9-octadecenoic acid 
[CH^C^^CFLCHfCHs^COOH]. it may contain suitable 
stabilizers. 

[NoTE—Oleic Acid labeled solely for external use is exempt 
from the requirement that it be prepared from edible 
sources.] 

IDENTIFICATION 

* A, INFRARED ABSORPTION (197F) 

Sample: Undried specimen 
Acceptance criteria: Meets the reguirements 
■ B. The retention time of the major peak of the Sample 
soiution corresponds to that of the Standard soiution , as 
obtained in the Assay , 

ASSAY 

* Procedurę 

Standard sofution: 1,7 mg/mL of USP Oleić Acid RS tn 
tetrahydrofuran 

Sample soiution: 1.7 mg/mL of Olek Acid in 
tetrahydrofuran 
Chromatographfc system 
(See Chromatograpny (621), System Suitability .) 

Modę: GC 

Detector: Ffame ionizatton 

Column: 0,53-mm x 30-m capillary; 0.25-um [ayer of 
phase G25 (or G35) 

Temperaturę 
Detector: 280° 

Injection port: 280° 

Column: See Tobie h 


Table 1 


Ifiitia! 

Temperaturę 

.n 

Temperaturę 

Ramp 

P/nlń) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

120 


120 

5 

120 

10 

250 

20 


Carrier gas: Helium 
Flow ratę: 7,0 ml/min 
Injection volume: 1,0 pL 
Injection type: Splitless 
System suitability 
Sample: Standard soiution 

[NOTĘ—The retention time for oleić acid is about 19.2 
min.] 

System suitability reguirements 
Relative standard deviation: NMT 5,0% 

Analysis 

Sam pies: Standard soiution and Sample soiution 
Calculate the percentage of oleić acid in the portion of 
the sample taken: 

Result - (ru/ft) x (C 5 /C u ) x 1 00 

r u - peak response for oleić acid from the Sample 
soiution 

r s = peak response for oleić acid from the Standard 
soiution 

Cs ~ concentradon of USP Oleić Acid RS in the 
5 tan da rd sofution (mg/mL) 

Cu - concentration of Oleić Acid in the Sample 
soiution (mg/mL) 



CwHuOi 282.46 
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Acceptance criteria: NLT 65.0% 

IMPURBT1E5 

« Residue on Ignition <281) 

Sampie: 10mL 

Acceptance criteria: NMT 1 mg (about 0.01%) 

SPECiRC TESTS 
* CONTENT OF FATTY ACIDS 

Oleić Add exhibits the composition profiles of fatty acids 
shown in Tobie 2 betów, as determined in Fats ond Fixed 
Oils (401), Fatty Acid Composition . 


Table 2 


Ca rbon-C haln 
Lenqth 

Number of 
Double Bond* 

Percentage 

(%1 

14 

0 

<5.0 

16 

0 

Si 6.0 

16 

1 

<8.0 

18 

0 

<6,0 

18 

1 

>65.0 

ia 

2 

<18,0 

18 

3 

<4,0 

20, ZZ» 

0 

<4.0 


a The sum of these fatty adds shauld be NMT 4.0%. 


Test solution: Prepare as directed In the chapter, but 
omitting the initial hydroiysis. 
fi CONGEALING Temperaturę (651): 3 D -10 a for Oldc Acid 
derived from animal sources; 10°-16° for Oleić Acid de- 
rived from vegetable sources 

° FATS and Fixed Olis, Add Vaiue <401): 196^204, 2 g be- 
ing used 

* Fats and Fixed Oils, fodine VoIue (401): 85-105 

O fats AND Fixed OlLS, Peroxide Value <401): NMT 10.0 

* Water Determinatiom, Method t (921): NMT 0,4% 

• Minerał Acids 

Sampie: 5 mt 

Analysis: Shake the Sampie with an eguat volume of 
water at a temperaturę of about 25 Q for 2 min, aflow 
the lfquids to separate, and pass the water fayer 
through a paper fiiter previously moistened with water. 
Acceptance criteria: The fi!tratę is not reddened by the 
addttion of 1 drop of niethyl orange TS. 

AODITlONAl REQUIREMENT5 

® Packaging and Storage; Preserve in weil-closed contain- 
ers, protected from iight. Storę at room temperaturę, 
and avold exposure to excessive lieat. 

• Labełing: if it is for external use onfy, the labeling so 
indicates. Labef it to indicate whether it is derived from 
animal or vegetable sources. Indicate the names and 
quantity of any added stabilizers, 

® USP Reference Standards (11) 

USP Oleić Add RS 


OleoyB Po9yoxylqiycerB€les 

DEFINmON 

Oieoyl Polyoxylglycer3des is a mixture of monoesters, dl es- 
ters, ano triesters of glycerof and monoesters and diesters 
of polyethyfene glycois. Polyethylene glycols used have a 
mean molecular weight between 300 and 400, The article 
Is produced by partial alcoholysis of unsaturated oiis, 
mainJy containing tnglycerides of oieic acid with polyeth¬ 
ylene glycol, by esterification of glycerol and polyethylene 
gjycol with fatty acids, or as a mixture of glycerol esters 
and ethyiene oxide condensate with the fatty acids of the 
unsaturated oils, It may contain free polyethylene glycols. 


IDENTIFICATION 

* A, INFRARED ABSORPTION <197F) 

- B« Thin-Layer Ghromatographic Identification Test 

( 201 ) 

Standard solution: 50 mg/mL of USP Oieoyl Polyoxyl- 
glycerides RS in methylene chioride 
Sampie solution: 50 mg/mL of Oieoyl Po!yoxy]giycer- 
ides in methylene chioride 

Application volume: 10{iL 

Developing solvent system: Ether and hexanes (70:30) 
Spray reagent: 0.1 mg/mL of rhodamine B in alcohoi 
Anaiysis 

Sam pies: Standard solution and Sampie solution 
Proceed as directed In the chapter. then spray the 
piąte with Spray reagent, and locate the spots on the 
piąte by examination under UV llght at a wavelength 
of 365 nm. 

Acceptance criteria: The values of the principal spots 
of the Sampfe solution correspond to those of the Stan¬ 
dard solution , 

* C 3t meets the reguirements in Specific Tests (see Tobie 1) 
for Fats and Ftxed OilsFatty Add Composition (401), 

1MPURITIES 


Delete the following: 

*• Heavy Metals, Method U (231): NMT 10 pg/g* 

Ja n-201B) 

o ALKALINE IMPURITIES 

Sampie: 5.0 g 

Analysis: To the Sampie add 10 itiL of alcohoi and 
0.05 mL of bromophenol biue TS, and mix welL Titrate 
with 0,01 N hydrochloric add VS to change the color 
to yetlow* 

Acceptance criteria: NMT 7.0 mL of 0,01 N hydroehJo- 
ric acid is required, 

■ Limit of Free Ethyiene Okide and Dioxane 

Analysis: Proceed as directed in Ethyiene Oxide and Di- 
oxane (228), Method i. 

Acceptance criteria 
Ethyiene oxrde: NMT 1 pg/g 
Dioxane: NMT 1 0 pg/g 

• Limit of Free Glycerol 

Sampie: 1.2 g 

Periodic acetic acid solution: Disso3ve 0,446 g of so- 
dium periodate in 2.5 ml of a 25% (v/v) solution of 
sulfuric acid, and dilute with glacial acetic add to 
100.0 mL. 

Potassium iodide solution: 75 mg/mL of potassium 
iodide 

Blank: 25 ml of methylene chioride 
Titrimetric system 
(See Titrimetry {54 1),) 

Modę: Residua t titration 
litrant: 0.1 M sodium thiosulfate VS 
Endpoint detection: Visual 
Analysis: DissoNe the Sampie in 25 mL of methylene 
chioride, heating if necessary. CooJ, and add 100 ml of 
water and 25.0 ml of Periodic acetic acid solution , Shake, 
and allow to stand for 30 min, Add 40 ml of Potassium 
iodide solution , and allow to stand for 1 min, Add 1 mL 
of starch TS, and titrate the liberated iodine with 0,1 M 
sodium thiosulfate VS. Perform a blank determination, 
and make any necessary correction. 

Cafcuiate the percentage of glycerol in the sampfe 
taken: 

Result = {[(V B -V$)xNx Fl/W} x 100 

V B = Titrant volume consumed by the Blank (mL) 

V s = Titrant volume consumed by the Sampie (mL) 

N - actua! norma!ity of the Titrant (mEq/mL) 

F - equivalency factor, 23,0 mg/mEq 
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W - Sampie weight (mg) 

Acceptance criteria: NMT 5.0% 

SPECIFIC TEST5 

* Ahticles of Botanical Origin, Toto! Ash <561): NMT 

0 . 1 % 

* Fats and Fixed Oils, Add Value (401) 

Sampie: 2.0 g 

Acceptance criteria: NMT 2.0 

* Fats and Fixed Oils, Fatty Add Composition (401): Oteoyl 

Polyoxylglycerides exhibits the composition profile of 
fatty acids shown in Tobie 1. 


IDENTIFICATION 
® A. Chromatographic Identity 

Analysis: Proceed as directed in the Assay. 

Acceptance criteria: The retention time of the major 
peak of the Sampie soiution, excluding the solvent and 
intemal standard peaks, corresponds to the oleyi alco- 
ho! peak of the Syste/r? suitability soiution . 

ASSAY 

Change to read : 


Table 1 


Carbon-Chain 

Lenqth 

Number of 
Double Bonds 

Percenfage 

(%> 

16 

0 

4.0-9.0 

18 

0 

<6.0 

18 

1 

58.0-80.0 

18 

2 

15.0-35.0 

18 

3 

£2.0 

20 

0 

< 2.0 

20 

1 

<2.0 


■ Fats and Fixed Gils, Hydroxyl Volue (401) 

Sampie: 1.0 g 
Acceptance criteria: 45-65 
e Fats and Fiked Oils, lodine Value( 401): 75-95 

* Fats and Fixed Oils, Peroxide Value ( 401 ) 

Sampie: 2.0 g 

Acceptance criteria: NMT 12.0 

* Fats and Fixed Oils, Saponification Vaiue (401) 

Sampie: 2.0 g 

Acceptance criteria: 150-1 70 

* Watek Determination, Method I (921) 

Sampie: 1.0 g 

Analysis: Instead of using methanol as the solvent, one 
of two solvent Systems can be used: a mixture of meth- 
ylene chloride and anhydrous methanol (70:30 v/v), or 
anhydrous pyridlne. 

Acceptance criteria: NMT 1.0% 

AODITfONAL REQUDREMENT5 
o Packagpng and Storage: Preserve in tight containers, 
protected from light and moisture. Storę at controlled 
room temperaturę. 

o ELabeling; Label it to indicate the type and the average 
nominał molecutar weight of polyetnylene glycol used as 
part of the official titte. 

« USP Reference Standards (11) 

USP Oleoyi PolyoxyJglycerides RS 


Oleyi AlcohoB 



C )8 H 36 0 268.48 

9-Octadecen-l-ol, (Z)-; 

(Z)-9-Octadecen-1 -ol [143-28-2]. 

DEFINITJON 

Ofeyl Alcohol is a mixture of unsaturated and saturated high 
molecular weight fatty alcohols consisting of 
75.0%^102.0% of oleyi alcohol (CirH^O) and its Isomers. 
it is obtained from sources of vegetable, animał, or syn- 
thetic origin. It may contain suitable stabllizers. 


■ Procedurę 

Interna! standard soiution: 1 mg/mL of 1-pentadeca- 
nol (internal standard) in ethanol 

System suitability soiution: Prepare 1 mg/mL each of 
USP Cetyl Alcohol RS, USP Stearyt Alcohol RS, and USP 
Oleyi Alcohol RS in Interna! standard soiution , and heat 
the soiution in a sealed Container in a 50° water bath 
untił all fatty alcohols are dissolved. Allow the soiution 
to cool to room temperaturę, and mix well. 

Standard soiution: 6 1.0 mg/mL of USP Oleyi Alcohol 
RS in tnternal standard soiution* (err i.j un . 2 Gifi) 

Sampie soiution: *1.0 mg/mL of Oleyi Alcohol in Inter¬ 
na! standard soiution* (ERRi-jun- 20 ] 6 ) 

Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: CC 

Detector: Flame ionization 

Column: 0.25-mm x 30-m fused sifica capiflary; coated 
with a 0.25-pm layer of phase G7 
Temperatures 
Detector: 280 3 
Injection port: 270° 

Column: See Table 1. 


Table 1 


Initlal 

Temperaturę 

n 

Temperaturę 

Ramp 

(Vmm) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min 1 ) 

60 

20 

180 

__ 

180 

10 

220 

5 


Carrier gas: Hydrogen 

FIow ratę: 2.0 mL/min, constant flow modę 

Injection volume: 1 llL 

Injection type: Split injection; spiit ratio is 100:1 
liner: Single ta per, Iow pressure drop liner with deac- 
tivated wool 
Run time: 15 min 
System suitability 

Sampfes: System suitability soiution and Standard 
soiution 

[NOTĘ —See Tobie 2 for the relative retention times.] 


Table 2 


Component 

Relative 

Retention 

Time 

%Pentadecanol 


(internal standard 1 ) 

1.00 

Cetyl alcohol 

1.08 

Stearvl alcohol 

1.25 

OEeyl alcohol 

1.27 


Suitability reąuirements 

Resolution: NLi 30 between the cetyl alcohol and 
stearyf alcohol peaks; NLT 2.0 between the stearyi 
and oley! alcohol peaks, System suitability soiution 
Tailing factor: 0.8-1.8 for the oleyi alcohol and 
1-pentade ca nol peaks, Standard soiution 
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Relative standard deviatiorv. NMT 1%, using the 
area ratio of oleyl alcohol to 1-pentadeeanol, Stan¬ 
dard solution 

Analysts 

Sampfes: Standard solution and Sample solution 
The peak of eiaidyl alcohol, which is an isomer of oleyf 
alcohol, can be resolyed from the oleyl alcohol peak 
with a resolution of about 1, and witn a relative reten- 
tion time with reference to oleyl alcohol of 0,995. An 
additional sma]l peak that may be observed on the 
peak tai! of oleyl alcohol can be assigned to another 
oleyl alcohol isomer. If eiaidyl alcohol is observed, a 
combination of both peaks of eiaidyl alcohol and oleyl 
alcohol is used to determine oleyl alcohol content 
Cafculate the percentage of oleyl alcohol (CisH^aO) or 
its isomers in the portion of Oleyl Alcohol taken: 

Result = (Ru/Rs) x (Q/C u ) x 100 

Ru = peak response ratio of oleyl alcohol (or elaidy! 
alcohol) to the interna! standard [peak 
response of oleyl alcohol (or eiaidyl alcohol)/ 
peak response of the internal standard] from 
the Sample solution 

Rs = peak response ratio of oleyl alcohol to the 
internal standard (peak response of oleyl 
alcohol/peak response of the internal 
standard) from the Standard solution 
C s - concentration of U5P Oleyl Alcohol RS in the 
Standard solution (mg/mL) 

Cu - concentration of Oleyl Alcohol in the Sample 
solution (mg/mL) 

Acceptance criteria: 75.0%-l 02.0% for oleyl alcohol 
and its isomers 

iMPiinrriES 

e RESiDUE ON GGNITION (281): NMT 0.1%, determined on 
2 g 

9 LlMIT OF RELATED FATTY ALCOHOLS 

Resolutron solution: Prepare 1 mg/mL each of USP 
Cety! Alcohol RS, USP Stearyl Alcoliol RS, USP Oleyf Al- 
cohol RS, USP Unoleyl Alcohol RS, USP Linolenyl Alco¬ 
hol RS, and USP Arachidy! Alcohol RS in ethanol, Heat 
the solution In a sealed Container In a 50° water bath 
until all fatty alcohols are disso!ved, Al Iow the solution 
to cool to room temperatura, and mix wefl. Diiute the 
solution with ethanol to obtain a solution containing 
0.05 mg/mL each of USP Cetyl Alcohol RS, USP Stearyl 
Alcohol RS, USP Oleyl Alcohol RS, USP Unoleyl Alcohol 
RS, USP Linolenyl Alcohol RS, and USP Arachidy! Alcohol 
RS, 

Sample soiutlon: 1 mg/mL of Oleyl Alcohol in ethanol 
Chromatographic system: Proceed as directed in the 
Assoy, except use spfit injection with a splrt ratio of 5:1. 
System suitabifity 
Sample: Resolution solution 
[Notę—S ee Tabie 3 for the relative retention times.] 


and oleyl alcohol peaks; NLT 6.0 between the oleyl 
alcohol and linoleyl alcohol peaks 
Analysis 

Samples: Resolution solution and Sample solution 
Identify each related fatty alcohol peak In the Sample 
solution based on that in the Resolution solution. 
Calculate the percentage of each related fatty alcohol in 
the portion of Oleyl Alcohol taken: 

Result = (r v /rr) x 100 

ru - peak response of each related fatty alcohol 
from the Sample solution 

r T = sum of all the peak responses excluding peak 
responses due to sofvent from the Sample 
solution 

Acceptance criteria: See Tobie 4. Disregard peaks that 
are less than 0.05% for any unspedfled impurities, and 
any peaks due to solvent. 


Tafole 4 


Comp orient 

Acceptance 

Criteria, 

NMT (%1 

Cetyl alcohol 

8,0 

Stearyl alcohof 

5.0 

Unoleyl alcohol 

7.G 

Linolenyl alcohol 

1,0 

Arachidy! alcohol 

TO 


SPECIF1C TE5TS 

o Fats and Fixed Oils, Acid Value (401): NMT 1 

* Fats and Fixed Oils, Hydroxvl Value (401): 205-215 

® Fats and Fixed Oils, Reroxiae Value (401): NMT 10,0 
® Water Determination, Method I (921): NMT 0,5% 

ADJDETIONAL REQUIREMENTS 

* Packaging and Storage: Preserye in welhfilled, tight 

containers, and storę at controlled room temperaturę, 

® Labeling: Label it to indicate whether it Is derived from 
vegetable, ani mai, or synfhetic sources. Indicate the 
names and amounts of any added stabiflzers. 

» USP Reference Standards (11) 

USP Arachidyl Alcohol RS 
USP Cety] Alcohol RS 
USP Linolenyl Alcohol RS 
USP Linoleyf Alcohol RS 
USP Oleyl Alcohol RS 
USP Stearyl Alcohol RS 


Oleyli Oleate 


Table 3 


Component 

ReBative 

Retention 

Time 

Cetyl alcohol 

0.85 

Stearyl alcohol 

0.99 

Oleyl alcohol 

1.00 

Unoleyl alcohol 

1,03 

Linolenyl alcohol 

1.0 ó 

Arachidyl alcohol 

1.14 


Suitabiiity regurrements 

Resoiutlon: NLT 30 between the cetyl alcohol and 
stearyl alcohol peaks; NLi 2.0 between the stearyl 



C^HósOi 

9-Octadecenoic acid, (2)-, oleyl ester; 
Oleyl oleate [3687-45-4], 


532.92 
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DEFIN9TJON 

Oleyi Oleate consists of esters of oleyi alcohol and high mo- 
lecular weight fatty acids, principalfy oleić acid. 

IDENTIFICATION 

* A. INFRAHED ABSORPTIOM (197F) 

IMPURmES 

* RESIDUE ON &GNITION (281) 

Sample: 2 g 

Acceptance criteria: NMT 0.1% 

* Arsenic, Method II (211): 2 pg/g 

Delete the folłowing: 

*• Heaw Metals, Method II (231): NMT 20jig/g # 

Jpn-2018) 

SPECIF5C TESTS 

* CLARITY OF SOLUTION 

Sample solution: 200 mg/mL in ether 
Acceptance criteria: The resulting solution is elear, 
a Specifec Cravity (841): 0.860-0.884 at 20 a 

* FATS and FlXED 0JL5, Add Value (401): NMT 3.0 

* Fats AND Fixed 0IL5, Hydroxyl Vaiue (401): NMT 10 
o Fats and Fixed Oils, łodine Value (401): 70-120 

o Fats and Fixed Oils, Soponification Value (401): 90-125 
o Refractive Index (831): 1.464-1.468 at 20° 

ADDITIONAL REQUBREMENTS 

* Pacicaging and 5torage: Preserve in tight containers. No 

sto ragę conditions specified. 

O USP Reference Standards (11) 

USP Oleyi Oleate RS 


Oiive ©IB 


[8001-25-0]. 

DEFINITION 

Ofive Oil is the refined fixed oil obtained from the hpe fruit 
of Olea eurapaea L, (Fam. Ofeaceae). It may eon tat n su i la¬ 
bie antioxidants. 

IDENTIFICATION 

* A. IDENTITY BY FaTTY ACID COMPOSITION 

Analysis; Proceed as directed in the test for Fats and 
Fixed Oils (401X Fatty Add Composition. 

Acceptance criteria: Meets the composition profile of 
fatty acids in Table 1 

* B. IDENTITY BY TRICLYCERIDE PROFILE 

Analysis: Proceed as directed in the test for Identifica¬ 
tion of Fixed Oils by Thimtayer Chromatography (202). 

Acceptance criteria: Meets the reguirements in the 
chapter 

IMPURmES 


Delete the folłowing: 

*• Heavy Metals, Method 1! (231): NMT 10 ng/g* * *• tom ^i 

|ap ł- 20 1 li) 

9 alicaline Impurities 

Sample: 10 mL of Olive Oil 

Analysis: Mix 10 mL of freshly opened acetone and 
0,3 mL of water, and add 0.05 mL of bromophenol 
bfue TS. Add the Sample , shake, and allow to stand. 
Titrate with 0.01 N hydrochloric acid VS to change the 
color of the upper layer to yejlow. 

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochlo¬ 
ric acid is reguired. 


SPECIFfC TESTS 

» Fats and Fixed Oils, Add Value (Free Fatty Acids) (401): 
NMT 0.3. [NOTĘ—Petroleum ether with a 100°-120° boil- 
ing rangę can be used to replace ether in the test.] 

® Fats and Fixed Oils, Peraxide Vafue (401): NMT 10.0 
* Fats and Fexed Oils, Fatty Add Composition (401): Qiive 
Oil exhibits the composition profife of fatty acids shown 
in Tabfe 1, as determined in the chapter. 


Table 1 


Carbcm-Cham 

Lenatb 

Number of Doub¬ 
le Bonds 

Per cent a ge 
{%) 

<16 

0 

<0.1 

16 

0 

7.5-20.0 

16 

1 

<3.5 

18 

0 

0.5-5.0 

18 

1 

56.0-85.0 

18 

2 

3.5-20.0 

18 

3 

<1.2 

20 

0 

<0.7 

20 

1 

<0.4 

22 

0 

<0,2 

24 

0 

<0.2 


* Absence of Sesame Oil 

Sample: 10 mL of Olive Of! 

Analysis: Mix the Sample with a mixture of 0.5 mL of a 
0.35% (v/v) solution of furfural in acetic anhydride and 
4.5 mL of acetic anhydride, and shake the mixture for 
about 1 min. Pass through a fifter paper previousfy wet- 
ted with acetic anhydride. Add 0,2 mL of sulfuric acid 
to the filtrate. 

Acceptance criteria: No bluish-green color develop$, 
o Fats and Fixed Oils, Unsaponifiable Matler (401): NMT 
1.5%. [Notę—P etroleum ether with a 40°-60° boifing 
rangę can be used to replace ether In the test.] 

o Ulthaviolet Absorbance 

Sample solution: Dissolve 1.0 g of 0!ive Oif in cyclo- 
hexane, and dilute with cydohexane to 1 00 mL. 
Instrumental conditions 
(See Ultravioiet~Visib!e Spectroscopy (857),) 

Modę: U\/-Vis 
Wavelength: 270 nrn 
Path length of the cel): 1 cm 
Analysis: Determine the UV-Vis absorbance using the 
Instrumental conditions described above. 

Acceptance criteria: The absorbance is NMT 1.20. 

* Water Deterwhnation, Method fc (921): NMT 0.1% 

* Sterol Composition 

2 M Alcoholic potassium hydroxide solution: Disso3ve 
12 g of potassium hydroxide in 10 mL of water, and 
difute with alcohol (et ha no!) to 100 mL 
Sample A: Accurately weigh 5 g of Q]ive D[l into a 
150-mL fiask fitted with a reflux condenser, Add 50 ml 
of 2 M Alcoholic potassium hydroxide solution, and beat 
on a water bath for 1 h, shaking frequentiy. Add 50 mL 
of water through the top of the condenser, shake, and 
allow to cogL Transfer the contents of the fiask to a 
separating funnel. Rinse the fiask with several portions 
totaling 50 mL of petroleum ether with a 40°-60° boil- 
Eng rangę, and add the rinsings to the separating fun¬ 
nel. Shake vigorousiy for 1 min, Allow to separate, and 
transfer the anueous layer to a second separating fum 
nef. If an emulsion forms, add smal] guantffies of aico- 
hol or a concentrated solution of potassium hydroxide. 
Shake the agueous layer with two 50-mL guantities of 
petroleum ether with a 40 n -60 a boiling rangę. Combine 
the petroleum ether tayers in a third separating funnel 
and wash with three 50-mL guantities of 50% alcohol. 
Transfer the petroleum ether layer to a tared 250-mL 
fiask, Rinse the separating funnel with smali guantities 
of petroleum ether with a 40°-60° boiling rangę, and 
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add to the fiask, Evaporate the petroleum ether on a 
water bath and dry the residue at 10G°-105° for 15 
min, keeping the fiask horizontaL Allow to cool m a 
deslccator and weigh. 

Reference A: Accuratdy weigh 5 g of sunflower oil into 
a 150-mL fiask fitted with a reflux condenser. Proceed 
as directed for Sampie A, beginning with "Add 50 mL of 
2 M Alcohoiic potassium hydroxide sofution łt . 

Separation of the sterol fraction by LC 
Mobile phase: Isopropyl aicohol and n-hexane (1:99) 
Sampie solution A: Transfer Sampie A with three 4-ml 
guantfties of petroleum ether with a 40 n -ó0° boiling 
rangę to a 15-ml test tubę. [NOTĘ—Ether can be used 
to replace petroleum ether if Sampie A rs not well solu- 
bie in petroleum ether.] Evaporate to dryness under a 
stream of nitrogen, Dlssolve Sampie A in Mobile phase 
to obtain a solutlon with an approximate concentra- 
tion of 40 mg/mL. Add a few drops of isopropyl alco- 
hol to lmprove the sol ubił rty. [Notę —3 drops are nor- 
mally sufficient to ensure complete sofubillzation.] Pass 
through a membranę filter (nominał 0,45-pm porę 
size). 

Reference solution A: P rep are as directed for Sampie 
solutlon A, except use Reference A instead of Sampie A. 
Chromatographic system 
(See Chromatography (621)0 
Modę: LC 

Detector: UV 210 nm 
Columns 

Guard: 4.6-mm x 0.5-cm (or 4.6-mm x 1,0-cm); 
5-pm paddng L3, with a 6-nm porę size 
Analytical: 4.6-mm x 25-cm; 5-pm packing L3, with 
a 6-nm porę size 
Flow ratę: 1.0 ml/min 
Injection yolume: 50 jiL 
Identification of the peaks due to sterols 
Samples: Sampie solutlon A and Reference solution A 
Sterol Identification: The sterol fraction ellites at the 
end of the chromatogram. Locate the fraction to be 
collected by using the chromatogram from Reference 
solution A. The chrom atogram from Reference solution 
A shows two or three pnncipal peaks, which elute at 
approximately 21-35 min depending on the column 
used, The chromatogram from Sampie solution A may 
have one prindpal peak* 

Sterol collection: Collect the fraction at the detector 
outlet In a 15-mL tubę with a screw cap. Evaporate 
the solvent under a stream of nitrogen. [NOTĘ—ff 
necessary, to increase the sampie amount for later 
analysis, make the second injection of 50 pL on the 
HPLC column and collect the fraction at the detector 
outfet in the same 15-mL test tubę with a screw cap. 
Evaporate the solvent under a stream of nitrogen.] 
Determinatron of sterols by GC 
Sampie solution B: Dissolve the residue of the sterol 
fraction obtained from Sampie solution A in the previ- 
ous LC step In 02 mL of anhydrous pyridine and 
0.2 mL of a mixture of 1 yolume of chlorotrimethylsi- 
lane and 99 vofumes of bisftrlmethylsilyI- 
)trifluoroacetamide. Insert the stopper into the test 
tubę tightly, and heat at 80° for 20 min. Allow to coot 
and use the liąuid phase. 

Reference solution B: Dfssolve 9 parts of the residue 
of the sterol fraction obtained from Reference solution A 
in the prevrous LC step and 1 part of cholesterol tn 
0,2 ml of anhydrous pyridine and 0.2 ml of a mixture 
of 1 Yolume of chlorotrlmethylsilane and 99 volumes 
of bis(trimethylsilyl)trifluoroacetamide. Insert the stop¬ 
per into the test tubę tightly and heat at 80° for 20 
min. Allow to cool and use the liguid phase. 


Chromatographic system 

(See Chromatograpny {62 1), System Suitabiiity.) 

Modę: GC 

Detector: Flame ionization 

Column: 0,25-mm x 30-m fused-silica capiJlary; 0.25 
(Lim layer of phase G27 
Temperatures 
Injection port: 290° 

Detector: 290° 

Column: See Table 2 . 


Table 2 


Initial 

Temperaturę 

n 

Temperaturę 

Ramp 

(“/mml 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min) 

260 


260 

33 

260 

5 

290 

5 


Carner gas: Helium 
Fiow ratę: 2.6 mL/min 

injection yolume: 1-3 pL (depending on the ex- 
pected amount of sterols in the test sampie) 
Injection type: Split Injection; split ratio is 25:1 
System suitabiiity 
Sampie: Reference solution B 
The chromatogram from Reference solution B shows 
five principal peaks corresponding to cholesterol, 
campesterol, stroma sterol, /FsitosteroL and 
A7-stlgmastenol. 

[Notę— The retention tlmes of the sterols with reference 
to /J-sitosterol are given in Tobie 3.] 


Table 3 


Identification 

Refative 

Retention 

Time 

Cholesterol 

0.65 

Brassicasterof 

0.71 

2 4 -M eth vle n e- cho festero 1 

0,80 

Campesterol 

0.82 

Campestanol 

0.83 

5tiq ma sterol 

0.87 

A7-Campesterol 

0.92 

A5,23-Stśqmastadjenol 

0,95 

Clerosterol 

0.96 

R- Sito sterol 

1.00 

Srtostano! 

1,01 

A5-AvenasteroE 

1.03 

A5,24-5tiqmastadienol 

1.09 

AZ-Stiomastenol 

1.13 

A7-Avenasterol 

1.17 


Suitabiiity requirements 

Resolution: NLT 3.0 between the campesterol and 
stlg ma sterol peaks 
Analysis 

Samples: Sampie solution B and Reference solution B 
Use the chromatogram from Reference solution B to 
identlfy the peaks due to cholesterol, campesterol, 
stigmasterol, /J-sitosterol, and A7-stlqmastenoI. (den- 
tify the peaks due to the sterols in the chromatogram 
from Sampie solution B using the chromatograms 
from Reference solution B and the relatiye retention 
times with reference to /J-sitosterol (main peak) given 
in Table 3> 

Calculate the percentage content of eaeh sterol in the 
sterol fraction of Glive OS! taken: 


Result = ( fuifj ) x 100 
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r u = area of the peak due to the sterol component 
to be determined 

fj - sum of the areas of the peaks due to the 
components indlcated tn Tabfe 3 
Acceptance cnteria: Oilve Oil exhiblts the composition 
profile* of sterols shown in Table 4. 


Table 4 


Component 

Perce n ta ge 
(%> 

Cholesterol 

<0,5 

Camoesterol 

<4.0 

A7-5tiamastenol 

<0.5 

Sum of the cantents of A5,23~ 
stlgmastadienol, clerosterd, fi- 
sitosterol, sitostanol, A5-avenas- 
lerol, and A5,24“Shgmastadie- 
nol 

>93.0 


The content of stigmasterol is NMT that of campesterol. 

ADODTIONAL REQUIREfVSENT$ 

o Packaging ano Storage; Preserve in tight, light-resistant, 
well-fllled Container*, and prevent exposure to excessive 
heat. 

* Laeeling: Label it to Indicate the name and guantlty of 
any suitable antioxidants. 

® USP Reference Standard* (11) 

U5P OIIve Oil RS 


¥ehicle for Ora! Solution 


DEflNITSON 

Prepare Vehicle for Orai Solution as follows (see Pharmaceuti- 
coi Compounding—Nonsterile Preparations (795))* 


Sucrose 

80 a 

Glycerin 

5 q 

Sorbłtol 

5 q 

Sod tum Phosphate, Dibasic 

120 ma 

C (tri c Ac Id 

200 mq 

Potassium Sorbate 

100 mq 

Methyiparaben 

100 mq 

Purified Water. a sufficient ouantfty to make 

100 mL 


Calculate the guantity of each ingredient reguired for the 
to tai amount to be prepared. Accurately weigh/measure 
each ingredient. Heat about 30 mL of Purifiea Water to 
70°-75°. Add the Glycerin and Methyiparaben, and stEr ur- 
tiJ the Methyiparaben is dissolved* Ado the Dibasic Sodium 
Phosphate, c/t ric Acid, Potossium Sorbate, and Sorbit o! f and 
mix weII. Add the Sucrose , and mix until dissofyed; re- 
move from the heat, and allow to cook Add sufficient 
Purified Water to volume, and mix welL Adjust the pH ii 
necessary. Package, and labeL 

5PEOFKC TESTS 

o pH (791): An apparent pH between 4*0 and 5.0 

ADDGTGONAL REQU!REMENT5 

e Packaging and Storage: Package in a tight, light-resis- 
tant Container, and storę at controlled room 
temperaturę. 

* Labeling: Label it to indicate that it is for use in com* 

pounding ora! Solutions and suspensions* 

* Beyond-Use Datę: NMT 6 months after preparation. A 

beyond-use datę of morę than 6 months may be as- 
signed if supporting stability data exist. (See Stability Cri- 


terh and Beyond-Use Dating in Pharmaceuticai Compound- 
ing—Nonsterile Preparations (795).) 


Vehicle for Orał Solution,. Sugar Free 

DEFINmON 

Prepare Vehicle for Orai Solution, Sugar Free as follows (see 
Pharmaceuticai Compoundina—Nonsterile Preparations 
(795)). 


Xanthan Gum 

50 mq 

Glycerin 

10 ml 

Sorbitol Solution 

25 mL 

Saccharin Sodium 

100 ma 

Citric Add Monohydrate 

1-5 a 

Sodium Citrate 

2 q 

Methyiparaben 

1 00 mq 

Potassium Sorbate 

100 ma 

Purified Water, a sufficient guantity to make 

100 mL 


Calculate the guantity of each ingredient reguired for the 
to tal amount to be prepared. Accurately weigh/measure 
each ingredient* Heat about 60 mL of Purifiea Water to 
about 70°-75 D . Add the Methyiparaben, and stir until dis- 
so!ved. Remove from the heat, and add the Glycerin , Son 
bito! Solution, Saccharin Sodium f Citric Add Monohydrate, 
Sodium Ci tratę, Potossium Sorbate , and Kanthan Gum. Add 
sufficient Purified Water to volume, and mix well. Adjust 
the pH if necessary. Package, and label. 

SPECIFIC TESTS 

* pH (791): An apparent pH between 4*0 and 5.0 

ADDETIONAL REQU1REMENT5 

* Packaging and Storage: Package In a tight, light-resis- 

tant Container, and storę at controlled room 
temperaturę. 

* Labeling: Label it to indicate that it is for use in com- 

pounding sugar-free orał Solutions and suspenslons* 

■ Beyond-Use Datę: NMT 6 months after preparation. A 
beyond-use datę of morę than 6 months may be as- 
signed if supporting stability data exist. (See Stability Cri- 
teria and Beyond-Use Dating En Pharmaceuticai Compound- 
ing—Nonsterile Preparations (795).) 


Vehicle for Orał Suspensiom 

DEFINmON 

Prepare Vehicle for Orał Suspension as follows (see Pharma- 
ceutical Compounding-—Nonsterile Preparations (795)). 


Cellulose* Microcrystalline 

800 mq 

Xanthan Gum 

200 ma 

Carraaeenan 

150 ma 

CarboxymeLhylcel[uJose Sodium (Hiqh Visco$£ty) 

25 mq 

Citric Add 

250 ma 

Sodium Phosphate. Dibasic 

120 ma 

SEmethicone 

0.1 mL 

Potassium Sorbate 

100 ma 

Methyiparaben 

100 ma 

Purified Water, a sufficient auantity to make 

100 mL 


Calculate the guantity of each ingredient reguired for the 
total amount to be prepared* Accurately weigh/measure 
each ingredient. Heat about 90 mL of the Purified Water to 














































NF 35 


Officiat Monographs / Orange 7789 


70 q -75 d . DissoK/e the Methylparaben, followed by the Ot¬ 
rze Add, Dibasic Sodium Phosphate , and Potassium Sorbate 
in the heated water. Remove from the heat. With eon- 
stant mlxing, sfowly sprinkle the Microcrystalline Celfuiose, 
Kanthan Cum, Canageenan, and Corboxymethyiceiiuiose 
Sodium into the mtxture, Continue to sttr until fufly hy¬ 
dra ted, add the Simethicone, and mix well. Add sufficient 
Purified Water to vo!ume, and mix well Adjust the pH if 
neeessary. Package, and la bel. 

SPECIFIC TESTS 

^ PH {791): An apparent pH between 4,0 and 5.0 

ADDSTIONAL REQUmEMENTS 

o Packaginc and Sto ragę: Package in a tight, light-resis- 
tant Container, and storę at coiitrolled room 
temperaturę. 

■ Labeling: tabel it to indfeate that It is for use in com- 
poundlng ora! Solutions and suspenslons. 

o Beyond-Use Datę: NMT 6 months after preparatron. A 
beyond-use datę of morę than 6 months may be as- 
signed if supportlng stability data exist. (See Stability Cri- 
teria ond Beyond-Use Dating In Pharmaceutical Compound- 
ing—Nonsteńie P repa radom (7 95).) 


Oraaige Oil 

DEFIN1T90N 

Orange Oil is the volatile oil obtained by expression from 
the fresh peel of the ripe fruit of Citrus sinensis (L.) Osbeck 
(Fam, Rutaceae). The total aldehyde content, calculated as 
decanal (CioH^O), is NLT 1.2% and NMT 2.5%. It may 
contain a suitable antIoxidant. 

[Notę—D o not use Orange Oil that has a terebinthine 
odorj 

ASSAY 

a Totał Aldehyde Content 

Reagent soiution; Dissolve 4.5 g of hydroxylamine hy- 
drochloride in 1 3 ml of water. Add 85 mL of tertiary 
butyl alcohol, mix, and adjust with 0.5 N potassium 
hydroxide to a pH of 3.4. 

Sam ple; 5 ml of Orange Oil, accurately weighed 

Analysis: Pipet 50 mL of the Reagent soiution into a 
conical fiask containing the Somple . Insert the stopper 
in the fiask, and allow to stand at room temperaturę for 
30 min, with occaslonal shaking. Titrate the liberated 
hydrachEoric add with 0.5 N alcohoiic potassium hy- 
droxide VS to a pH of 3,4. Each mL of 0.5 N alcohoiic 
potassium hydroxide consumed in the titration is equiv- 
alent to 78,1 3 mg of total aidehydes, calculated as dec¬ 
anal (CiflhboO)* 

Acceptance criteria; 1.2%-2.5% 

IMFURITIES 


Defete the fołłowing: 

*■ Heavy Metals, Method II (231): NMT 40 pg/g* (Offlcial 1 

Jan-J3D1B) 

5PECIHC TESTS 

• Specifk Cravity (841): 0.842-0.846 
<» Optical Rotation, Angular Rotation (781A): +94° to 
+99° 


® Refractwe Dndex (831); 1.472-1.474 at 20° 

* Ultraviolet Absoubance 

Sample soiution: 250 mg of Oil in 100 mL of alcohol 
Blank: Alcohol 
Instrumental conditions 
(See Ułtraviolet‘Visible Spectroscopy (857),) 

Modę: UV-Vis 

Wavelength rangę: 260-400 nm 
Analysis: Record the spectrum in 1-cm celi. Determine 
the absorbance at the wavelength of maxtmum absorb- 
ance at 330 nm, using the linę drawn tangent to the 
curves appearing as minima in the spectrum in wave- 
length reglons above and below the maximum wave- 
length as the baseline. 

Acceptance criteria; The absorbance, calculated on the 
basis of a 250-mg specimen, is NLT 0.1 30 for Callfor- 
nia-type Orange Oil or NLT 0.240 for Florida-type Or¬ 
ange Oil. 

fi FOREEGN OlLS 

Analysis: Place 50 ml of Oil in a four-bulb Ladenburg 
fiask havlng the following dimensions: the tower or 
main bulb is abouf 6 cm in diameter, and the smaller 
condensing bulbs are about 3.5, 3.0, and 2.5 cm in di¬ 
ameter; the distance from the bottom of the fiask to 
the side-arm is about 20 cm. Distill Oil at a ratę of 1 
drop/s until the distiflate measures 5 ml. 

Acceptance criteria: The angular rotation of the distll- 
iate does not differ from that of the original Oli by 
morę than 2°, and the refracti^e index at 20 D is 
0 .001-0.002 lower than that of the original Gil. 

AD DiTI ON AL REQUBREM ENTS 

* Packaging amd Storage: Preserve in wellfilfed, tight 
containers, and avoid exposure to excessive heat, 

* Labeung: The iabel States the Latin binomial and, follow¬ 
ing the officiaJ name, the part of the plant source from 
which the artide was derived. Label it also to indicate 
whether it is Californla-type or Florida-type Orange Oil. 
The label indicates that Oil is not to be used if it has a 
terebinthine odor. 


Coimpouind Orange Splot 

DEFINmON 

Compound Orange Spirit contains NLT 25 mL and NMT 
30 mL of the mixed oils in 1 00 mL of Spirit. 

Prepare Compound Orange Spirit as follows (see Pharmaceu- 
itcal Compounding—Nonsterile P repa radon s (795)). 


Oranqe Oil 

200 mL 

Leman Oil 

50 ml 

Coriander Oif 

20 mL 

Anise Oil 

5 mL 

Alcohol, a sufficient quantity to make 

1000 ml 


Mix the oils with sufficient Alcohol to make the product 
measure 1000 ml. 


ASSAY 
o Procedurę 

Sample soiution: Transfer 2,0 mL of Compound Or¬ 
ange Spirit and 1.0 mL of kerosene to a Babcock bottle, 
graduated to 8%, and mix. 

Analysis: To the Sample soiution add sufficient saturated 
calcium chloride soiution, addlfled with hydrochloric 
acid, to a [most fitl the bufb of the bottle. Rota te the 
bottie vigorously to ensure mixing, fhen add a sufficient 
guantity of the caldum chloride soiution to bring the 
separated oif into the neck of the bottle. Centrifuge for 
5 min at 1500 rpm, and read the volume of oil in the 
stem. Subtract five divisions on the volumetrlc fiask for 
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the kerosene added, and multipjy the remaming num- 
ber of dlvisions by 10.5 to obtain the volume, in mL, of 
mixed olls In 100 mL of the Compound Orange Spirit 
Acceptance criteria; 25-30 mL 

OTHER COMPONENTS 

* ALCOHOL ID ET E RIW 1 N ATI O N I, Method I (611): Ć5.Q%-7G.0% 

ADDITlONAi R£QUIREMENTS 

* Packaging and Storage: Package in tight containers, 

protected from light, and storę in a cold place. 


Sweet Orange PeeB TSaictiare _ 

DEFINITION 

Sweet Orange Peel Tincture is prepared from sweet orange 
peel, whtch is the outer rind of the non-artifrcally colored, 
freski, ripe fruit of Citrus sinesis (L.) Osbeck (Fam, 
Rutaceae), 

Prepare Sweet Orange Peel Tincture as folfows. 


Sweet Oranqe Pee! 

500 o 

Alcohol 

900 mL 

Alcohol, a sufficient quantitv to make 

1000 ml 


Macerate the Sweet Orange Peel in 900 mL of Alcohol in a 
Container that can be closed, and put In a warm place, 
Agitate it freguently during 3 days or until the soluble 
matter is disso3ved. Transfer the mixture to a filter, using 
Tale as the filtering medium, and when most of the Itguid 
has drained away, wash the residue on the filter with a 
sufficient guantity of Alcohol f , combining the filtrates, to 
produce 1000 ml, and mlx. [Notę— Exclude the Enner, 
white portion of the rind*] 

OTHER COMPONENTS 

* Alcohol Determination, Method ( (611): 62.0%~72.G% 

ADDITIONAL REQUIREMENTS 

° Packaging and Storage: Package in tight, light-resistant 
containers. Avoici exposure to direct sunlight and exces- 
sive heat. 

* Labeling: The labę! States the Latin binomia! and the offi- 
da! name. 


Orarccge Syrup 

DEFINITION 

Orange Syrup contains NLT 0.45% and NMT 0,55% of citric 
acid {CfiH*0 7 ). 

Prepare Orange Syrup as follows (see Pharmaceutical Com- 
pounding—Nonsterife Preparations (795)). 



Sweet O rancie Peel Tincture 

50 mL 

Anhydrous Gtric Acid 

Jq 

Tale 

15 o 

Sucrose 

820 q 

Purified Water, a sufficient ouantity to make 

1000 mL 


Triturate Tolc with Sweet Orange Peel Tincture and Anhydrous 
Gtric Acid , and gradually a da 400 mL of Purifled Waler. 
Filter, returning the first portions of the fiJtrate until it 
becomes elear, and wash the mortar and the filter with 
sufficient Purifled Waler to make the fi [tratę measure 
450 mL. Dissoive Sucrose in this filtrate by agitation, with- 
out heating, and add Purifled Waler to make the product 


measure 1000 mL. Mix, and strain. [Notę— Do not use 
Orange Syrup that has a terebinthine odor or taste or 
shows other indications of deterioration.] 

ASSAV 
o Gtric Acid 

Sample: 20 mL 
Titrimetrk system 
(See Titrimetry (54 1).) 

Modę: Direct titration 
Titrant: 0.1 N sodium hydroxide VS 
Endpolnt detection: VIsuaf 
Analysis; To the Sample add 20 mL of water and add 
phenolphthaJefn TS. Titrate with Titrant Each ml of Ti¬ 
trant is equiva3ent to 6,404 mg of citric acid (C^HeO?). 
Acceptance critena: 0.45%-0.55% 

OTHER COMPONENTS 

« Alcohol Determination, Melhod i (611): 2.0%~5.Q% 

ADDITIONAL REQU1REMENTS 

o Packaging and Storage: Package In tight containers, 
and storę in a cold place, 

* Labeling: The iabel states the Latin binomia! and, follow- 
ing the offidal name, the part of the plant source from 
which the article was derived. The label indicates that 
Syrup is not to be used if it has a terebinthine odor or 
taste or shows other indications of deterioration. 


Oxyquinoline Sulfate 



(C,H 7 NO) 2 • H 2 S0 4 388.39 

8-QuinoIino! sulfate (2:1) (salt) [134-31-6]. 

DEFINITION 

Oxyquinoline Sulfate is S-hydroxyquinotine sulfate, It con¬ 
tains NLT 97.0% and NMT 101,0% of oxyquinoline sul¬ 
fate [(G?H?NO )2 ■ H Z 5G 3 ], calculated on the anhydrous 
basis, 

IDENTIFICATION 

* A, Infrared Absorpteon (197M) 

Analysis: On the undrled specimen 
Acceptance criteria: Meets the repulrements 

* B. Identification Tests—General, Sulfate (191) 

Analysis: 1 00 mg/mL 

Acceptance criteria: Meets the reguirements 

A5SAY 
o Procedurę 

Sample: 100 mg 
Titrimetric system 
(See Titrimetry (541),) 

Modę: ResiduaI titration 
Titrant: 0.1 N bromlne VS 
Back^titrant: 0.1 N sodium thiosulfate VS 
Endpoint detection: Visuaf 
Analysis: Transfer the Sample to an iodine fiask, add 
30 mL of glacial acetlc acid, 25.0 mL of Titrant, 10 mL 
of potassium bromide solution (150 mg/mL), and 
10mL of hydrochtoric acid, ImmediateTy insert the stop- 
per, mix, and allow to stand for 15 min, protected from 
light. Quickly add 10 ml of potassium iodide sofution 
(100 mg/mL) and 100 mL or water, taking precautions 
against the escape of bromine vapor, At once insert the 
stopper, and shake the mlxture tnoroughly, Remove the 
stopper, and rinse It and the neck of the fiask with a 
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smal! quantity of water so that the washing ffows into 
the fiask. Shake the mixture thoroughly* * Utratę the !tb- 
erated iodine with Back-titrant f adding 3 mL of starch 
TS as the endpoint is approached. Perform a blank de- 
termination. Each mL of Titrant is equivalent to 
4,855 mg of oxyquinoline sulfate [(C 9 H 7 NO) 2 ł H 2 S0 4 ]. 

Acceptance criteria: 97.0%-l 01.0% on the anhydrous 
basis 

JMPURfTIES 

* RESIDUE ON IGNITION (281): NMT 0.3% 


Detete the fottowing: 

Heavy Metals, Method II (231): NMT 20 j.ig/g# cafftcFai i. 

fan^otfl) 

SPECIFIC TEST5 

® Water Determination, Method I <921); 4,0%-ó,0% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-dosed 
containers. 

* USP Reference Standards (11) 

USP Oxyquinoline Sulfate RS 


Palm Oil 


Palm oil [8002-75-3], 

DEFINITION 

Palm Oli is the refrned fixed oil obtained from the pulp of 
the fruit of the olf palm Eloeis guineensis jacq. (Fam. Are- 
caceae), It may contain suitable antioxidants, 

IDENTIFICATION 

o A, It meets the reguiremenls of the test for Fats and 
Fixed OHs, Fatty Acid Composition (401). 

» B. It meets the requErements of the test for Melting 
Rangę or Temperaturę (741). 

IMPURITIES 

• RESIDUE ON iGNmON (281) 

Sample: 5 g of Palm Oli 
Acceptance criteria: NMT 0.1% 


Detete the fottowing: 

HEAW Metals, Method If <231); NMT 10jig/g* (OfildiJ 1- 

| t in-201 B) 

a ALKALINE iMPURFflES 

Sample: 10 mL of Palm Oil 

Analysis: Mix 10 mL of acetone and 0,3 ml of water, 
and add 0.05 mL of bromophenol blue TS. If necessary, 
neutralize the solution to a green color with 0.01 N 
hydrocbbric add or 0,01 N sodium hydroxide. Add the 
Sample , shake, and allow to stand. Utratę with 0.01 N 
hydrochloric add VS until the color of the upper layer 
cnanges to yellow. 

Acceptance criteria: NMT 0,1 ml of 0,01 N hydrochlo¬ 
ric acid is required. 

SPECIFIC TE5TS 

® Melting Rangę or Temperaturę <741): 30 d ^40 q 

• Fats and Fixed Oils, Add l falue, Method II <401); NMT 

2.0 

* Fats and Fixed Oils, Fatty Add Composition (401); 

Palm Oi( exhibits the composition profile of fatty ad ds as 
shown In Table I. 


Table 1 


Carbon-Chain 
Lenqth 

Number of 
Double Bonds 

Percentaqe 

<12 

0 

£2.5 

14 

0 

0,5-5.9 

16 

0 

39,0-47.0 

IB 

0 

2,0-8.0 

16 

1 

<0.5 

18 

1 

36.0-44.0 

18 

2 

7.0-12.0 

18 

3 

<0.5 

>20 

0 or 1 

<1.0 


* Fats and Fjked Oils, Peroxide Value (401): NMT 5.0 

® Fats and Fixed Oils, Unsaponifiabie Matter (401); NMT 
1 . 0 % 

* Water Determination, Method Ic <921): NMT 0.1% 

ADDITIONAL REQUIREMENTS 

■ Packaging and Storage: Preserve In well-dosed contain¬ 
ers. Do not storę above 55°. 

* Labeling: Labę! It to indicate the name and ąuantky of 
any added antioxidants. 


Hydrogeinated Palm 051 

^COOCHs-CHfOOCR^-CHiOOCR 3 , where R', R 2 , and R 3 

are mainly Ci 5 and Ci?; 

Hydrogenated palm or! [68514-74-9]. 

DEFINITION 

Hydrogenated Palm Oil is the product obtained by refining 
and hydrogenatmg the oil obtained from the pulp of the 
fruit of the oil palm Elaeis guineensis Jacq. (Fam. Ara- 
caceae). The product consists mainly of triglycerides of 
palmitic and stearic acids. 

IDENTIFICATION 

9 A. It meets the reguirements of the test for Fats and 
Fixed Oils , Fatty Add Composition (401), 

* B. It meets the requ!rements of the test for Melting 

Rangę or Temperaturę (741). 

IMPURITIES 

« RESIDUE ON IGNITION <281) 

Sample: 5 g 

Acceptance criteria: NMT 0.1% 

Detete the fottowing: 

# * Heaw Metals, Method li <231): NMT 10 Mg/g* (ORTcJai i* 

San-201S) 

* Limit of Nickel 

Sample solution: Weigh 5.0 g of Hydrogenated Palm 
Oil into a previously tared platinum or slflca crucible. 
Cautfously heat the substance, and introduce into it a 
wiek formed from twisted, ashless frlter paper Ignite 
the wiek. When the substance ignites, stop heating. Af- 
ter combustion, ignite In a mufne furnace at about 
600°. Continue the indneration until a white ash is ob- 
talned. After cooling, with the aid of two 2-mL portions 
of diluted hydrochloric acid, transfer the residue to a 
25-mL voEumetrrc fiask, add 0.3 mL of nitric add, and 
diiute with water to volume. 

Nickel standard solution: Immediately before use, di- 
lute 10 mL of nickel standard solution TS with water to 
500 mL. This solution contains the equiva!ent of 0.2 pg/ 
mL of nickel. 

Standard sofotions: Into four separate identical 10-mL 
volumetnc flasks introduce respectiveiy 0 , 1 . 0 , 2 . 0 , and 
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4.0 mL of Nickel standard solution. To each fiask add a 
2.0-mL portion of the Sample solution , and dii u te with 
water to vo!ume to obtain four Standard Solutions eon- 
taining added quantities of 0, 0.2, 0.4, and 0.8 pg of 
nickel, respectively, 

Instrumental condrtions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectroph otom eter 
equipped with a graphite furnace 
Analytrcal wavelength: 232,0 nm 
Lamp: Nickel hollow-cathode 
Analysis 

Samples: Standard Solutions 

Concomitandy determine the absorbances of the Stan¬ 
dard Solutions at least three times each. Record the 
average of the steady readings for each of the Stan¬ 
dard Solutions. Plot the absorbances of the Standard 
Solutions versus the added quantity, in jig, of nickel. 
Extrapo3ate the linę joinmg the points on the graph 
until it meets the guantity axis. The distance between 
this point and the mtersection of the axes represents 
the quantity of nickel in the 2-ml portion of the Sam- 
ple solution added to the Standard Solutions. 

Calculate the content of nickel in the portion of Hy- 
drogenated Palm Oil taken: 

Result = [Vx (AIV* *)]fW 

V - volume of the Sample solution , 25 ml 
A - guantity of nickel gxq) 

Va = volume of the SompJe solution added to the 
Standard Solutions, 2 ml 

W ^ weight of Mydrogenated Palm O ii taken to 
prepare the Sample solution (g) 

Acceptance criteria: NMT 1 pg/g 

* Alkaune Impurities 

Sample: A mixture of 2,0 g of Hydrogenated Palm Oil, 

1.5 mL of alcohol, and 3,0 mL of toiuene 
Analysis: Dissolve the Sample by gentle heating. Add 
0.05 mL of bromophenol blue TS, and titratę with 0,01 
N hydrochloric acid VS until the mixture tums yellow. 
Acceptance criteria: NMT 0.4 ml of 0,01 N hydrochlo¬ 
ric acid is required, 

SPECIFIC TESTS 

* Melting Rance or Temperatur* (741): SS°-62 Q 

* Fats and Fixed Oils, Add Value f Method li (401): NMT 

2,0 

* Fats and Fixed Oils, Fatty Add Composition (401): Hy¬ 
drogenated Palm Oil exhibits the composition profile of 
fatty adds as shown in Table L 


Table t 


Car bon-Chain 
Unath 

Number of 
Double Bonds 

Per cen tacie 

<12 

0 

<2.5 

14 

0 

0.5-5.9 

16 

0 

32.0-47.0 

18 

0 

49.0-57,0 

20 

0 

£1.0 

22 

0 

£1.0 

16 

1 

<2.5 

18 

1 

<2.5 

18 

2 

<0.5 

18 

3 

£0.5 


* Fats and Fixed Oils, Peroxide Value (401): NMT 5,0 
■ Fats and Fixed Oils, Unsaponifiabfe Matter (401): NMT 
0 , 8 % 


* Loss ON Drying <731) 

Analysis: Dry a sample at 105° for 4 h. 

Acceptance criteria: NMT 0.1% 

APDITIONAL REQU1REJVIENTS 

® Packacing and Storace: Preserve in tight, Jight-resistant 
containers. No storage reguirement specified. 


Palm Kernel Oil 


Elaeis guineensis seed oil [8023-79-8]. 

DEFINITION 

Palm Kernel Oil is the refined flxed oil obtained from the 
kernel of the fruit of the oil palm Elaeis guineensis jacq, 
(Fam. Arecaceae). It may contain suitable antioxidants, 

IDENTIFICATION 

* A, It meets the reguirements in Spedfic Tests for Fats and 

Fixed Oils, Fatty Add Composition (401). 

* B, It meets the requirements in Spedfic Tests for Melting 

Rangę or Temperaturę (7 41). 

IMPURFT1ES 

* Limit of Lead 

[Notę—F or this test, use reagent-grade Chemicals with as 
Iow a lead content as is practicable, as well as high- 

K water and gases. Before use in this analysis, rinse 
ssware and plastioware twice with diluted nitric 
acii? and twice with diluted hydrochloric add, and then 
rinse them thoroughly with Purified Water.] 

Hydrogen peroxide-nitric acid solution: 10% hydro¬ 
gen peroxide and diluted nitric acid (1:1). [Notę—U se 
cautiom] 

Lead nitrate stock solution: Dissolve 159.8 mg of lead 
nitra te in 100 mL of Hydrogen peroxide-nitrk add sofu- 
tion . Dilute with Hydrogen peroxide-nitric add solution to 
1000 mL, and mrx. Prepare and storę this solution in 
giass containers that are free from lead salts. Each mL 
of this solution contains the equivalent of 100 pg of 
lead. 

Standard lead solution: On the day of use, dilute 
10.0 mL of Lead nitrate stock solution with Hydrogen per 
oxide-nitric add solution to 100.0 mL, and mix. Each mL 
of Standard lead solution contains the equiva!enf of 
10 jig of lead, 

Butanol-nitne acid solution: Slowly add 50 ml of ni¬ 
tric acid to approximately 500 ml of butanol in a 
lOOG-mL volumetric fiask. Dilute with butanol to 
volume. 

Standard Solutions: Into five separate 100-mL volumet- 
ric flasks pipet 0,2, 0,5, 1, 2, and 5 ml, respectively, of 
Standard lead solution , and dilute with Butanol-nitric 
acid solution to volume. The Standard Solutions contain 
0.02, 0.05, OJ, 0.2, and 0.5 pg/mL of lead, 
respectively. 

Sample solution: [Caution —Prepare this solution in a 

fume hood, and wear safety giasses.] Transfer 1.0 g of 
Oif into a large test tubę. Add 1 mL of nitric acid. Place 
the test tubę rn a rack in a bofling water bath. As soon 
as the rusty tint is gone, add 1 mL of 30% hydrogen 
peroxide dropwise to avoid a vigorous reaction, and 
wait for bubbles to form. Stir with an acid-washed 
plastic spatula if necessary, Remove the test tubę from 
the water bath, and albw it to coot. Transfer the soiu- 
tion to a 10-mL volumetric fiask, and dilute with Buta- 
nol-nitric acid solution to volume. 

Tungsten solution: Transfer 0.1 g of tungstlc acid and 
5 g of sodium hydroxide pellets to a 50-mL plastic bot- 
tle. Add 5.0 mL of water, and mix, Heat the mrxture in 
a hot water bath until complete solution is achieved, 
Coof, and storę at room temperaturę. 
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Instrumental conditions 

(See Atomie Absorption Spectroscopy (852)0 
Modę: Graphite furnace atomie absorption 
spectrophotometry 

Analytical wavelength: 283.3 nm lead emission linę 
Injection size: 20 |iL 
Lamp: Lead hollow-cathode 

Fu mace conditroning: Place the gra phi te tubę in the 
furnace. Inject the Tungsten solution into the graphite 
tubę, using an argon flow ratę of 300 mL/min. Matntain 
the drying temperaturę at 110° for 20 s, the ashing 
temperaturę at 7D0°-900° for 20 s, and with the argon 
flow stopped, the atomization temperaturę at 2700° for 
1 0 s; repeat this process once morę using a second 
20 -jjL aliguot of the Tungsten solution. Cfean the quartz 
Windows. 

Analysis 

Sampies: Standard Solutions and Sample solution 
[Notę—T he sampie injection techntque is the most cru- 
ciał step in controlling the predslon of the analysis; the 
volume of each of the Standard Solutions and the So/tt- 
pie solution must remain constant. Rinse the pL-pipet 
tip three times with either the Standard Solutions or 
the Sampie solution before injection. Use a fresh pipet 
tip for each injection, and start the atomization pro- 
cess immediately after rniecting the Sampies. Between 
injectrons, ftush the graphite tubę of any residual lead 
by purging at a high temperaturę recommended by 
the manufacturer.] 

Concomitantly determine the absorbances of the 
Sampies . 

Atomize egual volumes of the Standard Solutions and 
the Sample solution with an argon flow ratę of 
300 mL/min. 

Maintain the drying temperaturę of the furnace at 
110° for 30 s after a 20-5 ramp time and a 10-s hołd 
time; the ashing temperaturę at 700 D for 42 s after a 
20 -s ramp time and a 22-$ hoid time; and the atomb 
zation temperaturę at 2300° for 7 s with the argon 
flow stopped. 

Plot the absorbance of each of the Standard Solutions f 
com pensated for background correction, versus its 
eon tent of tead, in pg/mL, and dra w the best straight 
linę fitting the five points. From this plot, determine 
the concentration, C, in pg/mL, of lead in the Sample 
solution. 

Calcuiate the guantity, in pg/g, of lead in the portion 
of Oli taken: 

Result = (C/W) x V 

C - measured concentration of lead in the Sample 
solution (pg/mL) 

W - weight of the Oil taken to prepare the Sample 
solution (g) 

V = finał volume of the Sample solution, 10 ml 
Acceptance criteria: NMT 0.1 pg/g of lead 

SPECIFIC TE5TS 

3 Fats and Fixed Oils, Acid Va!ue (401): NMT 2.0 
* Fats and Fixed Oils, Fatty Acid Composition (401): Palm 
Kernel Oil exhibits the composition profile of fatty acids 
shown in Tobie 1. 


Table 1 


Csrbon-Chain 
Lenath 

Number of Double 
Bonds 

Percentage 

6 

0 

<1,5 

S 

0 

3-5 

10 

0 

2,5-6 

12 

0 

40-52 

14 

0 

14—1 S 


Talble 1 ( Continued ) 


Carbon-Cbain 

Lenqłh 

Number of Double 
Bonds 

Percentage 

(°/o) 

16 

0 

7-10 

18 

0 

1-3 

20 

0 

<1 

16 

1 

<1 

18 

1 

11-19 

18 

2 

0.5-4 


• Fats and Fixed Oils, Peroxide Value (401): NMT 10.0 

a Fats and Fixed Oils, Unsaponifiable Matter (401): NMT 
1.5% 

a Melting Rangę or Temperaturę (741): 27°-29° 

® Watek Determination, Method I (921): NMT 0.1%, 

50 mL of chloroform being used instead of 35-40 mL of 
methanol as the solvent 

ADDITIONAL REQUIREMENTS 

o Packagbng and Storage: Preserve in weil-closed contain- 
ers. Do not storę above 45°. 

* Labeling: Label if to indicate the name and guantity of 
any added antioxidants. 


PalmaSic Acid 


C ls H 32 0i 256.42 

Hexadecanoic acid [57-10-3]. 

DEFINITION 

Palmitic Acid is a mixture of solid organie acids obtained 
from fats or oils of animal or vegetabEe origin. It contains 
NLT 92.0% of palmitic acid (G&H^Os) ano NMT 6.0% of 
stearic acid (CiaH^Ch). 

IDENTIFICATION 

■ A. The retention time of the major peak for palmitic acid 
of the Sample solution corresponds to that of the Stan¬ 
dard solution t as obtained tn the Assoy. 

A5SAY 
t procedurę 

Sample solution: Proceed as directed for Test solution 
in Fats and Fixed Oils (401), Fatty Acid Composition. 
Standard solution: Prepare the Standard soiution in the 
same manner as the Sample solution , using a mixture of 
50 mg of USP Palmitic Acid RS and 50 mg of USP Ste¬ 
aric Acid RS instead of the substance to be examined. 
Chromatographic system: Prepare as directed In Fats 
and Fixed Oils (401), Fatty Acid Composition . 

Injection size: 1 pL 
System suitability 
Sample: Standard soiution 

[Notę—-T he relative retention times for methyl palmitate 
and methyl stearate are 0.9 and 1.0, respectivefy.] 
Suitability reguirements 

Resolution: NLT 3.0 between methyl stearate and 
methyl palmitate 
Analysis 

Sampies: Standard solution and Sample solution 
Calcuiate the percentage of C^H^Oz in the portion of 
Palmitic Acid taken: 

Result = (njrj) x 100 

Tu ~ peak response for methyl pafmitate from the 
Sampie solution 

rj - sum of the responses of all the peaks in the 
chromatogram except the solvent peak 
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SimiJarly, calculate the percentage of Ci&hhtOa in the 
portion of Palmitic Add taken: 

Result - (ry/rr) x 100 

ry - peak response for methyl stearate from the 
Sample solution 

tt = sum of the responses of al! the peaks in the 
chromatogram except the solvent peak 
Acceptance criteria: NLT 92.0% of palmitic acid 
(C 16 H 32 Cb) and NMT 6.0% of stearic acid (CisH 36 0 2 ) 

KMPURITIES 


Delete the follawlng: 

** Keaw Metals, Method U (231): NMT 10 ppm» t onid a n- 

f#n* *20isj 

SPECIFIC TESTS 

* Color: Heat a sample of Palmitic Acid to 75°. The result- 

ing fiquid is not morę intensely colored than a solution 
prepared by mixing 1.2 mL of ferric chloride CS and 
0.3 ml of cobaltous chloride CS with 0.3 N hydrochloric 
acid to make 10 mL, and diluting 5 mL of this solution 
with 03 N hydrochloric add to make 100 mL. Make the 
comparison by viewing the Solutions downward in 
mafched color-comparison tubes against a white surface 
(see Color and Achromidty (631 )). 

* CONGEALING TEMPER ATU RE (651): 60 Q -66° 

* Fats and Fixed Oils, Add Value (401): 216-220, using 

1 g 

* Fats and Fixed Oils, lodine \^afue(401): NMT 1. Proceed 

as directed in Method i, except use 35 mL of chloroform. 

* Minerał Acid 

Analysis: Shake 5 g of meited Palmitic Acid with an 
equal volume of hot water for 2 min. Cool, and filier. 
Acceptance criteria: The filtrate is not reddened by the 
addrtion of 1 drop of methyl orange TS. 

ADDITIONAL REQUIREMENTS 

* Packagfng and Storage: Preserve in welhclosed contain- 

ers, and storę at room temperaturę, 

* Labeling: Label it to indicate whether it is derived from 

animal or vegetable sources. 

* USP Reference Standards (11) 

USP Palmitic Add RS 
USP Steanc Add RS 


Paraffin 


[8002-74-2], 

DEFINITION 

Paraffin is a purified mixture of solid saturated hydrocarbons 
obtained from petroleurn. It may contain suitabie 
antioxidants. 

IDENTIFICATION 

* A. Infrared Absorption (197) 

Sample: Use a thin film of melted spedmen. 

Analysis: Ensure complete melting to avoid doublet 
peaks that rnay be obsen/ed at wavenumbers at about 
1460 and 730 cm- 1 . 

Acceptance criteria: Meets the requirements 
« B. It meets the requirements in Spedfk Tests for Con- 
gealing Temperaturę (651}. 

IMPURITIES 

I * Limit of Suifur compounds 
Sample: 4.0 g 

Analysis: To Ehe Sample add 2 mL of dehydrated alco- 
hol, and add 2 drops of a elear saturated solution of 


lead(ll) oxide in sodium hydroxide solution (200 mg/ 
mL). Heat the mixture at 70 L1 for 10 min with frequent 
shaking, and cool. 

Acceptance criteria: No dark brown coior develops. 

* Limit of Polycyclic Aromatic Hydrocarbons 

Dimethy! suKfoxide: Use spectrophotometrie grade di- 
methyl sulfoxide. 

Standard solution: 7.0 pg/mL of USP Naphthalene RS 
in Dimethyl sulfoxide. Determine the absorbance of this 
solution at 278 nm using Dimethyl sulfoxide as the 
blank. 

Sample: 0.50 g 
Instmmental condittons 

(See Uitraviolet-Vi$ible SpectroKOpy (857),) 

Modę: UV 

Wavelength rangę: 260-350 nm 
Celi: 1 cm 

Analysis: Dlssolve the Sample in 25 mL of n-heptane, 
place in a 125-mL separator with unlubricated ground- 
glass parts (stopper, stopcock), and mix. Add 5.0 mL of 
Dimethyl $ulfoxiae t and shake the mixture vigorously for 
1 min. Allow to stand until two elear layers are formed. 
Transfer the lower layer to another 125-ml separator, 
add 2 mL of n-heptane, and shake the mixture vtgor- 
ously, Allow to stand until two elear layers are formed. 
Separate the lower layer, and determine its absorbance 
using as the blank Dimethyl sulfoxide that previous!y has 
been shaken viqorously for 1 min with n-neptane in the 
ratio of 5 mL of Dimethyl sulfoxide to 25 mL of m 
heptane. 

Acceptance criteria: The absorbance at any wavelenqth 
in the spedfied rangę is not greater than one-third of 
the absorbance, at 278 nm, of the Standard solution. 

SPECIFIC TESTS 

» Congeaung Temperaturę (651): 47^65° 

* Aciorry 

Sample: 15 g 

Analysis: Introduce the Sample In to a suitabie separator, 
adef 30 mL of boiJing water, and shake vigorously for 
about 1 min. Allow to cool, and draw off the separated 
water. To 10 mL of the filtrated aqueous fayer add 
0.1 mL of phenolphthalein TS. 

Acceptance criteria: The solution does not produce a 
pink cotor. NMT 1.0 mL of 0.01 M sodium hydroxide is 
subsequent!y required to change the color of the indi- 
cator to pink. 
tt alkaunity 

Sample: 10 mL of the filtrated agueous layer obtained 
from the test for Addity 

Analysis: To the Sample add 0.1 mL of methyl red TS2. 
Acceptance criteria: The solution produces a yellow 
color. NMT 0.5 mL of 0.01 M hydrochloric acid is $ub- 
sequently reąuired to change the color of the indicator 
to red. 

* Readily Carbonizable Substances (271) 

Standard solution: A mix of 3 mL of ferric chloride CS, 

1.5 ml of cobaltous chloride CS, and 0.50 mL of cupric 
suifate CS, overlaid with 5 mL of minerał oil 
Sample: 5 mL, at a temperaturę just above the melting 
point 

Analysis: Use a clean, dry, heat-resistant, g lass-stop- 
pered test tubę, 140 ±2 mm in length with an outside 
diameter between 14.5 and 15.0 mm, and calibrated at 
the 5- and IG-mL liquid levels, The capadty of the tubę 
with the stopper inserted is between 13.6 and 15.6 
mL. 1 Place me Sample in the test tubę, add 5 mL of 
sulfuric add (94.5%-94.9% of H^SO^), and heat in a 
water bath at 70° for 10 min. When 5 min have 
elapsed, and at each successive min thereafter, remove 
the tubę from the bath, place a finger over the stopper, 
and give the tubę three vigorous vertical shakes over an 

1 A suitabie test tubę is avallabte from Kimble Kontes. Hem nurnber: 

34-1 9426 , Description: Nessler Tubę. ConLact: phone 800-682-6644, fax 
856 692^6644, e-ma]l customgia5s@kimkon.com. 
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amplitudę of about 12 cm, returning the tubę to the 
batn within 3 s after the time when it was removed 
therefrom, 

Acceptance criteria: At the end of 10 min from the 
time the lube was placed in the bath, the add (lower 
layer) has no morę color than the Standard soluthn. If 
the sulfurie acid remarns dispersed in the mol ten paraf¬ 
fin, the color of the emulsion is not darker than tnat of 
the Standard soiution when shaken vigorously. 

ADDJTIONAL REQUIREMENTS 

* Packacinc and Storage: Preserve in light resistant, well- 
closed containers, and avoid exposure to exeessive heat. 

* Labeung: Label It to indicate the name and quantfty of 
any antioxidants. 

* USP REFERENCI STANDARD* * ** (11) 

USP Naphthalene RS 
USP Paraffin RS 


Blank: Decahydronaphthafene 
Instrumental conditions 

(See UItroviotet-Visibie Spectroscopy (857)0 

Modę: UV 

Analytical wavelength: 290 nm 

Celi: 10 cm (jacketed cells maintained at 88°) 

Analysis 

Sam pies: Sompfe soiution and Blank 
Determine the absorbance of the Sample solution , and 
calculate the absorptivity. 

Acceptance criteria: NMT 0.01 

ADDITIONAL REQUIREMENT5 

• Packaging and Storage: Presen/e in well-closed 
containers. 

• Labeung: The labeling indicates its congealing tempera¬ 
turę, viscosity, and needle penetration rangę under the 
specified conditions. 


Syircthetic Paraffin 

DEFINITION 

Synthetic Paraffin is synthesized by the Fischer-Tropsch pro- 
cess from carbon monoxide and hydrogen, whtch are cat- 
alytically converted to a mixture of paraffin hydrocarbons; 
the lower molecular weight fractions are removed by dis- 
tiilatlon, and the residue is hydrogenated and further 
treated by percolation through activated charcoal. This 
mixture may be fractionated into its components by a 
solvent separation method, using a suitable synthetic 
isoparaffinic petroleum hydrocarbon solvent It may con- 
tatn NMT 0.005% of a suitable antioxidant. 

IDENTIFICATION 

• A. Infrared Absorption (197): A thin film of it, cast from 
a melt onto a cesium bromide piąte, exhibits a pair of 
very strong IR absorption peaks between 2840 cm- 1 and 
3000 cm -1 , a pair of moderately strong peaks between 
1430 cm 1 and 1490 cm 1 , a pair of medium peaks be¬ 
tween 720 cm 1 and 750 cm 1 , and only weak peaks at 
any other wavenumbers. 

IMPURITIES 


Del et e the fotłowlng; 

*• Heaw Metals, Method U (231): NMT 20 ppm* 

\m-20US) 

* Limit of Oil Content 

Analysis: Follow ASTM Method D721-68, “Standard 
Test Method for Oil Content of Petroleum Waxes“ 
(Reapproved 1987). 1 

Acceptance criteria: NMT 0.5% 

5PECIFIC TE5T5 

* Absorptivitv 

Sample solution: Transfer 50-100 mg to a 100-mL vol- 
umetric fiask. Dissolve in decahydronaphthaiene at 88°, 
dilute with the same solvent at this temperaturę to voL 
ume, and mix. 


Peanut Oil 


[8002-03-7]. 

DEFINITION 

Peanut Oil is the fully-refined (alkali-refined, bleached, and 
deodorized at 230°-260°) oil obtained from the seed ker- 
nels of one or morę of the cultivated varieties of Arachis 
hypogaea L (Fam, Leguminosae). It may contain suitable 
antioxidants, 

IDENTIFICATION 

* It meets the requirements for Fats and Fixed O/is, fotfy 

Add Composition (401). 

IMPURITIES 
Inorganlc Impurities 

De te te the foHowłng: 

** Heavy Metals, Method II (231): NMT 10 ppm* (om c y t- 

* ALKALINE IMPURITIES 

Sample: 10 ml of Peanut Oil 
Analysis: Mix 10 ml of freshly opened acetone and 
0.3 mL of water, and add 0.05 mL of bromophenol 
blue TS. Add the Sample, shake, and allow to stand. 
Titrate with 0.01 N hydrochloric acid VS to change the 
color of the upper layer to yellow. 

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochlo¬ 
ric acid is required. 

SPECIFIC TESTS 

* Fats and Fixep Oils, Fatty Add Composition (401): Pea¬ 

nut Oil exhibits the following fatty acid composition 
profile. 


Carbon-Chain 
Lenath 

Number of 
Double Bonds 

Percentape 

<14 

0 

<0A 

14 

0 

<0,2 

16 

0 

7.0-T6.0 

16 

1 

Sl.O 

18 

p 

1.3-6.5 

18 

1 

35.0-72.0 

18 

2 

1 3.0-43.0 

18 

3 

<0.6 

20 

0 

0.5-3.0 

20 

1 

0.5-2.1 

22 

0 

1.0-5.0 


’ Avatlable from the American Society for Testing and Materials, 1916 Race 
SL, Phiiadeiphia, PA 19103. 
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Carbon-Chafn 

Lenqth 

Number of 
Double Bonds 

Percentaqe (%] 

22 

1 

<0.5 

24 

0 

0.5-3.0 


* Rancidity 

Sample: 1 ml of a solution (1 in 10} of Gil in ether 
Analysis: Shake the Sample with 1 ml of hydrochlortc 
acia, and add 1 mL of a solution (1 in 1000) of 
phloroglucino! m ether. 

Acceptance eritena: No red or pink color develops. 

* Fat 5 AND FlXED OfLS, Acid Value <401): NMT 0.2 

* Fats and Fixed Oils, Peroxide Value{4 01): NMT 5.0 

* Fats and Fixed OlLS, Unsaponifiable Matter (401): NMT 
1 * *5% 

* Water Determination, Method Ic (921): NMT 0,1%. 

* Other Reqdirements: For Peanut Oil intended for use tn 
injeetable dosage forms, which is specified in the Labeh 
ing f the requirements under Injectbns and Implanted Drug 
Products <1), Specifk Tests, Vehicle$ and added substances, 
Nonogueous vehtdes f must be met. 

ADDmONAL REQUIREMENT5 

ł Packacjnc and 5T0RAGE: Preserve in tight, light-resistant 
containers, and prevent exposure to excessive heat. 

* Laeeling: Label il to indieate the name and guantity of 
any added antioxidant. Where Peanut Oil is intended for 
use in the manufaeture of injeetable dosage forms, it is 
so labeled. 


Pectin —see Pectin General Monographs 


Peppermint 


DEFINITION 

Peppermint consists of the dned leaf and flowering top of 
Mentha piperita L (Fam. Labiatae). 



5PECIF1C TESTS 

• Articies of Botanical Origin, Forelgn Organie Matter 
(561): NMT 2.0% of stems morę Lhan 3 mm in diame- 
ter and other foreign organie matter 

* Botanic Characteristics 

Unground peppermint: Leaves, slender stems, and 
flowering tops. The leaves are opposite, usually morę or 
less crumpled, and freguently detached from the stem. 
The petiole is 4-15 mm in length, slightJy pubescent; 
the blade, when entire, is ovate-oblong to oblong-lan- 
ceolate, 1.5-9 cm in length with an acute apex, a nar* 
rowed or rounded base, and a sharply serrate margin; 
light green to dark green in color; its upper surface is 
nearly glabrous, its lower surface has a few hairs on the 
veins and many amber-colored glandular hairs. The 
stem is quadrangular, 1-3 mm in diameter, glabrous 
except for a few scattered deflexed hairs, green to dark 
purple. The flowers occur as a compact, oblong or oval 
spike of verticillasters, 1-1.5 cm in breadth, rounded at 
tne summit, and in fruit attaining a length of 3-7 cm, 
The bracts are oblong-lanceolate, 4-7 mm in length; 
the calyx, tubular-campanulate, equally five-tGothed, 
pubescent, and glanduiar-punctate, green to dark pur¬ 
ple; the co roi la is glabrous, light purple, tubular-cam- 
panulate, four-cleft, 3 mm in length; stamens, 4, short 
and equal; style two- or rarely three-cleft at the summit 
The nutlets are ellipsoidal, 500 pm tn diameter. Pepper¬ 
mint has an aromatic, characteristic odor and a pum 
gent taste, and produces a cooling sensation in the 
mouth* 


Hlstology 

Leaf: The lamina is dorsiventral. Both the upper and 
the lower epidermis consist of epidermal cells with 
wavy, anticlinal walls and stomata, the tatter enclosed 
by a pair of subsidiary cells with a common wali at 
right angles to the guard cells. Many of the epidermal 
cells, especially over the veins and midrib, bear non- 
glandular and glandular hairs, The nonglandular hairs, 
also numerous along the margin, are uniseriate with 
longitudinally striate and papfllose eutięle, up to 8 cells 
in length and tapered to a pointed apex. The glandu- 
lar harrs occur In two types. The larger of these are 
sunken in depressions of the epidermis and consist of 
a one- to two-celled stalk and a glandular head of 8 
radiating celJs beneath the raisedeutide of which vda- 
tile oil is secreted. The smaller type of glandular hair 
consists of a one- to two-celled stalk and a one-celled 
glandular head containing yolatile oil. Beneath the up¬ 
per epidermis occurs a single layer of palisadę paren- 
chyma up to 80 ;im in length and, directly underneath 
it, spongy parenchyma of 3 or A layers of chloroplas- 
tid-containing cells, through which zonę course the fi- 
brovaseular tissues of the veins. 

Stem: The stem ts quadrancjular, It shows a layer of 
epidermis bearing hairs simllar to those of the leaf and 
possessing eutieularized outer convex walls, a narrow 
cortex of chlorenchyma, a elear endodermrs of tangen- 
tially elongated, thln-walled cells with colorless eon- 
tents, a narrow phfoem, a cambtum, and a xyfem 
broadest in the regions beneath the stem angles and 
containing narrow wood-wedges sępa ratę d by xylem 
rays one celi in width. The wood-wedges consist 
chiefly of simple pitted and spiral vessels, tracheids, 
and wood-f i bers. Beneath each of the four angles of 
the stem occurs an elliptic to ovate zonę of colien- 
chyma. A large pith composed of thin-walled paren¬ 
chyma occupies the center, 

Powdered peppermint: Green to light oltve green, 
Shows fragments of leaf epidermis with wavy vertical 
walls and, if from the lower surface of the leaf, with 
numerous stomata and glandular and nonglandular 
hairs, the latter espedally numerous along the vems; 
glandular hairs with a one- to two-celled stalk and 
one- to eight-celled head, usually set in a depression in 
the leaf and containing vofatile oil and frequently yel 
lowish or brawnish ciystals that are birefringent; non¬ 
glandular hairs with tnin, papillose walls and fre- 
guentiy with short, longitudinal striations of 1-8 cells 
and up to 1.4 mm in length, the terminal celi pointed 
or sometimes globular; fragments of chlorenchyma 
with vascular tissue, the vessels spiral or wiih simple 
pits and but slightly lignified; fragments of collen- 
chyma and of fhin-waTled, non lignified fibers associ- 
ated with parenchyma. The pollen grains are spheroi- 
dal and smooth. 


Peppermint Oil 

DEFINITION 

Peppermint Oil is the volatile oil distilled with steam from 
the fresh overground parts of the flowering plant of 
Mentha piperita L (Fam. Labiatae), rectified by distlllatlon 
and neither partially nor wholly dementholized. It yields 
NLT 5.0% of esters, calculated as menthyl acetate 
(C 12 H 22 O 2 ), and NLT 50.0% of total menthol (Cj 0 H«O), 
free and as esters. 

IDENTIFICATION 

* A. 

Sample: 6 drops of Oil 

Analysis: Place the Sample in a dry test tubę and mix 
with 5 mL of a 1-in-300 soiution of nitric acid in glacial 
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acetic add, and place the tubę in a beaker of boi ling 
water. 

Acceptance criteria: Within 5 min the liqurd develops a 
blue color that, on continued heating, deepens and 
shows a copper-colored fluorescence and then fades, 
!eaving a golden-yellow solution* 

ASSAY 

* total esters 

SampJe: 10 g of Oil 

Anaiysis: Place the Sample in a 250-mL conical fiask, 
add 10 mL of neutralized alcohol and 2 drops of phe¬ 
nolphthalein TS, then add, dropwise, OJ N sodium hy- 
droxide until a faint pink color appears. Add 25.0 mL of 
0.5 N atcoholic potassium hydroxide VS, connect the 
fiask to a reflux condenser, and heat on a boiling water 
bath for 1 h. Allow the mixture to cool, add 20 mL of 
water, and add phenolphthalein T5. 

Titrate the excess alkali with 0.5 N hydrochloric acid V5. 
Perform a blank determination, disregarding the OJ N 
sodium hydroxide (see Titrimetry (54 T), Residua! Titra- 
Uons ). Each mL of 0.5 N alcoholic potassium hydrox- 
ide consumed in the saponifkation rs equivalent to 
99.15 mg of total esters calculated as Ct 2 H 22 G 2 . 
Acceptance criteria: NLT 5.0% of esters, calculated as 
Ci^HjzOz 

* Total Menthol 

Sample: 10 mL of Oil 

Anafysis: Place the Sample in an acetylation fiask of 
IGG-mL capacity, and add 10 mL of acetic anhydride 
and 1 a of anhydrous sodium acetate. Boil the mixture 
gentlyfor 1 h, accuratefy timed, cool, disconnect the 
fiask from the condenser, transfer the mixture to a smali 
separator, rmsing the acetylation fiask with three 5-mL 
porttons of warm water, and add the rinsmgs to the 
separator. When the liquid$ have compfetely separated, 
discard the water layer, and wash the remaining oil 
with successtve portlons of sodium carbonate TS, di- 
luted with an equal volume of water, unti! the last 
washing is alkaline to phenolphthalein TS. Dry the re- 
sulting oil with anhydrous sodium sulfate, and filter. 
Transfer 5 mL of the dry acetylated oil to a tared, 

100-mL conical fiask, and weigh. Add 50.0 mL of 0.5 N 
afcoholk potassium hydroxide VS, connect the fiask to 
a reflux condenser, and botl the mixture on a steam 
bath for 1 h, accurately timed. Allow the mixture to 
cool, and add 10 drops of phenolphthalein TS. 

Titrate the excess alkali witn 0.5 N hydrochloric acid V5. 
Perform a blank determfnation (see Titrimetry (541), 
Residual Titrations). 

Calculate the percentage of total menthol in the Oil 
tested: 

Result = 7.81 3 x A x (1 - 0.0021 x E)/(W - 0.021 x A) 

A = resuft obtained by subtracting the number of 
mL of 0.5 N hydrochloric acid required in 
the above titration from the number of mL 
of 0.5 N hydrochloric acid reguired in the 
residual titration blank 

E = percentage of esters calculated as menthyl 
acetate (C 12 H 22 O 2 ) 

W - weight of acetylated Oil taken (g) 

Acceptance criteria: NLT 50,0% of CioH»0, free and 
as esters 

IMPUR1TIE5 


Delete the folhwtng: 

Heaw Metals, Method II {231}: NMT 20 ppm* fOificui 1-* 


* LIMIT DF DlMETHYL StJLFIDE 

Anaiysis: Distill 1 mL from 25 mL of Oil, and carefully 
supertmpGse the distillate on 5 mL of mercuric chloride 
TS in a test tubę. 

Acceptance criteria: A wbite film does not form at the 
zonę of contact within 1 min. 

SPEC1FIC TESTS 

* Specific Grayity (841): 0.896-0.908 

* OPTICAL Rotation, Angular Rotation (781 A): -18° to -32° 
O REFRACT1VE Index (831): 1.459-1,465 at 20° 

* Solubility IN 70% Alcohol: One volume dissolves in 3 

volumes of 70% akohot, with NMT sfight opalescence. 

ADDITIONAL REQU1REMENT5 

* Packaging and Storage: Preserve in tight contatners, 

and prevent exposure to excessive heat. 


Peppermint Spirit —see Peppermint Spirit 
General Monographs 


Peppermint Water 

DEFINITION 

Peppermint Water is a elear, saturated solution of Pepper¬ 
mint Oil in Purified Water, prepared by one of the 
processes described in Pharmaceutical Dosage Forms 
(1151), Solutions, Waters, Aromatic. 

ADDITIONAL REQUIREMENT5 

• Packaging and Storage: Preserve in tight containers. 


Petrolatum— see Petrolatum General 
Monographs 


Petrolatum, Hydrophilic — see Petrolatum, 
Hydrophilic General Monographs 


Petrolatum, Wh i te— see Petrolatum, White 
General Monographs 


Phenol — see Phenol General Monographs 


Phenolsulfonphthalein 



CjyHi-tOjS 
Phenol red; 


354.38 
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Phenol, 4,4'-(3H-2,1 -ben20xathiol-3-ylidene)bis-,(5,^ 
dioxide); , . , , „ . . 

3,3-Bis(4-hydroxyphenyl)-3H-2,l-benzoxathiole l,1-dioxide 
[143-74-8]. 


Phenolsulfonphthalein contains NLT 98.0% and NMT 

102.0% of 4 ł 4H3H-2 ł 1-benzoxathiol-3-ylidene)bis- ł (S / 5-di- 
oxide) phenol (Ci 9 Hh0 5 S) # calculated on the dried basis. 

IDENTIFICATION 

• A. 

Sample: 5 mg of Phenolsulfonphthalein 
Analysis: Transfer the Sample to a 100-mL volumetric 
ffask, dissolve in and dilute with sodium carbonate solu¬ 
tion (1 In 100) to volume, and mix. Dilute 5.0 mL of 
the solution so obtained to 100.0 ml with sodium car¬ 
bonate solution (1 in 100)* Examine between 400 and 
630 nm. 

Acceptance criteria: The solution exhibits an absorp- 
tion maximum at 558 nm, and the spedfic absorbance 
at the maximum is between 1900 and 2100. 

o B. 

Sample: 10 mg of Phenolsulfonphthalein 
Analysis: Dissolve the Sample in 2 ml of 1 N sodium 
hydfroxide, and add 8 mL of water. To 5 mL of the solu¬ 
tion so obtained add 1 mL of 0.1 N potassium 
bromide-bromate and 1 mL of diluted hydrochloric 
and, shake, and altów to stand for 15 min. Render the 
solution alkalinę with 1 N sodium hydroxide, 
Acceptance criteria: An intense violet-blue color is 
prociuced. 


Chromatographic system 

(See Chromatograpny {62 1), Thln-Layer Chromało* 
graphy.) 

Modę: TLC , , 

Adsorbent: 0*25-mm layer of chromatographtc silica 

gel mixture 

Application volume: 10 jiL 

Developing so1vent system: terf-Amyl alcohol, glacial 
acetic add, and water (4:1:1) 

Analysis , . , , 

Samples: Sample solution A and Sample solution B 
Allow the piąte to air-dry until the solvent has evapo- 
rated, and expose the piąte to ammonia vapor Ex- 
amine the piąte under short-wavelength UV light. 
Acceptance criteria: NMT 0.5%; NMT one spot, a part 
from the principaf spot, appears in the chromatogram 
from Sample solution A , Tnis spot is not morę intense 
than the spot in the chromatogram from Sample solu¬ 
tion B. 

o INSOLUBLE SUBSTANCES . . 

Sample: 1 g of finely powdered Phenolsulfonphthalein 
Analysis: To the Sample add a solution of 0.5 g of so¬ 
dium bicarbonate in 12 mL of water* Ailow to stand for 
1 h, shaking frequently. Dilute with sufficient water to 
make 100 mL, and ailow to stand for 15 h. Centrifuge 
at 2000-3000 g for 30 min, and decant the superna- 
tant. Wash the residue first with 25 mL of sodium bicar¬ 
bonate solution (1 in 100), then with 25 mL of water, 
and dry at 105°* 

Acceptance criteria* The weight of the insoluble resi¬ 
due does not exeeed 0*5% of the weight of the Phenol- 
sułfonphthalein taken. 


A5SAY 

* Procedurę 

Sampie: 0*9 g 
Titrimetrk system 
{See Titrimetry <541).) 

Modę: Resldual titration 
Titrant: 0*1 N sodium thiosulfate V5 
Endpoint detection: Visual 
Analysis: Transfer the Sampie to a 250-mL volumetnc 
fiask, dissolve in 15 mL of 1 N sodium hydroxtde, dilute 
with water to volume, and mix* Transfer 10.0 ml of the 
solution so obtained to a glass-stoppered fiask. Add 
25 mL of gladal acetic acid, 20.0 ml of 04 N potas¬ 
sium bromate VS, 5 mL of potassium bromide solution 
(1 in 10), and 5 mL of hydrochloric acid, and immedl- 
ately insert the sto oper into the fiask. Ailow to stand 
protected from light for 15 min. Quickly add 10 ml of 
potassium iodide solution (1 in 10), taking care to avołd 
the escape of bromine vapor. Immediately insert the 
stopper rnto the fiask, and shake vigorously. Rinse the 
stopper and the neck of the fiask with a smali guantity 
of water. TJtrate the liberated iodine with 0.1 N sodium 
thiosuifate V5, using starch TS as the indicator* Perform 
a blank determination, and notę the difference in 
volumes required. Lach mL of the difference in volumes 
of 04 N sodium thiosulfate is equivalent to 4.43 mg of 
phenolsulfonphthalein (C^HmOsS). 

Acceptance criteria: 98.0%-102.0% on the dried basis 

IMPURITIE5 

• Residue on Ignitton {281} 

Sample: 0,5 g 

Acceptance criteria: NMT 0.2% 

■ Chromatographic Purity 

Sample solution A; 20 mg/ml of Phenolsulfonphthaleir 
in 0*1 N sodium hydroxide 

Sampie solution B: Transfer 0.5 ml of Sampie solution A 
to a 100-mL volumetric fiask, dilute with 04 N sodium 
hydroxide to volume, and mix. 


SPECIFIC TESTS 

* VI5UAL Transition Interval 

Potassium chloride solution: Dissolve 1.0 g of potas¬ 
sium chloride in 100 mL of water, and adjust with 0.01 
N hydrochloric acid or sodium hydroxide to a pH of 
ó 8 

Sample solution: Dissolve 0.1 g of Phenolsulfonphthal- 
ein in 100 mL of alcohol. 

Analysis 1: Add 0.15 mL of the Sample solution to the 
Potassium chloride solution. 

Acceptance criteria 1: The color is yellow with NMT a 
faint tracę of green color. 

Analysis 2: Titrate the solution from Analysis 1 with 
0.01 N sodium hydroxide to a pH of 7.0. 

Acceptance criteria 2: The color of the solution he¬ 
com es orange, 

Analysis 3: Continue the titration of the solution from 
Analysis 2 with 0.01 N sodium hydroxide to a pH of 
8 . 2 . 

Acceptance criteria 3: The color of the solution be- 
comes red. NMT 0.20 mL of 0.01 N sodium hydroxide 
is consumed in the entire titration. 

* Microbiai Enumeration Tests (61) and Tests for Speci- 

fied Microorganisms (62): The total aerobic microbiai 
count does not exceed 10* cfu/g, and the total com- 
bined molds and yeasts count does not exceed IG 2 cfu/ 

g- 

■ Loss on Drying (731) 

Sample: 1 g of powdered Phenolsulfonphthalein 
Analysis: Dry the Sample at 105° to constant weight. 
Acceptance criteria: NMT 1.0% 

ADDITIONAL REQUIREWIENTS 

* Packaging and Storage: Preserve in well-dosed tontain- 

ers. No storage requlrements specified. 
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Phenoxyethanol 

CgHigOj 138.16 

2-Phenoxyethanol; 

2-Phenoxyethyl alcohol; 

Ethylene glycol, 2-monophenyl ether [122-99-6]. 

DEFINITION 

Phenoxyethanol contains NLT 98.0% and NMT 102.0% of 
phenoxyethand (C$Hic0 2 ). 

IDENTIFICATION 

• A. Infrared Absorption (197F): On an undried specimer 

AS5AY 

• Procedurę 

Phenol solution, Standard solution, and Chromato- 
graphic system: Prepare as directed in the test for Or¬ 
ganie Impuńties. 

Sample stock solution: 5 mg/ml of Phenoxyethanol in 
isopropyl altoho! 

Sample solution: Transfer 500 pL of the Sample stock 
solution to a vial, add 1000 pL of isopropyl alcohol, 
crimp the vial, and mix on a vortex mixer for 15 s, 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of phenoxyethanol (CbHioG 2 ) 
in the portion of Phenoxyethanol taken: 

Result - (rufr$) x (Cj/Cu) x 100 

r v - peak response from the Sample solution 

r* - peak response from the Standard solution 

Q = concentration of USP Phenoxyethanol RS in 
the Standard solution (mg/mL) 

Cy ~ concentration of Phenoxyethanol in the 
Sample solution (mg/mL) 

Acceptance criteria: 98,0%-102.0% 

IMPURmES 

• ORGANIC IMPURFTIES 

Phenol solution: 0.25 mg/mL of phenol in isopropyl 
alcohol 

Standard stock solution: 5 mg/mL of USP Phenoxy- 
ethanol RS in the Phenol solution 
Standard solution: Transfer 500 pL of the Standard 
stock solution to a vial, add 1000 pi of isopropyl alco¬ 
hol, crimp the vial, and mix on a vortex mixer for 15 s, 
Sample solution: Transfer 500 pL of Phenoxyethanol to 
a tared vial, and determfne the weight of Phenoxyetha- 
nol taken. Add lOOOpL of ts o propyl alcohol, crimp the 
vtal, and mix on a vortex mixer for 15 s, 
Chromatographic system 
(See Chromatograpny (621 >, System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Column: 0.32-mm x 10*m capillary coated wlth a 
5-pm film of stationary phase G27 
Temperatures 
Injection port: 300 c 
Detector: 300° 

Column: See Table I. 


Table 1 


In 1 tlał 

Temperaturę 

n 

Temperaturę 

Ramp 

C/mlnl 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperatura 

(min) 

80 

8 

260 

10 


Carrier gas: Helium 
Injection volume: 1 pL 
Injection type: Split injection modę 
Split flow ratę: 44 mL/rnin 
System suitability 
Sample: Standard solution 
Suitability requirement$ 

Resolution: NLT 10 between the phenol and phenox- 
yethanol peaks 

Relative standard deviation: NMT 2.0% for the phe- 
noxyethanol peak 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of total impurities in the por¬ 
tion of Phenoxyethanol taken: 

Result = (ru/n) x (Cs/Cu) x 100 

r u = peak response of aII additionat peak areas in 
the Sample solution , excluding the main 
peak, the solvent peak, and the phenol peak 
r 5 = peak response of phenoxyethanol from the 
Standard solution 

Q - concentration of phenoxyethanol in the 
Standard solution (mg/mL) 

Cu - concentration of the Sample solution (mg/ml) 
Acceptance criteria: NMT 1.0% 

* Limit of Phenol 

Phenol solution, Standard solution, Sample solution, 
and Chromatographic system: Proceed as directed in 
the test for Organie Impuńties , 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of phenol in the portion of 
Phenoxyethanol taken: 

Result = (r u /r$) x (Cj/Q) x 100 

r u = peak response of phenol from the Sample 
solution 

Ts - peak response of phenol from the Standard 
solution 

Q = concentration of phenol in the Standard 
solution (mg/mL) 

Cy - concentration of the Sample solution (mg/ml) 
Acceptance criteria: NMT 0.1% 

SPECIFiC TESTS 

* Specific Cravitv (841): 1 A 05~1.110 at 20 D 

ADDITIONAŁ REQUIREMENTS 

* PACKAGING and 5TORACE: Preserve in tight contaśners, 
and storę in a cool, dry place, protected from light. 

* USP Reference Standards (11) 

USP Phenoxyethanol RS 


Phenylethyl Alcohol—see Phenylethyl 
Alcohol General Monographs 


Phenylmercuric Acetate 



C/iH(jHgOj 33674 

Mercury, (acetato-O)phenyl-; 

(Acetato)phenyimercury [62-38-4]. 
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DEFIN1TION 

Phenylmercuric Acetate contafns NLT 98.0% and NMT 
100.5% of phenylmercuric acetate (CsHaHgG*). 

IDENTIFICATION 

* A. 

Sample: OJ g 

Analysis: To the Sample add 0.5 mL of nitric acid. Wami 
gentiy untiJ a dark brown color is produced, and dilute 
with water to 10 mL. 

Aceeptance criteria: The characteristic odor of nitro- 
benzene is evolved. 

* B. 

Sample: OJ g 

Analysis: To the Sample add 0.5 mL of suJfuric acid and 
1 ml of atcohol, and warm. 

Aceeptance criteria: The characteristic odor of elhyl 
acetate is evolved. 

* C. 

Sample solution: Saturated solution in water 
Analysis: To 5 mL of the Sample solution add a few 
drops of sodium sulfide TS. 

Aceeptance criteria: A white precipitate is formed, 
which turns black when the mixture is boiled and then 
allowed to stand, 

A5SAY 
« Procedurę 

Sample solution: Transfer 500 mg of Phenylmercuric 
Acetate to a 100-mL fiask. Add iSml of water, 5 mL of 
formie acid, and 1 g of zinc dust, and reflux for 30 mir. 
Cool, filter, and wash the filter paper and the amaigam 
with water until the washings are no longer add to 
litmus. Dissolve the amaigam in 40 mL of 8 N nitric 
acid. Heat on a steam bath for 3 min, and then add 
500 mg of urea and enough pofasstum permanganate 
TS to produce a permanent pink color. Cool, decolori2e 
the solution with hydrogen peroxrde TS, and add 1 mL 
of ferrit ammonium sulfate TS. 

Titrimetric system 
(See Titrimetry {541)0 
Modę: Direct titration 
Titrant: OJ N ammonium thiocyanate VS 
Endpomt detection: Visual 
Analysis: Titrate with Titrant, and each mL of 0J N 
ammonium thiocyanate is equivalent to 16.84 mg of 
phenylmercuric acetate (C B H B Hg 02 ). 

Aceeptance criteria: 98.0%-1 00.5% 

IMPURITIES 

* Residue on Ignition <281 }: NMT 0.2% 

Delete the followlng: 

•* Mercuric Salts and Heaw Metals 

Sample solution: Heat 100 mg of Phenylmercuric Ace¬ 
tate with 15 mL of water, cool, and filter. 

Analysis: To the Sample solution filtrate add a few drops 
of sodium sulfide TS. 

Aceeptance criteria: The resulting precipitate shows no 
immediate cofon# (OlfiCMl I '|arv20! 8) 

* POLYMERCURATED BENZENE COMPOUNDS 

Sample solution: Shake 2.0 g of Phenylmercuric Ace¬ 
tate with 100 mL of acetone, and filter. 

Analysis: Wash the residue with successive portions of 
acetone until a total of 50 mL is used, then dry the 
residue at 105° for 1 h. Weigh the residue. 

Aceeptance criteria: NMT 1.5%; the weight of residue 
is NMT 30 mg. 


SPECIFIC TEST5 

<» Melting Rangę or Temperaturę (741): 149°-153 c> 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage; Preserve in tight, light-resistant 

containers. 


Phenylmercuric Nitrate 

Mercury, (ni trato-OJphenyh; 

N itr a to p h eny 1 merc u ry [55-68-5]. 

DEFINITION 

Phenylmercuric Nitrate is a mixiure of phenylmercuric ni- 
trate and phenylmercuric hydroxide containing NLT 
87.0% and NMT 87.9% of phenylmercuric ion (C 6 H 5 Hg 4 ), 
and NLT 62,75% and NMT 63,50% of mercury (Hg). 

IDENTIFICATION 

* A. 

Sample: OJ ą 

Analysis: To the Sample add 3 mL of sulfuric acid. 
Aceeptance criteria: The mixture becomes yeilow, and 
the characteristic odor of nitrobenzene is evolved, 

* B. 

Sample solution: Saturated solution in water 
Analysis: To 5 ml of the Sample solution add 1 mL of 
3 N hydrach loric acid. 

Aceeptance criteria: A white precipitate is formed. 

* C 

Sample solution: Saturated solution in water 
Analysis: To 5 mL of the Sample solution add 5 mL of 
ammonium sulfide TS. 

Aceeptance criteria: There is no reaction in the cold, 
but upon heating in a botling water bath for 10 min f a 
blade precipitate is formed, 

ASSAY 

* PHENYLMERCURIC lONS 

Sample: 200 mg 

Analysis: Dissolve the Sample in 90 mL of water and 
10 mL of nitric acid. Add 2 mL of ferric ammonium sul¬ 
fate TS. Titrate with 0.05 N ammonium thiocyanate VS. 
Each mL of 0,05 N ammonium thiocyanate is equiva- 
lent to 13,88 mg of phenylmercuric ion (CńHsHg 1 ). 
Aceeptance criteria: 87.Q%-87,9% of phenylmercuric 
ion 

* Mercury 

Sample solution: Transfer 400 mg of Phenylmercuric 
Nitrate to a 100-mL fiask, Add 15 mL of water, 5 mL of 
formie acid, and 1 g of zinc dust, and reflux for 30 min. 
Cool. Filter, and wash the filter paper and the amaigam 
with water until the washings are no longer acid to 
litmus. Dissolve the amaigam in 40 mL of 8 N nitric 
acid. Heat on a steam bath for 3 min, then add 0.5 g of 
urea and enough potassium permanganate TS to pro¬ 
duce a permanent pink color. Cool. Decolorize the soiu- 
tion with hydrogen peroxide TS, and add 1 mL of ferric 
ammonium sulfate TS. 

Analysis: Titrate with OJ N ammonium thiocyanate VS. 
Eacn mL of OJ N ammonium thiocyanate is equivalent 
to 10.03 mg of Hg. 

Aceeptance criteria: 62.75%-63,50% of mercury 

IMPURITIES 

* Residue on Ignition (281>: NMT 0.1% 

SPECIFIC TEST5 

* Mercury Ions 

Sample solution: Saturated solution ih water 
Analysis: To 5 mL of the Sample solution add 5 mL of 
1 N sodium hydroxide. 
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Acceptance criteria: No yellow precipifcate is formed 
(mercunc ions), and the solution does not darken (mer- 
curous Ions), 

AODITIONAL REQUIREMEMTS 

* IPackaging AMD Storage: Presen/e in tight, light-resistant 
containers* 


Phosphoric Acld 

HjPOj 98.00 

Phosphoric acEd [7664-38~2\. 

DEFINITION 

Phosphoric Acid contains NLT 85.0% and NMT 88 ,0%, by 
weight, of H 3 PG 4 . 

[CAUTIOM—Avofd eonLact f because Phosphoric Acid rapidJy 
destroys tissues.] 

IDENTIFICATION 

* A Identification Tesis— General, Phosphate <191): 

When carefully neutralized with 1 N sodium hydroxide, 
phenolphthalein TS being used as the indicator, it meets 
the requirements. 

AS5AY 

• Procedurę 

Sampfe: 1 g 
Blank: 120 mL of water 
Titrimetric system 
(See Tttrimetry <541).) 

Modę: Direct titration 
Titrant: 1 N sodium hydroxide V5 
Endpoint detection: Visual 
Analysis: Place the Sample in a tared, giass-stoppered 
fiask, and dilute it with water to 120 mL, Add 0.5 mL of 
thymoiphthalein TS. Utratę with 1 N sodium hydroxide 
V$ to tne first appearance of a blue cofor, Perform a 
blank determination. 

Calculate the percentage of phosphoric acid (H 3 PO 4 ) En 
the Sample taken: 

Result = {[(ł/j - V B ) x N x F\tW\ X 100 

Vs - volume of Titrant consumed by the Sample 
(mL) 

Vb ~ volume of Titrant consumed by the Blank (mL) 

N = actual normality of the Titrant (mEq/mL) 

F = equivalency factor, 49.00 mg/mEq 
W - weight of the Sample (mg) 

Acceptance criteria: 85,0%-88.0% by weight 

IMPURITIES 


Oefete the followlng: 

** Heaw Metals, Method I (231): NMT 10 ppm# {Qma *i 1 * 

Mn-201 B) 

* Limit of Nitrate 

Sample solution: Dilute 6 mL of Phosphoric Add with 
14 mL of water. 

Analysis: Mix 5 mL of the Sampfe solution with about 
0.1 mL of indigo carmine TS, then add 5 mL of sulfuric 
add, 

Acceptance criteria: The biue color is not discharged 
within 1 min. 

SPECIFIC TE5TS 

* CHLORIDE AND SULFATE, Sulfate (221) 

Sample solution: Dilute 6 mL of Phosphoric Add with 
90 mL of water. 


Analysis: To the Sample solution add 1 mL of barium 
chloride TS. 

Acceptance criteria: No precipitate is formed 
immediately. 

e Alkali Phosphates 

Sample: 1 mL 

Analysis: Transfer the Sample to a graduated cylinder, 
and add 6 mL of ether and 2 mL ot alcohol. 

Acceptance criteria: No turbidity is produeed. 

e PHOSPH0ROU5 DR HYPOPHOSPHOROUS ACID 

Sample solution: Dilute 6 mL of Phosphoric Acid with 
14 ml of water. 

Analysis: Cently warm 5 mL of the Sample solution, and 
add 2 mL of sllver nitrate TS. 

Acceptance criteria: The mixture does not become 
brownish, 

AODITIONAL REQUBREMENTS 

o PA CK AG ING AND Storage: Press rve in tight containers. 


DElyted Phosphoric Acid 

DEFINITION 

Diluted Phosphoric Add contains, in each 100 mL, NLT 
9.5 □ and NMT 10.5 g of phosphoric acid (hhPOO- 
Diluted Phosphoric Acidmay be prepared as follows. 


Phosohorit Acid 

69 ml. 

Purified Wateu a sufficient quantity to make 

1 000 mL 


Mix the ingredients, 

IDENTIFICATION 

a A. Identification Tests— General, Phosphate (191) 
Sample: 100 ml 

Analysis: Ca ref ul ly neutralize the Sample with 1 N so¬ 
dium hydroxide. Use phenolphthalein TS as the 
indicator. 

Acceptance criteria: Meets the reguirements 

ASSAY 
• Procedurę 

Sample: 10 mL 
Blank: 50 mL of water 
Titrimetric system 
(See T/i trimetry (541).) 

Modę: Direct titration 
Titrant: 1 N sodium hydroxide V5 
Endpoint detection: visual 
Analysis: Dilute the Sample with water to 50 mL. Add 
0.5 mL of thymoiphthalein TS. Titrate with Titrant to 
the first appearance of a blue color. Perform a biank 
determination. 

Calculate the amount of phosphoric add (H3PO4) in the 
portion of the sample taken: 

Result = (l/i-V fl )xNxF 

l/i - Titrant volume consumed by the Sample (mL) 

V B - Titrant volume consumed by the Blank (mL) 

N = actual normality of the Titrant (mEq/mL) 

F = equivafency factor, 4.9 x ICH g/mEq 

Acceptance criteria: 9.5-10.5 g per 100 mL 

IMPURITIES 


Delete the following: 

** Heaw Metals, Method I (231) 

Test preparation: Dilute 10 g (9.5 mL) with 10 mL of 
water, add 6 mL of 1 N sodium hydroxide, and dilute 
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with wat er to 50 mL. Dilute 20 ml of this soSution with 
water to 25 ml, 

Acceptanee criteria: NMT 5 COffkial hfnn-20lflj 

* Limit of Nitrate 

Sampfe: 100 ml 

Analysis: To the Sample add OJ mL of indigo car minę 
TS, then 5 mL of sulfuric add, 

Acceptanee criteria: The blue color is not discharged 
within 1 min, 

SPECIFIC TE5TS 

* Alkali Phosphates 

Sample: 20 mL 

Analysis: Evaporate the Sample on a steam bath to a 
weight of 5 g. Cool, transfer 2 ml to a graduated cylin¬ 
der, and adćT 6 ml of ether and 2 mL of alcohol. 

Acceptanee criteria: No turbidtty is produced 

* PHOSPHOROOS OR HYPOPHGSPHGROUS ACID 

Sample: 100 mL 

Analysis: Gently warm the Sample, and add 2 mL of 
silver nitrate TS. 

Acceptanee criteria: The mixture does not become 
brownish, 

* Chlorjde and Sulfate, Sulfate (221) 

Sample: 100 mL 

Analysis: To the Sample add 1 mL of barium chloride 
TS. 

Acceptanee criteria: No predpitate is formed 
immediately, 

ADDHTIONAL R EQUIREMENTS 

* Packaging and Storage: Preserve in tight containers. 


Polacrilin Potassium 



2 -Propenoic acid, 2-methyi-, potassium salt, poJymer with 
diethenylbenzene; 

Potassium methacrylate-divmylbenzene, copolymer 
[65405-55-2]. 

DEFINITION 

Polacrilin Potassium is the potassium salt of a unifunctional 
low-cross-linked carboxylic oation-exchange resin pre- 
pared from methacrylic acid and divinylbenzene. When 
previousfy drfed at 105 c for 6 h, it contains NLT 20.6% 
and NMT 25.1% of potassium (K). 

IDENTIFICATION 

« A. INFRARED ABSORPTION (197K) 

* B, Identification Tests—Generał, Potassium (191) 

Sample solution A: Shake 1 g with 10 mL of water, 

Sample solution B: Shake 1 g with 10 mL of OJ N 
hydrochloric acid, 

Analysis: Use the agueous phase from Sample solution A 
and Sample solution B. 

Acceptanee criteria 

Sample solution A; Does not meet the requirements 
Sample solution B: Meets the reguirements 

ASSAY 

■ Content of potassium 

Sodium stock solution: 14.612 mg/mL of sodium chlo- 
ride, previously dried at 125 c for 30 min. This solution 
contains 5.76 mg/mL of sodium (Na). 


Potassium stock solution: 745.5 j.ig/mL of potassium 
chloride, previously dried at 125° for 30 min. This solu¬ 
tion contains 391 pg/mL of potassium (K). 

Surfactant solution: Transfer 5.0 g of a suitabie nani¬ 
onie surfactant to a 250-mL beaker, add 200 mL of 
water, and stir to dissolve. Transfer this solution to a 
500-mL vofumetric fiask, dilute with water to volume, 
and mix, [Notę—T o prevent foaming when using this 
solution, gently run the solution down the sides of the 
vessel, ana use gentle action when mixing.] 

Diluted sodium solution: Transfer 50.0 mL of Sodium 
stock solution and 10.0 mL of Surfactant solution to a 
100-mL yolumetric fiask, dilute with water to vo!ume, 
and mix gently to prevent foaming. 

Standard Solutions: To three separate 500-mL vofumet- 
ric flasks transfer, respectively, 3,0-, 4.0-, and 5,0-mL 
portions of Potassium stock solution . To each fiask add 
50.0 mL of Sodium stock solution and 10.0 mL of 
Surfactant solution , dilute with water to voiume, and 
mix gently to prevent foaming. Each mL of these Solu¬ 
tions contains 2.346, 3.128, and 3.910,119 of K, 
respectively, 

Sample solution: Transfer 1.4 a of Polacrilin Potassium, 
previously dried, to a 50-mL siffea crudble, moisten 
with 4 mL of sulfuric acid, heat over a smali flame until 
the acid has fumed off, moisten the residue with a few 
drops of sulfuric add, and ignite strongly. Atlow to cool, 
transfer, with the aid of water, to a 1000-mL volumetric 
fiask, dilute with water to volume, and mix. Transfer 
1.00 mL of this soSution to a 100-mL volumetric fiask, 
add 20.0 mL of Diluted sodium solution, dilute with 
water to vo!ume, and mix gentfy to prevent foaming. 
InstrumentaJ conditions 
Modę: Flame photometry 
Anaiytical wauelength: 76 6 nm 
Analysis 

Samples: Standard Solutions and Sampfe solution 
Concomitantly determine the emittances of the Stan¬ 
dard Solutions and Sample solution, adjusting the in¬ 
strument so that the most concentrated Standard so¬ 
lution gives a reading near 100%. 

Prepare a standard curve by plotting the readings from 
the Standard Solutions versus the square root of the 
potassium concentrations. From the curve, de term me 
the eoncentration of potassium in the Sample solution, 
CalcuSate the percentage of potassium in the portion 
of sample taken: 

Result - (Co/Cu) x 100 

Co = eoncentration of the Sample soiutlon 

determmed from the standard curve (pg/mL) 

C u - eoncentration of Polacrilin Potassium in the 
Sample solution (pg/mL) 

Acceptanee criteria: 20.ó%-25.1% 

IMPURITIES 


Delete the foffowing: 

Heaot Metals, Method III (231): NMT 20 pg/g* (o«, cia n- 

• IRON (241) 

Sample: 0.10 g 

Analysis: Transfer the Sample to a suitabie crucible, and 
ignite at a Iow heat until tnoroughiy ashed. Add to the 
carbonized mass 2 mL of nitric add and 5 drops of sul¬ 
furic acid, and heat cautiously until white fumes are no 
longer evolved. Ignite, preferably in a muffle fu mace, at 
500 s -600°, until the carbon is completely burned off, 
Cool, add 4 mL of 6 N hydrochloric add, cover, digest 
on a steam bafh for 15 min, uncover, and slowly evap- 
orate on a steam bath to dryness. Moisten the residue 
with 1 drop of hydrochloric acid, add 10 mL of hot 
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water, and digest for 2 min. Dii u te with water to 
25 mL. Fiiter, tf neeessary. Rinse the crudble and the 
fiiter with 10 mL of water, combinrng the filtrate and 
rinsing in a 50-mL cofor-comparison tubę, add 2 mL of 
hydrochloric acid, dilute with water to 45 mL, and mix. 
Acceptance criteria: NMT 0,01% 
o Limit of Sodium 

Sample solution: Transfer 2 g to a 400-mL borosilicate 
beaker, add 20 mL of suffuric acid, cover with a borosili¬ 
cate watch glass, and beat until charring is corriplete. 
Wbile continuing to heat the beaker, add 20 mL of nb 
tric acid dropwise. Continue to heat, and add nitric 
add until all of the organie materiał has been destroyed 
as indieated by the contents of the beaker turning from 
brown to a very pale straw-colored or colorless solution. 
Continue to evaporate the solution, and if it turns 
brown during the eyaporation, add nitric acid dropwise 
until the brown color disappears, Evaporate just to dry- 
ness, cool, and dissolve the residue in 40 mL of water 
and 10 ml of 6 N hydrochloric acid, Heat to boiiing, 
cool, transfer to a 10Q~mL yolumetric fiask, dilute with 
water to volume, and mix. 

Standard Solutions: To three separate 100-mL volumet- 
ric flasks add, respectively, 1.00, 2.00, and 3.00 mL of a 
solution containing 254.2 mg of sodium ehforide in 
1000 mL of water. Add water to volume, and mix to 
obtain sodium chlonde Solutions having concentrations 
equivalent to 1, 2, and 3 pg/mL of Na, respectively. 
Instrumental conditions 
Modę: Flame photometry 
Analytkal wavelength: 589 nm 
Analysis 

Sam pies: Standard Solutions and Sample sofution 
Adjust the instrument sg that the emission of the Stan¬ 
dard solution with a concentration of 3 pg/mL reads 
close to 100% at 589 nm. 

Determine the readings of the three Standard Solutions 
at 589 nm. Readjust the wavelength setting to 580 
nm, and determine the background emission reading 
for one of these Standard Solutions. 

Pipet 5 mL of the Sample solution into a 100-mL voEu- 
metric fiask, add water to yolume, and mix. Observe 
the emission reading of this solution at 589 nm, using 
the same instrument settings, then readjust the wave- 
length setting to 580 nm, and observe the back- 
ground emission reading. 

Subtract the corresponding background readings from 
the readings of Standard Solutions and Sample solution. 
Prepare a standard curve by plotting the corrected 
Standard solution readings versus the square root of 
the sodium concentration. From this standard curve, 
determine the sodium content in the sample taken. 
Acceptance criteria: NMT 0.20% 

SPEOFIC TEST5 

* POWDER FlNENESS (811) 

Sample: 4 g 

Analysis: Transfer the Sample to a No. 100 standard 
sieve placed on top of a No. 200 standard sieve and 
pan. Using a soft 2-cm brush, brush the sample lightly 
across the No. 100 sieve until no morę particles pass 
through. By brushing and tapping, dust off the particles 
on the underside of the No. 100 sieve Ento the No* 200 
sieve, Obtain the weight of the materia! retained on the 
No. 100 sieve. Similarly, determine the weight of mate¬ 
riał retained by the No. 200 sieve, 

Acceptance criteria: NMT 1,0% is retained on the No. 
100 s?eve, and NMT 30,0% is retained on the No* 200 
sieve. 


O Loss ON Dryjng {731) 

Analysis: Dry at 105 q for 6 h, 

Acceptance criteria: NMT 1 0.0% 

ADDITfONAL REQUIREMENTS 
* PACKAGIand $torage: Preserve in welhdosed 
containers. 

a USP Reference Standards (11) 

USP Polacrllin Potassium RS 


Poloxamer 


H \p 5s“[ 0 


H OfCz H ą 0) a (C j H óO)b{C2 H H 

Oxirane, methyh, polymer with oxirane; 
a -H y d ro-tfr- hy d roxy p o iy (o xy e t hy I e n e) (1 - po iy (o xy p ro py E e n e) 
poly(oxyethyEene) a błock copolymer, in whicn a and b 
nave the vafues shown in the followlng table: 


Poloxamer 

a 

b 

12^ 

12 

20 

IBS 

80 

27 

237 

64 

37 

338 

141 

44 

407 

101 

56 


Polyethylene-polypropylene glycol [9003-11-6]. 

DEFINBTB0N 

Poloxamer is a synthetic błock copolymer of ethyJene oxide 
and propylene oxide, It is availabie in several types, con- 
formlng to the regurrements shown in the following table. 


Pol- 

ox- 

amei' 

Physical 

Forrrt 

Average 

Molecular 

Weiaht 

Weight 
(% Oxy- 
ethylene^ 

tlnsaturation 

(mEą/g) 

124 

Liquid 

2090-2360 

46,7 ± 1*9 

0.020 ± 0.008 

188 

Solid 

7680-9510 

81.8 ±1*9 

0.026 ± 0.008 

237 

Solid 

6840-8830 

72*4 ± 1*9 

0 034 ± 0.008 

338 

SoJ i d 

12,700- 
1 7*400 

83.1 ± 1.7 

0.031 ± 0.008 

407 

Solid 

9840- 

14,600 

73.2 ± 1.7 

0.048 ± 0.017 


3t may contain a suitable antioxidant* 

IDENTIFICATION 

0 A* iMFRARED Arsorption <197F): Use a thin film of 
melted specimen if it is a solid* Use USP Poloxamer Liq- 
uid RS for Poloxamer 124, and use USP Poloxamer Solid 
RS for Poloxamer 188, 237, 338, and 407. Because of 
the differenoes in the ratios of copolymer compositlon, 
the intensity of some absorption bands may vary. 

ASSAY 

* Averace Molecular Weight 

Phthalic anhydride-pyridine solution: Dissolve 144 g 
of phthalic anhydriae in freshty opened or freshly dis- 
tilfed pyridine containing less than 0.1% of water, and 
dilute with pyridine to 1000 mL. Protect from light, and 
aflow to stand ovemiqht To verify that the Phthalic 
anhydride-pyridine sofution has adequate strength, pipet 
10 mL into a 250-mL conical ftask, add 25 ml of pyri- 
dine and 50 mL of water, and after 15 min add 0,5 mL 
of a sofution of phenofphthalein in pyridine (1 in 100), 
then titratę with 0.5 N sodium hydroxide VS: it eon- 
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su mes between 37.6 and 40,0 mL of 0.5 N sodium 
hydroxide. 

Analysis: Weigh a suitable guantity, not exceeding 
15 g, of Po!oxamer, calcu fated by multiplying the aver- 
age moiecular weight by 0.004, into a glass-stoppered, 
230-mL boifing fiask. Carefully pipet 25 mL of Phthalk 
onhydride-pyriaine solution into the fiask, touching the 
tip of the drained pipet to the protrusion in the fiask, 
Add a few glass beads, and swirl to dissoive the speci- 
men. Pipet 25 ml of Phtholic anhydride-pyńdine solution 
into a setond, glass-stoppered, eonfcal fiask, add a few 
glass beads, and use as tne reagent blank. {An addf- 
tional 25-mL portion of pyridine may be added to both 
the test specimen and reagent blank, before refluxing, if 
necessary to ensure fluidrty.) Heat both flasks, fitted 
with suitable reflux condensers, and allow to reflux for 
1 h. Allow to cool, and pour two 10-mL portions of 
pyridine through each condenser, Remove the flasks 
from the condensers, add 10 mL of water to each, in¬ 
sert the stoppers, swirl, and allow to stand for 10 min. 
To each fiask add 50.0 mL of 0.66 N sodium hydroxide 
and 0,5 ml of a solution (1 In 100) of phenolphthalein 
in pyridine, Titrate with 0.5 N sodium nydroxide VS to 
a light pink endpoint that persists for NLT 15 s. 

Calculate the average molecular weight: 

Resuit = 2000 x W/[(V B - V s ) x N] 

W = weight of the sample taken (g) 

V B = volume of 0.5 N sodium hydroxide VS 
consumed by the blank (mL) 

V$ = volume of 0,5 N sodium hydroxide VS 

consumed by the residua) add in the test 
solution (mL) 

N = actual normality of the 0.5 N sodium 
hydroxide V5 

Acceptance criteria: See the table in the Deftnition. 

* Weight Percent Oxyethylene 

Solvent: Use deuterated water or deuterochforoform. 
NMR reference: Use sodium 2,2-dlmethyL2-$i- 
lapentane-5-sulfonate (for deuterated water) or tetra- 
methylsilane (for deuterochloroform), 

Sample solution: Dissolve 0.1-0.2 g of Poloxamer in 
deuterated water containing 1% of sodium 2,2-di- 
methyl-2-silapentane-5-sulfonate to obtain 1 mL of solu¬ 
tion, or, If the Poloxamer does not dissolve in water, 
use deuterochloroform containing 1% of tetra met hylsi- 
lane as the solvent. 

Instrumental conditions 

(See Nudear Magnetic Resonance Spectroscopy (761), Rel- 
ative Method of Quantitation.) 

Modę: Nudear magnetic spectrometry 
Sample size: 0.5-1.0 mL of the Sample solution 
Analysis: 

Sample: Sample solution 

Transfer the Sample solution to a standard 5-mm NMR 
spinning tubę, and If deuterochloroform ts the solvent, 
add 1 drop of deuterated water, and shake the tubę. 
Stan the region at 0-5 ppm, and use the calculation 
formulas specified below. Record as At the average 
area of the doublet appearing at about 1.08 ppm, rep- 
resenting the methyl groups of the oxypropy!ene 
units, and record as A? the average area of the com- 
posite band at a rangę of 3,2-3,8 ppm, due to the 
CHzO groups of both the oxyethylene and oxypropyl- 
ene units and also the CHO groups of the oxy propyl- 
ene units, with reference to tne sodium 2,2-dimethyl- 
2-silapentane-5-sulfonate or tetramethylsilane sinqlet at 
0 ppm. 

Calculate the percentage of oxyethyiene, by weight, rn 
the Poloxamer taken: 

a = (A 2 /A } ) - 1 


A 2 - average area of the composite band at a 
rangę of 3.2-3.8 ppm 

At = average area of the doublet appearing at 
about 1,08 ppm 

Resuit = 3300 x a/(33 x a + 58) 

Acceptance criteria: See the table in the Definition r 

* UNSATURATtON 

Solution A: Place 50 q of mercuric acetate in a 
1000-mL vo!umetric fTask, and dissolve with 900 mL of 
methanol to which 0.5 mL of glacial acetic add bas 
been added. Dllute with methanol to volume, and mix. 
Discard the solution if it is yellow. If it ls turbid, filter it. 
Discard it if It is stiil turbid. Use fresh reagents if il is 
necessary to repeat the preparation of the solution. Pro- 
tect the solution from light by storing it in an amber 
bottle in the dark. 

Sample: 15.0 g 

Analysis: Transfer the Sample to a 250-mL conica! fiask. 
Pipet 50 mL of Solution A into the fiask, and mix on a 
magnetic stirrer until solution ts complete. Allow to 
stand for 30 min with occasionai swirling. Add 10 g of 
sodium bfomide crystals, and stir on a magnetic stirrer 
for 2 min. Without delay, add 1 mL of phenolphthalein 
TS, and titrate the liberated acetic acid with 0.1 N 
methanolic potassium hydroxide VS. Perform a blank 
determinatlon. Determine also the initial acfdity as fol- 
lows. Oissolve 15,0 g of Poloxamer in 75 mL of metha- 
nol that Has been neutralized with methanolic potas- 
sium hydroxide to the phenolphthalein endpoint. Add 
1 mL of phenolphthalein TS, and titrate with the same 
OJ N methanolic potassium hydroxide V5 under a nh 
trogen sweep. 

Calculate the unsaturation, in mEq/g: 

Resuit = (%- V A ) x W/15 

V u - volume of 0.1 N methanolic potassium 
hydroxlde used for Litrating the test 
specimen (mL) 

V B - volume of OJ N methanolic potassium 

hydroxide used for titrating the blank (mL) 

V A = vofume of OJ N methanolic potassium 

hydroxide used for titrating the initial acidity 
(ml) 

N - normality of the titrant 

Acceptance criteria: See the table in the Definitlon. 

IMPURITIES 


Dełete the fo//ow^/ng: 

** HEAW Metals, Method I (231): NMT 20 ppm# ( n ^.i 
* Limit of Free Ethylene Oxide, Propylene Qxide, and 

1,4-DlOXANE 

Stripped poloxamer: Place 500 g of Poloxamer 124 
into a suitable 3-neck, round-bottom fiask equipped 
with a stirrer, a thermometer, a vacuum outlet, and a 
heating mantle. Evacuate the fiask carefully at room 
temperaturę to a pressure of less than 10 mm of mer- 
cury, applying the vaajum slowly to avoid excessive 
foaming cfue to entrapped gases, Afterany foaming has 
subsided, heat the ffask to 80° and continue to apply 
vacuum for 2 h; then cool to room temperaturę, śhut 
off the vacuum pump, and introduce nitrogen to bring 
the fiask pressure baek to atmospheric pressure. Transfer 
the Stripped poloxamer to a suitable nltrogen-filled 
Container. 

Standard solution 

[Caution —Ethylene oxide, propylene oxide, and 1 ,4-diox- 
ane are toxic and flammable, Prepare these Solutions in a 
wellwentilated fume bood,] 
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To a tared vial that tan be seafed add 50.0 g of Strippeó 
poloxamer . Add 60 pL of 1,4-dioxane and 75 pL of pro¬ 
pylene oxide from a chitled syrlnge. Add ethylene ox~ 
ide, using the folfowing spedal handling procedurę. 
Ethylene oxide, which is a ga$ at room temperaturo, is 
usuafly stored in a lecture-type gas cylinder or a smali, 
metal pressure-bomb. ChilJ the cylinder in a refrigera- 
tor before use, Transfer 5 mL of the ltquid ethylene 
oxlde to a 100-mL beaker chilled in wet ice. Using a 
gas-tight syrlnge that has been chilled in a refrigerator, 
transfer 15 pL of the liquid ethylene oxide to the na¬ 
turę, Immediately seaf the vtal, and shake on a vortex 
mixer for at least 30 s. Transfer 0,20 g of this solution 
to a tared vial that can be seaEed, and add Stripped 
poloxamer to obtarn a Standard solution having a flna! 
weight of 50.0 g. Fach g of this Standard solution con- 
tains 1 Lig of ethylene oxlde, 5 Lig of propylene oxide, 
and 5 pg of 1,4-dioxane. Transfer 1,00 ± 0,01 g of this 
solution to a 22-mL pressure headspace vial, and add 
about 0.01 g of butylated hydroxyto!uene. Seal wlth a 
silicone septum with or without a pressure-relief star 
spring and wlth a pressure-rellef, aluminum, safety 
sealing-cap, and crimp the cap closed wlth a cap-seab 
Ing tool. 

Sample solution: Transfer T00 ± 0.01 g of Po!oxamer 
to a 22-mL pressure headspace vral, and add 0,01 g of 
butylated hydroxytoluene, Seal, cap, and crimp as ai- 
rected for the Standard solution . 

Chromatographic system 
(See Chmmatography {óll). System Suita bili ty.) 

Modę: GC (equipped with a balanced-pressure auto- 
mated headspace sampler) 

Detector: Flarne ionization 

Column: Q.32-mm x 50-m fused-silica capillary; 5-pm 
layer of stationary phase G27 coatlng 
Temperaturę 
Detector: 250° 

Injector: 250° 

Transfer linę: 140° 

Column: See Tobie 1. 


labie 1 


inifciall 

Temperaturę 

n 

Temperaturę 

Ramp 

(Yminl 

Finaf 

Temperaturę 

n 

Hołd Time at 
Fina! 

Temperatura 

(min) 

70 


70 

10 

70 

10 

240 

10 


Carrier gas: Helium 
Flow ratę: 1,6 mL/min 

Iniection size: Separately place the viais containing 
the Standard solution and the Sample solution in the 
automated sampler, and start the seguence so that the 
viał is heated at a temperatura of 110° for 30 min 
before a suitable portion of its headspace is Enjected 
into the chromatograph. 

Autosampler 

Needle-withdrawal tlme: 0.3 min 
Pressurization time: 1 min 
fnjeefcion time: 0.08 min 
Viaf pressure: 22 psig with the vial vent off 
System suitabllrty 
Sample: Standard solution 

[Notę—T he relative retention times for ethylene oxide, 
propylene oxide, and l,4-dioxane are about 1.0, 1.3, 
and 3.8, respectivelyj 
Suitabillty requlrements 

Resolution: NLT 2.0 between ethylene oxide and 
propylene oxide 


Relative standard devration; NMT 15% 

Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the concentrations, in pg/g, of ethylene ox~ 
Ede, propylene oxide, and 1,4-dioxane in the portion 
of Poloxamer taken: 

Result = (r u /rs) x C 

Or = peak response from the Sample sofutiori 

r* = peak response from the Standard solution 

C = concentration of ethylene oxide, propylene 
oxide, or 1,4-dioxane in the Standard 
solution (ug/g) 

Acceptance criterla 
Ethylene oxide: NMT 1 pg/g 
Propylene oxide: NMT 5 pg/g 
l,4-Dioxane: NMT 5 ug/g 

SFECIFIC TESTS 

o PH (791): 5.0-7.5, in a solution (1 in 40) 

ADDITS0NAI REQUIREMENT$ 

* Fackaging and Storage: Preserve in tight containers. No 

storage reguirements specified, 

* Labeling: Label it to stale, as part of the official title, the 

Poloxamer number. Label it to indicate the name and 
guantity of any antioxldant. 
a USP Referemce Stan dard s (11) 

USP Poloxamer Liauid RS 
USP Poloxamer Solid RS 


Hydrogennated PoBydeceirae 

C3Q£r^7oH; n +2 

1-Decene, homopolymer, hydrogenated [68037-01-4]. 

DEFINITION 

Hydrogenated Polydecene is a mixture of saturated, syn- 
thetic hydrocarbons in the rangę C^H 62 through C?oHm 2 
madę from direct ollgomerization of 1-decene (C 10 alpha 
olefin), The oligomer mixture may be distifled to fractlons 
of a suitable calcu la ted viscosity and hydrogenated to 
reach saturation, or It may be hydrogenated to reach sat- 
uration and then dlstllled to the desired viscosity. The re¬ 
nu irernents for specifEc gravity, viscosity, and content of 
decene oligomer differ for the various types of Hydrogen¬ 
ated Polydecene, as set forth in the two tables below. 
Hydrogenated Polydecene may contain a suitable 
stabillzer. 


Speciffc Gravity and Vi$cosity 


Tvpe 

Specific 

Gravity 

Kinematic 

Viscosity 

Rangę, 

(mm* Al 

1 

0.814-0.819 

16.0-20.0 

11 

0,823-0.827 

28.0-34.0 

II! 

0.828-0.832 

40,0-52.0 


Content of Decene Oligomers 


. Type 

CjbHć; 

GjdHsj 

C50H102 

CfioHm 

C70H142 

1 

70-93 

5-25 

0-5 

0-1 

0-1 

II 

1 3-40 

35-70 

9-25 

0-7 

0-2 

III 

3-15 

25-55 

25-40 

13-28 

040 
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IDENTIFICATION 

■ A. The chromatogram of the Sampie soiution from the 
test for Content of Decene Oligomer exhib3ts major peaks 
for trimers, tetra mers, pentamers, hexamers, and possibly 
heptamers. The decene oligomer content is withln the 
rangę given in the table Content of Decene Oiigomers in 
the Definition for the labefed type of Mydrogenated 
Polydecene. 

ASSAY 

* Content of Decene Oligomer 

System suitability soiution: 10 mg/mL of hexadecane, 

10 mg/mL of squalane, and 1 mg/mL of tetradecane in 
pentane 

Sampie soiution: Dissolve 0.1 mL of Hydrogenated 
Polydecene in l OmL of pentane. 

Chromatographic system 
(See Chromatograpny (621), System Suita bil i ty.) 

Modę: GC 

Detector: Flame ionization 

Column: 0.52-mm x ló-m fused-silica capillary; coated 
with 0.1-mm stationary phase G2 
Carrier gas: Helium 
Flow ratę: 10 mL/min 
Injection volume: 2 pL 
Temperatures 
Injection port: 310” 

Detector: 320° 

Column: See Tobie T 


Table 1 


Initial 

Temperaturę 

n 

Ramp 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

35 

5 

50 

_ 

50 

12 

170 

_ 

170 

10 

310 

18 


System suitability 
Sampie: System suitability soiution 
[Notę—T he retention time for squaEane is about 18 
min; the reiatlve retention limes for tetradecane, hex- 
adecane, and sgualane are about 0.5, 0.6, and 1.0, 
respectiveiy,] 

Suitability regufrements 
Resolution: NLT 2.0 between tetradecane and 
hexadecane 

Relative standard devratron: NMT 2.0% for each 
peak 
Analysis 

Sampie: Sampie soiution 

Record the chromatogram, and measure the areas for 
the major peaks. 

[Notę —Tne tetramer oligomer has a retention time of 
about 23 min. The tri mer, pentamer, hexamer, and 
heptamer oiigomers, if present, have relative retention 
times of about 0.8, 1.1, 1.3, and 1.4, respectiveiy, ref- 
ative to the tetramer.] 

Cafculate the percentage of each oligomer present: 

Result = (rufrj) x 100 

fu - response of each oligomer 
fr = sum of the responses of a fi the peaks, 
exdudlng the solvent peak 

Acceptance criteria: The decene oligomer content is 
within the fimits specified in the table Content of Decene 
Oiigomers in the Definition * 


IMPURITIES 
• Limit of Nickel 

Nickel stock soiution: Immediately before use, dilute 
an appropriate guantity of organometallic standard 1 
with kerosene to prepare a soiution containing the 
equivalent of 1.0 pg/mL of nickel. 

Standard Solutions: Transfer 0.5, 1.0, 2.0, and 4.0 mL 
of Nickel stock so!ution f respectively, to four identical 
10-mL volumetric flasks, dilute the eon ten ts of each 
fiask with kerosene to volume, and mix. These Standard 
Solutions contain, respectively, 0.05, 0.1, 0.2, and 
0.40 pg/mL of nickel. [Notę —The calibration rangę, es- 
pecialfy the upper limit, can be adjusted for cerfain in- 
stmments, provided that instrument validation and calh 
bration linearity are achieived.] 

Sampie soiution: 0.3 g/mL of Hydrogenated 
Polydecene in kerosene. [Notę —tf necessary, dilute with 
an appropriate guantity of kerosene to obtain a reading 
within the calibrated absorbance rangę.] 

Instrumental conditions 
(See Atomie Absorptbn Spectroscopy (852).) 

Modę: Gra phi te furnace atomie absorption spectro- 
photometer equipped with a deuterium background 
corrector and a pyrolyticaNy coated tubę with platform 
Analytical wavelength: 232.0 nm (nickel emission 
linę) 

Injection voiume: 20 pL 
Lamp: Nickel hollow-cathode 
Blank: Kerosene 
Temperaturę: See Table 2. 

[Notę—T he temperaturę program may be modified to 
obtain optimum furnace temperatures.] 


Table 2 


Step 

Temperaturo 

n 

Hołd Time 

Dryina 

80 

1 

Drvinq 

120 

10 

Dryinp 

300 

20 

Ashina 

600 

20 

Ashina 

1000 

20 

Atomizadon 

2500 

3 

Geaninq 

2600 

5 


Analysis 

Samples: Standard Solutions and Sampie soiution 

Place the Standard Solutions and the Sampie soiution in 
an oven, setting the temperaturę at about 60° during 
the period of determination, and shake these Solu¬ 
tions vigorously before analysis. Use micropipettor 
and pipettor tips to make all injections. [Notę —Rosi- 
tive displacement pipets can be used when viscosity 
may become a problem,] 

Pretreat the pipettor tip by pipetting and then discard- 
ing 20 pL of heptane. The tip must be pretreated 
before each injection. [Notę- —The film of heptane re- 
maining on the wali of the tip fadiitates a reproduci- 
bie transfer of the oil sampie.] 

Separately inject the Standard Solutions and the Sampie 
soiution into a graphite furnace, and concomltantly 
determine the integrated absorbances of the Standard 
Solutions and the Sampie soiution. 

Plot the integrated absorbances of the Standard Solu¬ 
tions versus concentration, in pg/mL, of nickel, and 
draw the straight linę best fitting the four plotted 
points, From tne graph so obtained, determine the 
concentration of nickel, C, in pg/ml, in the Sampie 
soiution. 

1 5uitable organometallic standardu are available from, e.g., Continental OH 
Ca,, Ponca City, OK (Canostan, 100 ppm), or Merck, D-6100 Darmstadt, 
Germany (metal in standard oil, 1000 ppm). 
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Calculate the content of nickel In the Hydrogenated 
Polydecene taken: 

Result = C/C u 

C s concentration of nickel obtained from the 
graph (pg/mL) 

Cu = concentration of nickel in the Sample solution 
Cg/ml) 

Acceptance criteria: NMT 1 pg/g 

* Limit of Short Chain Hydrgcarbons 

System suitability solution, Sample solution, Chromał* 
ographrc system. System suitability, and Analysis: 
Proceed as directed in the test for Content of Decene 
Oligomer. 

Calculate the percentage of each of the short-charn hy- 
drocarbons present: 

Result = (fy/fr) x 100 

fu = peak response of any peak eJuting before the 
trimer but different from the sofvent peak 
Ti ^ sum of the responses of all the peaks in the 
chroma togram, excluding the solvent peak 
Acceptance criteria: NMT 2.5% of total short-chain hy- 
drocarbons is found. 

SPECIFIC TE5TS 

* Specific CRAVITY (841) 

Analysis: Determine at 20°. 

Acceptance criteria: Meets the requirements of the 
specific gravitv rangę specified in the table Specific Crav- 
ity and Viscostty in the Definition for the labeted type 

* VlSCOSITY—CAPILLARY METHOBS {911) 

Analysis: Determine using a capillary viscometer, in a 
liquid bath mamtained at 40.0 ± 0.1° 

Acceptance criteria: Meets the reguirements of the vis- 
cosity rangę specified in the labie Specific Gravity and 
Viscosity in the Definition for the iabeled type. 

* Readily Carbgnjzabie Substances Test (271) 

Standard solution: 3 mL of ferric chloride CS, 1 .5 mL 
of cobaltous chloride CS, and 0.5 mL of cupric sulfate 
CS in a glass-stoppered test tubę prevtously treated to 
remove organie matter (see Cleaning Class Apparatus 
(1051)). 

Sampfe: 5 mL 

Analysis: Transfer the Sompte to a glass-stoppered test 
tubę previously treated to remove organie matter (see 
Cleaning Giass Apparatus (1051)), add 5 mL of sulfuric 
acid, and beat in a boilmg water bath for 30 s. Ouickly 
remove the test tubę, and, while holding the stopper in 
place, shake three limes in a vertically reciprocating cy* 
de with an amplitudę of about 13 cm. Repeat this pro¬ 
cedurę every 30 s for 10 min. Do not keep the test 
tubę out of the water bath any longer than 3 s for each 
shaking cycle. Remove the test tubę from the water 
bath, and let it cod for about 20 min to room 
temperaturę. 

Acceptance criteria: The oil phase of the Sample may 
turn hazy but remains colorless; the interface between 
the two layers is free from solids; and the acid layer 
does not become darker than the standard color pro- 
duced by the Standard solution , the Standard solution 
being overlaid with 5 mL of Hydrogenated Polydecene. 

ADDITIONAL REQUłREMENTS 

* Packaging and STORAGE; Preserve in tight contamers. No 
storage requirements are specified. 

* Labeling: Label it to indicate, as part of the officiat title, 

the Hydrogenated Polydecene type (Type I, Type II, or 
Type III), and iabel it to indicate the name ano concen¬ 
tration of any added stabilizer. 


Polydextrose 

[68424-04-4]. 

DEFINITION 

Polydextrose is a randomfy branched polymer prepared by 
melting and subsequent condensation of the ingredients, 
whlch consist of approximateiy 90 parts dextrose, 10 parts 
sorbitol, and up to 1 part citric acid or 0.1 part phos- 
phoric acid. The 1,6-glycosidic linkage predominates in 
the polymer but other Imkages are present. It contalns 
NLT 90.0% of dextrose polymer unfts, calculated on the 
anhydrous and ash-free basis. It contams smali quantities 
of free dextrose, sorbitol, and 1,6-anhydro-D-glucose 
(levoglucosan), with traces of citric actd or phosphoric 
add. 

IDENTIFICATION 

* A. To 1 drop of a solution (1 in 10), add 4 drops of 5% 

phenol solution, then rapidiy add 15 drops of sulfuric 
acid TS: a deep yellow to orange color is produced. 

* R. With vigorous swirlina, add 1 mL of acetone to 1 mL 

of a solution (1 in 10): the solution remains elear. 

* C. With vigorous swirling, add 2 mL of acetone to the 

solution obtained in Identification test B: a heavy, milky 
turbidity develops immediateiy. 

* D. To 1 mL of a solution (1 in 50), add 4 ml of alkaline 

cupric ci tratę TS. Boil vigorously for 2-4 min. Remove 
from heat, and altów the precipitate (if any) to settle: the 
supernatant is biue or blue-green. 

ASSAY 

* Procedurę 

Mobile phase: 0.001 N sulfuric acid. Pass this solution 
Lhrough a fiiter of 0.5-pm porę size, and degas. 
Standard solution: 4.0 mg/mL of USP Polyaextrose RS, 
calculated on the anhydrous and ash-free basis, in Mo- 
bile phase 

Sample solution: 4.0 mg/mL of Polydextrose, calcu- 
iated on the anhydrous and ash-free basis, in Mobile 
phase 

Chromatographic system 

(See Chromatography (6 21), System Suitability.) 

Modę: LC 

Detector: Refractive mdex 
Detector temperaturę: 35 + 0.1° 

Guard coiumn: 4.6-mm x 3.0-cm, packing LI 7 
Analytical coiumn: 7.8-mm x 30-cm, packing LI 7 
Flow ratę: 0.6 m L/min 
Injection size: 20 pl 
System suitability 
Sampfe: Standard solution 
Suitability reguirements 
Reiatwe standard deviation: NMT 2.0% 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of dextrose polymer units in 
the portion of Polydextrose taken; 

Result = (r^/rs) x (Cs/Cu) x 100 

ru = peak response of dextrose polymer units from 
the Sample solution 

r* = peak response of dextrose polymer units from 
the Standard solution 

Cs = concentration of USP Polydextrose RS in the 
Standard solution (mg/mL) 

Cu ~ concentration of Polydextrose rn the Sample 
solution (mg/mL) 
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Acceptance criteria: NLT 90.0% 

mpumims 

Gnorganic flmpyrities 
o Mesidue on OCNlTtON (281): NMT 0.3% 
e Limit of Lead 

[Notę—U se reagent-grade Chemicals with as Iow a lead 
content as is practicable, as well as high-purity water 
and gases, Before use in thEs anaiysis, rinse aII alassware 
and plastEcware twice with 10% nitrit add ancf twlce 
with 10% hydrochloric add, and then rinse them thor- 
ouglily with Purified Water.] 

Matrjx modifier solution: Prepare a soJution in water 
containing 100.0 mg of dibasic ammonium phosphate 
per 10 ml of solution. 

Lead nitrate stock solution: Dissolwe 159.8 mg of lead 
nitrate En 100 mL of water to which has been added 
1 mL of nitric acid, then dllute with water to 1000 mL, 
Prepare and storę thEs solution En glass containers free 
from solubEe lead saits. 

Standard lead solution: On the day of use, dilute 
10.0 mL of Lead nitrate stock solution with water to 
100.0 mL. Lach mL of Standard lead solution contaEns 
the equivafent of 10 pg of lead. 

Standard solution A: 0,02 jug/mL of lead, from Stan¬ 
dard lead solution in water 

Standard solution B: 0.05 pg/mL of lead, from Stan¬ 
dard lead solution in water 

Standard solution C: OJ pg/mL of lead, from Standard 
lead solution in water 

Standard solution D: 0.2 pg/mL of lead, from Stan¬ 
dard lead solution in water 

Standard solution E: 0,5 pg/mL of lead, from Standard 
lead solution in water 

Sample solution: Transfer 1.0 g of Polydextrose, 
weighed and caleulated on the anhydrous and ash-free 
basis, Into a 10-mL volumetric fiask, and dissolve in 
and dilute with water to voJume. 

Spiked sampfe solution: Transfer 1.0 g of Polydex- 
trose, weighed and caleulated on the anhydrous and 
ash-free basis, Ento a 1 0-mL volumetnc fiask, and dls- 
solve in water. Add 100 pL of the Standard lead solu¬ 
tion, and dilute with water to volume. This solution 
contaEns 0.1 pg/mL of added Eead. 

Spectrometric conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Graphite furnace atomie absorption spectro- 
photometer, eguipped with a pyrolytlc tubę with a 
platform 

Lamp: A lead hollow-cathode lamp, uslng a slit wldth 
of 0.7 mm (set Iow) and a deuterium arc lamp for 
background correctron 

Analytical wavelength: Lead emlssion Hne of 283.3 
nm 

Autosampler 
Sample volume: lOpL 

Alternative volume: 1 0 pL of Matrix modifier solution 
Furnace program: See the temperaturę program table 
below. 


Step 

Pry 

Char 

Atom- 
i ze 

Clean 

Recharcje 

Temperaturę 

n 

130 

800 

2400 

2600 

20 

Ramp tlme 
(s) 

20 

20 

0 

1 

2 

Hołd tEme 
(s) 

40 

40 

6 

5 

20 

Argon fiow 
ratę 

(mL/rmrO 

300 

300 

50 

300 

300 


Anaiysis 

Sampfes; 1 0 pL of the Matrix modifier solution was 
added into each 10-pL aliquot of the five Standards 
Solutions , a mixture of 10 pL of the Matrix modifier 
solution and 10 pL of the Sampie solution, and a mix- 
ture of 10 pL of the Matm modifier solution and 10 pL 
of the Spiked sample solution 
Concomitantly determine the absorbances of the 
Samples using the Spectrometric conditions described 
above. Plot the absorbance of each Standard solu¬ 
tion f compensated for background eorrettlon, versus 
rfs content of lead, in pg/mL, and draw the best 
straight linę fitting the five poinfs. From this plot, 
determine the concentrations, Ct and Csr, in pg/mL, 
of lead in the Sample solution and the Spiked sample 
solution, respectively. 

Calcutate the percentage recovery taken: 

Result - [(Cst“ C t )/A] x 100 

A = guantlty of lead added to the Spiked sampie 
solution, 0.1 pg/mL 

Calculate the content, in pg/g, of lead in the portion 
of Polydextrose taken: 

Result = (C T /W) x V 

W = weight of PoIydextrose taken to prepare the 
Sample solution (g) 

V - voJume of the Sample solution , 10 mL 
Acceptance criteria: NMT 0.5 pq/q, The recovery Is 
80%-120%. 

Organie Impurities 

• Procedurę i: Limit of 5-&Tydroxymethylfurfural and Re- 

LATED COMPOUNDS 

Sample solution: 1,0 g of Polydextrose, weighed and 
caleulated on the anhydrous and ash-free basis, diluted 
with water to 100 mL 

Anaiysis: Determine the absorbance of the Sample solu¬ 
tion in a 1-cm quartz celi at 283 nm, with a sultable 
spectroph otom eter, uslng water as the blank. 

Calculate the percentage of 5diydroxymethyIfurfural 
and related compounds in the Polydextrose taken: 

Result = 100 x (V x M r x A)/(M x L x W) 

V = volume of the Sample solution, 0.1 L 
M f - moiecular weight of 5-hydroxymethylfurfural, 

126 g/mol 

A = absorbance of the Sample solution 
M = molar extinction coefficient of 

5~hydroxymethyIfurfurai at a wavelength of 
283 nm, 16,830 L/mol cm 
L = path Eength of the spectrophotometer celi 
(cm) 

W ni weight of Polydextrose taken to prepare the 
Sample solution (g) 

Acceptance criteria: NMT 0.1% 

* Procedurę 2: Limit of Monomers 

Mobile phase, Sample solution, and Chromalographic 
system: Prepare as directed in the Assoy. 

Standard solution: 0,08 mg/mj_ of each of USP 1,6- 
Anhydro-D-glucose RS and USP Sorbrtol RS, and 
0.16 mg/mL of USP Dextrose RS, In Mobile phase 
System suitabrfity 
Sample: Standard solution 
[Notę—F or relative retention tlmes, see Tobie 1 
below.] 
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Table T 


Name 

Relative 

Retention 

Time 

Dextrose falucose) 

0.7 

Sorbitol 

0.8 

An isomer of 1,6-anhydro-D-gkj- 


cose (O-anhydroglucose fura¬ 


nose form) 

0.9 

1,6-Anhydro-o-glucose (D- 


anhydroatucose ovranose form) 

1*0 


Suitability requrrements 
Re solution: NLT 1,0 

Relative standard derivation: NMT 5*0% 

Analysls 

Samples: Standard solution and Sampfe solution 
Use peak response of USP 1,6-Anhydro-D-glucose RS 
in tne Standard solution for calculation of percentage 
of the isomer of 1,ó-anhydro-D-glucose in the 5om- 
ple solution. 

Calculate the percentage of each monomer in the 
portion of Polydextrose taken: 

Result - (ru/rs) x (Cs/Cu) x 100 

Ta = peak response of the respectrve monomer 
from tne Sampfe solution 

r* = peak response of the respective monomer 
from the Standard solution 
Cs = concentration of the respective standard 

monomer in the Standard solution (mg/mL) 
Cu - concentration of Polydextrose in the Somple 
solution (mg/mL) 

Acceptance criteria: NMT 4.0% for 1,6-anhydro-D-glu- 
eose, NMT 4*0% for dextrose, and NMT 2*0% for sor- 
bitoL [NOTĘ—In the case of 1,6-anhydro-D-glucose, the 
peak areas for the pyranose and furanose forms are 
combinedj 

SPECIFlt TEST5 

* MO LEC U LAR WEIGHT LlMFT 

Mobile phase: Dissolve 35*0 g of sodium ni tratę and 
1.0 g of sodium azide in 100 mL of water, Dilute with 
water to 4 L. Pass through a fil ter of 0*45-pm porę size, 
and degas by applying an aspirator vacuum for 30 min. 
The resulting Mobile phase is 0,1 N sodium nitrate eon- 
Lainlng 0,025% sodium azide* 

Standard solution: Transfer 20 mg each of USP Dex- 
trose RS, stachyose, and 580G-, 23,700-, and 100,000- 
molecular weight (MW) pullułan standards into a 10-mL 
volumetric fiask. Dissolve in and dilute with Mobile 
phase to volume. Pass through a syringe fil ter of 0*45- 
fim porę size into a suitable autosampTer vial, and seaJ* 
Sam ple solution: Transfer 50 mg of Polydextrose into a 
10-mL volumetrrc fiask* Dissolve in and dilute with Mo¬ 
bile phase to vo!ume. Pass through a syringe filter of 
0.45-pm porę size into a suitable autosampler vial, and 
seal. 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index set at a 5ensitivity of 4 x 10^ 
* refractive index units fuli scalę and maintained at a 
temperaturę of 35 ±0*1° 

Cotumn: 7,8-mm x 30-crn; packing L39 
Column temperaturę: 45° 

Flow ratę: 0*8 mL/min 

[Notę—A fter tnstaIJation of a new column, pump Mobile 
phase through the column overnrght at a ratę of 
0.3 mL/min, Sefore calibration or analysis, inerease the 
flow slowly over a 1-min period to 0*8 mL/min. Con- 
tinue to pump Mobile phase through the column at 
this flow ratę for at least 1 h before the first injection. 


Check the ffow gravtmetrically, and adjust it Śf neces- 
sary, Reduce the flow ratę to about 0*1 mL/min when 
the system is not in use,] 

Injection size: 50 pL 
System suitability 
Sam ple: Standard solution 

[Notę—T he retention times for each component deter- 
mined on replicate injections agree within ±2 s,] 
Chromatograph five replicate injections of the Stan¬ 
dard solution , allowing 15 min between injections, 
and record the retention times of the components of 
the Standard solution , 

Insert the average retention time along with the mo¬ 
lecular weight of each component in the Standard 
solution into the calibration table of the molecular 
weight distribution software, Check the regression re- 
sults for a cubic fit of the calibration points, and ob- 
tain a correlation coefficient, R, for the fine. 

Suitabrllty reguirements 

Resolution: Dextrose and stachyose are baseline re- 
solved from one another and from the 5800-MW pul- 
lulan standard. 

[Notę—P rominent negative baseline valleys are usually 
observed between the peaks for the 5800-; 23,700-; 
and 100,000-MW pullulan standards,] 

Correlation coefficient R: NLT 0.9999 
Analysis 

Samples: Standard solution and Sample solution 
Use the molecular weight distribution software of the 
data reduction system to generate a molecular 
weight distribution plot of Polydextrose* 

Acceptance criteria: No measurable peak above a mo¬ 
lecular weight of 22,000 is found. 

* PH (791): 2.5-5.0, in a solution (1 in 10) 

* Water DETERMrNATiON, Method t (921): NMT 4*0%. Use 

a mixture of Hydranal solvent and Hydranal formamide 
dry (2:1) as a solvent* Perform the titration at 50° in a 
jacketed beaker. 

ADDITBONAL REQU!REMENT5 

* Packaging ano Storage: Preserve in tight, light-resistant 
contamers. Storę in a cool and dry place* 

* USP Reference Standards (11) 

USP 1,6-Anhydro-D-glucose RS 
USP Dextrose RS 
USP Polydextrose RS 
USP Sorbitol RS 


Hydrogenated Polydextrose 


DEFINmON 

Hydrogenated Polydextro$e is obtained by transition metal 
catalytic hydrogenation of Polydextrose in aqueous solu¬ 
tion. It contains NLT 90.0% of dextrose polymer units, 
calculated on the anhydrous and ash-free basis. The poly¬ 
mer chain end groups are mainiy sorbitol-terminated. 


IDENTIFICATION 

• A. To 1 drop of a solution (1 in 10), add 4 drops of 5% 

phenol solution, then rapfdly add 15 drops of sulfuric 
acid TS: a deep yellow tb orange cofor is produced, 

• B* With vigorous swirling, add 1 mL of acetone to 1 mL 
of a solution (1 in 10): tne solution remains elear* 

• C. With wgorous swirling, add 2 ml of acetone to the 

solution obtained in Identification test 8: a heavy, milky 
turbidity develops immediately* 

■ D* To 1 mL of a solution (1 in 50), add 4 mL of alkaline 
cupric citrate TS* Boil vigorousfy for 2-4 min. Remove 
from heat, and atlow the precipitate (tf any) to settle; the 
supematant is blue or b!ue-qreen* 
o E. Meets the requrrements for dextrose in Procedurę 2, 
Limit of Monomers 
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AS5AY 
a PROCEDURĘ 

Mobile phase: 0,001 N sulfuric add. Pass Ehrough a 
filter of 0,5-pm or finer porę size, and degas. 

Standard solution: 4.0 mg/mL of USP Polydextrose RS, 
cakulated on the anhydrous and ash-free basis, in Mo¬ 
bile phase 

Sample solution: 4.0 mg/mL of Hydrogenated Polydex- 
trose, calculated on the anhydrous and ash-free basis, in 
Mobile phase 

Chromatographlc system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

D etecto r: Ref ra e ti ve i n d ex 
Detector temperaturę: 35 ± 0.1 0 
Guard column: 4.6-mm x 3.0-cm; packtng LI 7 
Analytical column: 7.8-mm x 30-cm; packing LI 7 
Flow ratę: 0.6 mL/rnin 
Injectlon size: 20 pL 
System suitability 
Sam ple: Standard solution 
Suitability reguirements 
Relative standard deviation: NMT 2.0% 

Analysts 

Sam pies: Standard solution and Sampfe solution 
Calculate the percentage of dextrose pofymer units in 
the Hydrogenated Polydextrose taken: 

Result - (ru/rs) x (Cs/Cy) x 100 

ru = peak response for dextrose polymer units from 
the Sampfe solution 

rs = peak response for dextrose poiymer units from 
the Standard solution 

C s = concentration of USP Polydextrose RS in the 
Standard solution (mg/mL) 

Cy - concentration of Hydrogenated Pofydextrose 
in the Sampfe solution (mg/mL) 

Acceptance criterla: NLT 90.0% on the anhydrous and 
ash-free basis 

IMPURITIE5 

loorganic Impurities 

O RESIDUE on IGNITION (281): NMT 0.3% 

« Limit of Lead 

[Notę—U se reagent-grade Chemicals with a lead content 
of as Iow as possible, as well as high-purity water and 
gases. Before use in this anafysis, rinse all glassware and 
plastłcware twice with 10% nitric acid and twice with 
10% hydrochloric add, and then rinse them thoroughly 
with Purified Water.] 

Matrix modifier solution: 10.0 mg/ml of dibasic am- 
monium phosphate 

Lead nitrate stock solution: Dissolve 159.8 mg of iead 
nitrate in 100 mL of water to which has been added 
1 mL of nitric add, then dilute with water to 1000 mL. 
Prepare and storę this solution in glass containers free 
from soluble lead safts. 

Standard lead solution: On the day of use, dilute 
10.0 mL of Lead nitrate stock solution with water to 
1 00.0 mL, Bach mL of Standard lead solution contains 
the equivalent of 10 pg of lead. 

Standard solution A: 0,02 pg/mL of lead, from Stan¬ 
dard lead solution in water 

Standard solution B: 0,05 pg/mL of lead, from Stan¬ 
dard lead solution in water 

Standard solution C; 0.1 jig/mL of lead, from Standard 
lead solution in water 

Standard solution D: 0,2 pg/mL of lead, from Stan¬ 
dard lead solution in water 

Standard solution E: 0.5 pg/mL of lead, from Standard 
lead solution in water 

Sample solution: Transfer 1.0 g of Hydrogenated Poty- 
dextrose, weighed and calculated on the anhydrous 


and ash-free basis, into a 10-mL volumetric fiask, dis- 
solve in and dilute with water to vofume. 

Splked sample solution: Transfer 1.0 g of Hydrogen¬ 
ated Polydextrose, weighed and calculated on the an¬ 
hydrous and ash-free basis, into a 10-mL volumetnc 
fiask, and dissolve in water Add 100 pL of Standard 
lead solution, and dilute with water to volume. This so¬ 
lution contains 0.1 pg/mL of added lead. 

Spectrometric conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Graphite furnace atomie absorption spectro- 
photometer, equipped with a pyrotytic tubę with a 
platform 

Lamp: A lead holfow-cathode lamp, using a slit width 
of 0.7 mm (set Iow) and a deuterium arc lamp for 
background correction 

Analytical wavelength: Lead emission linę of 283.3 
nm 

Autosampler 
Sample volume: 1 0 pL 

Al terna t ive volume: 10 pL of Matrix modifier solution 

Furnace program: See the temperaturę program table 
below. 


Step 

Drv 

Char 

Atom- 

Ize 

Clean 

Recharqe 

Temperaturę 

n 

130 

800 

2400 

2600 

20 

Ramp time 
(s) 

20 

20 

0 

1 

2 

Hołd time 
fs) 

40 

40 

6 

5 

20 

Argon flow 
ratę 

fmL/min) 

300 

300 

SO 

300 

300 


Analysis 

S a mol es: 10 pL of the Matrix modifier solution was 
added Into each of the 10-pL aliguots of the five 
Standard Solutions , a mlxture of 10 pL of the Matrix 
modifier solution and 1 0 pl of the Sample solution , and 
a mixture of 10 pL of the Matrix modifier solution and 
10 pL of the Spiked sample solution 
Concomitantly determine the absorbances of the 
Samples using the Spectrometrk conditions described 
above. Płot the absorbance of each Standard solu¬ 
tion, compensated for background correction, versus 
its content of lead, in pg/mL, and dra w the best 
straight linę fittfng the ffve points. From this plot, 
determine the concentrations, C T and C 5T , in pg/mL, 
of lead in the Sample solution and the Spiked sample 
solution, respecfively. 

Calculate the percentage recovery taken: 

Result = [(C 5T - C t )/A] x 1 00 

A - quantłty of lead added to the Spiked sample 
solution , 0.1 pg/mL 

Calculate the content, in pg/g, of lead in 
Hydrogenated Po!ydextrose taken: 

Result = (C T /W) x V 

W = weight of Hydrogenated Polydextrose taken 
to prepare the Sample solution (g) 

V = volume of the Sampfe solution , 10 mL 
Acceptance arteria: NMT 0.5 pg/g; recovery is 
80%-120% 
o Limit of Ntckel 

[NOTĘ—All glassware used must be soaked in 1% Nitric 
add for at least 2 h and then rinsed with water.] 

1% Nitric acid: Cautiously add 10 mL of nitric acid to 
a 1000-mL volumetnc fiask containlng about 500 mL of 
water. Mix, and dilute with water to volume. 
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Blank solution: Use 1% Nitric acid. 

Niclcel stock standard solution: fmmediately before 
use, dilute an appropriate amount of nickel standard* 
with 1% Nitric acid to prepare a solution containing the 
equivalent of 10 pg/ml of nickel. 

Standard Solutions: Into four tdenttcal 100-mL vo!u- 
metric flasks, introduce respectively 1.0, 2.0, 5.0, and 
10.0 mL of Nkkel stock standard solution. Dilute with 
1% Nitric acid to volume, and mix, These standards 
contain 0.1, 0.2, 0.5, and 1.0|ig/mL of nickel. 

Sample solution: Weigh 5 g of Hydrogenated Pofydex- 
trose into a 100-mL vo[umetric fiask. Dissolve in and 
dilute with 1% Nitric acid to volume, and mix. 
Spectrometric conditions 
(See Atomie Absorption Speclroscopy (852),) 

Modę: Atomie absorption spectrophotometer 
eąuipped with an air-acetylene flame 
Lamp: Nickel hoflow-cathode 
Analyticai waveiength: 352.0 nm 
System suitability 

Sample: Standard solution of 0.2 pg/mL of nickel 
Suitability reąuirements 
Relative standard devration: NMT 20% 

Analysis 

Samples: Standard Solutions and Sample solution 
Use the Blank solution to zero the instrument. Goń¬ 
com Etan tfy determine the absorbances of the Sam¬ 
ples at least three times each. Record the average of 
the steady readings for each of the Samples. Cfear 
the nebufizer using the Blank solution , and aspirate 
each of the Samples in turn* The standard chosen for 
resfope should be run every four to five samples. If 
fhere is a significant change in its response, reslope 
and repeat the previous samples. 

Plot the absorbances of the Standard Solutions versus 
concentration, in pg/mL, of nickel, and draw the 
straight linę best fitting the four piotted points. 

From the graph so obtained, determine the concen¬ 
tration, C, in |ig/mL, of nickel in the Sample solution, 
CalcuJate the quantity, in pg, of nickel in each g of 
Hydrogenated Folydextrose taken: 

Result = (V x C)/W 

V = volume of the Sample solution , 100 mL 

W = weight of Hydrogenated Polydextrose taken to 
prepare the Sample solution (g) 

Acceptance eriteria: NMT 2 fig/g 

Organie Impurities 

• Procedurę i: Limit of s-Hydroxvmethvlfurfural and Re 

LATED COMPOUNDS 

Sample solution: 1.0 g of Hydrogenated Polydextrose, 
weiejhed and calculated on the anhydrous and ash-free 
basis, diluted with water to 100 mL 
Analysis: Determine the absorbance of the Sample solu¬ 
tion in a 1-cm quartz celi at 283 nm, with a suitable 
spectrophotometer, using water as the blank. 

Calcu late the percentage of 5-hydroxymethylfurfuraf 
and related compounds in the Hydrogenated Poly- 
dextrose taken: 

Result = (V x M r x A)/fc e3 x L x W) x 100 

V = volume of the Sample solution i, 0.1 L 

M r = molecular weight of 5-hydroxymethylfurfural, 
126 g/mol 

A - absorbance of the Sample solution 
E 583 = molar extinction coefficient of 5-hydroxy- 

methylfurfural af a wavelength of 283 nm, 
16,830 L ■ moH ■ cm- 1 


''Suitable nickel standards are availabte tram e.g., Fisher Scientific, Fair Lawn, 
N| (nickel, reference standard solution, 1000 ppm ±1%, certified, Application 
for atomie absorption) or RICCA ChemEcaf Company, Arlington, TX (nickel 
standard, 1000 ppm Ni, for atomie absorption). 


L = path length of the spectrophotometer celi 
(cm) 

W - weight of Hydrogenated Polydextrose taken 
to prepare the Sample solution (g) 

Acceptance arteria: NMT 0.1% 

« Procedurę 2 : Limit of R/Hondmers 

Mobile phase, Sample solution, and Chromatographic 
system: Prepare as directed in the Assay. 

Standard solution: 0.08 mg/mL of each for USP 1,6- 
Anhydro-D-glucose RS and USP Sorbitol RS, and 
0.04 mg/mL of USP Dextrose RS, m Mobile phase 
System suitability 
Sample: Standard so lu thn 

[Notę— See the relative retention times tabie below,] 


Marne 

Relative 

Retention 

Time 

Dextrose fplucose) 

0.7 

Sorbitol 

0.8 

An isomer of Tó-anhydro-D-gtucose 
fo-anhydroa!uco5e furanose form) 

0.9 

1 ,6-A n hyd ro -Q-g iucose (1 evog 1 ucosa n) 
(D-anhydroducose pyranose form) 

1.0 


Suitability requirements 
Resofution: NLT 1.0 

Relative standard derrvation: NMT 5.0% 

Analysis 

Samples: Standard solution and Sample solution 
Use the peak response of USP 1,6-Anhydro-D-gliJcose 
RS in the Standard solution for calculation of the per¬ 
centage of the isomer of 1,6-anhydro-D-glucose In 
the Sample solution. CalcuJate the percentage of 
each monomer in the portion of Hydrogenated Poly- 
dextrose taken: 

Result = (ru/rs) X (C 5 /Cu) x ] 00 

ru - peak response for the respective monomer 
from the Sample solution 

r 5 = peak response for the respective monomer 
from the Standard solution 
Cs = concentration of the respective standard 

monomer in the Standard solution (mg/mL) 
Cu = concentration of Hydrogenated Polydextrose 
tn the Sample solution (mg/mL) 

Acceptance critena: NMT 4,0% of 1 ,ó-anhydro-D-glu- 
cose, NMT 5.75% for sorbitol and NMT 0.25% for 
dextrose 

[Notę— fn the case of 1,6-anhydro-D-glucose, the peak 
areas for the pyranose and furanose forms are com- 
bined.] 

5PECIFIC TESTS 
* Molecular Weight Limit 

Mobile phase: Dissdve 35.0 g of sodium nitrate and 
1.0 g of sodium azide in 100 mL of water. Dilute with 
water to 4 L. Pass through a filter of 0.45-pm or flner 
porę size, and degas by applying an aspirator vacuum 
for 30 min. The resutting Mobile phase is 0.1 N sodium 
nitrate containing 0,025% sodium azide. 

Standard solution: Transfer 20 mg each of USP Dex- 
trose RS, stachyose, and 5800-, 23,700-, and 100,000- 
molecular weight (MW) pullulan standards into a IG-mL 
volumetrlc fiask. Dissolve in and dilute with Mobile 
phase to vo!ume. Pass through a syringe filter of 0.45- 
pm ar finer porę size Into a suitable autosampler vial, 
and seal. 

Sample solution: Transfer 50 mg of Hydrogenated 
Polydextrose into a 10-mL vofumetrlc fiask. DissoIve in 
and dilute with Mobile phase to volume. Pass through a 
syringe filter of 0.45-pm or finer porę size into a suita¬ 
ble autosampfer vial, and seal. 
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Chromatographic system 

(See Chmmatograpny (62 1), System Suitabiiity.) 

Modę: LC 

Detector: Refractive index set at a sensitivity of 4 x 
(O 6 refractive index units fulf scalę and mamtained at 
a temperaturę of 35 ± OJ 0 
Column: 7,8-mm x 30-cm; packtng L39 
Column temperaturę: 45° 

Flow ratę: 0.8 mL/min 

[Notę —After Installation of a new column, pump Mobile 
phase through the column overnighf at a ratę of 
0.3 mL/min. Before calibration or analysis, increase the 
flow slowly over a 1-min period to 0.8 mL/min. Con¬ 
ti nue to pump Mobile phase through the column at 
this flow ratę for at least 1 h before the fiest injection. 
Check the flow gravimetrically, and adjust it if neces- 
sary. Reduce the flow ratę to about 0.1 mL/min when 
the system is not in usej 
Injection size: 50 (tiL 
System suitabiiity 
Sample: Standard solution 

Chrom atograph five replicate injections of the Ston- 
dard solution, allowing 15 min between injections, 
and record the retention times of the components of 
the Standard solution. 

Insert the average retention time along with the mo- 
lecular weight of each component in the Standard 
solution into the calibration table of the molecular 
weight distribution software. Check the regresston re- 
sults for a cubic fit of the calibration points, and ob- 
tain a correlation coeffrcient, R, for the linę. 

Suitabiiity requirements 

Retention time: The retention times for each compo¬ 
nent determined on replicate injections agree withm 
±2 s. 

Resolution: Dextrose and stachyose are baseline re- 
solved from one another and from the 5800-MW pul- 
lulan standard. 

[Notę —Prominent negative basefine valleys are usually 
observed between the peaks for the 5800-, 23,700-, 
and 100,000-MW puli u tan standards.] 

Correlation coefficient R: NLT 0.9999 
Analysis 

Samples: Standard solution and Sample solution 
Use the molecular weight distribution software of the 
data reduction system to generate a molecular 
weight distribution plot of Hydrogenated 
Polydextrose. 

Acceptance criteria: No measurabte peak above a mo- 
lecular weight of 22,000 is found. 

* PH (791): 5.0-7.0, in a solution (1 3n 10) 

• Water Determination, Method I (921): NMT 4.0%. Use 

a mixture of Hydranal 5o!vent and Hydranal Formamide 
dry (2:1) as a solvent. Perform the titratlon af 50 c in a 
jacketed beaker. 

ADDITBONAL REQUIIREIV1ENTS 

• Rackaginc and Storage: Preserve in tight, light-resistant 

containers. Storę in a cool and dry place. 

* USP Reference Standards (11) 

U5P 1,6-Anhydro-D-gfucose RS 
USP Dextrose RS 
USP Polydextrose RS 
USP Sorbitol RS 


Poiyettlhylierce GBycoB 

Poly(oxy-1,2-ethanediyJ), oc-hydro-co-hydroxy-; 
Polyethylene glycol [25322-68-3]. 


DEFINITION 

Polyethylene Glycol is an addition poły mer of ethylene oxide 
and water, represented by the formula H(QCH 2 CH 2 )nGH, 
in which n represents the average number of oxyethylene 
groups. The average molecular weight is NLT 95,0% and 
NK/IT 105.0% of the labeled nominał va!ue if the labeled 
nominał va!ue is less than 1000; it is NLT 90.0% and 
NMT 110,0% of the labeled nominał value if the labeled 
nominał value Is between 1 000 and 7000; and it is NLT 
87.5% and NMT 112.5% of the labeled nomlna! value if 
the labeled nominał value Is morę than 7000, It may con- 
tain a suitable antioxidant. 

ASSAY 

* Average Molecular Weight 

Phthalic anhydride solution: Place 49.0 g of phthalic 
anhydrlde into an amber bottle, and dissolve in 300 mL 
of pyridlne from a freshly opened bottle or pyridine 
that has been freshly distllled over phthalic anhydride, 
Shake vigorously until completely dissolved, Ado 1 g of 
imidazole, świr! ca refu! ly to dissolve, and allow to stand 
for 1 6 h before using. 

Sample solution for Tiquid polyethylene glycols: Care- 
futly Introduce 25.0 mL of the Phthalic anhydride soiu- 
tion into a dry, heat-resistant pressure bottle. Add an 
amount of the specimen equivalent to its expected av- 
erage molecular weight divrded by 160. Insert the stop- 
per in the bottle, and wrap it securely in a cloth bag. 
Sample solution for solid polyethylene glycols: Care- 
fully introduce 25.0 mL of Phthalic anhydride solution 
into a dry, heat-resistant pressure bottle. Add an 
amount of the specimen equivalent to its expected mo¬ 
lecular weight dtvided by 160; however, because of lim- 
tted solubility, do not use morę than 25 g. Add 25 mL 
of pyridine, from a freshly opened bottle or pyridine 
that has been freshly distilled over phthalic anhydride. 
Swlrl to dlssolye, insert the stopper in the bottle, and 
wrap it securely in a cloth baq„ 

Blank: 25.0 mL of Phthalic anhydride solution plus any 
additional pyridine added to the bottle 
Analysis: Immerse the bottle in a water bath main- 
tained at a temperaturę between 96° and 100°, to the 
same depth as that of the mixture in the bottle. Re- 
move the bottles from the bath after 5 min and, with- 
out unwrapprng, swlrl for 30 s to homogenize, Heat in 
the water bath for 30 min (60 min for polyethylene 
glycols having molecular weights of 3000 or morę), 
then remove from the bath, and altów to cool to room 
temperaturę. Uncap the bottle carefully to release any 
pressure, remove from the bag, add 10 mL of water, 
and swirl thoroughly. Wait 2 min, add 0,5 ml of a solu¬ 
tion of phenolphthalein in pyridine (1 in 100), and ti- 
tratę with 0.5 N sodium hyaroxide VS to the first pink 
color that persists for 1 5 s. Perform a blank 
determination. 

Calculate the average molecular weight taken: 

Result = (2000 x W)/[(V B - V s ) x N] 

W - weight of Polyethylene Glycol taken for the 
Sample solution (g) 

V B = volume of 0.5 N sodium hydroxide consumed 
by the Blank (mL) 

V s - vofume of 0.5 N sodium hydroxide consumed 
by the specimen (mL) 

N = normality of the sodium hydroxrde solution 
Acceptance criteria: See Table h 


Table 1 


tabel Cła im 
(Nominał Value) 

Acceptance Criteria 

{%) 

<1000 

95.0-105.0 

1000-7000 

90.0—110.0 

>7000 

87.5-1 T 2.5 











NF 35 


Officiol Monographs / Polyethylene 7813 


IMPURITSES 

« RE5JDUE ON IGN1TION (281) 

Sample: 25 g 

Analysis: Proceed as directed, using a platinum dish, 
ana moistening the residue with 2 mL of sulfuric add. 
Acceptance criteria: NMT 0.1% 

Delete the followlng: 

*• Heavy Metals (231) 

Test preparation: 4.0gin5.QmLof0.1 N hydrochloric 
add. Diiute with water to 25 mL. 

Acceptance criteria; NMT 5 ppm# (ofric^i i^dTu 

* Limit of Free Ethylene Oxide ano i,4~Dioxane 

Stripped polyethylene glycol 400: Into a 5000-mL, 
3-neck, round-bottom fiask equipped with a stirrer, a 
gas dispersion tubę, and a vacuum outlet, place 3000 g 
of polyethylene glycol 400. At room temperaturę, evat- 
uate the fiask carefulfy to a pressure of less than 1 mm 
of mercury, appfying the vacuum slowly while observ- 
ing for excessive foaming due to entrapped gases. After 
any foaming has subsided and while stirnng continu- 
ously, sparge with nitrogen, albwing the pressure to 
rise to TO mm of mercury* Continue stripping for a min¬ 
imum of 1 h. Completeness of the stripping procedurę 
should be verified by making a headspace injectton of 
the Stripped polyethylene glycol 400. [Notę—T he 10-mm 
value is a guideline. Deviations from this value affect 
only the total time required to strip polyethylene glycol 
400.] 

Shut off the vacuum pump, and bring the fiask pressure 
back to atmospheric pressure while maintaining nitro¬ 
gen sparging* Remove the gas dispersion tubę with 
the gas still rlowing, then turn off the gas flow, Trans¬ 
fer Stripped polyethylene gfycol 400 to a suitable nitro- 
gen-fifled Container. 

Standard solution; Transfer 4,90 g of Stripped polyethyh 
ene glycol 400 to a tared 22-mL pressure headspace vial 
that can be sealed. Add 48 pL of 1,4-dioxane, equiva- 
lent to 50 mg of 1,4-dioxane, from a syringe; seal, and 
cap the viaL [Caution —Ethylene oxide and l,4-dioxane 
are toxic and flammable. Prepare these Solutions in a 
well-ventilated fume hood.] 

Using the special handling described in the following, 
complete Lhe preparation. Ethylene oxide is a gas at 
room temperaturę, It is usually stored in a lecture-type 
gas cylinder or smali metal pressure bomb. Chill the 
cylinder In a refrigerator berore use* Transfer 5 mL of 
tne llquid ethylene oxide to a 100-mL beaker chilled in 
wet ice. Using a gas-tight syringe that has been chilled 
in a refrigerator, transfer 57 pL of the !iquid ethylene 
oxide, equivaient to 50 mg of ethylene oxide, to the 
mixture contained in the headspace vial, and mix* 

With the aid of a syringe, transfer 2 mL of this solution 
to a 5-mL beaker. Transfer 1.0 mL of this solution to a 
100-mL volumetric fiask, and dilute with Stripped poły - 
ethylene glycol 400 to volume. Transfer 10 mL of tnis 
solution to a 100-mL voIumetric fiask, dilute with 
Stripped polyethylene gfycol 400 to volume, and mtx to 
obtain a Standard solution having known concentra- 
tions of lOpg/g for both ethylene oxide and 1,4-diox- 
ane. Transfer 1*0 mL of the Standard solution to a 
22-mL pressure headspace vtal, seal with a silicone 
septum with or without a pressure relief star spring 
and a pressure relief safety aluminum sea li nq cap, and 
crimp the cap closed with a cap-sealing tool. 

System suitability solution: Transfer 4*90 g of Stripped 
polyethylene glycol 400 to a 22-mL pressure headspace 
viaf* Pipet 50 jiL of acetaldehyde into the vial. Using the 
special handling described in the Standard solution, 
transfer 50*0 pL of !iquid ethylene oxide into the vial* 


Immediately seal the vial, and shake. Transfer 1*0 mL of 
this solution to a 7 00-mL volumetric fiask, and dilute 
with Stripped polyethylene glycol 400 to volume. Transfer 
10*0 mL of this solution to a 100-mL volumetric fiask, 
and dilute with Stripped polyethylene glycol 400 to voi- 
ume. Transfer 1.0 mL of the System suitability solution to 
a 22-mL pressure headspace vial. Seal, cap, and crimp 
as directed for the Stonaard solution. 

Sample solution: Transfer 1.0 g of Polyethylene Glycol 
to a 22-mL pressure headspace vial. Seal, cap, and 
crimp as directed in the Standard solution, 
Chromatographic system 
(See Chromatograpny {62 1), System Suitability *) 

Modę: Headspace GC (balanced pressure automatic 
headspace sampier) 

Detector: Flame ionization 
Column: 0*32-mm x 50-m fused-silica capillary; 
bonded with 5qim film of phase G27 
Temperatures 
Injection port: 85° 

Detector: 250° 

Column: See Tabfe 2. 


Table 2 


Imtial 

Temperaturę 

n 

Temperaturę 

Ramp 

<Vmhrt 

Fina! 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(mln> 

70 

10 

250 



Carrier gas: Helium 
Flow ratę: 2,9 mL/min 

Injection volume: 1 *0 mL of headspace using a 2-mL 
gas syringe preheated in an oven at 90° 

System suitability 
Sample: System suitability solution 
[Notę—T he relative retention limes for acetaldehyde 
and ethylene oxide are about 0.9 and 1.0, 
respectively*] 

Suitability reguirements 

Resolution: NIT 1.3 between the acetaldehyde and 
ethylene oxide peaks 
Analysis 

Samples: Standard solution and Sample solution 
[Notę—T he relative retention limes for ethylene oxide 
and l,4-dioxane are about 1.0 and 3*4, respectively*] 
Place the vials containing the Standard solution and the 
Sample solution into the automated sampier, and heat 
the vrals at a temperaturę of 80° for 30 min. 

[NOTĘ—A headspace apparatus that automatically trans- 
fers the measured amount of headspace may be used 
to perform the injection*] 

Acceptance criteria: The peak areas for ethylene oxide 
and 1,4“dioxane of the Sample solution are NMT those 
of the correspondlng peaks of the Standard solution cor- 
responding to NMT 10 ^ig/g of ethylene oxide and 
NMT lOjug/g of l,4-dtoxane. 

• Limit of Ethylene Clycol and Diethylene Glycol (for 
Polyethylene Glycol having a nominał molecular weight 
less than 450) 

Standard solution: 0.5 mg/mL each of ethylene glycol 
and diethylene glycol in water 

Sample solution: 400 mg/mL of Polyethylene Glycol in 
water 

Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: GC 

Detector: Flame ionization 
Column: 3-mm x 1*5-m stainless Steel; packing of 
12% G13 on support 51NS 
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Temperatures 
Injection port: 250° 

Detector: 280 Q 
Column: 140° 

Carrier gas: Nltrogen or another suitable inert gas 
Flow ratę: 50 mL/min 
Injection volume: 2.0 jil 
Analysis 

Samples: Standard soiution and Sample solution 
[Notę—T he elution order Es ethylene glycof followed by 
diethylene glycol.] 

Calculate the percentage of ethylene glycol in the por- 
tion of Polyethylene Glycol taken; 

Result - (rui/r$0 x (QdC v ) x 100 

rui = peak heighf of ethylene glycol from the 
Sample solution 

fs? = peak neight of ethylene glycol from the 
Standard solution 

C$ } = concentration of ethylene glycol En the 

Standard solution (mg/mL) 

Cu - concentration of Polyethylene Glycol in the 
Sample solution (mg/mL) 

Calculate the percentage of diethylene glycol in the 
portron of Polyethylene Glycol taken: 

Result = (Wr^) x (C S z/C (; ) x 100 

ru 2 = peak helght of diethylene glycol from the 
Sample solution 

Csz - peak helght of diethylene glycol from the 
Standard solution 

Csz = concentration of diethylene glycol in the 
Standard solution (mg/mL) 

Cu - concentration of Polyethylene Glycol in the 
Sample solution (mg/mL) 

Acceptance criteria: NMT 0.25% of the sum of ethyL 
ene glycol and diethylene glycol 
o Limit of Ethylene Glycol and Diethylene Glycol (for 
Polyethylene Glycol having a nominał molecular weight 
of 450 or morę but NMT 1000) 

Ceric ammonium nitrate solution: 6.25 g of ceric am¬ 
monium nitrate in lOO mL of 0.25 N nltric add. Use 
within 3 days. 

Standard stock solution: 2.5 mg/mL of diethylene gly¬ 
col in freshly dlstiiled acetonitrile and water (1:1) 
Standard solution: Add 10.0 mL of the Standard stock 
solution to 15.0 mL of Ceric ammonium nitrate solution . 
Within 2“5 min, determine the absorbance of the Stan¬ 
dard solution . 

Sampie stock soiution: Dissolve 50,0 g of Polyethylene 
Glycol in 75 ml of diphenyl ether, preyiously warmed if 
necessary, just to melt the crystals, in a 250-mL distil- 
ling fiask. Slowly distill at a pressure of 1-2 mm of mer- 
cury into a recelver graduated to 100 mL in 1-mL sub- 
divlsions, until 25 mL of distillate has been collected. 
Add 20.0 mL of water to the distillate, shake vigorously, 
and allow the layers to separate. Cool in an ice bath to 
solidify the diphenyl ether and facilitate its removal. Fll- 
ter the separated agueous layer, wash the diphenyl 
ether with 5.0 mL of ice-cold water, pass the waśnings 
Lhrough the fllter, and collecL the filtra te and washtngs 
in a 25-mL yolumetric fiask. Warm to room tempera¬ 
turę, and dilute with water to vo!ume, if necessary. Mix 
this solution with 25,0 mL of freshly distilfed acetonitrile 
in a glass-stoppered, 125-mL conical fiask. 

Sample solution: Add 10,0 mL of the Sample stock soiu¬ 
tion to 15.0 mL of Ceric ammonium nitrate solution. 
Within 2-5 min, determine the absorbance of the Sam¬ 
ple soiution . 

Blank: M i xtu re of 15.0 m L of Ceric am monium n iirate 
soiution and 10,0 mL of freshly distilled acetonitrile and 
water (1:1) 


instrumental conditions 

(See Ultraviolet-Visib!e Spectroscopy (857).) 

Modę: UV-Vis 
Celi: 1 cm 

Analytical wavefength: 450 nm 

Analysis 

Sam pies: Standard solution and Sample solution 
Accepłance criteria: The absorbance of the Sample so¬ 
iution does not exceed that of the Standard soiution , 
correspondlng to NMT 0.25% of combined ethylene 
glycol and diethylene glycol. 

5PECIFIC TESTS 

* PH <791) 

Sample solution: 5.0 cj of Polyethylene Glycof In 
100 mL of carbon dioxide-free water, Add 0,30 mL of 
saturated potassium chloride solution. 

Acce pta n ce cri te n a: 4 * 5-7.5 

* COMPLETENES5 AND COLOR OF SOLUTION: A Solution of 5 g 

of Polyethylene Glycol in 50 mL of water is colorless; it js 
elear for llgutd grades and NMT stightly hazy for solid 
grades. 

* VfscosITV—C APILLARY IWethods <911): Determine the vis- 

cosity by using a capillary viscometer givlng a flow time 
of NLT 200 s and using a lrquid bath maintained at 98.9 
± 0.3° (210° F). The viscosity is within the Jlmits specified 
in Tabie 3. For a polyethylene glycol not listed in the 
table, calculate the Nmits by interpolation. 


Table l 


Nominał 

Average 

Molecular 

Weiqhl 

Vi5CO*ity 
Rangę, 
Centi stole es 

Nominał 

Average 

Molecular 

Weiaht 

Viscosity 

Rangę, 

Centistokes 

200 

3,9-4.8 

2400 

49-65 

300 

54-6.4 

2500 

o 

rv 

t 

un 

400 

6.B-8.0 

2600 

54-74 

500 

8.3-9,6 

2700 

57-78 

600 

9,9-11.3 

2800 

60-83 

700 

11,5-1 3.0 

2900 

64-88 

800 

12.5-14.5 

3000 

67-93 

900 

15,0-17.0 

3250 

73-105 

1000 

16,0-19.0 

— 

_ 

1100 

1 8.0-22.0 

3500 

87-123 

1200 

20.0-24.5 

3750 

99-140 

1300 

22.0-27.5 

4000 

110-158 

1400 

24-30 

4250 

123-177 

1450 

25-32 

4500 

140-200 

1500 

26-33 

4750 

155-228 

1600 

28-36 

5000 

1 70-250 

1700 

31-39 

5500 

206-315 

1800 

33-42 

6000 

250-390 

1900 

35-45 

6500 

295-480 

2000 

38-49 

7000 

350-590 

2100 

40-53 

7500 

405-735 

2200 

43-56 

8000 

470-900 

2300 

46-60 

_ 

_ 


[Notę —Poiyethlyene Glycol 3350 is listed in the USP offidal 
monographs section to reflect its use as both an actiye and 
inactlve ingredient.j 

ADDETIONAL REQUIREMENTS 

• Packaging and Storage: Preserve in tight containers, 

■ Labeling: Label it to State, as part of the offidal title, the 
average nominał molecular weight of the Polyethylene 
Glycof. Label ft to indicate the na me and guantity of any 
added antioxidant. 
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Polyethylene Glycol 3350 —see 

Polyethyiene Clycol 3350 General Monographs 


Polyethyiene Glycol Ointment 


DEFINITION 

Prepare Polyethyiene Glycol Ointment as follows. 


Polyethylene Glycol 3350 

400 o 

Polyethylene Glycol 400 

600 a 

To make 

1000 o 


Heat the two ingredients on a water bath to 65°. Al Iow to 
eool, and stir until congealed, If a firmer preparation is 
desired, replace up to lOOg of the Polyethylene Clycol 40C 
with an equal amount of Polyethylene Clycol 3350 . 

[Notę—I f 6%-25% of an aqueous solution is to be incor- 
porated 3n the Ointment, replace 50 g of the Polyethylene 
Glycol 3350 with an equal amount of stearyi alcohoL] 

ADDtTSONAL REQUIREfVlENTS 
0 Packaging and Storage; Package In well-closed 
containers. 


Polyethylene Glycol Monomethyl Ether 

1 ' n 

Poly(oxy-1,2-ethanediyl), a-methyl-ti]-hydroxy-; 

Methoxy polyethylene glyco! [9004-74-4]. 

DEFINITION 

Polyethylene Glycol Monomethyl Ether is an addition poły- 
mer of ethylene oxide and methanol, represented as: 

CHjCOCH^CHz^OH 

in which n represents the average number of oxyethylene 
groups. The averaqe mol ecu lar weight is NLT 95.0% and 
NMT 105.0% of tne labeled nominał value if the labeled 
nominał value is below 1000; it is NLT 90.0% and NMT 
110.0% of the labeled nominał value if the labeled nomi¬ 
nał value is between 1000 and 4750; and it is NLT 87.5% 
and NMT 112*5% of the labeled nominał value if the la¬ 
beled nominał value is above 4750. 

A5SAY 

* Average Mdleć ul ar Weeght 

Phthalic anhydride solution: Place 49.0 g of phthalic 
anhydrśde Into an amber bottle, and dlssolve in 300 ml 
of pyridine, either from a freshly opened bottle or 
freshly distilled over phthalic anhydride. Shake vigor- 
ously until completely dissolved. Add 7 g of imldazole, 
swirl carefully to dissolve, and allow to stand for 16 h 
before using. 

Sampie solution for liquid Polyethylene Glycol Mono- 
methyj Ethers: Carefully introduce 25.0 ml of fhe 
Phthalic anhydride solution info a dry, heat-resistant 
pressure bottle* Add a weighed amount of fhe sampie, 
e<quEvalent to its expected average molecular weight di- 
vided by 80* Insert the stopper in the bottle, and wrap 
it securely in a doth bag. 

Sampie solution for solid Polyethylene Glycol Mono¬ 
methyl Ethers: Carefully introduce 25.0 mL of Phthalic 


anhydride solution into a dry, heat-resrstant pressure 
bottle, Add an amount of the sampie, equivalent to its 
expected molecular weight dlvlded by 80; however, be- 
cause of limited sol ubił i ty, do not use morę than 25 g. 
Add 25 mL of pyridlne, either from a freshly opened 
bottle or freshly distilled over phthalic anhydride, swirl 
to dissolve, insert the stopper in the bottle, and wrap it 
securely in a cloth bag. 

Analysis: Immerse the bottle in a water bath malm 
talned at 9ó°-100° to the same depth as that of the 
mixture in the bottle. Remove the bottle from the bath 
after 5 min, and without unwrapping, swirl for 30 s to 
homogenize. Heat En the water bath for 30 min (60 
min for Polyethylene Glycol Monomethyl Ethers having 
molecular weights of 3000 or higher), then remove 
from the bath, and allow to cooi to room temperaturę. 
Uncap the bottle carefully to release any pressure, re- 
move from the bag, add 10 mL of water, and swirl 
thoroughly* Walt for 2 min, add 0*5 ml of a solution of 
phenolphthalein in pyridine (1 in 100), Titrate with 0.5 
N sodium hydroxide VS to the first ptnk color that per- 
sists for 15 s, recording the volume, in mL, of 0.5 N 
sodium hydroxide reguired as 14 Perform a blank deter- 
mination on 25.0 mL of Phthalic anhydride solution plus 
any additional pyridine added to the bottle, and record 
the yolume, in mL, of 0.5 N sodium hydroxlde reąuired 
as V B . 

Calculate the average molecular weight: 

Result = (1000 x W)I[{V B - V s ) x N] 

W = weight of Polyethylene Glycol Monomethyl 
Ether taken for the Sampie solution (g) 

V B = vo!ume of 0.5 N sodium hydroxJde consumed 
by the blank (mL) 

I /5 = voJume of 0.5 N sodium hydroxide consumed 

by the sampie (mL) 

N = normality of the sodium hydroxide solution 

Acceptance criteria: See Tahle 7. 


TabSe 1 


Łabel Clalm 
(nominał va|uel 

Acceptance Criteria 
(%> 

<1000 

95.0—105.0 

1000-4750 

90.0-1 1 0.0 

>4750 

87.5-1 72.5 


IMPURITSES 

* RE5IDUE ON 1GNITION (281) 

Sampie: 25 g of Polyethylene Glycol Monomethyl 
Ether, moistened with 2 ml of suffuric add in a plati- 
num dish 

Acceptance criteria: NMT 0.1% 

Detete the fotlowing: 

# * Heavy Metals (231) 

Test preparation: Mrx 4.0 g with 5.0 ml of 0.1 N hy- 
drochloric acid, and dllute with water to 25 mL 
Acceptance criteria: NMT 5 ppm* 

* Limit of Ethylene Glycol and Diethylene Glycol (for 

Polyethylene Glycol Monomethyl Ether havrng a nominał 
molecular weignt of less than 600) 

Standard solution: 500 pg/ml of ethylene glycol and 
500 pg/mL of diethylene glycol in water 
Sampie solution: 400 mg/mL of Polyethylene Glycol 
Monomethyl Ether in water 
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Chromatographic system 

(See Chromatograpny (62 1), System Suita hi lity.) 

Modę: CC 

Detector: Flame ionization 

Column: 3-mm x 1 .G-m; 60- to 80-mesh support S2 
Temperatures 
Column: 200* 

Injection port: 2óO Q 

Carrier gas: Nitrogen or another suitable inert gas 
Row ratę: 20 ml/min 
injection volume: 1.0 pi 
Analysis 

Sam pies: Standard soiution and Sample soiution 
[Notę—T he elution order is ethylene glycol, diethylene 
glycol, and polyethylene glycol monomethyl ether,] 
Calculate the percentage of ethylene glycol and diethyl- 
ene glycol In the portion of Polyethylene Glycol Mono¬ 
methyl Ether taken: 

Result - (ru/rs) x (Q/Cu) x 100 

ru - peak helght of ethylene glycol or diethylene 
glycol from the Sample soiution 
Cs - peak height of ethylene glycol or diethylene 
glycol from the Standard soiution 
G = concentration of ethylene glycol or diethylene 
glycol In the Standard sofLition 
Ca - concentration of Polyethylene Glycol 

Monomethyl Ether in tne Sample soiution 
Acceptance criteria: NMT 0,25% of combined ethyl¬ 
ene glycol and diethylene glycol 
* Limit of Ethylene Glycol and Diethylene Glycol (for 
Polyethylene Glycol Monomethyl Ether having a nomlna 
molecular weignt of 600-1500) 

Soiution A: 62,5 mg/mL of ceric ammonlum nltrate in 
0.25 N nltric add. Llse wtthin 3 days. 

Soiution B: Freshly distllled acetonitrile and water 
(50:50) 

Standard soiution: 2,5 mg/mL of diethylene glycol in 
Soiution B 

Sample soiution: Dlssolve 50.0 g of Polyethylene Glycol 
Monomethyl Ether in 75 mL of diphenyf ether, prevl- 
ousty warmed if necessary, to melt the crystals, In a 
250-mt distilling fiask. Slowly dlstlll at a pressure of 
1-2 mm of mercury into a receiver graduated to 
100 mL in 1-mL subdivlslons until 25 ml of distillate has 
been collected. Add 20.0 mL of water to the distillate, 
shake vigorous]y, and allow the layers to sępa ratę. Cool 
in an ice bath to solidify the dlpbeny! ether and facili- 
tate Its removal. Filter tne separated agueous layer, 
wash the dlphenyl ether with 5,0 mL of ice-cold water, 
pass the washings through the filter, and collect the 
filtrate and washlngs in a 25-mL volumetric fiask. Warm 
to room temperaturę, and dii u te with water to volume, 
if necessary, Mix this soiution with 25,0 mL of freshly 
distllled acetonitrile In a glass-stoppered, 125-mL coni- 
cal fiask. 

Instrumental conditions 
Modę: Vls 

Analytical wavelength: About 450 nm 
Celi: 1 cm 

Blank: Soiution A and Soiution B (60:40) 

Analysis 

Sam p ies: Standard soiution, Sample soiution, and Blank 
Transfer 10.0 ml each of the Standard soiution and the 
Sample soiution to sępa ratę 50-mL flasks, each eon- 
taining 15,0 mL of Soiution A. Wlthin 2-5 min, deter- 
mine the absorbances of the Samples . 

Acceptance criteria: The absorbance of the Sample so- 
lution does not exceed that of the Standard soiution, 
corresponding to NMT 0.25% of combined ethylene 
glycol and diethylene glycol. 
o free Ethylene Oxide and i,4-Dioxane 

Stripped MPEG 350: Into a 5000-mL 4-neck, round- 
bottom fiask, eguipped with a stirrer, a thermometer, a 


gas dispersion tubę, a dry ice trap, a vacuum outlet, 
and a heating mantle, place 3000 g of Polyethylene 
Glycol Monomethyl Ether 350. At room temperaturę, 
evacuate the fiask carefully to a pressure of less than 
1 mm of mercury, applying the vacuum slowly while 
observing for excessive foaming due to entrapped 
gases. After any foaming has subsided, sparge with ni¬ 
trogen, allowing the pressure to rise to 1 0 mm of mer¬ 
cury. Heat the fiask to 1 30° while increaslng the pres¬ 
sure to 60 mm of mercury. Continua stripping for 4 h, 
then cool to room temperaturę, Shut off the yacuum 
pump, and brlng the fiask pressure back to atmospherlc 
pressure while malntainlng nitrogen sparging, Remove 
the sparging tubę with the gas still flowing, then turn 
off the gas flow, Transfer the Stripped MPEG 350 to a 
suitable nitrogen-filled Container, 

Standard Solutions: [CAUTION—Ethylene oxlde and 1,4- 
dioxane are toxlc and flammabJe. Prepare these Solu¬ 
tions in a weil-ventilated fu me hood,J To a known 
weight of Stripped MPEG 350 in a vial that can be 
sealed add a suitable quantity of 1,4-dioxane, Deter- 
minę the amount added by weight dlfference. Using 
the speclal handling described in the following, com- 
plete the preparatlon. Ethylene oxlde is a gas at room 
temperaturę, It is usually stored In a lecture-type gas 
cylinder or smali metal pressure bomb, Chlll the cylin¬ 
der in a refrlgerator before use. Transfer 5 mL of tne 
llquid ethylene oxide to a 100-mL beaker chilled In wet 
ice, Using a gas-tight gas chromatographic syrlnge that 
has been chilled in a refrlgerator, transfer a suitable 
amount of the liguid ethylene oxide into the mixture. 
Immediately seal the vial, and shake. Determine the 
amount added by weight difference. By appropnate dh 
lution with Stripped MPEG 350, prepare four Solutions, 
covenng a rangę of 5-20 ppm for the two components 
added to the matrix (e.g., 5, 10, 15, and 20 ppm). 
Transfer 1,0 mL of each of these Solutions to sępa ratę 
22-mL pressure headspace vlals. Seal each with a slli- 
cone septum, star spring, and pressure relief safety alu- 
mlnum seallng cap. Crimp the cap closed with a cap- 
seafing tool. 

Sample soiution: Transfer 1 ± 0.01 g of Polyethylene 
Glycol Monomethyl Ether to a 22-ml pressure nead- 
space viat Seal, cap, and crimp as directed for the .Storn 
dard Solutions. 

Chromatographic system 
(See Chromatograpny (621}, System Sultability.) 

Modę: GC (equipped with a balanced pressure auto- 
matic headspace sampler) 

Detector: Flame Ionization 

Column: 50-m x 0.32-mm fused silica; bonded phase 
G27 in a 5-pm film thickness 
Temperatures 
Detector: 250° 

Transfer linę: 140° 

Column: See Table 2. 


Tabfle 2 


Imtial 

Temperaturę 

n 

Temperaturę 

Ramp 

(°/min> 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

70 

10 

250 



Carrier gas: Helium 
Flow ratę: 0.8 mL/min 

Cafibration: Place the vials contalning the Standard so- 
lutions In the automated sampler, and start the se- 
quence so that each vlal Is heated at 110° for 30 min 
before a suitable portion of its headspace is Injected 
into the chroma tog raph. Set the auto matic sampler for 
a needle withdrawal time of 0.3 min, a pressurization 
time of 1 min, an injection time of 0.08 min, and a via! 
pressure of 22 psig with the via! vent off. Obtain the 
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eak areas for ethylene oxide and 1,4-dioxane, which 
ave relatEve retention tEmes of 1.0 and 3.1, respec- 
tiyely. Plot the area versus parts per million on linear 
graph paper, and dra w the best straight linę through 
the poEnts. On the two Calibration pEofs, no point aE- 
gresses from its Jine by morę than 10%. 

Analysis: Place the viaf contafning the Sample solution 
in the automatic sampler, and chromatograph its head¬ 
space as done for the Standard Solutions. Obtain the 
peak areas of each of the components, and read the 
concentratlons directly from the Calibration plots. 
Acceptance criteria: NMT 10 ppm of ethylene oxide or 
1,4-dioxane 

* Limit of 2-Methoxyethanol 

Stripped MPEG 350 and Sample solution: Prepare as 
directed in the test for Free Ethylene Oxide and 1,4- 
Dioxane . 

Standard Solutions: [Caution —2-Methoxyethanol is 
toxic and flammable. Prepare these Solutions En a welh 
ventElated fume hood.] To a known weight of Stripped 
MPEG 350 in a vial that can be sealed add a suitable 
guantity of 2-methoxyethanoL Determrne the amount 
added by weight dEfference, By appropriate dilution 
with Stripped MPEG 350 , prepare four Solutions, cover- 
ing a rangę of 5-20 ppm (e.g., 5 f 10, 15, and 20 ppm). 
Transfer l.OmL of each of these Solutions to sępa ratę 
22-mL pressure headspace vials. Seal each with a sili- 
cone septum, star spring, and pressure refief safety a fu** 
mEnum seafing cap. Crimp the cap dosed with a cap- 
sealing tooL 

Chromatographic system 
(See Chromatograpny {62^), System Suita bility.) 

Modę: GC (equEpped with a balanced pressure auto¬ 
matic headspace sampJer) 

Detector: Flarne Eonization 
Column: 15-m x 0.53-mm fused sifica capiJlary; 
bonded phase G16 in a 1-pm film thickness 
Temperatures 
Detector: 275° 

Transfer linę: 14Q' J 
Column: See labie 3. 


Table 1 


Inlttal 

Temperaturę 

n 

Temperaturę 

Ramp 

<°/niin) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

50 


50 

2 

70 

10 

250 

— 


Acceptance criteria: NMT 10 ppm 

SPECmC TEST5 

o PH <791) 

Sample solution: 5.0 g of Polyethyiene Glycol Mono- 
methyl Ether En 100 mL of carbon dioxideTree water, 
Add 0.30 mL of saturated potassium chlonde solution. 
Acceptance criteria: 4.5-7.5 

* COMPLETENESS AND COLOR OF SOLUTION 

Sample solution: 5 g of Polyethyiene Glycol Mono- 
methyl Ether in 50 ml of water 
Acceptance criteria: The resuiting solution is coforless, 
and is elear for liquid grades and NMT slrghtly hazy for 
solid grades. 

* ViscosiTY—C apillary Methdds (911): Determlne its vls- 

cosity, using a captllary viscometer giving a flow time of 
NLT 200 s and a IEquEd bath maintained at 98,9 ± 0,3°. 
The viscosity is withln the limits spedfied in Table 4 , For a 
Polyethyiene Glycol Monomethyl Ether not listed in Tobie 
4, calculate the limits by interpolation. 


Table 4 


Nominał 

Average 

Molecular 

Weiaht 

Viscosity Rangę 
(centistokes) 

Nominał 

Average 

Molecular 

Weipht 

Viscosity Rangę 
(centlstokesl 

350 

3.5-45 

2750 

50-78 

450 

4.9-6.0 

3000 

60-95 

550 

6.1-7.3 

3250 

72-113 

650 

7.9-9,2 

3500 

85-133 

750 

9.7-11,1 

3750 

99-155 

850 

11,5-13.1 

4000 

114-178 

950 

13.3—15,2 

4250 

130-204 

1000 

1 3.3—1 7.3 

4500 

148-231 

1100 

15.0-19.7 

4750 

167-260 

1200 

1Ó.9-22.1 

5000 

175-305 

1300 

18,8-24,6 

5500 

215-375 

1400 

20.7-27.1 

6000 

260-455 

1500 

23-30 

6500 

310-545 

1600 

25-33 

7000 

365-640 

1700 

27-35 

7500 

425-745 

1800 

29-38 

8000 

490-860 

1900 

31 —41 

8500 

560-980 

2000 

33-44 

9000 

640-1110 

2250 

36-54 

9500 

715-1250 

2500 

40-64 

10000 

775-1475 


Carrier gas: Helium 
Flow ratę: 15 mL/min 

Calibration: Place the vials containlng the Standard So¬ 
lutions in the automated sampler, and start the se- 
quence so that each vEal is heated at 100° for 20 min 
before a suitable portion of its headspace is Injected 
into the chromatograph. Set the automatic sampler for 
a needle wlthdrawal time of 0.3 min, a pressurization 
time of 1 min, an injection time of 0.08 min, and a viai 
pressure of 22 psig with the vial vent off. Obtain the 
peak area for 2-methoxyethanoL Plot the area versus 
ppm on linear graph paper, and draw the best straight 
tine through the points. On the Calibration plot, no 
point digresses from its fine by morę than 10%, 

Analysis: Place the via[ eon La In ing the Sample solution 
in the automatic sampler, and chromatograph its head¬ 
space as done for the Standard Solutions , Obtain the 
peak area, and read the concentration directly from the 
Caiibration plot. 


ADDETBONAL REQUIREfVBENT$ 

<* Packaging and Sto race: Preserve in ticjht containers. 

• Lareling: tabel it to State, as part of the official tkle, the 
average nominał molecular weight of the Polyethyiene 
Glycol Monomethyl Ether, 


Polyethygerae Pajdę 

”fo^ 


DEFINITION 

Polyethyiene Oxlde is a nonlonic homopolymer of ethylene 
oxide, represented: 

H'(OCHaCH 2 ) n OH 

in which n represents the average number of oxyethylene 
groups, The number n varies from about 2000 to 
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200 ,000. It is a white to off-white powder obtainabte in 
several grades, varying in viscostty profile in an aqueou$ 
isopropyl alcohol solution, It may contain a suitable 
antioxioant. 

IDENTIFICATION 

* A, Infrared Absorptign <197K> 

Sample: Previously dried in a vacuum at room tempera¬ 
turę to constant weight 

* B. Procedurę 

Viscosity 

[Notę—B ased on Labeling mformation, perform the fol- 
lowing test accordinglyj 

Anafysjs; Pass Polyethylene Oxide through a 20-mesh 
screen. Then transfer Polyethylene Oxide to a 800-mL 
low-form beaker the amount which is specified in To¬ 
bie 1 to provtde the solution concentration* 


Tabte 1 



Sample solution 

Polyethylene 
oxide weight 

1% Solution 

2% Solution 

5% Solution 

6 Q 

12 o 

30 a 


Add 125 mL of dehydrated isopropyl alcohol to the 
beaker. Place the stirrer into the beaker with an ap- 
propriate glass oover* Stlr the polyethylene oxide-iso- 
propanol mucture at a ratę to ensure that a slurry is 
rormed, Add the prescribed amount of water to the 
polyethylene oxiae-isopropanol slurry, refer to Tobie 
2 * Ali solution concentrations are based on the watę' 
COntent of the agueous isopropyl alcohol solution. Be 
careful to avoid splashing of the water. Adjust the 
temperaturę to near 25° to assist the finał solution 
coming to temperaturę* 


Table 2 



Sample solution 

Water weight 

1% Solution 

2% Solution 

5% Solution 

594 o 

588 a 

570 a 


Ensure that the stirring is very effective at the begin- 
ning for about 1 min. Then alfow to gently stir For at 
least 3 h, Ensure that Polyethylene Oxide disso!ves in 
solution, talce care to avoid mixing in excess air, and 
stop the stirring* [Notę— Ensure a colloidal dispersion 
by stirring for at least 3 h if added antioxidant or 
Silicon dioxide is not soluble In the system.] 

Place a watchglass over the beaker and place in a bath 
for at least 30 min. When the solution reaches 25 ± 
0,1°, determine the viscosity of the Sample solution 
using the yiscometer, spindle, and speed indicated on 
the Labeling. [Notę —A guard may be required as in¬ 
dicated on the Labeling^] Follow the instrument man- 
ufacturer's directions to measure the apparent 
viscosity. 

Acceptance criteria: Viscosity falls within the viscosity 
rangę indicated by the Labeling. 

IMPURITIES 

Inorganic Impurities 

Defete the fotlowfng: 

•• HEAVY Metals, Method I! (231): NMT 10 ppm, <om 

|an201&) 

• Silicon Dioxide and Nonsilicon dioxipe Residue on 

IGNITION 

Sample: 1 g 

Analysis: weigh the Sample into a previously ignited, 
ta red 50-mL platinum crucible. Add 4 drops of sulfuric 


acid* Heat carefuily on a hot piąte until the specimen is 
thoroughfy charred and fumes no longer are evo!ved* 
Ignite tne crucible at 700 ± 25° (see Residue on Ignition 
<281)) to constant weight. Wet the residue carefuily 
with 1 mL of water, and sJowly add 20 drops of hydro- 
ffuoric acid. [Caution —Hydrorluoric acid is an extremely 
hazardous Chemical, When handling it, wear a face 
shield, arm protection, and rubber gloves, and perform 
the operation in a hood.] Evaporate slowly on a hot 
piąte to dryness, then ignite at 700 ±25° for 10 min, 
cool to room temperaturo in a desiccator, and weigh* 
Repeat the addition of hydrofluoric acid, evaporation, 
and ignition, to constant weight* 

CalcuTate the percentage of Silicon dioxide residue on 
ignition frorn the difference between the net weights 
before and after the hydrofluoric acid treatment. 
Calculate the percentage of nonsilicon dioxide residue 
on ignition from the finał net weight 
Acceptance criteria 

Silicon dioxide residue on ignition: NMT 3% 
Nonsilicon dioxide residue on ignition; NMT 2% 

Organie Impurities 

* Procedurę: Limit of Free Ethylene Oxide 

Standard stock solution: [Caution —Ethylene oxide is 
toxic and flammable* Prepare Solutions of it in a weli- 
ventilated fume hood.J Prepare the solution using the 
special handling described below* Ethylene oxide is a 
gas al room temperaturo, it is usually stored in a lec- 
ture-type gas cylinder or smali metal pressure bomb. 
ChiH tne cylinder in a refrigerator before use. Transfer 
5 ml of the liquid ethylene oxide to a cold, 10-mL se¬ 
rum vial, Seal the vial, and storę in a refrigerator* Trans¬ 
fer 40 g of acetone to a ta red 50-mL serum vial that is 
capable of being tightly sealed with a polyteMrned sep¬ 
tum and a metallic crimp cap* Seal the vial, and weign 
it* Using a gas-tight gas chroma tog rap hic syringe that 
has been chilled in a refrigerator, transfer 60 j.iL of the 
liquefied ethylene oxide to the same vial. Weigh the 
vial, and determine the amount added by weight dif¬ 
ference. The solution eon tai ns about 1 pg/pL of ethyl¬ 
ene oxide. [NOTĘ—Thrs solution may be kept for 1 
week in the crimp-sealed serum viaf, stored in a 
freezer*] 

[NOTĘ —Standard Solutions A-D and the Sample solution 
should be prepared in vials designed for use in the 
headspace samóling system specified in the Chromato- 
graphtc system.] 

Standard solution A: To a ta red vial add 1.0 g of Poly¬ 
ethylene Oxide, and seal the viaL Through the septum 
add 2.0 pL of Standard stock solution, Heat the vial at 
100 ° for 30 min, and cool to room temperaturę. 
Standard solution B: To a tared vial add 1.0 g of Poly¬ 
ethylene Oxide, and seal the viaf. Through the septum 
add 4,0 pL of Standard stock solution , heat the vial at 
100 g for 30 min, and cool to room temperaturę. 
Standard solution C: To a tared viai add 1,0 g of Poly¬ 
ethylene Oxide, and seaf the vial. Through the septum 
adef 6.0 pL of Standard stock solution , heat the vial at 
100 Q for 30 min, and cool to room temperaturę. 
Standard solution D: To a tared vial add 1.0 g of Poly¬ 
ethylene Gxide, and seal the vial. Through the septum 
add 8.0 pL of Standard stock solution i, heat the via! at 
100° for 30 min, and cool to room temperatura. 

Sample solution: To a tared vial add 1.0 g of Polyeth¬ 
ylene Oxide, and seal the vial, Heat the vlaf at ]O0 g for 
30 min, and cool to room temperaturę. 
Chromatographlc system 
(See Chmmatography (62^, System Suita bil i ty.) 

Modę: GC 

Detector: Flame ionization 

Column: 0.53-mm x 10-m caplllary column bonded 
with a 20-(.tm layer of phase Ć45 
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Temperaturę 
Injector: 200° 

Detector: 250° 

Colunrm: See the temperaturę program table beiow. 


Initiat 

Temperaturę 

n 

Temperaturę 

Ramp 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(mini 

70 


70 

5 

70 

10 

200 

5 


Flow ratę: 15 mL/min 

Injection size: 300 pL of headspace gas 

Injection type: Split 

Carrier gas: Helium 

[NoTE—The makeup gas is aiso helium, with a Split 
flow ratę of 15 mL/min*] 

System suitabUity 
5 ample: Standard solution C 
Su itability reguirements 
Relative standard deviation: NMT 5%. [Notę— 
Multiple viafs are prepared for repllcate injections ] 
Analysis 

Samples; Standard Solutions A-D and Sampie solution 
[Notę—A headspace apparatus that automatlcally 
transfers the measured amount of gaseous head¬ 
space may be used to perform the injections*] 

Using a gas-tjght syringe, separatefy inject equa! 
vofumes (about 300 pL) of the gaseous headspace of 
each of the Standard Solutions and the Sampie solu¬ 
tion into the gas chromatograph, record the chro- 
matograms, and measure me areas of the peak re- 
sponses. Determine by a retention time comparlson 
whether ethylene ox3de is detected in the Sampie 
solution. Plot the responses of the Sampie solution 
and the Standard Solutions versus the eon tent, in pg, 
of ethylene oxide in each vial, as furnished by the 
Standard stock solution. Draw the stralght fine best 
fftting the frve points, and calculate the correlation 
coefficient for the linę. 

[Notę —The content of ethylene oxide, as furnished 
by the Standard stock solution / is 0 ug in the Sampie 
solution.] 

A suitable system is one that yields a linę having a 
correlation coefficient of NLT 0.99. Extrapolate the 
linę until it intercepts the content axls on the nega- 
tive side. From the intercept, determine the totat 
amount, Tu, in pg, of ethylene oxide in the Sampie 
solution. 

Calculate the percentage of ethylene oxide in the 
portion of Polyethylene 0xtde taken: 

Result - (Tu/W) x 100 

Ty - total amount of ethylene oxide in the Sampie 
solution (pg) 

W - weight of Polyethylene Oxide taken to 
prepare the Sampie solution (pg) 

Acceptance criteria; NMT 0.001% 

5PECIF9C TESTS 

■ Loss ON Drying {731): Dry 4 g at 105° for 45 min: it 
loses NMT 1.0% of its weight. 

ADD9TBONAIL REQUIREIV1ENT5 

* Packaging and Storage: Preserve in tight, light-resistant 
contalners. No storage reguirements spedfted* 

o Labeling: Labę] it to indicate the viscosity and acceptable 
limite, giving the viscosity measurement parameters, con- 
centration of the solution, and the type of eguipment 
used. Label it to indicate the name and quantity of any 
added antioxidant. 


o U5P Reference Standards {11) 
USP Polyethylene Oxide RS 


Polyeplb/ceryB DBoleate 

R-0-(CH 3 -CH(0R)-CH,-0) 3 -R 

R = H, or CO-C, ? H 33 

1,2,3-Propanetriol, homotrimer, di[(9Z}-9-octadecenoate]; 

Triglyceril dioleate; 

Polyglyceryl 3 dioleate [9007-48-1], 

R-0-(CH^CH(QRyC\-\ 2 -O)6-R 

R = H, or CO-Ci 7 Hj 3 

1,2,3-Propanetriol, homohexamer, di[(9Z)-9“OCtadecenoate]; 

Hexaglyceril dioleate; 

Polyglyceryl 6 dioleate [76009-37-5]. 

DEFBMST90N 

Polyglyceryl Dioleate is a mlxture of polyglyceryl diesters of 
mainly oleić acid, obtalned by esterification of poly- 
glycerin and oleić acid* The polyglycerin consists mainly 
of triglycerin or hexaglycerin* 

IDENTIFICATION 

» A. INFRARED ABSORPTION (197F) 

* B. Meets the reouirements of the test for Content of fatty 
Acids 

o C Meets the requirements of the test for Fats and Fixed 
Oils (401), Hydroxyl Value. [MoTE—This test will differenti- 
ate for Polyglyceryl 3 Dioleate and Polyglyceryl 6 
Dioleate.] 

A5SAY 

* CONTENT OF FATTY ACIDS 

0*5 N methanoJic sodium hydrox*de solution: Dis- 
so3ve 20 g of sodium hydroxide in 50 mL of water, and 
mix, CooT to room temperaturę, and add 950 mL of 
methanoL 

Boroń trifluoride methanol solution: Dissolve 14 g of 
boron tnfluoride in methanol to make 100 mL, ana mix 
well9 

Saturated sodium diloride solution: Dissolve about 
375 g of sodium chloride in water to make 1 000 ml. 
Standard solution: Prepare the calibration ester mix- 
ture by mixing up each individual ester component (see 
Tobie I for the componenfs composition), Dlssolve 
500 mg of the calibration ester mixturc In n-heptane, 
and dllute with n-heptane to 50 ml, [NOTĘ—Commer- 
cially available mixtures of fatty add methyl esters may 
also be used*] 


Table 1 


Component in the 
Calibration Ester Mi xturę 

Composition 

(%> 

USP Methyl Mvristate RS (Cl 4:0) 

5 

USP Methvl Palmitate RS (Cl 6:0) 

15 

USP Methyl Palmrloieale RS 
(Cl 6:1) 

10 

USP Methyl Stearate RS (Cl 8:0) 

10 

USP Methyl OJeate RS (Cl 8:1) 

20 

USP Methvl Linoleate RS (Cl 8:2) 

15 

USP Methyl Linolenate RS (Cl 8:3) 

10 

Methyl arach rda te (C20:0) 

10 

Methyl aadoleate (C20:1) 

5 


Sampie solution: Introduce 100 mg of Polyglyceryl Di- 
oieate into a 25-mL conlcal fiask fitted with a suitable 


1 8 oron trifluoride-methanof solution ( 14 % in methanol) is also commercially 
available from Sigma, 0 - 1252 , or equjvalent quality. 
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water-cooled reflux condenser and a magnetic stir bar. 
Add 2 mL of 0,5 N methanofic sodium hydroxide soiution, 
mix, and refiux for about 30 min, Add 2 mL of Boran 
trifluoride methanol sofution through the condenser and 
reflux for about 30 min, Add 4 mL of n-heptane 
through the condenser, and refJux for 5 min. Cool, re- 
move the condenser, add about 10 mL of 5aturated so¬ 
dium chioride soiution, shake, add a quantity of Satu- 
rated sodium chioride soiution to bring the upper layer 
up to the neck of the fiask, and aIJow the layers to 
sępa ratę. Collect 2 mL of the n-heptane layer (upper 
layer), wash with three quantities, each at 2 mL of 
water, and dry the n-heptane phase over anhydrous so¬ 
dium sulfate. 

Chroma tog raphic system 

(See Chromotography (621), System Suitability,) 

Modę: CC 

Detector: Flame lonization 

Column: 0.32-mm x 30-m fused-silica capilJary; 0.25- 
pm layer of phase G16 
Temperaturę 
Detector: 250° 

Injection port: 240° 

Column: See temperaturę program table below. 


Enitial 

Temperaturę 

n 

Temperaturę 

Ramp 

r/rtiinl 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

150 

6 

250 

fi 


Carrier gas: Nitrogen 
Flow ratę: 1 .CM ,2 mL/min 
Injection size: 1 |iL 

Injection type: Split injection, The Split ratio is about 
1:80. 

System suitability 
Sample: Standard soiution 

[Notę—S ee the relative retention time table below,] 


Component 

RelatJve Retention 
Time 

Methyl nwristate 

0.74 

Methyl pa Im [tatę 

1.00 

Methyl paJmitofeate 

1.03 

Methyl stearate 

1.29 

Methyl oleate 

133 

Methyl linolea te 

1.37* 

Methyl linolenate 

1,4ó b 

Methyl araehidate 

1.55 

Methyl oadofeate 

1.58 


J There could be Lsomer eJiitfng at a rełatfre retention time of 139, 
**There coutd be two isomers eluting at relatiwe retention times of 1.45 
and 1.48. 


Suitability reąuirements 
Resolution: NLT 1,5 between the peaks due to 
methyl stearate and methyl oleate 
Relative standard deviation: NMT 6,0% for the pal- 
mitate and stearate peak areas 
Analysfs 

Samples: Standard soiution and Sample soiution 
Identify the fatty acid ester peaks of the Sample solu- 
tion by co m pa ring the retention times of these peaks 
with those of the Standard soiution, and measure the 
peak areas for all of the fatty add esters in the Sample 
soiution. 

Calcu la te the percentage of each fatty acid ester com- 
ponent in the test spedmen: 

Result = (A/B) x 100 


A - peak area of each indmdual fatty acid ester 
component 

B = sum of the peak areas, excluding the solvent 
peak, of the Sample sofution 
Acceptance criteria: Polyglyceryl Dioleate exhibits the 
foliowi ng composition profile of fatty acids. 


Carbon-Chain 
Lenqth 

Number of 
Double Bond* 

Percentaqe 

M 

0 

<5.0 

16 

0 

2.0-16,0 

16 

1 

<8,0 

18 

0 

<6.0 

18 

1 

65.0-88.0 

T8 

2 

5.0-18.0** 

18 

3 

<4,0* 

Sum of fatty acids 
with C >18 

0 

£4.0 


3 The conteni of 0 8:2 or 0 83 is the eonleni of each fatty add willi its 
respective isomers. 


IMPURIT1E5 
Inorganic Impurities 
• RESIDUE ON fGNITION 

Analysis: Heat a silica crucible to redness for 30 min, 
allow to cool in a desiccator, and weigh. Evenly dis- 
tribute about 1.0 g of Polyglyceryl Dioleate in the cru- 
dble, and weigh. Dry at 10Cr-105° for 1 h, and ignite 
in a muffle furnace at 600 ±25°, until the test sub- 
stance is thoroughly charred. Perform the test for Resi- 
due on ignition (281) on the residue obtained, starting 
with "Moisten the sample with a smali amount (usuatfy 
1 mL) of sulfuric acid." 

Acceptance criteria: NMT 1% 


Delete the foltowińg: 


% Heavy Metals, Method U (231): NMT 10 ppm, (Offkfrl I 

| im. 20? 8) 


eiqh (to within 03 mq) 5-10 q of 
add If.. ■ 


SPECIFIC TEST5 

* Acid Value 

Analysis: Accurately wek 
Polyglyceryl Dioleate, aef3 10 mL of alcohol and 3 drops 
of phenolphthalein TS, and titrate with 03 N potassium 
hydroxide VS or 0.1 N sodium hydroxide VS until the 
soiution remains faintly pink after shaking for 30 s. Fro- 
ceed as directed in Fats and Fixed Oils (401), Acid Value 
to perform the calculation. 

Acceptance criteria 
Polyglyceryl 3 dioleate: NMT 6 
Polyglyceryl 6 dioleate: NMT 6 

* Fats and Fixed Oils, Hydroxyi Value (401) 

Acceptance criteria 

Polyglyceryl 3 dioleate: 1 95-245, determined on a 
0.7-g to 1.0-g spedmen 

Polyglyceryl 6 dioleate: 270-320, determined on 0.5- 
g to 0,7-g specimen 

* lODINE VALUE 

Analysis: Accurately weigh 03 5 g of Polyglyceryl Di¬ 
oleate, transfer to a dfy 250-mL fiask with a ground- 
glass stopper, and add 25 mL of methylene chioride. 

Add 20 mL of the Wijs' soiution. 2 Gose the fiask, and 
keep it in the dark for 1 h while shaking frequently. 
Perform the test in Fats and Fixed Oils (401), lodine 
Value, starting with 'Then add, in the order named, 

30 mL of potassium iodide T5 and 100 ml of water/ 1 


J Wijs' reagent RPE far analysis from Carfo Erba Reference 491902; solu- 
tiort ftom wvvw.sigmaaldrięn,cam r or equivalent q u ality. 
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Acceptance cntena 
Poiyglyceryl 3 dioleate: 60-80 
Poiyglyceryl 6 dioleate: 50-70 

* IFats and Fixed Oils, Peroxide Value <401): Use 30 mL of 

a mixture of glaeial acetic add and methylene chloride 
(3:2) to replace 30 ml of a mixture of gfaciaf acetic acid 
and chloroform (3:2). 

Acceptance cntena 
Poiyglyceryl 3 dioleate: NMT 12.5 
Poiyglyceryl 6 dioleate: NMT 12.5 

* Fats and Fix£d Giłs, Saponifkation Value <401): Deter- 

mined on 1 -g speclmen 
Acceptance cntena 
Poiyglyceryl 3 dioleate: 1 35-1 55 
Poiyglyceryl 6 dioleate: 110-140 
® Water Determination, Method i (921): NMT 1%, deter- 
mined on a 2 .G-g specimen 

APDSTDONAL REQUIREMENTS 

® Packaginc and Storage: Preserve in tight, light-resistant 
containers, protected from heat and moisture. 

* BLabeling: La bel to indicate whether it is Poiyglyceryl 3 

Dioleate or Poiyglyceryl 6 Dioleate. 

* USP Reference Standards (11) 

U5P Methyl Linolea te RS 
USP Methyl Linofenate RS 
U5P Methyl Myristate RS 
USP Methyl Ofeate RS 
USP Methyl Palmitate RS 
USP Methyl Palmitoleate RS 
USP Methyl Stearate RS 
USP Poiyglyceryl 3 Dioleate RS 
USP Poiyglyceryl 6 Dioleate RS 


Poiyglyceryl 3 DiBsostearate 

R-0-(CH2-CH(OR)-CH^O) 3 -R 

R = H, or CO-C 17 H 35 HS 0 

1,2,3-Propanefriol, homopolymer, dilsooctadecanoate; 

Triglyceryf dlisostearate [63705-03-3]. 

DEFINITION 

Poiyglyceryl 3 Dilsostearate is a mlxture of poiyglyceryl dies- 
ters of mainly isostearic acid, obtained by esterification of 
polyglycerin and isostearic acid. The polyglycerin consists 
mainly of triglycerin. 

IDENTIFICATION 

* A. INFRARED AB50RPTION (197F) 

® B. It meets the requirements of the test for Content of 

Fotty Atids. 

A5SAY 

e CONTENT OF FATTV ACIDS 

0.5 N methanolic sodium hydroxide solution; Dis- 
solve 20 g of sodium hydroxide in 50 mL of water, and 
mix. Cool to room temperaturę^ and add 950 mL of 
methanoL 

Boroń triffuorrde-methanol solution: Dissolve 14 g of 
boron tnfluoride in methanol to make 100 mL, and mix 
wefl . 1 

Saturated sodium chloride solution: Dissolve about 
375 g of sodium chloride in water to make 1000 mL 

Standard solution: Prepare the calibration ester mix- 
ture by mixing up each individual ester component (see 
Tobie 7). Dissolve 500 mg of the calibration ester mix- 
ture in n-heptane, and drlute with n-heptane to 50 ml. 

1 Boroń trifluoride-methanof solution (14% in methanol) is alsa commercially 

available from Sigma, B-1252, or equivalent quality. 


Table 1 


Component in the Calibration 
Ester IWUture 

Composition 

{%> 

USP Methyl Myristate RS fC14:0) 

7 

USP Methvl Palmitate RS ( 06 : 0 ) 

70 

USP Methyl Stearate RS fC18:0> 

23 


J Compo^itiań is proposed according to the relative composition of these 
three fatty add groups in Poiyglyceryl 3 Dilsostearate. 


Sample solution: Introduce 100 mg of Poiyglyceryl 3 
Diisostearate into a 25-ml conical fiask, fitted with a 
suitable water-cooled reflux condenser and a magnetic 
stir bar. Add 2 mL of 0.5 N methanolic sodium hyaroxide 
solution , mix, and reflux for about 30 min. Add 2 mL of 
Boron trifluoride-methanol solution through the con¬ 
denser, and reflux for about 30 min. Add 4 mL of 
deptane through the condenser, and reflux for 5 min. 
Cool, remove the condenser, add about 10 mL of 5'otu- 
rated sodium chloride solution, shake, add a guantity of 
Saturated sodium chloride solution to bring the upper 
layer up to the neck of the fiask, and altów the layers to 
separate. Collect 2 mL of n-heptane layer (upper layer), 
wash with three guantities, each of 2 ml of water, and 
dry the n-heptane phase over anhydrous sodium 
sulfate. 

Chromatographic system 

(5ee Chromo tog ropny (621), System Suitability.) 

Modę: CC 

Detector: Flame ionization 

Column: 0,32-mm x 30-m fused-sillca ca pi flary col- 
umn, 0.25-jim layer of phase G16 
Temperaturę 
Detector: 250° 

Injection port: 240° 

Column: See the temperaturę program table below. 


InltEal 

Temperaturę 

n 

Temperaturę 

Ramp 

P/min) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(mini 

150 

6 

250 

6 


Carrier gas: Nitrogen 
Flow ratę: 1.0-1.2 mL/min 
Injection size: 1 jiL 

Injection type: Split Injection. Split ratio is about 1:80. 
System suitability 
Sa m ple: Standard solution 

[Notę—S ee the refative retention time table below.] 



Reiatiue 


Retention 

Ramę 

Time 

Methyl myristate 

1.0 

Methyl palmitate 

1.4 

Methyl stearate 

1.8 


Suitability requirements 

Resolution: NLT 10 between the peaks due to methyl 
palmitate and methyl stearate 

Relative standard deviation: NMT 6.0% for the peak 
responses for palmitate and stearate 
Analysis 

Sam pies: Standard solution and Sample solution 

Identlfy the fatty add ester peaks in the chromatogram 
of the Sample solution by comparing the retention 
times of these peaks with those obtained in the chro¬ 
matogram of the Standard solution, and measure the 
peak areas for all of the fatty acid ester peaks in the 
chromatogram obtained from the Sample solution . 
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Calculate the percentage of each fatty add ester com- 
ponent in the test specimen: 

Result = (ru/ir) x 100 


- peak response for each individua( fatty add 
ester component 

r T = sum of the peak responses, excluding the 

sofvent peak, in the chromatogram obtained 
from the Sample soiution 
Acceptance criteria 

Sum of the contents of the fatty acids eiuting 
between palmitic acid and stearic acid (exc(uding 
palmitic acid and stearic acid): NLT 60,0% 

Sum of the contents of myristic add, palmitic acid, 
and stearic acid: NMT 11.0% 


* USP Reference Standard* {11) 

U5P Methyl Myristate RS 

USP Methyl Palmitate RS 

USP Methyl Stearate RS 

USP Poiyglyceryl 3 Diisostearate RS 


Polyisobutylene 



[9003-27-4]. 


IMPURITIES 
Inorganic Impurities 
• RESTDUE ON IGNITJON 

Analysis: Heat a silica crudbfe to redness for 30 min, 
alIow to cool in a desiccator, and weigh, Evenly dis- 
tribute about 1,0 g of Poiyglyceryl 3 Diisostearate in 
the crudble and weigh. Dry at 1GG°-105° for 1 h, and 
igntte in a muffle furnace at 600 ±25°, until the test 
substance is thoroughly charred. Perform the test for 
Restdue on lanition (281) on the residue obtained, start- 
Ing with "Moisten the sample with a smali amount 
(usually 1 mL) of su (furie acld'\ 

Acceptance criteria: NMT 0.5% 




Delete the following: 

*• Heavy Metals, Method II (231): NMT 10 ppm* «>irioaii- 

(arv20l«j 

SPECIFIC TESTS 

* Acid Value 

Analysis: Accurately weigh (to within 0.1 mg) 5-1 Og of 
Poiygiyceryl 3 Diiostearate, add TO mL of alcohol and 
3 drops of phenolphthalein TS, and titrate with 0.1 N 
potassium nydroxide VS or 0,1 N sodium hydroxide VS 
until the soiution remains faintly pink after shaking for 
30 s. Fol Iow the procedures for Fats and Fixed Olls , Acid 
Value {401) to perform the caltuiation. 

Acceptance criteria: NMT 3,0 

* Fats and Fixed Oils, Hydroxyl Value (401): 180-230, de- 
termined on a 0.25-g specimen 

* JODINE VALUE 

Analysis: Accurately weigh 3 g of Poiyglyceryl 3 Diios¬ 
tearate, transfer to a dry 250-mL fiask with a ground- 
glass stopper, and add 25 mL of methylene cnloride. 
Add 20 mL of the Wijs' soiution, 2 Close the fiask, and 
keep it in the dark for T h while shaking frequently, 
Per/orm the test in Fats and Fixed Olls (401) lodine 
Value t starting with "Then add, in the order named, 

30 mL of potassium iodide TS and 100 ml of water". 
Acceptance criteria: NMT 3,0 

* Fats and Fixed Oils, Pemxide Vatue (401): NMT 6,0. Use 

30 mL of a mjxture of glaciai acetlc acid and methylene 
chloride (3:2) to replace the 30 mL of a mixture of glaciai 
acetlc acid and chloroform (3:2), 

* Fats AND FlXED Oils, Sapanificotion Volue (401): 128-160 

* Water Determination, Method i (921): NMT 0.5%, de- 

termined on a 2.0-g specimen 

ADDITIONAŁ REQUIREMENT5 

* Packaging and Storage; Preserve in tight, light-resistant 
containers, protected from heat and moisture. 


DEFINITION 

Polyisobutylene is a synthetic polymer produced by the Iow- 
temperaturę polymerization of isobutylene in Jiquid ethyl- 
ene, methylene chloride, or hexane, using an aluminum- 
chloride or boron-trifluoride catalyst, It may contain a 
suitable stabifizer, 

IDENTIFICATION 

• A, INFRARED ABSORPTION (197F) 

Analysis: Prepare the sample by dissolving it in hot tol- 
uene and evaporating on a salt piąte. 

Acceptance criteria: Meets the requirements 

IMPURITIES 

• Lead (251) 

Sample: 3.3 g 

Conlrol: 10 mL of Oiluted Standard Lead Soiution (10 pg 
of lead) 

Analysis: Transfer the Sample to a porceiain dish, and 
heat on a hot piąte until completefy charred, Then heat 
in a muffle furnace at 480* for 8 h, and cool. Cautiously 
add 5 ml of nitric acid, evaporate to dryness on a hot 
piąte, then heat again in the muffle furnace for exactly 
15 min, and cooL Extract the ash with two 1G-mL por- 
tions of water, filtering the extract into a separator. 
Leach any insoluble materiał on the filter with 6 mL of 
Ammonium C/f ratę Soiution, 2 mL of Hydroxylamine Hy¬ 
drach hride Soiution f and 5 mL of water, addinq the 
ffltered washings to the separator. To the resulting solu- 
tion and Control contrnue as directed in the chapter for 
Procedurą, beginning with "Add 2 drops of phenof red 

Acceptance criteria: NMT 3 jiq/q; the co lor generated 
by the Sample does not exceea tnat generated by the 
Controi 

SPECIFIC TESTS 

• Vl5COS!TY—CAPULARY METHODS (911) 

Solvent: Use isooctane. 

Sample soiution: Prepare a soiution of Polyisobutylene 
in the Solvent having a known concentration as Indi- 
cated in Tobie J. The soiution must be homogenous 
before testing. For the Polyisobutylene having a Sta ud- 
inger 1ndex of 100 and higher, add the Solvent to the 
weighed materiał, and aIJow it to stand in an oven at 
80° for 12-24 h, [Notę—A heated meehanical shaker 
may be used to shorten the dissolution time; it is rec- 
ommended that a gentle shaker be used to avoid shear- 
ing the polymers. Take adeguate precautions to prevent 
evaporation of the Soivent ] 


-Wijs' reagent RPE for analysis from Carl o Erba Reference 491902 H Wijs p solu- 
tion frpm www J stgmaaEdrich,com ł or equivalenL guality. 
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Tahle 1 


5tćuidinqer lndex a 

Concentration 

(g/cm*) 

25-60 

0.01 

60-100 

0.005 

100-350 

0.002 

___350-700_. 

_ asm _ 


ń The Staudinger lndex is equal to 100 Eimes the intrinsic yiscosEty, 


Analysis: Before each measurement, let the Solutions be 
temperaturę equiiibrated for 10 min, Using a suitable 
Ubbelohde capitlary viscometer having dimensions such 
that the flow time is NLT 200 s, immersed En a con¬ 
tro lled temperaturę bath, measure the flow of the Sol- 
vent and of the Sample solution at 20 D . Repeat the Anaf- 
ysis three trmes, and calcu late the average. 

Calculate the reduced viscosity: 

t - average flow time of the Sample solution (s) 

= average flow time of the Solvent (s) 

C - concentratron of the Sample solution (g/cm 3 ) 
Calculate the Staudinger lndex: 

A = y/[1 + 0.31 (t/to - 1)] 

Acceptance criteria: It is wtthrn the limits specified on 
the label. 

a Loss om Drying {731) 

Sample: 5 g 

Analysis: Dry for 2 h at 105°. 

Acceptance criteria; NMT 0.3% 

ADDSTIONAL R£QUIREMB:NT$ 

• Packaging AND STO RACE: Preserve in well-closed contain- 

ers. No storage reguirements specified. 

• Labeling: Label tt to indlcate the rangę for rntrinsic vis- 

cosity or the rangę for the Staudinger lndex, and the 
na me and guantity of any added stabilizer [Notę—T he 
Staudinger fndex is equaf to 100 times the intrinsic 
viscoslty.] 

• USP Reference Standards (11) 

USP Polyisobutylene RS 


Polypjcyll 10 Oley! EtBier 

Polyoxy-1,2-ethanediyl, a-(2)-9-octadecenyl-co-hydroxy-; 

Polyethylene glycol monooleyl ether [9004-98-2]. 

DEFtNITiON 

Polyoxy! 10 Oleyl Ether is a mixture of the mono-oleyf 
ethers of mixed polyoxy ethylene diols, the average poły- 
mer length belng equiva!ent to NLT 9.1 and NMT 10.9 
oxyethylene units. It may contain suitable stabilizers. 

IDENTIFICATION 

* A, flNFRARED ABSORPTION (197F) 

Sample: Use undried specimen. 

Acceptance criteria: Meets the reguirements 

JMPURITIES 

O Residue on Bgnition (281) 

Sample: 25 g 

Analysis: Weigh the Sample into a ta red 40-mL porce- 
lain crucibje, and heat in contact with air until it ignites 
spontaneously or can be tgnited with a glowing spfint. 
Allow the flame to go out, and place the crucible In a 
rnufffe furnace with the door partly o pen until the car- 
bon Is consumed. Close the door, and heat at 
700 ±100* for 1 h. Cool in a desiccator, weigh, and 


cafculate the percentage of residue. If it exceeds 0,4%, 
again heat until constant weight is attained. 

Acceptance criteria: NMT 0.4% 

Dełete the f&Howing: 

HEAVY Metals, Method Ił {231); NMT 20 pg/g* * (OFtidaii- 

Isn-ZOTS) 

a Free Polyethylene Clycols 

Sample solution: Transfer 12 g to a 500-mL separator 
containing 50 mL of ethyf acetate. Add 50 ml of so 
dium chforide solution (0.29 g/mL), shake vigorously for 
2 min, and allow to sępa ratę for 15 min. Drain the 
lower, aąueous phase into a second 500-mL separator, 
and extract the upper layer with a second 50-mL por- 
tion of sodium chloride solution (0.29 g/mL). To tne 
combined aqueous layers add 50 mL of ethyl acetate, 
shake vigorously for 2 min, and allow to separate as 
before. Drain the lower, aqueous phase into a third 
500-mL separator, and extract with two 50-mL portions 
of chloroform by shaklng for 2 min each time. 

Analysis: Evaporate the combi ned chloroform extracts 
in a 150-mL beaker on a steam bath, with the aid of a 
stream of nitrogen, to apparent dryness. Redissolve in 
15 mL of chloroform, and transfer to a fil ter, collecting 
the filtrate in a 150-mL beaker, Rinse the funnel with 
several smali portions of chloroform, and evaporafe the 
combined filtrate and rinsings, as described above, until 
no odor of chloroform or etnyl acetate is perceptible. 
Cool in a desiccator, and weigh. 

Acceptance criteria: NMT 7.5% 

« Free Ethylene Oxide 

Internal standard solution: 100 mg/mL of n-butyl 
chloride in chlorobenzene. Storę in a tightly closed Con¬ 
tainer. Prepare fresh weekty. 

Standard stock solution 

[Cauuon—E thylene oxide is toxic and flammable. Prepare 
this solution in a weil-ventilated hood, using great care.] 
Place 250 mL of chlorobenzene In a glass-stoppered 
500-mL conical fiask. Bubble ethylene oxide through 
the chlorobenzene at a moderate ratę for 30 min, in¬ 
sert the stopper, and storę with protection from heat. 
Pipet 25 mL of 0.5 N alcohofic hydrochioric add solu¬ 
tion, prepared by mixing 45 mL of hydrochioric acid 
with 1 L of alcohol, into a 500-mL conical fiask con- 
taining 40 g of magnesium chloride hexahydrate. 

Shake the mixture to effect saturation. Pipet 10 mL of 
the ethylene oxide solution Into the fiask, and add 
20 drops of bromocresol green TS. If the solution is 
not yeflow (acid) at this point, add an additiona! vol- 
ume of 0.5 N alcoholic hydrochioric acid to give an 
excess of 10 mL. Record the to tal volume of 0.5 N 
alcoholic hydrochioric acid added. insert the stopper 
in the ftask, and allow to stand for 30 min. Titrate the 
excess add with 0.5 N alcoholic potassium hydroxide 
VS. Perform a blank titration, using 10,0 mL of chforo- 
benzene Enstead of ethylene oxide solution, adding the 
same totaf volume of 0,5 N alcoholic hydrochioric 
acid, and notę the difference in yolumes required. 

Each mL of the difference in volumes of 0.5 N aico- 
holic potassium hydroxide consumed is equivaient to 
22.02 mg of ethylene oxide. Calculate the concentra- 
tion, in mg/mL, of ethylene oxide m the Standard 
stock solution. Standardize daily. 

Standard solution: Transfer 5 g of Polyoxyl 10 Oleyl 
Ether to a suitable glass bottle of 60-mL ca pad ty, and 
add 10 mL of chlorobenzene, exactly 50 pT of Internal 
standard solution, and a volume of Standard stock solu¬ 
tion containing 0.5 mg of ethylene oxide. Insert a mag- 
netic stirring bar, cap the bottle tightly, and stir until 
homogeneity is attained, 

Sample solution: Transfer 5 g of PoSyoxyl 10 Oleyl 
Ether to a suitable glass bottle of 60-mL capacity, and 
add 10 mL of chlorobenzene and 50 pi of Internal stan - 
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dard solution. Add a volume of chlorobenzene equal tc 
the vofume of the Standard stock sofution added to pre- 
are the Standard solution , Insert a magnetic stirring 
ar, cap the bottle tightly, and stir untif homogeneity is 
attained. 

Interference check solution: Transfer 5 g of Polyoxy! 

10 Oleyf Ether to a suitable qlass bottle of 60-mL ca- 
paclty, and add 10 ml of chlorobenzene. Add a vo!ume 
of chlorobenzene equal to the vo!ume of the Standard 
stock solution used to prepare the Standard solution . In- 
sert a magnetic stirring bar, cap the bottle tightly, and 
stir untii homogeneity is attained. 

Chrornatographic system 
(See Chromo tog ropny (621), System SuitaMity.) 

Modę: GC 

Detector: Flame ionization 

Column; 3-mm (OD) x 1,8-m stainless Steel packed 
with S3 
Temperatures 
Injection port: 210° 

Detector: 230° 

Column: 160° 

Carrier gas: Helium 
Flow ratę: 66 mL/min 
injection volume: 2pL 
System suitability 

Sampies: Chlorobenzene, internol standard solution. 
Standard stock solution , and Interference check solution 
Interference check: Inject a suitabie volume of chioro- 
benzene into the gas chromatograph, and allow the 
chromatogram to run untii the solvent has eluted. 
Similarly inject and chromatograph the internol stan¬ 
dard solution , the Standard stock solution, and the Inter¬ 
ference check solution . No interfering peaks are 
observed. 

Analysis 

Sampies: Standard sofution and Sample solution 
Calcufate the weight of ethylene oxide in the portion 
of sample taken: 

W T = (144 x Wu x Ra)/[(Wu x R s ) - (144 X R 0 )] x F 

We - weight of ethylene oxide added to the 
Standard sofution (mg) 

Wu - weight of Polyoxyl 10 Oleyl Ether used to 
prepare the Sample solution (g) 

Ru = peak area ratio of ethylene oxide to the 
interna! standard for the Sample solution 
/?5 = peak area ratio of ethylene oxide to the 

interna] standard for the Standard solution 
W$ - weight of Polyoxyl 10 Oleyl Ether used to 
prepare the Standard solution (g) 

F - unit conversion, mg to g (10- 3 ) 

Cafculate the percentage of ethylene oxide in the 
portion of Polyoxyl 10 Oleyl Ether taken: 

Result - (Wj/Wu) x 100 

W T and Wu are as defined above. 

Acceptance criteria: NMT 0.01% 

SPIĘCI FIC TESTS 

* Watek Determination, Method I (921): NMT 3.0% 

» Fats and FlXED Oils, Add Value (401): NMT 1.0. 

e Fats and Fixed Oi is, Hydroxyl Value (401): 75-95 

* Fats and Fixed Oils, lodine Vaiue, Method I (401) 

Sample: 550 mg 

Analysis: Proceed as directed in the chapter, with the 
reactlon time being extended to 60 min, 

Acceptance criteria: 23—40 

e Fats and Fixed Oils, Saponification 1 /alue (401): NMT 3 
9 AVERAGE POLYMER LENGTH 

Sample solution: If solid materiał is present, place the 
Po3yoxyl 10 Oleyf Ether in a 60° water bath overniqht 
Shake vigorously to eliminate any possibility of moTecu- 


lar weight gradients within it, Add 1 ml of the melt to 
1 mLof deuterated chloroform in a test tubę, and shake 
the test tubę untii dissolution is complete. Transfer 
0.5 ml to an NMR tubę, and add a smal! amount of 
tetramethylsrlane as an interna! reference standard. Cap 
the tubę tightly, and shake thoroughły. 

Analysis: Place the tubę in an NMR spectrometer that is 
capable of performing quantitative analysis, and record 
the NMR spectrum (see Nuclear Magnetic Resonance 
Spectroscopy (761), Quan t/f o tive Applications ). I n te g ra t e 
the areas from 0.4 to 2.35 ppm (4i), and from 2.35 to 
4.9 ppm (A 2 ), 

Calculate the number of oxyethylene units per molecule 
taken: 

Result - [(31 x ArfAi) - 3]/4 

31 = total number of protons in the molecule not 

actjvated by either oxygen or a double band 

3 - number of oxygen-activated protons not 

included 3n the oxyethylene unit count 

4 - number of protons in each oxyethylene unit 
Acceptance criteria: 9.1-10.9 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight contalners, 
and storę in a cool place. 

« Labeling: Label to indicate the names and proportions of 
any added stabilizers. 

* USP Reference Standards (11) 

USP Polyoxyl 10 Oleyl Ether R5 


Polyoxya 15 Hydroxystearate _ 

12-Hydroxyoctadecanoic add polymer with ot-hydro-o)- 
hydroxy pofy(oxy-1,2-ethan ediy I); 

Polyethylene glycol 15 hydroxystearate [70142-34-6]. 

DEFINITION 

Polyoxyl 15 Hydroxystearate results from the reaction of 
about 15 moles of ethylene oxide with 1 mole of 
12-hydroxystearic acid, The product consists mainly of 
12~hydroxystearic acid polyethoxylated at both the car- 
boxyl and the hydroxyl groups with polyethylene glycol. 

It contains free polyethylene glycols. 

IDENTBF9CATION 

« A. INFRARED Absorptson (197F): If the sampie Is solid or 
too viscous for thln film formation, the sample should be 
gently warmed to achfeve a mobile fiquid, which may 
then be used to prepare the thin film. 

9 B. Thin Layer Chromatographic Identification Test 

( 201 ) 

Sample solution: To 1.0 g of Polyoxy] 15 Hydroxys- 
tearate add 100 ml_ of a 1 00-mg/mL solution of potas- 
srum hydroxlde, and boil under a reflux condenser for 
30 min. Acidify the warm sofution with 20 mL of hydro- 
chloric acid, and cool to room temperaturę. Shake the 
mixture with 50 mL of ether, and allow to stand untif a 
separation of the layers is visible. Separate the elear up- 
per layer, add 5 g of anhydrous sodium sulfate, wait for 
30 min, filter, and evaporate to dryness on a water 
bath, Dissofve 50 mg of the residue in 25 ml of ether. 
Standard solution: 2 mg/mL of USP 12-Hydroxystearic 
Acid RS in methylene chTorrde 

Platę: Octadecyfsilyl silica gel for chromatography as 
the coatlng substance 
Application volume: 2 pL 

Developing solvent system: Acetone, methylene chio- 
ride, and glacial acetic acid (50:10:40) 

Spray reagent: Prepare a solution of 80 mg/mL of 
phosphomolybdic add in 2-propanol. 
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Analysis: Proceed as directed in the chapter. Devetop 
over two-thirds of the piąte, and dry in a current of 
cold air. Then spray the piąte with Spray reagent , beat 
the piąte at 120° for 1-2 min, and focate the spots on 
the piąte. 

Acceptance critena: The R F value and tolor of the Prin¬ 
cipal spot of the Sample salut fan correspond to those of 
the Standard solution , 

• C It meets the requirements of Lhe test for Free Polyethyi- 

ene C lycols. 

COMPOSmON 

* Free Polvethyłine Glycols 

Mobile phase: Methanol and water (8:2) 

Standard solution A: 1.6 mg/mL of USP Polyethylene 
Glycol 1000 RS fn Mobile phase 

Standard sofution B: 0,8 mg/mL of USP Polyethylene 
Glycol 1000 RS in Mobife phase t diluted from Standard 
solution A in Mobile phase 

Sample solution: 4.8 mg/mL of Polyoxyl 15 Hydroxy~ 
stearate in Mobile phase 

Cbromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 

Columns: 7.8-mm x 30-cm analyticaf column; 6-pm 
packing L39 and a 12-nm porę size; two 4-mm x 
12.5-tm precolumns; 5-pm packing U and a 10-nm 
porę size. 

Connect both precolumns to the analyticaJ column us- 
ing a 3-way valve, and switch the Mobile phase flow 
according to the following program. [NOTĘ— Shown 
in Figurę 1 , the analysis is started with precolumn 2 
and an anatytical column in senes. After about 114 s, 
the valves, controlfed by the detector program, 
switch over such that the eluent flows past precoi- 
umn 2, and direct to precolumn 1 and the analydcal 
column. The columns are switched when the compo- 
nents to be determined, but not the interfering ma- 
trix, are ready to reach the analytical column, Simul- 
taneously, precolumn 2 is washed out in the reverse 
direction by a second pump to remove the unwanted 
matrix components.] 


Time 

Program 

0-114 

Precolumn 2 and analytical column 

115-end 

Precolumn 1 and analytical column 

115-420 

Reverse flow of precolumn 2 


Temperaturę 

Coiumn: Room temperaturę 
Detector: Room temperaturę 
Ffow ratę: 1,1 mL/min 
Injection size: 50 pL 
System suitability 
Sample: Standard solution A 
Suitability reguirements 
Refathre standard devlation: NMT 3,0% 

Analysis 

Samples: Standard solution Ą Standard solution B t and 
Sample solution 

Calculate the percentage of polyethylene glycols in the 
portion of Pofyoxyl 15 Hydroxystearate taken: 

Result — 2 x (Cs/Cu)[ru/Cr S i + 2rs2)] x 100 

Q - concentration of USP Polyethylene Glycol 
1000 RS in Standard sofution A (mg/mL) 

Cu = concentration of Polyoxyl 1 5 Hydroxystearate 
in the Sample solution (mg/mL) 
fu - peak response of polyethylene glycol from the 
Sample solution 


r S i = peak response of polyethylene glycol 1000 
from Standard solution A 

r $2 - peak response of polyethylene glycol 1000 

from Standard solution Ś 

Acceptance criteria: 27.0%-39.0% of free polyethylene 

glycols 


iMpunmES 

Inorganic Impurities 

* Artkles of Botanical Origin, Total Ash ( 561 ): NMT 

03%, deteimmed on 1,0 g 

* Limit df Nickel 

[Cautiok—W hen using closed high-pressure digestion ves* 
sels and mrcrowave la bo rato ry egufpment, the safety pre- 
cautions and operatina instructions given by the manufac- 
turer must be followed.] 

[Notę—I f an alternative apparatus is used, adjustment of 
the instrument parameters may be necessary.] 

Nickel standard stock solution: Di lute nickel standard 
solution TS two-fold with water. This solution contains 
the equivaient of 5 pg/ml of nickel. 

Standard Solutions: Transfer 25, 50, 75, and 100pL of 
Nickel standard stock solution to four identical 25-mL 
volumetric flasks, To each fiask add 0,5 mL of a 
10-mg/mL solution of magnesium nitrate, 0.5 mL of a 
100-mg/mL solution of mon o ba sic ammonium phos- 
phate, and 6.0 mL of nickel-free nitric add, dilute with 
water to voiume, and mix welL [NOTi—Content of 
nickel in the nickel-free nitric add is NMT 0.005 ppm J 
The Standard Solutions contain 0.005, 0.01, 0.015, and 
0.02 pg/mL of nickel, respectively. 

Sample sofution: Transfer about 250 mg of Pofyoxyl 
15 Hydroxystearate to a suitable high-pressure-resistant 
digestion vessel (fluoropolymer or quartz glass), and 
add 6.0 ml of nickel-free nitric add and 2.0 mL of 30% 
hydrogen peroxide. Place the closed vessel in a labora- 
tory microwave oven, and digest using an appropriate 
program, e.g,, 1000 W for 40 min. AlTow the digestion 
vessel to coof down before opening, Add 2.0 mL of 
30% hydrogen peroxide, and repeat the digestion 
step. Allow the digestion vessel to cool down before 
opening. Quantitatively transfer to a 25-mL volumetric 
fiask, add 0.5 ml of a 10-mg/mL solution of magne¬ 
sium nitrate and 0,5 mL of a 100-mq/mL solution of 
monobasic ammonium phosphate, dilute with water to 
volume, and mix well. 

Blank solution: Place 6.0 mL of nickel-free nitric add 
and 2.0 mL of 30% hydrogen peroxide in a suitable 
high-pressure-resistant digestion vessel. Proceed as di¬ 
rected under Sample solution , beginning with "Place 
the closed vessel in a laboratory rmcrowave oven, and 
digest using an appropriate program, e.g., 1000 W for 
40 min." 

Zero solution: In a 50-mL vo!umetric fiask, introduce 
1.0 mL of a 10-mg/mL solution of magnesium nitrate, 

1.0 mL of a 100-mg/mL solution of monobasic ammo¬ 
nium phosphate, and 12.0mL of nickel-free nitric acid. 
Dilute with water to volume, and mix well, 
Spectrometric conditions 

(See Atomie Absorption Spectroscopy (852).) 

Modę: Graphite furnace atomie absorption spectro- 
photometer equipped with a background compensa- 
tlon system, a coated tubę resistant to pyrolysis, and 
a nickel hollow-cathode lamp. 

Anafytkal wavelength: Nickel emission linę of 232.0 
nm 

Temperaturę: Maintain the dry ing temperaturę of 
the furnace at 120° for 35 s after a 5-s ramp; main¬ 
tain the ash ing temperaturę at 1100 Q for 10 s after a 
30-s ramp; maintain the cool ing temperaturę at 800° 
for 5 s after a 5-s decrease; ano maintain the atomi- 
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Figurę 1. Apparatus 


zation temperaturę at 2600° for 7 s. [NoTE—The tem¬ 
peraturę program may be modified to obtain opti¬ 
mum fu mace temperatures,] 

Analysis 

Samples: Standard Solutions, Sampte solu don, and 
Blank sotution 

Concomitantly determine the absorbances of the 
Samples usinq the Spectrometric conditions described 
above. Use the Zero solution to set the instrument to 
zero. Plot the absorbances of the Standard Solutions 
versus the concentration, in pp/mL, of nickel, and 
draw the straight Itne best fitting the plotted polnts, 
From the grapn so obtained, determine the concen¬ 
tration, C T , in pg/mL, of nickel in the Somple solu¬ 
tion, and determine the concentration, C 0 , in pg/mL, 
of nickel in the Blank solution l If necessary, dilute 
with the Zero solution to obtain a reading within the 
cafibrated absorbance rangę. 

Calculate the quantity, in \ig, of nickel in each g of 
Polyoxyl 15 Hydroxystearate taken: 

Result = V x (C T - C 6 )/W 

V = volume of the Sample solution and the Blank 
solution, 25 mL 

W = weight of Polyoxyi 15 Hydroxystearate taken 
to prepare the Somple solution (g) 


Acceptance critena: NMT 1 pg/g of nickel 

Organie Impurities 

* Procedurę: Limit of Free Ethylene Oxioe and Dioxane 
[Caution —Ethylene oxide is toxic and fiammable, Prepare 
these Solutions in a welhventilated fu me hood, using 
great care, Protect both hands and face by wearing poły- 
ethylene protective gloves and an appropriate face mask. 
Storę al) Solutions in hermetic containers, and refrigerate 
at a temperatura between 4° and 
[NOTĘ—Before using the polyethylene glycol 200 in this 
test, remove any votati!e components from it by placing 
500 mL of polyethylene glycol 200 in a 1000-mL 
round-bottom fiask, attaching the fiask to a rotary evap- 
orator maintained at a temperaturę of 60 D and under a 
vacuum of 10-20 mm Hg for 6 h.] 

Acetaldehyde solution: 10 pg/mL of acetaldehyde. 
[Notę—P repare the Acetaldehyde solution immediately 
prior to use.1 

Ethylene oxide stock solution: Fili a chilled pressure 
bottle with liquid ethylene Gxide, and storę in a freezer 
when not in use. Use a smali piece of polyethylene film 
to protect the llquid from contact with the rubber gas- 
ket. Tarę a glass-stoppered conical fiask, add about 
50 mL of polyethylene glycol 200, and reweigh the 
fiask. Transfer about 5 mL of the liquid ethylene oxide 
to a 100-mL beaker chilled in a mixture of sodium 
chloride and ice (1:3). Using a gas-tight syringe that 
has been previously cooled to -10*, transfer about 
300 pL (eorresponding to about 250 mg) of !iquid eth* 
ylene oxide to the polyethylene glycol 200, and świr! 
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gently to miK. Replace the stopper, reweigh the fiask, 
and determine the amount of ethylene oxide absorbed 
by weight difference. Adjust the weight of the mixture 
with polyethylene glycoi 200 to 100.0 g, replace the 
stopper, and swirl gently to mix. This stock solution 
contains about 2,5 mg/g of ethylene oxide. [NOTĘ— 
Prepare this stock sofution immediately prior to use, 
and storę in a refrigerator.] 

Ethylene oxide solution: Tarę a glass-stoppered Garn¬ 
ca! fiask, and chill it in a refrigerator. Add about 35 mL 
of polyethylene glycoi 200, and reweigh the fiask. Us- 
ing a gas-tight gas chromatographic syringe that has 
been chilled in a refrigerator, transfer about 1 g of the 
chilled Ethylene oxide stock solution, weighed, to the 
ta red, conical fiask, Adjust the weight of the solution 
with polyethylene glycoi 200 to 50.0 g, replace the 
stopper, and swirl gently to mix. Transfer about 10 g of 
this solution, weighed, to a 50-mL volumetric fiask. 

Add 30 mL of water, and mix. Dllute with water to 
volume, and mix to obtain a solution containlng about 
1 0 pg/mL of ethylene oxide, [Notę —Prepare this solu- 
tion immediately prior to use, and use directly after 
p repa ratio n.J 

Dioxane solution: 500 jig/mt of dioxane 
Standard solution A: Transfer 0.1 mL of Ethylene oxide 
solution to a 10-mL pressure headspace vial. [Nott— 
Other sizes may be used depending on the operat ing 
conditions, however, the same size must be used for 
Standard solution A, Standard solution B, and the Sample 
solution J Add OT mL of Acetaldehyde solution and 
OT mL of Dioxane solution, seai the vial, and mtx. 
Standard solution B: Transfer about 1.0 g of Polyoxyl 
15 Hydroxystearate to another 10-mL pressure head¬ 
space vial, add OT ml of Ethylene oxide solution, OT mL 
of Dioxane solution, and 1.0 ml of N,A/-dimethylaceta- 
mide. Seal the viai, and mix, 

Sample solution: Transfer about 1.0 a of Polyoxyl 15 
Hydroxystearate to a 10-mL pressure neadspace vial, 
add 1.0 mL of-N,N-dimethylacetamide and 0,2 mL of 
water, seal the viai, and mu. 

Chromatographic system 

(See Chmmatography (62 1), System Suitobility.) 

[NOTĘ—The use of a headspace apparatus that auto- 
matically transfers a measured amount of headspace 
ls aflowed.] 

Modę: GC 

Detector: Flame ionization 

Column: 0.32-mm x 30-m glass or guartz capillary; 

1.0-pm layer of phase G1 
Temperaturę 
Injector port: 150° 

Detector: 250 D 

Cofumn: See the temperaturę program table below. 


Initial 

Temperatura 

m 

Temperaturę 

Ramp 

(7min) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

50 


50 

5 

50 

5 

160 


ISO 

30 

230 

_ 

230 

_ 

230 

5 


Carrier gas: Helium 
Linear velocity: 20 cm/s 
injection size: 1 ml (the gaseous headspace) 
Injection type: Split ratio 20:1 
[Notę—I f the headspace apparatus is used, then an 
injection time of 12 s and a transfer linę tempera¬ 
turę of 150 s are reeommended,] 


Headspace sampler: Each vial is heated at a temper¬ 
aturę of 90° for 45 min, before a suitable portion of 
its headspace is injected. 

System suita bil iły 
Sample: Standard solution A 
[Notę—T he relative retention times for acetaldehyde 
and ethylene oxtde are 0.94 and 1.0, respectively.] 
Suitabiiity reguirements 

Resolution: NLT 2,0 between acetaldehyde and eth¬ 
ylene oxide 

Signal-to-noise ratio: NLT 5, determined from the 
dioxane peak 

Retative standard deviatton: NMT 15% 

Analysis 

Sam pies: Standard sofution B and Sample solution 
Usincj a heated, gas-tight, gas chromatographic sy- 
ringe, separately inject eguai volumes of the gaseous 
headspace of the Somples into the chromatograph, 
record the chromatograms, and measure the areas 
for the major peaks; the mean areas of the ethylene 
oxide and dioxane peaks from the Sample solution are 
not greater than half the mean areas of the corre- 
sponding peaks from Standard solution B. 

Calculate the content of ethylene oxide, in ppm, in 
the portion of Polyoxyl 15 Hydroxystearate taken: 

Result = (Ac x ru)/[(r s x Wij) - (r u x W 5 )] 

A E = quantity of ethylene oxrde added to Standard 
solution B (pg) 

ru - ethylene oxide peak response from the 
Sample solution 

rs = ethylene oxide peak response from Standard 
solution B 

Wu = weight of test substance taken to prepare the 
Sample solution (g) 

Ws = weight of test substance taken to prepare 
Standard solution B (g) 

Calculate the content of dioxane, in ppm, In the 
portion of Polyoxyl 15 Hydroxystearate taken: 

Result = (Ap x ru)/[(r s x Wu) - (r y x W$)J 

A d = guantity of dioxane added to Standard 
solution B (pg) 

r u = dioxane peak response from the Sample 
solution 

r s = dioxane peak response from Stondord sofution 
B 

Wu - weight of test substance taken to prepare the 
Sample solution (g) 

Ws - weight of test substance taken to prepare 
Standard solution B (g) 

Acceptance criteria 
Ethylene oxide: NMT 1 ppm 
Dioxane: NMT 50 ppm 

SPEClFfC TESTS 

* Fats and Fixed Oils, Add Value (401): NMT 1 ,0, deter¬ 
mined on 2.0 g 

* Fats and Fiked Oils, Hydroxyf Value (401): 90-110 

* Fats and Fixed Oils, lodine mlue , Method I (401): NMT 

2.0 

* Fats and Fixed Oils, Peroxide Value (401): NMT 5.0 

* Fats and Fixed Oils, Saponifkation Value (401): 53-63 

* Water Determination, Method la (921): NMT 1.0%, de¬ 

termined on 2.0 g 

ADDITIONAL REQUIREM ENTS 

* Packaging and Storage: Preserve in tight containers at a 

temperaturę below 25 q . 
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• usp reference standards (11 ) 

USP 12-Hydroxystearic Acid RS 
USP Polyethylene Clycol 1000 RS 
USP Polyoxy! 15 Hyaroxystearate RS 


Polyoxyl 20 Cetostearyl Ether 

DEHNfTION 

Polyoxyl 20 Cetostearyl Ether is a mixture of mono-cetostea- 
ryl (mixed hexadecyl and octadecyl) ethers of mixed poły- 
oxyethylene diols, the average pofymer length belng 
equivalent to NLT 17.2 and NMT 25.0 oxyethylene units, 

IDENTIFICATION 

• A, Infrared Absgrptjon (197F): Use undrted specimen, 

IMPURITIES 

• Residue on Hgnuion <281) 

Sample: 25 g 

Analysis: Weigh the Sample into a tared 40-mL poree- 
laln crucible, and heat in contact with air until it ignites 
spontaneously or can be ignited with a glowing splint. 
Allow the flame to go out, place the crudble in a muf- 
fle fu mace with the door partly open until the carbon is 
consumed, close the door, and heat at 700 ± 100 c for 1 
h, Cool in a desiccator, weigh, and calculate the per- 
centage of residue. If the amcunt so obtained exceeds 
0.4%, heat again until constant weight is attained, 

Acceptance cnteria: NMT 0,4% 

Detete the fotlowtng: 

•• Heaw Metals, Method II <231): NMT 20 4 g/g# (Offklai I- 

^n- 2016 ) 

• FREE POLYETHYLENE CLYCOLS 

Sample solution: Transfer 12 g to a 500-mL separator 
containing 50 mL of ethyl acetate, Add 50 mL of so- 
dtum chloride solution (0,29 g/ml), shake vlejorously for 
2 mfn, and allow to separate for 15 min, Drain the 
lower, aąueous phase into a second 500-mL separator, 
and extract the upper layer with a second 50-mL por- 
tlon of sodium chloride solution {0,29 g/mL), To the 
combined agueous layers, add 50 mL of ethyl acetate, 
shake vigorously for 2 min, and allow to separate as 
before, Drain the lower, aqueous phase into a third 
500-mL separator, and extract with two 50-mL portions 
of chloroform by shaking for 2 min each time. 

Analysis: Evaporate the combined chloroform extract$ 

In a 150-mL beaker on a steam bath, with the aid of a 
stream of nitrogen, to apparent dryness. Redissolve in 
15 mL of chloroform, and transfer to a fliter, collecting 
the filtrate in a 150-mL beaker, Rinse the funnel with 
se^eral smali portions of chloroform, and evaporate the 
combined filtrate and rinsings, as described above, until 
no odor of chloroform or ethyl acetate is perceptible. 
Cool in a desiccator, and weigh. 

Acceptance criteria: NMT 7,5% 

• Free ethylene Oxide 

Internai standard solution: 100 mg/mL of n-butyl 
chloride En chlorobenzene. Storę in a tightly dosed Con¬ 
tainer. Prepare fresh weekly. 

Standard stock solution 

[Caution —Ethylene oxide is toxic and flammable, Prepare 
this solution En a wellwentilated hood, using great care,] 
Płace 250 mL of chlorobenzene in a glass-stoppered, 
500-mL conical fiask. Bubble ethylene oxide through 
the chlorobenzene at a moderate ratę for 30 min, in¬ 
sert the stopper, and storę with protection from heat. 
Pipet 25 mL of a 0,5 N akoholic hydrochloric acid so¬ 
lution, prepared by mixing 45 mL of hydrochlonc acid 
with 1 L or alcohol, into a 500-mL conical fiask eon- 


taining 40 g of magnesium chloride hexahydrate. 
Shake the mixture to effect saturation. Pipet 10 mL of 
the ethylene oxide solution into the fiask, and add 
20 drops of bromocresol green T5, If the solution is 
not yellow (acid) at this point, add an additrona! voL 
ume of 0.5 U alcoholic hydrochloric acid to give an 
excess of 10 ml, Record the to tal volume of 0.5 N 
alcoholic hydrochloric acid added. Insert the stopper 
in the fiask, and allow to stand for 30 min, Ti tratę the 
exce$s acid with 0.5 N alcoholic potassium hydroxide 
VS. 

Perform a blank titration, using 10.0 mL of chloroben¬ 
zene instead of ethylene oxide solution, addino the 
same total volume of 0.5 N alcoholic hydrochloric 
add, and notę the difference in vo!umes required. 

Each mL of the difference in volumes of 0.5 N alco- 
holic potassium hydroxide consumed is equrvalent to 
22,02 mg of ethylene oxide, Calculate the concentra- 
tion, in mg/mL, of ethylene oxide in the Standard 
stock solution . Standardize daily. 

Standard solution: Transfer 5 g of Polyoxy! 20 Ceto- 
stearyl Ether to a suitable glass bottle of 60-mL capac- 
ity, Add ] 0 ml of chlorobenzene, exactly 50 pL of Inter¬ 
nal standard solution , and a vo!ume of Standard stock 
solution containing 0.5 mg of ethylene oxide. Insert a 
magnetic stirring bar, cap the bottle tightly, and stir 
until homogeneity is attained. 

Sample solution: Transfer 5 g of Polyoxyl 20 Cetostea¬ 
ryl Ether to a suitable glass bottle of 60-mL capacity. 
Add 10 mL of chlorobenzene and 50 pi of fntemal stan¬ 
dard solution. Add a volume of chlorobenzene equa! to 
the volume of the Standard stock solution added to pre- 
are the Standard solution , Insert a magnetic sfirring 
ar, cap the bottle tightly, and stir until homogeneity is 
attained, 

Interference check solution: Transfer 5 g of Polyoxy! 

20 Cetostearyl Ether to a suitable glass bottle of 60-mL 
capacity, and add 10 mL of chlorobenzene. Add an ad- 
ditlonaf volume of chlorobenzene equal to the vo!ume 
of the Standard stock solution used to prepare the Stan- 
dard solution , Insert a magnetic stirrlng bar, cap the 
bottle tightly, and stir untfl homogeneity Is attained. 
Chromatographic system 
(See Chromatograpny (62 1), System Suitabifity.) 

Modę: GC 

Detector: Flame ionization 

Column: 3-mm (OD) x 1.8-m stainless Steel packed 
with $3 
Temperatures 
Injection port: 210° 

Detector: 230° 

Column: 160* 

Carrier gas: Helium 
Flow ratę: 66 m L/min 
Injection volume: 2 4 L 
System suitability 

Sam pies: Chlorobenzene, Intemal standard solution , 
Standard stock solution, and Interference check solution 
Interference check: Inject a suitable volume of chloro¬ 
benzene, and allow the chromatogram to run until the 
so!vent has eluted. SimNarly inject the Internat standard 
solution, Standard stock solution, and Interference check 
solution. No mterferlng peaks are observed. 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the weight of ethylene oxide in the portion 
of the sample taken: 

W T -= (W E x W u x Ru)/[(Wu xR s )-(W,x RJ)] x F 

Wt = weight of ethylene oxide added to the 
Standard solution (mg) 

W u = weight of Polyoxyl 20 Cetostearyl Ether used 
to prepare tne Sample solution (g) 
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Ru - peak area ratio of ethylene oxide to the 

internat standard from the Sample solution 
R s = peak area ratio of ethylene oxide to the 

internat standard from the Standard solution 
= weight of Polyoxyl 20 Cetostearyl Ether used 
to prepare tne Standard solution (g) 

F - unit conversion, mg to g (TO- 1 ) 

Calculate the percentage of ethylene oxide in the 
portion of Polyoxyl 20 Cetostearyl Ether taken: 

Result = ( Wj/Wu )x 100 

Wj and Wu are as defined above. 

Acceptance criteria: NMT 0*01% 

SPECIFIC TESTS 

* FATS and Fixid 0IL5, Add Value (401): NMT 0*5 

* Fats and Fixed Oils, Hydroxyl Value (401): 42-60 

* Fats and Fixed Oils, Saponification Value (401): NMT 2 

* pH (791) 

Sample solution: 100 mg/mL 
Acceptance criteria: 4.5-7*5 

* Water Determination, Method I (921): NMT 1.0% 

* AVERAGE POLYMER LENGTH 

Sample solution: Place the Polyoxyl 20 Cetostearyl 
Ether in a 50° water bath overnight to melt it com- 
pletely. Shake vigorously to eliminate any possibility of 
molecular weight gradients within \i t and transfer 
200 pL to a 5- x 180-mm high-resolution NMR sample 
tubę. Add 200 tiL of deuterated chloroform by means 
of a separate microsynnge. Add 5 drops of tetramethyh 
stlane as an rnternal reference standard. Cap the tubę 
tightly, and shake thoroughly. 

Analysis: Place the tubę in tne NMR spectra me ter, and 
record the NMR spectrum at an appropriate RF power 
level and a sweep time of 250 s/500 Ftz (see Nudear 
Magnetic Resonance Spectroscopy (761), Qualitative Appli¬ 
cations ). Adjust the spectrum amplitudę so that the 
signal at 1.1 ppm is at least 80% of fuli scalę. Record 
the Integral areas, from 0.4 to 2.35 ppm (Ai), and from 
2.35 to 4.9 ppm (A 2 ), at a sweep tlme of 50 s/500 Hz 
at an integral power leve! such that the integral of the 
ethylene oxide peak at 3*5 ppm is at least 80% of fuli 
chart height Do not change the power level durrng the 
sweep. Record the integral of each peak several times, 
and calculate the average integral area. 

Calculate the number of oxyethylene units per molecule 
taken: 

Result = [(32 x Aa/Ai) - 3]/4 

32 - total number of protons in the molecule not 

activated by oxygen, averaged for the cetyl 
and stearyl radkals 

3 = number of oxygen-activated protons not 

inciuded in the oxyethylene unit count 

4 - number of protons in each oxyethyfene unit 
Acceptance criteria: 17.2-25.0 

ADD1TIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers, in 

a cool place. 

* USP Reference Standarps (11 ) 

USP Polyoxyl 20 Cetostearyl Ether RS 


Pollyoxyl 35 Castor Oil 

DEFINITION 

Polyoxyl 35 Castor Oi! contains mainfy the tri-ricinoleate es- 
ter of ethoxylated glycerol, with smalfer amounts of poły- 


ethylene glycol ricinoleate and the correspondlng free gly- 
cols. IL results from the reaction of glycerol ricinoleate 
with 35 moles of ethylene oxide. 

IDENTIFICATION 

* A. INFRARED ABSORPTłON (197F) 

e B. 

Sample: 0.1 g 

Analysis: Dissolve the Sample in lOmLof alcoholic po- 
tassium hydroxide TS, boil for 3 min, and evaporate to 
dryness. Mix the residue with 5 mL of water. 

Acceptance criteria: The residue dissolves, yielding a 
elear solution. Add a few drops of glacial acetic acid. A 
white precipitate is formed* 

* C. 

Sample solution: 1 in 20 

Analysis: Add bromine TS dropwise to the Sample 
solution. 

Acceptance criteria: The bromine is decoforized* 

IMPURITIES 

* Residue on Ignition (281): NMT 0.3% 


Delete the fotlowing: 

•* HEAVY METALS, Method II (231): NMT 1 0 pg/g# t- 

|arv.201B) 

SPECIFIC TESTS 

« SPECIFIC GRAVITV (841): 1.05-1.06 

* Viscosity—Capillary Methods (911): 600-850 centi- 

poises at 25°, using a capillary viscometer 

* Fats and Fixed Oils, Ada Value (401): NMT 2.0 

* Fats AND Fixed Oils, Hydroxyl Vatue (401): 65-80 

* Fats and Fixed Oils, lodine Value{4 01): 25-35 

* Fats and Fixed Oils, Saponification Value (401): 60-75 

* Water Determination, Method I (921): NMT 3.0% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers* 

* USP Reference Standards (11) 

USP Polyoxyl 35 Castor Oil RS 


PolyoxyB 40 Hydrogenated Castor Oil 

DEFINITION 

Polyoxyl 40 Hydrogenated Castor Oli contains mainly the 
tri-hydroxystearatę ester of ethoxylated glycerol, with 
smafler amounts of polyethyfene glycol tri-hydroxystearate 
and of the corresponding free glycols* tt results from the 
reaction of glycerol tri-hydroxystearate with 40^15 moles 
of ethylene oxide. 

IDENTIFICATION 

* A. 

Sample: 0.1 g 

Analysis: Dissolve the Sample in 1 mL of water, add 
9 mL of sodium chloride solution (50 mg/mL), and heat 
in a water bath* 

Acceptance criteria: The solution becomes turbkf at 
70 a -85** 

* B* 

Sample: 0*1 g 

Analysis: DissoJve the Sample In 10 mL of alcoholic po- 
tassium hydroxide TS, boil for 3 min, and evaporate to 
dryness. Mix the residue with 5 mL of water* 

Acceptance criteria: The residue dissolves, yielding a 
elear solution. Add a few drops of glacial acetic acid* A 
white precipitate is formed. 
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IMPURITIES 

• Residue on iGNmoN (281): NMT 0.3% 


Delete the folfowing: 

'• Heavy Metals, Method II (231): NMT 10 ng/g# (ohu* . 

J.i- 2018 ) 

SPECIFiC TESTS 

• Congealing Temperaturę <651): 16°-26° 

• Fats and FlXED OlLS, Acid Value <40T): NMT 2.0 

• Fats and Fixed Oils, Hydroxyi Value (401): 60-80 

• Fats and Fixed Oils, lodine Value (401): NMT 2.0 

• Fats and Fixed Oils, Soponification Value (401): 45-69 

• Water Determination, Method I (921): NMT 3.0% 

ADDITIONAL REQUIREMENTS 

• Packaging and Storage: Preserve in tight containers. 


Polyoxyl Lauryl Ether 

CH 3 (CHiJi,(OCH } CH 2 )„OH, n = 3-23 
Polyethylene glycol monolauryl ether [9002-92-0], 

DEFlNmON 

Polyoxyl Lauryl Ether is a mixture of the monolauryl ethers 
of mixed polyethylene glycols, the averaqe polymer 
length bemg equivalent to NLT 3 and NMT 23 oxy- 
ethylene units (nominał value). It contains various 
amounts of free lauryl alcohol, and it may contain some 
free polyethylene glycols. 

IDENTIFICATION 

* A. JInfrarilD Absorption (197F) 

Sample: Use a thin film of melted Polyoxyl Lauryl Ether 
if the materiał is a solid. 

Acceptance criteria: Meets the requirements 

* B, Procedurę 

Sample: 0.1 g 

Analysis: Dissolve or disperse the Somple in 5 mL of al¬ 
cohol, and add 10 ml of diluted hydrochloric acid, 

5 mL of barium ehloride TS, and 10 ml of phosphomo- 
lybdte acid solution (1 in 10). 

Acceptance critena: A precipitate is formed. 

* C* It meets the reouirements of the test for Fot s and Fixed 
O//, Hydroxyl I /aiues (401). 

IMPURITIES 
Organie Impurities 

* Procedurę: Limit of Free Ethylene Oxide and Dioxane 

Anafysis: Proceed as directed in Ethylene Oxide and Di- 
oxane, Method I (228). 

Acceptance critena 
Ethylene oxide: NMT 1 ^ig/g (ppm) 

Dioxane: NMT 10 pg/g (ppm) 

SPECIFIC TESTS 

* Alkalinity 

Sample: 2.0 g of Po!yoxyf Lauryl Ether 
Analysis: Disso1ve the Sample in a hot mixture of 10 mL 
of alcohol and 10 mL of water. Add 0,05 mL of 
bromothymol blue T5, and titrate wEth 0.1 N hydro¬ 
chloric acid to a yellow endpoint* 

Acceptance criteria: NMT 0.5 mL of 0,1 N hydrochlo¬ 
ric acid is required. 

* Appearance of Solution: 5,0 g of Polyoxyl Lauryl Ether 

in 50,0 mL of alcohol, The solution is not morę mtensely 


colored than a solution prepared immediately before use 
by rmxing 12.0 mL of ferric ehloride CS, 5,0 ml of cobal- 
tous ehloride CS, and 2*0 mL of cupric sulfate CS with 
dilute hydrochloric acid (lOg/L) to make 50,0 mL, and 
diiuting 12.5 mL of this solution with dilute hydrochloric 
acid (TO g/L) to make 100*0 mL* Make the comparison 
by viewing the substance and the solution downward in 
matched color-comparison tubes against a wbite surface 
(see Colar and Achromicity (631))* 

* Articles of Botanical Origin, Total Ash (561): NMT 
0,2%, determined on 2.0 g 

* Fats AND Fiked Oils, Add Value (401): NMT 1.0, deter¬ 

mined on 5.0 g 

* Fats and Fixed Oils, Hydroxyl Value (401): Withtn the 
ranges specified in the accompanying table 


O xy ethylene 
Ufiits/Molecule 
(Nominał Value> 

Hvdroxvl Value 

3 

165-185 

4 

145-165 

5 

130-140 


90-100 

10 

85-95 

12 

73-83 

15 

64-74 

20-23 

40-60 


* Fats and Fixed Oils, lodme Volue (401): NMT 2.0 

* Fats and Fixed Oils, Saponification Va(ue (40T): NMT 

3*0, determined on 10,0g 

* Water Determination, Method l (921): NMT 3*0% 

ADDITIONAL REQU1REMENTS 

■ Packaging and Storage: Preserze in tight containers, 
and storę in a cool, dry place. 

* Labę ling: Label it to indicate the average nominał nu ro¬ 

ber of oxyethylene units* * 

* USP Reference Standards (11) 

USP Polyoxyl 4 Lauryl Ether RS 
USP Polyoxyl 9 Lauryl Ether RS 
USP Polyoxyl 23 Lauryl Ether RS 


Polyoxyl Oleate 

Polyethylene glycol monooleate [9004-96-0]* 

DEFINTT10N 

Polyoxvl Oleate is a mixture of the monoesters and diesters 
of oleić add and mixed polyethylene glycols. It may be 
obtained by ethoxylation of oleić acid or by esterification 
of polyethylene glycols with oleić acid of animal or vege- 
table origin* it may contain free polyethylene glycol. The 
average polymer length is equivalent to elther 5-6 or 10 
oxyethylene units (nominał values), A suitable antioxidant 
may be added* 

IDENTIFICATION 

• A. INFRARED ABSORPTION (197F) 

Sample: Undried spedmen 

Acceptance criteria: Meets the requirements 

IMPURITIES 

• Limit of Free Ethylene Oxide and Dioxane 

Analysis; Proceed as directed in Ethylene Oxide and Di- 
oxane (228), Method h 
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Acceptance criteria 
Ethylene oxide; NMT 1 pg/g 
Dioxane; NMT 10 pg/g 

SPECIFIC TE5TS 

* FAT5 ANO FiKED OIL5, Add Votue (401) 

Sampie: 10,0 g 
Acceptance criteria: NMT 1,0 

* Fats and Fixed Oils, Peroxide Vaiue (401); NMT 12,0 

* Fats and Fixed Oils, Hydroxyl Value (401): See Tobie 1. 

* Fats and Fixed Oils, lodine Volue (401): See Tobie h 

* Fats and Fixed Oils, Soponificotion Volue (401): See To¬ 

b/e U 


Table 1 



5-6 Ethyiene Qxlde 
Units 

10 Ethylene Oxide 
Units 

Hvdroxyl va!ue 

50-70 

65-90 

lodine value 

50-60 

27-34 

Saponification 

value 

105-120 

68-85 


* Fats and Fixed Oils, Fatty Add Compositton (401): Poly- 
oxyl Oleate exhibits the compositton profile of fatty acids 
shown in Tobie 2 * 


Table 2 


Carbon-Chain 
Lenath 

Number of 
Double 

Bonds 

Perce n ta ge 

f%1 

14 

0 

<5.0 

16 

0 

<16.0 

18 

0 

<6.0 

16 

1 

<8.0 

18 

i 

65.0-88.0 

18 

2 

<18,0 

18 

3 

<4.0 

>18 

_ 

<4,0 


* Alkalinity 

Sampie solution: 100 mg/mL of Polyoxyl Oleate in 
alcohoi 

Analysis: To 2 mL of the Sampie solution add 0.05 mL of 
phenol red TS. 

Acceptance criteria: The solution is not red. 

* Articles of Botankal Origin, Totol Ash (561) 

Sampie: 1,0 g 

Acceptance criteria: NMT 0.3% 

* Water Determinatjon, Method t ( 921 ): NMT 2.0% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight containers, 
and storę in a cool, dry place. Protect from moisture, 

* Łabeling: La bel it to indicate the n urn ber of ethyfene 
oxide units per molecule (nominał value), and tne name 
and concentration of any added antioxidanL 

* USP Reference Standards (11) 

USP Polyoxyl Oleate RS 


Polyoxyl Stearate 

R-CO-(OCH 2 CH 2 )„-OH 
R-CO-(OCH 2 CHi)„-OOC-R 
R = CH 3 (CH 2 ) 16 or CH 3 (CHj)t4 
n = 6-100 

Polyethylene glycol stearate; 


Polyethylene glycol monostearate; 

Poly(oxy-1 ,2-etnanediyi), a-hydro-a>-hydroxyoctadecanoate 
[9004-99-3]. 

DEFINITION 

Polyoxyl Stearate is a mixture of monoesters and diesters of 
majnly stearic (octadecanoic) add and/or palmitic (hex- 
adecanoic) add and polyethylene glycols, The fatty acids 
may be of yegetable, animaf, or synthetic origin, Polyoxy[ 
Stearate Type I or Type II differs in its content of stearic 
acid* It may contain free polyethylene glycols, The aver- 
age poły mer fength is equiva!ent to 6-100 ethyiene oxide 
units per molecule (nominał value), 

IDENTIFICATION 

* A, INFRARED ABSORPTION (197A> 

Sampie: Use an undried specimen. 

* B, )t meets the requirements of the test for Content of 

Steoric Add and Palmitic Add , 

AS5AY 

* Content of Stearic aod and palmitic acid 

PolyoxyI Stearate exhibks the composition profiles of 
fatty acids shown in Table 1 helów, as determined in 
Fats and Ftxed Oils (401), Fatty Acid Compositton . 


Table 1 



Content of Stearic Acid 
and Palmitic Acid 

Potyoxyl Stearate 

Tvoe l 

Stearic Acid: 40.O%-60.0%; 
sum of Palmitic and Stearic acids: NLT 

90.0% 

Polyoxyl Stearate 

Type II 

Stearrc Actd: 90,0%-99.0%; 
sum of Palmitic and Stearic acids: NLT 

96.0% 


• Content of Free Polvethylene Glycols 

[Notę—T his test is for Polyoxyl 40 Stearate only.] 

Sampie: ó g of Polyoxyl 40 Stearate 
Analysis: Transfer the Sampie to a 500-mL separator 
containing 50 mL of ethyl acetale. Dissolve compłetely, 
then add 50 mL of sodium chioride solution (29 in 
100), shake vigorousfy for 2 min, and allow to separate 
for 15 min, If separation is incomplete, carefully insert 
the separator into the well of a steam bath for short 
trme intervals. Repeat this technique as many trmes as 
necessary to ensure the complete separation of the two 
phases. Cool, and drain the Iower, aqueous phase into 
a second 500-mL separator, Extract tne upper layer 
with a second 50-ml portion of sodium chloride solu¬ 
tion (29 tn 100), Repeat the separation as before, in- 
cluding the steam bath technigue, to fadlitate complete 
separation. 

To the tombined aqueous layers add 50 ml of ethyl 
acetale, shake vsgorousfy for 2 min, and allow to sepa¬ 
rate as before, Drain the Iower, aqueous phase into a 
third 500-mL separator, and extract it with two 50-mL 
ortions of chloroform, shaking for 2 min each time. 
epeat the steam bath techniąue to ensure complete 
separation. 

Evaporate the combined chloroform extracts in a 
150-mL beaker on a steam bath, with the aid of a 
stream of nitrogen, to apparent dryness. 

Redissolve in about 15 mL of chloroform, and filter, col- 
lecting the filtrate in a weighed 150-mL beaker. Re- 
cord the weight of the empty 150-mL beaker, Wj, in 
g. Rinse the funnel with several smali portions of chlo¬ 
roform, and evaporate the combrned filtrate and hns- 
inqs, as described above, to remove chloroform or 
ethyl acetate, 

Dry in vacuum at 60° for 1 h. Cool In a desiccator, and 
weigh. Record the weight, W rn g. 
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Calculate the percentage of free polyethylene glycols in 
Polyoxyl 40 Stearate taken: 

Result = [(W> - Wf)/W\ x 100 

W = weight of Polyoxyl 40 Stearate (g) 

Acceptance criteria: 1 7%-27% of free polyethylene 
glycols for PolyoxyJ 40 Stearate only 

IMPURITIES 


Dełete the fofiowlng: 

Heavy Metals, Method li (231): NMT 10 ppm* (otikw r 

)j*n-20] 8) 

* Articles of Botanical Origin, Tatal Ash <561)i NMT 

0.3%, determined on 1.0 g 

* Limit of Ethylene Oxide and Djoxane 

Analysis: Proceed as directed in Ethylene Oxide and Db 
oxane <228), Method li 
Acceptance criteria 
Ethylene oxide: 1 ppm 
Dioxane: B80 ppm 

SPECIFIC TE5TS 

* Alkalinity 

Phenol red solution: Dissolve 100 mg of phenolsulfon- 
phthalein in a mixture of 2.82 ml of 0*1 M sodium hy- 
droxide and 20 mL of alcohol, and dilute with water lo 
100 mL 

Sample solution: 2*0 g of Polyoxyl Stearate 
Analysis: Dtssolve the Sample in alcohol and dilute wita 
alcohol to 20 mL To 2 ml of this solution add 0.05 mL 
of Phenol red solution. 

Acceptance criteria: The solution does not tum red. 

* Fats and Fixed Oils, Add Vafue (401): NMT 6.0 

* Fats and Fixed OiLS, Hydroxyl Value (401): Within the 

ranges specified in Table 2 

* Fats and Fixed Oils, lodine Value (401): NMT 3,0 

« Fats and Fixed Oils, Peroxide Value (401): NMT 10,0 

* Fats and Fjxed OILS, Saponification Value (401): Within 
the ranges specified in Table 2 

* Melting Rance Or Temperaturę <741) 

Sample: 10 g 

Analysis: Meit the Sample at S0°-90°, Introduce a suffi- 
cient amount of the Sample into the tubę by capillary 
action to form a eolumn of the prescribed height in the 
tubę. Alf o w to stand at 0° for 2 b. 

Acceptance criteria: Within the ranges specified in 7o- 
hle 2 


Table 2 


Ethylene 
Oxide Uliiti/ 
Molecule 
(Nominał 
Value) 

Melting 
Rangę or 
Temperatury 

n 

Hydroxyl 

Value 

Saponification 

Value 

6 

26-37 

80-110 

90-115 

8 

26-35 

80-TOS 

88-100 

32 

46-50 

20-40 

30-45 

40 

Measure 

Congealing 

Temoerature 

25-40 

25-35 

7 $ 

53-59 

15-35 

S-25 

100 

48-60 

1 5-30 

5-20 


* Congealinc Temperaturę (651): 37 0 -47° for Polyoxyl 40 
Stearate only 


* Water Determination, Method ł <921): NMT 3.0% 

ADD ITI ON AL REQUIREMENT5 

* PACKACiNG and Storage: Preserve in tight containers, 
and storę at room temperaturę. Protect from light and 
moisture. 

* Labeling: Label it to indicate the number of ethylene 
oxide units/mofecule {nominał va!ue), and the type of 
Poiyoxyl Stearate. Label it to indicate whether tne fatty 
acids are derived from vegetable, animal, or synthetic 
sources. 

® USP Referenci Standard; <11) 

USP Polyoxyl 6 Stearate RS 
USP Polyoxyl 8 Stearate RS 
USP Polyoxyl 32 Stearate RS 
USP Polyoxyl 40 Stearate RS 
USP PolyoxyJ 75 Stearate RS 
USP Polyoxyf 100 Stearate RS 


Polyoxyl Stearyl Ether 

Polyethylene glycol monostearyl ether 
CH 3 {CH 2 )t?(OCH 2 CH 2 )nOH, n = 2-20 19005-00-9]* 

DEFINITION 

Po!yoxyl Stearyl Ether is a mixture of the monostearyl ethers 
of mixed polyethylene glycols, the average polymer 
length being equivalent to NLT 2 and NMT 20 oxy* 
ethylene units (nominał value)* It may contain various 
amounts of free stearyl alcohol and some free polyethyi¬ 
ene glycol 

IDENTIFICATION 

* A. Infrared Absorption <197F): Use a thin film of 

melted Polyoxyl Stearyl Ether. 

* B. Procedurę 

Sample: 0.1 g 

Analysis: Dissolve or disperse the Sample in alcohol* 

Ada 10 mL of dlluted hydrochloric add, 5 mL of barium 
chloride TS, and 10 mL of phosphomolybdic add solu- 
tion (1 in 10)* 

Acceptance criteria: A p red pita te is formed* 

9 C It meets the reguirements in the test for Fats and Fixed 
Oih, Hydroxyl Volue <401), 

IMPURITIES 
Organie Impurlties 

* Procedurę: Limit of Free Ethylene Oxide and Djoxane 

Analysis: Proceed as directed in Ethylene Oxide and Di 
oxane (228), Method /* 

Acceptance criteria 
Ethylene oxide: NMT 1 jig/g (ppm) 

Dioxane: NMT 10 pg/g (ppm) 

SPEGFIC TESTS 

* FATS AND FlXID Oils, Add Value (401): NMT 1.0, deter¬ 

mined on 5.0 g 

* Fats and Fixed Oils, Hydroxyl Value(4 01): Within the 

ranges specified in the table below 


Oxy ethylene Units/ 
Molecule 
(Nominał Value> 

Hydroxvl Value 

2 

150-180 

10 

75-90 

20 

40-^60 


* Fats and Fixed Oils, lodine Value (401): NMT 2*0 
» Fats and Fixed Oils, Saponification Vaiue (401): NMT 
3*0, determined on lO.Og 
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O Ałkalinsty 

Sample: 2,0 g of Pofyoxy! Stearyl Ether 
Analysis: Dissolve the Sampie to a hot mrxture of 10 ml 
of alcohof and 10 ml of water. Add 0,05 mL of 
bromothymol blue TS. Titrate with 0,1 N hydrochloric 
add to a yellow endpoint, 

Acceptance criteria: NMT 0,5 mL of 0,1 N hydrach la¬ 
nc add is required. 

* Water Determination, Method I (921): NMT 3,0% 

■ Appearance of Sołution: 5.0 g of Polyoxyl Stearyl Ether 
in 50,0 mL of alcobol. The sołution is not morę fntensely 
eolored than a sołution prepared Immediately before use 
by mixing 12.0 mL of ferric chloride CS, 5.0 mL of cobał- 
tous chloride CS, and 2.0 mL of cupric suifate CS with 
di lute hydrochloric acid (1 0 g/L) to make 50.0 mL, and 
diiuting 12.5 mL of this sołution with diiute hydrochloric 
add (10 g/L) to make 100.0 mL. Make the comparison 
by viewing the substance and the sołution downward in 
matched color-comparison tubes against a white surface 
(see Co/or and Achromicity <631}). 

ADDBTIONAL REQUIREMENTS 

* Packaginc and Storage: Preserve in tight containers, 

and storę in a cool, dry place, 

9 Labeling: Label it to indicate the average nominał num- 
ber of oxyethylene units, 

* USP Reference Standard* (11) 

USP Polyoxyl 2 Stearył Ether RS 
USP Polyoxyl 10 Stearyl Ether RS 
USP Poiyoxyl 20 Stearyl Ether RS 


Polysorbate 20 



The ratio of the OH group to the (CnH^COO) group is 
mainly 3:1. 

Poiyethyiene giycol 20 sorbitan ether monolaurate; 
Polyoxyethylene 20 sorbitan monododecanoate; 
Polyoxyethylene 20 sorbitan monolaurate [9005-64-5], 

DEFINITION 

Polysorbate 20 h a laurate ester of sorbitof and its anhy- 
drtdes, copolymenzed with approximatefy 20 mofes of 
ethylene ox3de for each mole of sorblto! and sorbitol an- 
hyarides. The fatty actds may be of vegetable, animaf, or 
synthetic origin, 

IDENTIFICATION 
O A. INFRARED ABSORPTION (197F) 

® B. It meets Lhe requhements in the Assay for Composition 
of Fatty Adds. 

ASSAY 

* Composition of Fatty Acids: Polysorbate 20 exhibits the 
composition profiles of fatty acids shown in Tabfe 7, as 
determlned in Fats and Fixed Oils (401), Fatty Add 
Composition. 


TabŁe 1 


Oarhon-Chain 

Lenqth 

Nifiriber of 
Double Bonds 

Percenfage 

6 

0 

< 1.0 

a 

0 

< 10,0 

10 

0 

< 10,0 

12 

0 

40 . 0 - 60.0 

14 

0 

14 , 0 - 25,0 

16 

0 

7 . 0 - 15,0 

18 

0 

< 11.0 

18 

1 

< 11.0 

18 

2 

< 3.0 


IMPURITIES 

* RES1DUE on Ignition (281): NMT 0.25% 

Detete the foifowing: 

Heaw Metals, Method ii (231): NMT 10 ppm* (omtwj i 
jan 201 a) 

* Linirr of Ethylene Oxide and Dioxane / Method li (228) 

Acceptance criteria 
Ethylene oxtde: NMT 1 ppm 
Dioxane: NMT 10 ppm 

SPECIFIC TE5TS 

* Bacterial Endotoxins Test (85) 

For Polysorbate 20 intended for use in the manufac- 
ture of injectable dosage forms: The level of bacterial 
endotoxins is such that the requirement in the relevant 
dosage form monograph(s) in which Polysorbate 20 is 
used can be met, Where the label States that Polysor¬ 
bate 20 must be subjected to further processing during 
the preparation of injectable dosage forms, the Jevef of 
bacterial endotoxins is such that the requirement in the 
relevant dosage form monograph(s) in which Polysor¬ 
bate 20 is used can be met. 

□ Fats and Fixed Oils, Add Vaiue (401) 

Sample: lO.Og 

Analysis: Transfer the Sample to a wrde-mouth, 250-mL 
conical fiask, and add 50 mL of neutralized alcohof. 

Heat on a steam bath nearly to boiling, occasionally 
shaklng thoroughiy while heating, fnvert a beaker over 
the rnouth of the fiask, cool under running water, and 
add 5 drops of phenolphthatein TS. Utratę with 0.1 N 
sodium hydroxide V5, Calculate the add value as di- 
rected in the chapter. 

Acceptance criteria: NMT 2.0 

o Fats and Fixed Oils, Hydroxyi Vaiue{ 401): 96-108 

* Fats and Fixed Oils, Perowae Vaiue (401) 

Sample: 10.0 g 

Saturated potassium iodide sołution: Prepare a satu- 
rated sołution of potassium iodide in carbon dioxide- 
free water. Make surę the sołution remains saturated as 
indścated by the presence of undissolved crystals. 

Analysis: Introduce the Sample into a 100-mL beaker, 
and dissolve with 20 mL of glaclal acetrc acid. Add 1 mL 
of Saturated potassium iodide sołution , mix, and allow to 
stand for 1 min. Add 50 mL of carbon dioxide-free 
water and a magnetic stirring bar, Titrate with 0.01 M 
sodium thiosulfate VS, determining the endpoint ooten- 
tiometricaily (see Titrimetiy (541)). Perform a blank titra- 
tion. Caicufate the peroxiae vaiue as directed in the 
chapter. 

Acceptance criteria: NMT 10.0 
For Polysorbate 20 intended for use in the manufac- 
ture of injectable dosage forms: NMT 5.0 
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* Fats and Fixed Oils, Saponification Vatue (401): 40-50 

* Water Determinatjon, Method f (921): NMT 3.0% 

ADOITIONAL REQUIREMENT5 

* Packaging and Storace: Preserze in tight containers, 
protected from light and moisture. Storę at room 
temperaturę. 

* Labeling: Labef Et to indicate whether the fatty adds are 
derived from ani mai, vegetable, or synthetic sources, 
Where Polysorbate 20 rs intended for use in the manufac- 
ture of injectable dosage forms, it is so labeled, 

* USP Reference Standards (11) 

USP Polysorbate 20 RS 


Polysorbate 40 



The ratio of OH group to C 15 H 31 COO group is mainly 3:1, 

Polyethylene glycol 20 sorbitan ether monopalmitate; 

Polyoxyethylene 20 sorbitan monohexadecanoate; 

Polyoxyethyfene 20 sorbitan monopalmitate [9005-66-7]. 

DEFKNITION 

Polysorbate 40 is a palmitate ester of sorbitol and its anhy- 
dndes copolymenzed with about 20 moles of ethylene ox- 
ide for each mole of sorbitol and sorbitof anhydrides. The 
fatty adds may be of vegetable, animal, or synthetic 
origin, 

IDENTIFICATION 

* A, INFRARED ABSORPTION (197F) 

* B. It meets the requtrements in the Assay for C omposition 

of Fatty Adds. 

ASSAY 

* Composition of Fatty Acids 

Polysorbate 40 exhibits the composition proftles of fatty 
adds shown in Tahle l r as determined in Fats and Fixed 
Oils (401), Fatty Add Composition. 


Table 1 


Carbori-Chain 

Lenqth 

Number of 
Double Boods 

Perce nta ge 
(%> 

16 

0 

>92.0 


* Ethylene Oxide and Dioxane, Method H (228) 

Acceptance criteria 
Ethylene oxide; NMT 1 ppm 
Dioxane: NMT 10 ppm 

5PECIF1C TESTS 

* Bacterial Endotoxiks Test (85) 

For Polysorbate 40 intended for use in the manufac* 
turę of injectable dosage forms: The level of bacterial 
endotoxins is such that the requirement In the relevant 
dosage form monograph(s) in which Polysorbate 40 is 
used can be met. Where the label States that Polysor¬ 
bate 40 must be subjected to further processing during 
the preparation of injectable dosage forms, the level of 
bacterial endotoxins is such that tne reguirement in the 
relevant dosage form monograph(s) in which Polysor- 
bale 40 is used can be met. 

« Fats and F»xed Oils, Add Value (401) 

Sample; 10.0 g 

Analysis: Transfer the Sample to a wide-mouth, 250-mL 
conical fiask, and add 50 mL of neutralized alcohol, 

Heat on a steam bath nearly to boiling, shaking thor- 
oughly occasionally while heating, lnvert a beaTer over 
the mouth of the fiask, cool under running water, and 
add 5 drops of phenolphthalein T5. Ti tratę with OJ N 
sodium hydroxide VS. Calculate the add value as di- 
rected in the chapter. 

Acceptance criteria: NMT 2,0 

* Fats and Fixed Oils, Hydroxyl Value (401): 89-105 

* Fats and Fixed Oils, Peroxiae Value(4 01) 

Sample: 10,0g 

Saturated potassium iodide solution: Prepare a satu- 
rated solution of potassium Iodide in carbon dioxide- 
free water. Make surę the solution remains saturated as 
indicated by the presence of undfssolved crystals. 
Analysis: fntroduce the Sample into a 100-mL beaker, 
ano dissolve with 20 mL of glacial acettc acid. Add 1 ml 
of Saturated potassium iodide solution , mix, and allow to 
stand for 1 min, Add 50 mL of carbon dioxide-free 
water and a magnetic stirring bar. Utratę with 0.01 M 
sodium thiosulfate VS, determining the endpoint poten- 
tiometrically (see Titrimetry (541». Perform a blank 
titration. 

Calculate the peroxide value as directed in the chapter. 
Acceptance criteria: NMT 10.0 
For Polysorbate 40 intended for use in the manufac- 
ture of injectable dosage forms: NMT 5,0 

* Fats and Fjxed Oils, Saponification Volue (401): 41-52 
■ Water Determinatign, Method I (921): NMT 3.0% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storace: Preserve in tight containers, 

protected from iight and moisture. Storę at room tem¬ 
peraturę. 

« Labeung: Label it to indicate whether the fatty adds are 
derived from animal, yegetable, or synthetic sources. 
Where Pofysorbate 40 Es intended for use in the manufac- 
ture of injectable dosage forms, it is so labeled. 


IMPURITIES 

• Residue on iGNiTfON (281): NMT 0,25% 


Delete the fotlowłng: 

# * Heavy METALS, Method ff (231): NMT 10 ppm* (omc^i i- 

|arv2Ql 8.) 
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o usp Reference standards (11) 

USP Polysorbate 40 RS 


Polysorbate 60 


The ratio of OH group to the sum gf Ci 5 H 3 iCOO and 
C 37 H 35 COO graups is mainiy 3:1* 

PolyeLhylene glycol 20 sorbitan ether monostearate; 
Polyoxyethylene 20 sorbitan monooctadecanoate; 
Polyoxyethylene 20 sorbitan monostearate [9005-67-8], 

DEFIN1TION 

Polysorbate 60 is a mixture of stearate and palmitate esters 
of sorbitol and its anhydrides topolymerized with about 
20 moles of ethylene oxtde for each mole of sorbitol and 
sorbitol anhydrides. The fatty acids may be of vegetable, 
animal, or synthetic origin, 

IDENTIFICATION 

* A. INFRARED AfiSORPTION (197F) 

* B. It meets the reguirements in the Assay for Composition 

of Fatty Acids * 

ASSAY 

9 Composition of Fatty Acids 

Polysorbate 60 exhibits the composition profiles of fatty 
acids shown in Tobie 1 , as determined in Fats and Fixed 
Oils <401), Fatty Acid Composition. 


Table 1 


C^rbon-Chain 

Lenttth 

Number of 
Double Bonds 

Percentage 

f %1 

18 

0 

40 . 0 - 60,0 

Sum of stearic add ( 08 : 0 ) 
and palmitfc acid (Cl 6 : 0 } 

> 90.0 


IMPURITIES 

» Residue on Ignition (281): NMT 0,25% 


Deiete the following: 

Heaw Metals, Method U (231): NMT 10 ppm* |pp|. 

Jan^OlSł 

* Ethylene Oxide ano Dioxan£, Method ii (22 8} 

Acceptance criteria 
Ethylene oxide: NMT 1 ppm 
Dtoxane: NMT 10 ppm 

SPECIFIC TESTS 

o Fats ano Fixed Oils, Acid Vaiue (401) 

Sampie; 10.0 g of Polysorbate 60 
Analysis: Transfer the Sampie to a wide-mouih, 250-mL 
contcaf fiask, and add 50 ml of neutralized alcohot. 
Heat on a steam bath nearly to boiiing, shaking thor- 
oughly occasionally whlle heating. lnverE a beaker over 


the mouth of the fiask, cooJ under running water, and 
add 5 drops of phenolphthalein T5* Ti tratę with 0.1 N 
sodium hydroxide VS. Calculate the add value as di- 
rected in the chapter. 

Acceptance criterra: NMT 2,0 
o Fats and Fixed Oils, Hydroxyi Vaiue (401): 81-96 
* Fats and Fixed Oils, Peroxiae Vaiue <401) 

Sampie: lO.Gg 

Saturated potassium iodide soiutron; Prepare a satu¬ 
rated solution of potassium iodide in carbon droxide- 
free water. Make surę the solution remains saturated as 
indicated by the presence of undissoNed crystals. 
Anaiysis: Introduce the Sampie into a TGOmL beaker, 
and dlssolve with 20 mL of glacial acetic acid, Add 1 mL 
of Saturated potassium iodide solution, mix, and a I Iow to 
stand for 1 min, Add 50 ml of carbon dioxide-free 
water and a magnetic stirring bar. Titrate with 0.01 M 
sodium thiosulfate V5, determlning the endpoint poten- 
tiometrically (see Titrimetry <541)). Perform a blank 
titration. 

Calculate the peroxide va!ue as dlrected in the chapter. 
Acceptance criteria: NMT 10.0 
® Fats and Fixed Oils, Saponification Vaiue (401): 45-55 
® Water Determination, Method i (921); NMT 3.0% 

ADDITIONAEL REQUIREMENT5 

■ Packaging and Storage: Preserve in tight containers, 
protected from Eight and moisture. Storę at room tem¬ 
peraturę. 

» Lageling: LabeE to indicate whether the fatty acids are 
derived from anfmai, vegetab!ą or synthetic sources. 

9 USP Reference Standards <11> 

USP Polysorbate 60 RS 


PeSyseirbate 80_______ 

PortEons of the mon ogra ph text that are national USP text, 
and are not part of the harmonized text, are marked with 
symbols (♦♦) to specify fhis fact. 

Sorbitan, mono-P-octadecenoate, poly(oxy-1,2~ 
ethanediy!)derivs., (Z)-; 

Polyoxyethylene 20 sorbitan monooleate [9005-65-6]. 

DEFIN1TION 

Polysorbate 80 is a mixture of partial esters of fatty acids, 
mainEy oleić acid, with sorbitol and its anhydrides ethoxyl- 
ated with approximately 20 moEes of ethylene oxide for 
each mole of sorbitol and sorbito] anhydrides. 

IDENTIFICATION 

9 A, Et meets the regulrements of the test for Composition 

of Fatty Acids , 

« ♦B. INFRARED ABSORPTION (197F)* 

ASSAY 

® Composition of Fatty Acids 

Diluent: 20 g/t of sodium hydroxide in methanof 

Boroń trifiuande-methanol solution: 140 g/L of bo- 
ron tnfluoride in methanol 

Saturated sodium chloride soiution: Sodium chloride 
and water ( 1 : 2 ). Before use, decant the solution from 
any undEssoEved substance and filter, if necessary. 

Reference solution A: Prepare 0.50 g of the mixture of 
calibrating substances with the composition described 
in Tobie 1. DissoNe in heptane, and dilute with heptane 
to 50.0 mL. 

Reference soiution B: Reference soiution A in heptane 
(1 in TO) 

Reference soiution C: Prepare 0,50 g of a mixture of 
fatty acid methyl esters, whicli corresponds to the com¬ 
position of the substance to be examEned. Dissolve in 
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heptane, and di lute with heptane to 50.0 mL. [NOTĘ— 
tommerdally available mixtures of fatty add methyl es- 
ters may also be used.] 

Sample solution: Dissolve 0.10 g of Polysorbate 80 in 
2 mL of Dituent in a 25-mL conical fiask, and boil under 
a reflux condenser for 30 min. Add 2.0 mL of Boroń 
tńfluaride-methanol solution through the condenser, and 
boil for 30 min, Add 4 mL of heptane through the con¬ 
denser, and boil for 5 min. Cool, add 10.0 mL of Sofu- 
rated sodium chloride solution, shake for about 15 s, and 
add a quantity of Soturated sodium chloride solution such 
that the upper phase is broughL into the neck of the 
fiask. Collect 2 mL of the upper phase, wash with three 
guantlties, each of 2 mL, or water, and dry over anhy- 
drous sodium suffate. 


Table 1 


Mhcture of the FoUowing 
Substances 

Composltfon 

(%) 

Methyl myristate 

5 

Methyl palmitate 

10 

Methyl stearate 

15 

Methyl arachidate 

20 

Methvi oleate 

20 

Methyl eicosenoate 

10 

Methyl be hen a te 

10 

Methyl liqnocerate 

10 


Chromatographic system 

(See Chromatograpny {621), System Suitability,) 

Modę: GC 

Detector: Flame ionization 

Column: 0.32-mm x 30-m G16 on fused silica; film 
thickness 0.5 jum 

Temperatures 
fnjection port: 250 D 
Detector: 250* 

Column: See Tobie 2. 


Table 2 


tnltial 

Temperaturo 

n 

Temperaturę 
Ramp 
( V min) 

Finał 

Temperaturo 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

80 

10 

220 

_ 

220 

_ 

220 

40 


Carrier gas: Helium 
Unear veloeity: 50 cm/s 
Jnjectron volume: 1 jiL 
System suitability 

Sam pies: Reference solution A and Reference solution B 
Suitability requirements 
Resolution: NLT 1.8 between the peaks due to 
methyl oleate and methyl stearate, Reference solution 
A 

Theoretical plates: NLT 30,000 calculated for the 
peak of methyl stearate, Reference solution A 
Signal-to-noise ratlo: NLT 5 for the peak of methyl 
myristate, Reference solution B 
Analysis 

Sample: Sample solution 

Identify the peaks from Reference solution C. 

Calculate the percentage of each component in the 
Sample solution: 

Result= (Ac/Ar) x 100 

A c - peak area for the component of interest 

Ar = total area of alt peaks related to fatty acids 

Acceptance criteria: See Tobie 3* 


Table 3 


Name 

Acceptance 

Criteria, 

NMT (%) 

Acceptance 

Criteria, 

NLT r%v 

Myristic acid 

5.0 

__ 

Palmitic acid 

16.0 

_ 

Palmitolelc acid 

8.0 

__ 

Stearic add 

6,0 

_ 

Oleić acfd 

__ 

58.0 

Unoteic add 

18.0 

__ 

Linolenic add 

4,0 

__ 


IMPURITIES 
O ReSIDUE ON ICNITION 

Sample: 2,00 g 

Analysis: Heat a silica or platfnum crucible to redness 
for 30 mtn, ailow to cool in a desiccator, and weigh. 
Evenly distribute the Sample in the crucible, Dry at 
1G0°-1Q5° for 1 h and ignite to constant mass in a 
muffłe furnace at 600125°, allowing the crucible to 
cool in a deslccator after each rgnition. Flames should 
not be produced at any time during the procedurę. If 
after prolonged ignition the ash stifl contams black par- 
ticles, take up with hot water, pass through an ashless 
fil ter paper, and ignite the resiaue and the filter paper, 
Combine the fil tratę with the ash, carefully evaporate to 
dryness, and ignite to constant mass. 

Acceptance criteria: NMT 0,25% 

Detete the foUowing: 

** *Heaw Metals, Metbod li <231): NMT 10 ppm## comoai 

* Ethylene Oxide and Diqxane 

Ethylene oxide standard solution: Dilute 0,5 mL of a 
commercially avaifable solution of ethylene oxide tn 
methylene chloride (50 mg/mL) with water to 50.0 mL. 
[NoiE—The solution is stable for 3 months, If stored In 
via!s with a Teflon-coated, Silicon membranę and 
crimped caps at -20°,] Allow to reach room tempera¬ 
turę. Dilute 1.0 mL of this solution with water to 
250.0 mL. 

Dioxane standard solution: Dioxane in water (v/v) 1 in 

20,000 

Acetaldehyde standard solution: 0.01 mg/ml of acet- 
aldehyde in water 

Standard solution: Dilute 6.0 mL of Ethylene oxide stan¬ 
dard solution and 2.5 mL of Dioxane standard solution 
with water to 25.0 mL. 

Sample solution A: Transfer 1.0 g of Polysorbate 80 to 
a 10-mL headspace vial. Add 2.0 mL of water, and seal 
the vial immediately with a Teflon-coated, Silicon mem¬ 
branę and an aluminum cap, 

Sample solution 8: Transfer 1.0 g of Polysorbate 80 to 
a 10-mL headspace viaL Add 2,0 mL of the Standard 
solution , and seal the vial immediately with a Teflon- 
coated, Silicon membranę and an aluminum cap. 
Reference solution: Transfer 2/0 mL of Acetaldehyde 
standard solution and 2.0 mL of Ethylene oxide standard 
solution to a 10-mL headspace vial, and seal the vial 
immediately with a Teflon-coated, Silicon membrana 
and an aluminum cap. 

Chromatographie system 
(See Chromatograpny (62 1), System Suitability.) 

Modę: Headspace GC 
Detector: Flame ionization 

Column: 1 0.53-mm x 50-m G27 on fused silica; film 
thickness 5 jim 

'CP-Stl 8 ĆEMsTuitable, 
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Temperatures 
tnjection port: 85° 
Detector: 25 0° 
Column: See Tobie 4. 


TabBe 4 


Inltial 

Temperaturę 

n 

Temperaturę 

Ramp 

P/min) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min) 

70 


250 

_ 

250 

— 

250 

5 


Split ratio: 3,5:1 
Carrter gas: Helium 
Flow ratę: 4.0 mL/min 
Injection volume: 1 ml 
System suitability 
Sample: Reference solution 

[Notę—T he relative retention times for ethylene oxide, 
acetaldehyde, and dioxane are 1,0, 0,9, and 1,9, re- 
spectively. The retention time for ethylene oxide is 
about 6,5 min,] 

Suitability requirements 

Re solution: NLT 2.0 between the peaks due to acet- 
aldehyde and ethylene oxide 
Analysis 

Sam pies: Sample solution A and Sample solution B 
Calcufate the eon tent of ethylene oxide: 

Result = (2 x Q 0 * A a )/(A b - Aa) 

Cto - concentration of ethylene oxide in Sample 
solution B (jjg/mL) 

Aa ~ peak area of ethylene oxide from Sample 
solution A 

Aa = peak area of ethylene oxide from Sample 
solution B 

Calcufate the content of dioxar»e: 

Result = (2 x D x Cd x A Ą )/(A ff - A a ) 

D = density of dioxane, 1,03 g/ml 
Cd = concentration of dioxane in Sample solution B 
(pL/mL) 

A a - - peak area of dioxane from Sample solution A 

Aff - peak area of dioxane from Sample solution B 

Acceptance criteria: NMT 1 ppm for ethylene oxide; 
NMT 10 ppm for dioxane 

SPEC1FIC TE5TS 

* *5pecif!C Crav!TV (841): 1,06-1.09* 

* *VlscosiTY—C apillar y Methoos (911) or VlSCOSITY— Ro- 

tattonal Methods (912): 300-500 centistokes at 25% 

* Fats and Fixed Oils, Add Volue (401) 

Light petroleum: It has the following properties: a 
elear, colorless, flammable liąuid without fluorescence; 
practically insoluble in water; miscibie with alcohol; 
density at 20° about 0720; distillation rangę 100°- 
120°; water content NMT 0.03% J 
Sample solution: Dissolve 5.0 g in 50 mL of a mixture 
of equal volumes of alcohol and Light petroleum (previ- 
ously neutralized with OJ N potassium hydroxide or 
OJ N sodium hydroxide), using 0,5 ml of phenol- 
phthalein TS as the indicator, Ir necessary, heat to 
about 90° to dissolve the substance to be examined. 
Analysis: Titrate the Sample solution with OJ N potas¬ 
sium hydroxide VS or 0.1 N sodium hydroxide VS until 
the pink color persists for at least 15 s. When heating 
has been applied to aid dissolution, maintain the tem¬ 
peraturę at about 90 D during the titration, 

3 Petroleum ether; boiling rangę 100 0 -140 ń ; [CAS 64742-49-0] from Fisher 
ScSentlfJc; cataJog n urn ber AC23302-0025 is sultable. 


Acceptance criteria: NMT 2,0 

* Fats and Fixed OlU, Hydroxyl Voiue (401) 

Sample: 2.0 g 

Analysis: Transfer the Sample into a 150-ml acetylation 
fiask fitted with an air condenser, Add 5.0 mL of 
Pyńdine-Acetk Anhydride Reagent, and attach the air 
condenser, Heat the fiask in a water bafh for 1 h keep- 
ing the level of the water about 2.5 cm above the !evel 
of the Itguid in the fiask. Withdraw the fiask, and allow 
to cool. Add 5 ml of water through the upper end of 
the condenser. If a cloudiness appears, add sufftcient 
pyridine to dear it, noting the volume added. Shake 
the fiask, and replace rn the water bath for 10 min. 
Withdraw the fiask, and allow to cool. Rinse the con¬ 
denser and the walls of the fiask with 5 ml of alcohol, 
previous!y neutralized with phenolphthalern TS, Titrate 
with 0,5 N alcoholic potassium hydroxide VS using 
0.2 mL of phenolphthalern TS as the indicator. Carry 
out a blank test under the same conditions. 

Acceptance criteria: 65-80 

* FATS AND FiXED Oils, Peroxide Value (401) 

Sample: 10.0 g 

Saturated potassium iodide solution: Prepare a satu- 
rated solution of potassium iodide in carbon dioxide- 
free water. Make surę the solution remains saturated as 
indicated by the presence of undissoived crystals. 
Analysis: Transfer the Sample into a 1 OG-rnL beaker, 
and dissolve with 20 mL of glacial acetic add, Add 1 mL 
of Saturated potassium iodide solution, and allow to 
stand for 1 min. Add 50 mL of carbon dioxide-free 
water and a magnetic stirring bar. Titrate with 0,01 M 
sodium thiosulfate V5, determining the endpoint poten- 
tiometrically. Carry out a blank titration, 

Acceptance criteria: NMT 10 

* Fats and Fixed Oils, Saponificotion Value (401) 

Sample: 4.0 g 

Analysis: Transfer the Sample into a 250-mL borosilicate 
glass fiask fitted with a reflux condenser. Add 30.0 mL 
of 0.5 N alcoholic potassium hydroxide VS and a few 
lass beads. Attach the condenser, and heat under re- 
ux for 60 min. Add 1 mL of phenolphthalein TS and 
50 mL of dehydrated alcohol, and titrate immediately 
with 0.5 N hydrachloric add VS. Carry out a blank test 
under the same conditions, 

Acceptance criteria: 45-55 

* Water Determination, Method i (921): NMT 3.0%, de- 

termined on 1.0 g 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Storę in an airtight Container, 

protected from light. 

* +USP Reference Standards (11) 

USP Polysorbate 80 RS* 


Polyyinyl Acetate 



(C.»H S O0n 

Vinyl acetate homopolymer 
Vinyl acetate resin [9003-20*7]. 

DEFINmON 

Polwinyl acetate is a thermoplastic polymer, represented by 
trie formula: 

(CłHiOa), 


NF Monographs 














NF Monographs 


7838 Polyvinyl / Official Monographs 


NF 35 


In which the value of n lies between approximately 100 and 
17,000. 

IDENTIFICATION 

* A* PROCEDURĘ 

Sample: 100 mg of Polyvinyl Acetale 

Analysis: Dissolve the Sample in 2,5 ml of acetone, 
place two drops on a potassium bromide piąte, and dry 
to evaporate tne solvent 

Acceptance criteria: The IR absorption spectrum of 
polyvinyl acetale exhibits maxima corresponding to the 
same wavelengths as that of a similar preparation of 
USP Polyvinyl Acetale RS, treated in the same manner. 

® B. Procedurę 

Sam ple: 0,5 g of Polyvinyl Acetate 

Analysis: Saponify the Sampfe in a mixture of 25,0 mL 
of 0,5 N alcoholic potassium hydroxide and 25.0 mL of 
water. 

Acceptance criteria: The solution so obtained meets 
the requirements of the tests for Identification Tests— 
Generoi (191), Acetate. 

IMPURITIES 

Inorgamc Impunties 

• Resjdue on Icnition (281): NMT 0.1% 


Oehte the Mhwing: 


Carrier gas: Helium 

Ftow ratę: Adjusled so that the vinyl acetate peak 
appears after about 7 min 
Imection size: 1.0 pL 
Injectlon type: Split rado is about 8:1, 

System sujtability 

Sample: Standard solution containing 1 jig/mL of 
vinyl acetate in toluene 
Sultability reguirements 
Relatlve standard deviation: NMT 15% 

Analysis 

Samples: Standard solution and Sample solution 
Plot the peak responses of the vinyl acetate in the 
Standard Solutions versus the concentration, in 
ug/mL, of vinyl acetate, and draw the straight linę 
Best fitting the flve plotted points, From the graph 
so obtained, determine the concentration, C, in 
pg/mL, of vinyl acetate in the Sample solution. 
CaTcutate the ąuantity, m pg, of vlnyl acetate in each 
g of Polyvinyl Acetate taken: 

Result = (C/Cp) 

C = as determined above 
C p = concentration of the Polyvinyl Acetate in the 
Sample solution (g/mL) 

Acceptance criteria: NMT 5 pg/g (5 ppm) of vinyl 
acetate 


•* Heavy Metals, Method li (231): NMT 10 ppm# (pmcy i. 

* Residual Feroxides 

Sample: 0,85 g of Polyvinyl Acetate 
Analysis: Place the Sample in a borosrlfcate glass fiask 
with a ground-glass neck. Add 10.0 mL of ethyl acetate, 
and heat under a reflux condenser with constant agita- 
tion, Allow to cooL Replace the air in the Container with 
oxygen-free nitrogen, and add a solution of 1.0 mL of 
gtaaaf acetic add and 0.5 g of sodium iodide in 
40.0 mL of water, Shake thoroughly, and allow to stand 
protected from light for 20 min. Utratę with 0.005 N 
sodium thiosulfate V5 until the yellow color is dis- 
charged, Perform a blank titration, 

Acceptance criteria: The difference between Ehe titra¬ 
tion volumes is not greater than 1.0 mL; and NMT 
100 ppm, caleulatedas hydrogen peroxide, is found. 
Organie Impurities 
» Procedurę: Limit of Vinyl Acetate 

Standard stock solution: 1.0 mg/mL of Vinyl Acetate 
in toluene 

Standard Solutions: 0.1, 0,3, 1, 3, and lOpg/mLof 
viny1 acetate in toluene, prepared from Standard stock 
solution 

Sample solution: 0.1 g/mL of Polyvinyl Acetate in 
toluene 

CHromatographic system 

(See Chmmatography (621), System Suitability.) 

Modę: CC 

De te c tor: Hydrogen flame ionization 
Column: 0,32-mm x 30-m fused-silica capillary coi- 
umn, 5*pm layer of phase G1 
Temperaturę 
Detector: 250° 

Injector port: 150° 

Column: See the temperatura program table helów. 


initiai 

Temperaturo 

n 

Temperaturo 

Ramp 

P/uiifil 

Finał 

Temperatura 

f & > 

Hałd Time at 
Finał 

Temperaturę 

(min 1 ) 

100 

___ 

100 

8 

100 

20 

250 

S 


5PECIFIC TESTS 


• Fats and Fixed Oils, Add Value (401) 

SampEe: 10.0 g of Polyvinyl Acetate 
Analysis: Transfer the Sample to a 250-ml glass-stop- 
pered conical fiask, dissolve in 75 mL of ethylene dichfo- 
ride, add 60 mL of denatured alcoholic T5, and mix. 

Add 1 ml of phenolphthalein TS, and titrate with 0.02 
N alcoholic potassium hydroxide VS until the solution 
remains faintly pink after shaldng for 30 s. Perform a 
blank determrnation, and make any necessary 


correction, 

Acceptance criteria: The add value is NMT 0,5, 

• Fats and Fixed Oils, Ester Vb/ue<401) 

Sample: 0.5 g of Polyvinyl Acetate 
Analysis: Saponify the Sample in a mixture of 25.0 mL 
of 0,5 N alcoholic potassium hydroxide VS and 25.0 mL 
of water. Proceed as directed under Fats and Fixed Oils 
(401), Saponification Value f beginning with "Heat the 
fiask on a steam bath". 

Acceptance criteria: The ester vafue, calculated from 
the Saponification Value and the Add Value , is between 
615 and 675. 


® Loss on Drying (731): Dry 1.5 g at 100° for 2 h in a 
vacuum: it loses NMT 1.0% of its weight. 

* AVERAGE MOLECULAR WEIGHT AND MOLECULAR WEIGHT 
DISTRIBUTION 


fCAUTiON —Tetrahydrofuran (THF) is considered to be a car- 
cinogen and embryo-fetal toxic substance. It is also a per- 
oxide farmer and is flammable. A safe-handlmg practice 
musi be in place in the laboratory, Carefully review ap- 
propriate Materiał Safety Data Sheets before use,] 

Mobile phase: Tetrahydrofuran inhibited with 250 ppm 
butylated hydroxytoluene. Do not sparge or degas. 
Standard Solutions: Prepare two sets of mixtures, each 
set eontainmg five narrow polystyrene standards of dif- 
ferent known molecular weights, totaling 10 narrow 
polystyrene standards covenng the molecular weight 
rangę from about 600 to 3,000,000 g/mo!, 1 * Prepare 
each set of five narrow polystyrene standards to have a 
known concentration at about 0.05% (w/v) for each 


standard in Mobile phase. 

Sample solution: Transfer 0.025 g of polyvinyl acetate 
to a vial, and add 10 mL of Mobile phase. Cap and mtx 
well, using an appropriate laboratory shaker, for 1 h. 


1 Narrow polystyrene standards are available from polymer lato ora tories, sueh 

as EasiCal, or are available as vartous individual polystyrene standards. 
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Pass the polywinyl acetate sotution through a poiytetra- 
fluoroethylene filter having a porosity of 0.45 |im, dis- 
card an appropriate wolume of the initial filtrate, and 
use the rest of the filtered soiution for analysis. 
Chromatographic system 
(See Chromotography (621), System Suitahility.) 

Mo de: LC 

Detector: Refractlve lndex (Rl) 

Detector temperaturę: 35° 

Columns: Two 10-mm x 50<m analytical columns; 
S-pm packing L73, and a 10-mm x 10-cm, 500-A 
guard column; packing 173. [Notę—T he analytical cof- 
umn is suitable for molecular weight ranges from 100 
to TO,000,000 g/mol.] 

Flow ratę: 1.1 mL/min 
Injection size: 200 pL 2 
System suitahility 
Sample: Standard Solutions 
Suitahility requirements 
Resolution; NLT 1.7 between the polystyrene 
standards 
Analysis 

Sam p ies: Standard Solutions and Sample soiution 
Separately inject equal volumes of the Standard solu- 
ttons and the Sample soiution into the chromato- 
graph, record the chromatograms, and determine the 
elution peak maxima and the corresponding reten¬ 
tion volumes for the 10 polystyrene standards. 
Uniwersał calibration: Analyze each polystyrene stan¬ 
dard , and use a data handlrng system or a suitable gel 
permeation chromatography or size exclusion chroma- 
tography (GPC/SEC) software to compute the data 
and calibration. Construct the Uniwersał calibration 
curve as follows, and use it in the section Data analysis 
for sample , 

Plot foq ([i]] x M r ) for each polystyrene standard in the 
Standard Solutions versus its retention wołu me, V, in 
ml, at each standard peak maximum; and construct 
the best cubic linę fitting the 10 points. In this ex- 
pression, M f is the molecular weight, in g/mol, of 
polystyrene standard; and [r\] is tne intrinsic wiscosity 
of a polymer and is related to polymer molecular 
weignt (M r ), especially viscosity-average molecular 
weight, M v , by Ehe followlng Mark-Houwink eguation: 

[q] = K x M v * 

K = constant for a giwen poły mer/soi went system at 
a spedfied temperaturę 

a = constant for a given polymer/solwent system at 
a spedfied temperaturę 

For polystyrene in THF at 25°, K = 0.0128 nnL/g, and 

For poiywinyl acetate in THF at 25°, K ~ 0.025 mL/g, 
and a - 0.63 

Based on the Mark-Houwink eguation and the fact 
ihat M v can represent the molecular weight (M r ), the 
following equation is giwen: 

log([q] x M r ) = logK + (a + 1}log(M r ) 

M f can be obtained as M v , a wiscosity-awerage 
molecular weight of polystyrene standard. 

Data analysis for sample: Analyze the polyvinyl ace¬ 
tate sample by identifying retention volumes V, and 
\4, corresponding to the oeginning and end of the 
polyvinyl acetate chromatopram. The baseline be¬ 
tween V a and V b is assumed to be linear. [NOTĘ—Draw 
a straight fine between Va and V tir ] Data analysis is 


based on a suitable GPC/5EC Computer software or a 
real-time data acqufsitfon system with either offline or 
online data processing that is able to provide a means 
of determining chromatographic peak heights or inte- 
grated area segments at prescribed tntervals under the 
SEC chromatografii and a means of handling and re- 
porting the data. The following describes the data 
processes, which can be computed either by the GPC/ 
SEC software or by an equivalent data processing sys¬ 
tem. Upon acquisitlon, handle the data under the poi- 
ywinyi acetate elution peak in discrete segments A„ in- 
tegrated area slices, or as dtgitized ehromatogram 
heights H„ by recording the wertical displacements be¬ 
tween the ehromatogram tracę and the basdine at re¬ 
tention wolume, V t , over designated intervals. A mini¬ 
mum of 40 area segments or heights is reguired. 
Obtarn the corresponding molecular weight value M, 
for Polyvinyl Acetate at its retention volume, Vi, from 
the Universal calibration curve obtained in the section 
Universa! calibration , sińce the constants K and a for 
Polyviny! Acetate are known and giwen abowe, 
Caiculate the number-, weight-, and wiscosity-awerage 
molecular weights, Mn, M w , and M v , respectiwely, in 
g/mol, of poiywinyl acetate, using the following 
formula: 


ZA, 


M m-Ją 


yfĄi 

h m, 


Z(A,*M,) 

M. = - 1 - 1 ■ 

ZA 

I(VMT) 


M u = 


-.la 


i-1 


ZA, 


M 


If the retention volume interna f A\A (for instance, - 
Vł - V 3 - Vz, etc.) is constant, parameters A, and Mi 
are the chromatographic peak siice area and Lhe Poly- 
winyi Acetate molecular weight associated with the re¬ 
tention volume, V ( ; and N is the number of data 
points obtained from the ehromatogram between 
and V b (N > 40). [Notę—I f N is sufficiently large, the 
use of area segments A k or peak heights H will yield 
eguiwalent results.] 

Caiculate the molecular weight distribution or polydis- 
persity for Poiyvinyl Acetate: 

Result = M w /M 0 

Acceptance criterra: The walues of weight-average 
molecular weight and polydispersity are, respectiwely, 
ISILT 85% and NMT 115% of thelr respective walues as 
stated on the label. 

ADDiTIONAL REQUIREMENTS 

* Packacing AND Stórage: Preserwe in well-dosed contain- 

ers. No storage requirement specified. 

* Labeling: Label it to indicate its weight-awerage molecu¬ 

lar weight, M w , and polydispersity (M w /M n ). 


1 A sample loop 400 pL and a syringe of 250 pt vyiere used in tłie Anałym, 
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O USP Reference Standard* {11} 

USP Polyvinyl Acetate RS 


PoByyBnyl Acetate DSspersion 

DEFINITION 

Dispersion of poJyyinyl acetate In water. It eontains 25.0% 
to 30.0% of polyytnyl acetate. It may contain povldone 
and sodium lauryl sulfate as stabilizers. 

IDENTIFICATION 

* A. FILM ForMation: Place 1 drop of Dispersion on a glass 

piąte and altów to dry. A elear and homogeneous film is 
rormed. 

* B. BNFRARED ABSORPTION 

(See Spectmph o to metric Identification Tests (1 97), Infrored 
Absorption j 

Analysis; Place 1 drop of the Dispersion on a glass 
piąte, and cover the test substance with a water-resis- 
tant crystal disk (siiyer chlonde or KRS-5). 1 * Gentfy press 
on, and then remove the crystal dislc Dry the cmtat 
disk fn a drying chamber until a homogeneous film es 
formed. 

Acceptance criteria: The IR absorption spectrum of the 
film so formed exhiblt$ maxima correspondlng to the 
same wavelengths as those of a similar preparation of 
USP Polyytnyl Acetate Dispersion RS treated in the same 
manner. 

ASSAY 
o Procedurę 

Sample 1: 10 g of Dispersion 

Solyent: 50 mL of a rnUture of equal volumes of alco- 
hol and petroleum ether with a 100 & -12O Q boiling 
rangę, which is preyiously neutralized with 0.1 N potas- 
sium hydroxide or 0.1 N sodium hydroxide 
Analysis 1: Dissolve Sample 1 in the Solvent. Add 
0.5 ml of phenolphthalein TS, and titrate with 04 N 
potassium hydroxide or 0.1 N sodium hydroxide until 
the pink color persists for at least 15 s. 

Calculate the add vafue, U: 

Result - (Mri xVx N)/W 

Mri = molecular weight of potassium hydroxide, 

56.11 

V = votume of 0.1 N potassium hydroxide or 0.1 
N sodium hydroxide consumed in the actual 
test {ml) 

N ~ exact norma lity of the potassium hydroxfde 
solution or sodium hydroxide solution 
W - weight of Dispersion taken for the test (g) 
Sample 2: 1.5 g of Dispersion 

Analysis 2: Transfer Sampfe 2 to a 250-mL borosilicate 
glass fiask fitted with a reflux condenser. Add 25.0 mL 
of 0.5 M alcoholic potassium hydroxide and a few glass 
beads. Attach the condenser and heat un.der ref!ux for 
30 mtn. Add 1 ml of phenolphthalein TS, and titrate 
immedlately (white still hot) with 0.5 N hydrochloric 
acid VS, Perform a blank determination under the same 
conditions (see Titrimetry (541), Residua! Titrations,) 
Calculate the saponification value, fc 

Result - [Mri x (V B - V T ) x N]/W 

Mrt - molecular weight of potassium hydroxide, 

56.11 


1 KRS-5 consists of 42% thallium{l) bromide and 58% Lhallium(i) iodine by 

molecular weight, Suitable disks of silver chloride and of KRS-5 are availaole 

from www.crystals.safnt-gobain.com,www.almazoptics.com, and 

www, i nterna tiona ierys ta I. n e L. 


V& - volume of 0.5 N hydrochloric acid consumed 
in the blank test (mL) 

Vt = vo!ume of 0.5 N hydrochloric acid consumed 
in the actual test (mL) 

N - exact normality of the hydrochloric acid 
W - weight of Dispersion taken for the test (g) 
Calculate the percentage content of polyviny! acetate in 
the portion of Dispersion taken: 

Result - Fx [M r ? x [(/ s - l A )/M f i]} x 100 

F - factor converting mg to g, 10* 3 * g/mg 
M r i - molecular weight of vinyf acetate, 86.09 

t$ = saponification value 

U = acid value 

M r j = molecular weight of potassium hydroxide, 

56.11 

Acceptance criteria: ihe content of polyvinyl acetate is 
25.0%-30.0% ł 

OTHER COMPONENT5 
StabiJizers 
e POV 1 DOME 

[Notę —Perform this test only if the Dispersion contains 
povidone.] 

Sample: 0.25 g 

Analysis: Perform nitrogen determination by su [furie 
acid digestion on the Sample as directed in Nitrogen 
Determination (461), Method i!. 

Calculate the percentage content of poyidone in the 
portion of Dispersion taken: 

Result = N/N v 

N - percentage content of nitrogen 
N v = percentage content, expressed as a dedmal 
number, of nitrogen in yinylpyrrolidone, 

0.126 

Acceptance criteria: The content of poyidone is NMT 
4,0%. 

1MPURITIES 

* Residue on Ignition (281) 

Sample: 1.0 g of Dispersion 

Analysis: Heat a silica crucibie to redness for 30 min, 
allow to cool in a desiccator, and weigh. Evenly dis- 
tribute the Sample in the crucibie and weigh. Dry the 
crucibie at 100MG5 d for 1 h and ignite in a muffle 
furnace at Ó0Q±25 a , until the test substance is thor- 
oughly charred. Continue the experiment as directed in 
Residue on Ignition (281) on the residue obtained, be- 
ginnlng with "MOlsten the sample with a smali amount 
(usually 1 mL) of sulfuric acid../' 

Acceptance criteria: NMT 0.5% 

■ Limit of Vinyl Acetate 

Solution A: Acetonitrile, methanoS, and water (5:5:90) 
Solution B: Acetonitrile, methanol, and water (45:5:50) 
Mobile phase: See Tobie 1. 


Tabfle 1 


Time 

(mm) 

Solution A 
<%) 

Solution B 

{%) 

0 

100 

0 


100 

0 

40 

85 

15 

42 

0 

100 

48 

0 

100 

51 

100 

0 


Standard solution: Transfer 50 mg of vinyl acetate to a 
100-mL volumetric fiask, dissolve in and oilute with 
methanol to volume, and mix we!!. Dilute 5.0 mL of the 
solution with Solution A to 100 mL. Dilute 10.0 mL of 
this solution with Solution A to 100 mL. The Standard 
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sołution contains about 2,5 ug/ml of vinyl acetate, 
[Notę—T his sołution should 6e analyzed withrn 1 h 
when stored at room temperaturę.] 

System suitability sołution: Transfer 50 mg of vinyf 
acetate and 50 mg of 1-vinylpyrrolidin-2-one to a 
50-mL yolumetric fiask, add 10 mL of methanol, soni- 
cate or gently shake the fiask to disso!ve the ma ter lais, 
Dilute with Sołution A to volume. Dilute 10 mL of this 
sołution with Sołution 4 to 100 mL. Dilute 5 mL of this 
sołution with Sołution A to 100 mL. The System suitabil¬ 
ity sołution contains about 5 pg/mL each of vinyl acetate 
and 1 wmyIpyrroMdin-2-one, 

Sample sołution: Transfer 250 mg of Dispersion to a 
10-mL yolumetric fiask, add about 4 mL of methanol, 
and sonicate, After cooling to ambient temperaturę, di* 
lute with water to volume, and mix. Centrifuge at 4000 
x g for 10 min, and pass through a 0,2-pm membranę 
filter. [Notę—T his sołution should be analyzed within 1 
h when stored at room temperatur©.] 

Chromatographic system 
(See Chromatogmphy (621), System Suitability.) 

Modę: LC 

Detector: UV 205 nm 
Columns 

Precolumn: 4.0-mm x 3-cm; 5-pm packing LI may 
be used rf a matrix effect rs observed. [Notę—T he 
matrix effect may result in poor reproduribiłity of the 
retention times and of the peak shapes.J 
Analyticał: 4.0-mm x 25-cm; 5-pm packing LI 
Column temperaturę: 30° 

FIow ratę: 1 mL/nrrin 
Injection votume: 10 pL 
System suitability 
Sample: System suitability sołution 
[Notę—T he relatJye retention times for vinyl acetate and 
l-vinyipyrrolidm-2-one are 1,0 and 1.2, respectiveły.j 
Suitability reguirements 
Resolution: NLT 5.0 between vinyl acetate and 
1 -vinylpyrro1idin-2-one 

Refative standard deviation: NMT 5,0% determined 
from the 1-vinylpyrrolidm-2-one peak 
Analysis 

Samples: Standard sołution and Sample sołution 
Acceptance criteria: The response of the vinyf acetate 
peak from the Sample sołution is NMT that of the vinyl 
acetate peak from the Standard sołution , corresponding 
to NMT TOG ppm of vinyl acetate. 

* Limit of Acetic Acid/Acetate 
Soiutłon A: 5 mM sutfuric add 
Sołution B: Aceton itrile and 5 mM sulfuric acid (1:1) 
Mobile phase: See Tobie 2. 


Table 2 


Time 

(min) 

Sotution A 

(%> 

Sołution B 

W 

0 

100 

0 

10 

100 

0 

10.5 

0 

100 

20 

0 

100 

20.5 

100 

0 

30 

100 

0 


System suitability sołution: Transfer 30 mg of gfacial 
acetic add and 30 mg of malonic acid to a 25-mL vdu- 
metric fiask, dilute with methanol to volume, and mix 
welL Transfer 1 mL of the sołution to a 25-mL fiask, 
dilute with water to volume, and mix welL Tłie sołution 
contains 0.048 mg/mL each of acetic acid and malonic 
acid. 

Standard sołution: 0.1 mg/mL of acetic add tn water 
Sample sołution: Transfer 330 mg of Dispersion to a 
50-ml yolumetric fiask, add about 5 mL of methanol, 


and dilute with water to vo!ume, which leads to a pre- 
dpitation of sample. Pass the dispersion through a 0.2- 
pm regenerated cellulose membranę fil ter. 2 Use the 
filtrate. 

Chromatographic system 

{See Chromatograpny {621), System Suitability .) 

Modę: LC 

Detector: UV 205 nm 

Cołumn: 4.6-mm x 25-cm; 5-pm packing LI 

Column temperaturę: 25° 

FIow ratę: 1 mL/min 
fnjectlon voiume: 20 pL 
Run time: 30 min 
System suitability 

Samples: System suitability sotution and Standard 
sołution 

[Notę—T he relative retention times for malonic acid 
and acetic add are 0.9 and 1,0, respectively.] 
Suitability reguirements 

Resolution: NLT 2,0 between malonic acid and acetic 
acid, System suitability sołution 

Refatiye standard deviation: NMT 5.0% determined 
from the acetic add peak, Standard sołution 
Analysis 

Samples: Standard sołution and Sample sołution 
Calculate the percentage of acetic add in the portion of 
Dispersion taken: 

Result - (rti/f s ) x (Cs/Cu) x 100 

ry = peak response of acetic add from the Sample 
sołution 

r 5 - peak response of acetic acid from the 
Standard sołution 

C 5 = concentratlon of acetic acid in the Standard 
sotution (mg/mL) 

Q - concentration of Polyyinyl Acetate Dispersion 
tn the Sampłe sołution (mg/mL) 

Acceptance criteria: NMT 1,5% or acetic acid 

SPECIF1C TESTS 

* Microbial Enumeratign Tests <61) and Tests for Spec* 
fied Microorganisms (62): The total aerobk microbial 
count is NMT 1000 cfu/g, and the total combined molds 
and yeasts count is NMT 100 cfu/g, 

* PH (791): 3.0-5.5 

* Loss ON Drying (731) 

Sample: 1.0 g of Dispersion 

Analysis: Pry the Sample atl 1G Q for 5 h. 

Acceptance criteria: 68.5%-71,5% 

* CO AG ULU M CONTENT 

Sample: 100 g of Dispersion 

Analysis: Accurately weicjh a stainless Steel sieve with 
45-|jm openings or a suitable single-woven wire cioth 
with a mesh width of 45 urn, and fiiter the Sampłe 
through It. [Notę —Suitabfe single-woven wire cioth 
mesh meets the reguirements set in ISO 9044.] Wash 
the sieve or the cioth with distilled water until a elear 
filtrate is obtained, and dry the sieve or the cioth to 
constant weight at 100MG5 0 . 

Acceptance criteria: The weight of the residue is NMT 
500 mg (0.5%). 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in right containers at a 

temperaturę belo w 25°. Protect from freezing, 

* Labeljnc: Label it to indicate the amounts of povidone 
and sodium lauryl sulfate. 

J Whatman Spartan HPLC certified syringe lilter, Whatman Cal # 10463060 or 
equivalent fiiter. 
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® U5P Reference Standards (11) 

U5P Polyvtnyl Acetate Disperslon RS 


Poiyynrayl Acetate Phthalate 

DEFINITION 

Polyvinyl Acetate Phthalate is a reaction product of phthalic 
anhydride and a partially hydrolyzed polyvinyl acetate, It 
contains NLT 55.0% and NMT 62.0% of phthalyl (o- 
carboxybenzoyl, CgHsCh) groups, calculated on the anhy¬ 
drous, acrd-free basis. 

IDENTIFICATION 

* A. The Sample solution in the Assay exhjbits a maximum 

at 277 ± 3 nm. 

- B. 

Sample: 10 mg 

Analysis: Place the Sample in a smali test tubę, add 
10 mg of resorcinol, and mix. Add 0.5 mL of sulfuric 
add, and heat in a liquid bath at 160° for 3 min. Cool, 
and pour the solution into a mixture of 25 ml of 1 N 
sodium hydroxide and 200 mL of water. 

Acceptance criteria: The solution shows a vivid green 
fluorescence. 

* C. 

Sample solution: 100 mg/mL of Polyvinyf Acetate 
Phthalate in methano] 

Analysis: Pour 1 mL of the Sample solution onto a dear 
glass piąte. 

Acceptance criteria: A film is deposited as the metha- 
nol evaporates. 

ASSAY 

■ Phthalyl Content 

Standard solution: 0.05 mg/mL of phthalic anhydride 
in alcohol, prepared as follows. Transfer 50 mg of 
phthafic anhydride to a 1000-mL volumetric fiask. Dis- 
solve with heat in 100 mL of alcohol, diiute with alco- 
hol to volume, and mix, 

Sample solution: 0.1 mg/mL of Polwiny! Acetate 
Phthalate in alcohol, prepared as follows. Transfer 
100 mg of Polyviny( Acetate Phthalate to a 1000-mL 
volumetric fiask, dtssolve in alcohol, and diiute with al¬ 
cohol to voiume. 

Instrumental conditions 
Modę: UV 
Celt: 1 cm 

Analytical wavelength: 275 nm 
Analysis 

Samples: Standard solution and Sample solution 
Calcu fate, on the acid-free basis, the percentage of 
phthalyl taken: 

Result = (AJA s ) x (Cj/C w ) x 100 

A u - absorbance of the Sample solution 
As ~ absorbance of the Standard solution 
Cs - concentratlon of phthalic anhydride in the 
Standard solution (mg/mL) 

= concentration of Polyvinyl Acetate Phthalate in 
the Sample solution (mg/mL) 

Acceptance criteria: 55.0%-62,0% of phthalyl (o- 
carboxybenzoyl, CgHsOi) groups on the anhydrous, 
acid-free basis 

IMPURIT1ES 

* Residue on Ignition (281): NMT 1.0% 

® Free Phthalic Acid 

Standard solution: 0.05 mg/mL of phthafic anhydride 
Sample solution: 6 mg/mL of polyvinyl acetate phthaL 
ate in water prepared as follows, Dissoh/e 1500 mg of 
Polyvinyf Acetate Phthalate in 50 ml of a mixture of 


methylene chloride and methanol (4:1). Transfer the so¬ 
lution to a separator with the aid of 75 mL of water, 
and swirl, taking care not to shake. Add 100 mL of hex- 
anes, shake, and allow the mixture to stand until it sep- 
arates into Ewo layers. Transfer the water layer to a 
250-mL volumetric fiask. Add 100 mL of water to the 
separator, shake, and allow to stand until the layers 
separate. Transfer the water layer to the same vol u męt¬ 
ne fiask, and diiute with water to volume, If the solu- 
tlon is doudy, centrifuge a portion until elear. 
Instrumental conditions 
Modę: UV 
Celi: 1 cm 

Analytical wavelength: 277 nm 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of free phthalic acid in the 
portion taken: 

Result = (Au/A s ) x (G/Cu) x (Ri/M*) x 100 

A u - absorbance of the Sample solution 
As - absorbance of the Standard solution 
Q - concentration of phthafic anhydride in the 
Standard solution (mg/mL) 

C u = concentration of Polyvinyl Acetate Phthalate in 
the Sample solution (mg/mL) 

M r t - molecular weight of phthalic add, 166.13 
M f 2 = molecular weight of phthalic anhydride, 

148.12 

Acceptance criteria: NMT 0.6% on the anhydrous 
basis 

o Free Acid Other Than Phthalic 

Sample solution: Proceed as directed for Sample solu¬ 
tion in Impurities, Free Phthalic Acid f but insteao of trans- 
ferrlng the water extracts to a volumetnc fiask, transfer 
them to a 400-mL beaker. 

Titrimetrk system 
(5ee Titńmetry (541).) 

Modę: Dfrect titration 
Titrant: 0.1 N sodium hydroxide VS 
Endpoint detection: Yisual 
Analysis: Ti tratę the Sample solution with Titrant to a 
phenolphthalein endpoint 

Calculate the vo!ume, V Pf in mL, of 0.1 N sodium hy- 
droxide consumed by the free phthalic add in the 
sample taken: 

V p = (1 /M r ) x (1 /N) x P x W 

M r = equivalent weight of phthalic acid, 

83.065 mg/mEq 

N = actual normality of the Titrant (mEq/mL) 

P - percentage of free phthalic add, previously 
determined, in decimal form 
W ~ sampfe weight of Polyvinyl Acetate Phthalate 
on the anhydrous basis (mg) 

Calculate the percentage of free ada other than 
phthalic, as acetic acid, In the portion taken: 

Result = [(V - V p ) x M r} x N\/W x 100 

V = total volume of 0.1 N sodium hydroxide used 

(mL) 

M r j - equivalent weight of acetic add, 60.05 mg/ 
mEq 

N = actual normality of the Titrant 
W - sample weight on the anhydrous basis (mg) 
Acceptance criteria: NMT 0.6% on the anhydrous 
basis 

SPECIFIC TESTS 

• VlSCG5!TY—CAPILLARY METHDDS (911) 

Sample solution: Dissolve a guantity, equivalent to 
15 g on the anhydrous basis, in 85 g of methanol. 
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Analysis: Determine the viscosity of the Sample solution, 
using a capillary yiscometer at 25 ± 0.2 C . 

Acceptance criteria: The apparent viscosity is 7-11 
mPa ■ s (centlpoises). 

* Water 0 etereotinati o N, Method ( (921): NMT 5,0% 

ADDITflONAL REQU1REEVKENT5 

* Packaging and Storage: Preserve in tight containers. 


Polyvinyl AlcolioS —see Polyvinyl Alcoho! 
General Monographs 


Potassium Alginate 



Alginic add, potassium salt; 

Potassium alginate [9005-36-1]. 

DEFBNITiON 

Potassium Alginate fs the purified carbohydrate product ex- 
tracted from various species of brown seaweeds by the 
use of drlute alkali. It consists chlefiy of the potassium salt 
of Alginic Add, a linear glycuronoglycan consisting of /3- 
1,4-llnked D-mannuronic add and L-guluronic acid unlts In 
the pyranose ring form. It ylelds NLT 16.5% and NMT 
19.5% of carbon dloxide (CO^), equiva!ent to NLT 89.2% 
and NMT 105.5% of potassium alginate, calculated on 
the drled basfs. 

IDENTIFICATION 

* A. 

Analysls: To 5 mL of a 1-m-lQ0 solution In 0.1 N so- 
dium hydroxide add 1 mL of calclum chlorlde TS. 
Acceptance criteria: A vo!uminous, gelatinous predpi- 
tate is formed. 

o B, 

Analysis: To 10 mL of a 1-in-100 solution in 0.1 N so- 
dium hydroxlde add 1 mL of 2 N su [furie add. 
Acceptance criteria: A heavy, gelatinous predpitate Is 
formed. 

O C 

Analysis: To 5 mg In a test tubę add 5 mL of water, 

1 mL of a freshJy prepared 14n-10G solution of 1,3- 
naphthalenedlof in afcohol, and 5 mL of hydrochloric 
add. Heat the mixture to boi ling, boi! gently for 3 min, 
then cool to 15 D . Transfer the contents of the test tubę 
to a 30-mL separator with the aid of 5 ml of water, and 
extract With 15 mL of isopropyl ether. 

Acceptance criteria: The isopropyl ether extract exhib- 
its a deeper purpfish hue than tnat from a blank, slmi- 
larly prepared. 

* D. Identification Tests— General, Potassium (191) 

Analysis: Ignite completely 0,2 g at as Iow a tempera¬ 
turę as possible. 

Acceptance criteria: A solution of the residue meets 
the regulrements of the tests. 

ASSAY 

® Alginates Assay (3T1): 1ó. 5%-1 9.5% of CO 2 , equiva- 
lent to 89.2%-105.5% of potassium alginate on tne 
drled basis 


IMPURETIES 

a Arsenic, Method il (211): NMT 1.5 ppm 

a iEAD (251) 

Standard solution: 5mLof Diluted standard fead 
solution 

Test Preparation: Add 1.0 g to 20 mL of nitrlc add in a 
250-mL conicaJ fiask, mix, and heat carefully until the 
Potassium Alginate is dissolved. Continue the heatlng 
until the volume is reduced to 7 mL. Cool rapidly to 
room temperaturę, transfer to a 100-mL yolumetnc 
fiask, and dilute with water to vofume. Use a 50-mL 
sample of the Test Preparation* 

Analysis: Proceed as directed in the chapter using 
15 mL of ammonlum citrate solution, 3 mL of potas¬ 
sium cyanide solution, and 0,5 mL of hydroxylamine hy- 
drochloride solution being used for the test. After the 
first dithizone extractlons, wash the combined chloro¬ 
form layers with 5 mL of water, dlscarding the water 
layer and contlnuing in the usual manner by extracting 
with 20 mL of 0.2 N nitrlc add. 

Acceptance criteria: 50.0 ml portion of the Test prepa¬ 
ration contains NMT 5 pg of lead (corres pond Ing to 
NMT 10 ppm of lead) 

Delete the following: 

Heavy Metals, Method II (231) 

Analysis: Conduct the Ignition in a platinum crudble, 
ancf use nitrlc acid in place of sulfuric acid to wet the 
sample. 

Acceptance criteria: NMT 40 ppm* Han-zoim 

SPECIFEC TESTS 

e Articles of Botanecal Orjgin, Total Ash (561) 

Anafysis: Proceed as directed for Total Ash under Meth- 
ods of Analysis, carefully ignitlng 3 g in a tared platinum 
dish, unti] the residue is thoroughly carbonized (5 min), 
and then igniting In a m uff Je furnace at a temperaturę 
of 800125° unti i the carbon is completely bumed off 
(approximately 75 min). 

Acceptance criteria: 24.0%-32,0% of ash Is found, cal- 
culated on the as-is basis. 

* Microbial Enumeratjon Tests (61) and Tests for Spece- 
fied Microorganisms (62): The total aerobic mtcrobial 
count does not exceed IG 3 cfu/g, and the total com- 
bined molds and yeasts count does not exceed 10 3 cfu/ 

9 - 

a Loss ON Drybng (731): Dry a sample at 105° for 4 h: it 
loses NMT 15% of its weighL 

ADDITIONAL REQUIREMENTS 

® Packaging and Storage: Preserve in well-closed contaln- 
ers. No storage reguirements specified. 


Potassium Benzoate 



OHjKO, 160.21 

Benzoic add, potassium salt; 

Potassium benzoate [582-25-2]. 

DEFINITION 

Potassium Benzoate contains NLT 99.0% and NMT 101.0% 
of potassium benzoate (C 7 H 5 KO 2 ), calculated on the anhy- 
drous basis. 
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IDENTIFICATION 
« A. Bnfrared Absorption (197K) 

Sample: Undried sample 
Acceptance criteria: Meets the reauirements 
<s B. Potassium Benzoate imparts a violet coior to a 

nonluminous flame. Because the presence of smali quarv 
tities of sodium masks the color, screen out the yellow 
color produced by sodium by viewing through a blue 
fElter that blocks emission at 589 nm (sodium) but is 
transparent to emission at 404 nm (potassium). [Notę— 
Traditionally, cobaft glass Has been used, but other suita- 
ble filters are commereially available,] 

• C. The retention time of the major peak of the Sample 
solution eorresponds to that of the Standard solution, as 
obtained in the Assoy. 

ASSAY 
o Procedurę 

Solution A: Adjust a 20 mM solution of monobasle pc- 
tassrum phosphate with phosphoric acid to a pH of 2,5. 
Mobile phase: Solution A and acetonitrile (70:30) 
Diluent: Water and acetonitrEle (50:50) 

System suitability solution: 04 mg/ml of USP Salicylic 
Acid RS and 04 mg/mL of USP Benzole Add RS in 
Diluent 

Standard solution: 04 mg/ml of USP Benzoic Acid RS 
in Diluent 

Sample solution: 04 mg/ml of Potassium Benzoate in 
Diiuent 

Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 230 nm 
Coiumn: 4,6-mm x 1 5-cm; 5-^im packing LI 
Cofumn temperaturę: 2S Q 
Flow ratę: 1.0 ml/min 
Injection volume: 10 pL 
System suitability 

S a m p I e s: Sys tem s ul ta bili ty sol ution and Standa rd 
solution 

[Notę —The relative retention times for benzoic add 
and salicylic acid are approximately 1 and 1.2, 
respectively.] 

Suitability requirements 

Resolution: NLT 3.0 between benzoic acid and sali¬ 
cylic acid, System suitability solution 
Tailing factor: NMT 2,0 for benzoic acid, Standard 
solution 

Relative standard deviation: NMT 0.5% for benzoic 
acid, Standard solution 
Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of potassium benzoate 
(GHsKO?) in the portion of Potassium Benzoate taken: 

Result = (Wr 5 ) x (Q/C u ) x (M ri /M r2 ) x 100 

fy ~ peak area of benzole acid from the Sample 
solution 

r 5 = peak area of benzoic add from the Standard 
solution 

Cs “ concentratton of USP BenzoEc Add RS in the 
Standard solution , corrected for punty 
(mg/mL) 

Cu = concentration of Potassium Benzoate in the 
Sample solution (mg/mL) 

Mrt = molecular weight of potassium benzoate, 

160.21 

M r2 = molecular weight of benzoic acid, 1224 2 
Acceptance criteria: 99.0%-101.0% on the anhydrous 
basis 


IMPUR1TIE5 


Delete the foliowing: 

** Heavy Metals (231) 

Test preparation: Di lute 4.0 g in 40 ml of water. Add, 
dropwise wtth vEgorous stirring, 10 ml of 3 N hydro- 
chEoric acid, and filter. Use 25 mL of the filtrate. 

Acceptance criteria: NMT 1 0 pg/g* { om*iu an . 2 om 

SPECIFIC TESTS 

* ALKALINkTY 

Sample: 2 cj 

Analysis: Dissolve the Sample En 20 mL of hot water, 
and add 2 drops of phenofphthalein TS. 

Acceptance criteria: If a pmk color is produced, it is 
disenarged by the addition of 0.20 mL of 04 0 N sulfu- 
ric acid. 

& Water Determination (921), Method l: NMT 1.5% 

ADDBTBONAl REQUIREMENT5 

* Packaging amd Storage: Preserve in well-closed 

containers. 

o USP Reference Standards (11) 

USP Benzoic Acid RS 

USP Potassium Benzoate RS 

USP Salicylic Acid RS 


Potassium Carbonate— see Potassium 
Carbonate General Monographs 


Potassium Chloride— see Potassium 
Chloride General Monographs 


Potassium Citrate —see Potassium Citrate 
General Monographs 


Potassium HydlroxBdle 

KOH 56,11 

Potassium hydroxide [1310-5S-3], 

DEFINBTJON 


Change fo read 

Potassium Hydroxide contains NLT 85.0% of to tal alkali, cah 
culated as potassium hvdroxide (KOH), incEuding NMT 
3.5% of potassium carbonate (K 2 C0 3 ), Nt also contains 
NLT 59.9% of potassium. anf 3 ś 

[Cautjon— Exercise great care m handjing Potassium Hy- 
droxide because it rapidly destroys tissues.] 

IDENTIFICATION 

® A. Identification Tests— General (191), Potassium : A so- 
Iution (1 in 25) meets the reguirements. 
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Add the foltowing 

B. PH (791) 

Sampfe solution: OJ mg/mL of Potassium Hydroxide 
Acceptance criteria; NLT 10*5 awj> 

ASSAY 

Change to read: 


Calculate Lhe percentage of potassium in the portton of 
Potassium Hydroxide taken: 

Result = (Cs/Cu) x 100 

Cs - concentration of potassium in the Sampfe 
solution from the Standard curve (pg/mL) 

Cl? = concentration of Potassium Hydroxide in the 
Sampfe solution (pg/mL) 

Acceptance criteria: NLT 59.9%anmj 


■ *Total AIKALUnfis 

Sampfe: 1.5 g of Potassium Hydroxide 
Titrimetric system 
(See Titrimetry <541 >.) 

Modę: Direct titration 
Titrant: 1 N sulfuric add V5 
End point detection: Colorimetric 
Anaiysis: Dlssolve the Sample in 40 ml of carbon diox- 
ide-free water. Coof the solution to 15 d and add phe- 
nolphthalem TS* Tilrate with 1 N sulfuric add V5. AL the 
discharge of the pink color of the indicator, record the 
volume of acid solution required, then add methyl or- 
anqe TS and continue the titration to a persistent pink 
cofor. Each milli liter of 1 N sulfuric acid is equivalent to 
56J1 mg of total alkali, calcufated as potassium hy* 
droxide (KOH), and each milliliter of acid consumed in 
the titration with methyl orange is equivalent to 
1 38.2 mg of potassium carbonate (K^CCh). 

Acceptance criteria: NLT 85.0% of total alkali, calcu- 
lated as potassium hydroxide (KGH), including NMT 
3,5% of potassium carbonate (K 2 COj) 


Add the foltowing; 

** CONTENT OF POTASSIUM 

Diluent: 1 % hydrochloric add solution 
Sodium chloride solution: 0,2 g/mL of sodium chloride 
Blank solution: Transfer 2.0 ml of the Sodium chloride 
solution to a 100-mL volumelrit fiask and dilute with 
Diluent to volume. 

Standard stock solution: 57,21 pg/mt of potassium 
chloride, previously dried at 105° For 2 h, En water. This 
solution contains 30pg/mL of potassium* 

Standard Solutions: Transfer 2.0-, 4.0-, and 6*0-mL 
portions of the Standard stock solution Lo sępa ratę 
100-mL volumetric ffasks. To each fiask, add 2,0 mL of 
Lhe Sodium chloride solution. Dilute the content of each 
fiask with Diluent to volume and mix to obtain Solutions 
with known concentrations of 0*6, 1 % and 1 *8 ug/rnL 
of potassium, 

Sample stock solution: 0.5 mg/mL of Potassium 
Hyaroxide 

Sample solution: Transfer 1,0 mL of the Sample stock 
solution to a 250-mL volumetnc fiask. Add 5.0 mL of 
the Sodium chloride solution and dilute with Diluent to 
volume, 

Instrumentaf conditions 
(See Atom/c Absorption Spectroscopy (852),) 

Modę: Atomie absorption spectrophotometry 
Analytical wavelength: 766,5 nm (potassium emission 
linę) 

Lamp: Potassium hollow-cathode 
Flame: Air-acetylene 
Blank: Blank solution 
Standard curve 
Samples: Standard Solutions 
Plot: Absorbance va!ues versu$ their corresponding 
concentrations (pg/mL) of potassium. The correlatron 
coefficient is NLT 0*999, 

Anaiysis 

Sampfe: Sample solution 

From the Standard curve t determine the concentration 
of potassium in the Sample solution * 


IMPURITIES 


Delete the foltowing: 

•• Heaw Metals (231) 

Test preparation: 0.67 g of Potassium Hydroxide in a 
mixture of 5 mL of water and 7 mL of 3 N hydrochloric 
add. Heat to boiling, coof, and dilute with water to 
25 mL. 

Acceptance criteria: NMT 30 pg/g# { owicroi 1 - 1 ^* 2010 ) 


Add the foltowing: 

*<> Limit cf Sodium 

Diluent: 1% hydrochloric acid solution 
Standard stock solution: 12.71 pg/mL of sodium chlo¬ 
ride, previously dried at 105 J for 2 h, in water, This 
solution contains 5 pg/mL of sodium. 

Standard Solutions: Transfer 1,0- H 10*0-, and 15.0-mL 
portions of the Standard stock solution to separate 
100-mL volumetric fiasks* Dilute the content of each 
fiask with Diluent to vofume and mix to obtain Solutions 
with known concentrations of 0.05, 0.5, and 0.75 pg/ 
ml of sodium. 

Sample stock solution: 0.5 mg/mL of Potassium 
Hydroxide 

Sample solution: 50 pg/mL of Potassium Hydroxide in 
Diluent, p rep a red from the Sampfe stock solution 
instrumentaf conditions 
(See Atomie Absorption Spectroscopy (852)*) 

Modę: Atomie absorption spectrophotometry 
Anafytical wavelength: 589*0 nm 
Lamp: Sodium holTow-cathode 
Flame: Air-acetylene 
Blank: Diluent 
Standard curve 
Sam pies: Standard Solutions 
Plot: Absorbance values versus their corresponding 
concentrations (pg/mL) of sodium. The correlation co- 
effident is NLT 0,995. 

Anaiysis 

Sample: Sample solution 

From the Standard curve f determine the concentration 
of sodium in the Sampfe solution , 

Calculate the percentage of sodium in the portion of 
Potassium Hydroxide taken: 

Result = (Cj/Cu) x 100 

Cs = concentration of sodium in the Sample solution 
from the Standard curve (pg/ml) 

Cu = concentration of Potassium Hydroxide in the 
Sample solution (pg/mL) 

Acceptance criteria: NMT 1.0%*^ 

SPECIFIC TEST5 

» IKSOLUBLE SUBSTANCE5 

Sampie solution: 1 g of Potassium Hydroxide in 20 mL 
of water 

Acceptance criteria: The Sampfe solution is complete, 
elear, and colorless. 
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ADDITIONAL REQUIREMENTS 

• PACKACtNC and Storage: Preserve in tight containers. 


Potassium Metabisuifite 


K 2 S 2 0 5 222.32 

Disulfurous acid, dipotassium salt; 

Dipotassium pyrosulfite [16731-55-8]* 

DEFINNTBON 

Potassium Metabisuifite contains an amount of K 2 S 2 0 5 
equivalent to NLT 51.8% and NMT 57.6% of 50 z . 

IDENTIFICATION 

* A. Identification Tests—General, Potassium (191) and 

Sulfite (191): A solution (1 in 20) meets the 
requirement5. 

AS5AY 

o Procedurę 

Sample: 250 mg of Potassium Metabisuifite 
Titrimetrk system 
(See Titńmetry {541)0 
Modę: Residua! titration 
Titrant: 0.1 N iodine VS 
Back titrant: 0*1 N sodium thiosulfate VS 
Endpoint detection: Visual 

Analysis: Transfer the Sample to a gJass-stoppered conL 
cal fiask contaEning 50.0 ml of 0.1 N iodine VS, and 
swirl to dissolve. Ailow to stand for 5 min, protected 
from light, and then add 1 ml of hydrochloric acid. li¬ 
tra te the excess iodine with 0.1 N sodium thiosulfate 
VS, adding 3 mL of starch TS as the endpoint is 
approached, 

Calculate the percentage of SCh in the portion of Sam¬ 
ple taken: 

Result - {[{l/fl - V s ) x N x F]/W\ x 100 

Vb - Back titrant volume consumed by the Blank 
(mL) 

V$ = Bock titrant volume consumed by the Sampie 
(mL) 

N - Back titrant actual normality (mEq/mL) 

F - equivalency factor, 32.03 mg/mEq 
W = weight of the Sample (mg) 

Acceptance criteria: 51.8%-57.6% of SO 2 

IM PU RIT! ES 

* IRON (241) 

Test preparation: DissoEve 1.00g in 14 mL of dilute hy¬ 
drochloric add (2 En 7), and evaporate on a steam bath 
to dryness. Dissolve the residue in 7 mL of dilute hydro- 
chloric add (2 in 7), and agam evaporate to dryness. 
Dissolve the resultlng residue in a mixture of 2 mL of 
hydrochloric add and 20 mL of water. Add 3 drops of 
bromine TS, and boEl to expel the bromlne. Cool, and 
dilute with water to 47 mL. 

Acceptance criteria; NMT 10 ppm 

Delete the faUowing: 

“* Heavy Metals, Method I (231) 

Test preparation: Dilute 2 g in 20 mL of water, add 
5 mL of hydrochloric add, and evaporate on a steam 
bath to 1 mL. Dissolve the residue m 25 ml of water. 
Acceptance criteria: NMT 10 ppm# i-jan-zois) 

ADDITIONAL REQUIREMENTS 

* Pacracing and Storage: Preserve in well-fitted, tight 
containers, and avoid exposure to exeessive heat. 


Potassium Metaphosphate 

(l<P0 3 ) n 

Metaphosphoric add (HPQ 3 ), potassium salt; 

Potassium metaphosphate; 

Potassium polymetaphosphate [7790-53-6]. 

DEFINłTiON 

Potassium Metaphosphate is a straight-chain polyphosphate, 
having a high degree of polymerization. It contains the 
equiva!ent of NLT 59.0% and NMT 61.0% of phosphorus 
pentoxide (P 2 O 5 ). 

IDENTIFICATION 
■ A. 

Sampie: 1 g, finely powdered 

Analysis: Add the Sample, slowly and with viqorous stir- 
hng, to 100 mL of sodium ehloride solution (20 mg/ 
mL). 

Acceptance criteria: A gelatinous mass is formed. 

• B. IDENTIFICATION TEST5— GENERAL, Potassium (191) 

Sample: 0.5 g 

Analysis: Boli a mixture of the Sample , 10 mL of nitric 
acid, and 50 mL of water for 30 min, and cooL 
Acceptance criteria; Meets the requirements 

• C Identification Tests—General, Phosphate (191) 

Sample: 0*5 0 

Analysis: BoiTa mlxture of the Sample , 10 mL of nitric 
acid, and 50 mL of water for 30 min, and cooL 
Acceptance criteria: Meets the requirements 

ASSAV 
® PROCEDURĘ 

Sample: 200 mg 
Titrrmetric system 
(See Titńmetry (541}.) 

Modę: Residual titration 
Titrant: 1 N sodium hydroxide VS 
Back-titrant: 1 N sulfuric add V5 
Endpoint detection: Visual 
Analysis: Mix the Sample with 15 mL of nitric acid and 
30 mL of water. Boi! for 30 min, cool, and dilute with 
water to 100 ml. Heat to 60°, add an excess of ammo- 
nium molybdate TS, and heat at 50° for 30 min. Filter, 
and wash the precipitate, first with 0.5 N nitric acid, 
and then with lOmg/mL of potassium nitrate untii the 
filtrate is no longer acid to litmus* Add 25 mL of water 
to the precipitate, dissoke it in 50.0 mL of Titrant, and 
add phenofpbthalein TS. Titrate the excess sodium hy- 
droxide with Back-titrant Each mL of Titrant is equiva- 
fent to 3*086 mg of phosphorus pentoxide (P2G5). 
Acceptance criteria: 59.0°/a-61.0% 

IMPURITIES 

» Lead (251) 

Sample solution; 1 g of Potassium Metaphosphate in 
10 mL of 3 N hydrochioric acid 
Acceptance criteria: The Sample solution contains NMT 
5 pg of lead (corresponding to NMT 5 ppm of lead). 

Delete the follawing: 

** HEAVY METALS, Method I (231) 

Sample: Warm 1 g of Potassium Metaphosphate with 
10 mL of 3 N hydrochloric acid untii no morę dissolves* 
Add 15 mL of water, mix, and filter. 

Acceptance criteria: NMT 20 ug/g# conrcun mim* 

• Limit of Fluoride 

Control: Water 

Sample solution: Place 5.0 g of Potassium Metaphos¬ 
phate, 25 mL of water, 50 mL of perchloric add, 

5 drops of 500 mg/mL silver nitrate, and a few q!ass 
beads in a 250-mL distilling fiask connected with a eon- 
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denser and carrying a thermometer and a cap?Jfary 
lube, both of which extend into the lig u id. Connect a 
smali dropping funnel, filfed with water, or a steam 
enerator to the capiliary tubę, Support the fiask on a 
istiliation shield with a hole that exposes one-third of 
the bottom of the ffask to the ffame. Distil! into a 
250-mL yolumetric fiask until the temperaturę reaches 
1 35°, Add water from the funne! or introduce steam 
through the capiliary to maintain the temperaturę be- 
tween 135 c and 140°. Contfnue the distilfation until 
225-240 mL has been collected, then di lute with water 
to vofume* 

Analysis: Transfer 50,0 mL of the Sample solution to a 
100-mL color-comparison tubę, and transfer 50,0 mL of 
the Controi to a similar tubę. Add to each tubę 0.1 mL 
of a filtered solution of sodium aiizarmsuffonate TS and 
1 mL of freshly prepared 0,25 mg/mL hydroxylamine 
hydrochloride. Ada, dropwise and with stirring, 0,05 N 
sodium hydroxide to the tubę containing the distillate 
until its co tor iust matches that of the Contro!, which is 
faintly pink. Then add to each tubę 1.0 mL of 0,1 N 
hydrocnloric add. From a buret, graduated in 0.05-mL 
Increments, add slowly to the tubę containing the distil- 
late, enough 0.25-mg/mL thonum nitrate solution so 
that, after mixing, the color of the llquid just changes 
to a faint pink. Notę the volume of the solution added, 
add the same vofume to the Control f and mlx. Then 
add sodium fluoride TS (10 jag/mL of fluorme) to the 
Contro! from a bu ret to make the co tors of the two 
tubes match after dilution to the same volume. Mix, 
and allow all air bubbles to escape before maldng the 
finaj color comparlson. Check the endpoint by addmg 1 
or 2 drops of sodium fluoride TS to the ControL A dis- 
tinet change In color appears. 

Acceptance criteria: lOpg/g; the vofume of sodium 
fluoride T5 required for the Controf is NMT 1.0 mL, 

SPECIFIC TESTS 

® Viscosity-^Capillary Methods ( 911) 

Sample solution: Mrx 300 mg with 200 mL of 3.5 mg/ 
mL sodium pyro phosph ate, usinq a magnetic stirrer. 
Analysis: Using an Gstwald-Fenske viscometer main- 
tained at 25°, determine the viscosity of the elear solu¬ 
tion obtained, or of the liguid phase of the mixture 
obtained after 30 min of continuous strrnng. 

Acceptance criteria: 6.5-15 mPa * s 

ADDiTIONAL REQUIRS;MENT$ 

* Packaging ano Storage: Preserve In weli-ciosed 
eontainers. 


IVIonobasic Potassaum Pfoosphafte 

KH 2 P0 4 136.09 

Phosphoric acid, monopotassium salt; 

Monopotassium phosphate [7778-77-0], 

DEFINITION 

Monobasic Potassium Phosphate, dried at 105 Q for 4 h, eon- 
tains NLT 98,0% and NMT 1 00.5% of monobasic potas¬ 
sium phosphate (KH 2 P0 4 ). 


IDENTIFICATION 

* A. Bdentification Tests—General, Potassium (191) 

Sample solution: 50 mg/mL 
Acceptance criteria: Meets the reguirements 

* B, Identification Tests—Ceneral, Phosphate (191) 

Sample solution: 50 mg/mL 
Acceptance criteria: Meets the reguirements 

A5SAY 

Procedurę 

Sample solution: Transfer 5 g of Monobasic Potassium 
Phosphate, previously dried, to a 250-mL beaker. Add 
100 mL of water and 5.0 mL of 1 N hydrochloric add 
V5, and stir until the assay specimen is completely 
dIssolved. 

Titrimetric system 

(See 77tr/metry (541).} 

Modę: Dlrect titration 
Titrant: 1 N sodium hydroxlde V5 
Endpoint detectlon: Potentiometrical[y 
Analysis: Slowly ti tratę the excess acid in the Sample 
solution , stirring constantly, with Titrant to the inflection 
point occurring at about pH 4 Continue the titra¬ 
tion with Titrant until the inflection point occurring at 
about pH 8.8 is reached (14?), 

Cafculate the percentage of monobasic potassium phos¬ 
phate (KHiPOi) in the sample taken; 

Result = {[(Vu - V$i) x N x f\lW] x 100 

Vs? - Titrant volume consumed by the Sample 

solution to the second inflection point (mL) 

V$j = Titrant volume consumed by the Sample 
solution to the first inflection point (mL) 

N = actual normality of the Titrant (m£q/mL) 

F = equivalency factor, 0.1361 g/mEq 
W - weight of monobasic potassium phosphate 
taken to prepare the Sample solution (g) 
Acceptance criteria: 98.0%-l 00.5% on the previously 
dried basis 

IMPURITfES 

■ Arsenic, Method t (211): 3 iig/g 
□ JLead (251) 

Test preparation: 1 g in 20 mL of water 
Acceptance criteria: NMT 5 jig/g 

Detete the foltowing: 

Heavy Metals, Method / { 231) 

Test preparation: 40 mg/mL 
Acceptance criteria: NMT 20 jug/g* 

l-Jdn-Z01S) 

« Limit of Fluoride 

[Notę—P repare and storę all Solutions En plastic 
containers.] 

Buffer solution: 294 mg/mL of sodium citrate 
dihydrate 

Standard stock solution: 1.1052 mg/mL of LISP So¬ 
dium Fluoride RS 

Standard solution: Dilute 20.0 mL of Standard stock so - 
lution and 50.0 mL of Buffer solution with water to 
100 mL. Each mL of this solution contains 100 jag of 
fluoride ion, 

Sample solution: Transfer 2.0 g of Monobasic Potas¬ 
sium Phosphate to a beaker containing a piastic-coated 
stirring bar. Add 20 mL of water and 2.0 mL of hydro- 
chloric acid, and stir until dissofved. Add 50.0 mL of 
Buffer solution and sufficient water to make 100 mL. 
Electrode system: Use a fJuoride-spedfic ton-indicatina 
electrode and a silver-silver chfonae reference electrode 
connected to a pH meter capable of measuring poten- 
tiais with a minimum reprociucibility of ±0.2 mV (see pH 
(791)). 
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Anaiysis 

Standard response linę: Transfer 50,0 ml of Buffet so¬ 
lution and 2,0 mL of hydrochlonc add to a beaker, and 
add water to make 1 00 mL Add a plastic-coated stlr- 
ring bar, insert the electrodes into the solution, stir for 
15 min, and read the potential, in mV. Continue stir- 
ring, and at 5-min intervais add 100, 100, 300, and 
500 pL of Standard solution , reading the potential 5 
min after each addition. Plot the logarithms of the cu- 
mulative fluoride fon concentrations (0,1, 0.2, 0.5, and 
1.0 pg/mL) versus potential, in mV. 

Rinse and dry the electrodes. Insert them Into the 
Sample solution, stir for 5 min, and read the potential 
in mV. From the measured potential and the Stan¬ 
dard response Hne determlne the concentration, C (in 
ua/mL), of fluoride ion in the Sarnpie solution. 

Calcu łatę the content of fluoride in the portlon of 
Monobaslc Potassium Phosphate taken: 

Result = (Vx Q/W 

V - volume of the Sarnpie soiution (mL) 

C - concentration of fluoride ion, determined from 
the Standard response line t in the Sarnpie 
soiution (pg/mL) 

W - weight of Monobasic Potassium Phosphate 
taken to prepare the Sample solution (g) 
Acceptance criteria: NMT 10 jag/g 

SPECIFIC TE5TS 
O inso łubie Substances 

Sample solution: 10 g in 100 ml of hot water 
Anaiysis: Filter the Sarnpie solution through a tared fik 
tering crudble, wash the insoluble residue with hot 
water, and dry at 105° for 2 h. 

Acceptance criteria: NMT 20 mg (0.2%) 

* Loss OM Drying <731) 

Anaiysis: Dry a sample at 105 D for 4 h. 

Acceptance criteria: NMT 1.0% 

ADDGTIONAL REQUBREMENT5 

* PACKAGING and Storage: Preserve in tight containers. 

o USP REFERENCE STANDARD5 (11) 

USP Sodium Fluoride RS 


Potassium Sorbate 



C«H 7 K0 2 150.22 

2,4-Hexadienoic add, (£,£)-, potassium saft; 

2,4-Hexadienoic add, potassium salt; 

Potassium (f,£)-sorbate; 

Potassium sorbate [590-00-1; 24634-61-5], 

DEFINITION 

Potassium Sorbate contains NLT 98.0% and NMT 101.0% 
of GH 7 KO 2 , calculated on the dried basis. 

IDENTIFICATION 

* A. Identification Tests—Generał, Potassium (191) 

Sample: Dissolve 1 g of Potassium Sorbate in 10 mL of 
water. 

Acceptance criteria: Meets the requlrements 

* B, 

Sample: 0.2 g of Potassium Sorbate 
Anaiysis: Dissolve the Sample in 2 mL of water, and add 
a few drops of bromine TS. 


Acceptance criteria: The color is discharged. 

ASSAY 
• Procedurę 

Sample: 300 mg of Potassium Sorbate 
Blank: 40 mL of glacial acetic acid 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0,1 N perchEoric acid VS 
Endpoint detection: Visual 
Anaiysis: Dissolve the Sample in 40 ml of gladal acetic 
acid, warming, If necessary, to dissolve the solution, 
Cool to room temperaturę, and add 1 drop of crystal 
yiolet TS. Titrate with Titrant to a blue-green endpoint. 
Perform a blank determlnation. 

Calculate the percentage of potassium sorbate 
(CsHjKOi) in the Sample taken: 

Resuit [[(V s - V&) x N x f\fW\ x10Q 

V$ = Titrant consumed by the Sample (mL) 

V B = Titrant consumed by the Blank (mL) 

N = actual norma lity of the Titrant (m£q/mL) 

F - equivalency factor, 150.2mg/mEq 

W - Sarnpie weight (mg) 

Acceptance criteria: 98.0%-101.0% on the dried basis 

EMPURITIES 


Oelete the foltowing: 

** HEAW Metals, Method II (231): NMT 10 ppm® fljjB i- 

SPECIFIC TESTS 

* ACIDITY OR AlKALINITY 

Sample solution: 1,1 g of Potassium Sorbate in 20 mL 
of water 

Anaiysis: Add phenolphthalein TS to the Sample 
soiution. 

Acceptance criteria: If the solution is color less, titrate 
with 0.10 N sodium hydroxide to a pink color that per- 
sists for 15 s: NMT 1.1 ml of 0,10 N sodium hydroxide 
is reguired. If the solution Is pink in color, titrate with 
0,10 N hydrochlonc add to ctischarge the pink color: 
NMT 0,80 mL of 0.10 N hydrachiorit acid is reąuired. 

* Loss on Drying (731): Dry a sample at 105° for 3 h: it 

loses NMT 1.0% of its weight. 

ADD9TIONAL REQUIREMENTS 

■ Packaging and Storage: Preserve in tight containers, 
rotected from itght, and avoid exposure to excessive 
eat. 


Povidone —sec Povidone General 
Monographs 


Propanie 

C 3 Hg 44.10 

[74-98-6]. 
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DEF1NITION 

Propane contains NLT 98.0% of propane (C^Hs). 

[CAimoN—Propane is highly flammable and explosive.] 

IDENTIFICATION 

* A. Infrared Absorfteon: Exhibits maxima, among 

others, at the foilowing wave!engths, In pm: 3.4 (vs), 6.8 
(s), and 7.2 (m), 

« B 

Sample: Use an empty stainless Steel cylinder equipped 
with a stainless Steel valve, having a capacity of NLT 
200 mL, and a pressure rating of 240 psi or morę. Dry 
the cylinder with the valve open at 110 ° for 2 h, and 
evacuate the hot cylinder to less than 1 mm of mereuty. 
Close the valve, cool, and weigh. Connect one end of 
a charging linę ttghtly to the propane Container and the 
other encf loosely to the empty cylinder. Carefulfy open 
the propane Container, and alfow the propane to flush 
out the charging linę through the loose connection. 
Avoid excessive flushing, which causes moisture to 
freeze in the charging Tme and connections. Tighten the 
fitting on the empty cylinder, and open the empty cyl¬ 
inder valve, allowing the propane to flow into the evac- 
uated cylinder. Continue sampling unti! the desired 
amount of propane is obtained, tnen close the propane 
Container valve, and finally close the sample cylinder 
valve. [Caution— Do not overload the sample cylinder; 
hydraulic expansion due to temperaturę change can 
ca use overloaded cylinders to explode.] Wetgh the 
charged sample cylinder, and determme the weight. 
Analysis: Determine the vapor pressure of the Sample at 
21 ° by means of a suitable pressure gauge. 

Acceptance criteria: 820-875 kPa absolute 
(119-127 psia) 

ASSAV 

* Procedurę 

Chromatographic system 
(See Chromatograpny (621 >, System Suitability.) 

Modę: GC 

Detector: Thermal conductivity 
Column: 6 -m x 3-mm aluminum; packed with 10 
weight percent of l!quid phase G3Ó on support SI D 
Column temperaturę: 33° 

Carrier gas: Helium 
Flow ratę: 50 ml/mln 
injection vo!ume: 2 pl 
System suitability 
Sample: Propane 

Suitability requirements: The peak responses for Pro¬ 
pane from duplicate determinations agree within 1 %. 
Analysis: Connect one Propane cylinder to the chro- 
matograph through a suitable sampling valve and a 
flow contro! valve dowmtream from the sampling valve. 
Flush the fiquld specimen through the sampling valve, 
taking care to avoid entrapment of gas or air In the 
sampling valve. Calcu lale the perce n ta ge purity by di- 
viding 100 times the propane response by the sum of 
afl of the responses. 

Acceptance criteria: NLT 98.0% 

3PECIFIC TESTS 

« HICH-BOIUNG RłSIDUES 

Sample: Use the Sample from Identification test B. 
Analysis: Prepare a cooling coli from copper tu bing 
(about 6 *mm outside diameter x about 6.1 -m long) to 
fit into a vacuum-jacketed fiask. Immerse the cooling 
coil In a mixture of dry ice and acetone In a vacuun> 
jacketed fiask, and connect one end of the tubing to 
the Sample . Carefulfy open the sample cylinder valve, 
flush the cooling coij with about 50 mL of the Sample, 
and discard this portion of liguefied sample. Continue 
detivering liquefied sample from the cooling coil, and 
collect Et in a prevEously chilled 1000-mL sedEmentatron 


tonę untll the cone is filled to the 1000-mL mark. Allow 
the sample to evaporate, using a warm water bath 
maintained at about 40° to reduce evaporating time. 
When all of the liguid has evaporated, rinse the sedi- 
mentation cone with two 50-mL portions of pentane, 
and combine the rlnslngs in a tared 150-mL evaporat- 
ing dish. Transfer 100 mL of the pentane soivent to a 
second tared 150-mL evaporating dish, place both 
evaporating dishes on a water bath, evaporate to dry- 
ness, and heat the dishes in an oven at 100 & for 60 
min. Cool the dishes in a desiccator, and weigh. Repeat 
the heating for 15-min periods until successive weigh- 
ings are within 0.1 mg, and caiculate the weight of the 
residue obtained from the Sample as the difference be- 
tween the wetghts of the residues in the two evaporat- 
ing dishes, 

Acceptance criteria: NMT 5 pg/mL 

• Audity of Residue 

Sample sofution: Add 10 mL of water to the residue 
obtained in the test for High-Boiling Residues, mix by 
swirltng for 30 s, add 2 drops of methy! orange TS, in* 
sert the stopper in the tubę, and shake vigorously. 

Acceptance criteria: No pink or red color appears in 
the aqueous layer. 

• Limit of Sulfur Compounds 

Analysis: Carefully open the Container valve to produce 
a moderate flow of gas. Do not direct the gas stream 
toward the face, but deflect a portion of the stream 
toward the nose. 

Acceptance criteria: The odor is free from the charac- 
teristic odor of sulfur compounds. 

* Water Determination {921 > 

Sample: 100 g of the Sample from Identification test B 

Analysis: Proceed as directed in the chapter with the 
following modifications. (a) Provide the closed-system 
tltrating vessel with an opening through which passes a 
coarse-porosity gas dispersion tubę connected to a sam- 
pling cylinder, (b) Difute the Reagent with anhydrous 
mętnanol to give a water equivalence factor of 
0.2-1.0 mg/mL; age this diiuted solutlon for NLT 16 h 
before slandardization. (c) Introduce the Sample into 
the titration vessel through the gas dispersion tubę at a 
ratę of about 100 mL/min; if necessary, heat the sample 
cylinder gently to maintaln this flow ratę. 

Acceptance criteria: NMT 0.001% 

ADD1TIONAL REQUIREMENTS 

* PACKAGING AND Storage: Preserve in tight cylinders, and 

prevent exposure to excessive heat. 


Propanediol 


C a H a O; 76.09 

1.3- Propanediol; 

1.3- Dihydroxy propane; 

Propane, 1-3-diol; 

Trimethylene glycoJ [504-63-2]. 

DEFINITION 

Propanediol eon tai ns NLT 99.7% of 1,3-propanediol 
(C 3 HBO 2 ), lt may be of vegetable, other natura! source, or 
synthetic origin. 

IDENTIFICATION 

* A. INFRARED ABSORPTION <T97F> 

* B. The retention time of the major peak of the Sample 

solution corresponds to the 1,3-propanediol peak of the 
System suitability solution , as obtained in the Assay . 
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ASSAY 
* PROCEDURĘ 

System suitability solution: Mlx guantlties of USP Pro- 
pylene Glycoi RS and USP 1,3-Propanedlol RS to obtain 
a solution containing about 5% propylene glycoi and 
95% propanediol. 

Sample solution: Propanediol (neat) 

Chrornatographic system 
(See Chromatography {621}, Sysfem Suitability .) 

Modę: GC 

Detector: Fiame ionization 

Coiumn: 0.25-mm x 30-m capiflary coiumn; bonded 
witb a 0.25-jam layer of phase Gló 
Temperatures 
Detector: 250° 

Injection port: 250 3 
Coiumn: See Tobie 1. 


Tabfe 1 


Initiai 

Temperaturę 

n 

Temperaturę 

Ramp 

C/min) 

Finał 

Temperaturo 

f°> 

Hołd Time 
at Finał 
Temperaturę 
(min) 

50 

15 

200 

_ 

200 

40 

250 

17 


Carrier gas: Helium 
Flow ratę: 1.1 ml/min 
Injection volume: 0.2 pL 
Split type: Split ratio of 18:1 
System suitability 
5ample: System suitability solution 
[Notę —The relative retention limes for propylene glycoi 
and propanediol are 0.7 and 1.0, respectively.] 
Suitability reguirements 

Resofution: NLT 2.0 between the peaks due to pro- 
pytene glycoi and propanediol 
Analysis 

Sample: S amp le so/u tion 

Calculate the percentage of propanediol in the portion 
of sample taken: 

Result = (ruin) x 100 

ru - peak response for propanediol in the Sampfe 
solution 

rr “ sum of a 11 peak responses in the Sample 
solution 

Acceptance triteria; NLT 99.7% 

IMPURGTflES 

® Limit of Related Glycol Substances 

System suitability solution, Sample solution, Chromat- 
ographic system, and System suitability: Proceed as 
directed in the Assay. 

Analysis 

Sample: Sample solution 

Calculate the percentage of each individual impurlty in 
the portion of Propanediol taken: 

Result =e (ru/r T ) x 100 

ru - peak response of each individual impurlty in 
the Sample solution 

rr = sum of alf peak responses in the Sample 
solution 

Acceptance criteria 
Each individuai impurity: NMT 0.1% 

Total impurities: NMT 0.3% 
o Limit of Albehydes 

Formaldehyde methanol solution: 1 A solution contain¬ 
ing 37% (w/w) of formaldehyde and 1G%-15% (w/w) 
of methanol in water 

1 Formaldehyde TS can be used for formaldehyde methanol solution. 


Phenolphthaieln solution: Dissolve 0.1 g of phenol- 
phthalein in 80 mL of a I to hol, and dii u te witn water to 
lOOmL. 

Quantification of Formaidehyde methanol solution: 

To 2.0 g of Formaldehyde methanol solution, add 100 mL 
of a freshly prepared 100 mg/mL solution of sodium 
sulfite in carbon-dioxide free water. Add 0.1 mL of Phe- 
noiphthalein solution , and titrate with 0.5 N sulfurlc add 
until the color chan ges from pink to colorless. Carry out 
a blank titration. 

Calculate the percentage content of formaldehyde in 
Formaidehyde methanol solution using the fol łowi ng 
expression: 

Result (Pucho) = {[(Vj - V B ) x N x M w x Fl/W} x 100 

Vs = volume of 0.5 N sulfurk add used In the assay 
(mL) 

V B = volume of 0.5 N sulfurlc add used in the 
blank (mL) 

N = normaltty of the titrant (mEq/mL) 

M w = milljequlvafent weight of formaldehyde, 

30.03 mg/mEq 

F -unit conversion factor, 10~ 3 g/mg 
W ~ weight of sample (g) 

Standard stock solution: 1.2 ug/mL of Formaldehyde 
methanol solution in carbomdioxrde free water, pre¬ 
pared from appropriately dilutlng Formaldehyde metha¬ 
nol solution in carbon-dtoxide free water 
Standard Solutions: Introduce into 50-mL yolumetnc 
flasks 1.G-, 3.0-, 5.0-, 10.0-, 15.0-, and 25.0-mL of 
Standard stock solution , respectively. Calculate the con¬ 
tent of formaldehyde, in pg, in the Standard Solutions 
using the following expresslon. Proceed as directed in 
the Analysis below. 

Result (content of formaldehyde) = V x C x Pucho x 0.01 

V = volume of the Standard stock solution added 
Into the Standard solution (mL) 

C = concentration of Formaldehyde methanol 
solution in the Standard stock solution 
(ug/mL) 

Phcho ~ percentage content of formaldehyde in 
Formaldehyde methanol solution, as 
determlned above 

Sample solution: Introduce 5.0 mL of 0.2 g/mL of 
propanediol in carbon-dEQxide free water Into a 50-mL 
vo1umetric fiask. Proceed as directed In the Analysis 
below. 

Blank solution: Prepare in the same manner as for the 
Standard Solutions but omittlng the Standard stock 
solution . 

Instrumentai conditions 

(See Ultraviolet-Visible Spectroscopy (857).) 

Modę: Vts spectrophoto metry 
Analytical wavelength: 655 nm 
Analysis 

Samples: Blank solution , Standard Solutions , and Sample 
solution 

To each fiask of the Blank solution , Standard Solutions, 
and Sample solution add 2 mL of a freshly prepared 
5 mg/mL solution of methylbenzothiazolone 
hydrążone hydrochlonde adiusted with 0.02 N sodium 
hydroxide to a pH of 4.0. Allow the Solutions to stand 
for 30 min. Ada 5 ml of a freshly prepared 7 mg/mL 
solution of fenie chioride. Cap and swirf the flasks. Al¬ 
low to stand for 5 min. Add methanol to each fiask, 
and dilute with methanol to 50.0 mL Mix thoroughly, 
then allow to stand for 1 min. 

Measure the absorbance of the Solutions using the 
treated Blank solution as eompensation llquid. 

Plot the absorbance of the treated Standard solution ver- 
5U5 the content of formaldehyde, in ttg, In the Stan¬ 
dard solution . Obtain the content of formaldehyde 
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Whcho, in ^ig, in the treated Sample solution based on 
the calibratEon curve. 

Calculate the content of afdehydes expressed as formah 
dehyde (HCHO) in the portion of Propanediol taken: 

Result = Whcho/(C x V) 

Whcho ~ content of formaldehyde in the treated Sample 
solution , determined from the calibratEon 
curve (pg) 

C = concentration of Propanediol in the Sample 
solution Cg/mL) 

V = volume of the Sample solution in the analysis 
(ml) 

Acceptanoe crrteria: NMT 20 pg/g, expressed as 
HCHO. 

5PEOFIC TE5TS 

* Acidity 

Sample: 50 mL of Propanediol 
Phenolphthalein solution: Dissolve 0.1 g of phenol- 
phthaleln En 80 mL of alcohol, and di lute witn water to 
100 mL 

Titrimetrlc system 
(5ee Titńmetry (541)) 

Modę: Direct titration 

Ti t rant: 0,01 N sodium hydroxlde VS 

Endpoint detection: Visual 

Analysis: To 50 mL of water, add 1 mL of Phenolphthal¬ 
ein solution, then add Titrant until the solution remains 
pink for 30 s. Add the Sample, and titratę with Titrant 
until the cofor turns back to pink and remains for morę 
Lhan 30 s, 

Calculate the acidity, as acetic add (CH^COGH); 

Result -(V t xNx W M en)/Vs 

Vr = Titrant volume (mL) 

N - Titrant norma li ty {m£q/mL) 

Wutą = milliequivalent weight of acetic add, 

60.05 mg/mEq 

Vj - volume of Propanediol in the Sample (mL) 
Acceptance criteria: NMT 0.1 mg/mL, calculated as 
acetic acid (CH 3 COOH) 

* Water Determinatign, Method le (921); NMT 0.1% 

ADDITIONAL REQUIREMENTS 

* Packaging and Stokage: Preserve in wefl-dosed contain- 
ers. Do not storę above 50^ Protect from moisture. 

* Labelinc: Label Et to indicate whether Propanediol is de- 
rived from veqetabfe, other natural source, or synthetic 
ongin. 

* USP Reference STANDARDS (11) 

USP 1,3-Propanediol RS 
USP Propylene Clycol RS 


Propionic Acad 

DEFINITION 

Propionic Add contains NLT 99,5% and NMT 100.5%, by 
weight, of propionic acid (CjH/jCb). 

ASSAY 
* Procedurę 

Sample: 1,5 g of Propionic Add 
Titrimetric system 
($ee Titńmetry { 541).) 

Modę: Direct titration 
Titrant: 0.5 N sodium hydroxide VS 
Endpoint detection: Visual 
Analysis: Mix the Sampie with 100 mL of recently * 
boiled and cooled water in a 250~mL conicai fiask. Add 


phenolphthalein TS to the Sample solution , and titrate 
with Titrant to the first appearance of a faint pink 
endpoint that persists for NLT 30 s, 

Calculate the percentage of propionic acid (C 3 H 6 O 2 ) in 
the sample taken: 

Result = {[(I h - Vn) x Nx F\/W} x 100 

Vj - volume of Titrant consumed by the sample 
(mL) 

V 0 = volume of Titrant consumed by the blank (mL) 
N = actual normality of the Titrant (mEq/mL) 

F ~ equivalency factor, 74.08 mg/mEq 
W = weight of the sample (mg) 

Acceptance crrteria: 99.5%-100.5% by weight 

IMPURITIES 

* Łiwnr OF NONVOlATiŁE RESIDUE: Evaporate 20 g of Propi- 
ontc Acid in a tared dish, and dry at 105° for 1 h: the 
weight of the residue does not exceed 2.0 mg. 


Delete the following: 


*- Heaw Metals (231) 

Test preparation: To the residue obtained in the test 
for Limit of NonyolatHe Residue add 8 mL of 01 N hy- 
drochforic acid, warm gently until solution is complete, 
dilute with water to 100 mL, and use 10 ml of the 
solution, 

Acceptance criteria: NMT 10 ppm# tom^i i-fen-zoiej 

* Limit of Ałdehydes 

Sampie solution: Transfer 10.0 mL of Propionic Add to 
a gfass-stoppered 250-mL conicai fiask eontainmg 
50 mL of water and 10.0 mL of sodium bisulfite solution 
(1 in 80), insert the stopper, and shake vigorously. Al- 
low the mixture to stano for 30 min. 

Blank: Add 50 mL of water and 10.0 mL of sodium bś* 
sulfite solution (1 in 80) to a glass-stoppered 250-mL 
conicai fiask, insert the stopper, and snake vigorously, 
Allow the mixture to stand for 30 min. 

Titrimetric system 
(See Titńmetry (541 )♦) 

Modę: Residual titration 
Titrant: 0,1 N iodlne VS 
Endpoint detection: V1sual 

Analysis: Titrate the Sample solution and the Blank with 
Titrant to the same brownish-yellow endpoint. 

Acceptance criteria: The difference between the voh 
u me of 0.1 N iodine reguired for the Blank and that 
required for the Sample solution is NMT 1.75 mL, 

SPECIFIC TESTS 

* Djstilling Rangę, Method I (721); 1 38.5M42.5 0 

* Spegfic Cravity (841): 0,988-0.993 

* Reaoily OX!DIZABLE Substances 

Sample solution: Dissolve 1 5 g of sodium hydroxide in 
50 mL of water. Cool, add 6 mL of bromine, stirring to 
effect complete solution, and dilute with water to 
2000 mL, Transfer 25.0 mi of this solution to a glass- 
stoppered, 250-mL conicai fiask containlng 100 mL of 
water, and add 10 ml of sodium acetate solution (1 in 
5) and 10.0 ml of Propionic Acid. Allow to stand for 1 5 
min, and add 5 mL of potassium iodide solution (1 in 
4) and 10 mL of hydrochforic acid. 

Blank: Dissolve 15 g of sodium hydroxide tn 50 mL of 
water, Cool, add 6 mL of bromine, stirring to effect 
complete solution, and dilute with water to 2000 mL 
Transfer 25.0 mL of this solution to a glass-stoppered, 
250-mL conicai fiask containing 100 mL of water, and 
add 10 ml of sodium acetate solution (1 in 5). Allow to 
stand for 15 min, and add 5 mL of potassium iodide 
solution (1 in 4) and 10 mL of hydrochlonc add. 
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Titrlmetnc system 
(See Titrimetry (541).) 

Modę: Residual titration 

Titrant: OJ N sodium thiosulfate VS 

Endpoint detection: Visual 

Analysis: Titrate the Sample solution and the Blank wita 
Titrant just to the disappearance of the brown colon 
Acceptance criteria: The difference between the vol- 
ume of 0.1 N sodium thiosulfate required for the Blank 
and fhat required for the Sample solution is NMT 
2.2 mL. 

ADDGTfONAL REQUIIR£BVIENTS 

* Packaginc and Storace: Preserve in tight containers. 


PropyB Gailate 



C,oH,20 5 212.20 

Benzoic acid, 3,4,5-trihydroxy-, propyl ester; 

Propyl gallate [121-79-9], 

DEFINmON 

Propyl Gallate contains NLT 98.0% and NMT 102,0% of 
propyl gallate (CioH^Os), calcu la ted on the dried basis. 

IDENTIFICATION 

* A. INFRARED ABSORPTION (197M) 

* B. Ultrafiolet Absorption (197U) 

Sample solution: 10]jg/mL in methanol 
Acceptance criteria: Meets the reguirements 

AS5AY 
9 procedurę 

Standard solution: 10pg/mL of USP Propyl Gallate RS 
in methanol 

Sample solution: lOpg/ml of Propyl Gallate in 
methanol 
Blank: Methanol 
instrumental condltions 
(See Ultraviolet-Visible Spectroscopy (85 7>.) 

Modę: UV 

Anafytical wavelength: Maximum at about 273 nm 
Celi: 1 cm 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of propyl gallate (CmH^Os) in 
the portion of the sample taken: 

Result ^ (Au/As) x (Cs/Cu) x 100 

A u = absorbance of the Sample solution 
As - absorbance of the Standard solution 
C 5 ~ concentration of USP Propyl Gallate RS in the 
Standard solution (pg/mL) 

Cu - concentration of the Sample solution (pg/mL) 
Acceptance criteria: 98.0%-102,Q% on the dried basis 

IMPURITIES 

* RESfDUE ON IGNITION (281): NMT 0.1% 

Delete the following: 

** Heaw Metals, Method II (231): NMT 10 ppm* 

idn-J0iej 


SPECGFIC TESTS 

* Melung Rangę or Temperaturę (741): 146M50 0 

® Loss ON Drving (731): Dry a sample at 1 05° for 4 h: it 
loses NMT 0.5% of its weight. 

ADDITIONAL REQUIREMENTS 

® PACKAGiNG and Storage: Preserve in tight containers, 
protected from tight, and avoid contact with metals. 

* USP Reference Standards (11) 

USP Propyl Gallate RS 


Propylene Carbonate 



C,H 6 0 3 102.09 

4-Methyl-l,3-djoxo)an-2-one; 

CydiC propylene carbonate [108-32-7]. 

mmnmon 

Propylene Carbonate contains NLT 99.0% and NMT 
1 00.5% of propylene carbonate (G^HeO?). 

SDENTIFBCATfiON 

* A, INERARED ABSORPTION (197F) 

ASSAY 

5 Procedurę 

Barium hydroxide solution: 75 mg/mL of barium hy- 
droxide (octahydrate). Rlter the solution before use. 

Sample: 600 mg 

Ti tri metr ic system 
(See Titrimetry (541).) 

Modę: Direct titration 

Titrant: 0.5 N hydrochloric add VS 

Endpoint detection: Visual 

Analysis: Flush a 250-mL iodine fiask with nitrogen to 
expel the air, and insert the stopper in the fiask to ex- 
ciude carbon dioxide* Transfer 50.0 mL of Barium hy- 
droxide solution and the Sample to the fiask, and loosely 
reinsert the stopper. Moisten the stopper with 3 drops 
of water, and heat the fiask on a steam bath for 10 
min. Remove the fiask from the steam bath, add 
6 drops of phenolphthalein T5, and titrate while hot 
with Titrant until only a tracę of ptnk color remains. 
Perform a blank determination, using the same Barium 
hydroxide solution. EachmLof0.5N hydrochloric add 
consumed is equlvalent to 25.52 mg of propylene car¬ 
bonate (C^HeOs). 

Acceptance criteria: 99,0%-1 00.5% 

IMPURITIES 

« Residue on Sgnition (281): NMT 0.01% 

SPECIFGC TESTS 

6 Specific Gravitv (841): 1,203-1.210 at 20° 

■ PH (791) 

Sample solution: Mix 10 ml of propylene carbonate 
with 0.3 mL of saturated potassium chloride solution in 
a 100-mL borosilicate volumetric fiask. Dilute with car¬ 
bon dioxide-free water having a pH of 7.0 ± 0.5 to 
volume. 

Analysis: Completely purge the solution by vigorous ni¬ 
trogen bubbllng, and continue the bubbling cfuring the 
pH measurement. Determine the pH potentiometrically 
when the reading stabllizes. 
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Acceptance criteria: 6,0-7-5 

ADDITIONAL RECfcUIHEMENTS 

■ PACKAGING and Sto ragę: Preser ve in tight contarners. 

O liSP Reference Standard* (11) 

USP Propyiene Carbonate RS 


Propylen© Glycol —see Propylem Clycol 
General Monographs 


Propylene Clycol AlgBnate 

DEF1NITION 

Propyiene Glycol Alginate is a propyiene glycol ester of al- 
ginie add. Each gram ytelds NLT 0.16 and NMT 0.20 g of 
carbon dioxide, calculated on the dried basis. 

IDENTIFICATION 

* A. 

Sample solution: Place 20 ml of the saponlfied solution 
obtained in the deiermination of Esterified Carboxyl 
Groups in a 250-mL conical flaslc Add 50 mL of a solu¬ 
tion of pertodic add (1 in 50), swirl, and allow to stand 
for 30 min. Add 2 g of potassium iodlde, titrate with 
sodium thiosulfate TS to a faint yellow color, dilute the 
mixture with water to 200 mL, and mix to obtain the 
Sample solution for Identification test A and Identification 
test B. 

Modrfied SchifPs reagent: Dissolve 200 mg of rosani- 
line hydrochloride ^oH^oCIN^) in 120 mL of hot water. 
Cool, add 2g of sodium bisulflte (NaHSCh), followed by 
2 mL of hydrochloric add, and dilute with water to 
200 ml. [Notę —Storę this solution in a brown bottie at 
15° or lowerj 

Anaiysis: To 10 mL of the Sample solution add 5 mL of 
hydrochloric add and 10 mL of Modified Schiff's reagenL 

Acceptance criteria: A blue to b3ue-violet color, due to 
formaidehyde, develops in about 20 min. 

9 B. 

Anaiysis: To 10 mL of the Sample solution prepared in 
Identification test A add 1 mL of a saturated solution of 
piperazine and 0.5 mL of sodium nitroferricyanlde TS. 

Acceptance criteria: A green color, due to acetalde- 
Hyde, develops. 

ASSAY 

* CONTENT OF ALGINATE 

Anaiysis: Proceed as directed for Procedurę in Aiginates 
Assay (311), without preliminary drying of the Propyi¬ 
ene Glycol Alginate. 

Acceptance criteria: 0.1 6-0.20 g of carbon dioxlde/g 
of Propyiene Glycol Alginate, calculated on the dried 
basis 

OTHER COMPONENTS 

O Free Carboxyl Groups 

Sample: 1 g 

Titrimetric system 
Modę: Direct tltration 
Titrant: 0.1 N sodium hydroxlde VS 
Endpoint detection: Potentiometric 

Anaiysis: Transfer the Sample to a óGO-mL beaker Dis- 
solve in 200 mL of water, stirrlng by mechanical means 
for NLT 30 min. Titrate with 0,1 N sodium hydroxlde 
VS to a pH of 7.0. 

Cakulate the weight, in g, of free carboxyi groups in the 
Sample taken: 

Result - [(V x M f x N)fW} x F 


V - Titrant volume consumed (mL) 

M f = mEą of C0 2 , 44 mg/mEq 

N = actuaf normality of the Titrant (mEq/ml) 

W - Sample weight (g) 

F — conversion ractor, 1 0~ 3 g/mg 
Acceptance criteria: The weight of free carboxyl 
groups found, calculated on the dried basis, is NMT 
35% of the weight of carbon dioxide yielded by an 
equal weight of specimen In the Assay. 

* Esterified Carboxyl Groups 

Sample solution: l he solution obtained in the test for 
Free Carboxyl Groups 

Anaiysis: Transfer the Sampie solution with the aid of 
water to a 1000-mL conical fiask. Add phenolphthalein 
TS and 50.0 mL of 0.1 N sodium hydroxide VS, insert a 
stopper in the fiask, mix, and allow to stand for 30 min 
at amblent temperaturę. Titrate the excess sodium hy- 
droxide with 0.1 N hydrochloric add V5 to a faint pink 
endpoint. Transfer the solution with the aid of water to 
a 600-mL beal<er, and complete the titration to a pH of 
7,0, determining the endpoint potentiometrically. 
Calculate the weight, in g, of esterified carboxyl groups 
in the weight, W, In g, of the specimen taken: 

Resuft = [(l/xHx N)/Wl x F 

V - vo!ume of 0.1 N sodium hydroxide consumed 

(mL) 

Mt = m£q of C0 2 , 44 mg/nnEq 
N = actual normality of 0.1 N sodium hydroxide 
(mEq/mL) 

W - specimen weight (g) 

F - conversion faefor, 10- 3 g/mg 
Acceptance criteria: The weight of esterified carboxy3 
groups found, calculated on the dried basis, is 
40%-85% of the weight of carbon dioxide yielded by 
an equal weight of specimen in the Assay. 

IMPURITIES 

* Arsenie, Method fi (211): 3 ppm 


De/e te the following: 

•• Heavy Metals, Method II (231): NMT 40 ppm, using a 
platinum crucibie for the ignltion, and nitric acid being 
used in place of sulfuric add to wet the sample speci¬ 
men* (orficki l-|an-2QlB) 

* LEAD (251) 

Standard solution: 5 mL of Diluted Standard Lead 
Solution 

Test preparation: Add 1.0 g to 20 mL of nitric acid In a 
250-mL conical fiask, mix, and heat carefully until the 
specimen is dissoJved, Continue the heating until the 
volume is reduced to 7 mL. Cool rapldly to room tem¬ 
peraturę, transfer to a 100-mL volumetrlc fiask, dilute 
with water to volume, and mix. Use a 50-mL portion. 
Anaiysis: Proceed as directed in the chapter, using 
15 mL of ammonium citrate solution, 3 mL of potas¬ 
sium cyanide solution, and 0,5 mL of hydroxyJamine hy- 
drochloride solution for the test. After the first dlthizone 
extractions, wash the combined chloroform layers with 
5 mL of water, dlscardmg Lhe water layer and continu- 
Ing in the usual manner oy extracting with 20 mL of 
0.2 N nitric acid. 

Acceptance criteria: A 50.0-mL portion of this solution 
contains NMT 5 pg of lead (correspondmg to NMT 
10 ppm of Pb). 

S PIEGI FIC TESTS 

*» Microbial Enumeration Tests (61) and Tests for Speci- 
FIED Microorganisms (62): The total bacterial count 
does not exceed 200 cfu/g, and the tests for Salmonella 
species and Escherkhia coli are negadve. 

* Loss on Drying (731): Dry a sample at 105° for 4 h: it 

loses NMT 20.0% of Its weight 


NF Monographs 





onographs 


7854 Propylene / Official Monogrophs 


NF 35 


• ASH 

Sample: 3 g 

Anaiysrs: Weigh the Sample in a ta red crucible, and tn- 
cinerate at 650±25 D until free from carbon. Cool in a 
desiccator, weigh, and determine the weight of the ash* 
Acceptance arteria: NMT 10.0% on the dried basis 

ADDITIONAt REQUIREMENTS 

• Packaging and Storage; Preserve in welbdosed 

containers* 


Propylene Glycol Picaprylate/Picaprate 

Decanoic acid, mixed diesters with octanoic acid and pro¬ 
pylen e glycol [68583-51-7], 

DEFINITION 

Propylene Glycol Dicaprylate/Dicaprate is a mmture of the 
propylene glycol mono- and diesters of caprylic acid 
(CbH tó 0 2 ) and capric acid (C 10 H 20 O 2 ), the diesters fraction 
being predominant. 


IDENTIFICATION 

• A, INFRARED ABSORPTI0N (197F) 

» B* Thin-Layer Chroimatography Identification Test (201) 
Standard soiution: 50 mg/mL of USP Propylene Glycol 
Dicaprylate/Dicaprate RS in methylene chloride 
Sample soiution: 50 mg/mL of Propylene Glycol 
Dicaprylate/Dicaprate in methylene chloride 
Application volume: 10 pL, as streaks 
Deveioping solvent system: Ether and hexane (7:3) 
Spray reagent: 0,1 mg/mL of rhodamine 6G tn alcohol 
Analysis 

Sam pies: Standard soiution and Sample soiution 
Deveiop the chromatogram over a path of 15 cm, and 
dry the piąte tn a current of air. Spray the piąte with 
Spray reagent , and locate the spots on the piąte by 
examination under UV llght at a wavelength of 365 
nm. 

Acceptance criteria: The Rf vaiues of the principal 
spots from the Sample soiution correspond to those 
from the Standard soiution. 

* C It meets the reguirements of the test for Fats and Fixed 

Oiis (401), Fatty Acid Composition. 


IMPURITIE5 

Inorgank Impurities 

* Articles of Botanical Origin, Total Ash (561): NMT 

0 . 1 % 

* ALKAONE iMPUniTIES 

Sample: 2.0 g of Propylene GJycof Dkaprylate/ 

D kapra te 

Analysis: Dissolve the Sample in a mfxture of 1*5 mL of 
alcohol and 3.0 ml of ether, Add 0.05 mL of bromo- 
phenol blue TS, 

Acceptance criteria: NMT 0.15 mL of 0,01 W hydro- 
chloric acid is required in order to change the color of 
the ind i ca tor to yelłow* 


SPECIFIC TEST5 

® Fats and Fixed Oils, Acid Value <401): NMT 0.2 
* Fats and Fixed Oils, Fatty Acid Composition (401): Pro¬ 
pyl ene Glycol Dicaprylate/Dicaprate exhibits the compo¬ 
sition profile of fatty aclds shown in Lhe following tabie: 


Carb on-Chain 
Lenath 

Number of 
Double Bands 

Percentage 

w 

6 

0 

<2.0 

8 

0 

50,0-80.0 



C arbo it-Chain 
Lenath 

Ntimber af 
Double Bonds 

Percentage 

m 

10 

0 

20.0-50.0 

12 

0 

£3.0 

14 

0 

£1*0 


® Fats and Fixed Oils, Hydroxyl Yalue (401); NMT 10 

* Fats and Fixed Oils, lodine Volue (401): NMT 1*0 

■ Fats and Fixed Oils, Peroxide Vafue (401): NMT 1,0 

* Fats and Fixed Oils, Saponlfication Value (401): 320-340 
o Fats and Fixed Oils, Unsaponifiabfe Matter (401): NMT 

0.5%, determtned on 5,0 g 

a Water Determination, Method la (921): NMT 0.1%, us- 
ing a mixture of methanol and methylene chloride (1:1) 
in place of methanol rn the titration vessel 

ADDITIONAL R£QUIREMENT5 

» Packaging and Storage: Preserve in welbclosed contain¬ 
ers, and protect from moisture. No storage reguirements 
spedfied. 

* USP Referenci Standard* (11) 

USP Propylene Glycol Dicaprylate/Dicaprate RS 



C27H52O4 

Lauric acid, diester with propane-1,2-diol; 

Propane-l,2-diy! didodecanoate 440,70 

[22788-19-8]. 

DEFINITION 

Propylene Glycol Dilaurate is a mixture of the propylene gly¬ 
col mono- and diesters of lauric acid. It contatns NLT 
70.0% of diesters and NMT 30*0% of monoesters. 

IDENTIFICATION 

* A* Thin-Łayer Chromatographic Identification Test 
( 201 ) 

Standard soiution: 50 mg/mL of USP Propylene Glycol 
Dilaurate RS in methylene chloride 
Sample soiution: 50 mq/mL of Propylene Glycol Di- 
la u ratę in methylene chloride 

Developing solvent system: Hexane and ether (3:7) 
Spray reagent: 0.1 mg/mL of rhodamine 6G in alcohol 
Analysis: Apply 200 jiig of the Standard soiution and 
Sample soiution. Deyelop the chromatogram over a path 
of 15 cm, and dry the piąte in a current of air. Spray 
the piąte with Spray reagent t and locate the spots on 
the piąte by examination under UV light at a wave- 
length of 365 nm* 

Acceptance criteria: The R F values of the principal 
spots of the Sample soiution correspond to those of the 
Standard soiution. 

* B* Fats and Fixed OILS, Fatty Acid Composition (401): 

Meets the reguirements 

A5SAY 

* PROCEDURĘ 

Mobile phase: Tetrahydrofuran 

Sample soiution: 200 mg of Propylene Glycol Dilaurate 
in 5 mL of tetra hydrof u ran 
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Chrom atographie system 

(See Chromatograpny <621), System Suitabffity.) 

Modę: LC 

Deteetor: Refraetlve index 

Column: 7-mm x 60-cm; 5-pm packing 121 (100A) 
[Notę —Two 7-mm x 30-cm L21 columns may be used 
in place of one 60-cm column, provided system suita- 
bility requirements are met.] 

Temperaturę 
Column: 40° 

Deteetor: 40° 

Flow ratę: 1 mL/min 
Injection size: 40 pL 
System suitability 
S a m p I e: Sampfe salution 

[Notę —Elution order: diesters, monoesters, propyiene 
glycol.] 

Suitability requlrements 

Relatrve standard deviation: NMT 1 *0% is deter- 
mined from the monoester peak. 

Analysis 

Sarnpie: Sampfe solution 

Calcu late the percentage of monoesters or diesters in 
the portion of Propyiene Clycol Dilaurate taken: 

Result - (ru/r T ) x (100- D) 

r u - peak response for monoesters or diesters 
ri - sum of the responses of the monoester and 
diester peaks 

D = sum of tne percentage content of propyiene 
glycol and the percentage content of free 
fatty acids 

Calculate the percentage content of free fatty acids: 
Result = (A/561.1) x 200 
A - acid value 

Acceptance criteria: NLT 70.0% of diesters and NMT 
30.0% of monoesters 

IMPURIT1E5 
Ifiorganic Impurifies 

* Articles of Botanical Origin, Totai Ash <561): NMT 

0 . 1 % 

Organie Impurftfes 
a Procedurę: Limit of Propylene Glycol 

Mobile phase: Proceed as directed in the Assoy* 
Standard stock solution: 4 mg/mL of USP Propyiene 
Clycol RS in tetrahydrofuran 

Standard Solutions: Into four 15-mL flasks, introduce 
respectively 0.25, 0.5, 1.0, and 2.5 mL of Standard 
stock solution , and di lute with tetrahydrofuran to 
5.0 mL In a fifth 15-mL fiask, introduce 5.0 ml of Stan¬ 
dard stock solution. 

Sample solution: Use the Sample solution from the 
Assay. 

Chromatographic system: Proceed as directed in the 
Assay. 

Analysis 

Samples: Standard Solutions and Sample solution 
Prepare a standard curve of peak area versus concen- 
tration, in mg/mL, of propyiene glycol In the Stan¬ 
dard Solutions. Obtain the concentration, C, in 
mg/mL, of propyiene glycol in the Sample sofution 
from the standard curve, 

Acceptance criteria: NMT 2.0% of propyiene glycol is 
found. 

5PECIFIC TESTS 

* Fats and Fixed Oils, Acid Va!ue (401): NMT 4 

o Fats and Fixed Oils, Fatty Acid Composition (401): Pro¬ 
pylene Clycol Dilaurate exhibits the foliowing composi¬ 
tion profile of fatty adds, determined as directed in the 
chapter. 


Fatty Adds 

Carbon- 

Chain 

Lenath 

Percentage 

(%> 

Caprylic: add 

C8 

NMT 0,5 

Capric acid 

CIO 

NMT 2.0 

Laurie add 

Cl 2 

NLT 95,0 

Myristic add 

04 

NMT 3.0 

Palmitic acid 

Cl 6 

NMT 1,0 


■ Fats and Fixed Oils, fodine Value (401): NMT 1 

* Fats and Fixed Oils, Saponifkation Value <401): 230-250 

* Water Oetermination, Method la (921): NMT 1.0%, us- 

ing a mrxture of methanol and methylene chlorlde (1:1) 
in place of methanol in the titratlon vessel 

ADDmONAL REQUIREMENTS 

■ Packaging and Storage: Preserve in well-dosed contain- 
ers, and protect from moisture. No storage requirements 
are spedried. 

* USP Reference Standards (11) 

USP Propyiene Glycol RS 

USP Propyiene Glycol Dilaurate RS 


Propyierae GByeoB Monocaprylate 

Propyiene glycol monooctanoate; 

Octanoic acid, monoester with 1,2-propane drol; 

Caprylic add, monoester with propane-1,2-diol 
[31565-12-53. 

DEFINITION 

Propyiene Glycol Monocaprylate is a mixture of the propyl- 
ene glycol monoesters and diesters of fatty acids con> 
posed predominately of caprylic acid. The requirements 
for monoester and diester content differ for the two types 
of Propyiene Glycol Monocaprylate, as shown in the table 
below. 



Content of Monoesters 

(%ł 

Content of Diesters 

_ 


Min. 

Max. 

Mrn. 

Max. 

Type t 

55.0 

80.0 

20.0 

45.0 

Type l\ 

90.0 

— 

— 

10.0 


IDENTIFICATION 
o A. Dnfrared Absorption (197A) 

* B. Thin-Iayer Chroiviatographic Identification Test 

( 201 ) 

Standard solution: 50 mg/mL of USP Propyiene Glycol 
Monocaprylate Type I R$ or USP Propyiene Clycol 
Monocaprylate Type II RS in methylene chloride 

Sample solution: 50 mg/mL in methylene chioride 

Chromatographic system 
Application vofume: 10 pi 

Developing solvent system: Ether and hexane (70:30) 
Spray reagent: 0.1 mg/mL of rhodamfne 6G in 
alcoho! 

Analysis: Deve!op the chromatogram over a path of 
15 cm, and dry the piąte in a current of air. Spray the 
piąte with Spray reagent , and locate the spots on the 
piąte by examination under UV light at a waveiength of 
365 nm. 

Acceptance criteria: The Rf values of the prindpal spots 
from the Sample solution correspond to those from the 
Standard solution. 

* C. It meets the reguirements In Specific Tesls for Fats and 

Fixed Oils , Fatty Acid Composition (401). 
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ASSAY 
* PROCEDURĘ 

Mobile phase: Tetrahydrofuran 

Sample solution: 40 mg/mL of Propylene Glycol Mono- 
capryfate in tetra hydrolu ran 
Chromatographic system 
(See Chromatograpny (621), System Suitobility.) 

Modę: LC 

Detector: Refractive index 

Column: 7-mm x 60-cm; 5-pm packing L21 (100 A), 
[Notę—T wo 7-mm X 3Q-cm L21 columns may be used 
in place of one 60-cm column, provided System suita- 
bility reguirements are met,] 

Temperatures 
Column: 40° 

Detector: 40° 

Flow ratę: 1 ml/min 
fnjectron volume: 40 \il 
System surtability 
Sample: Sample solution 

[Notę—T he re(ative retention times with reference to 
propylene glycol for diesters and monoesters are about 
0.85 and 0.90, respective[y.] 

Suitability requirements 

Relative standard dev!ation: NMT 2.0% for the 
monoester peak 
Analysis 

Sample: Sample solution 

Calculate the percentage of monoesters or diesters in 
the portion of Propylene Glycol Monocaprylate taken: 

Result - (r u /r T ) x (1 00 - D) 

fu — peak response for monoesters or diesters 

rr = sum of the peak responses of the monoesters 

and diesters 

D - sum of the percentage content of propylene 
glycol and the percentage content of free 
Fatty acids 

Calculate the percentage content of free fatty acids: 
Result = (4/561,1) x 144 


Calculate the percentage of free propylene gfycol in 
the portion of Propylene Glycol Monocaprylate taken: 

Result ^ (C/Cu) x 100 

C - concen trat Eon of propylene glycol in the 
Sample solution from the standard curve 
Cu = concentration of the Sample solution (mg/mL) 
Acceptance criteria 

Propylene glycol monocaprylate (Type 1): NMT 

1.5% 

Propylene glycol monocaprylate (Type II): NMT 

1.5% 

SPECIFIC TEST5 

* Fats and Fixed Gils, Acid Value (401): NMT 1*5 
« Fats and Fixed OlLS, Fatty Acid Composition (401): Pro¬ 
pylene Glycol Monocaprylate exhibits the composition 
profile of fatty acids shown in Jobie 7. 


Table 1 


Carbon-Chain 

Lenqth 

Number of 
Double Bonds 

Percentage 

r/<>) 

8 

0 

£90.0 

10 

0 

<3 0 

12 

0 

£3.0 

14 

0 

£3.0 

16 

Q 

<1.0 


* Fats AND F!XED OiLS, hdine Value (401): NMT i .0 

* Fats and Fixed Oils, Saponification Value (401) 

Propylene glycol monocaprylate (Type I): 285-315 
Propylene glycol monocaprylate (Type II): 270-295 

* Fats and Fixeo Oils, Peroxide Value (401): NMT 6.0 
o Water Determination, Method la (921) 

Analysis: Use a mixture of methanoJ and methylene 
chforide (1:1) in płace of methand in the titration 
ve$seL 

Acceptance criteria: NMT 1.0% 
o Articles of Botanicał Orkgin, Jot a I Ash (561): NMT 
0 . 1 % 


A = acid value 

Acceptance criteria 
Type 1 

Monoesters: 55.0%-80.G% 
Diesters: 2Q.0%-45.0% 
Type 11 

Monoesters: NLT 90,0% 
Diesters: NMT 10.0% 

IMPURITIES 


ADD9TSONAL JREQUDRJEMENTS 

* Packaging and Storage: Preserve in wdhdosed contain- 

ers, and protect from molsture. No storage requrrements 
specified. 

* LabeuNG: La bel it to indicate the type (Type I or Type II). 

* USP Reference Standards (17) 

USP Propylene Glycol R5 

USP Propylene Glycol Monocaprylate Type 1 RS 

USP Propylene Glycol Monocaprylate Type II RS 


Delete the foilowing: 

•• Heavy METALS, Method II <231): NMT lOpg/g. { g radin . 

jjn- 2018 ) 

e Limit of propylene Glycol 

Mobile phase, Sample solution, and Chromatographic 
system: Proceed as directed in the Assuy. 

Standard stock solution: 4 mg/mL of USP Propylene 
Glycol RS in tetrahydrofuran 
Standard Solutions: Into four 5-mL volumetric flasks, 
introduce respedwely 0.25, 0.5, 1.0, and 2.5 ml of 
Standard stock solution , and dilute with tetrahydrofuran 
to volume, In a frfth 5-mL volumetric fiask, introduce 
5.0 mL of Standard stock solution * 

Analysis 

Samples: Standard Solutions and Sample solution 
Prepare a standard curve of peak area versus concentra¬ 
tion, in mg/mL, of propylene glycol in the Standard 
Solutions . Obtain the concentration of propylene glycol 
in the Sample solution from the standard curve. 


Propylene Ciycol Monolaiirate 

Dodecanoic acid, monoester with 1,2-propanedioi; 

Lauric acid, monoester with propane-1,2-diol. 

DEFINITION 

Propylene Glycol Monolaurate is a mrxture of the propylene 
glycol mono- and diesters of lauric acid. The requirements 
For monoester and diester content differ for the two types 
of Propylene Glycol Monolaurate, as set forth in the tabje 
below. 



Content of Monoesters 
(W 

Content of Diesters 
(%) 


Min, 

Max. 

Min. 

Max. 

Type 1 

45.0 

70.0 

30.0 

55.0 

Type U 

90.0 

.— 

— 

10.0 
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IDENTIFICATION 

• A. Thin-Layer Chromatographic Identification Test 

< 201 ) 

Standard solution: 50 mg/mL of USP Propylene Qycol 
Monolaurate Type I RS (or USP Propylene Glycol Mono- 
laurate Type II RS) in methylene chloride 
Sample solution: 50 mg/mL In methylene chloride 
Chromatographic system 

(See Chromatography (62 1), Thin-Layer Chromato¬ 
graphy .) 

Developing solvent system: Ether and hexane (70:30) 
Spray reagent: 0.1 mg/mL of rhodamine 6G in 
alcohol 

Analysis: Develop the chromatogram over a path of 
15 cm, and dry the piąte in a current of air. Spray the 
piąte with Spray reagent , and locate the spots on the 
late by examination under UV Itght at a wavelength of 
65 nm. 

Acceptance criteria: The Rf values of the principal spots 
from the Sample solution correspond to those from the 
Standard solution. 

* B, It meets the reguirements in Specific Tesls for Fats and 

Fixed Oils, Fatty Acid Composilion (401), 

ASSAY 
» Procedurę 

Mobile phase: Tetrahydrofuran 

Sample solution: 40 mg/mL of Propylene Glycol Mono¬ 
laurate in tetrahydrofuran 
Chromatographic system 
(See Chromatography (621), System Suita bili ty.) 

Modę: LC 

Detector: Refractive index 

Column: 7-mm x 60-cm; 5-jjm packing L21 (100 A) 
[Notę—T wo 7-mm x 30<m L21 co! u mm may be used 
in place of one 60<m column, provided System suito- 
hiitty reguirements are met] 

Temperatures 
Column: 40° 

Detector: 40 3 
Flow ratę: 1 m L/min 
Injection volume: 40 pL 
System suifability 
Sample: Sample solution 
Suitability requirements 

[NOTĘ—The order of elutfon is diesters, monoesters, and 
propylene glycoL] 

Reiative standard deviation: NMT 1,0% for the 
monoester peak 
Analysis 

Sample: Sample solution 

Calculate the percentage of monoesters or diesters in 
the portion of Propylene Glycol Monolaurate taken: 

Re$u[t = (fWfr)x(100 - D) 

tu = peak response for monoesters or diesters 
fr = sum of the peak responses of the monoesters 
and diesters 

D - sum of the percentage eon tent of propylene 
glycol and the percentage content or free 
Fatty acids 

Calculate the percentage content of free fatty acids in 
the portion taken: 

Result* (A/561.1) x 200 

A = acid value 


Acceptance criteria 
Type I 

Monoesters: 45.0%-70,0% 

Diesters: 30.0%-55.0% 

Type II 

Monoesters: NLT 90.0% 

Diesters: NMT 10.0% 

1MPURITIES 

« Limit of Propylene Glycol 

Mobile phase, Sample solution, and Chromatographic 
system: Proceed as directed in the Assay. 

Standard stock soiution: 4 mg/ml of USP Propylene 
Glycol RS in tetrahydrofuran 

Standard Solutions: Into four 15-mL flasks introduce, 
respectively, 0.25, 0,5, 1.0, and 2,5 mL of Standard 
stock solution, and dilutewith tetrahydrofuran to 
5.0 mL, In a fifth 15-mL fiask, introduce 5,0 mL of Stan¬ 
dard stock solution. 

Analysis 

Sam pies: Standard Solutions and Sample solution 
Prepare a standard curve of peak area versus concen¬ 
tration, in mg/mL, of propylene glycol in the Stan¬ 
dard Solutions. Obtain the concentration of propylene 
glycol in the Sample solution from the standard curve, 
Calculate the percentage of free propylene glycol in 
the portion of Propylene Glycol Monolaurate taken: 

Re suit = (C/Co) x 100 

C = concentration of propylene glycol in the 
Sample solution from the standard curve 
Cu = concentration of the Sample solution (mg/ml) 
Acceptance criteria 

Propyiene glycol monolaurate (Type I): NMT 5.0% 
Propylene glycol monolaurate (Type li): NMT 1,0% 

SPECIFIC TEST5 

* Fats and Fixed Oils, Add Volue (401): NMT 4 

* Fats and Fixed Oils, Fatty Add C omposition (401): Pro¬ 

pylene Glycol Monolaurate exhibits the composilion pro¬ 
file of fatty acids shown in Table ?, 


Table 1 


Fatty Acids 

CarbonChain 

Lenqth 

Percentage 

Caorylic acid 

C8 

NMT 0,5 

Capric add 

CIO 

NMT 2.0 

Launc add 

Cl 2 

NLT 95.0 

Mwistfc add 

Cl 4 

NMT 3.0 

Palmitic acid 

a 6 

NMT 1.0 


• Fats and Fixed Oils, lodine Vatue (401): NMT 1 

• Fats and Fixed Oils, Saponification Value (401) 

Propylene glycol monolaurate (Type I); 210-245 
Propylene glycol monolaurate (Type II): 200-230 

• Water Determination, Method la (921) 

Analysis: Use a mixture of methanol and methylene 
chloride (1:1) in place of methanol in the titratłon 
vessel. 

Acceptance criteria: NMT 1.0% 

• Articles of Botanical Origin, Totaf Ash (561): NMT 

0 . 1 % 

ADDITiONAL REQUIREMENT5 

• Packa ctNG and Storage: Preserve in well-dosed contain- 
ers, and protect from moisture. No storage requirements 
specified. 
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* Labeling: Label it to indicate the type (Type I orType I). 

* USP Reference Standards (11) 

USP Propylene Glycol RS 

USP Propylene Glycol Monolaurate Type I RS 

USP Propylene Glycol Monolaurate Type II RS 


Propylene Glycol Monostearate 

Octadecanoic acid, monoester with i, 2 -propanediol; 
1,2-Propanediol monostearate [1323-39-3], 

DEFINITION 

Propylene Glycol Monostearate is a mixture of the propyl¬ 
ene glycol mono- and di-esters of stearic and palmiUc 
adds. It contains NLT 90.0% of monoesters of saturated 
fatty acids, chiefly propylene glycol monostearate 
(C 21 H 42 O 3 } and propylene glycol mo nopal mitate 
(C^H^Os). 

ASSAY 

• Propylene Glycol Monoesters 
Sample: 25 g 

Analysis: Place the Sample in a 5G0-mL, round-bottom 
fiask, and add 250 mL of alcohol and 7.5 g of potas- 
sium hydroxide. Connect the fiask to a suitable eon- 
denser, reflux the mlxture for 2 h, cool, and transfer to 
an 800-mL beaker, rinsing the fiask with 100 ml of 
water and combinlng the rinstng with the mlxture in 
the beaker. Heat on a steam bath to evaporate the al¬ 
cohol, adding water occasionally to replace the alcohcl, 
and continue the evaporation until the odor of alcohol 
can no longer be detected. Adjust the volume, with hot 
water, to 250 ml, neutralize with a mixture of equa! 
volumes of sulfuric add and water, notjng the volume 
used, and add a 10% excess of the di lute add. Heat 
with stirrlng until the fatty add layer separates, and 
transfer the fatty adds to a 500-ml. separator. Wash the 
fatty acids with four 200-mL portions of hot water, and 
discard the washings. Dry the fatty acids at 105° for 1 
h, cool, and determine tne acid value on a 1 -g portior, 
as directed in Fats and Fixed Oils <401), Add Value (Free 
Fatty Adds). 

Calcu iate the average molecular weight of the monoes- 
ters, in the porlion of Propylene Glycol Monostearate 
taken: 

MrA»g — (Mfi/A) 4 - Mr? — MfJ 

Mri - 1000 times the molecular weight of potassium 
hydroxide, 56,110 
A - add value 

Mr 2 = molecular weight of propylene glycol, 76.10 
Mn - molecular weight of water, 1 8.02 
Calcułate F in the portion taken: 

F=(M* *xG)fM a 

Mr 4 =10 times the molecular weight of potassium 
hydroxide, 561.1 

G = content, in percentage, of glycerin and 
propylene glycol in propylene glycol 
monostearate 

M t s — one-half of the molecular weight of propylene 
glycol, 38.05 

Calcułate the percentage of propylene glycol 
monoesters: 

Result = [(H- F)x M,Mv]/Mr4 

H = hydroxyl value of propylene glycol 
monostearate 


Acceptance criteria: NLT 90.0% of monoesters of satu¬ 
rated fatty acids, chiefly propylene glycol monostearate 
and propylene glycol monopalmitate 

IMPURITIES 

® Residue on Ignitjon (281): NMT 0.5% 

* Free Glycerin and Propylene Glycol 

Periodic add solution: DissoWe 5.4 g of periodic acid 
in 100 mL of water, and add 1900 mL of glacial acetic 
acid. Storę in a glass-stoppered bottle, protected from 
light 

Chloroform: Use chloroform that meets the following 
additional requirement. To each of three glass-stop¬ 
pered, 500-mL conical flasks add 50.0 mL of Periodic 
add solution , then add 50 mL of chloroform and 10 mL 
of water to two of the flasks and 50 mL of water to the 
third fiask. To each fiask add 20 mL of potassium iodide 
TS, mix gently, and proceed as directed for Analysis, 
beginning with "allow to stand for 1-5 min". The dif- 
ference between the volumes of 0.1 N sodium thiosul- 
fate reguired in the titrations with and without the 
chloroform does not exceed 100 li L. 

Sample solution: Melt the Propylene Glycol Monostea¬ 
rate at a temperaturę NMT 55 . Transfer a 3-g portion 
to a 100-mL beaker, and dissolve in 25 mL of 
Chloroform. 

Analysis: Transfer the Sample sofution , with the aid of 
another 25-mL portion of chloroform , to a separator, 
wash the beaker with 25 mL of water, and add Lhe 
washing to the separator. Insert the stopper, shake vlg- 
orously for 30-60 s, and allow the layers to separate, 
adding 1-2 ml of glacial acetic acid, if necessary, to 
break any emulsion. Transfer the aqueous layer to a 
glass-stoppered, 500-mL conical fiask, wash the chloro¬ 
form layer with two 25-mL portions of water, combin- 
ing the washings with the aqueous layer, and discard 
the chloroform layer. Add, with swirling, 50.0 mL of Pe¬ 
riodic acid sofution to the solution and to another glass- 
stoppered, 500-mL conical fiask containlng 75 mL of 
water to provide the blank. Allow to stand for 30-90 
mtn. To each fiask add 20 ml of potassium iodide TS, 
mix gently, and allow to stand for 1-5 min before ti- 
trating. Add 100 ml of water, and titrate with 0.1 N 
sodium thiosulfate VS until the brown iodine color fades 
to pale yellow, add 3 mL of starch TS, and continue the 
titration to the disappearance of the blue color, 
Calcułate the percentage of free glycerin and propylene 
gfycol, calcuiated as propylene glycol, in Lhe portion of 
Propylene Glycol Monostearate taken: 

Result = [(V e - V s ) x H x N\/W 

V B - volume of sodium thiosulfate consumed by 
the blank soiution (mL) 

Vs - volume of sodium thiosulfate consumed by 
the Sample solution (mL) 

M r - molecular weight of propylene glycol divided 
by 20, 3.805 

N = actual normality of the sodium thiosulfate 
solution 

W = weight of Propylene Glycol Monostearate 
taken (g) 

Acceptance criteria: NMT 1.0% free glycerin and pro¬ 
pylene glycol, calcuiated as propylene glycol 

5PECIFIC TEST5 

* Congealing Temperaturę (651): NLT 45° 

* Fats and Fixid Oils, Add Value (Free Fatty Adds) (401): 
NMT 4 

* Fats and Fixed Oils, Hydroxyi Value (401): 160-175 
« Fats and Fixed Oils, Iodine Value (401): NMT 3 

® Fats and Fixed Oils, Saponification Value (401): 155-165 

ADDITIONAL REQUIREMENT5 

« Packaging and Storage: Preserve in well-closed 
containers. 
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Propylparaben 




C 10 H 12 O 3 180.20 

Benzole acid, 4-hydroxy-, propyl ester; 

Propyl p-hydroxybenzoate [94-13-3]. 

DEFINITION 

Propylparaben contains NLT 98.0% and NMT 102,0% of 

C10H12O3. 

IDENTIFICATION 

* A. INFRARED ABSGRPTION (197M) 

* B. Melting Rangę or Temperaturę (741): 9ó g -99 p 

ASSAY 

* Procedurę 

Mobile phase, Sample solution, Standard solution B, 
and Chromatographic system: Proceed as described 
in the procedurę for Related Substances. 

System suitability 
Sample: Standard solution B 
Suitability requirements 
Relative standard deviation: NMT 0.85% for 6 
rnjections 
Analysis 

Samples: Sample solution and Standard solution B 
Calculate the percentage of Propylparaben in the Sam¬ 
ple solution: 


Result = P x (fu x Cs)/(r s x Cu) 

P = labeled purity of USP Propylparaben RS 
expressed as a percentage 

ru - peak area of propylparaben from the Sample 
solution 

Cs = concentration of propylparaben in Standard 
solution B 

r s = peak area of propylparaben from Standard 
solution B 

Cu - concentration of Propylparaben in the Sample 
solution 

Acceptance criteria: 98,0%-lQ2.0% 

IMPURITIES 

Inorganic Impurities 

* Resioue ON Ignition (281): NMT 0,1%, determined on 

1.0 g 

Organie Kmpiirities 

* Procedurę: Related Substances 

Mobile phase: Methanol and a 6,8 g/L solution of po- 
tassium dihydrogen phosphate (65:35 v/v) 

Sample solution: Dissolve 50.0 mg of Propylparaben in 
2.5 mL of methanol, and di lute with Mobile phase to 
50,0 mL, Dilute 10,0 mL of this solution with Mobile 
phase to 100,0 mL, 

Standard solution A: 5.0pq/mL each of p-hydroxy- 
benzoic acid, USP Ethyiparaben RS, and USP Propylpar¬ 
aben RS in Mobile phase 

Standard solution B: Dissolve 50,0 mg of USP Propyl¬ 
paraben RS in 2.5 mL of methanol, and dilute with Mo¬ 
bile phase to 50.0 mL, Dilute 10.0 mL of this solution 
with Mobile phase to 100.0 mL. 


Standard solution C: Dilute 1.0 mL of the Sample solu- 
tlon with Mobile phase to 20.0 mL, Dilute 1.0 mL of this 
solution with Mobile phase to 10,0 mL. 
Chromatographic system 
(See Chromatography (621), System Suitability ,) 

Modę: LC 

Detector: UV 272 nm 

Column: 4.6-mm x 15-cm; 5-pm packing LI 

Flow ratę: 1.3 ml/min 

Injection size: 10 pL 

Run time: About 2,5 times the retention time of 
propylparaben 
System suitability 
Sample: Standard solution A 

[Notę —The retention time of propylparaben is about 
4,5 min; the relative retention times for p-hydroxy- 
benzoic acid and ethyiparaben are about 0.3 and 0.7, 
respectively.] 

Suitability requirements 

Resolution: NLT 3,0 between the ethyiparaben and 


propylparaben peaks 
Analysis 


Samples: Sample solution and Standard solution C 
[Notę—D rsregard any limit that is 0.2 times the area 
of the principal peak in the chromatogram obtained 
with Standard solution C (0.1%),] 

Acceptance critena 

p-Hydroxybenzoic acid: The peak area in the Sample 
sofution , multiplied by 1,4 to correct for the calcula- 
tion of eon tent, is NMT the area of the principal peak 
In Standard solution C (0.5%). 

Unspecified impunties: The peak area of each impu- 
rity in the Sample solution h NMT the area of the 
principal peak in Standard solution C (0,5%T 
Total impunties: The total peak area for alf impunties 
in the Sample solution is NMT twice the area of the 
principal peak in Standard solution C (1.0%). 


5PEOFBC TESTS 

* Color of Solution 

Sample solution: 100 mg/mL in alcohol 
Comparison solution: Mix 2,4 mL of ferric chloride CS, 

1.0 mL of cobaftous chloride CS, and 0,4 mL of cupric 
suifate CS with 0,3 N hydrochioric acid to make 10 mL, 
Dilute 5 mL of this solution with 0.3 N hydrochioric 
acid to make 100 mL. [Notę —Prepare and use this solu¬ 
tion immediately.j 
Analysis 

Samples: Alcohol, Sample solution , and Comparison 
solution 

Make the comparison by viewincj the Solutions down- 
ward in matched color-companson tubes againsl a 
white surface (see Color a na Achromicity (631)). 
Acceptance criteria: The Sample solution is elear and 
not morę intensely colored than alcohol or the Compari¬ 
son solution. 

* ACIDITY 

Sample solution: To 2 mL of Sample solution prepared 
in tne test for Color of Solution , add 3 ml of alcohol, 

5 mL of carbon dioxide-free water, and 0.1 ml of 
bromocresol green TS, 

Analysis: Ti tratę with 0.10 N sodium hydroxide. 
Acceptance criteria: NMT 0.1 mL is reguired to pro- 
duce a blue color. 

ADDETIONAL REQUSREMENT5 

* Pacracjng and Storage: Preserve in welhclosed 
Containers. 
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* USP Reference Standards (1T) 

USP Ethylparaben RS 
USP Propylparaben RS 


Propylparaben Sodium 


CioHnNaOj 202.20 

Benzoic acid, 4-hydroxy-, propyi ester, sodium salt; 

Propyl p-hydroxybenzoate, sodium sali; 

Sodium 4-propoxycarbonylphenolate [3 5285-69-9]. 

OEFINITION 

Propylparaben Sodium contains NLT 94.0% and NMT 
102,0% of propylparaben sodium (C m HnNaG 3 ), calcu- 
lated on the anhydro us bas is. 

IDENTIFICATION 

• A. 

Standard: 0,5 g of USP Propylparaben RS 
Sample: 0.5 g 

Analysis: Dissolve the Sample rn 5 ml_ of water. Acidify 
witn hydrochloric acid, ano filter the resulting precipj- 
tate, Wash the precipitate with water, and dry over sil- 
ica gel for 5 h. Repeat with the Standard 
Acceptance criterfa: The IR absorption spectrum of a 
minerał orf dispersion of the Sample exhibits maxima 
onfy at the same wavelengths as those of a minerał oil 
dispersion of the Standard. 

• B, 

Sample solution: Ignite 0*3 g of Propylparaben So¬ 
dium, cool, and dissoNe the residue in 3 ml of 3 N hy- 
drochforic acid, 

Acceptance criteria: A platinum wire dipped in the 
Sample solution im parts an intense, persistent yellow 
cofor to a nonluminous flame. 

ASSAY 

• Procedurę 

Mobile phase: Methanol and a ó*8-g/L solution of po- 
tassium dihydrogen phosphate (65:35, v/v) 

System suitability solution: 5,0 jig/mL each of p-hy- 
droxybenzoic acid, USP Ethylparaben RS, and USP Pro* 
pylparaben RS in Mobile phase 

Standard solution: Dissolve 50.0 mg of USP Propylpar¬ 
aben RS in 2.5 mL of methanol, ano drlute with Mobile 
phase to 50.0 mL. Dilute 10.0 mL of thfs solution with 
Mobile phase to 100.0 mL. 

Sample solution: Dissolve 50.0 mg of Propylparaben 
Sodium In 2,5 mL of methanol, and dilute with Mobile 
phose to 50.0 mL, Dilute 10,0 mL of this solution with 
Mobile phase to 100.0 mL. 

Chromatographk system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector; UV 272 nm 

Column: 4,6*mm x 15-cm; 5-pm packrng LI 

Flow ratę: 1.3 mL/min 

Injection volume: 10 juL 

Run time: About 2.5 times the retention time of the 
propylparaben peak 
System suitability 

Samples: System suitability solution and Standard 
solution 

[Notę—T he retention time of propylparaben is about 
4.0 min; the relative retention times for p-hydroxyben- 
zoic acid, ethylparaben, and propylparaben are aoout 
0.4, 0.7, and 1.0, respecLively,] 


Suitability requirements 

Resolution: NLT 3.0 between the ethylparaben and 
propylparaben peaks, System suitability solution 
Relative standard devfation: NMT 0.85% for six in- 
jections, Standard solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the pereentage of propylparaben sodium 
(CtoHitNaO*) in the portion of Propylparaben Sodium 
taken: 

Result ^ P x (r a x Q)f(r, x Q x (Kr/Hz) 

P = labeled purlty of USP Propylparaben RS 
expressed as a pereentage 

ry - peak area of propylparaben from the Sample 
solution 

Q = concentratton of propylparaben in the 
Standard solution 

r$ = peak area of propylparaben from the Standard 
solution 

C u = concentradon of Propylparaben Sodium in the 
Sample solution 

Mri - molecular weight of propylparaben sodium, 

202.20 

M r ? = molecular weight of propylparaben, 180,20 
Acceptance criteria: 94,0%-l02*0% on the anbydrous 
basis 

IMPURITIES 

» Related compounds 

Mobile phase, System suitability solution, Sample so- 
lution, and Chromatographk system: Proceed as di- 
rected in the Assay * 

Standard solution: Dilute 1.0 mL of the Sample solution 
with Mobile phase to 20*0 mL. Dilute 1.0 mL of this so¬ 
lution with Mobile phase to 10.0 mL, 

System suitability 
Sample: System suitability solution 
[Notę—T he retention time of propylparaben is about 
4.0 min; the relative retention times for p-hydroxyben- 
zoic acid, ethylparaben, and propylparaben are about 
0.4, 0.7, and 1.0, respectively*] 

Suitability reguirements 

Resolution: NLT 3.0 between the ethylparaben and 
propylparaben peaks 
Analysis 

Samples: Standard solution and Sample solution 

Acceptance criteria 

p-Hydroxybenzok acid: NMT 4,0%; the peak area in 
Lhe Sample solution, multiplied by 1.4 to correct for 
the cakulatlon of eon tent, is NMT 8 times the area of 
the principal peak in the Standard solution. 

Unspecified impurities: NMT 0.5%; the peak area of 
each impurily rn the Sample solution is NMT the area 
of the principal peak in the Standard solution . 

Total impurities: NMT 1.0%; Lhe total peak area for 
ali unspecified impurities in the Sample solution is NMT 
twiee the area of the principal peak in the Standard 
solution. 

* Chloride and Sulfate, Chloride (221) 

Standard solution: 0.10 ml of 0*020 N hydrochloric 
acid 

Sample: 0.2 g 

Analysis: Proceed as directed in Lhe chapter. 

Acceptance criteria: 0,035%; the Sample shows no 
morę chloride Lhan the Standard solution . 

* Chloride and Sulfate, Sulfate ( 221) 

Standard solution: 0.30 mL of 0.020 N suifurit acid 
Sample: 0*25 g 

Analysis: Proceed as directed in the chapter. 

Acceptance criteria: 0.12%; the Sample shows no morę 
sulfate than the Standard solution * 
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SPECIFIC TESTS 
o ?n (79 1) 

Sample solution: 1 mg/mL 
Aceeptance criteria: 9.5-10.5 

* Water Determination, Method I (921): NMT 5.0% 

» tOMPLETENESS OF SOLUTION (641) 

Sample solution: Disso[ve 1 g in water. 

Aceeptance criteria: Meets the reguł rements 

ADDITIONAL REQUIREMENTS 

* Packacing and Storage: Preserve in tight containers. 
4 USP REFERENCE STANDARD5 (11) 

USP Ethylparaben RS 
USP Propylparaben RS 


Protaminę Sulfate —see Protaminę Sulfate 
General Monographs 


PulSulara 


OH OH 



( C H 6{)0 30 ) ri 

Po[y[6)-a-D-glucopyrano5yl-(1—>4}-r/.-D-glucopyranQsyl- 
(1 -44)~GC-D-glucopyranosyl-(1~->] [9057-02-7]. 

DEFHNITION 

Pullulan is a neutral, simple polysacchahde produced by the 
growth of Aureobasidium pulfulans. It has a chain structure 
of repeated a-l , 6 -bonds of maltotriose composed of three 
glucoses in a-1,4-bonds. It may contain some maltote- 
traosy) units. It contains NLT 90% of glucan, catculated 
on the dried basis* 

IDENTIFICATION 

o A. 

Sample: 10 g 

Analysis: Dissolve the Sample in 100 mL of water by 
adding in smali portions with stirring. 

Aceeptance criteria: A viscous solution is produced. 

* B. 

Pullulanase sample solution: 10 units/mL of 
pullulanase 

Sample solution: The viscous solution obtained in Iden¬ 
tification test A 

Analysis: Mix 10 ml of the Sample solution with 0.1 mL 
of Pullulanase sample solution, and allow to ineubate at 
25° for 20 min. 

Aceeptance criteria: A substantial Eoss of vrscosity is 
observed. 

o C. 

Sample solution: 20 mg/mL 

Analysis: To 10 mL of tne Sample solution add 2 mL of 
poiyethylene glycol 600. 

Aceeptance criteria: A white predpitate ts fermed 
immediately. 

ASSAY 

O CONTENT OF IV1 ON OS AC CHAR! DE, DBSACCHARfDE, AND 

OLIGOSACCHARFDES 

Sample stock solution: 8 mg/mL, on previously dried 
materiał 

Sample solution: To 1.0 mL of the Sample stock sóiuthn 
add 0,1 mL of saturated potassium chloride solution, 


and shake vigorously with 3 ml of methyl aicohol. Cen- 
trifuge, and use the supernatant. 

Standard solution: Dilute 1.0 mL of the Sample stock 
solution with water to 50 mL. 

Blank: Water 
Instrumental conditions 
(See UItravioIet- Visible Spectroscopy (857).) 

Modę: Vis 

Analytlcal waveiength: 620 nm 
Analysis 

Samples: Sample solution. Standard solution, and Blank 
Transfer 0.2 mL each of the Standard solution , Sample 
solution , and Blank to a test tubę containing 5 mL of a 
1-in-500 solution of anthrone in 75% (v/v) sulfuric 
add, with the test tubę placed in ice water. Mix each 
tubę immediately, and then beat the test tubę at 90° 
for 10 min. Remove the tubę, and alfow it to coot in 
co id running water. 

Determine the absorbances of the resulting Solutions at 
the specified wavelength, 

Determine the percentage of monosacchande, disaccha- 
ride, and oligosaccharides in the porlion of the sample 
taken: 

Result = ( DufDs ) x (Au - A Q J/(As - 4) x 100 

D u - dflution factor for the Sample solution, 4.1 

Di - dilution factor for the Standard solution , 50 

Au = absorbance of the Sample solution 

A$ - absorbance of the Standard solution 

A b - absorbance of the Blank 

Aceeptance criteria: The total eon tent of monosaccha- 
ride, disaccharide, and oligosaccharides is NMT 1 0.0%, 
corresponding to NLT 90% of glucan on the dried 
basis. 

IMPURITIES 

* Resrdue on Ignition (281) 

Sample: 2.0 g 

Aceeptance criteria: NMT 0.3% 

Delete the foliowing: 

Heavy Metals, Method II (231): NMT 5 pg/g® {om^ h^ 

201B) 

* Nitrogen Determination, Method U (461) 

Sample: 3 g, prevrously dried 

Analysis: Proceed as directed in the chapter, replacing 
the 7 ml of sulfuric acid with 12 mL of sulfuric acid for 
the decomposition and replacing the 30 ml of sodium 
hydroxide solution (2 in 5) with 40 mL of a solution of 
sodium hydroxide (2 in 5), 

Aceeptance criteria: NMT 0.05% 

SPEOFIC TESTS 

ł MlGROBIAL ENUMERATiON TESTS (61) and TESTS FOR SPECfl- 
fied Microorganisms (62): The total aerobic microbial 
count does not exceed 1 O 2 cfu/g, and the totat com- 
bined molds and yeasts count does not exceed 10 2 cfu/ 

9- 

* PH (791) 

Sample: 1.0 g 

Analysis: Dissolve the Sample in 10 mL of freshfy boiled 
ana cooled water, 

Aceeptance criteria: 4.5-6.5 

* Loss ON Orying (731) 

Analysis: Dry at 90° under vacuum for 6 h. 

Aceeptance criteria: NMT 6.0% 

* VlSCQSITY—CAPILLARY METHODS (911) 

Sample: Exaetly 1 0.0 g, previously dried 
Analysis: DissoJve the Sample in water to make exactly 
lOOg, and perform the test at 30 ±0.1° using a Ub- 
belonde-type viscometer. 

Aceeptance criteria: The kinematic viscosity is 
100-180 mm 2 ■ s -1 . 
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ADDITIONAL REQUIREMENT$ 

■ Packaging and Storage; Preserve in well-closed contain- 
ers. No storage reguirements spedfied. 

* Lareltng: Label it to indicate tne viscosity, giving the 
type of viscosity parameter, eoncentration of the solution, 
and the type ot eąuipment used, 


Pumice —see Pumice General Monographs 


Racemethionine 



NHj 


C 5 Hi t N0 2 S 149.21 

Methionme, dl-; 

DL*2-Amino-4-(methylthio)-butyrk acid [59-51-8]. 

DEfINmON 

Racemethionine contains NIT 99.0% and NMT 101.0% of 
C 5 H 11 NO 2 S, as DL-metbionine, calculated on the dried 
basts. 

IDENTIFICATION 

* A. INFRARED ASSORPTION (197K) 

Sampfe: Dry the substances at 105°, 

Acceptance criteria: Meets the requirements 

* B. The principal spot from Sampfe solution B is similar in 

size, color, and position to the principal spot from Stan¬ 
dard solution A t as obtained in the test for Organie Impuri- 
tieSj Related Substances. 

® C. Optical Rotation, Angular Rotation {781 A) 

Sample: 50 mg/mL in 1 M hydrochloric acid 
Acceptance criteria: -0.05° to +0.05° 

* D. Procedurę 

Analysis: Dissolve 0.1 g of Racemethionine and 0.1 g of 
glycine in 4.5 mL of dilute sodium hydroxide solution 
(85 mg/mL), Add 1 mL of sodium nitroferrieyanide solu¬ 
tion (25 mg/mL). Heat to 40° for 10 min, Afiow to cool, 
and add 2 mL of a mixture of hydrochloric add and 
phosphorrc acid (90:10). 

Acceptance criteria: A deep red color develops. 

ASSAY 

* Procedurę 

Sampfe: 140 mg of Racemethionine 
Analysis: Dissolve the Sample in a mixture of 3 mL of 
formie acid and 50 mL of glacial acetic add. Titrate with 
0.1 N perchforic acid VS, determining the endpoint po- 
tentiometrlcally, Perform a blank determination, and 
make any necessary corrections (see Titnmetry (541)). 
Each mL of 0.1 N perchloric add is equivalent to 
14.92 mg of CjHuNOzS. 

Acceptance criteria: 99.0%-1Q1.0% on the dried basis 

IMPURITIES 

Inorganlc Impurities 

* Residue on Ignition (281): NMT 0.1%, determined on 

l.Og 

* Chloride and Sulfate, Chloride (221): [Notę—P repare 

the Sampfe solution and the Standard solution at the 
same time,] 

Chloride standard solution (5 ppm Cl): 0.824 mg/mL 
of NaCL Just before use, dilute 1 mL of this solution 
with water to 100 mL. 

Standard solution: To 10 mL of Chloride standard solu- 
tion add 10 ml of 0.1 N $i!ver nitra te and 25 mL- of 
water, and mix. 


Sample solution: Dissolve 0.25 g in 35 mL of water. 
Ada 5 mL of dilute nttric acid and 10 mL of 0.1 N sifver 
ni tratę. AHow to stand protected from light for 5 min. 
Anafysis: Examine the Sample solution and Standard so¬ 
lution laterally against a black background. 

Acceptance criteria: Any opalescence in the Sample so¬ 
lution is not morę intense than that in the Standard 
solution (200 ppm). 

* Chloride AND Sulfate, Sulfate (221): [NOTĘ— Prepare the 
Sample solution and the Confrof solution at the same 
time.] 

Barium chloride solution: 250 mg/mL 
Sulfate standard solution (10 ppm S0 4 ): 1.81 mg/mL 
of potassium sulfate in 30% alcohol (v/v), just before 
use, dilute 1 mL of this solution with 30% alcohol (v/v) 
to 100 mL. 

Standard solution: Mix 3 ml of the Barium chloride so¬ 
lution and 4.5 mL of the Sulfate standard solution t and 
allow to stand for 1 min. 

Sample stock solution: 50.0 mg/mL, heated to 60°. 
Cool to 1 0°, and filier. 

Sample solution: To 2.5 mL of the Standard solution 
add 15 mL of the Sample stock solution and 0.5 mL of 
5 N acetic acid. 

Contro! solution: To 2.5 mL of the Standard solution 
add 15 mL of the Sulfate standard solution and 0,5 mL 
of 5 N acetic acid. 

Analysis 

Samples: Sample solution and Contra! solution 
Acceptance criteria; After 5 min, any opalescence in 
the Sampfe solution is not morę intense than that in the 
Controi solution (200 ppm). 

Oelete the fotlowing: 

** Heaw Metals 

Sodium sulfide solution: Dissofve 5 g of sodium sulfide 
in 10 mL of water. Add 30 mL of glycerin. 

Standard lead solution: Prepare as direeted for S peciat 
Reagents in Heavy Metals (231). 

Standard solution: Transfer 1.0 ml of the Standard lead 
solution to a 10-mL volumetric fiask. Add 1 mL of 50% 
acetic acid and 2 drops of 25% sodium hydroxide, and 
dilute with water to volume 

Sample solution: Dissolve 5 g of Racemethionine by 
adding 5 mL of 16% hydrochloric add and 5 mt of 
water Ad just with 25% sodium hydroxide to a pH of 
3,0—4.0. Dilute with water to 50 mL. Shake for approxi- 
matefy 15 min, and filter. 

Analysis: Add 1 drop of Sodium sulfide solution to 10 mL 
of tne Sample solution , and add 1 drop of Sodium sulfide 
solution to 10 mL of the Standard solution. Let stand for 
5 min, Vtew downward over a white surface. 

Acceptance criteria: The color of the solution from the 
Sampfe solution is not darker than that of the solution 
from Lhe Standard solution (NMT 10 ppm),* { of/icini wan- 

20TB) 

« Limit of Iron 

Standard stock solution (125 ppm): Dissolve 1.727 g 
of ferric ammonium sulfate [FeNH 4 (5Q 4 )z * 12H 2 0] in 
water, Add 50 mL of 10% hydrochloric acid, dilute with 
water to 1000 mL, and mix. Dilute 1 mL of this solution 
with water to 40 mL Pipet 5 mL of this solution into a 
200-mL volumetric fiask, dilute with water to volume, 
and mix, 

Standard solution: Transfer 2 mL of the Standard stock 
solution to a 25-ml volumetric fiask. Add 5 mL of 16% 
hydrochloric acid, 50 mg of ammonium persuffate, and 
3 mL of 30% ammonium thiocyanate, and dilute with 
water to volume. 

Sample solution: Transfer 1 g of Racemethionine to a 
25-mL volumetric fiask. Add 5 mL of 16% hydrochloric 
acid, and dissolve. Add 50 mg of ammonium persulfate 
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and 3 mL of 30% ammonium thlocyanate, and di lute 
with water to volume. 

Blank: Transfer 5 mL of 16% hydrdchloric acid to a 
25-mL volumetric fiask. Add 50 mg of ammonium per- 
suffate and 3 ml of 30% ammonium thiocyanate, and 
dilute with water to volume. 

Spectrometrrc condjtions 
(See U(traviolet-Vlsibfe Spectroscopy (857).) 

Modę: UV-Vis 

Analytical wavelength: 475 nm 
Celi: 1 cm 
Analysis 

Samples: Standard solution, Sample solution, and Blank 
Witnout delay, concomitantly determine the ab- 
sorbances of each sample, correcting for the Blank . 
Acceptance criteria: The absorbance of the Sample so- 
lution is NMT that of the Standard solution (NMT 
10 ppm), 

* Limit of Ammonium 

Standard solution A: 0,297 mg/mL of USP Ammonium 
Chloride RS. This solution contains 0,1 mg/mL or 
100 ppm of NB 4 + . 

Standard solution B: 0.297 pg/mL of U5P Ammonium 
Chloride R$. This solution contains 0.1 pg/mL or 
OJ ppm of NH-i 4 . 

Standard solution C: 2.97 jig/ml of USP Ammonium 
Chloride RS. This solution contains 1.0 pg/mL or 1 ppm 
of NH.| + . 

Standard solution D: 29.7 pg/mL of USP Ammonium 
Chloride RS. This solution contains 10 pg/mL or 10 ppm 
of NH,u 

Sample solution: 10 mg/mL of Racemethionine 
Electrode system: Use an ammonia-spedfic, 1 ionJndi- 
cating electrode connected to a pH meter capable of 
measuring potentials (see pH (791)), 

Analysis 

Samples: Standard solution A, Standard solution B t 
Standard solution C, Standard solution D, and Sample 
solution 

Add 100 ml of water to a 150-mL beaker, place the 
electrode in the beaker, stir, and measure the paten- 
tiaJ. Add 1 mL of 10 NI sodium hvdroxide. Stir, and 
measure the potential after stabnization. [Notę—I t 
may take about 5 min.] The potential difference must 
be less than 20 mV. 

Add 100.0 mL each of Standard Solutions Ą B, C, and D 
to four different 150-mL beakers. To each beaker, add 
1 mL of 10 N sodium hydroxide. Place the ammonia 
electrode in the beaker, stir, and concomitantly meas¬ 
ure the potential after stabilizadon. [Notę—I t may take 
about 5 min,] Draw a ca li bration curve of the poten¬ 
tial, in mV, versus, the guantity of ammonium (NH.r), 
in mg. 

Add 1 00.0 mL of the Sample solution to a 150-mL 
beaker. Add 1 mL of 10 N sodium hydroxide. Adjust 
the pH, if necessary, with 10 N sodium hydroxide to a 
pH of NIT II. Place the ammonia electrode in the 
Beaker, stir, and measure the potential after stabiliza- 
tion. [Notę—I t may take about 5 min.] Obtain the 
guantity of NH 4 + , in mg, in the 100 mL of the Sample 
solution based on the cali bration curve. 

Calculate the percentage of ammonium (NH 4 + ), in the 
portion of Racemethionine taken: 

Result = (C/W) x F 

C = guantity of ammonium In the Sample solution 
from the standard curve (mg) 

W = welght of Racemethionine taken to prepare 
the Sample solution (mg) 

F = conversion factor to pg/g (ppm), 1 x 1 0 6 

1 OH on 95-12 is sujtabte. 


Acceptance criteria: NMT 200 ppm 
Organie ImpuritJes 

* Procedurę: Related Substances 

Standard solution A: 0.40 mg/mL of USP Raceme¬ 
thionine RS 

Standard solution B: 40 pg/mL of USP Racemethion¬ 
ine RS 

Sample solution A: 20 mg/mL of Racemethionine 
Sample solution B: 0.40 mg/mL of Racemethionine 
Chromatographic system 
(See Chromatography (621), Thin-Layer Chromato- 
graphy.) 

Modę: TLC 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel mixture 

Application volume: 5 pL 

Developrng solvent system: Buty] alcohol, gladaf 
acetic add, and water (3:1:1) 

Spray reagent: 2 mg/mL of ninhydrin in a mixture of 
butyl alcohol and 2 N acetic add (95:5) 

Analysis 

Samples: Standard solution A, Standard solution B , 
Sample solution A, and Sample solution B 
Develop over a path of 10 cm using the Developing 
solvenl system. After air-diying the pEate, spray with 
Spray reagent , and heat between 100° and 105° for 
15 min, Examine the piąte under white light. 
Acceptance criteria: Any spot obtained from Sample 
solution A t a part from the principal spot, is not morę 
intense than the spot obtained from Standard solution B 
(NMT 0.2%). 

5PECIFIC TESTS 

o pH (791): 5.4-6.1, tn a 20 mg/mL solution 
o Loss ON Drying (731): Dry a sample at 105° for 3 h: it 
Eoses NMT 0.5% of its weight, determined on 1.000 g, 

O Transmittance 

Sample solution: 10% of Racemethionine in 2 N hy- 
drochloric add, prepared by sonication 
Analysis: Determine the transmittance In a 1-cm celi at 
430 nm with a suitable spectrophotometer. 

Acceptance criteria: Transmittance of NLT 0.98, corre- 
sponding to an absorbance of NMT about 0.009 

ADDITDONAL REQUIB£E!U1ENTS 

* Packaging and Storage: Preserve En well-closed contain- 
ers, protected from light. 

» USP Referencie Standards (11) 

USP Ammonium Chloride R5 
USP Racemethionine RS 


Fully Hydrogenated Rapeseed Oil 

Fully hydrogenated rapeseed oil [84681-71-0]. 

DEFENmON 

Fully Hydrogenated Rapeseed Oil is the product obtained by 
reflning and hydrogenating oil obtained from the seeds of 
Brasstca napus and Brassica campestńs (Fam. Cruciferae). 
The product is a mixfure of triglycerides En whicli the fatty 
add composition is a mlxture of saturated fatty acids. 

EDENTI FIC ATIOH 

* A, It meets the iequirements of the test for Fats and 
Fixed Oils, Fatty Add Composition (401), 

IMPURITIE5 
O ALKAUNE iMPURłTlES 

Sample solution: Prepare a mixture of 2.0 g of Fully 
Hydrogenated Rapeseed Oil, 1.5 mL of alcohol, a na 
3,0 ml of toluene. Dissolve by gentle heating. 
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Analysis: To the Sample soiution add 0,05 mL of bromo- 
phenol blue TS, and titrate with 0,01 N hydrochloric 
acid to a yellow endpoint, 

Acceptance critena: NMT 0.4 mL of 0.01 N hydrochlo- 
lic add is reguired. 

* Residue on Ignition {281): NMT 0,5%, when a 5-g sam- 
ple of Fully Hydrogenated Rapeseed Oil is ignited at an 
ignition temperaturę of 800125° 

Detete the fotiowfng: 

•• Heavy Metals, Method II (231): NMT 10 ppm. [0fficW i. 

* Limit of Nickel 

Sample soiution: Weigh 5,0 g of Fully Hydrogenated 
Rapeseed Oil into a previously tared platinum or silica 
crucible. Cautiousfy neat the substance, and introduce 
into it a wiek formed from twisted ashless fil ter paper. 
Ignite the wiek. When the substance ignites, stop neat- 
ing. After combustion, ignite in a mufFle fu mace at 
about 600°. Continue the incineration until white ash ts 
obtained. After cooling, transfer the residue, with the 
aid of two 2-mL portions of diluted hydrochloric acid, 
to a 25-ml volumetric fiask, Add 0,3 mL of nrtric acid, 
and dilute with water to volume. 

Standard stock soiution: 0,2 pg/mL of nickel prepared 
from nickel standard soiution TS and water. Prepare im- 
mediately before use. 

Standard Solutions: Into three identical 10-mL volu- 
metric flasks introduce 1,0, 2.0, and 4.0 mL of Standard 
stock soiution , respectively. To each fiask add a 2.0-mL 
portion of the Sample soiution, and dilute with water to 
volume. 

Instrumentaf conditions 

(See Atomie Ahsorption Spectroscopy {852).) 

Modę: Atomie absorption spectrophotometer 
eguipped with a graphite furnace 
Absorbance: 232,0 nm 
Lamp: Nickel hollow-cathode 
Analysis 

Sam pi es: Sampie soiution and Standord Solutions 
Concomitantly determine the absorbances of the 5am- 
ples at least three limes each. Recotd the averaqe of 
the steady readings for each of the Standard Solutions 
and the Sample soiution. Plot the absorbances of the 
Standard Solutions and the Sample soiution versus the 
added guanttty of nickel. [Notę—T he Sample soiution 
should be plotted as if it had a content of added 
nickel equivalent to Opg.] Extrapolate the linę joining 
the points on the graph until it meets the concentra¬ 
tion axis. The distance between this point and the in- 
tersection of the axes represents the concentration of 
nickel, C, in jig/mL, in the Sampie soiution , 

Calculate the content of nickel in the portion of Fully 
Hydrogenated Rapeseed OH taken: 

Result = (C/W) x V 

C = concentration of nickel in the Sampie soiution 
(ng/mL) 

W = weight of Fully Hydrogenated Rapeseed Oil 

Cg) 

V = volume of the Sample soiution , 25 mL 
Acceptance criteria: NMT 1 ppm 

* Lim nr of Erucic Acid: NMT 1,0%, as determined under 

Specific Tests f in the test Fats and Fked Oils, Fatty Add 
Composition (401) 

SPECIFIC TESTS 

* Fats and Fixed Oils, Fatty Acid Composition (401): Fully 
Hydrogenated Rapeseed OH exhibits the fatty add com¬ 
position profile shown in Tobie h 


Table 1 


Carbon-Chain 

Lenqth 

Number of 
Double Bonds 

Percentage 

(%> 

14 

0 

<1.0 

16 

0 

3-5 

18 

0 

38-42 

20 

1) 

8-10 

22 

0 

42-50 

24 

0 

1.0-2.0 

18 

1 

<1.0 

18 

2 

<10 

20 

1 

<1.0 

22- 

1 

£1.0 


* Eruric add. 


* FATS AND FfXED OlLS, Add Voiue {401): NMT ó.O 

* Fats and Fixed Oils, lodine Vofue {401): NMT A 

» FATS and Fixed Oils, Peroxide Value (401): NMT 2,0 
■ Fats AND Fixed Oils, Unsaponifiable Matter {401): NMT 
1.5% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storace: Preserve in tight, light-resistant 

containers. No storage reguirements spedfied. 


Superglycerinated Fully Hydrogenated 
Rapeseed Oil _ 

Superglycerinated fully hydrogenated rapeseed oil. 

DEFINITION 

Superglycerinated Fully Hydrogenated Rapeseed Oil is the 
product obtained by refining, hydrogenating, and glycer- 
inating oil obtained from the seeds of Brassica napus and 
Brassica campestris {Fam. Crudferae), The product isa 
mixture of mono-, di-, and triglycerides, with trigiycerides 
as a minor component 

[Noi£—Use compendial grade glycerln as a starting 
materiał.] 

IDENTIFICATION 

* A. It meets the reąuirements of the test for Fats and 

Fked Oils , Fatty Add Composition (401). 

COMPOSITION 

* Content of i-Monoglycerides 

Perlodic acid soiution: Dlssolve 5.4 g of periodic acid 
in 100 mL of water, add 1900 mL of glacial acetic acid, 
and mix. Preserve in a light-resistant, glass-stoppered 
bottle. 

Chloroform: Use chloroform that meets the following 
test, Add 50.0 mL of Periodic add soiution to each of 
three 500-mL flasks. Add 50 mL of chloroform and 
10 mL of water to two of the flasks, and add 50 mL of 
water to the third fiask, Add 20 mL of potassium iodide 
TS to each fiask, mix gently, and continue as directed 
in the Analysis , beginning with "'and allow to stand at 
least I min, but no longer than 5 min, before titrating". 
The difference between the volume of 0.1 N sodium 
thiosuffate V$ required in the titrations with and with- 
out the chloroform is not greater than 0.5 mL. 

Sample soiution: Melt Superglycerinated Fully Hydro- 
enated Rapeseed Oil at a temperaturę not higher than 
0° above its melting point, and mix thoroughly. Trans¬ 
fer an accurately welgned quantity of it, equivafent to 
about 150 mg of 1-monogfycerides, to a 100-mL 
beaker, dissolve in 25 mL of Chloroform , and mix. 

Analysis: Transfer the Sample soiution , with the aid of 
an addltional 25 ml of Chloroform, to a separator. Wash 
the beaker with 25 mL of water, and add the washing 
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to the separator, Close the separator tightly with a 
stopper, shake vigorously for 30-60 s, and allow the 
layers to separate. 

[Notę—A da 1-2 mL of glacia! acetic add to break emul- 
sions due to the presence of soap.j 
Collect the aoueous layer in a 500-mL glass-stoppered 
Erlenmeyer fiask, and again extract the chloroform so- 
lution in the separator with two 25-mL portions of 
water. Retain the combined agueous extracts, which 
will be used in the test for Limit of Free Glycerin . Trans¬ 
fer the chloroform layer to a 500-mL glass-stoppered 
Erlenmeyer fiask, and add 50,0 mL of Periodic add solu¬ 
tion to this fiask and to each of two blank flasks eon- 
taining a mixture of 50 mL of Chloroform and 10 mL of 
water, Swirl the flasks during the addition of Periodic 
ocid solution, and allow to stand for at least 30 min, 
but no longer than 90 min. To each fiask, add 20 mL 
of potassium iodide TS, and allow to stand at least 1 
min, but no longer than 5 min, before titrating. Add 
100 mL of water, and t i tratę with OJ N sodium thto- 
suifate VS, using a magnetic sttrrer to keep the solu- 
tion thoroughiy mixeą to the disappearance of the 
brown iodine color. Add 2 mL of starch TS, and con¬ 
tinue the titration to the disappearance of the blue 
color. 

Calculate the percentage of 1 -monoglycerides in the 
portion of Supergiycerinated Fully Hydrogenated Rape¬ 
seed Oil taken: 

Result = [[Mi x(V 9 -V 5 )x N]I(W x A)) x^ 00 

Mi - molecular weight of glyceryl monostearate, 

358 

Vb = volume of sodium thiosulfate VS consumed in 
the blank determination (mL) 

V$ - volume of sodium thiosulfate V5 required in 
the titration of the Supergiy ceri nated Fully 
Hydrogenated Rapeseed Oil (mL) 

N - normality of the sodium thiosulfate VS 
W - weight of the Supergiyceri na ted Fully 

Hydrogenated Rapeseed Oil taken to prepare 
the Somple solution (mg) 

A = factor number, 2 

Acceptance criteria: 90,0%-110.0% of that indicated 
on the tabel 

IMPURITSES 

* Residue on Ignition (281): NMT 0.5%, when a 5-g sam- 
ple of Superglycerinated Fully Hydrogenated Rapeseed 
Oil is ignitedat an ignition temperaturę of 800±25 D 

Delete the Mlowlng: 

Heavy Metals, Method U (231): NMT 1 0 ppm# i<mtm 1 . 

• Limit of Nickel 

Sam ple solution: Weigh 5.0 g of Supergiyceri nated 
Fully Hydrogenated Rapeseed Oil into a previously tared 
plattnum or silica crucible. Caudously heat the sub- 
stance, and introduce into it a wiek formed from 
twisted ashless filter paper. fgnite the wiek, When the 
substance ignites, stop heating. After combustion, tg- 
nite in a muffle furnace at aboul 600°. Continue the 
incineration until white ash is obtained. After cooling, 
transfer the residue, with the aid of two 2-mL portions 
of dtluted hydrach loric add, to a 25-mL volumetric 
fiask. Add 0.3 mL of nitric add, and dilute with water to 
volume. 

Nickel standard solution: Immediately before use, di¬ 
lute 10 mL of nickel standard solution T5 with water to 
500 mL. This solution contains the equtvalent of 0.2 pg/ 
mL of nickel. 

Standard Solutions: Into three identical 10-mL volu- 
metric flasks, introduce re$pectively 1.0, 2.0, and 


4.0 mL of Nickel standard solution. To each fiask, add a 
2.0-mL portion of the Somple solution , and dilute with 
water to volume. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
eguipped with a graphite furnace 
Analytical wavelength: 232.0 nm 
Lamp: Nickel hollow-calhode 
Analysis 

Samples: Somple solution and Standard Solutions 
Concomitantly determine the absorbances at least 
three times each, at the wavelength of maximum ab- 
sorbance. Record the averaqe of the steady readings 
for each of the Standard Solutions and the Sampie so- 
tution. Plot the absorbances of the Somple solution 
and the Standard Solutions versus the added guantity 
of nickel. 

[NOTE—The Sampie solution shodd be plotted as if it 
had a content of added nickel equivalent to 0 pg.] 
Extrapolate the linę joining the points on the graph 
until it meets the concentration axis. The dlstance be- 
tween this point and the Intersectlon of the axes rep- 
resents the concentration of nickel, C, in jig/mL, in 
the Somple solution , 

Calculate the content of nickel rn the portion of Super- 
glycerinated Fully Hydrogenated Rapeseed Oil taken: 

Result = (Vx Q/W 

V = volume of the Somple solution, 25 mL 
C = concentration of nickel in the Somple solution 
(Hg/mL) 

W ~ weight of Superglycerinated Fully 

Hydrogenated Rapeseed Oil taken to prepare 
the Sampie solution (g) 

Acceptance criteria: NMT 1 pg/g (ppm) 

* Limit of Eruoc Acio: NMT 1.0%, as determmed in the 
test for Fots ond Fixed Oils (401), Fatty Add Composition 

• LIMIT OF FREE GLYCERIN 

Periodic acid solution and Chloroform: Prepare as di¬ 
rected in the test for Content of 1 -Monoglycerides. 
Sampie solution: Use the combined aqueous extracts 
obtained as directed in the test for Content of 
l-Monoglycerides. 

Analysis: Tra n sf er 5 0.0 m L o f Perio dic add solu t/on t o 
each of two flasks: a 500-mL glass-stoppered 
Erlenmeyer fiask eon taining the Sampie solution and a 
500-mL glass-stoppered Erlenmeyer blank fiask contain- 
ing 75 mL of water Continue as directed for Analysis in 
the test for Content of 1 -Monoglycerides , beginning with 
**Swirl the flasks during the addition of Periodic acid so¬ 
lution , and allow to stand for at least 30 min, but no 
longer than 90 min". 

Calculate the percentage of free glycerin in the portion 
of Superglycerinated Fully Hydrogenated Rapeseed Oil 
taken: 

Result = [[Mi x (V fl - V s ) x N]/(W x A)} x 1 00 

Mi ~ molecular weight of glycerin, 92 

14 = volume of sodium thiosulfate VS consumed in 

the blank determination (mL) 

V$ - volume of sodium thiosulfate V5 reguired in 
the titration of the Superglycerinated Fufly 
Hydrogenated Rapeseed Oil (mL) 

N - normality of the sodium thiosulfate VS 
W - weight of the Superglycerinated Fully 

Hydrogenated Rapeseed Oil taken to prepare 
the Somple solution as directed in the test for 
Content of 1 -Monoglycerides (mg) 

A - factor number, 4 
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Acceptance criteria: NMT 1% 

SPECIFIC TESTS 

* Fats and Fixed Oils, Add Value (401): NMT 6.0 

• Fats and Fixed Oils, Fatty Acid C omposition (401): Super- 
glycerinated Fully Hydrogenated Rapeseed Oil exhibits 
the faŁLy acrd com posili on profile snown in Table 1. 


Table 1 


Carbon-Chaln 

Lenctth 

Number of 
Double Bonds 

Percentage 

14 

0 

< 1.0 

16 

0 

3-5 

13 

0 

38-42 

20 

0 

8-10 

22 

0 

42-50 

24 

0 

1 . 0 - 2.0 

18 

1 

< 1.0 

18 

2 

< 1.0 

20 

1 

< 1.0 

22 a 

I 

< 1.0 


J Eruck acid. 


* Fats and Fixed Oils, Hydroxyi Value {401}: NLT 90.0% 
and NMT 110.0% of that indicated on the label 

* Fats and Fixed Oils, lodine Value (401): NMT 4 

* Fats and Fixed Oils, Peroxide Vatue (401): NMT 2.0 

* Fats and Fixed Oils, Unsaponifhble Matter (401): NMT 

1.5% 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight, light-resistant 
containers. No storage requirements specified. 

* Labeling: Label it to indieate the hydroxyl value and the 
content of 1-monoglycerides. 


Rosę Water Ointment —see Rosę Water 
Ointment General Monographs 


Stronger Rosę Water 

DEFINITION 

Stronger Rosę Water is a saturated sol u don of the odorifer- 
ous principaJs of the flowers of Roso centifolio L. (Fam. 
Rosaceae) prepared by distilling the fresh flowers with 
water and separating the excess volatile oil from the elear, 
water portion of the drstillate. [Notę—S tronger Rosę 
Water, diluted with an equal vo!ume of purified water, 
may be supplied when "Rosę Water" is reąuired.] 

IMPURITIES 


Detete the foliowing: 

** Heaw Metals, Method i (231 > 

Test preparation: Stronger Rosę Water, 1 N acetie acid, 
and water (10:2:13) 

Acceptance enteria: NMT 2 pg/g* * < 0 ^ 

SPECIFIC TESTS 

* Reaction: Neutral or acidic to litmus 

O Residue on Evaporation 

Sample: 100 ml 

Anaiysis: Evaporate the sample on a steam bath, and 
dry the residue at 105° for 1 h. 

Acceptance enteria: NMT 15 mg (0.015%) 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: The odor of Stronger Rosę 

Water is best preserved by allowing a limited access of 
fresh atr to the Container* 


Rosę Oil 


DEFINITION 

Rosę Oil is voladle oil disdlled with steam from the fresh 
flowers of R os a gaf lica L t Rosa damasceno Miller, Rosa alba 
L., Rosa cent i folia L., and varieties of these species (Fam, 
Rosaceae)* 

SPECIFIC TESTS 

* SPECIFIC Crayity (841) 

Anaiysis: Measure at 30° compared with water at 15°, 
Acceptance criteria: 0.848-0.863 
» Opticai Rotation, Anguiar Rotation (781 A): -1° to -4° 

* Refractiye Index (831): 1.457-1.463 at 30° 

* Solubility Test 

Anaiysis: 1 ml is miscible with 1 mL of chloroform 
witnout turbidity, Add 20 mL of 90% alcohol to this 
mixture* 

Acceptance criteria: The resulting liquid is neutral or 
acia to moistened litmus paper and, upon standing at 
20 c , deposits crystals within 5 min. 

ADDITIONAL REQU!REMENTS 

* Packaging and Storage: Preserve in well-filled, tight 

containers. 


Saccharin _ 

Portions of this monograph that are national USP text, and 
are not part of the Farmonized text, are marked with 
symbois {♦*) to specify this fact. 



C 7 H 5 N0 3 S 183.18 

1.2- Benzisothiazol-3(2H)-one ; 1,1 -dioxide; 

1.2- 8enzisothiazo!in-3-one l,l-dioxide [81-07-2], 

DEFINITION 

Saccharin contains NLT 99*0% and NMT 101*0% of 
saccharin (OHsNOaS), calculated on the dried basis* 

IDENTIFICATION 

* A. INFRARED ABSORPUON (197K) 

A5SAY 

• Procedurę 

Sampie: 500 mg 

Anaiysis: Disso!ve the Sample in 40 mL of alcohol. Add 
40 mL of water and phenolphthafein TS* Titrate with 
0.1 N sodlum hydroxide* Perform a blank titration, if 
necessary, and make the appropriate correction. Eath 
mL of 0.1 N sodium hydroxide is equivalent to 
18,32 mg of saccharin (C?H 5 NOaS), 
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Acceptance criteria: 99.0%-] 01,0% on the dried basis 

IMPURITIES 

® Residue on Ignition (281): NMT 0.2%, using an ignition 
temperaturę of 600 ± 50 a 

Dełete the foliowing: 

ł HEAVY B/iETALS, Method li (231); NMT 10 ppm*# fONitlal 

l-|an- 2018 ) 

* +LHYIIT OF TOLliEN E SULF ON AMIDE5 

Internal standard solution: 0.25 mg/mL of caffetne in 
methylene chloride 

Standard stock solution: 20.0 jug/mL of USP o-Toluene- 
sulfonamide RS and 20.0pg/mL of USP p-Toluenesul- 
fonamide RS in methylene chforide 
Standard solution: Evaporate 5.0 ml of the Standard 
stock solution to dryness in a stream of nitrogen. Dis- 
sotve the residue in 1 ml of the Internai standard 
solution. 

Sample solution: Suspend 10 g of Saccharin in 20 ml 
of water, and dissolve using 5-6 mL of 10 N sodium 
hydroxide. If necessary, adjust the solution wlth 1 N so- 
dium hydroxide or 1 N hydrochioric add to a pH of 
7-8, and di lute with water to 50 ml. Shake the solution 
with four quantities each of 50 mL of methylene chlo¬ 
ride. Combine the lower layers, dry over anhydrous so- 
dium suffate, and filter, Wash the fil ter and the sodium 
suEfate with 10 mL of methylene chloride. Combine the 
solution and the washings, and evaporate almost to 
dryness in a water bath at a temperaturę not exceeding 
40°. Using a smali quantity of methylene chloride, 
quantitativeiy transfer the resldue into a sultable 10-mL 
tubę, evaporate to dryness In a stream of nitrogen, and 
dissolve the resldue In 1.0 mL of the internat standard 
solution . 

Blank solution: Evaporate 200 mL of methylene chlo¬ 
ride to dryness in a water bath at a temperaturę not 
exceeding 40°. Disso!ve the residue in 1 mL of methyl¬ 
ene chloride. 

Chroma tograp hic system 

(See Chromatography (621}, System Suitabiiity.) 

Modę: CC 

Detector: Flame ionization 

Column: 0.53-mm x 10-rn fused silica; coated with a 
2-pm film of phase G3 
Temperatures 
Injector: 250° 

Detector: 250° 

Column: 180° 

Carrier gas: Nitrogen 
Ffow ratę: 10 mL/min 
Injection yolume: 1 pL 
Split ratio: 2:1 
System suitabiiity 

Samples: Standard solution and Blank solution 
[NOTĘ—The substances are eluted in the foIłowing or¬ 
der: o-toluenesulfonamide, p-totuenesulfonamide, and 
caffeEne.J 

Suitability reguirements: No peaks at the retention 
times for the infernal standard, o-toluenesulfonamide, 
or p-toluenesulfonamide; Blank solution 
Resolution: NLT 1.5 between o-toluenesulfonamide 
and p-toluenesulfonamrde, Standard solution 
Anaiysis 

Samples: Standard solution and Sample solution 
Acceptance criteria: See Table h If any peaks due to o- 
toluenesulfonamide and p-toiuenesulfonamrde appear in 
the chromatogram of the Sample solution , the ratio of 
their areas to that of the Interna! standard solution ts 
NMT the correspondlng ratio in the chromatogram of 
the Standard solution. 


labie 1 


Na me 

Acceptance Criteria 
(PPm) 

0-To luen es u ] f o na m i de 

10 

o-To1 ue nes u 1 f 0 n a m id e 

10 


* 

* Limit of Benzoate and Salicylate 

Sample solution: 1 0 mL of a hot, saturated solution of 
saccharin 

Anaiysis: Add ferric chloride TS dropwise to the Sample 
solution. 

Acceptance criteria: No precip State or violet co lor ap- 
pears in the i iq u id. 

SPECIFIC TESTS 

* +Melting Rangę or Temperaturę (741): 22ó°-230% 

* Loss on Drying <73 1) 

Anaiysis: Dry at 105 Q for 2 h. 

Acceptance criteria: NMT 1.0% 

■ Readily Carronizable Substances Test <271) 

Sample solution: 40 mg/mL in sulfuric add 
[94.5%-95.5% (w/w) of H 2 SO 4 ]; maintained at 48 D -50 D 
for 10 min 

Acceptance criteria: The Sample solution has no morę 
color than Motchlng Fluid Ą when vEewed against a 
white background. 

* Clarity of Solution 

[Notę —The Sample solution is to be compared to Refer- 
ence suspension A In diffused dayJight 5 min after 
preparation of Reference suspension A.] 

Diluent: 200 g/L solution of sodium acetate 
Hydrazine solution: 10.0 mg/mL of hydrazine sulfate. 
[Notę—A ilow to stand for 4-6 h,] 

Methenamine solution: Transfer 2.5 g of methenamine 
to a 1 DO-mL glass-stoppered fiask, add 25.0 mL of 
water, insert the glass stop per, and mlx to disso!ve, 
Primary opalescent suspension: Transfer 25.0 mL of 
Hydrazine solution to the Methenamine solution in the 
1 00-mL glass-stoppered fiask. Mix, and altów to stand 
for 24 h. [Notę —This suspension is stable for 2 months, 
provided it is stored in a glass Container free from sur- 
face defects. The suspension must not adhere to the 
glass and must be well mixed before use.] 

Opalescence standard: Dii u te 15.0 mL of the Primary 
opalescent suspension with water to 1000 mL. [Notę— 
This suspension should not be used beyond 24 h after 
preparation.] 

Reference suspension A: Opalescence standard and 
water (1 in 20 ) 

Reference suspension B: Opalescence standard and 
water (1 in 10 ) 

Sample solution: 200 mg/mL in Diluent 
Anaiysis 

Samples: Diluent , Reference suspension A t Reference sus¬ 
pension B , Sample solution, and water 
Transfer a suffident portion of the Sample soiution to a 
test tubę of colorJess, transparent, neutral glass with a 
fiat base and an interna! diameter of 15-25 mm to ob- 
tain a depth of 40 mm. Similarly transfer portions of 
Reference suspension A f Reference suspension B f water, 
and Diluent to sępa ratę matching test tubes* Compare 
the Solutions in diffused daylight, viewing vertically 
against a black backgrouna (see Nepheiometry , Turbi- 
dimetry, and Visual Comparison (855), 1 fisual Comparn 
son). [NOTĘ—The diffusion of Irght must be such that 
Reference suspension A can readily be distinguished 
from water, and that Reference suspension B can readily 
be distinguished from Reference suspension A] 
Acceptance criteria: The Sample solution shows the 
same clarity as that of water or Diluent, or its opales¬ 
cence is NMT that of Reference suspension A. 
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* CHLOR OF Sol U Tl ON 

Diluent A: 200-q/L solution of sodium acetate 
Diluent B: 10-g/L solution of hydroehloric acid 
Standard stock solution: Ferric chloride CS, tobaltous 
chloride CS, cuprk suJfate CS, and Diluent B 
(3*0: 3.0: 2.4: 1.6) 

Standard solution: Standard stock solution and Diluent 
B (] in 100). [NOTĘ—Prepare the Standard stock solution 
and Standard solution immediately before use.] 

Sampie solution: Use the Sample solution from the test 
for Clarity of Solution. 

Analysis 

Samples: Diluent A, Standard solution, Sample solution, 
and water 

Transfer a suffident portion of the Sample so/uf/on to a 
test tubę of coforless, transparent, neutra! glass with a 
fiat base and an internal diameter of 15-25 mm to ob- 
tafn a depth of 40 mm. Similarly transfer portions of 
the Standard solution , Diluent Ą and water to separate, 
matching test tubes. Compare the Solutions in diffused 
daylight, viewlng verticafly against a white background 
(see Nephelometry, Turbidimetry, and Visual Compańson 
(855), Visual Compańson). 

Acceptance criteria: The Sampie solution has the ap- 
pearance of water or Diluent Ą or is not morę intensely 
colored than the Standard solution. 

ADDITIONAL REQUIREMENTS 

* ♦Packacing and Storage: Preserve in weli-dosed eon- 

tainers. Storę at room temperaturę*# 

* USP Reference Standards (11) 

USP Saccharin RS 

USP o-Toluenesuifonamide RS 

USP p-Toluenesulfonamide RS 


Saccharin Calcium —see Saccharin Calcium 
General Monographs 


Saccharin Sodium —see Saccharin Sodium 
General Monographs 


Safflower Oil —see Safflower Oil General 
Monographs 


Sesame Oil 


DEFINITION 

Sesame Oil is the refined fixed oil obtained from the seed o ; 
one or morę cultivated varieties of Sesamum indkum L, 
(Fam. Pedaliaceae). It may contain suitable antioxidants* 

IDENTIFICATION 

« A* iDENTITY BY TREGLYCERIDE PROFILE 

Analysis: Proceed as directed in the test for Tńglycende 
Composition * 

Acceptance criteria: The peak responses of the eight 
major triglycerides—LLL, OLL, PLL, 00 L, POL, ODO, 
SOL, and POO—elute between 0 and about 40 min, in 
the order specified, and at relative retention times of 
about 0.55, 0.65, 0.69, 0*77, 0.82, 0.93, 0*97, and 1.0, 
respective[y, as obtained in the Sampie solution śn the 
test for Triglyceride Composition. 


ASSAY 

• Triglyceride Composition 

[Notę —The fatty acid radicals are designated as linoleic 
(L), oleić (O), palmitic (P), and stearre (S), and the com- 
mon abbreviation$ for trialycerides used are as follows: 
trilinolein (LLL), l,2-difinoleoyl-3-oleoyi-rac-glycerol 
(OLL), 1,2 - d i I i noleoy 1-3 -pa I m i toy I - ra c-g ly cero I (PLL), 1,2- 
dioleoyl-3-lmoleoyl-rac-glycerol (OOL), 1 -palmitoyl- 
2-oleoyl-3-linoleoyl-rac-glyceroi (POL), triolein (OOO), 
l-linoleoyl-2-oleoyl-3-stearoyl-rac-glycerol (SOL), and 
1,2-dioleoyh3-pafmitoyl-rac-giycerof (POO)*] 

Mobile phase: Acetonitrile and methylene chloride 
(60:40) 

System suitability solution: 3*0 mg/ml each of USP 
Sesame Oli Related Compound A RS and USP Sesame 
Orl Related Compound B RS in Mobile phase * [Notę— 
USP Sesame Oil Related Compound A RS is OLL, and 
USP Sesame Oil Related Compound B RS is PLL.] 

Sample solution: 20 mg/mL of Sesame OiJ in Mobile 
phase 

Chromatographk system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 

Columns: Two 4.6-mm x 25-cm in series; packings LI 
Column temperaturę: 30° 

Flow ratę: 1.0 mL/min 
Injection volume: 20 pL 
System suitability 
Sample: System suitability solution 
[Notę —The relative retention times for OLL and PLL are 
about 0*93 and 1.0, respectively*] 

Suitability reguirements 
Resolution: NLT 1.8 between OLL and PLL 
Relative standard deviation: NMT 1.5% determined 
from peak areas; NMT 2.2% determined from the 
peak area ratio of OLL to PLL 
Analysis 

[Notę—T he relatłve retention times for the eight major 
triglyceride peaks are listed in Tobie 7.] 

Sample: Sample solution 

Cakulate the percentage of each of these triglycerides 
in the portion of the Sample taken: 

Result = (4/8) x 100 

A - peak area of each individual triglyceride 
8 = sum of the areas of all the peaks, exduding 

the solvent peak 


Tałile 1 


TrifilyceHde 

Refative 

Retention 

Time 

Composition 

(%) 

LLL 

0.55 

7.0-19.0 

OLL 

0.65 

T 3.0-30.0 

PLL 

0.69 

5.0-9.0 

OOL 

0*77 

14.0-25.0 

POL 

0.82 

8.0-16.0 

OOO 

0*93 

5*0-14.0 

SOL 

0.97 

2.0-8.0 

POO 

1*0 

2.0—8.0 


IMPURITIE5 


Delete the fotlowing: 

** Heavy Metals, Method II (231): NMT 10pg/g# fOffidol i. 

Jon- 2016 ) 
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* Alkaune Impuritjes 

Sample: 10 mL of Sesame OM 
Analysis: MIx 10 ml of freshty opened acetone and 
0.3 ml of water, and add 0,05 mL of bromophenol 
blue TS. Add the Sampie f shake, and allow to stand. 
Utratę with 0.01 N hydrochloric add VS to change the 
color of the upper layer to yeliow. 

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochlo¬ 
ric add is reguired. 

5PECIFIC TESTS 

o Speofic Gravity (841): 0.912-0.921 

■ Fats and Fixed Oils (401}, Add Value (Free Fatty Adds) 
Sampfe: 10 g 

Acceptance criteria: NMT 2.0 mL of 0.020 N sodium 
hydroxide is required for neutralization. 

o Fats and Fixed Oils (401), (odine Yalue: 103-116 

* FATS and FlXED OlLS (401), Sapontfication Valuei 188^195 

o Fats and Fixed Oils (401), Solidificothn Temperaturę of 

Fatty Adds: 20°-25° 

* Fats and Fixed Oils, Peroxide Value (401): NMT 10.0 

« Fats and Fixed Oils (401), Unsaponifiable Matten NMT 
1.5% 

O COTTONSEED OlL 
Sample: 5 mL 

Analysis: Mix the Sampfe m a test tubę with 5 mL of a 
mixture of equal yolurnes of amyl alcohol and a 
1 0-mg/mL solution of sulfur in carbon disulfide. Warm 
the mixture ca refu !ly untiJ the carbon disulfide 3s ex- 
pelled, and immerse the tubę to one-third of its depth 
tn a boiling saturated solution of sodium chbrtde. 
Acceptance criteria: No reddish color develops within 
15 min. 

* Watek Oetermjnatiom, Method Ic (921): NMT 0.1% 

ADDmONAL ftEQUSREMENT5 

® PACKAGING and STORAGE: Preserze in tight, fight-resistant 
containers, and prevent ex po surę to excessive beat. 

* Labeung: Label It to indicate the name and guantity of 
any added antioxidant. Where Sesame Oil is intended for 
use in the manufacture of injectable dosage forms, it is 
so iabeled. 

* Other REQŁiiREfUENT5: For Sesame Oil intended for use in 

injectable dosage forms, which ts specifled in the label- 
Ing, fhe reguirements must be met for Unsaponifiable 
Matter, Ada Value f Peroxide Value f and Waler, Method ic, 
under Spedfk Tests in Injections and Implanted Drug Prod¬ 
ucts (1), Vehides and added substances, Nonaqueous 
yehicies. 


o usp Reference Standards (11) 

USP Sesame Oil Reiated Compound A RS 
USP Sesame Oil Related Compound B RS 


Sheilac 



LBcalokshtftc add 




*rt AleUflię (Kit 


c^ifB^portting Ępimtrscf 


w.lh Aieunlic ncd 


[9000-59-3]. 

DEFINITION 

Sheilac is obtained by the purlfication of fac, the resinuous 
secretion of the insect Kerna lacca (Kerr) Lindinger (tac- 
dfer lacea Kerr) (Fam. Coccideae). Sheilac is a polyester 
resin conststing of inter- and intra-esters of polyhydroxy[ 
carboxylic acids formed from certa in hydroxy] adds and 
5esquiterpenic acids, and also contains variable amounts 
of wax. There are four types of Shelfac depending on the 
naturę of the treatment of crude secretion (seedfac). 

1. Orange Sheilac is produced by a process of filtration in 
the molten State and/or by a process of solvent extrac- 
tion, Orange Sheilac retains most of its wax. 

2. Refined (Dewaxed) Orange Sheilac ts produced by filtra- 
tion of the wax in a so!vent process. it may also be de- 
colorized by activated carbon. 

3, Regular Bleached (whtte) ShelEac is prepared by drssoly- 
tng the fac in an alkaline soEution and bteadiing the solu¬ 
tion with sodium hypochlonte. It is precipitated by dilute 
add and dried. 

4, Refined Bleached Sheilac is prepared by dissolying the lac 
in an alkaline solution and bleaching the solution with 
sodium hypochlorite. D u ring the process, wax Is re- 
moved by filtration. It is precipitated by dilute acid and 
dried, 

Sheilac confomns to the specifications in Table h 
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Tabie 1 



Add Value 
(an dried 
basis) 

Hoss on 
Drying 
(%) 

Wax 

£%1 

Grancie Shellac 

68-76 

NMT 2.0 

NMT 5,5 

Refined Oranae Shellac 

68-79 

NMT 2.0 

NMT 0.2 

Reqular Bleached Shellac 

73-S9 

NMT 6.0 

NMT 5,5 

Refined Bleached Shellac 

75-91 

NMT 6,0 

NMT 0.2 


IDENTIFICATION 

* A, Infrared Aesorption (197K) or (197A): Due to the 

degree of poiymerization, the intensity of some absorp¬ 
tion bands may vary. 

Use USP Regufar Bleached Shellac RS for the folfowing 
two types: 

* O rangę Shellac 
o Regular Bleached Shellac 

Use USP Refined Bleached Shellac RS for the following 
Lwo types: 

■ Refined Bleached Shellac 
D Refined O rangę Shellac 

• B. Identification of Aleurjtic Acbd and Shellolic Acid by 
fmiN-LAYER Chromatocraphy 

Standard solution: 6 mg/mL of USP Aieuritic Acld RS in 
methanoj, heating slightfy if necessary. 

Sample solution; Weigh and finely powder 500 mg of 
Shellac. Transfer 500 mg of the finefy powdered Shellac 
to a test tubę and heat with 4 ml of 85-mg/mL sodium 
hydroxide solution in a vlgorousfy boiling water bath 
for 5 min. Cool, add 10 mL of ethyl acetate, and trans¬ 
fer the content to a separatory funnel. With stirrrng, 
add siowly 4 mL of a 120-mg/mL solution of glacial 
acetic acid to the funnel, Shake the solution thoroughly 
and with dra w the lower layer. Transfer the upper layer 
to a smatl fiask, add anhydrous sodium sulfate, and pass 
through a membranę disk syrtnge of 0.45-pm porę size. 
Collect the filtra te and use it as the sample. 
Chromatographic system 
(See Chromatography (621), Th in-Layer Chromato- 
graphy.) 

Modę: TLC 

Platę: 10-cm x 20-cm or 20-cm x 2Q-cm, silica qe! 60 

Fz 54 

Application voiume: lOpL, as 8-mni bands. [Notę— 
An automated apparatus may be used.] 

Developing solyent system: Ethyl acetate, methyfene 
chEoride, methyl alcohol, and acetic acid (60:32:8:1) 
Spray reagent: Prepare the anisaldehyde solution by 
mixing in the following order. In 0.5 mL of 
anisaldehyde, add 10 mL of glacial acetic acid, 85 mL 
of methyf alcohol, and 5 mL of sutfuric acid, 

Analysis 

Samples: Standard solution and Sampfe solution 
Development: Apply the Samples in dlfferent bands to 
the prevlously marked starting point on a TLC piąte, 
and deyelop the piąte two times over a path of 15 cm. 
Dry the piąte in air, 

Detection: Spray with the Spray reagent. Heat the 
piąte at 100 a -105 L1 for 10 min, and examfne in 
dayiight (or white light). 

[Notę—T he prindpal band of aieuritic acid shows 
strong intensity and purple co lor. The retardatlon fac¬ 
to r (Rr) for the prindpal band of aieuritic add is 0.41. 

A blue-gray band with medium intensity at Rr 0.22 
could be assigned Lo shellolic add.] 

Acceptance criteria: The chromatogram from the 5om- 
ple solution shows several colored bands. One of the 
colored bands is similar in posttion and color to the 
band in the chromatogram from the Standard solution, 
and it is assigned to aieuritic acid. Bdow the aieuritic 
acid band, a bfue-gray band is assigned to shellolic 
acid. 


IMPURITIES 


Delete the following: 

*• Heavy Metals, Method il {231}; NMT 10 ug/g* (Offrciiil V- 

Jan^Ol 

* LłCWlT OF CHLORIDE 

Dilute nitric add: Dilute 10.5 mL of nitric add with 
water to 100 mL (10%). 

Silver nitrate solution: Dissolve 1.75 g of silver nitrate 
in water to 100 mL {0.1 mol/L). 

Sample: 0.4 g 

Sample solution: Shatce and dissolve the Sample in 
5 mL of alcohol while warming. Add 40 mL ot water, 
and cool. Add 12 mL of Dilute nitric add and water to 
make 100 mL, and fllter. Perform the analysis using 
50-mL of the fil tratę as the S a nipie solution. 

Contro! solution: 0.8 mL of 0.1 M hydrochloric acid 
VS, 2.5 mL of alcohol, 6 mL of Dilute nitric acid, and 
water to make 50 ml 

Analysis: Add 1 mL of Silver nitrate solution to the Sam¬ 
ple solution and Control solution, mix we!!, and protect 
from light for 5 min. Compare the opalescence devef- 
oped in both Solutions agamst a black background by 
viewing downward or transversely. 

Acceptance crlteria: The opalescence of the Sample so~ 
lution is NMT that of the Control solution , corresponding 
to NMT 0.14%. 

■ Total Ash 
Sample: 1 g 

Analysis: Before sampfing, ignite a cructble of platinum, 
guartz, or porcelaln at 50O°-55G O for 1 h. Cool and 
weigh the crucible. Transfer the Sample to this crucible. 
Take off the lid or open slightfy if necessary. Heat the 
crucible at a Iow temperaturę at first, then graduafly 
heat to 500°-550 b . ignite to incinerate the residue for 
morę Lhan 4 h until no carbonized substance remains in 
the ash. Cool and weigh the ash. Incinerate repeatedly 
to constant weight, cool, weigh aceurately, and deter- 
mine the percentaae of total ash. If a carbonized sub¬ 
stance remains and a constant weight cannot be ob- 
tained, exLract the charred mass with hot water, collect 
the insoluble residue on fil ter paper for assay and incin¬ 
erate the residue and filter paper until no carbonized 
substance remains in the ash. Then add the fiitrate, 
eyaporate to dryness, and incinerate. Cool, weigh accu- 
rately, and determrne the percentage of the total ash. If 
a carbon-free ash still cannot be obtained, moisten the 
ash with a smali amount of alcohol (ethanol). Break up 
the ash with a gfass rod, and wash the rod with a smali 
amount of alcohol. Evaporate carefully, and determine 
the mass of the total ash as descnbed above, A desicca- 
tor (sifica ge!) is used for cooling, 

Acceptance criteria: NMT 1.0% 

• Ethanol-Insoluble Sukstances 

Sample: 5 g 

Analysis: Dissolve the Sample in 50 mL of alcohol (etha¬ 
nol) In a water bath while shaking, Transfer the ethanol 
solution to a fared extraction thimble that was previ- 
ously drled at 105° for 2 h in a Soxhlet ex trać tor, and 
extract with alcohol for 3 h. Dry the extraction thimble 
at 105* for 3 h. Weigh the residue in the thimble, 
Acceptance criteria: The mass of the residue is NMT 
2 . 0 %. 

SPECJFBC TE5TS 
« Lass on Drying (731) 

Analysis: Dry at 41 ±2° i na we!l-ventilated oven for 24 
h. 

Acceptance criteria: See Table 1. 

* Acid Value 

Sample solution: Dissolve 2 g of fineiy ground Shellac 
in 50 mL of alcohol that has oeen neutralized to phe- 
nolphthalein with OJ N sodium hydroxide. 
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Analysis: Add addttional phenolphthalein TS if neces- 
sary and titrate with 0.1 N sodium hydroxide V5 to a 
pink endpoint, or determine the endpoint potentiomet- 
ricaliy. Express the acid value in terms of me number of 
mg of potassrum hydroxide requ i red per g of dried 
Shellac, and ca Iculate the add value as directed in Fats 
and Fixed Oils (401), Acid Value. 

[Notę—F or orange SheIJac titrate siowly, stlning vigor- 
ously, until a giass rod dlpped into the tltrated solu- 
tEon produces a coEor change when touched to a drop 
of thymoE blue TS on a spot piątej 
Acceptance criteria: See Table h 

• wax 

Sample: 10 g of finely ground Shellac 
Analysis: Transfer the Sampie and 2.50 g of sodium car- 
bonate to a 200-mL, ta!l-form beaker. Add 150 mL of 
hot water, Emmerse the beaker in a boi ling water bath, 
and stir until dissolved. Cover the beaker with a watch 
giass, and maintain the heat for morę than 3 h without 
agitation. Remove the beaker to a cold water bath. 
When the wax has floated to the surface, pass the sofu- 
tion through medium-speed quantitative ashless filter 
paper, transferring the wax to the paper, and wash the 
filter with water. Pour 5-10 mL of alcohol onto the filter 
to facifitate drying. Wrap the paper loosely in a larger 
piece of filter paper, bind with a piece of fine wire, and 
dry with the aid of gentle heat. Extract with chloroform 
in a suitabfe contlnuous ex trać t ton apparatus for 2 h, 
using a weighed fiask to receive the extracted wax and 
so!vent. Evaporate the solyent, and dry the wax at 105° 
to constant weight 
Acceptance criteria: See Tobie 7. 

® Rosin 

Sampie solution: 200 mg/mL in dehydrated alcohol 
Analysis: To 10 mL of Sampie sofution add siowly, with 
shaklng, 50 ml of solvent nexane, wash with two suc- 
cessive 50-rnl partiom of water, filter the washed al- 
cohoi-solvent nexane sofution, and evaporate to dry- 
ness. To the residue add 2 mL of a mlxture of liquefled 
phenol, dehydrated alcohol, and solvent hexane 
(1: 0.5:2). Stir, and transfer a portion of the solution to 
the cavity of a color-reaction piąte. FilE an adjacent cav- 
ity with a mixture of bromine and solvent hexane (1:4), 
and cover both cavities with an inverted watch giass. 
Acceptance criteria: No purple or deep indigo-bfue 
color is produced in or above the liquid contarning the 
residue. 

ADDBTIONAL REQUIIRESVIENTS 

* Packagjng AND STORagE; Preserve in well-closed contain- 
ers. Storę in a dry place below 15°, Protect from tight. 

« Iabeling: Labef it to indicate the type of Shellac. 

« USP Reference Standards (11) 

USP Aleuritlc Acid R$ 

USP Reflned Bleached Shellac RS 
USP Regufar Bleached Shellac RS 


DentaE-Type SiDka 

DEFINłTION 

DentaLType Silica Is obtained from sodium silicate solution 
by destabilizing with add in such a way as to yieid very 
fine partEcles. The sum of the Assay values for Silicon Di- 
oxide and Sodium Sulfate is NLT 98.0%. 

ASSAY 

« Silicon Dioxide 
Sample: 1 g 

Analysis: Ignite the Sampie at 1000° for 1 h, cool En a 
desiccator, and weigh. Carefully wet with water, and 
add 10 mL of hydrofluoric acid, in smafl increments. 
Evaporate on a steam bath to dryness, and cool. Add 


about 10 ml of hydrofluoric acid and about 0.5 mL of 
sulfurlc add, and evaporate to dryness. Slowly increase 
the temperatura untif all of the acids have been volatll- 
ized, and ignite at 1000°. Cool En a desiccator, and 
weigh. The difference between the finał weight and the 
weight of the initially ignited portion represents the 
weight of SiOz. 

* Sodium Sulfate 

Sample: I g 

Anafysis 1: in a ptatinum dish, wet the Sample with a 
few drops of water, add 15 mL of perchEonc acid, and 
place the dish on a hot piąte, Add 10 mL of hydroflu¬ 
oric add, Heat until copious fumes are evo!ved, Add 
5 mL of hydrofluoric acid, and again heat to copious 
fumes. Add 5 mL of boric add solution (1 in 25), and 
heat to fumes. Cool, and transfer the residue to a 
400-mL beaker with the aid of 10 mL of hydrochloric 
acid. Adjust the volume with water to about 300 mL, 
and bring to boifing on a hot piąte. Add 20 mL of hot 
barlum cnioride TS. Keep the beaker on the hot piąte 
for 2 h, maintain i ng the volume above 200 ml, After 
cool Ing, transfer the precipitate and solution to a dried, 
tared crudble with a filter of O.S-pm porę size, Wash 
the filter and precipitate 8 Limes with hot water, dry 
the crudble at 105° for 1 h, and weigh. The weight, 
multiplied by 0.6085, is the sodium sulfate content of 
the amount of specimen taken. 

Acceptance criteria 1: NMT 4.0% 

Analysis 2: Ca Iculate the sum of the Assay values for 
the Silicon dtoxide and the sodium sulfate, and calculate 
the percentage in the Dental-Type Silica taken. 
Acceptance criteria 2: NLT 98.0% 

5 PE Cl FIG TESTS 

* pH (791) 

Sampie solution: 50 mg/mL of slurry 
Acceptance criteria: 4,0-8.5 

* LOSS ON DRYING (731) 

Anafysis: Dry a sample at 105 D for 2 h. 

Acceptance criteria: It loses NMT the maximum per¬ 
centage of its weight as indicated in the Jabefing. 

0 LOSS ON IGNITION (733) 

Sample: 1 g, prevlousfy dried 

Analysis: Ignite the Sample at 1000° for NLT 1 h. 

Acceptance criteria: NMT 8.5% 

* Chloride and Sulfate, Chloride (221) 

Sample solution: Boi! 5 g in 50 mL of water under a 
reflux condenser for 2 h, cool, and filter. 

Controi: TG mL of 0.020 N hydrochloric add 
Analysis: Use a 7-mL portion of Sample solution. 
Acceptance criteria: 0.1%; the Sample solution shows 
no morę chloride than the ControL 

* ARSENKI, Method I (211) 

Sampie solution: Transfer 4.0 g of DentaLType Silica to 
a platinum dish, add 5 mL of nitric acid and 35 mL of 
hydrofluoric acid, and evaporate on a steam bath. Cool, 
acid 5 mL of perchloric add, 10 mL of hydrofluoric acid, 
and 10 mL of sulfuric add, and evaporate on a hot 
piąte to theproduction of heavy fumes. Cool, cau- 
tlously transfer to a 100-mL beaker with the aid of a 
few mL of hydrochloric acid, and evaporate to dryness. 
Cool, add 5 mL of hydrochloric add, di lute with water 
to about 40 mL, and heat to dissolve any residue. Cool, 
transfer to a 100-mL voEumetric fiask, and dilute with 
water to voiume, 

Analysis: Use a 25.0-mL portion of Sample sofution, 
Acceptance criteria: NMT 3 ppm 

Delete the folhwing: 

•« Heaw Metals, Method I (231) 

Test preparation: 16.7 mL of the solution prepared En 
the test for Arsenie 
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Anaiysis: Transfer the Test preparation to a 100-mL 
beaker, and neutralrzę to Iftmus paper with ammonium 
hydrox!de. Adjust with 6 N aoetic acid to a pH between 
3 and 4, Filter, using mediurmspeed filter paper, and 
wash with water until the filtra te and washings measure 
40 mL. 

Acceptance enteria: NMT 30 ppm* (o\ua*\ Ihm-iois) 

ADDITIONAL REQUIREMENTS 

* Packaging and Storace: Preserve En trght contafners. 

* Labeung: La bel it to Endicate the maximum percentage 
of loss on drying. 


Hydrophobic CoBloidal SBBica 

[68611 -44-9]. 

DEFINflTBON 

Hydrophobic Collofdaf Silica is prepared by parfcial afkylation 
for nydrophobation. It contains NLT 99,0% and NMT 
1 01.0% of Silicon dioxide (SiOi), calculated on the ignited 
basis. 

90ENT9FICATHON 

o A, 

Sample: 25 mg 

Anaiysis: Add the Sample to a platinum crudble, and 
ignite at 900 D for 2 h, Using a copper wire, mtx the 
ignited substance with 10 mg of sodEum fluoride and a 
few drops of sulfunc acid to gfve a thin slurry, Cover 
the crucibfe with a thin, transparent piąte of plastic 
under which a drop of water is suspended, and warm 
gently, 

Aeceptance criterla: Within a short time, a white ring 
is rapidly formed around the drop of water. 

» B, It meets the reguirements for Water-Dispersible Sub- 
stances in Specific Tests . 

ASSAY 
o Procedurę 

Sample: The residue obtained in the test for Loss on 
Ignition 

Anaiysis: To the Sample add suffident alcohol to mois- 
ten the residue compietely, and then add 0.2 mL of sub 
furie acid. Add 6 mL of hydrofluoric acid, and evaporate 
to dryness on a hot ptate at about 100°, taking care to 
avoicf loss from sputtering. Wash down the stdes of the 
platEnum crudble with 6 mL of hydrofluoric acid, and 
evaporate to dryness. ignite at 900° for 2 h, cool in a 
desiceator, and weigh. The difference between the 
weight of the residue obtained in the test for Loss on 
ignition and the weight of the finał residue gives the 
amount of Silicon dioxide (SiQ 2 ) in the quantity of the 
substance to be examrned. 

Aeceptance enteria: 99.0%-l 01,0% on the ignited 
basis 

IMPURITIES 

o Loss on Ignition (733) 

Sample: 0,2 g 

Anaiysis: Ignite the Sample in a platinum crudble at 
900“ for 2 h. C 00 J in a desiceator before weigh rng. 
[NOTĘ-—It is advisabie to place the crudble in a cold 
oven and then heat up the oven.] 

Aeceptance enteria; NMT 6.0% 

• Limit of Lead 

Select reagents having as Iow a lead content as practica- 
ble, and storę all Solutions in contalners of borosilicate 
glass. Rinse all glassware thoroughly with warm, dilute 
nitric acid (1 in 2) followed by water, 

Ammonium acetate buffer solution, pH 3.5: Weigh 
25.0 g of ammonium acetate, and dissofve in 25 mL of 
water. Add 38,0 ml of dilute hydrochloric add. Adjust 


the pH, if necessary, with dilute hydrochloric add or 
weak ammonia solution (containEng 460 mL/L of strong 
ammonia solution). Dilute with water to 100,0 mL. 
Thioacetamide solution: Prepare immediately before 
use. To 0.2 ml of thioacetamide 15 add 1 mL of a mix- 
ture of 5 mL of water, 15 mL of 1 N sodium hydroxide, 
and 20 mL of 85% glycerok Heat in a water bath for 20 
s, 

Sample solution: Suspend 2.5 g of Hydrophobic Colloi- 
dal Silica in 30 mL of methanof, stir, and add 30 mL of 
weak ammonia solution (containEng 460 mL/L of strong 
ammonia solution). With frequent stirring, evaporate on 
a water bath, and dry the residue in an oven at 140°. 
When the dried substance is white, break up the mass 
with a glass rod, Reduce the residue to a powder, and 
add 15 ml of methanol and 25 mL of 1 N hydrochloric 
add. BoEl gently for 5 min, stirring frequently with the 
glass rod. Centrifuge for 20 min, and pass the superna- 
tant through a membranę filter. To the residue En the 
centrifuge tubę add 3 mL of dilute hydrochEoric acid 
and 9 mL of water, and bring to a boiL Centrifuge for 
20 min, and pass the supematant through the same 
membranę filter. Wash the residue with smali guantities 
of water, combine the filtrates and washings, and dilute 
with water to 50 ml. To 20 mL of this solution add 
50 mg of ascorbic add and 1 mL of strong ammonia 
solution. Neutralize with diluted weak ammonia solu¬ 
tion (containing 1 60 mL/L of strong ammonia solution). 
Dilute with water to 25 mL, 

Reference solution: Pipet 10 ml of standard lead solu¬ 
tion TS, and mix with 2 mL of the Sample solution. 

Blank solution: A mixture of 10 mL of water and 2 mL 
of the Sample solution 

Anaiysis: To the Sample solution , Reference solution, and 
Blank solution add 2 mL of Ammonium acetale buffer so¬ 
lution , pH 3,5, Mix, and add 1.2 mL of Thioacetamide 
solution. Mix immediately. Examine the Solutions after 2 
min. The test is invalid if the Reference solution does not 
show a slight brown color compared to the Blank 
solution. 

Aeceptance enteria: The brown color in the Sample so¬ 
lution is not morę intense than that in the Reference 
solution (25 pg/g). [NOTE“lf the resuit is dlfficult Lo 
judge, pass the Solutions through a membranę filter of 
3 -jim porę size, and carry out the filtration slowly and 
uniformly. Compare the spots on the filters obtained 
with the different Solutions.] 

• Limit of Chloride 

Standard solution: Add 10 mL of 0,15 mM sodium 
chloride and 5 mL of water, Add 1 mL of dii u te nitric 
add, and pour into a test tubę containing 1 mL of silver 
ni tratę TS. 

Sample solution: To 1 g of Hydrophobic Colloidal Silica 
adcl 30 mL of methanol and 20 mL of dilute nitric acid. 
Heat on a water bath for 15 min with frequent stirring. 
Cool, dilute with water to 50 mL, and filter. Dilute 
10 mL of the filtrate with water to 15 mL, Add 1 mL of 
dilute nitric acid, and pour into a test tubę containing 
1 mL of siiver ni tratę TS. 

Anaiysis: Examine the tubes lateraily against a black 
background, 

Aeceptance enteria: After standing for 5 min proteeted 
from Irght, any opaiescence in the Sample solution is not 
morę intense than that in the Standard solution 
(0.025%). 

SPECIFIC TESTS 
o Water-Dispersible Substances 
Sample: 0.4 g 

Anaiysis: Place the Sample in a 500-mL separating fum 
nel, add 100 ml of water, and shake for 1 min. Al Iow 
to stand for 1 h, Atlow 90 mL of the agueous phase to 
run out dropwise with out filtration into a suita ble dish 
dried at 140°, and cool in a desiceator. Evaporate to 
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dryness at 140°, starting at a Iow temperaturę to avoid 
splashing. Cool in a desiccator. 

Acceptance arteria: NMT 3,0%; the weight of the resh 
due does not exceed 12 mg. 

ADDITIONAL REQU0REMEWTS 

o Packaging amd Storage: Preserve [n well-dosed contain- 
ers, No 5torage regulrements spetified. 


Purified Siliceous Earth 


DEFINITION 

Purffied Siliceous Earth is a form of silica (Si0 2 ) consistlng of 
the frustules and fragments of diatoms, purffied by 
takining, 

IMPUR9TIES 
* Loss ON SGMITION <733) 

Sample: 1 g, previously dried 
Anaiysis: Ignite the Sample at 980 ± 25° for 1 h in a 
Lared platfnum or porcelain crucible. 

Acceptance criteria: NMT 2.0% 

A Leachable Arsenic 

Sample solution: To 10.0 g in a 250-mL beaker add 
50 mL of 0.5 N hydrochloric acid, cover with a watch 
glass, and heat at 70° for 15 min, Cool, and decant 
through a Whatman No. 3 fifter paper into a 100-mL 
volumetrfc fiask. Wash the slurry with three 10-mL por- 
tions of water, preheated to 70°, and di lute with water 
to voIume. 

Anaiysis: A 3.0-mL portion of the Sample solution meets 
the regulrements in Arsenie, Method 1 (211). 
Acceptance criteria; NMT 10)ig/g 

O Leachable Lead 

Sample: A 10.0-mL portion of the Sample solution pre- 
pa red in the test for Leachable Arsenic 
Contro!: 10 mL of Diluted Standard Lead Solution in 
Lead (251) 

Anaiysis: The Sample meets the reauirements in Lead 
(251), 

Acceptance crlteria: NMT 10 pg/g 

» Limit of Nonsiliceous Substances 

Sample: 200 mg 

Anaiysis: Transfer the Sample to a tared platinum cruci¬ 
ble, add 5 mL of hydrofluorfc add and 2 drops of dilute 
sulfuric add (1 fn 2), and evaporate gently to dryness. 
C 00 J, add 5 mL of hydrofluoric add, evaporate agatn to 
dryness, and fgnite to constant weight 
Acceptance crlteria: The weight of the restdue is NMT 
50 mg, 

SPECIFIC TESTS 
® Loss on Drying (731) 

Anaiysis: Dry a sample at 105° for 2 h. 

Acceptance critena; NMT 0.5% 

^ AcbdSoluble Substances 
Sample: 10,0g 

Anaiysis: Digest the Sample with 50 mL of 0,5 N hydro¬ 
chloric add at 70° for 15 min, and filter, Wash the resi- 
due, adding the washtngs to the flltrate to obtain a 
total volume of 100 ml. Evaporate at 110° in a tared 
porcelain dish to dryness. 

Acceptance criteria: NMT 2,0% (weight of the dried 
residue is NMT 200 mg) 

® Water-Soluble Substances 

Sample: 12.5 g 

Anaiysis: Place the Sample in a 500-mL conicat fiask, 
add 250 mL of water, and shake for 2 h at room tem¬ 
peratura. Fil ter with the aid of va cuum, and agafn filter 
if necessary to obtain a elear filtrate, Evaporate in ą 
tared platinum or porcelain dish, and dry at 110°. 


Acceptance criteria: NMT 0.2% (weight of the residue 
is NMT 25 mg) 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-dosed 
contalners. 


Silicon Dioxide 


Si0 2 ■ xH:0 

Anhydrous 60.08 

DEFINITION 

Silicon Dioxide is obtalned by insolubifizing the d]ssolved 
silica in sodium silicate solution. Where obtained by the 
addition of sodium sificate to a minera! add, the product 
is termed silica gel. Where obtained by the destabilization 
of a solution of sodium silicate in such manner as to yieid 
very ftne particles, the product is termed precipitated sil¬ 
ica. After ignitlon at 1000° for NLT 1 h, it contains NLT 
99,0% of Si0 2 . 

IDENTIFICATION 

• Procedurę 

Sample: 5 mg 

Anaiysis; Transfer the Sample to a platinum crucible, 
mix with 200 mg of anhydrous potassium tarbonate, 
ignite at a red heat over a burner for 10 min, and cooL 
Dissoke the meit in 2 mL of recently distilled water, 
warming If necessary, and sfowly add 2 mL of ammo- 
nium molybdate TS. 

Acceptance criteria: A deep yellow color is produced. 

ASSAY 
o Procedurę 

Sample: 1 g 

Anaiysis: Ignite the Sample in a tared platinum dish at 
1000° for 1 h, cool in a desiccator, and weigh. Care- 
fully wet with water, and add TO mL of hydrofluoric 
add in smali inerements. Evaporate on a steam bath to 
dryness, and cool, Add 10 ml of hydrofluoric acid and 
0.5 mL of sulfuric acid, and evaporate to dryness. 

Slowly inerease the temperaturę until all of the adds 
have been vo!atilized y and ignite at 1000°, Cool In a 
desiccator, and weigh. The difference between the finał 
weight and the weight of the initially ignfted portion 
represents the weight of Si0 2 . 

Acceptance criteria: NLT 99.0% on the previousty ig- 
nited basis 

IMPURITIES 
Inorganic ImptiritSes 
a Loss ON IGMITION (733) 

Sample: 1 g 

Anaiysis: Ignite the Sample, prevlously dried and 
weighed, at 1000° for NLT 1 h. 

Acceptance critena: It loses NMT 8.5% of its weight, 

• Chloride and Sulfate, Chloride (221): Borl 5 g in 50 mL 

of water under a reflux condenser for 2 h, cool, and 
filter, A 7-mL portion of the filtrate shows no morę chlo¬ 
ride than corresponds to 1.0 mL of 0,020 N hydrochloric 
acid (0.1%), 

• Chloride and Sulfate, Sulfate (22 1): A 10-mL portion of 

the filtrate from the test for Chloride shows no morę sul¬ 
fate than corresponds to 5,0 mL of 0.020 N sulfuric acid 
(0.5%). 

■ Arsenic, Method I (211) 

Sample solution: Transfer 4.0 g to a platinum dish, 

Add 5 mL of nitric acid and 35 mL of hydrofluoric acid, 
and evaporate on a steam bath. Cool. Add 5 mL of 
perchloric acid, 10 ml of hydrofluoric acid, and 10 mL 
of sulfuric acid, and evaporate on a hot piąte to the 
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production of heavy fumes. Cool. Cautiously transfer to 
a 100-mL beaker with the aid of a few ml_ of hydro- 
chloric acid, and evaporate to dryness. Cool. Add 5 ml 
of hydrochtoric acid, dilute with water to 40 mL, and 
heat to dissolve any residue, Cool. Transfer to a 
IGO-mL volum.etric fiask, and dilute with water to 
voEume, 

Analysis: Use a 25.0-mL portion of the Sampie soiution. 
Acceptance criteria: Meets the requirements of the 
test (NMT 3 ppm) 

Deiete the foihwing; 

*• Heaw Metals, Method I <231) 

Sampie soiution; 1-6,7' ml of the soiution prepared for 
the test for Arsenie 

Analysis: Transfer the Sampie soiution to a 100-mL 
beaker, and neutralize to titmus paper with ammonium 
hydroxide, Adjust with 6 N acetic acfd to a pH between 
3 and 4. Filter, using medium-speed fflter paper, and 
wash with water until the fiitrate and washings measure 
40 mL. 

Acceptance criteria: NMT 30 ppm* * (orridai 

SPECIFIC TESTS 

■ PH (79 1): 4-8 in a slurry (1 in 20) 

* Loss OM DRYING <731): Dry a sampie at 145° for 4 h; it 

loses NMT 5.0% of its weighL 

ADDSTffONAL REQUłREMENTS 

o Packageng and Storage: Preserve in tight containers, 

protected from moisture. 

• Labeling: La bel it to State whether it is silica gel or pre- 

cipitated silica. 


Colloidal Silicon Dioxide 


Si0 2 60.08 

Silica [7631-86-9], 

DEFINITION 

Colloidal Silicon Dioxide Es a submicroscopic fumed silica 
prepared by the vapor-phase hydrolysis of a Silicon com- 
pound. When ignEted at 1000° for 2 h, it contains NLT 
99.0% and NMT 100.5% of SrCb, 

IDENTIFICATION 

• A. Procedurę 

Analysis: Transfer 5 mg to a platinum crudble, and mi>: 
with 200 mg of anhydrous potassium carbonate. Heat 
the crudble to a red color with the aid of a Bunsen 
burner for 10 min, and cool. DlssoEve the melt in 2 mL 
of freshly distilled water, warming if necessary, and 
slowly add 2 mL of ammonium molybdate TS to the 
soiution. 

Acceptance criteria: A deep yeltow color is produced, 

* B. PROCEDURĘ 

[Notę—A void contact with otolidine when performing 
this test, and conduct the test in a wellwentilated 
hood,] 

Analysis: Place 1 drop of the yellow silicomolybdate so¬ 
lu tron from Identification test A on a fflter paper, and 
evaporate the solvent. Add 1 drop of a saturated solu- 
tion of otolidine in glacial acetic add to reduce the 
silicomolybdate to molybdenum blue, and place the pa¬ 
per over ammonium hydroxtde. 


Acceptance criteria: A greenish bEue spot is produced. 

AS5AY 

9 Procedurę 

Sampie: 500 mg 

Analysis: fgnite the Sampie in a tared platinum crudble 
at 1000 ± 25 D for 2 h, cool in a desiccator, and weigh. 
Add 3 drops of sulfuric acid, and add enough alcohol to 
just moisten the sampie completely. Add 15 mL of hy¬ 
droli uoric add, and tn a well-ventifated hood evaporate 
on a hot piąte to diyness, using medium heat 
(95°-105°) and taking care that the sampie does not 
spatter as dryness is approached. Heat the crucibie to a 
red color with the aid of a Bunsen burner. fgnite the 
residue at 1000±25 q for 30 min, cool En a desiccator, 
and weigh. If a residue remains, repeat the Analysis , be- 
ginning with "Add 15 mL of hydrofiuonc acid". The 
weigh t lost by the assay specimen, previously Egnited at 
1000 ±25°, represents the weight of Si0 2 in the portion 
taken. 

Acceptance crltena: 99,0%-1Q0.5% on the previousty 
ignited basis 

IMPURITIES 

Inorganic Impurities 

b Loss on Ignitbon <733): Ig ni te the portion of ColJoidaE 
Silicon Dioxide, retained from the test for Loss on Drying , 
at 1000 ±25" to constant weight; the previous!y dried 
Colloidal Silicon Dtoxide Eoses NMT 2.0% of its weight. 

* Arsenic, Method 1 (211) 

Sampie soiution: To 2.5 g add 50 mL of 3 N hydro- 
chloric acid, and reflux for 30 min using a water con- 
denser, CooE, filter with the aicl of suction, and transfer 
the fiEtrate to a 100-mL voiumetnc fiask. Wash the filter 
and fiask with several portions of hot water, and add 
the washings to the fiask. Cool, and dilute with water 
to voiume. 

Analysis: A 15.0-mL portion of Sampie soiution , to 
which 3 mL of hydrochloric acid has been added, 
meets the reguirements of the test, the addition of the 
7 N sulfuric acid being omitted. 

Acceptance criteria: NMT 8 ppm 

5PECIFIC TESTS 

* PH (791): 3.5-5.5, in a (1 in 25) dispersion 

o Loss on Drying <731): Dry in a tared platinum crudble 
at 1Q5 D for 2 h: it loses NMT 2.5% of its weight. Retain 
the dried specimen in the crudble for the test for Loss on 
Ignltion. 

ADDHTIONAL REQUIREMENT5 

* Packagimg and Storage; Preserve in wefl-closed 
containers. 


Simethicone —see Simethicone General 
Monographs 


Simethicone Emulsion —see Simethicone 
Emulsion General Monographs 


Soda Limę 


DEFINITION 

Soda Limę is a mixture of Calcium Hydroxide and Sodium 
or Potassium Hydroxide or both. It may contain an indica- 
tor that is inert Eoward anesthetic gases such as Ether, 
Cydopropane, and NEtrous Oxide and that changes color 
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when the Soda Limę can no longer absorb Carbon 
Dioxide. 

IDENTIFICATION 

* A, 

AnaJysis: Place a granule on a piece of moistened red 
litmus paper. 

Acceptance criteria: The paper turns blue immedEatety. 
o B, IDENTIFICATION TESTS—GENERAL, CalÓum <191} 

Sample solution; A solution in ó N acetic add 
Acceptance criteria: Meets the requirements. It also 
imparts a yelJow color to a nonluminous flame that, 
when viewed through cobait glass, may show a violet 
colon 

SPECIFIC TESTS 
■ Loss on Drying (731) 

Sample: 10 g 

AnaJysis: Dry at 105° for 2 h. 

Acceptance criteria: 1 2.0%-l 9.0% 

* Carbon Oigxide Absorbency 

Analysis: Fili the lower transverse section of a U-shaped 
drying tubę of 15-mm Enternal diameter and 15-cm 
height with loosely packed glass wool, In one arm of 
the tubę, place 5g of anhydrous calcium chloride, and 
weigh the tubę and the contents. In the other arm, 
place 9.5-1 0.5 g of Soda Limę, and again weigh* Insert 
stoppers in the open arms of the tubę, and connect the 
side tubę of the arm filled with Soda Limę to a calcium 
chloride drying tubę, which in turn is connected to a 
suitabfe source of supply of carbon dioxide. Pass the 
carbon dioxide through the tubę at 75 ml/min for 20 
min, accurately timecL Disconnect the tubę, cool to 
room temperaturę, remove the stoppers, and weigh* 
Acceptance criteria: NLT 19.0% Encrease in weight of 
the Soda Limę used for the test 
a HARDNESS 

Sample: 200 g 

Analysis: Screen the Sample on a mechanical sfeve 
shaker (see Particie Size Distrihution Estimation by Analyth 
cal Sieving (786)) havlng a freguency of oscillation of 
285 ± 3 tycles/min, for 3 min, to remove granules both 
coarser and finer than the labeled particie size. Weigh 
50 g of the granules retained on the screen, and place 
them in a hardness pan that has a diameter of 200 mm 
and a concave brass bottom 7*9 mm thick at the cir- 
cumference and 3*2 mm thick at the center, with an 
instde spherical radSus of curvature of 109 cm. Add 15 
Steel balls of 7.9-mm diameter, and shake on a me¬ 
chaniki sieve shaker for 30 min* Remoye the Steel balls, 
brush the contents of the hardness pan on to a steve of 
the fine-mesh size designated on the la bel, shake for 3 
min on the mechanicalsieye shaker, and weigh. 
Acceptance criteria: NLT 75.0% of Soda Limę is re- 
tained on the screen. 

* Moisture assorption 

Sample: 10 g 

Analysis: Place the Sample in a tared 5Q-ml weighing 
bottle havmg a diameter of 50 mm and a height of 
30 mm, and weigh* Then place the bottle, with cover 
removed, for 24 n in a closed Container in which the 
atmosphere is maintained at 85% relatiye humldity by 
being in eguilibrium with su I furie add having a specific 
gravity of 1.16. Weigh again. 

Acceptance criteria: The weight inerease is NMT 7.5%. 
® Particle Size Distribution Estimation by Analytical 
$ieving, Method I (786) 

Sample: lOOg 

Analysis: Screen the Sample for 5 min as directed, using 
a mechanical shaker. 

Acceptance criteria: It passes completely through a 
No. 2 standard-mesh sieve, and NMT 2.0% passes 
through a No, 40 standard-mesh sieve. NMT 7,0% is 
retained on the coarse-mesh sieve, and NMT 15.0% 


passes through the fine-mesh sieve designated on the 
labeL 

ADDBTIONAL REQUIREMENTS 
* Packaging and Storage: Preserve in tight containers* 

*» Labę ling: Ef an Indicator has been added, the name and 
color change of such indicator are stated on the Con¬ 
tainer label. The Container labę] also indicates the mesh 
size in terms of standard-mesh sieye sizes (see Powder 
Fmeness (811)). 


Sodium Acetate —see Sodium Acetate 
General Monographs 


Sodium Alginate 



(C 6 H 7 Na0 6 )„ 

Alginic add, sodium salt; 

Sodium alginate [9005-38-3]. 

DEFINETION 

Sodium Alginate is the purified carbohydrate product ex- 
tracted from brown seaweeds by the use of dilute alka li. It 
consists chiefly of the sodium salt of Alginic Add, a poły- 
uronić acid composed of ^-D-mannuronic acid residues 
Ifnked so that the carboxyl group of each unit is free 
while the aldehyde group is shielded by a glycosidic link- 
age, It contalns NLT 90.8% and NMT 106.0% of sodium 
alginate of ayerage equivalent weight 222.00, calculated 
on the dried basis. 

IDENTIFICATION 

* A. 

Sample solution: A solution (1 in 100) 

Analysis: To 5 ml of Sampie solution add 1 mL of cal- 
cium chloride TS. 

Acceptance criteria: A yoJuminous, gelatinous precipi- 
tatę is formed irnmediately. 

* B. 

Sample solution: A solution (1 in 100) 

Analysis: To 10 mL of Sample solution add 1 mL of 4 N 
sulfuric add* 

Acceptance criteria: A heavy, gelatinous precipitate is 
formed. 

ASSAY 

* Alginates 

(See Alginates Assay (311).) 

Sample: 250 mg 

Analysis: Each mL of 0.2500 N sodium hydroxide con- 
sumed is equivalent to 27.75 mg of sodium alginate. 
Acceptance criteria: 90.8%-1Q6.0% on the dried basis 

mpumim 

■ Arsenic, Method H (211) NMT 1,5 ppm 

* LEAD (251) 

Standard solution: 5 mL of Diluted Standard Lead 
Solution 

Test preparation: Add 1*0 g to 20 mL of nitric add In a 
250-mL conicai fiask, mix, and heat carefully untif the 
Sodium Alginate is dissolyed* Continue heating until the 
yoluine is reduced to 7 ml, Cool rapidly to room tem- 
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perature, transfer to a 1 GO-mL vo]umetric fiask, and di- 
lute with water to volume. 

Analysis: Use 50 ml of the Test preparation , and pro- 
ceed as directed In the chapter, using 15 mL of ammo- 
nium dtrate solution, 3 mL of potassium cyanrde solu¬ 
tion, and 0.5 mL of hydroxyiamine hydrocnloride 
solution. After the first dithizone extraction, wash the 
tzombined chloroform fayers with 5 mL of water, dis- 
carding the wafer layer and continuing in the usuai 
manner by extracting with 20 mL of 0.2 N nitric add. 
Acceptance criteria: Contains NMT 5 pg of lead (cor- 
respondlng to NMT 10 ppm) 

Deiete the following: 

# * HEAV y Metals, Method II {23 1) 

[Notę —Conduct the ignition in a piatfnum crucible, and 
use nttric acid in place of sulfuric add to wet the test 
specimen.] 

Acceptance criteria: NMT 40 ppm® (ov\ca\ i |an- 2 ois) 

SPEOFIC TESTS 

* MiCAoeiAL Enumeration Tests (61) and Tests for Speci 
fied uI^icroorganisms (62): The to tal bacterial count 
does not exceed 200 cfu/g, and the tests for Salmonella 
species and Escherichia cofi are negative. 

g Loss ON Drying (731): Dry a sampJe at 105° for 4 h: it 
loses NMT 15.0% of its weight 

0 Articles for Botanical Origin, Toto! Ash (561): Proceed 
as directed in Methods of Analysis, carefufly ignitlna 3 g in 
a tared platinum dlsh, untH the residue is thoroughly car- 
bonized (5 min), and then igniting In a muffle furnace at 
a temperaturo of 800±25 Q until the carbon is completely 
burned off (approximatefy 75 min), 

Acceptance criteria: 18.Q%-27.0% of ash on the dried 
basis 

AODITIONAL REQUKREMENT$ 

■ PACKAGING AND STORAGE: Presen/e in tight containers. 


Sodium Ascorbate —see Sodium Ascorbate 
General Monographs 


Sodium Benzoate 



C ? H s Na0 2 144.10 

Benzoic acid, sodium salt; 

Sodium benzoate [532-32-1]. 

DEFINITIDN 

Sodium Benzoate contains NLT 99.0% and NMT 101.0% of 
sodium benzoate (C/HsNaC^), calculated on the anhy- 
drous basis. 

IDENTIFICATION 

* A. INFRARED ABSORPTION (197K) 

Sampie: Undried sample 
Acceptance criteria: Meets the regulrements 
® B. Identification Tests—General, Sodium (191): Meets 
the reguirements 

• C. The retention time of the major peak of the Sample 

solution corresponds to that of the Standard solution , as 
obtained in the Assay. 


ASSAY 
« Procedurę 

Solution A: Adjust a 20-mM solution of monobasic po¬ 
tassium phosphate with phosphoric acid to a pH of 2.5. 
Mobile phase: Solution A and acetonitrile (70:30) 
Diluent: Water and acetonitrile (50:50) 

System suitabillty solution: 0.1 mg/mL of USP Salicylic 
Add RS and 0.1 mg/mL of USP Benzoic Acid RS in 
Diluent 

Standard solution: OJ mg/mL of USP Benzoic Acid RS 
In Diluent 

Sample solution: 0.1 mg/mL of Sodium Benzoate in 
Diluent 

Chromatographic system 

(See Chromatograpny (621), System Su i ta bili ty.) 

Modę: LC 

Detector: UV 230 nm 

Column: 4.6-mm x 15-cm; 5-jxm packing LI 

Column temperaturę: 25° 

Flow ratę: 1.0 mL/min 
injection volume: 10 uL 
System suitabillty 

Sam pies: System suitabillty solution and Standard 
solution 

[Notę —The relative retention times for benzoic acid 
and saficylic acid are approximately 1.0 and 1.2, 
respectively.] 

Suitabillty requirements 

Resolution: NLT 3.0 between benzoic acid and sali¬ 
cylic add, System suitabillty solution 
Refative standard deviatlon: NMT 0.5% for benzoic 
add, Standard solution 

Tailing factor: NMT 2.0 for benzoic add, Standard 
solution 
Analysis 

Sam pies: Standard solution and Sampie solution 
Calculate the percentage of sodium benzoate 
(GHsNaOi) in the portion of Sodium Benzoate taken: 

Result = (rjrs) x (G/G) x (M Fl /M r2 ) x 1 00 

n } - peak area of benzoic add from the Sample 

solution 

r$ = peak area of benzoic add from the Standard 
solution 

G = concentration of benzoic acid in the Standard 
solution , corrected for purity (mg/mL) 

Cu - concentration of Sodium Benzoate in the 
Sample solution (mg/mL) 

M r j = molecular weight of sodium benzoate, 144,10 
Wi t 2 - molecular weight of benzoic acid, 122.12 
Acceptance criteria: 99.0%-101.0% on the anhydrous 
basis 

IMPURITBES 


Deiete the following: 

•• Heavy Metals (231) 

Test preparation: 4.0 g In 40 mL of water 
Analysis: To the Test preparation add, dropwise with 
vigorous stining, 10 mL of 3 N hydrochloric add, and 
fil ter. Use 25 mL of the filtra te. 

Acceptance criteria: NMT 10 pg/g# , 1 ^ 201 *) 

SPECIFIC TESTS 

■ Water Determinateon, Method I (921): NMT 1.5% 

a Alkalinity 

Sample solution; 2 g in 20 mL of hot water 
Analysis: To the Sampie solution add 2 drops of phenoi- 
phtnalein TS. 

Acceptance criteria: The pink coior produced, if any, is 
discnarged by the addition of 0.20 mL of 0J0 N sulfu- 
ric add. 
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ADDITIONAL REQUIREMENT5 
® Packaging and Storage: Preserve in well-closed 
containers. 

• USP Reference Standards (11) 

U5P Benzole Acid RS 
USP Salićylic Acid RS 
USP Sodium Benzoate RS 


Sodium Bicarbonate— see Sodium 
Bicarbonate General Monographs 


Sodium Bo ratę 


Na^O?- IOHjO 381.37 

Na 2 B^O ? 201.22 

Borax [1 303-96-4]. 

Anhydrous [1330-43-4], 

DEFINITION 

Sodium Borate contains an amount of Na 2 B.i0 7 egu iva lent 
to NIT 99.0% and NMT 105.0% of Na 2 B. t 0 7 - 10H z O. 

IDENTIFICATION 

o A, Identification Tests—General, Sodium (191) 

Sampie solution: 1 in 20 
Acceptance critena: Meets the requirements 

* B, Identification Tests—General, Borate (191) 

Sampie solution: 1 in 20 

Acceptance criteria: Meets the requirements 

AS5AY 
<> Procedurę 

Sample: 3 g of Sodium Borate 
Titrimetric system 
(See Ti tri metry (541).) 

Modę: Direct titration 
Titrant: 0.5 N hydrochlonc acid VS 
Blank: 50 mL of water 
Endpoint detection: Vtsual 

Anaiysis: Dissoive the Sampie in 50 ml of water, add 
methyl red TS, and titrate with 0,5 N hydrochloric acid 
VS. [Notę—H eating on a steam bath may be required 
initialfy to effect solution.] 

Calculate the percentage of sodium borate (Na 2 B. 5 Q 7 - 
10H 2 O) in the Sample taken: 

Result - [(V - B) x N x f] x 100 /W 

V - votume of Titrant consumed by the Sample 
(ml) 

B = voJume of Titrant consumed by the Blank (mL) 

N = actual normality of the Titrant (mEq/mL) 

F - equtvaleney factor, 190.7 mg/mEq 
W - weight of the Sample (mg) 

Acceptance criteria: 99.0%-1 05.0% 

impurities 


Delete the followlng: 

# * * Heavy Metals (231) 

Test preparation: Drssoive 1 g in 16 mL of water and 
6 mL of 1 N hydrochloric acid. Dllute with water to 
25 mL 

Acceptance criteria: NMT 20 ppm* (ohm* i-jan^aj 
* Carbonate and Bicarbonate 

Sample solution: To 5 mL of a solution (1 in 20), con- 
tained in a test tubę, add 1 mL of 3 N hydrochloric" 
acid. 


Acceptance criteria: No effervescence is observed. 

ADDITIONAL REQUIREMENT$ 

* Packaging and Storage: Preserve in tight containers. 


Sodium Caprylate 


o 



QH 15 Na0 2 1Ó6.19 

Sodium octanoate [1984-06-1]. 

DEFINITION 

Sodium Caprylate contains NLT 99.0% and NMT 101.0% of 
sodium caprylate (CtHijNaOa), calcu la ted on the anhy¬ 
drous basis. 

IDENTIFICATION 

* A. The retention time of the major peak of Sample solu- 

don A corresponds to that of the Standard solution, as 
obtained in the test for Chromatographic Purity in 
Impurides. 

& B. 

Methoxypheny!acetk reagent: Dissolve 2.7 g of meth- 
oxyphenylacetic acid in 6 mL of 10% tetramethyfammo- 
nium hydroxide solution in methanol, and add 20 mL 
of alconoi. Storę in a polyethylene Container. 

Sample solution: 20 mg 

Anaiysis: Disso!ve the Sampie in 0.5 mL of water, add 
1.5 mL of Methoxyphenylacetic reagent f and cool in ice 
water for 30 min. A voiuminous, whjte, crystalline pre¬ 
dpitate is formed. Place in water at 20°, and stir for 5 
min, The predpitate does not disappear. Add 1 mL of 
ammonia TS. The predpitate dissolves completely. Add 
1 mL of ammonium carbonate solution (160 mg/mL), 
Acceptance criteria: No predpitate is formed. 

AS5AY 

* Procedurę 

Sample: 150 mg 
Blank: Gladal acetic acid 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0.1 N perchloric add V5 
Endpoint detection: Potentiometnc 
Anaiysis: Transfer the Sample to a 125-ml volumetnc 
fiask, and dissoke in 50 mL of gladal acetic acid. Titrate 
with Titrant Perform a blank determination, and make 
any necessary correction. Each mL of 0.1 N perchlonc 
acid is equivalent to 16.62 mg of sodium caprylate 
(QH 13 NaOz). 

Acceptance criteria: 99,0%-10LO% on the anhydrous 
basis 

IMPURETIES 


Delele the followlng: 

** Heavy Metals, Method U (231) 

Test preparation: Dissolve 2.0 g of Sodium Caprylate in 
10 mL of gladal acetic acid, and add 10 mL of alcohoL 
Standard solution: 1 mL of Standard Lead Solution and 
9 mL of a mixture of gladal acetic acid and alcohoi 
( 1 : 1 ) 

Anaiysis: Use 12 mL of the Test preparation , and pro- 
ceed as directed in the chapter. 
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Acceptance criteria: NMT 5 |LLg/g« (o^ćiai i^n 2 oiB> 

a Chromatographic Purity 

Standard solution: 1,0 mg/mL of USP Capryiic Add RS 
in ethyl acetale 

Sample solution A: Dissolve 11 6 mg of Sodium Capry- 
[ate in 5 mL of water, add 1 mL of d ilu te sulfuric acid (1 
in 35), and extract with 10 mL of ethyl acetale. Sępa- 
ratę the organie layer, and dry it over anhydrous so¬ 
dium sulfate. 

Sampie solution B: Dilute 1.0 mL of Sample solution 7 
with ethyl acetate to 100 ml, transfer 5.0 mL of the 
solution obtained, and dilute with ethyl acetate to 
50 mL. 

Chromatographic system 

(See Chromatography (621 }„ System Suitabiiity.) 

Modę: CC 

Detector: Fiame ionization 

Column: 0,25-mm x 30-m fused silica; coated with a 
0.25-jim layer of phase G25 
Temperatures 
Injection port: 250° 

Detector: 25G C 
Column: See Tobie 7. 


labie 1 


Enftfal 

Temperaturę 

n 

Temperaturę 

Ramp 

(Vmin) 

Finał 

Temperaturę 

n 

Hałd Time 
at FinaJ 
Temperaturę 
(min> 

100 


100 

1 

100 

5 

220 

10 


Flow ratę: 1.5 mL/min 
Carrier gas: Helium 
injection volume: I pL 
Injection type: Split ratio, 100:1 
System suitabiiity 
Sample: Sample solution B 
Suitabiiity recjuirements 
Signal-to-noise ratio: NLT 5 
Analysis 

Samples: Standard solution, Sample solution A, and 
Sample solution B 

Disregard any peaks with an area less than half of the 
area of the prindpal peak from Sample solution B and 
any peak due to the solvent. 

CaJculate the percentage of each impurity in the por- 
tion of Sodium CapryTate taken: 

Result = (rJr T ) x 100 

fu - peak response of the indtvidual impurity 
r r = sum of all the peak responses 

Acceptance criteria 
lndividual impurities: NMT 0.3% 

Total impurities: NMT 0.5% 

SPEC I FIC TE5TS 

* APPEA RANCE OF 5OLUTI0N 

Standard stock solution: Combine 30.0 mL of ferric 
chloride CS, 30.0 mL of cobaltous chforide CS, and 
24,0 mL of cupric sulfate CS, and dilute with 1% (w/v) 
hydrochloric acid to 100,0 mL, 

Standard solution: Dilute TO mL of Standard stock so - 
lution with 1% (w/v) hydrochloric add to 100.0 mL, 
Sample solution: Dissolve 2.5 g of Sodium Caprylate in 
25.0 mL of freshly boiled and cooled water. 

Acceptance criteria: The Sample solution is elear and 
colorless, or not morę intenseiy colored than the Stan¬ 
dard solution. 

* PH (791) 

Sample solution: Use the Sample solution in the test for 
Appea rance of Solution. 


Acceptance criteria: 8,0-10.5 
• Water Determination, Method I (921): NMT 3,0% 

ADDITIONAL REQUIREMENTS 
® USP REFERENCE 5TANOARDS (11) 

USP Capryiic Acid RS 


Sodium Carbonate 


NazCOa (anhydrous) 1 05,99 

Na 2 C(V H,0 124,00 

Garbarnie acid, disodium salt; 

Disodium carbonate [497-19-8]. 

Monohydrate [5968-11-6], 

DEFINITSON 

Sodium Carbonate is anhydrous or contains one molecule of 
water of hydration. It contains NLT 99.5% and NMT 
100.5% of Na 2 CO* * ** , calcu lated on the anhydrous basis, 

IDENTIFICATION 

* A. DDENTSFiCAiłON Tests—General, Sodium (191): Meets 
the reguirements 

» B. Identification Tests—General, Carbonate (191): 

Meets the reguirements 

ASSAV 

o Procedurę 

Sample: 2 g of Sodium Carbonate, previously dried, 
from the test for Water Determination 
Blank: 50 ml of water 
Titrimetric system 
(See Titńmetry (541 >.) 

Modę: Direct tilration 
Titrant: 1 N sulfuric add VS 
Endpoint detection: Visual 

Analysis: Transfer the Sample to a fiask with the aid of 
50 mL of water. Add methyl red IS, and titrate with 
1 N sulfuric acid VS, Add the add slowly, with constant 
stlrring, until the soiution becomes faintly pink. Heat 
the solution to boiling, cooi, and continue the titration, 
Heat again to boiiing, and titrate further as necessary 
until the faint pink color is no fonger affected by eon- 
tinued boiling. 

Calculate the percentage of sodium carbonate (Na 2 C0 3 ) 
in the Sample taken. 

Result =[(V - B)xNxfx1 00]/W 

V = Titrant volume consumed by the Sample (mL) 

B - Titrant volume consumed by the Blank (mL) 

N = Titrant actual norma lity (mEq/mL) 

F = equivalency factor, 52,99 mg/mEq 
W = weight of the Sample (mg) 

Acceptance criteria: 99.5%-1QG,5% on the anhydrous 
basis 

IMPURITIES 


Dęte te the foilowing: 

** Heavy Metals (231) 

Test preparation; Dissolve 2.0 g in 3 0 mL of water. 

Analysis: Add 1 drop of phenolphthalein TS to the Test 
preparation, and neutraiize the solution with hydrochlo¬ 
ric acid, added dropwise. Heat the solution to boiling, 
and again neutraiize by the dropwise addition of hydro¬ 
chloric acid. Cool, and dilute with water to 25 mL. Pro- 
teed as directed in the chapter. 












NF 35 


Officiol Monographs / Sodium 7879 


Acceptance criteria: NMT IG ppm® Wt&ow) 

SPECIBC TESTS 

o Watek Determination, Method III (921) 

Sampfe; 2 g 

Analysis: Dry the Sample at 7 05° for 4 h. 

Acceptance criteria: The anhydrous form loses NMT 
0.5% of its weight, and the hydrous form loses 
12.0%-l 5,0% of its weight, 

ADDITIONAl HEQUflftEMENTS 

o IPackaging amd Storage: Preserve in well-closed 
containers. 

® Labeung: Label it fo indicate whether it is anhydrous or 
hydrous. 


Sodium CetostearyB Sulfate 

DEFINITION 

Sodium Cetostearyl Sulfate is a mixture of sodium cetyl suF- 
fate and sodium stearyl sulfate. It contains NLT 40.0% of 
sodium cetyl sulfate and the sum of the 

sodium cetyl sulfate content and sodium stearyl sulfate 
(CisH^NaSO^) content is NLT 90,0% (both contents tal- 
culated on the anhydrous basis). It may contain a suitable 
buffer. 

IDENTIFICATION 

» A, The retention fimes of the two major peaks of Sample 
solution C correspond to those of the System suitability 
solution, as obtained In the Assoy. 

* B. 5odium Cetostearyl Sulfate imparts an intense yellow 

cofor to a nonluminous flame. 

* C, 

Sample solution: 1,0 mg/mL In alcohol 
Analysis: Heat 10 ml of the Sample solution to botlmg 
on a water bath, shaking freąuently, Fil ter immediately, 
and evaporate to dryness. Drssolve the residue in 7 mL 
of water, add 3 mL of diluted hydrochloric add, and 
evaoorate the solution to half its volume. Al Iow to cool, 
and filier. To the filtrate add 1 mL of barlum chloride 
solution (60 mg/mL). 

Acceptance criteria: A white crystalline predpitate is 
formed. 

ASSAY 

* Procedurę 

System suitability solution: 5 mg/mL each of USP 
Cetyl Afcohol RS and USP Stearyl Afcohol RS in alcohol 
Interna! standard solution: 4 mg/mL of 1-heptadeca- 
nol In alcohol 

Sample solution A: Dissoke 300 mg of Sodium Ceto¬ 
stearyl Sulfate in 50 mL of alcohol, and add 2 mL of the 
Internaf standard solution and 48 mL of water, Extract 
the solution with four 25-mL portions of pentane, add- 
ing 10-15 mL of saturated sodium chloride solution, if 
necessary, to facilitate the separatton of the Eayers. 
Combine the organie layers, and resen/e the 
hydroalcoholic layers for the preparation of Sample solu- 
don C and Sampfe solution D. Wash the organie layer 
with two 30-mL portions of water, dry over anhydrous 
sodium sulfate, and fi (ter. 

Sample solution B: DissoJve 300 mg of Sodium Ceto¬ 
stearyl Sulfate in 50 mL of alcohol, and add 50 mL of 
water. Extract the solution with four 25-mL portions of 
pentane, adding 10-15 mL of saturated sodium chloride 
solution, if necessary, to facilitate the separation of the 
layers. Comblne the organie layers, wash with two 
30-mL portions of water, dry over anhydrous sodium 
sulfate, and filter. 

Sample solution C: Transfer 25 mL of the 
hydroalcoholic solution obtained in the preparation of 


Sample sotudon A to a 200-mL fiask that can be fitted 
with a reflux condenser. Add 20 mL of hydrochloric 
acid and 10 mL of the In terna I standard solution , and 
boi! under reflux for 2 h, Allow to cooL Extract with 
four 20-mL portions of pentane, Wash the combined 
organie layer with two 20-mL portions of water, dry 
over anhydrous sodium sulfate, and filter. 

Sampfe sofution D: Transfer 25 mL of the 
hydroalcoholic solution obtained in the preparation of 
Sample solution A to a 200-mL fiask that can be fitted 
with a reflux condenser. Add 20 ml of hydrochloric 
acid and TO mL of aicoho!, and boi! under reflux for 2 
h, Allow to cool. Extract with four 20-ml portions of 
pentane, Wash the combined organie layer with two 
20-mL portions of water, dry over anhydrous sodium 
sulfate, and filter. 

Chromatographie system 
(See Chromotogrophy {62^) / System Suitobiiity .) 

Modę: CC 

Detector: Flame tonization 

Column: 0.25-mm x 25-m fused sifica capillary; phase 
C2 

Temperatures 
Injection port: 250° 

Detector: 250° 

Column: See Table 7. 


Table 1 


initial 

Temperaturę 

n 

Temperaturę 

Ramp 

P/mJiil 

Ftnal 

Temperaturę 

n 

Hofd Time at 
Finał 

Temperaturę 

(mini 

ISO 

5 

250 

Duration of 
analysis 


Carrier gas: Nitrogen 
FIow ratę: 1 mL/mm 
Injection volume: 1 pL 
Injection type: Split ratio 100:1 
System suitability 
Sampfe: Sys tern suitability so Iudon 
Suitability requirements 

Resolution: NLT 4.0 between cetyl alcohol and 
stearyl alcohol 

Relative standard deviation: NMT 1.5% 

Analysis 

Correction for interference: Inject Sample solution A 
and Sample solution B In to the chromatograph, record 
the chromatograms, and measure the areas for the 
major peaks. 

If Sample solution B shows a peak at the same retention 
time as the i nterna I standard peak of Sample solution 
A t calculate the ratio, R: 

R - S CB /S f 

See = peak response of cetyl alcohol from Sample 
solution B 

5t - peak response with the same retention time as 
the internal standard of Sample solution B 
If R is less than 300, calculate the oorrected area, Sa^), 
of the peak correspond!ng to the interna] standard of 
Sample solution A: 

— (Sf X 5ęfl/Scfl) 

Sha = peak response of the interna! standard from 
Sample solution A 

St - peak response with the same retention time as 
the interna! standard of Sample solution B 
Sca = peak response of cetyl alcohol from Sample 
solution A 

Sca = peak response of cetyl alcohol from Sample 
solution B 
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Inject Sampie solution C and Sompie solution D Ento the 
chromatograph, record the chromatograms, and 
measure the areas for the major peaks. Carry out the 
Correct ton for interference in the same manner as for 
Sompie solution A, and calcu late the corrected area of 
the peak corresponding to the interna! standard of 
Sample solution C, 5c( €0fr ). 

Sam pies: System suitability solution, Sample solution C, 
and Sample solution D 

[NoTE“The substances are eluted in the fol łowi ng or¬ 
der: cetyi alcohoi, 1-heptadecanol (fnterna! standard), 
and stearyl alcohol. Identify the cetyl alcohoi and 
stearyt akohol peaks in the chromatograms of the 
Sample Solutions by companson with the System suita¬ 
bility solution .] 

Calcu late the percentage of sodium cetyt sulfate 
(CusH^NaSOÓ in the portion of Sodium Cetosteary! 
Sulfate taken: 

Result = (r c x Wad/(Scom x W c ) x Fx 100 

rc = peak response of cetyl alcohoJ from Sompie 
solution C 

Wch = weight of the Interna! standard added in the 
preparation of Sample solution C (mg) 

Sc(cotr) ~ corrected area of the peak corresponding to 
the Internal standard of Sample solution C 
Wc = weight of Sodium Cetostearyl Sulfate taken to 
prepare Sample solution C, calcu iated on the 
anhydrous basis (mg) 

F - correction factor, 1,421 
Calcu tatę the percentage of sodium stearyl sulfate 
(CiaH^NaSO*) In the portion of Sodium Cetostearyl 
Sulfate taken: 

Result = (Br x Wę H )/t$c(w} x Wc) x F x 100 

B c - peak response of stearyl alcoho! from Sample 
solution C 

Wch - weight of the internal standard added In the 
preparation of Sample solution C (mg) 

Sefcaro = corrected area of the peak corresponding to 
the internal standard of Sample solution C 
Wc - weight of Sodium Cetostearyl Sulfate taken to 
prepare Sample solution C, calculated on the 
anhydrous basis (mg) 

F - correction factor, 1.377 
Acceptance criteria 

Sodium cetyl sulfate: NLT 40,0% on the anhydrous 
basis 

Sum of sodium cetyl sulfate and sodium stearyl suh 
fate: NLT 90,0% on the anhydrous basis 

IMPURIT1ES 


C hangę to read: 

• Limit of Sodium Chloride and Sodium Sulfate 

Sodium chloride 
Sample: 5 g 
Titrimetric system 
Modę: Direct titration 
Titrant: OJ N silver nitrate VS 
Endpoint detection: Potentiometric 
Analysis: Dissolve the Sample in 50 mL of water, and 
add diluted nitric acid dropwise until the solution is 
neutral to blue lEtmus paper To the resulting solution 
add 1 mL of potassium cnromate 15 and titrate with 
TitranL 

Calculate the percentage of sodium chloride (NaCf) In 
the portion of Sodium Cetostearyl Sulfate taken: 

Result = (Vx N)fW x F 

V - vofume of the Titrant (mL) 


N = actual normality of the Titrant 
W = weight of Sodium Cetosteary] Sulfate (g) 

F = egulvalence factor for sodium chloride, 5,844 
Sodium sulfate 

Dichloroacetic acid solution: Dilute 67 mL of 
dichloroacetic add with water to 300 mL, and neutral- 
ize to blue litmus paper uslng ammonia TS. Cool, add 
33 mL of dichloroacetic add, and dilute with water to 
600 mL 
Sample: 0,5 g 
Titrimetric system 
Modę: Direct titration 
Titrant: 0.01 M lead nitrate VS 
Endpoint detection: *VisuaU (efłr 
A nalysis: Dissolve the Sampie in 20 mL of water, 
warming gently rf necessary, and add 1 mL of a solu- 
tlon containing 0.5 g/L of dlthizone in acetone. If the 
solution is red, add 1 N nitric acid dropwise until a 
bluish-green color is obtained. To the resulting solution 
add 2,0 mL of Dichloroacetic add solution and 80mL of 
acetone, and titrate with Titrant until a persistent or- 
ange-red color is obtained, 

Calculate the percentage of sodium sulfate (Na^SCL) In 
the portion of Sodium Cetostearyl Sulfate taken: 

Result - (V x M)/W x F 

V = voiume of Titrant (mL) 

M = actual molanty of Titrant 
W = weight of Sodium Cetosteary! Sulfate (g) 

F - equivalence factor for sodium sulfate, 14,20 

Acceptance criteria: The sum of the percentages of so¬ 
dium chloride and sodium sulfate is NMT 8.0%. 

» Limit of Free Cetostearyl Alcohol 

Analysis: Examine the chromatogram of Sampie solution 
A f obtained as dlrected in the Assoy, 

Calculate the percentage of free cetostearyl alcoho! in 
the portion of Sodium Cetostearyl Sulfate taken: 

Result = 100(o, + r B .) x j x W) 

r A - peak response of the cetyl alcohol peak from 
Sample solution A 

rs = peak response of stearyl alcohol from Sample 
solution A 

W J5 - weight of the Internal standard added In the 
preparation of Sample solution A (mg) 

Sa(cok) = corrected peak area corresponding to the 
interna! standard of Sample solution A (see 
Assay) 

W - weight of Sodium Cetostearyl Sulfate taken to 
prepare Sample solution A (mg) 

Acceptance criteria: NMT 4.0% 

SPECIFEC TE5TS 
o Audity or Alkalinity 

Sample: 500 mg 

Analysis: Dlssolve the Sample by heating In a mixture of 
10 mL of water and 15 mL of 90% alcohol. Add OJ mL 
of phenolphthalein TS, 

Acceptance criteria: The resulting solution is colorless, 
Add OJ ml of OJ N sodium hydroxide, and the result¬ 
ing solution becomes red. 

o Water Oetermination (921), Method h NMT 1.5% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storach: Preserve in wefl-closed contain- 
ers. No storage reguirements specified. 

® LABEUNG: Label It to indicate tne name and concentra- 
tion of any added buffer. 

« USP Heference Standards (11) 

USP Cetyl Alcohol RS 
USP Stearyl Alcohol RS 
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Sodium Chioride— see Sodium Chioride 
General Monographs 


Sodium Chioride Injection — see Sodium 
Chioride Injection General Monographs 


Sodium Chioride lujectiou, 
Bacteriostatfc — see Bacteriostatic Sodium 
Chioride Injection General Monographs 


Sodium Citrate —- see Sodium Citrate 
General Monographs 


Sodium Dehydroacetate 

CsHrNaO, 190.13 

2H-Pyran-2,4(3F/)-dione, 3-acetyI-ó-methyl-, monosodium 
salt [4418-26-2]. 

DEFINJTION 

Sodium Dehydroacetate contains NLT 98,0% and NMT 
100.5% of sodium dehydroacetate (CeHzNaCh), calculated 
on the anhydrous basis. 

IDENTIFICATIOM 

* A. Melting Rangę or Temperaturę (741) 

Sample solution: 150 mg/mL 

Analysis: To 10 mL of the Sample solution add 5 mL of 
3 N hydrochiorie add, coflect the cryslals by filtration 
with suction, wash with 10 mi of water, and dry at 80° 
for 4 h. Determine the melting point as directed in the 
chapter. 

Acceptance criteria; 109M11 c 

« B. Identification Tests—General, Sodium (191) 

Sample solution: 1 in 20 

Acceptance criteria: Meets the requirements 

ASSAY 

o Procedurę 

Sample: 500 mg 

Blank: 25 mL of glacial acetic add containing p-naph- 
tholbenzein T5, which has been previously neutrafized 
to a biue color 
Titrimetrie system 
(See Tttrimetry (541).) 

Modę: Direct titration 
Titrant: 04 N perchloric acid VS 
Endpoint detection: Yisual 

Analysis: Transfer the Sample to a 125-mL conlca! fiask, 
and dissolve it in 25 mL of gladal acetic acid containing 
p-naphtholbenzein TS, which has been prevtous3y neu- 
tralized to a blue colon Titrate with 0.1 N perchforic 
acid VS to the odginał blue color. Perform a blank 
determination. 

Calcufate the percentage of dehydroacetate (CnhbNaCh) 
in the Sample taken: 

Result = {[(Vs - V B ) x N x F\/W\ x 100 

l/ 5 = volume of the Titrant consumed by the Sample 

(mL) 

V B = volume of the Titrant consumed by the 8hnk 
(mL) 

N - actual nornnality of the Titrant (mEq/mL) 

F = equivalency factor, 190.1 mg/mEq 


W - weight of the Sample (mg) 

Acceptance cnteria: 98* *0%-! 00.5% on the anhydrous 
basis 

impurities 


Delete the fotlowing: 

•* Heavy Metals, Method II (231): NMT 10 ppm# { Q fflcta i i. 

jan-20lfS) 

SFECIFIC TESTS 

* WATER Determinateon, Method I (921): 8,5%-10,G% 

ADDITIONAL REQUIREMENTS 

* PACKAGiNG AND Storage: Preserve in well-ciosed 
containers. 


Sodium FormaBdehyde SuIfoxyIate 

□ 

HO Ł - 

O Ha* 


CH 3 Na0 3 S 118.09 

CH 3 Na0 3 $ • 2H 2 O 154.11 

Methanesulfinic acid, hydroxy-, monosodium salt; 
Monosodium hydroxymethanesulfinate [149-44-0]. 

Dihydrate [6035-47-8]. 

DEFINITION 

Sodium Formaldehyde Sulfoxylate contains an amount of 
sodium formaldehyde sulfoxylate (CH 3 Na0 3 S) equiva[ent 
to NLT 45.5% and NMT 54.5% of SO 2 , calculated on the 
dried basis, It may contain a suftable stabilizer, such as 
sodium carbonate. 

IDENTIFICATION 
o A. 

Sample solution: D3ssoIve 4 g in 10 mL of water in a 
test tubę. 

Analysis: To the Sample solution add 1 mL of silver-am- 
monia-nitrate TS. 

Acceptance criteria: Metalik: silver is produced, elther 
as a finely divided, gray preclpitate or as a bright metal- 
lic mirror on the inner surface of the tubę. 

• B. 

Sample solution: Dissolve 40 mg of salicylic acid in 
5 mL of suffuric acid, and add 50 mg of Sodium Formal¬ 
dehyde Suffoxylate. 

Analysis; Warm very gently. 

Acceptance criteria: A permanent, deep red color 
appears, 

ASSAY 
o Procedurę 
Sample: 1 g 
Titrimetric system 

(See Titrimetiy (541).) 

Modę: Direct titration 

Titrant: 0.1 N iodine VS. [NOTĘ—Prepare an adequate 
amount for both the Assay and the test for Sodium 
Sulfite.) 

Endpoint detection: Yisual 
Analysis: Transfer the Sample to a 50-niL volumetric 
fiask, dissolve in 25 mL of water, and dilute with water 
to volume. Reserve a pordon of thls solution for the test 
for Sodium Sulfite. Transfer 4.0 mL of Lhe remalning sm 
lution to a conical fiask containing 100 mL of water. 
Titrate with Titrant , adding 3 ml of starch TS as the 
endpoint is approached. Each mL of 0.1 N iodine is 
equivalent to 1.602 mg of SO 2 , 
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Acceptance criteria: 45.5%-54,5% of S0 2 on the dried 
basis 

IMPURITIES 

* SULFIDE 

Analysis: Dissolve 6 g in 14 mL of water in a test tuoe, 
and wet a strip of lead acetate test paper with the elear 
solution. 

Acceptance criteria: No discoloration is evident winin 
5 min, 

* Iron 

Standard solution: Dissolve 43.2 mg of ferric ammo- 
nium suffate »n 10 mL of 2 N sulfuric acid, and add 
water to make 1000 mL, each mL representing 5 jag of 
Fe. 

Sample solution: Transfer 1.0 g of Sodium Forma Ide- 
hyde Sulfoxylate to a suitable crudble, and carefuliy ig- 
nite, initialfy at a Iow temperaturę untfl thoroughly 
charred, and finally, preferably in a muffle furnace, at 
500^-600° until the carbon is aII burned off. Cool, dis- 
solve the residue in 2 ml of hydrochloric acid, and di- 
Jute with water Lo 50 mL. 

Analysis: To 5,0 mL of the Standard solution and 50 mL 
of the 5omp/e solution add 50 mg of ammonium persul- 
fate and 5 mL of ammonium thiocyanate TS, and trans¬ 
fer each to a separate color comparison tubę. 
Acceptance criteria: 0.0025%; the color of the Sample 
is not deeper than that of the Standard solution. 

* Sodium Sulfite 

Sample solution: 4.0 mL of the solution prepared for 
the tocy in a conical fiask contalning 100 mL of water 
Titrimetric system 
(See TUrimetry (541},) 

Modę: Direct titration 

Titrant: 0,1 N iodine VS, prepared in the Assoy 
Endpoint detection: V1suaf 
Analysis: Add 2 mL of forma Idehyde TS to the Sample 
solution, and litrate with the Titrant, adding 3 mL of 
starch TS as the endpoint is approached, 

Calculate the percentage of sodium sulfite (Na^SCh) in 
the Sodium Formaldehyde 5ulfoxylate taken: 

Result * * (l§ - Vj) x (N/W) x(Fx 1,25) 

= volume of 0.1 N iodine VS consumed in the 
titration performed in the Assay (mL) 

V t = volume of 0.1 N iodine V5 consumed in this 
titration (mL) 

N = actual normality of the Titrant (mEq/mL) 

W = weight of the Sample in the Assay (g) 

F - equivalency weight of sodium sulfite, 

63.02 mg/mEq 

Acceptance crttena: NMT 5.0% on the dned basis 

SFECIFIC TESTS 

* p H (791) 

Sample solution: 20 mg/mL 
Acceptance criteria: 9.5-10,5 

* Lass on Drying (731) 

Analysis: Dry at 105° for 3 h. 

Acceptance criteria: NMT 27.0% 

ALKALINITY 

Sample solution: 1,0 g of Sodium Formaldehyde 
Sulfoxylate in 50 mL of water 
Analysis: To the Sample soiution add phenolphthalein 
TS, and titrate with 0,10 N sulfuric acid. 

Acceptance criteria: NMT 3.5 mL is required for 
neutralization. 

* Clarity and Color of Solution 

Sample solution: 1 g of Sodium Formaldehyde 5u!foxy- 
lale in 20 mL of water 

Analysis: Transfer 10 mL of the Sample solution to a 20- 
x 150-mm test tubę. Compare with water in a similar 
test tubę. 


Acceptance criteria: The Sample solution and thewater 
are equa!ly elear and, when viewed transversely by 
transmitted light, exhibit no apparent difference in 
color. 

ADDITIONAL REQUIREMENT$ 

■ PacKAGINC AND STORAGE: Preserve in weil-dosed, light- 
resistant containers, and storę at controlled room 
temperaturę. 


Sodium Hydroxide 

NaOH 40.00 

Sodium hydroxide [1310-73*2]. 

DEFINITION 

Sodium Hydroxide contains NLT 95.0% and NMT 100.5% 
of total a łkali, calcu fated as sodium hydroxide (NaOH), 
induding NMT 3,0% of sodium carbonate (Na^COO- 
[Caution —Exercise great care in handling sodium hydrox- 
ide, because It rapidly destroys tissues.j 

IDENTIFICATION 

• A. Identification Tests— Ceneral, Sodium (191): A soiu- 

tlon (1 in 25) meets the reguirements. 

ASSAY 

* PROCEDURĘ 

Sample solution: 1.5 g of Sodium Hydroxide in 40 mL 
of carbon dioxide-free water. Cool the solution to room 
temperaturę. 

Biank: 40,0 mL of carbon dioxide-free water 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 1 N sulfuric acid 
Endpoint detection: Visual 
Analysis: To the Sample, add phenolphthalein TS. Ti¬ 
trate with 1 N sulfuric acid VS. At the discharge of the 
pink color of the indicator, record the volume of Titrant 
(V S i). Add methyl orange TS, and continue the titration 
until a persistent pink color is produced. Record the vol- 
ume of Titrant (V&). Perform a blank determinatlon, and 
make any necessary corrections. 

Calculate the percentage of total alkali, calculated as 
sodium hydroxrde (NaOH), in the Sample taken: 

Result = [[(V S 2 - V 0 )xNx F t ]/W) x 100 

V $2 - volume of Titrant consumed by the Sample to 

the second endpoint (mL) 

V& - volume of Titrant consumed by the Blank (mL) 

N ~ actual normality of the Titrant (mEq/mL) 

F t = equiva!ency factor, 40.00 (mg/mEq) 

W = weight of the Sample (mg) 

Calculate the percentage of sodium carbonate (Na 2 COi) 
in the Sample taken: 

Result - {[(Vs 2 - V S} ) x N x fJ/W} x 100 

V 52 = volume of Titrant consumed by the Sample to 

the second endpoint (mL) 

V$t - volume of Titrant consumed by the Sample to 
the first endpoint (mL) 

N - actual normality of the Titrant (mEq/mL) 

F 2 - equivalency factor, 106.0 (mg/mEq) 

W - weight of the Sample (mg) 

Acceptance criteria: 95.0%-l 00.5% of total alkali; 

NMT 3.0% of sodium carbonate (Na 2 C0 3 ) 
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IMPURITIES 

* Pdtassium 

Sample solution: I in 20 

Analysis: Acicfify 5 ml of the Sample solution with 6 N 
acetic add, then add 5 drops of sodium cobaltinitrite 
T5. 

Acceptance criteria: No precipitate is formed. 

Dełete the fotłowing: 

Heavy Metals (231) 

Test preparatlon: Dissolve 0.67 g in a mixture of 5 ml 
of water and 7 ml of 3 N hydrochloric add. Heat to 
boiling, cool, and dilute with water to 25 mL 
Analysis: Proceed as directed in the chapter. 
Acceptance criteria: NMT 30 ppm« (ontm 

SPECIFIC TESTS 

• INSOLUDLE SUBSTANCES AND ORCANIC MATTER: A Solution 
(1 in 20) is complete, elear, and colorless to slightly 
colored, 

ADDITIONAL REQU1REMENT$ 

o PACKAGINC AND Storage: Preserve in Light cantainers. 


Sodium Lauryl Sulfate _ 

Portions of this monograph that are national USP text, and 
are not part of the fiarmonized text, are marked with 
symbois (%) to specify this fact. 

Sulfuric acid monododecyl ester sodium salt; 

Sodium monododecyl sulfate [151-21-3]. 

DEFINmON 

Sodium Lauryl Sulfate is a mixture of sodium afkyl sulfates 
consisting chiefly of sodium lauryl sulfate 
[CH^CH^ToCHzOSOiNaj; it contains NIT 85.0% of so¬ 
dium alkyl sulfates calculated as GzHisNaChS. 

IDENTIFICATION 

* A. IDENTIFICATION TESTS—GENERAL, Sodium (191) 

Potassium pyroantimonate soiution: To 2 g of potas- 
sium pyroantimonate add 100 mL of water, Boil the so¬ 
lution for about 5 min, cool guickly, and add 10 ml of 
a solution of potasslum hydroxide (3 in 20). Allow to 
stand for 24 n, and fllter. 

Sample: 2.5 g 

Analysis: Place the Sample in a silica or platinum cruci- 
ble, and add 2 mL of 10 N sulfuric acid, Heat on a 
water bath, then cautiously raise the temperaturę pro* 
gressively over an open flame. Ignite, prefembly in a 
muffle furnace, at 600 + 25". Continue heating unti! afl 
black partides have disappeared, Cool, add a few drops 
of 2 N sulfuric acid, and heat and ignite as above. Add 
a few drops of ammonium carbonate TS, evaporate to 
dryness, and ignite as above. Cool, dissolve the residue 
in 50 mL of water, and mix. To a 2-mL portion of this 
solution, add 4 mL of Potassium pyroantimonate solution, 
If necessary, rub the inside of the test tubę with a glass 
rod. 

Acceptance criteria: A white, crystalline precipitate is 

formed. 

* B IDENTIFICATION TESTS—GENERAL, Sulfote ( 191 ) 

Sample: Solution (1 in 10) 

Analysis: After acidificatśon with hydrochloric acid and 
boinng for 20 min, no precipitate is formed. Add bar- 
ium chioride IS; a white precipitate is produced. 
Acceptance criteria: Meets the requirements 

o C 

Sample: 0.1 g 

Analysis: Drssolve the Sample in 1 0 mL of water and 
shake. 


Acceptance criteria: A copious foam is formed. 

* D, 

Sample: Soiution prepared for Identification test C 
Analysis: To 0.1 mL of the Sample , add 0.1 mL of a 1 g/ 
L solution of methylene blue and 2 mL of sulfuric acid, 
diluted. Add 2 mL of methylene chioride and shake. 
Acceptance criteria: An intense blue coior develops in 
the methylene chioride layer. 

ASSAY 

• CONTENT OF SODIUM ALKYL SULFATES 

Methylene blue solution: Dissoive 0.003 g of methył- 
ene blue, 5.0 g of anhydrous sodium sulfate, and 1.2 g 
of sulfuric acid in 100 ml of water. 

[Notę—A nhydrous sodium sulfate is the emulsion 
breaker.] 

Sample: 1.5 g of Sodium Lauryf Sulfate 
Titrimetric system 
(See Tiirimetry (541).) 

Modę: Direct tltration 
Titrant: 0.004 M benzethonium chioride VS 
Endpoint detection: Visual 
Analysis 

Dissolve the Sample in water, warming if necessary, and 
dilute with water to exactly 1000.0 mL To 10.0 mL of 
the solution, add 25 mL of Methylene blue solution , 

15 mL of methylene chioride, and 20 mL of water. Ti- 
tratę with Titrant, shaking vigorously and allowtng the 
layers to separate before eacn addition, unti! the two 
layers are almost the same blue colon One mL of Ti¬ 
trant is equivalent to 1.154 mg of sodium alkyl 
sulfates, calculated as CizHzsNaO^S. 

Acceptance criteria: NLT 85.0%, calculated as 
CrzHisNaO^S 

IMPURITIES 


Delete the fotłowing: 

Heaw Metals, Method II (231): 20 ppm* (o^iar iiarł-joiej 

* Sodium Chioride 

Fluorescein sodium solution: Dissolve 0.2 g of fluores- 
cein sodium in water to 1 00 mL. 

Dilute nitric add: Dilute 105 mL of nitric add with 
water to 1000 mL. 

Sample soiution: 100 mg/mL of Sodium Lauryl Sulfate 
in water 

Analysis: Neutralize 50 mL of Sampie solution with Di¬ 
lute nitric acid, using litmus paper as the indicator, If 
necessary, add exaclly 5.0 mL of 0.1 N sodium chioride 
and titrate with 0.1 N silver nitrate VS {indicator: 

2 drops of Fluorescein sodium solution) to the first ap- 
pearance of turbidity with solution color change from 
yellow-green to orange through yellow, Perform a blank 
determination, and make any necessary correction. Each 
mL of 0.1 N silver nitrate is equivafent to 5.844 mg of 
sodium chioride. 

Acceptance criteria: The combined contenl of sodium 
chioride and sodium sulfate is NMT 8.0%. 

■ sodium sulfate 

Sample solution: 100 mg/mL of Sodium Lauryl Sulfate 
in water 

Analysis: To 10 mL of Sampie solution , add 100 mL of 
alcohol and heat at a temperaturę just below the boil- 
ing point for 2 h. Pass through a gfass filter (porę size 
equivaient to 5-10 pm) while hot, and wash with 
100 mL of boifing alcohol. Pis$olve the precipitate by 
washing with 150 mL of water, eolłecting the washings 
in a beaker. Add 10 mL of hydrochloric acid, diluted, 
heat to boiling, add 25 mL of barium chioride TS, and 
allow to stand ovemiqht. Collect the precipitate and 
wash with water untif the last washing sliows no opal- 
eseenee with 0.1 N silver nitrate, Dry the precipitate, 
ignite to constant mass between 5QQ a and 600" by rais- 
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ing the temperaturę graduałly, and weigh as barlum 
suifate (BaSCb; 23339). 

Amount (mg) of sodium suifate (Na 2 SCLj) - amount (mg) 
of barium suifate (BaSCb) x 0,6086 

Acceptance criteria: The combined content of sodium 
chloride and sodium suifate is NMT 8.0%. 

SPECOFIt TESTS 
O AiKALINITY 

Sample solution: Dissolve 1.0 g In 100 ml_ of water, 
add 0,1 ml of phenol red TS, and titrate with 0.10 N 
hydrochioric add. 

Acceptance criteria: NMT 0,5 ml for neutralization 
« ♦Total Alcohols: Transfer 5 g to an 800-mL Kjeldahl 
fiask, and add 150 mL of water, 50 mL of hydrochloric 
add, and a few bolling chips. Aftach a reflux condenser 
to the Kjeldahl fiask, beat ca refu! ly to avoid excessive 
frolhing, and boii for 4 h. Cool the fiask, rinse the con¬ 
denser with ether, collecting the ether in the fiask, and 
transfer the contents to a 500-mL separator, rinsing the 
fiask twice with ether and addlng the washings to the 
separator. Extract the solution with two 75-mL portions 
of ether, evaporate the combined ether extracts in a 
tared beaker on a steam bath, dry the residue at 105° for 
30 min, cool, and weigh. 

Acceptance criteria: The residue represents the tota] al¬ 
cohols and Is NLT 59.0% of the weight of Sodium 
Laury! Suifate taken.* 

o Unsulfated Alcohols 

Sample solution: Dissolve 10 g in 100 mL of water, 
and add 100 mL of alcohol. 

Analysis: Transfer the solution to a separator, and ex- 
tract with Ehree 50-mL portions of petroleum ether. !f 
an emuision forms, sod tum chloride may be added to 
promote separation of the two layers. Wash the com¬ 
bi ned petroleum ether extracts with tbree 50-mL por- 
tlons of water, and dry with anhydrous sodium suifate. 
Filter the petroleum ether extract Into a tared beaker. 
Evaporate on a water bath until the odor of petroleum 
ether no longer is perceptible, dry the residue at 1Q5 a 
for 30 min, cool, and weigh, 

Acceptance criteria: The weight of the residue is NMT 
4.0% of the weight of Sodium Lauryl Suifate taken. 

ADDITJONAL REQUIREMENTS 

* *Packaging AND Storage: Preserve in weli-closed con- 
tainers.* 


Sod i tum EVietabisulfite 


NazSiO; 190.11 

Disulfurous add, dlsodlum salt; 

Disodium pyrosuifite [7681-57-4]. 

DEFIN1TSON 

Sodium Metabisulfite contains an amount of sodium metabi- 
sulflte (NazSzOs) equivalent to NLT 65.0% and NMT 
67.4% of S0 2 . 

IDENTIFICATION 

o A. Identification Tests—General, Sodium (191) and Sul- 
fite (191): A solution (1 in 20) meets the reguirements. 


ASSAY 
® Procedurę 

Sample: 200 mg of Sodium Metabisulfite 
Blank: 50.0 mL of 0.1 N iodine VS, accurately measured 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Resldual titration 
Titrant: 0.1 N Iodine VS 
Back-titrant: 0.1 N sodium thiosulfate VS 
Endpoint detection: Visual 

Analysis: Add the Sample to 50.0 mL of 0.1 N iodine VS 
in a glass-stoppered conical fiask, and swlrl to disso!ve. 
AJ Iow to stand for 5 min, protected from Ilght. Add 
1 mL of hydrochloric acid, and titrate the excess Iodine 
with Bock-titrant, adding 3 mL of starch TS as the 
endpoint is approached. Perform a blank determination. 
Caiculate the percentage of sodium metabisulfite 
(NazSzOs) in the portion of Sodium Metabisulfite 
taken: 

Result = {{(V Q - VP x N x ąiW\ x 100 

V B = Back-titrant volume consumed by the Blank 
(mL) 

^ = Back-titrant volume consumed by the Sample 

(mL) 

N = Back-titrant norma lity (mEq/mL) 

f “ equlvalency factor, 32.03 mg/mEq 

W - Sample weight (mg) 

Acceptance criteria: ó5.0%-67.4% of S0 2 

IMPURIT1ES 


Detete the following: 

** Heavy Metals, Method / (231) 

Test preparatlon: 1 g 

Analysis: Dissolve the Test preparation in 10 ml water. 
Add 5 ml of hydrochloric ada, evaporate on a steam 
bath to dryness, and dissolve the residue In 25 mL of 
water. 

Acce p t a n c e cri te ri a i N MT 20 ppm* ( oma\ 1 ^201 ej 

o Limit of Chloride 

Standard solution: 071 ml of 0,020 N hydrochloric 
add in 100 mL of water 

Sample solution: 1.0 g in 10 mL of water. [Notę—P ass 
through a smali chlonde-free filter, If necessary.] Add 
6 ml of 30% hydrogen peroxide. Add 1 N sodium hy- 
droxide untif the solution is slightly aikallne to phenol- 
phthalein, and dilute with water to 100 mL. 

Analysis 

Samples: Standard solution and Sample solution 
Dilute 2.0 mL of the Samples with water to 20 mL. Add 
1 mL of nltric acid and 1 mL of sifver nitrate T5, Aflow 
to stand for 5 min protected from dlrect sunlighf, and 
compare the turbidity from the Samples (see Nephe- 
lometry, Turbidimetry, and Visual Comparison (855)). 

Acceptance criteria: Any turbidity produced by the 
Sample solution does not exceed tliat of the Standard 
solution (0.05%). 

* Limit of Thiosulfate 

Standard solution: MIx 0.10 mL of 070 N sodium thi¬ 
osulfate with 10 mL of 1 N hydrochloric add. 

Sample solution: Mix 2.2 g with 10 mL of 1 N hydro- 
chloric acid. 

Analysis 

Samples: Standard solution and Sample solution 
Cently boli the Samples for 5 min. Cool, then transfer 
each solution to a smali test tubę. 

Acceptance criteria: Any turbidity produced by the 
Sample solution does not exceed that of the Standard 
solution (0.05%). 
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* Iron <241) 

Test preparation: DissoJve 500 mg of Sodium Metabi- 
sulfite in 14 ml of dilute hydrochloric add (2 in 7), and 
evaporate on a steam balh to dryness. Dissolve the resi- 
due in 7 mL of dilute hydrochloric acid (2 in 7), and 
again evaporate to dryness. Dissoke the resulting resi- 
due in a mixture of 2 mL of hydrochloric acid and 
20 mL of water. Add 3 drops of bromine TS, and boil to 
expel the bromine. Cool, then dflute with water to 
47 mL 

Analysis: Proceed as directed in the chapter* 
Acceptance criteria: NMT 20 ppm 

AD0ITIONAL REQUłREMENTS 

* Packaging and Storage: Preserve in welf-filled, tight 
containers, and avoid exposure to excessive heat. 


Sodium Phosphate, Dibasic —see Dibasic 
Sodium Phosphate General Monographs 


Sodium Phosphate, Mono basie— see 

Monobasic Sodium Phosphate General 
Monographs 


Tribasic Sodium Phosphate 

NaiPOj (anhydrous) 163.94 

Trisodium phosphate, monohydrate 181,96 

Phosphoric acid, trisodium salt, dodecahydrate; 

Trisodium phosphate, dodecahydrate 380*13 

[10101 -89 Oj. 

Anhydrous [7601-54-9]. 

DEFINITION 

Tribasic Sodium Phosphate is anhydrous or contains one to 
tweive molecules of water of hydration. MaaPOi (anhy¬ 
drous) and Na 3 PO,i ■ H 2 0 (monohydrate) contain NLT 
97*0% of Na 3 P0 4 , calculated on the ignited basis. 

NajPCh ■ I 2 H 2 O (dodecahydrate) contains NLT 92.0% of 
Na 3 P0 4 , calculated on the ignited basis. 

IDENTIFICATION 

• A. IDENTIFKATIOM Tests—Ceneral, Sodium (191) and 

Phosphate (191): A solution (1 in 20) meets the 
reguirements. 

ASSAY 

* Procedurę 

Sample: 5*5 g of Tribasic Sodium Phosphate, on the an- 
hyarous basis 

Blank: lOO.OmL of 1 N hydrochloric acid, accurately 
measured 
Titrrmetric system 
(See Titrimetry (541).) 

Modę: Residua! titration 
Titrant: 1 N sodium hydroxide V5 
Endpoint detection: Potentiometric 
Analysis: Transfer the Blank to a 400-mL beaker, and 
titrate with the Titrant to the endpoint at a pH of 7,0. 
Record as the volume consumed, and designate as A. 
Transfer the Sample to a 400-mL beaker, add 100.0 mL 
of 1 N hydrochloric acid, and stir until dissoived* Pass a 
stream of carbon dioxide-free air, in fine bubbles, 
through the solution for 30 min to expel carbon diox- 
ide, covering the beaker loosely to prevent any loss by 
spraying. Wash the cover and sides of the beaker with a 
few ml of water. 


Titrate the excess add p o ten ti o metri ca lly with the 77- 
trant to the infiection point at a pH of 4. Record the 
buret reading, and designate as 8. Protect the solution 
from carbon dioxide absorbed from the air, and eon- 
tinue the titration with 1 N sodium hydroxide V5 to 
the infiection point at a pH of 8,8* Record the buret 
reading, and designate as C. 

Calculate the amount of Titrant consumed by the 
ple to the first infiection point, correcting for the Blank 
(Vt - A - E) and the amount of Titrant consumed by 
the Sample between the two infiection points (W - C - 
8)* If Vt is equal to or areater than 2V 2t calculate the 
amount of Na*POj in tne portion of Sample taken: 

D = V* x N x F 

Vz - volume of Titrant consumed between the two 
infiection points (mL) 

N = actual normality of the Titrant (mEq/mL) 

F - equivalency factor, 163.9 mg/mEq 
If V s is less than 2V lt calculate the amount of Na 3 PCL in 
the portion of Sample taken: 

O ^ (V, - V 2 ) x N x f 

V* - volume of the Titrant consumed to the first 

infiection point, correcting for the Blank (mL) 

N = actual normality of the Titrant (mEq/mL) 

F - equivalency factor, 163.9 mg/mEq 
Calculate the percentage of Na 3 P0 4 on the ignited basis 
in the portion of Tribasic Sodium Phosphate taken: 

Result = [10/(100 - £)] x (D/W) 

L - percentage calculated in the test for Loss on 
ignition (7 33) 

D - amount of Na 3 PQ 4 found (mg) 

W - weight of the Sample (g) 

Acceptance criteria: NLT 97.0% of Na 3 P0 4 on the ig¬ 
nited basis* Na 3 P0 4 ■ 12H*0 (dodecahydrate) contains 
NLT 92*0% of NajPCLi on the ignited basis. 

IMPURIT1E5 

* Loss on IcNmON (733) 

Sample: 2 g 

Analysis: Dry the Sample at 110 a for 5 h, and then 
ignlte at 800° for 30 min. 

Acceptance criteria: The anhydrous form loses NMT 
2.0% of its weight, the monohydrate loses S.0%-11.0% 
of its weight, and the dodecahydrate loses 
45,0%-57*0% of its weight. 

* Arsenic, Method I (211) 

Test preparation: Dis$ołve a portion equivalent to 1.0 g 
of anhydrous tribasic sodium phosphate in 35 ml of 
water, 

Analysis: Proceed as directed in the chapter. 

Acceptance criteria: NMT 3 ppm 

Delete the following 

** Heavy Metals, Method / (231} 

Test preparation: Dissolve a portion equivalent to 2.0 g 
of anhydrous tribasic sodium phosphate in 25 mL of 
water. 

Analysis: Proceed as directed in the chapter. 

Acce pta n ce crite ri a: 10 p p m * (ofiiosi 1 aj 

SPECiFIC TESTS 
® Insdluble Substances 

Sample solution: Dissolve a portion equivaient to 
10.0 g of anhydrous tribasic sodium phosphate in 
100 mL of hot water. 

Analysis: Filter the Sample solution through a tared fil- 
tering crudble, [Notę—D o not use glass.] Wash the in- 
solubfe restdue with hot water, and dry at 105° for 2 h. 
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Acceptance criteria: The weight of the residue so ob- 
tained does not exteed 20 mg (0,2%). 

ADPBTIONAL REQUIREMENTS 

* Packaging AMD Storage; Preser ve in tfght contarners. No 
storage reguirements spetified. 

* Lasełing: Label it to indicate whether it is anhydrous, 

the monohydrate, or the dodeca hydra te. 


Sodium Propionate 


C 3 H 3 Na0 2 . xHjO 

C^HsNaGz 96,06 

Propanoic add, sodium salt, hydrate; 

Sodium propionate hydrate [6700-17-0]. 

Anhydrous [137-40-6]. 

DEFINITION 

Sodium Propionate, dried at 105° for 2 h, contains NLT 
99,0% and NMT 100,5% of sodium propionate 
(QH 5 Na0 2 ). 

IDENTIFICATION 

* A. llNFRARED ABSORPTION (197K) 

Analysis: Perform test on an undrled sample. 
Acceptance criteria: Meets Ehe reguirements 

• B. Identification Tests—General, Sodium (191) 

Sample solution: 1 fn 20 

Acceptance criteria: Meets the requirements 

ASSAY 
o Procedurę 

Sample: 200 mg of Sodium Propionate, previousiy 
dried at 105 D for 2 h 
Titrimetric system 
(See Tithmetry (541),) 

Modę: Direct titration 
Titrant: 0,1 N perchloric add VS 
Blank: 50 rmL of gJacial acetic add 
Endpoint detectfon: Visual 
Analysis: Dissofve the Sample in 50 mL of glacial acetic 
acid, and add 1 drop of crystal vio!et TS. ntrate with 
0.1 N perchloric add VS to a green endpoint. Perform a 
blank determination, and make any necessary 
correction, 

Calculate the pereentage of sodium propionate 
(CaHsNaOz) in the Sample taken: 

Resuft = l(Vs - Ve) x N x F x 1OOJ/147 

Vs = volume of the Titrant consumed by the Sample 
(mL) 

Vh - volume of the Titrant consumed by the Blank 
(ml) 

N - actual normaJity of the Titrant (mEq/mL) 

F - equiva3ency factor, 96.06 mg/mEq 
W = weight of the Sample (mg) 

Acceptance criteria: 99.0%-100.5% on the dried basis 

1MPURET1ES 


Oełete the following: 

# * Beaw Metals, Method I (231) 

Test preparation: Dissolve 2g of Sodium Propionate in 
1 mL ofl N acetic acid and sufficient water to make 
25 mL 


Acceptance criteria: NMT 10 ppm* i 
SPECSFIC TEST5 

Water Determination, Method i (921): NMT 1.0% 

* Alkalinity 

Sampfe solution: 2.0 g of Sodium Propionate in 20 mL 
of water 

Analysis: Add phenoiphthalein TS to the Sample 
solution. 

Acceptance criteria: If a ptnk color is produced, it is 
discharged by 0.60 mL or 0.10 N sulfuric add. 

ADD9TIONAL REQUIREMENT$ 

® Packaging and Storage: Preserve in tight containers. 

8 U5P Reference Standards (11) 

USP Sodium Propionate RS 


Sodium Starch Glycolate _ 

Portions of this mon ogra ph that are national USP-NF text, 
and are not part of the harmonized text, are marked with 
symbols (%) to specify this fact. 

Starch carboxymethyl ether, sodium saft. 

DEFINSTSON 

Sodium Starch Clycolate is the sodium salt of a carboxy- 
methyl ether of starch or of a cross-linked carboxymethyl 
ether of starch. It may contain NMT 7.0% of Sodium 
Chloride. The pH and assay reguirements for Type A and 
Type 8 are set forth in the accompanying table. 


Type 

_ 

% Sodium, Combined 
as Sodium Starch 
G!vcoiate 

Min. 


Min. 

Max. 

A 

5.5 

7,5 

2.8 

4.2 

B 

3.0 

5.0 

2.0 

ZA 


IDENTIFICATION 
e ♦A, Infrared Absorption (197K) 

[Notę—D isregard any peaks at about 845, 1285, and 
1 305 cm- 1 , which are attributed to the presence of 
citra Le.Jo 

• B. An acidlfied solution of it is colored blue to yiolet by 
the addition of iodine and potassium iodide TS 1. 

O C 

Potassium pyroantimonate solution: Dissolve 2 g of 
potassium pyroantimonate in 85 ml of hot water. Cool 
uickly, and add 10 mL of a sofution of potassium hy- 
roxide (3 in 20). Al Iow to stand for 24 h, filter, and 
dii ule with water to 100 mL. 

Analysis: To a 2-mL portion of the Sample solution pre- 
pared for the test for Limit of Iron , add 2 mL of 15% 
potassium carbonate, and heat to boiling. No precipi- 
tatę is formed, Add 4 mL of Potassium pyroantimonate 
solution , and heat to boiling. Altów to cool in iee water 
and, if necessary, rub the inside of the test tubę with a 
gfass rod. 

Acceptance criteria: A dense predpitate is formed, 

® Sodium Starch Clycotate imparts an intense yellow 
color to a noniuminous f!ame. + 

ASSAY 
® Procedurę 

Sample: 1 g 

Analysis: Transfer the Sample to a conical fiask, add 
20 mL of 80% alcohol, stir for 10 min, and filter. Repeat 
the extraction until the chloride has been completely 
extracted, as shown by a test with silver nitrate. Dry the 
insoiuble portion at 105° to constant weight, and trans¬ 
fer an accurately weighed portion (700 mg) of the dried 
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80% ałcohoMnsoluble portion to a suitable fiask- Add 
80 ml of glacial acetic acid, and heat the mixture under 
reflux on a boiling water bath for 2 h* Cool to room 
temperaturę, and tEtrate with 0.1 N perchlonc add VS, 
determining the endpoint potentEometricaliy. 

Calculate the percentage of sodium combined in the 
form of sodium starch glycolate: 

Result = 100 x 22.99 x V X { N/W) 

V ~ volume of perchloric add consumed (mL) 

N - norma [ity of the perchloric add 
W = weioht of the dried alcoholnnsolubie residue 
taken for the Assay (mg) 

Acceptance criteria: 2.8%~4.2% for Type A; 

2.0%-3.4% for Type 8 

OTHER C0MP0NENTS 
° Limit of Sodium Chloride 

Sample: 500 mg of Sodium Starch Glycolate 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct tEtration 
Titrant: 0.1 IM silver nitrate VS 
Endpoint detectton: Potentlometrlc 
Electrodes 

indicator: Suitable silver-based 
Reference: Double junctton electrode contaming a 
1 0% potassium nitrate fi [ling solution in the outer 
jacket, and a standard filling solution En the inner 
jacket 

Analysis: Transfer the Sampfe to a beaker, and suspend 
En 100 ml of water. Add 1 mL of nitrie add. TEtrate with 
the Titrant Each mL of 0.1 N siEver nitrate is equtvalent 
to 5.844 mg of sodium chloride. 

Acceptance criteria: NMT 7.0% 

* Limit of Sodium Glycolate 

[NoiE—Conduct this test wrthout exposure to dayltghL 
Use Iow-actinEc glassware.] 

Solution A: 0.1 mg/mL of 2,7-dihydroxynaphthalene in 
sulfuric acid; allow to stand until decolorized, and use 
wEthin 2 days. 

Standard solution: Transfer 310 mg of glycolic add, 
previously dried over phosphorus pentoxide in a desic- 
cator at room temperaturę overnight, to a 500-mL vo\- 
umetric fiask. Dissolve En and dilute with water to voh 
ume. Transfer 5.0 mL of this solution to a 100-mL 
beaker, add 4 mL of 6 N acetic acid, and allow to stand 
for about 30 min. Add 50 mL of acetone and 1 g of 
sodium chloride, rmx, and pass through fast filier paper 
moistened with acetone into a 100-mL volumetric fiask. 
REnse the beaker and the filter paper with acetone, 
Combine the filtrate and washlngs, dilute with acetone 
to volume, and mix. Allow to stand for 24 h wfthout 
shaking. Use the elear supernatant as the Standard 
solution. 

Samole solution: Transfer 200 mg to a 1 00-mL beaker. 
Add 4 mL of 6 N aoetEc add and 5 mL of water. 5tir 
until dissolution Es tomplete (about 10 min). Add 50 mL 
of acetone and 1 g of sodium chloride, mix, and pass 
through fast filter paper moistened with acetone into a 
100-mL volumetric fiask. Rinse the beaker and filter pa¬ 
per with acetone. Combine the fil tratę and washings, 
dilute with acetone to volume, and mix. Allow to stand 
for 24 h without shaking. Use the elear supernatant as 
the Sample solution. 

Anaiysis; Treat the Sample solution and the Standard so¬ 
lution as follows. Heat 2.0 ml of the solution on a water 
bath for 20 min to remove the acetone. Cool to room 
temperaturę. Add 20.0 mL of Solution A to the solution 
under test, mix, and heat on a water bath for 20 min. 
CooJ under running water, and quantitatively transfer to 
a 25-mL vo!umetnc fiask. Maintam the fiask under run- 
nEng water, and dilute with suffuric acid to volunie. 
WEthin 10 min, determine the absorbance of the solu¬ 


tion at 540 nm with a suitable speotrophotometer, us- 
ing water as the blank. 

Acceptance criteria: The absorbance of the Sample so- 
lution is NMT that of the Standard solution (2,0%). 

IMPURITIE5 


Delete the folio w ing: 

*Heavy Metals, Method ii (231): 20 ppm*# (QtUan[ 1-!&n- 

20! ąj 

* Limit of Iron 

Standard solution: Dissolve 863.4 mg of ferric ammo- 
nium sulfate [FeNH^SO*)* * 12H 2 0] in water, add 25 mL 
of 2 N sulfuric add, dilute with water to 500.0 mL, and 
mix. Pipet 10 mL of this solution into a 100-mL volu- 
metric fiask, dilute with water to volume, and mix. Pi¬ 
pet 5 mL of this solution into a 100-mL volumetric fiask, 
dilute with water to volume, and mix. This solution 
contains the equivalent of l.Opg/mL of iron. 

Sample solution: Place 2.5 g in a silica or platinum cru- 
dble, and add 2 mL of 10 N sulfuric acid. Heat on a 
water bath, then cautiously raise the temperaturę pro- 
gressively over an open flame. Ignite, preferabiy in a 
mufffe furnace, at 600 ± 25°. Continue heating until all 
black particles have disappeared. Cool, add a few drops 
of 2 N sulfuric acid, and heat and ignite as above. Ado 
a few drops of 2 M ammonium ca mon a te, evaporate to 
dryness, and ignite as above. Cool, dissolve the residue 
in 50 mL of water, and mix. 

[Notę—R eserve a portion of this solution for Identifica¬ 
tion test C] 

Analysis: Treat the Sample solution and the Standard so- 
fution as follows. Transfer 10 mL of the solution to a 
suitable beaker, add 2 mL of citric acid solution (1 in 5) 
and 0.1 mL of thioglycolic acid, and mix. Render the 
solution alkaline, using litmus paper as an externai indi¬ 
cator, by the addition of ammonium hydroxide. Dilute 
with water to 20 mL, and mix. Allow the Solutions to 
stand for 5 min. 

Acceptance criteria: The color of the solution from the 
Sample solution is a shade of pink no deeper than that 
of the solution from the Standard solution (0.002%). 

SPEC1FIG TESTS 

* MlCRORIAL ENUMERATION TESTS (61) and TESTS FOR SPECi 
fied Microorcanisms (62): It meets the requirements of 
the tests for absence of Salmonella species and Escherichio 
coli. 

9 pH (791): Disperse 1 g in 30 mL of water. The pH of the 
resulting suspension is either 5.5-7.5 for Type A or 
3.0-5,0 for Type B. 

* LOSS ON DRYłNG (731) 

Analysis: Dry at 1 30" for 90 min. 

Acceptance criteria: NMT 10.0% 

ADD1TIONAL REQUIREIWENTS 

e ^Packaging and Storage: Preserve In well-closed con- 
tainers, preferabiy protected from wide variations in tem¬ 
peraturę and humidity, which may ca use ca king.* 

» + Labeling: Label it to indicate the botanical source of the 
starch from which it was derived, the cross-iinking agent 
(if used), the pH rangę, and whether it is Type A or Type 
B.* 

* USP Reference Standards (11) 

U5P Sodium Starch Glycolate Type A RS 
USP Sodium Starch Glycolate Type B RS 


Sodium Stearate 


Octadecanoic acid, sodium salt; 
Sodium stearate [822-16-2]. 
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DEFINITION 

Sodium Stearate Es a compound of sodium with a mixture of 
solid organie acids obtained from sources of vegetable or 
animal origin and consists mainly of variable proportions 
of sodium stearate (CifiH^NaGz) and sodium palmitate 
(C| ó HnNa0 2 ). The content of stearic acid in the fatty add 
fraction rs NLT 40.0% of the total content. The sum of 
stearic acid and palmitic add rn the fatty add fraction is 
NLT 90.0% of the total content. Sodium stearate contains 
smali amounts of the sodium salts of other fatty acids. 

IDENTIFICATION 
o A. 

Analysis: Heat a smali guantity of Sodium Stearate in a 
crucible over a flame untll it fuses. Continue heating 
the sample until it decomposes with emission of flam- 
mabJe vapors that should burn when ignited. Moisten 
the residue with water, and test with red litmus paper. 
The paper must tum blue. Add a smali amount of acid 
to the crucible, and observe the solution effervesce, The 
solution must impart an intense yelJow color to a 
nonluminous flame. 

Acceptance criteria: Meets the requirements 
s B. The retention times of the major peaks of the Sampfe 
solution correspond to those of tne Standard solution f as 
obtained in the Assay. 

ASSAY 
* Procedurę 

Boroń tritluoride-methanol solution: 140 g/L of bo- 

ron trifluoride in methanof 

Sample solution: Dissolve 100 mg of Sodium Stearate 
in a smali conicaf fiask, fitted with a suitable reflux at- 
tachment, with SmL of £Joron trifluoride-methanol soiu- 
tion . Boii under reflux for 10 min. Add 4.0 mL of n - 
heptane through the condenser, and boif again under 
reflux for 10 min. AIJow to cooJ. Add 20 ml of a satu- 
rated solution of sodium chloride. Shake, and al[ow the 
fayers to separate. Remove about 2 ml of the organie 
layer, and dry it over 0.2 g of anhydrous sodium sulfate. 
Dii u te 1.0 mL of this solution with n-heptane to 
10.0 ml. 

Standard solution: Prepare as directed En the Sample 
solution using 50 mg of USP Stearic Add RS and 50 mg 
of USP Palmitic Add RS. 

Chromaiographic system 
(See Ch roma tog ropny {621), System Suitability .) 

Modę: CC 

Detector; Flame ionization 

Column: 30-m x 0.32-mm fused silica; 0.5-pm layer of 
phase Cl 6 
Temperaiures 
Injector: 220° 

Detector: 260° 

Column: See Tobie 1. 


labie 1 


Inttlal 

Temperatury 

n 

Temperaturę 

Ramp 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mini 

70 

_ 

70 

2 

70 

5 

240 

5 


Carrier gas: Helium, passed through a bed of molecu- 
lar sieve for drying, if necessary 


Flow ratę: 2.4 mL/min 
Injection type: Splitless 
Injection vołume: 1 jiL 
System suitability 
Sample: Standard solution 
Suitability requirements 

Resolution: NIT 5.0 between the methyi palmitate 
and methyi stearate peaks. [Notę—T he relatlve reten¬ 
tion times for methyi palmitate and methyi stearate 
are about 0.9 and 1.0, respectively.] 

Relative standard deviation: NMT 3.0% for the 
methyi stearate and methyi palmitate peaks; NMT 
1.0% for the ratio of the peak areas ot methyi palmi¬ 
tate to the peak areas of methyi stearate, from 6 rep- 
licate injections 

Analysis: Calcuiate the percentage of stearic acid 
(CisHjeOz) in the fatty add fraction of the sampfe taken; 

Result = (fu/tt) x 100 

ru = peak area due to methyi stearate 

fr = sum of all the peak areas, excluding the 

soivent peak 

Calcuiate the percentage of palmitic acid (Ci&H^zOz) In 
the fatty acid fraction of the sample taken: 

Result = (nAr) x 100 

ru - peak area due to methyi palmitate 

rr ~ sum of all the peak areas, exduding the 

solvent peak 
Acceptance critena 
Stearic acid: NLT 40.0% 

Sum of stearic add and palmitic add: NLT 90.0% 

SPECIFIC TESTS 
® Acidity 

Sample solution: Heat 50 mL of alcohol to the same 
temperaturę, ±5°, as that attained when the pink 
endpoint is reached in the titration of the sample sped- 
men. Add 3 drops of phenolphthalein TS and sufficient 
0.020 N sodium hydroxide to produce a faint pink 
color. Add 2.00 g of Sodium Stearate, and dissolve with 
the aid of a smali amount of heat. No plnk color is 
produced, 

Analysis: Utratę the solution with 0.020 N sodium hy- 
droxlde untll a pink coior is produced. 

Acceptance critena: 1.00^.25 mL of 0.020 N sodium 
hydroxide is required (0.28%-l .2% as stearic acid), 

« Loss on Drying (731) 

Sample: Tarę a beaker contalning 1 g of washed sand, 
previously dhed at 105°, add 500 mg of Sodium Stea¬ 
rate, and again wergh. 

Analysis: To the Sampie add 10 mL of alcohol, and 
evaporate at 80° to dryness. Dry at 105° for 4 h, 
Acceptance criteria: NMT 5,0% 

* FAT5 AND FlXED OiLS, Acid Value (401) 

Sample: 1 g of the fatty acids obtained as follows. Dis- 
solve 25 g of Sodium Stearate in 300 mL of hot water, 
add 60 mL of 2 N sulfunc add, and heat the solution, 
with freauent stlrring, until the separated fatty acid 
layer is elear. Wash tne fatty acids with boi ling water 
until Lhey are free from sulfate, collect in a smali beaker, 
and warm on a steam bath until the water has settled 
and the fatty acids are elear. Ailow the acids to cool, 
pour off the water layer, then melt the acids, filter into 
a dry beaker while hot, and dry at 105° for 20 min. 
Acceptance criteria: 196-211 

* Fats and FfXED Oels, fodine Vafue (401) 

Sample: The fatty acids obtained in Fats and Fixed Oils, 
Add Value (401) 
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Acceptance criteria: NMT 4.0 

* Alcokol-Gnsoluble substances 

Sample: 1.0 g of Sodium Stearate 
Analysis: Reflux the Sample with 25 ml of alcohol until 
it dissolyes completely. 

Acceptance criteria: The resulting solution is elear or 
NMT stightly opalescent. 

ADDITBONAL REQUIREMENTS 

■ Packaging AMD Sto rag Et Preserve in well-closed, light- 
resistant containers. 

9 Labelimg: labę! it to indfeate the content of stearic acid 
in the fatty acid frattion and to indicate the fatty acids 
used to produce sodium stearate are from sources of 
vegetable or animal origin. 

* USP Reference Stamdards (11) 

U$P Palmltic Acid RS 
USP Steanc Acid RS 


Sodium StearyB Fumarate 

DEFINITION 

Sodium Stearyl Fu ma ratę contains NLT 99.0% and NMT 
101.5% of sodium stearyl fumarate (CzzH^NaO.j), calcu- 
lated on the anhydrous basis. 

IDENTIFICATION 

« INFRARED ABSORPTION (197K) 

Anafysis: Perform test on an undried specimen (1 in 
300), 

Acceptance criteria: Meets the requirements 

ASSAY 

* Procedurę 

Sample: 250 mg 
Blank: 10 ml of chloroform 
Titrimetric system 
(See Titrimetry (541).) 

Modę: Direct titration 
Titrant: 0.1 N perchloric acid VS 
Endpoint detection: Visual 
Analysis: Transfer the Sample to a 50-mL conical fiask, 
mix with 10 mL of chloroform, and add 20 ml of gla- 
cial acetic acid to dissolve. Add quinaldrne red TS, and 
titrate with 0.1 N perchloric acid VS. 

Calculate the percentage of sodium stearyl fumarate 
(CzzH^NaCh) in the Sample taken: 


Sample solution: Transfer 200 mg of Sodium Stearyl 
Fumarate to a smali, glass-stoppered conical fiask. Add 
10.0 mL of SolvenL Disso!ve by placing the fiask in an 
ultrasonic bath for 10 min, 

Chromatographic system 
(See Chmmatography ( 621), ThimLayer Chromato- 
graphy.) 

Modę: TLC 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel (TLC plates) 

Spray reagent: Sulfuric acid and alcohol (1:9). 

[NOTĘ—Add cautiously and with stirring.] 

Developing so!vent system: Hexanes, toluene, and 
gfadal acetic acid (5:5:1) 

Analysis 

Sam pies: Standard monosteaiyl maleate solution, Stan¬ 
dard stearyl alcohol solution , and Sample solution 
Apply 5 pL of Standard monostearyl maleate solution 
and 10 jliL each of Standard stearyl alcohol solution 
and Sample solution to the piąte. Immerse the piąte in 
a tank containing a layer of 10 mm of chloroform on 
the bottom, Al Iow the solvent front to reach the up- 
per edge of the spots, With dra w the piąte, and dry in 
a current of cold air, Repeat the immerston, develop- 
ment, and drying. This results in spots having a linear 
shape. Deve!op the chromatograpn in a saturated 
chamber containing the Deveioping solvent system un¬ 
til the solvent front has moved 15 cm, and remove 
the piąte from the chamber. Allow to dry for 10 min, 
and heat in an oven at 90° for 2 min. Allow to cool 
to room temperatura, Replace the piąte tn the cham¬ 
ber for another 15-cm development, remove the 
piąte, and allow to dry at room temperaturę for 15 
min. Spray the piąte with Spray reagent. Dry the piąte 
in an oven at 150° for 15 min. Dark spots appear on 
a light background, Allow to cool Faint spots at an R r 
value of 0.9 may result from traces of distearyl 
maleate and distearyl fumarate. 

Acceptance criteria: The intensity of any spot from 
the Sample solution is not greater than tnat from the 
corresponding spot from tne Standard monostearyl 
maleate solution and Standard stearyl alcohol solution 
(NMT 0,25% sodium stearyl maleate, NMT 0.5% 
stearyl alcohol). 

IMPURJTIE5 

* Lead (251): NMT 10 ppm 

Delete the following: 


Result - {[(V s -V 3 )xNx F\!W\ x 100 

V$ = volume of Titrant consumed by the Sample 
(mL) 

Vb - volume of Titrant consumed by the Blank (ml) 
N = actual norma lity of the Titrant (mEq/mL) 

F = equivalenty factor, 390.5 mg/mEq 
W - weight of the Sample (mg) 

Acceptance criteria: 99.0%-l01.5% on the anhydrous 
basis 

OTHER COMPONENTS 

o limit of Sodium Stearyl Maleate and Stearyl Alcohol 

Sofvent: Chloroform and gtacia! acetic acid (4:1) 
Standard monostearyl maleate stock solution: 1 mg/ 
mL of USP Monostearyl Maleate RS in Soivent 
Standard monostearyf maleate solution: Pipet 5,0 mL 
of Standard monostearyl maleate stock solution , and di- 
lute with chloroform to 50 mL. 

Standard stearyl alcohol stock solution: 1 rng/nnL of 
USP Stearyl Alcohol RS In Solvent 
Standard stearyl alcohol solution: Pipet 5,0 mL of 
Standard stearyl alcohol stock solution f and di lute with 
chloroform to 50 mL 


** Heavy Metals, Method II (231): NMT 20 ppm* (oma*n 
) 0*1-2018) 


SPECIFIC TESTS 

* Watek Determination, Method I (921): NMT 5.0% 

• Fats and fixed Oils, Saponification Value (401) 

Sample: 450 mg 

Ethanolic potassium hydroxide: Dissolve 5.5 g of po¬ 
tassium hydroxide in absolute alcohol, heating if neces- 
sary to dissolve, and di lute with absolute alcohol to 
about 1 000 mL, Prepare fresh daily, and filter if neces- 
sary to remove carbonate. 

Titrimetric system 
(See Titrimetry (541).) 

Modę: Residua! titration 

Titrant: 0.1 N hydrach loric acid V5 

Blank: 50.0 mL of Ethanolic potassium hydroxide 

Endpoint detection: Visual 

Analysis: Transfer the Sample to a 300-mL conical fiask, 
and add 50.0 mL of Ethanolic potassium hydroxide / rins- 
ing down the inside of the fiask during the addition. 
Gentiy reflux the mbeture on a steam bath for NLT 2 h, 
occasionally swirl gentiy, but avoid splashlng the mix- 
ture up into the condenser. Rlnse the condenser with 
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10 mL of 70% afcohof, followed by three 10-mL por- 
tions of water, collecting the rinsings In the fiask. Cool, 
rinse the sides of the fiask with two 10-mL portions of 
70% alcohol, add phenolphthalein TS, and titratę with 
OJ N hydrochloric add V5 to the disappearance of any 
pink color* Perform a blank determinatiom 
Calculate the Saponification Value for Sodium Stearyl 
Fumarate in the Somple taken: 

Result - [{14- Vj) X N x F\jw 

14 - volume of the Titrant consumed by the Blank 

(mL) 

Vs = volume of the Titrant consumed by the Sample 
(mL) 

N = actual normality of the Titrant (mEq/mL) 

F = molecuiar weight of potassium hydroxide, 

56 J 1 

W - weight of the Sample (g) 

Acceptance criteria: 142.2-146.0, calculated on the 
anhydrous basis 

ADDITIONAL REQOIREMENTS 

o Pagkaging and Storage: Preserve in well-closed 
containers. 

* USP reference Standards (11) 

USP Monostearyl Maleate RS 
USP Sodium Stearyl Fumarate RS 
USP Stearyl Alcohol RS 


Add the folbwlng: 


'Sodium Sucdnate 



x = 0 or 6 

NaOOC-CH,CH r COONa (CthUNajO*) 162.05 

Anhydrous disodium 1,4-buianedioate; 

Anhydrous butanedioic acid disodium salt [150-90-3]. 

NaOO&CHiCHi-COONa ■ ÓH z O (C,H,Na 2 04 * 6H 2 0) 270 J 4 
Disodium 1,4-butanedioate hexahydrate; 

Butanedioic acid disodium salt hexa hydra te [6106-21-4]. 

DEFBNITION 

Sodium Succinate, when dried al 120* for 2 h, contains NLT 
98.0% and MMT 102.0% of disodium sucdnate 
(CH,Na 2 04 > 

IDENTIFICATION 

* A. Infrared Absorption (T97K) or (197A): Dry the Anhy¬ 
drous Sodium Succinate or Sodium Succinate Hexahy- 
drate sample at 120 for 2 h before use. 

• B. chromatocraphic identity 

Anafysis: Proceed as directed in the Assay. 

Acceptance critena: The retention time of the major 
peak of the Sample solution corresponds to that of the 
Standard solution. 

• C. Sodium 

Analysis: Proceed as directed in Identification Tests — 
General (191), Sodium. 

Acceptance critena: Meets the requirements 

ASSAV 

* Procedurę 

Solution A: Dissolve 6.8 g of monobasic potassium 
phosphate in 2 L of water. Adjust with phosphonc acid 


to a pH of 2.3. Pass under vacuum through an HNWP 
{nylon hydrophilic) membranę filier of 0.45-pm porę 
size, This is a 25 mM potassium phosphate buffer with 
a pH of 2.3. 

Mobile phase: Add 100 mL of methanol to 1900 mL of 
Solution A and mix well. Sono te for 30 min and cool 
to room temperaturę 

Diluent: Add 10 mL of phosphoric add to 1 L of water 
and mix well. This is a 1% phosphoric acid solution. 
System suitability solution: 3.0 mg/mL of USP Anhy¬ 
drous Sodium Succinate RS and 2.2 pg/mL of USP Fu- 
maric Acid RS in Diluent 

Standard solution: 3.0 mg/mL of USP Anhydrous So- 
dlum Succinate RS in Diluent 
Sample solution: 3.0 mg/mL of Anhydrous Sodium 
Sucdnate or Sodium Succinate Hexa hydra te in Diluent. 
Dry Anhydrous Sodium Succinate or Sodium Succinate 
Hexahyorate at 120 a for 2 h before use, 
Chromatographic system 
(See Chromatography ( 621), System Suitability) 

Modę: LC 

Detector: UV 204 nm 

Column: 4.6-mm x 15<m; 3-pm packing LI 

Column temperaturę: 30° 

Flow ratę: 1.0 mL/min 
Injection volume: 10 \xl 
Run time: 10 min 
System suitability 

Samples: System suitability solution and Standard 
solution 

[Non —The relative retention times for succinic acid 
and fumaric add are 1.0 and 1,2, respectively.] 
Suitability requlrements 

Resolution: NLT 2.0 between succinic add and fu¬ 
maric add, System suitability solution 
Tailing factor: 0 8-2,0, Standard solution 
Relative standard deyiation: NMT 0.5%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of sodium succinate 
{CjPbNa^Ch) in the portion of sample taken: 

Resull = (n,/rs) x (tj/Cu) x 100 

ry - peak response from the Sample solution 

t\ - peak response from the Standard solution 

Cs concentration of USP Anhydrous Sodium 
Succinate RS in the Standard solution 
(mg/mL) 

Cu = concentration of Anhydrous Sodium Succinate 
or Sodium Succinate Hexahydrate in the 
Somple solution (mg/mL) 

Acceptance criteria: 98.0%-l 02.0% 

IMPURITIES 

* LIMU OF SODIUM ACETATE, SODIUM lYlAUATE, AND SODIUM 
Fumarate 

Solution A, Mobile phase, Diluent, and Chromato¬ 
graphic system: Proceed as directed in the Assoy. 
Acetic acid stock solution: Transfer 37.5 mg of USP 
Głacial Acetic Add RS to a 25-mL volumetric fiask that 
contains IGmL of Diluent. Dissdve and diiute with Dilu¬ 
ent to volume. Transfer 1.0 mL of this solution to a 
10-mL yolumetric fiask and diiute with Diluent to vol- 
ume. This solution is equivalent to 2O0ug/mL of so¬ 
dium acetale in Diluent 

Małek acid stock solution: Transfer 36.5 mg of USP 
Małek Acid RS to a 50-mL vołumetric ffask, Dissolve 
and diiute with Diluent to volume. Transfer T.OmL of 
this solution to a 10-mL volumetric fiask and diiute with 
biiuent to vo1ume. This solution is equivalent to 100 Mg/ 
mL of sodium makatę in Diluent. 

Fumaric add stock solution: Transfer 36.5 mg of USP 
Fumaric Acid RS to a 50-mL volumetric fiask. Dis$olve 
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and dilute with Difuent Lo vofume. Transfer 1.0 mL of 
this solution Lo a 10-iriL volumetric fiask and dilute with 
Diluent to volume. Thrs solution is equivaient fo 1 00 pg/ 
mL of sodium fumarate in Diluent 
System suitability solution: 10 mg/mL of USP Anhy- 
drous Sodium Succinate RS, 15 pg/mL of USP Glacial 
Acetic Acid RS, and 7.3 ug/mL each of USP Małett Add 
RS and USP Fumaric Add RS in Difuent 
Standard solution: Transfer 1 mL each of Acetic add 
stock solution, Maieic add stock solution ; and Fumaric 
acid stock solution to a 10-mL volumetric fiask and di¬ 
lute with Diluent to volume. 

Sample solution: 10 mg/mL of Anhydrous Sodium Suc¬ 
cinate or Sodium Succinate Hexahydrate In Diluent 
System suitability 

Samples: System suitability solution and Standard 
solution 

[Notę—T he relative retention times for acetic acid, ma¬ 
ieic acid, succinic acid, and fumanc acid are 0.7, 0.8, 
1.0, and 1.2, respectively.] 

Suitability requirements 

Resolution: NLT 1.5 between acetic acid and maieic 
acid; NLT 2.0 between sucdnic add and fumaric acid. 
System suitability solution 

Relative standard deviation: NMT 5.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Based on the Standard solution , identrfy the pea ks of 
acetic acid, maieic add, and fumaric acid, Compare 
oeak areas of acetic acid, maieic acid, and fumaric acid 
m the Standard solution and the Sample solution. 
Acceptance criteria 

Sodium acetate: The peak area of acetic add in the 
Sample solution is NMT the peak area of acetic acid in 
the Standard solution, corresponding to NMT 0.2% of 
sodium acetate in Sodium Succinate. 

Sodium maleate: The peak area of maieic add En the 
Sample solution is NMT the peak area of maieic add in 
the Standard solution, corresponding to NMT 0.1% of 
sodium maleate In Sodium Succinate, 

Sodium fumarate: The peak area of fumanc acid in 
the Sample solution is NMT the peak area of fumaric 
acid in the Standard solution,, corresponding to NMT 
0.1% of sodium fumarate in Sodium Succinate. 

* Limit of Sulfate 

Standard solution: 0,4 mL of 0,005 mol/L sulfuric acid 
Sample solution: Dissolve 1,0 g of Anhydrous Sodium 
Succinate or Sodium Succinate Hexahydrate in 30 mL of 
water and neutralize with a diluted hydrochioric acid (1 
in 40). 

Analysis: Proceed as directed in Chloride and Sulfate 
(221), Sulfate . 

Acceptance criteria: NMT 0.019% as SO,i 

SPECIFIC TESTS 

* ACIDITY AND ALKALINITY 

Sample solution: Dissolve 1,0 g of Anhydrous Sodium 
Succinate or Sodium Succinate Hexahydrate in oarbon 
dEoxide-free water and dilute with water to 20 mL. 
Analysis: Proceed as directed in pH (791), 

Acceptance criteria: 7.0-9.0 

* Loss ON Drying (731) 

Analysis: Proceed as directed in loss on Drying (731). 
Dry at 120° for 2 h. 

Acceptance criteria 

Anhydrous Sodium Succinate: NMT 2.0% 

Sodium Succinate Hexahydrate: 37,Q%-41.0% 

ADDITIONAL REQUIREMENTS 

* PACKAGING and 5T0RAGE; Preserve in tight contaEners, 
Storę at room temperaturę. 

* Labemng: Label it to State, as part of the offidal title, 
anhydrous or hexahydrate for sodium succinate. 


* USP Reference Standards (11) 

USP Anhydrous Sodium Succinate RS 
USP Fumaric Acid RS 
USP Glacial Acetic Add R5 
USP Maieic Add RS 

ANF15 


Sodium Sulfiie 


NasSCb 126.04 

[7757-83-7]. 

DEFINITION 

Sodium Sulfite contains NLT 95,0% and NMT 100.5% of 
sodium sulfite (Na^SO^). 

IDENTIFiCATBON 

o A, 

Sample solution: 50 mg/mL of Sodium Sulfite. [Notę— 
Reserve portions of the solution so obtained for use in 
Identification test B and in the test for Co/or and Clarity 
of Soiution.} 

Analysis: Add a drop of phenolphthalein TS. 

Acceptance criteria: A pink color is produced. 

* B. Identification Yests —General, Suifate (191) 

Analysis: To 5 mL of the solution from Identification test 
A add 0.5 mL of iodine TS, 

Acceptance criteria: The solution is colorless and meets 
the requirements of the barium chloride test. 

o C. Identification Tests—General, Sodium (191): Meets 
the requirements of the pyroantimonate predpitate test 

ASSAY 
® Procedurę 

Sample: 250 mg 
Titrimetric system 
(See Tiirifnetry- (541).) 

Modę: Residua! titration 
Titrant: 0.1 N iodine VS 
Back titrant: 0.1 N sodium thiosulfate VS 
Blank: 50.0 mL of 0.1 N iodine VS, accurately 
measured 

Endpoint detection: Colorimetric 
Analysis: Add the Sample to a 500-mL beaker, add 
50,0 mL of 0.1 N iodine VS, accurately measured, and 
shake to dissolve. Add 1 mL of starch TS, and titrate 
with 0.1 N sodium thiosulfafce VS to a elear endpoint. 
Perform a blank determination, and make any necessary 
correctron. Calcu la te the percentage of sodium sulfite 
(NajSOri) in the Sample taken: 

Result = [(S-10xNx F x 100]/W 

B - 0.1 N sodium thiosulfate VS volume 
consumed by the Blank 
V =0.1 N sodium thiosulfate VS volume 
consumed by the Sample 

N - actual normality of fhe Bock titrant (mEq/mL) 

F - equivalency factor, 63.0 mg/mEq 
W “ weight of Sample (mg) 

Acceptance criteria: 95.0%-1Q0,5% 

IMPURITIES 


De/e te the following: 

Heavy Metals, Method I (231) 

Sample solution: To 8.0 g of Sodium Sulfite add 25 mL 
of water. Shake until mostly dissolved, and slowly and 
carefully add 15 mL of hydrochioric acid. Heat to boil- 
ing, Cool, and dilute with waler to 100,0 mL. Use a 
25-mL poition. 


NF Monographs 





NF Monographs 


7892 Sodium / Offkial Monographs 


NF 35 


Acceptance criteria; NMT 10 ppm# { oh^ ijm&m 

• Limit of Iron 

Standard solution: Immediately before use, dilute 1 
volume of Standard Iron Solution, prepared as directed 
under Iron (241), to 10 ml with water. [Notę —This so- 
lution contains the equivalent of 1 pg/mL of iron.] 
Sample solution: i 0.0 g of Sodium Suffite in 25 mL of 
water. Shake untif mostly dissolved, and add 15 mL of 
hydrochloric add. Heat to boiling. Cool, and dilute with 
water to 10O,0mL Use a 10-mL portion. 

Analysis: To the Standard solution and the Sample solu¬ 
tion, separately add 2 mL of a citric acid solution 
(200 g/L), and then add 0.1 mL of thioglycolic acid. 
Make alkaline with stronger ammonia water, and dilute 
with water to 20 mL, AJlow to stand for 5 min. 
Acceptance criteria: Any pink color rn the Sample sotu- 
f/an is not morę intense than that in the Standard solu¬ 
tion (NMT 10 ppm). 

• Limit of Selenium 

[Caution —Selenium is toxic; handle with care.] 

Selenium standard solution: 100|ig/mL of sefenium Is 
prepared as foJlows. Dissolve 0.1 g of metalik selenium 
in 2 mL of nitric acid. Evaporate to dryness, add 2 mL 
of water, and evaporate to dryness. Repeat the addition 
of water and the evaporation to dryness three morę 
times. Dissolve the restdue so obtained in 50 ml of di- 
luted hydrochloric add. Transfer to a 1000-mL volumet- 
ric fiask, and dilute with diluted hydrochloric acid to 
volume. 

Standard solution: To 1.0 g of Sodium Sulfite add 
0.2 mL of Selenium standard solution and 10 mL of for- 
maldehyde TS, and slowly add 2 ml of hydrochloric 
acid, Heat in a water batn for 20 min. 

Sample solution: To 3.0 g of Sodium Sulfite add 10 ml 
of formaldehyde TS, and slowly add 2 ml of hydrochlo- 
ric add. 

Analysis: Heat the Standard solution and the Sample so¬ 
lution in a water bath for 20 min. 

Acceptance criteria: Any pink color in the Sample solu¬ 
tion is not morę intense than that in the Standard solu¬ 
tion (NMT 10 ppm). 

• Limit of Thiosulfates 

Sample solution: 20 mg/mL of Sodium Sulfite 
Analysis: To 100 mL of the Sample solution , add 10 mL 
of formaldehyde TS and 10 mL of acetic acid. Allow to 
stand for 5 min. Add 0.5 mL of starch TS, and titrate 
with 0.1 N iodine VS, Perform a blank determination 
(see Titrimetry (5 41), Residual Titrations), and notę the 
difference in voiumes required. 

Acceptance criteria: The difference in voiumes is NMT 
0.15 mL (NMT 0.1%). 

< Limit of Zinc 

Zinc standard stock solution: A solution of 1 mL of 
acetic acid and the amount of zinc sulfate equivalent to 
0.440 g of ZnSG 4 - 7H>0 in 100.0 mL of water. [Notę— 
This solution contains the equivalent of 1000 pg/mL of 

Zn-J 

Zinc standard solution: 25 jig/mL of zinc from Zinc 
standard stock solution 

Standard Solutions: Transfer 1.0-, 2.0-, and 4.0-mL 
porlions of Zinc standard solution to sępa ratę 100-mL 
volumetric flasks, Dilute the eon ten ts of each fiask with 
water to volume, and mix to obtain Solutions having 
known concentrations of 0.25, 0.5, and 1.0 pg/mL of 
zinc. 

Sample stock solution: 100 mg/mL of Sodium Sulfite h 
prepared as follows. To 10.0 g of Sodium Sulfite add 
25 mL of water. Shake until mostly disso!ved, and 
slowly add 15 ml of hydrochloric acid. Heat to boiling. 
Cool, and dilute with water to 100.0 mL. 

Sample solution: 20.0 mg/mL of Sodium Sulfite from 
the Sample stock solution 


Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometTy 
Analyłical wavelengtn: Zinc emission linę at 213.9 
nm 

Lamp: Zinc hollow-cathode 
Flame: Air-acetylene 
Analysis 

Samples: Standard Solutions and the Sample solution 
Plot the absorbances of the Standard Solutions versus 
concentration of zinc, in pg/ml, and draw the 
straight linę best fitting the plotted points. From the 
grapn so obtained, determine the concentration of 
zinc, in pg/mL, in the Sample solution. 

Acceptance criteria: NMT 25 ppm 

SPECIFIC TESTS 

• COLOR AMD CLARITY OF SOLUTION 

Analysis: Examine the solution prepared for Identifica¬ 
tion test A. 

Acceptance criteria: The solution is dear and colorless. 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers. 

Storę at room temperaturo. 


Sodium Tartrate 



CłHłNajO* ■ 2H z O 230.08 

Disodium L-tartrate; 

Disodium (+)-2,3-dihydroxybutanedioic acid [868-18-8], 

DEFINITfON 

Sodium Tartrate contains NLT 99.0% and NMT 100,5% of 
sodium tartrate (GttUNajÓc), calculated on the dried 
basis. 

IDENTIFICATION 

* A. Identification Tests—General, Sodium (191): Meets 

the requirements 

* B. Identification Tests—General, Tartrate ( 191): Meets 
the requirements 

A5SAY 

* Procedurę 

Sample: 250 mg, previously dried at 150 = for 3 h 
Titrimetric system 
(See Titrimetry (541 >.) 

Modę: Direct titration 

litra nt: 0,1 N Perchloric acid VS {in glacial acetic acid) 
Endpoint detection: Potentiometrk 
Analysis: Dissolve the Sample in 150 mL of glacial acetic 
acid by stirring and heating to near the boiling point, 
Cool to room temperaturę, Titrate with 0,1 N perchloric 
acid V5 (in glacial acetic acid) to a potentiometrk 
endpoint. Perform a blank determination, and make 
any necessary adjustments. Each mL of 0.1 N perchloric 
acid is equivalent to 9.703 mg of sodium tartrate 
{C 4 H,Na 2 0 6 ). 

Acceptance criteria: 99.0%-l 00.5% on the dried basis 

IMPURIT1E5 


Delete the foliowing: 

*♦ Heaw Metals, Method I (231): NMT 20 ppm* tomcmi i 
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SPECIFIC TESTS 

• PH (791): 7-9 (1 in 10 soiution) 

• Loss ON DRYiNG (731); Dry a sample at 150° for 3 h: it 

loses 14.094-17.0% of its weight. 

ADDITIONAL REQU1REMENTS 

« PACKAGING and Storage: Preserve in a tight Container. 
No storage reguirements spedfted. 


Sodium Thiosulfate —see Sodium 
Thiosulfate General Monographs 


Sorbic Acid 






C 6 H b 0 2 112,13 

2,4-Hexadienoic add, (£,£)-; 2,4-Hexadienoic acid; 

(E,E)- Sorbic acid; Sorbic acid [110-44-1], 

DEFINITION 

Sorbic Acid contains NUT 99.0% and NMT 101.0% of 

QH 8 02 f calcuiated on the anhydrous basis. 

IDENTIFICATION 

* A. INFRARED ABSORPTION (197K) 

* B. A l-m-400,000 soiution in isopropyl aicoho! exhibits 

an absorbance maximum at 254 ±2 nm. 

A5SAY 

* Procedurę 

Sample soiution: Dissolve 250 mg of Sorbic Acid in a 
mixture of 50 ml of methano! and 25 mL of water that 
prevlously Has been neutralized with 0.02 N sodium hy- 
droxide. Add phendphthalein TS. 

Analysis: Titrate with 0.1 N sodium hydroxide VS to the 
first pink color that persists for at least 30 s. Each mL of 
OJ N sodium hvdroxide i$ equivalent to 11,21 mg of 
C ó H 8 0 2 . 

Acceptance criteria: 99.0%-l 01.0% on the anhydrous 
basis 

IMPURITIES 

fnorganic lifipuritEes 

* Residue on ICNiTlON (281): NMT 0,2% 


Detete the following: 

°* Heavy Metals, Method // (231)* 10 ppm# cof i ic i a j h^^cus) 

SPECIFIC TESTS 

* Melting Rangę or Temperaturę (741): 132°-1 35° 

* Water Deterneinahon, Method I (921): NMT 0.5% 

ADDITIONAL REQUIREMENT5 

* Packaging and Stdrage: Preserve in tight containers, 
protected from light, and avoid exposure to excessive 
beat. 


• USP Reference Standards (11) 

USP Sorbic Acid RS 


Sorbitan Monolaurate 



Sorbitan, esters, monododecanoate; 
Sorbitan monolaurate [1338-39-2]. 


DEFINITION 

Sorbitan Monolaurate is a partia! ester of lauric acid with 
Sorbftoi and its mono- and dianhydrides. Ityields, upon 
saponification, NLT 55.0% and NMT 63.0% of fatty acids, 
and NLT 39.0% and NMT 45.0% of polyols (w/w). 


IDENTIFICATION 
* A. 

Sample: Residue obtained in the Assoy for Fatty Adds 
Acceptance criteria 

fota and Fixed Oifs , Add Value (401): 260-280 on 1-g 
sample 

Fats and Fixed Oifs, fodine Yalue (401): NMT 5 


* B. 


Standard soiution: 33 mg/mL of USP Isosorbide RS, 

25 mg/mL of USP 1,4-Sorbitan RS, and 25 mg/mL of 
sorbftoi 

Sample soiution: 250 mg/mL of the polyols from the 
Assoy for Polyols 
Chromatographic system 
{See Chmmatography (621), Thin-layer Chromato- 
graphy.) 

Modę: TLC 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel 

Application volume: 2 uL 

Developing solvent system: Acetone and glacial ace- 
tic acta (50:1) 

Spray reagent: Sulfuric acid and water (50:50) 
Analysis 

Samples: Standard soiution and Sample soiution 
Apply the Standard soiution and Sample soiution , and 
allow the spots to dry. Develop the chromatogram 
until the solvent front has moved about three-fourths 
of the length of the piąte. Remove the piąte from the 
devefoping thamber, mark the solvent rront, and al¬ 
low the solvent to evaporate. Spray evenly with Spray 
reagent until the surface is uniformly wet (do not 
overspray), and immediately place the sprayed piąte 
on a 200* hot piąte in a well-ventilated hood. Char 
until white fumes of sulfur trioxide eease, and cooL 
Acceptance criteria: The R f vaiues of the spots of the 
Sample soiution correspond to those of the spots of the 
Standard soiution . 


ASSAY 

« Fatty Acids 

Sample: 10 g 

Analysis: Transfer the Sample to a 500-mL conkal fiask. 
Cautiously add 100 mL of alcohof and 3,0 g of potas- 
sium hydroxide, and a few glass beads. Connect a suit- 
able condenser to the fiask, reflux the mixture on a hot 
piąte for 2 h, add 100 mL of water, and heat on a 
steam bath to evaporate the akohol, addtng water oc- 
casionally to replace the akohol. Continue the evapora- 
tion until the odor of akohol can no longer be de- 
tected, and transfer the saponifkation mixture, with the 
aid of 100 mL of hot water, to a 500-mL separator. Us- 
ing extreme caution, neutralize to litmus paper with a 
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mixture of equal volumes of sulfunc acid and water, 
noting the vo!ume used, and add a 10% excess of the 
dilute acid. Allow the solution to cool. If salts appear, 
add sufficient water to produce a elear solution. Cau- 
tiously add 100 ml of solvent hexane, shake thor- 
oughfy, and withdraw the lower layer into a second 
500-mL separator, Similarly extraci with two morę 
100-mL portions of solvent hexane. Extract the com- 
bined hexane layers with 50-mL portions of water until 
neutral to litmus paper. Combine the extracts with the 
odginał agueous phase to use for the Assay for Polyols ♦ 
Evaporate Lhe solvent hexane in a ta red beaker on a 
steam bath nearly to dryness, dry under vacuum at 60° 
for 1 h, cool in a desiccator, and weigh the fatty acids. 
Acceptance criteria: 55.Q%-63,0% 

• Poły ols 

SampJe solution: Aqueous solution retained from the 
Assay for Fafty Acids 

Analysis: Neulralize the Sample solution with potassfum 
hydroxtde solution (1 in 10) to a pH of 7, using a pH 
meter. Evaporate on a steam bath to a moist residue, 
extract Lhe polyofs from the salts with three 150-mL 
portions of denydrated alcohol, boiiing the salt residue 
for 3 min, and crushing it, as necessary, with the flat- 
tened end of a sbrring rod durrng eacn extraction; ftl- 
tenng each extract while hot through a medium-poros- 
ity sintered-glass funnel provided wfth a sheel of 
retenfwe fil ter paper on which a layer of purified sili* 
eeous earth has been superimposed; and receiving the 
filtrates ina U suction fiask. Transfer the elear alcohol c 
polyols solution to a ta red beaker, evaporate the alco- 
hol on a steam bath, dry under vacuum at 60° for 1 h, 
cool in a desiccator, and weigh the poiyołs, 

Acceptance criteria: 39,0%-45,0% (w/w) 

1MPURITIES 

• RESIDUE ON ICNrnON (281): NMT 0,5% 


Detete the fołlowing; 

** Heavy Metals, Method Ii (231): NMT 10 jig/g* (OtlicUłt I- 

|*v2QlB} 

SPECIFIC TEST5 

* Water Determination, Method I (921): NMT 1,5% 

• Fats and Fixed Oils, Add Volue (401): NMT 8 

* Fats and Fixed Oils, Hydroxyl Value (401): 330-358 

• Fats and Fixed Oils, Saponification Value (401): 158-170 

ADDITIONAL REQUIREMENTS 

• Packaging and Storage: Preserve in tight contarners. 

* USP REFERENCE 5TANDARDS (11) 

USP Isosorbtde RS 
USP 1,4-Sorbitan RS 
C 6 H 12 0 5 164,16 


Sorbitan Monooleate 



Sorbitan, esters, mono(Z)-9-octadecenoale; 
Sorbitan monooleate [1338-43-8]. 


DEFINITION 

Sorbitan Monooleate is a partial oleate ester of Sorbitol and 
its mono- and dianhydndes. It yieids, upon saponification, 
NLT 72.0% and NMT 78.0% of fatty acids, and NIT 
25.0% and NMT 31.0% of polyols (w/w), 

IDENTIFICATION 

* A. 

S ample: Residue obtained tn the Assay for Fot ty Acids 
Acceptance criteria 

Fots and Fixed Oils, Add Value (401): 192-204 on 1-g 
sample 

Fats and Fixed Oils; lodine Voiue (401): 75-95 

• B. 

Standard solution; 33 mg/mL of USP Isosorbrde RS, 

25 mg/mL of USP 1,4-Sorbitan RS, and 25 mg/mL of 
sorbitol 

Sample solution: 250 mg/mL of the polyols, obtained 
in the Assay for Polyols 
Chromatographic system 
(See Chromatograpny (621), Thin-Layer Chromało- 
graphy .) 

Modę: TLC 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel 

Application volume: 2 pL 

Developing solvent system: Acetone and glacial ace- 
tic acid (50:1) 

Spray reagent: Sulfurlc add and water {50:50} 
Analysis 

Samples: Standard solution and Sample solution 
Apply the Standard solution and Sample solution, and 
allow the spots to dry. Develop the chromatogram 
until the solvent front has moved about three-fourths 
of the iength of the piąte. Remove the piąte from the 
developing chamber, mark the solvent front, and al¬ 
low the solvent to evaporate. Spray evenly with Spray 
reagent until the surface is uniformly wet (do not 
overspray), and immediately place the sprayed ptate 
on a 2G0 Q hot piąte in a well-ventilated hood. Char 
until white fumes of sulfur trioxide cease, and cool. 
Acceptance criteria: The Rf values of the spots from 
the Sample solution correspond to those of the spots 
from the Standard solution. 

ASSAY 

■ Fatty Acids 

Sample: 10 g 

Analysis: Transfer the Sample to a 500-mL conical fiask. 
Cautiously add 100 mL of alcohol and 3.5 g of potas- 
sium hydroxide, and a few glass beads. Connect a suit- 
able condenser to the fiask, reflux the mixture on a hot 
piąte for 2 h, add 100 mL of water, and heat on a 
steam bath to evaporate the alcohol, adding water oc- 
casionally to replace the alcohol. Continue the evapora- 
tion until the odor of alcohol can no longer be de- 
tected, and transfer the saponification mixture, with the 
aid of 100 mL of hot water, to a 500-mL separator. Us¬ 
ing extreme caution, neutral Eze to litmus paper with a 
mixture of equal volumes of sulfurre acid and water, 
noting the volume used, and add a 10% excess of the 
dilute acid, Allow the solution to cool If salts appear, 
add sufficient water to produce a elear solution. Cau¬ 
tiously add 100 mL of solvent hexane, shake thor- 
oughfy, and withdraw the lower layer into a second 
500-mL separator. Similarfy extract with two morę 
100-mL portions of solvent hexane. Extract the com- 
bined hexane layers with 50-mL portions of water until 
neutral to litmus paper, Combine the extracts with the 
odginał aąueous phase to use for the Assay for Polyols. 
Evaporate the solvent hexane in a tared beaker on a 
steam bath nearly to dryness, dry under vacuum at 60° 
for 1 h, cool in a desiccator, ano weigh the fatty acids. 
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Acceptance criteria: 72.0%-78.0% 

* POLYOLS 

Sampie solution: Aqueous solution retained from the 
Assay for Fatty Adds 

Anaiysrs: Neutralize the Sampie solution with a potas- 
sium hydroxide solution {1 in 10} to a pH of 7, using a 
pH mefer. £vaporate on a steam bath to a moist res£ 
due, extract the polyols from the salts with three 
150-mL portions of dehydrated alcohol, botling the salt 
resldue for 3 min, and crushing it, as necessary, with 
the flattened end of a stirring rod during each extrac- 
tion; filtering each extract, while hot, through a me* 
dium-porosity, sintered-glass funnel provided with a 
sheet of retentive filter paper on which a layer of puri- 
fied sNiceous earth has been superimposed; and receiv- 
ing the filtrates rn a 1-1 suction fiask. Transfer the elear 
alcoholic polyols sol ution to a ta red beaker, evaporate 
the alcohol on a steam bath, dry under vacuum at 60° 
for 1 h, cool in a desiccator, and weigh the polyols. 
Acceptance criteria; 25.0%-31.0% (w/w) 

IMPURITJES 

• RESIDLFE on Ignition (281): NMT 0.5% 


Dełete the fołłowing: 

•* Heavy Metals, Method II <231): NMT T 0 pg/g* comew 1- 

jan- 2018 ) 

SPECIFIt TEST5 

* Water Determinatiom, Method I <921): NMT 1.0% 

* FAT and Fix&d Oils, Add Volue <401): NMT 8 

• FAT AND FlXED OlŁS, Hydroxył Vuiue (401); 190-215 

* Fat and Fixed Oils, lodine Value <401); 62-76 

• Fat and Fixed Oils, Saponifkation Value (401): 145-160 

ADDITIONAL REQUIREMENTS 

■ Packaging and Storage: Preserv6 in tight containers. 

• USP Reference Standards (11) 

USF Isosorbide RS 
USP 1,4-Sorbitan RS 
CfiHi 2O5 164.16 


Sorbitan Mono pal mi tatę 



w 


Sorbitan, esters, monohexadecanoate; 

Sorbitan monopalroitate [26266-57-9], 

DEFINmON 

Sorbitan Monopalmitate is a partia I ester of palmitic acid 
with Sorbitol and its mono- and dianhydrides. It yields, 
upon saponiflcation, NIT 63.0% and NMT 71.0% of fatty 
acids, and NLT 32.0% and NMT 38.0% of polyols (w/w). 

IDENTIFICATION 

* A. 

Sampie: Resldue obtained in the Assoy for Fotty Adds 
Acceptance criteria 

Fats and Fixed Oils f Add Vaiue (401): 210-225 on 1-g 
sampie 

Fats and Fixed Oils i, lodine Value <401): NMT 4 

* B. Thin Layer Chromatographic Identification Test 

< 201 ) 

Standard solution: 33 mg/mL of USP Isosorbide RS, 

25 mg/mL of USP 1,4-Sorbitan RS, and 25 mg/mL of 
sorbitol 


Sampie solution: 250 mg/mL of the polyols, obtained 
in the Assoy for Rolyals 
Chrornatographk system 
(See Chromatogrophy (621), Thin-Layer Chromało- 
graphy.) 

Modę: TLC 

Adsorbent: 0.25-mm layer of chromatographic sifica 
gel 

Application volume: 2 pL 

Developing solvent system: Acetone and glacial ace- 
tic acta (50:1) 

Spray reagent: Sulfunc add and water (50:50) 
Analysls 

Sam pies: Standard solution and Sampie solution 
Apply the Standard solution and Sampie solution, and 
allow the spots to dry, Develop the chromatogram 
until the soh/ent front has moved about threeTourths 
of the length of the piąte. Remove the piąte from the 
developing chamber, mark the solvent front, and al¬ 
low the solvent to evaporate. Spray evenly with Spray 
reagent until the surface is uniformly wet (do not 
oversprav), and immediateJy place the sprayed pfate 
on a 20(r hot piąte in a wellwentllated hood. Ćhar 
until white fumes of sulfur trioxide cease, and cool. 
Acceptance criteria: The Rt values of the spots of the 
Sampie solution correspond to those of the spots of the 
Standard solution . 


ASSAY 

* Fatty Acids 

Sampie: 10 g 

Analysls: Transfer the Sampie to a 500-mL conical fiask. 
Cautiously add 100 mL of alcohol and 3.0 g of potas- 
sium hydroxide. Connect a suitable condenser to the 
fiask, ref!ux the mixture on a hot piąte for 2 h, add 
100 mL of water, and heat on a steam bath to evapo- 
rate the alcohol, addlng water occasionally to repłace 
the alcohol. Continue the evaporatbn until the odor of 
alcohol tan no longer be detected, and transfer the $a- 
ponification mixture, with the aid of 100 ml of hot 
water, to a 500-mL separator, Using extreme caution, 
neutralize to litmus paper with a mixture of equal 
volumes of sulfuric acid and water, noting the volume 
used, and add a 10% excess of the dilute acid* Allow 
the solution to cool. If salts appear, add suffident water 
to produce a elear solution. Cautiously add 100 mL of 
soIvent hexane, shake thoroughly, and withdraw the 
lower layer into a second 500-mL separator. Slmitarfy 
extract with two morę 100-mL portions of solvent hex- 
ane. Extract the combined hexane layers with 50-mL 
portions of water until neutral to litmus paper. Com- 
bine the extracts with the odginał aqueous phase to use 
for the Assoy for Połyols. Evaporate the solvent hexane 
in a tared beaker on a steam bath nearly to dryness, 
dry under vacuum at 60° for 1 h, cool in a desiccator, 
and weigh the fatty acids. 

Acceptance criteria: 63,0%~71.0% 

* Polyols 

Sampie solution: Agueous solution retained from the 
Assoy for Fatty Adds 

Analysls: Neutralize the Sampie solution with a potas- 
sium hydroxide solution (1 in 10) to a pH of 7, using a 
pH meter. Evaporate on a steam bath to a moist resi- 
due, extract the pofyols from the salts with three 
150-mL portions of dehydrated alcohol, boiling the salt 
residue for 3 min, and crushing it, as necessary, with 
the flattened end of a stirring rod during each extrac- 
tion; filtering each extract while hot through a medium- 
porosity, sintered-glass funnel provided with a sheet of 
retentwe filter paper on which a layer of punfied sili- 
ceous earth has been superimposed; and receiving the 
filtrates ma 1-L suction fiask. Transfer the elear alcoholic 
polyols solution to a tared beaker, evaporate the afco- 
nol on a steam bath, dry under vacuum at 60° for 1 h, 
cool in a desiccator, and weigh the polyols. 
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Acceptance critena: 32.0%-38.0% (w/w) 

JMPURITIE5 

* Residue on Ignition (281): NMT 0,5% 
Defete the (oltowirig; 


reagent until the surface is uniformly wet (do not 
overspray), and im media tely place the sprayed ptate 
on a 200° hot piąte m a welf-ventilated hoad. Char 
until white fumes of sulfur trioxide cease, and cool. 

Acceptance critena: The Rf values of the spots from 
the Sampie soiution correspond to those of the spots 
from the Standard soiution . 


•• Heaw Metals, Method II (231): NMT 10 tig/g. < 0llKU n. 

łań' 201SJ 

5PECIFIC TESTS 

* Water Determfnatign, Method / (921): NMT 1.5% 

* FATS and FlXED O lis, Add Value (401): NMT 8 

* Fats and Fixed Oils, Hydroxyl Value (401): 275-305 

* Fats and Fixed Oils, Soponification Value (401): 140-150 

ADDITIONAL REQUIREMENTS 

* Packaginc and Storage: Preserve In well-closed 

containers. 

* USP Reference Standards (11) 

USP Isosorbide RS 
USP 1,4- Sorbitan RS 
C ń Hi 2 0* 164,16 



Sorbitan, esters, monooctadecanoate; 

Sorbitan Monostearate [1338-41-6]. 

DEFINmON 

Sorbitan Monostearate is a partia! ester of Stearic Add with 
Sorbitol and its mono- and dianhydrides. It yieJds, upon 
saponif kation, NLT 68,0% and NMT 76,0% of fatty acids, 
and NLT 27,0% and NMT 34.0% of polyols (w/w). 

IDENTIFICATION 
* A. 

Sampie: Residue obtained in the Assoy for Fatty Adds 

Acceptance critena 

Fats and Fixed Oils , Add Value (401): 200-215 on 1-g 
sampie 

Fats and Fixed Oils, lodine Yalue (401): NMT 4 

o B. 

Standard soiution: 33 mq/mL of USP isosorbide RS, 

25 mg/mL of USP 1,4-Sorbitan RS, and 25 mg/mL of 
sorbitol 

Sampie soiution: 250 mg/mL of the polyols, obtained 
in the Assay for Polyols 
Chromatographfc system 
(See Chromatography {62 1), Thin-Layer Chromato- 
graphy .) 

Modę: TLC 

Adsorbent: 0.25-mm iayer of chromatographic silica 
gel 

Application vo!ume: 2 jjL 

Developinq solvent system: Acetone and glacial ace- 
tic add (50:1) 

Spray reagent: Sulfuric acid and water (50:50) 
Analysis 

Samples: Standard soiution and Sampie soiution 
Apply the Standard soiution and Sampie soiution , and 
allow the spots to dry. Develop the chromatogram 
until the solvent front has moved about threeTourths 
of the length of the piąte. Remove the piąte from the 
deve!opjng cham ber, mark the solvent front, and al¬ 
low the solvent to evaporate. Spray evenjy with Spray 


ASSAY 

* Fatty Acids 

Sampie: 10 g 

Analysis: Transfer the Sampie to a 500-mL conical fiask. 
Cautiously add 100 mL of alcohol, 3.0 g of potassium 
hydroxide, and a few glass beads. Connect a suitable 
condenser to the fiask, reflux the mixture on a hot piąte 
for 2 h, add 100 mL of water, and heat on a steam 
bath to evaporate the alcohol, adding water occasion- 
ally to replace the alcohol. Continue the evaporation 
until the odor of alcohol can no longer be detected, 
and transfer the sapontfkation mixture, with the aid of 
100 mL of hot water, to a 500-mL separator. Using ex- 
treme cautlon, neutrafize to litmus paper with a mixture 
of equal volumes of sulfuric acid and water, notlng the 
volume used, and add a 10% excess of the dilute add. 
Altów the soiution to cool, If salts appear, add suffident 
water to produce a elear soiution, Cautiously add 
100 mL of solvent hexane, shake thoroughly, and with- 
draw the lower Iayer into a second 500-mL separator. 
Similarly extract with two morę 100-mL portions of soh 
vent hexane. Extract the combined hexane layers with 
50-mL portions of water until neutral to litmus paper. 
Combine the extracts with the odginał agueous pnase 
to use for the Assay for Polyols Evaporate the sofvent 
hexane in a tared beaker on a steam bath nearly to 
dryness, dry under vacuum at 60° for 1 h, cool in a 
desiccator, and weigh the fatty acids. 

Acceptance arteria: 68.0%-76.0% 

* Polyols 

Sampie soiution: Agueous soiution retained from the 
Assoy for Fatty Adds 

Analysis: Neutralize the Sampie soiution with a potas¬ 
sium hydroxide soiution (1 in 7 0) to a pH of 7, using a 
pH meter. Evaporate on a steam bath to a moist resi¬ 
due, extract the polyols from the salts with three 
150-mL portions of dehydrated alcohol, boiling the salt 
residue for 3 min, and crushing it, as necessary, with 
the flattened end of a stirrlng rod, during each extrao 
tion; filtering each extract while hot through a medium- 
porosity, sinlered-glass funnel provided with a sheet of 
retentive filter paper on which a Iayer of purified sili- 
ceous earth has been superimposed; and receiving the 
fiftrates in a 1-L suction fiask. Transfer the elear alcoholic 
polyols soiution to a tared beaker, evaporate the alco¬ 
hol on a steam bath, dry under vacuum at 60° for 1 h, 
cool In a desiccator, and weigh the polyois. 

Acceptance criteria: 27.0%-34.0% (w/w) 

IMPURITIES 

* Residue on Ignition (281): NMT 0.5% 


Defete the following : 

*• Heaw Metals, Method tt (231): NMT 10 jig/g, (0 ni«i t- 

JaniOlB) 

SPECIFIC TESTS 

• Water Determination, Method I (921): NMT 1.5% 

• Fats and FlXED oils, Add Value (401): NMT 10 

• Fats AND Fixed oils, Hydroxyl Vaiue (401): 235-260 

• FATS AND Fixed Oils, Soponification Value{4 01): 147-157 

ADDITłONAL REQUIREMENTS 

• Packaginc and Storage: Preserve in well-closed 

containers 
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• USP Reference Standards <11} 
USP Isosorbide RS 
USP 1,4-Sorbitan RS 
C fi H, 2 0 5 164.16 


Sorbitan Sesguioleate 

DEFINmON 

Sorbitan Sesquioleate is a partial oleate ester of Sorbitol and 
its mono- and dianhydrides. Ityields, upon saponiffcation, 
NLT 74,0% and NMT 80,0% of fatty acids, and NLT 
22,0% and NMT 28,0% of polyols (w/w). 


f D ENTI FIC ATI O N 

• A* * FATTY AClD COMPOSITION OF CONSTITUTING OLEIĆ ACID: 

Et meets the reguirements of the test for Fats and Fixed 
Oils, Fatty Add Composition (401). 

• B. IDENTIFICATION OF CONSTITUTINC POLYOLS BY THIN LAYER 

CHROMATOGRAPHY 

Standard solution; 33 mg/inL of USP fsosorbide RS, 

25 mg/rnL of USP 1,4-Sorbitan RS, and 25 mg/mL of 
USP Sorbitol RS 

Sam pje solution: 250 mg/mL of polyols, obtained In 
the Assay for Polyols 
Chromatographic system 

(See Chromatography (621), Thin-Layer Chromato- 
graphy ,) 

Modę: TLC 

Adsorbent: 0,25-mm layer of chromatographic silica 
ge! 

Application vofume: 2 pi 

Developing solvent system: Acetone and gladal ace- 
tic add (50:1) 

Spray reagent: Sulfuric add and water (50:50) 
Analysis 

Samples: Standard solution and Sample solution 
Apply the Standard solution and Sample solution, and 
allow the spots to dry. Develop the chromatogram 
until the solvent front has moved about three-fourths 
of the length of the piąte. Remove the piąte from the 
developtnq chamber, mark the solvent front, and al¬ 
low the sdlvent to evaporate. Spray evenly with Spray 
reagent until the surface is uniformly wet (do not 
overspray), and immediately place the sprayed piąte 
on a 200° hot piąte En a well-ventilated hood. Char 
until white fumes of suJfur trioxide cease, and coo!. 
Acceptance criteria: The Rf values of the spots from 
the Sample solution correspond to those of the spots 
from the Standard solution . 


A5SAY 

* Fatty Acids 

Sample: 10 g 

Analysis: Transfer the Sample to a 500-mL conical fiask. 
Cautiously add 100 ml of alcohol, 3.5 g of potassium 
hydroxide, and a few glass beads. Connect a suitable 
condenser to the fiask, reflux the mixture on a hot piąte 
for 2 h, add 100 mL of water, and heat on a steam 
bath to evaporate the alcohol, adding water occasion- 
aily to replace the alcohol. Continue the evaporafion 
until the odor of alcohol can no longer be detected, 
and transfer Lhe saponlfication mixture, with the aid of 


100 mL of hot water, to a 500-mL separator. Using ex- 
treme caution, neutralize to litmus papęr with a mixture 
of equal volumes of sulfuric acid and water, noting the 
volume used, and add a 10% extess of the dilute add, 
Allow the solution to cool. If salts appear, add sufficient 
water to produce a elear solution. Cautiously add 
100 mL of solvent hexane, shake thoroughly, and with- 
draw the lower layer into a second 500-mL separator. 
Simiiarly extract with two morę 100-mL portions of sot- 
vent hexane. Extract the combtned hexane layers with 
50-mL portions of water until neutral to litmus paper. 
Combine the extracts with the origfnaf aqueous phase 
to use for the Assay for Polyols . Evaporate the solvent 
hexane In a tared beaker on a steam bath nearly to 
dryness, dry under vacuum at 60° for 1 h, cool in a 
desiccator, and weigh the fatty adds. 

Acceptance criteria: 74.0%-80.0% 

* Polyols 

Sample solution: Agueous solution retained from the 
Assay for Fatty Adds 

Analysis: Neutral ize the Sample solution with a potas- 
stum hydroxide solution (1 in 10) to a pH of 7, using a 
pH meter. Evaporate on a steam bath to a moist resi- 
due, extract the polyols from the salts with three 
150-mL portions of dehydrated alcohol, boillng the salt 
residue for 3 min and crushing it, as necessary, with the 
flattened end of a stirring rod durlng each extraction; 
fiftering each extract whMe hot through a medium-po- 
rosity, sintered-glass funnel provided with a sheet of re- 
tenhve filter paper on which a layer of punfled slliceous 
earth has been superimposed; and receiving the filtrates 
in a 1-L suctlon fiask. Transfer the elear alcoholic polyols 
solution to a tared beaker, evaporate the alcohol on a 
steam bath, dry under vacuum at 60° for 1 h, cool in a 
desiccator, a na weigh the polyols. 

Acceptance criteria: 22.0%-28,0% (w/w) 

M/EPUR1TIE5 

* Residue on Ignition (281): NMT 1.4% 


Delete the folio wing: 

*• Heavv Metals, Method II (231): NMT 10 pg/g# {OHkial I- 

Jan-ZDTB) 

SPECIFIC TESTS 

* Fats and Fixed Oils, Fatty Add Composition (401): It ex- 
hibits the composition profiles of fatty acids shown in 
To bie h 


Tabfe 1 


Carbon-Chain 

Lenąth 

Number of Double 
Bonds 

Percentacie 

(%> 

14 

0 

<5.0 

16 

0 

<16,0 

16 

1 

<8.0 

18 

0 

<6.0 

18 

1 

>65,0 

- 18 - 

2 

£18.0 


a The sum of ihese fatty adds should be NMT 4.0%. 
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Table 1 (Continaed) 


Carbon Chain 
Lenqth 

Number of Double 
Bonds 

Percentage 

(%) 

18 

3 

<4.0 

20, 22‘ 

0 

<4*0 


J The sum of these fatly acids shoufd be NMT 4.0%, 


* WATER Determi n atign, Method I (921): NMT 1.0% 

* Fats and Fjxed Oils, Add Volue (401): NMT 14 

* Fats and Fjxed Oils, Hydroxyl l /atue (401): 182-220 

* Fats and Fixed Oils, Peroxiae Value (401): NMT 10 f 0 

* Fats and Fikeo Oils, Saponification Value (401): 143-165 

ADDITIONAL REąUIREMENTS 

* Packaging and Storage: Preserve in tight containers. 

* USP Reference Standards (11) 

U5P Isosorbide RS 
USP 1,4-Sorbitan RS 
C 6 H 12 O s 164.16 
USP SorbitoJ RS 


Sorbitan Trioleate 


DEFINITION 

Sorbitan Trioleate is the triester of Oleić Acid and Sorbitol 
and its mono- and dianhydndes, It yields, upon saponifr- 
caticm, NLT 85.5% and NMT 90.0% of fatty adds, and 
NLT 13.0% and NMT 19.0% of polyols (w/w). 



IDENTIFICATION 

* A. 

Sample: Residue obtained in the Assay for Fatty Adds 
Acceptance criteria 

Fats and Fixed Oils, Add t /atue (401): 192-204 on 1-g 
sample 

Fats and Fixed Oils, lodine Volue (401): 75-95 

• B. THFN-lAYER CHROMATOGRAPHIC IDENTIFICATION TEST 

( 201 ) 

Standard solution: 33 mg/mL of USP Isosorbide RS, 

25 mq/mL of USP 1,4-Sorbitan RS, and 25 mq/mL of 
sorbitol 

Sample solution: 250 mg/mL of polyols, obtained in 
the Assoy for Polyols 
Chromatographic system 
(See Chromotograpny (62 1), ThimLayer Chramato- 
graphy.) 

Adsorbent: 0.25-mm layer of chromatographic silica 
gel 

Application volume: 2 jiL 

Developing solvent system: Acetone and glacial ace- 
tic add (50:1) 

Spray reagent: Sulfuric add and water (50:50) 
Analysis 

Sampfes: Standard solution and Sample solution 
Apply the Standard solution and the Sample solution, 
and allow the spots to dry* Devełop the chromato- 
gram until the solvent front has moved about three- 
fourths of the lencjth of the piąte, Remove the piąte 
from the developmg chamber, mark the soivent 
front, and allow the solvent to evaporate. Spray 
evenly with Spray reagent until Ehe surface is uni- 
formiy wet (do not overspray), and immediately place 
the sprayed pfate on a 20O C hot piąte in a wellwenti- 
lated hood. Char until white fumes of sulfur trtoxide 
cease, and cool. 

Acceptance criteria: The values of the spots of the 
Sample solution correspond to those of the spots of the 
Standard solution. 


ASSAY 

• Fatty Acids 

Sample: 8,6 g 

Analysis: Transfer the Sample to a 500-mL conical fiask. 
Cautiously add 100 mL of alcohoi and 3.5 g of potas- 
sium hydroxide, then add a few glass beads, and mix. 
Connect a suitable condenser to the fiask, reflux the 
mixture on a hot piąte for 2 h, add 100 mL of water, 
and heat on a steam bath to evaporate the alcohoi, 
adding water occasionafly to replace the alcohoi. Con- 
tinue the evaporatron until the odor of alcohoi can no 
longer be detected, and transfer the saponification mix- 
ture, with the aid of 100 mL of hot water, to a 500-mL 
separator. Using extreme caution, neutralize to litmus 
paper with a mixture of equal voiumes of sulfuric acid 
and water, noting the vo!ume used, and add a 10% 
excess of the dilute acid. Allow the solution to cool. If 
saits appear, add sufficient water to produce a elear so¬ 
lution. Cautiously add 100 mL of solvent hexane, shake 
thoroughly, and withdraw the lower layer Into a second 
500-mL separator. Similarly extract with two morę 
100-mL portions of solvent hexane. Extract the com- 
bined hexane layers with 50-mL portions of water until 
neutral to litmus paper. Combine the extracts with the 
odginał aqueous phase to use for the Assay for Polyols . 
Evaporate the solvent hexane in a ta red beaker on a 
steam bath nearly to dryness, dry under vacuum at 60° 
for 1 h, cool in a desiccator, and weigh the fatty adds. 
Acceptance criteria: 85,5%-90,0% 

• Polyols 

Sample solution: Aqueous solution of polyols retained 
from the Assay for Fatty Adds 

Analysis: Neutralize the Sample solution with potassium 
hydroxide solution (1 in 10) to a pH of 1 , using a pH 
meter. Evaporate on a steam bath to a moist residue. 
Extract the polyols from the saits with three 150-ml 
portions of dehydrated alcohoi, boiling the salt residue 
for 3 min, and crushing it, as necessary, with the fiat- 
tened end of a stirnng rod during eacn extraction, Filter 
each extract while hot through a medium-porosity, 
sintered-glass funnel, provided with a sheet of retentive 
fiiter paper on whkh a layer of purified siliceous earth 
has been superimposed, and receiving the ffltrates tn a 
1-L suction fiask. Transfer the elear alcoholic polyols so¬ 
lution to a tared beaker, evaporate the alcohoi on a 
steam bath, dry under vacuum at 60° for 1 h, coo! in a 
desiccator, and weigh the polyols. 

Acceptance criteria: 13,0%-f9,0% (w/w) 

IMPURITSE5 

• Residue on Ignition (281): NMT 0.25% 


Delcte the followłng: 

Heavy Metals, Method II (231): NMT 10 pg/g* (oncm i* 

farv20\&) 

SPECIFIC TESTS 

• WATER DETERMiNATłON, Method I (921): NMT 0,7% 

* Fats and Fixep Oils, Add Value (401): NMT 17 

* Fats and Fixed Oils, Hydroxyl Voiue (401): 50-75 

• Fats and Fixed oils, lodine Value (401): 77-85 

« Fats and Fixed Oils, Saponification Vafue (401): 169-183 

ADDITIONAL REQUIREMENT$ 

* Packaging and Storage: Pres er ve in tight containers. 

• USP Reference Standards (11) 

USP Isosorbide RS 
USP 1,4-Sorbitan RS 
C 6 Hi 2 Os 164*16 
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Sorbitol 


HO M H OH 



CsHuOfi 182.17 

D-Glucitol [50-70-4]. 

DEFIN1TION 

Sorbitol contains NLT 91.0% and NMT 100.5% of D-sorbi- 
tof, calculated on the anhydrous basis, The amounts of 
total sugars, other poły hydrie aicohols, and any hexltof 
anhydrides, if detected, are not included in the reguire- 
ments, nor In the calculated amount under Other fmpuri- 
ties in General Notices. 

IDENTIFICATION 

* A. 

Sample solution: 1 g of Sorbitol in 75 mL of water 
Analysis: Transfer 3 mL of Sample solution to a 15-cm 
test tubę, and add 3 mL of freshiy prepared catechol 
solution (1 in 10), and mix. Add 6 mL of sulfuric acid, 
then gently heat the tubę in a flame for 30 s, 
Acceptance criteria: A deep pink or wine-red color 
appears, 

* B The retention time of the major peak of the Sample 

solution corresponds to that from the Standard solution , 
as obtained in the Assay. 

ASSAY 

* Procedurę 

Mobile phase: Llse degassed water 
System suifability solution: Prepare a solution contain- 
mg 4,8 mg/g of each USP Sorbitol RS and mannitol 
Standard solution: 4.8 mg/g of USP Sorbitol RS 
Sample solution: Dissolve 0J0 g of Sorbitol in water, 
ancf di lute with water to 20 g, Record the finał solution 
weight, and mix thoroughly. 

Chrom atographic system 
(See Chromatograpny (62’\) / System Suitability.) 

Modę: LC 

Detector: Refractive index 
Column: 7.8-mm x 10-cm; packing L34 
Temperaturę 
Column: 50 ±2° 

Detector: 35 p 
Flow ratę: 0.7 mL/min 
tnjection size: lOpL 
System suitability 

Sam pies: System suitability solution and Standard 
solution 

[NOTĘ—The relative retention times for mannitol and 
sorbitol are about 0,6 and 1.0, respectively.] 

Suitability reguirements 

Re solution: NLT 2.0 between sorbitol and mannitol, 
System suitability solution 

Relative standard deviation: NMT 2.0%, Standard 
solution 
Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage, on the annydrous basis, of 
D-sorbitol in the portion of Sorbitol taken: 

Result ^ (r y /r s ) x (G/Cu) x (100/(100 - W)) x 100 

r u - peak response from the Sample solution 

n = peak response from the Standard solution 

Cs - concentration of USP Sorbitol RS in the 
Standard solution (mg/g) 

Cu - concentration of Sorbitol in the Sample 
solution (mg/g) 


W - percentage obtained in the test for Water 
Determination 

Acceptance criteria: 91.0%-10G.5% on the anhydrous 
basis 


IMPURITtES 
* LIMIT OF NICKEL 

Sample solution: Dissotve 20,0 g of Sorbitol in diluted 
acetic acid, and dilute with diluted acetic acid to 
150 ml. 

Blank solution: 150 mL of diluted acetic acid 

Standard Solutions: Prepare three Solutions by adding 
0.5, 1.0, and 1.5 mL of nickel standard solution TS to 
20.0 g of Sorbitol dissolved in diluted acetic acid, and 
dilute with the same solvent to 150 mL. 

Instrumental conditions 


mtlon Spectroscopy (852>.) 
absorption spectroph oto metry 
tenath: 232.0 nm 


pyrrolidinec 
L of ammor 


(See Atomie Absorp 
Modę: Atomie at 
Analytical wavelengtf 
Lamp: Nickel hollow-cathode 
Flame: Air-acetyfene 
Analysis 

Samples: Standard Solutions and Sample solution 
To each sample add 2.0 mL of a saturated ammonium 
edithiocarbamate solution (containing 10 g/ 
ammonium pyrrolidinedithiocarbamate) and 
10.0 mL of methyl isobutyl ketone, and shake for 30 
s. Protect from bright lignt Allow the two layers to 
separata, and use the methyl isobutyl ketone layer. 

Set the instrument to zero using the organie layer 
from the Blank solution . Concomitantly aetermine the 
absorbances of the organie layer from the Samples at 
least three times each. Record the averaqe of the 
steady readings for each of the Standard Solutions and 
the Sample solution. Between each measurement, as- 
pirate the organie layer from the Blank solution, and 
ascertain that the reading returns to zero. Plot the 
absorbances of the Standard Solutions and the Sample 
solution versus the added guantity of nickel. Extrapo- 
late the linę joining the points on the graph until it 
meets the concentration axis. The distance between 
this point and the intersection of the axes represents 
the concentration of nickel in the Sample solution. 
Acceptance criteria: NMT 1 ppm 
Residue o u Ignition (281): NMT 0.1%, determined on a 
1,5-g portion 
Reducjng Sugars 

[NOTĘ—The amount determined in this test is not in¬ 
cluded in the calculated amount under Other Impurities 
in the General Notices.] 

Sample solution: Disso!ve 3.3 g of Sorbitol in 3 mL of 
water with the a id of gentle heat, Cool, and add 
20,0 mL of cupric dtrate TS and a few glass beads. 

Heat so that boiling begins after 4 min, and maintain 
boiling for 3 min. Cool rapidly, and add 40 mL of di¬ 
luted acetic acid, 60 mL of water, and 20,0 ml of 0,05 
N iodine VS. With continuous shaking, add 25 mL of a 
mtxture of 6 mL of hydrochloric acid and 94 mL of 
water, 

Analysis: When the precipitate has dissolved, titrate the 
excess of iodine with 0.05 N sodium thiosulfate VS us¬ 
ing 2 mL of starch TS, added toward the end of the 
titration, as an indicator. 

Acceptance criteria: NLT 12.8 mL of 0.05 N sodium 
thiosulfate VS is reąuired, corresponding to NMT 0.3% 
of reducing sugars, as glucose. 

Chloride and Sulfate, Chloride (221) (if labeled for use in 
prepa ring pa ren terał dosage forms) 

Sample: 1,5 g 

Acceptance criteria: The Sample shows no morę chlo¬ 
ride than corresponds to 0.10 ml of 0.020 N hydro¬ 
chloric acid (NMT 0.0050%). 

Chloride and Sulfate, Sulfate (221) (if (abeled for use in 
preparing parenteral dosage forms) 
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Sample: 1.0 g 

Acceptance arteria: The Sample shows no morę sulfate 
than corresponds to 0,10 ml_ of 0.020 N sulfuric add 
(NMT 0.01%). 

SPECIFIC TESTS 

• Mc robi al Ewumeration Tests (61) and Tests for Speci 
fied Microokganisms (62): The total aerobic count us- 
ing the Platę Method is NMT 1000 cfu/g, and the total 
combined mofds and yeasts count is NMT 100 cfu/g. 

* PH (791): 3.5-7.0, in a 10% (w/w) sołution in carbon 
dioxide-free water 

» Water Determinatign, Method I (921): NMT 1.5% 

■ Clarity and Color of Sołution (if labeled for use in pre- 
paring parenteral dosage forms) 

Sample: 10.0g 

Anaiysis: Dissolve the Sample in 100.0 mL of carbon di- 
oxiae4Tee water, 

Acceptance criteria: The sotution is elear and cołorless. 

• Bacterial Endotokins Test (85) (if labeled for use in pre- 
arina parenteral dosage forms): NMT 4 USP Endotoxin 
nits/g for parenteral dosage forms having a concentra- 

tion of less than 100 g/L ofsorbitol, and NMT 2.5 USP 
Endotoxin Units/g for parenteral dosage forms having a 
concentration of 100 g/L or morę of sorbitol 

ADDfTlONAL R EQUI RE MENTS 

* Packaging and Storace: Preserve in well-closed contain- 
ers. No storage requirements are specified. 

* Labeling; Sorbitol intended for use in preparing paren¬ 
teral dosage forms is so labeled. 

• USP Reference Standards (11) 

USP Endotoxin RS 
USP Sorbitol RS 


Noncrystallizing Sorbitol Sołution 

DEFINITION 

Noncrystallizing Sorbitol Sołution is an agueous sołution 
containing NLT 45.0% of D-sorbitol (QHn0 6 ) (w/w), The 
amounts of total sugars, other polyhydric alcohols, and 
any hexitol anhydrides, if detected, are not induded in 
the requirements nor in the calculated amount under 
General Notices, 5.60.10. Other łmpurities in USP and NF 
Art kies, 

IDENTIFICATION 

* A. Procedurę 

Sample sołution: Dissolve 1.4 g of Noncrystallizing Sor¬ 
bitol Sołution in 75 mL of water. 

Anaiysis: Transfer 3 mL of Sample sołution to a 15-cm 
test tubę, Add 3 mL of freshly prepared catechol sołu¬ 
tion (1 in 10), and mix. Add 6 mL of sulfuric acid, m?x 
again, and gently heat the tubę in a flame for 30 s. 
Acceptance criteria: A deep pink or wine-red color 
appears. 

* B. The retention time of the major peak from the Sample 
sołution corresponds to that of the Standard sołution, as 
obtained in the Assay . 

* c. Limit of Diethyłene Clycol and Ethylene Glycol 

Diluent: Acetone and water (96:4) 

Standard sołution: 0,08 mg/mL of USP Diethyłene Cfy- 
col RS and 0.08 mg/mL of USP Ethylene Clycol RS in 
Diluent 

Sample sołution: Transfer 2.0 g of Noncrystallizing Sor¬ 
bitol Sołution to a 25-mL Yolumetdc fiask. Add 1.0 mL 
of Diluent to the fiask, and mix on a vortex mixer for 3 
min. Add the remaining Diluent to the fiask to vo!ume 
in three equal portions. Mix on a vortex mixer for 
about 3 min after each additton of Diłuent Pass a por- 
tion of the supernatant layer obtained through a 0.45- 


pm nylon filier. Discard the first 2 mL of the fUtratę, and 
collect the rest of the filtrate for anaiysis. 

[Notę—A cetone is used to precipitate sorbitof.] 
Chromatographic system 
(See Chromatograpny (621), System Suitability,) 

Modę: GC 

Detector: Flame ionization 

Column: 0,32-mm x 15-m fused-silica capillary col- 
umn; 0,25-pm layer of phase G46 
Temperaturę 
Detector: 300° 
tnjector port: 24G P 

Column: See the temperaturę program Łabie below. 


Initial 

Temperaturę 

n 

Temperaturę 
Ramp 
ty ml ni 

Finał 

Temperatura 

n 

Hołd Time 
at Fina] 
Temperaturę 
(min) 

70 


70 

2 

70 

50 

300 

5 


Carrier gas: Helium 
Flow ratę: 3.0 mL/min 
injection size: 1.0 gL 

injection type: Split injection* * The split ratio is about 
10:1, [Notę—A split liner, deactivated with glass wool, 
is used.] 

System suitability 
Sample: Standard sołution 

[NOTĘ—Diethyłene glycol efutes after ethylene glycol in 
the chromatogram] 

Suitability requirements 

Resolution: NLT 30 between ethylene glycol and di¬ 
ethyłene glycol 
Anaiysis 

Samples: Standard sołution and Sample sołution 
Based on the Standard sołution, identify the peaks of 
ethylene glycof and diethyłene glycol, Compare the 
peak areas of ethylene głycoł and diethyłene glycol in 
the Standard sołution and the Sample sołution, 
Acceptance criteria 

Diethyłene glycol: The peak area of diethyłene glycol 
in the Sample sołution is NMT the peak area of diethył¬ 
ene glycol in the Standard sołution f corresponding to 
NMT 0*10% of diethyłene glycol in Noncrystallizing 
Sorbitol Sotution. 

Ethylene glycol: The peak area of ethylene glycol in 
the Sample sołution is NMT the peak area of ethylene 
lycol in the Standard sołution , corresponding to NMT 
,10% of ethylene glycol in Noncrystallizing Sorbitol 
Sołution. 

ASSAY 
* Procedurę 

Mobile phase: Use degassed water. 

System suitability sołution: 4.8 mg/g each of mannitol 
and USP Sorbitol RS 

Standard sołution: 4.8 mg/g of USP Sorbitol RS 
Sampie sołution: Weigh 0,20 g of Noncrystallizing Sor¬ 
bitol Sołution, and dissolve in and diiute with water to 
20 g. Record the finał sołution werght, 
Chromatographic system 
(See Chromo tograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 
Coiumn: 7,8-mm x 10-cm; packing L34 
Temperaturę 
Detector: 35° 

Column: 50 ± 2° 

Flow ratę: 0.7 mL/min 
Injection size: 10jiL 
System suitability 

Samples: System suitability sołution and Standard 
sołution 
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[Notę—T he reiative retention times for mannitol and 
sorbitol are about 0,6 and 1,0, respectively, System 
suitabiiity solution.] 

Suitability reguirements 

Resolution; NLT 2,0 between sorbitol and mannitol, 

System suitabiiity solution 

Relative standard deviation: NMT 2,0%, Standard 
solution 
Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of o-sorbitoi (CńHnOń) In the 
portion of Noncrystalllzing Sorbitol Solution taken: 

Result = (ru/r s ) x (C s /Cu) x 100 

ru = peak response from the Sample solution 

vs = peak response from the Standard solution 

C s - concentration of U5P Sorbitol RS in the 
Standard solution (mg/g) 

Cu - concentration of Nonerysfallizing Sorbitol 
Solution in the Sample solution (mg/g) 
Acceptance criteria: NLT 45.0% 

IR/iPURBTIES 
fnorgamc Impurifśes 

* Residue on Dgnition (281): NMT 0,1%, calculated on the 

anhydrous basis, determined on a 2-g portion 

* Limit of Neckel 

Solution A: A saturated ammonium pyrrolidine dithio- 
carbamate solution (containing 10 mg/mL of ammo¬ 
nium pyrrolidine dithiocarbamate) 

Sample solution: Dissoive 20,0 g of Noncrystalllzing 
Sorbitol Solution in diluted acetic add, and dilute with 
diluted acetic acid to 100.0 mL Add 2,0 mL of Solution 
A and 10.0 mL of methyl isobutyl ketone, and shake for 
30 s. Protect from bright light. Allow the two layers to 
sępa ratę, and use the methyf Isobutyl ketone layer. 
Blank solution: Prepare as directed for the Sample solu¬ 
tion f, except o mit the use of the Noncrystallizmg Sorbi¬ 
tol Solution. 

Standard Solutions: Prepare as directed for the Sample 
solution, except prepare three Solutions by adding 0,5, 

1.0, and 1,5 mL of nickel standard solution TS. 
Spectrometric conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometry 
AnalyttcaJ wavelengtn: 232,0 nm (maximum 
absorbance) 

Lamp: Nickd holfow-cathode 
Flame: AIr-acetyiene 

Analysis 

Samples: Standard Solutions , Sampfe solution, and 
Blank solution 

Set the Instrument to zero using the Biank solution. 
Concomitantly determine the absorbances of the 
Standard Solutions and the Sample soiution at least 
three times each. Record the average of the steady 
readings for each of the Standard Solutions and the 
Sample solution , Between each measurement, aspi- 
ratę the Blank solution, and ascertain that the read- 
ing returns to zero. Plot the absorbances of the 
Standard Solutions and the Sample solution versus the 
added quantity of nickeL Extrapofate the linę joining 
the polnts on the graph until it meets the concen¬ 
tration axls. The distance between this point and the 
intersection of the axes represents the concentration 
of nitkel in the Sample solution. 

Acceptance criteria: NMT 1 pg/g on the anhydrous 
basis 

Organie Impunties 

* Procedurę: Reducing Sugars 

Sample: An amount of Noncrystalllzing Sorbitol Solu¬ 
tion, equlvalent to 3.3 g on the anhydrous basis. 
Analysis: To the Sample , add 3 mL of water, 20.0 mL of 
cuprlc dtrate TS, and a few glass beads. Heat so that 


boilrng beglns after 4 min, and maintaln boiling for 3 
min. Cool rapidly, and add 40 mL of diluted acetic 
acid, 60 mL of water, and 20.0 mL of 0.05 N iodine 
VS. With continuous shaking, add 25 mL of a mixture 
of 6 mL of hydrochlorfc acid and 94 mL of water. 

When the precipitate has dissolved, titrate the excess of 
iodine with 0.05 N sodium thiosulfate VS using 2 mL of 
starch TS, added towards the end of the titration, as an 
indicator. 

Acceptance criteria: NLT 12.8 mL of 0.05 N sodium 
thiosulfate V5 is reguired correspondlng to NMT 0.3% 
of reducing sugars, on the anhydrous basis, as glucose, 
The amount determined in this test is not anduaed In 
the calculated amount under General Notices, 5.60.10, 
Other Impunties in USP and NF Artides. 

SPEC1FIC TESTS 

0 Mit robi al Enumeration Tests (61) and Tests for Speci- 
fied Microorganisms (62): The total aerobic mlcrobial 
count using the Platę Method is NMT 1000 cfu/mL, and 
the total combined molds and yeasts count is NMT 100 
cfu/mL. 

* PH (791): 5.0-7.5, in a 14% (w/w) solution of Noncrys- 
tallizing Sorbitol Solution in carbon dioxide-free water 

■ Water Determination, Method I (921): 28.5%-BI ,5% 

ADDITEONAL requirement$ 

■ Packaging and Storage; Preserve in welhclosed contain- 

ers. No storage requirements are specified. 

4 USP Reference Standards (11) 

USP Sorbitol RS 

USP Diethylene Gtycol RS 

USP Ethylene Glycof RS 


SorbStofl Sorbitan Solution _ 

Former Ti tle: Anhydrized Liqurd Sorbitd 

DEFINITION 

Sorbitol Sorbltan Solution is a water solution containing, on 
the anhydrous basis, NLT 25.0% of D-sorbitol (ĆłHuOń) 
and NLT 15.0% of 1,4-sorbitan (CsHizOs). The amounts of 
total sugars, other polyhydric alcohols, and any other hex- 
itol anhydrides, if detected, are not included in the re- 
guirements or in the calculated amount under General 
Notices, 5.60.10. Other Impunties in USP and NF Artides. 

IDENTIFICATION 

* A. Procedurę 

Sample: 1.4 g of Sorbitol Sorbltan Solution in 75 mL of 
water 

Analysis: Transfer 3 mL of Sample to a 15-cm test tubę. 
Add 3 mL of freshly prepared catechol solution (1 In 
10), and mix. Add 6 mL of sulfuric add, mix again, 
then gently heat the tubę In a flame for about 30 s, 
Acceptance criteria: A deep pink or wine-red color 
appears. 

® B, The retention times of the Sampfe solution correspond 
to those of the Standard soiution, as obtained En the As- 
say. 

o C Limit of Diethylene Glycol and Ethylene Glycol 

Diluent; Acetone and water (96:4) 

Standard solution: 0,08 mg/mL of USP Diethylene Gly¬ 
col RS and 0.08 mg/mL of USP Ethylene Glycol RS in 
Diluent 

Sample solution: Transfer 2.0 g of Sorbitol Sorbltan So- 
lutlon to a 25-mL yolumetric fiask. Add 1,0 mL of Difu- 
ent to the fiask, and mlx on a vortex mixer for about 3 
min. Add the remaining Diluent to the fiask to volume 
in three equal portions. Mix on a vortex mixer for 
about 3 min aner each addition of Diluent. Pass a por¬ 
tion of the supematant layer obtained through a 0.45- 
pm nylon fil ter. Discard the first 2 mL of the flltrate, and 
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collect the rest of the filtra te for analysis. [Notę —Ace- 
tone is used to precipitate sorbitol.] 

Chromatographic system 
(See Chromatography (621), System Su i ta hi fi ty.) 

Modę: CC 

Deteetor: Flame ionization 

Column: 0.32-mm x 15-m fused^srlica capitlary col- 
umn; 0.25-pm layer of phase C46 
Temperaturę 
Deteetor: 300° 

Injector port: 240° 

Column: See the temperaturę program table below. 


Initial 

1 Temperaturę 

n 

Temperatura 

Ramp 

(Ymon) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min) 

70 


70 

2 

70 

50 

300 

5 


Carrrer gas: Helium 
Flow ratę: TG mL/min 
Injection size; 1.0 pL 

Injection type: Split injection. The split ratio is about 
10:1. [NOTĘ—A spEit Ii ner, deactivated with glass wool, 
is used.] 

System suitability 
Sam ple: Standard solution 

[Notę—DE ethylene glyco! elutes after ethyfene glycol in 
the chromatografii .] 

Suita bility regurrements 

Resolution: NLT 30 between ethylene glycol and di¬ 
ethylene glycol 
Anaiysrs 

Sam pies: Standard solution and Sampie solution 
Based on the Standard solution, identify the peaks of 
ethylene glycol and diethylene glycol. Compare peak 
areas of ethyfene glycol and diethylene glycol in the 
Standard solution and the Sampie solution. 

Acceptance criteria 

Diethylene glycol: The peak area of diethylene glycol 
in the Sampie solution is NMT the peak area of dlethyl- 
ene glycol in the Standard solution f corresponding to 
NMT 0.10% of diethylene gfycol in Sorbitol Sorbitan 
Solution. 

Ethylene glycol: The peak area of ethylene glycol in 
the Sampie solution is NMT the peak area of ethylene 
lycol In the Standard solution , corresponding to NMT 
.10% of ethyfene glyco! in Sorbitol Sorbitan Solution. 

ASSAY 
o Procedurę 

Mobile phase: Water 

System suitability solution: TO mg/g of sorbitol, 4 mg/ 
g of 1,4-sorbitan, 4 mg/g of isosoraide, and 1 mg/g of 
mannitol in water 

Standard soiution: 10 mg/g of USP Sorbitol RS and 
4 mg/g of USP 1,4-Sorbitan RS in water 
Sampie solution: Dissolve 0.40 g of Sorbitol Sorbitan 
Solution in water, and dilute with water to about 20 g. 
Record the weight of the finał solution, and mix 
thoroughly. 


Chromatographic system 
(See Chromatography (621), System Suita bil i ty.) 

Modę: IX 

Deteetor: Refractive index 
Column: 7.8-mm x 10-crm; packlng L34 
Temperaturę 
Deteetor: 35° 

Column: 50 ± 2° 

Flow ratę: 0.6 mL/min 
Injection size: lOpL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[NoiE“The relative retention times for 1,4-sorbitan, 
isosorbide, mannitol, and sorbitol are about 0.35, 

0,43, 0.7, and 1.0, respectively,] 

Suitability requirements 
Resolution: NLT 2.0 between 1,4-sorbitan and 
isosorbide, System suitability solution 
Relative standard deviation; NMT 2.0% for each 
analyte, Standard solution 
Analysis 

Samples: Standard solution and Sampie solution 
Separatefy caleulate the percentages, on the anhydrous 
basis, of i,4-sorbitan and o-sorbttol In the portion of 
Sorbitol Sorbitan Solution taken: 

Result = (ru/rs) x (Cs/Cu) x [100/(100 - W)] x 100 

ru = peak responses of the corresponding anafyte 
from the Sampie solution 

rs - peak responses of the corresponding analyte 
from tne Standard solution 
Cs = concentration of the approprlate USP 

Reference Standard in the Standard solution 
(mg/g) 

Cu - concentration of Sorbitol Sorbitan Solution in 
the Sampie soiution (mg/g) 

W = percentage from the test for H/afer 

Determination 

Acceptance criteria: NLT 25.0% of CóH] 4 Oń and NLT 
15.0% of CtiH^Os on the anhydrous basis 

IMPURITIE5 
flnorgamc fmpurities 

9 Residue on Rcnition (281): NMT 0 20%, cakulated on 
the anhydrous basis on a 2-g portion 

• Limit of Nickel 

Solution A: A saturated ammonlum pyrrolldine dithlo- 
carbamate solution (10 mg/mL of ammonium pyr- 
rolidine dlthiocarbamate) 

Sampie solution: 200 mg/mL of Sorbitol Sorbitan Solu- 
tron in dlluted acetlc aeicL To 100 ml of this solution 
add 2,0 mL of Solution A and 10.0 mL of methyf 
isobutyl ketone, and shake for 30 s. Protect from bright 
fig hi. Aflow the two layers to se para te, and use the 
methyf isobutyl ketone layer. 

Standard Solutions: Prepare as directed for the Sampie 
solution f except to prepare three sofutions by adding 
0.5, 1.0, and T5 mL of nickel standard solution T5. 
Blank soiution: Prepare as directed for the Sampie sokh 
Ilon , except to omit the use of Sorbitol Sorbitan Solu¬ 
tion. Quantities shoufd be Increased five fold to ensure 
that a sufficient volume of Blank solution is avaifab!e, 
Spectrometnc conditrons 
(See Atomie Ahsorption Spectroscopy (852).) 

Modę: Atomie absorptron spectrophotometry 
Analytical wave!engtn: 232.0 nm (maximum 
absorbance) 

Lamp: Nickel hoI f o w-cathode 
Flame: Air-acetylene 
Anaiysls 

Samples: Blank solution , Standard Solutions , and Sam ¬ 
ple solution 
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Set the instrument to zero, using the Blank solution. 
Gońcom itantly determine the absorbances of the 
Standard Solutions and the Somple solution at least 
three times eaeh. Record the average of the steady 
readings for each of the Standard Solutions and the 
Sample solution. Between each measurement, aspE- 
rate the Blank solution , and ascertain that the read- 
rng returns to zero. Plot the absorbances of the 
Standard Solutions and the Sample solution versus the 
added ąuantity of nickeJ. Extrapolate fhe linę joining 
the points on the graph until it meets the concen¬ 
tration axis. The distance between this point and the 
intersection of the axes represents the concentration 
of nickel in the Sample solution. 

Acceptance criteria: NMT 1 ppm, calculated on the 
anhydrous basis 

Organie Smpudties 

* Procedurę: Reduonc Sugars 

Sample: An amount of Sorbitol Sorbitan Sofution 
equivalent to 3.3 g, on the anhydrous basis. 

Analysis: To the Sample, add 3 ml of water, 20.0 mL of 
cupric cl tratę TS, and a few glass beads, Heat so that 
boiling begins after 4 min, and maintain boiling for 3 
min. Cool rapidly, and add 40 mL of diluted acetic 
add, 60 mL of water, and 20.0 mL of 0.05 N iodine 
VS* With continuous shaking add 25 mL of a mixture of 
6 ml of hydrochloric acid and 94 mL of water. When 
the predpitate has disso!ved, titrate the excess of io- 
dine with 0.05 N sodium thiosulfate VS, usinp 2 mL of 
starch TS, added toward the end of the titration, as an 
indicaton 

Acceptance criteria: NLT 12,8 mL of 0,05 N sodium 
thiosulfate VS is required, correspondlng to NMT 0,3% 
of reducing sugars, on the anhydrous basis, as gJucose. 

[Notę—T he amount determinea in this test is not rn- 
cluded En the calculated amount under General Notices , 
5.60,10. Other Impurities in USP and NF ArtkiesĄ 

SPECJFIC TESTS 

« MitRORiAl Enumeration Tests (61) and Tests for Speci- 
fied Organisims {62): The total aerobEc microbial count 
using the Platę Method is NMT 1 000 tfu/mL. The totaE 
comoined molds and yeasts count is NMT 100 cfu/mL. 

* PH<791): 4.0-7.0, in a 14% (w/w) solution of Sorbitol 
Sorbitan Solution in carbon clioxide-free water 

* Water Determination, Method I <921): NMT 31.5% 

APPDTIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in well-closed contain- 

ers. No sto ragę reguirements specifled* 

* Labeling: The labeling indicates the percentage content, 
on the anhydrous basis, of D-sorbitoJ and 1,4-sorbitan. 

® USP Reference Standards (11) 

USP Diethylene Clyco! RS 
USP Ethylene Clycol RS 
USP 1,4-Sorbitan RS 

CfiHnOs 164.16 
USP Sorbitol RS 


Sorbitol Solutiors—see Sorbitol Solution 
General Monographs 


Soybean OiG— see Soybean Oil General 
Monographs 


Hydroęienated Soybean 018 

[8016-70-4]. 

DEF1NITION 

Hydrogenated Soybean OEI is the product obtained by refin- 
ing, bleaching, hydrogenation, and deodorization of oiE 
obtained from seeds of the soya plant Gtycine max Merr, 
(Fabaceae). The product consists mainEy of tnglycendes of 
pal mi Lit and stearic acids. 

IOENT1FICAT&ON 

* A. It meets the reguirements in Specific Tests for Fats and 

Fixed 0//s, Fatty Ada Compositlon (401). 
o B. It meets the requirements in Specific Tests for Melting 
Rangę or Temperaturę, Cass II (741). 

IMPURITIES 

* Limit of Nickel 

NickeJ standard solution: Immediately before use, pre- 
parę the equivafent of 0.2 ug/g of nickeJ by diiuting 
10 mL of nickel standard solution TS with water to 
500 mL. 

Sample solution: Weigh 5.0 g of Hydrogenated $oy~ 
bean OH into a previousiy ta red platinum or sili ca crud- 
ble. Cautiously heat, and introduce into the substance a 
wiek formed from twisted ashless filter paper. Ignite the 
wiek. When the substance ignites, stop heating. After 
combustion, ignite in a muffEe furnace at 600*. Con- 
tinue the indneration until white ash is obtained. After 
cooiing, transfer the residue, with the aid of two 2-mL 
portions of diluted hydrochloric add, to a 25-mL volu~ 
metric fiask, add 0.3 mL of nitric acid, and dilute with 
water to voiume. 

Standard Solutions: Into three Edentical 10-mL volu- 
metric flasks introduce 1.0, 2.0, and 4,0 mL of Nickel 
standard solution. To each fiask add a 2.0-mL portion of 
the Sample solution , and dilute with water to votume. 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption, equlpped with a graphite 
furnace 

Analytical wavelength: 232.0 nm 
Lamp: Nickel hollow-cathode 
Analysis 

SampJes: Somple solution and Standard Solutions 
Determine the absorbances of the Samples at least 
three times each. Record the average of the steady 
readings for each of the Samples. Plot the ab¬ 
sorbances of the Standard Solutions and the Sample 
solution versus the added guantity of nickel, and dra w 
the straight linę best fittlng the three plotted points. 
Extrapolate the linę until it meets the concentration 
axis, The distance between this point and the inter¬ 
section of the axes represents the concentration of 
nickel In the Sample solution. 

Acceptance criteria: NMT 1 jig/g 

* Alkaune Impurities 

Sample: 2.0 g 

Analysis: Dissolve the Sample by gentiy heating in a 
mixture of 1.5 mL of alcohol and 3.0 ml of toluene, 

Add 0.05 mL of bromophenol blue TS, and titrate with 
0.01 N hydrochloric aad V5 to a yellow endpoint 
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Acceptance cnteria: NMT 0*4 mL of 0,01 N hydrochlo- 
nc add VS is reguired. 

SPECIFiC TESTS 

* Melting Rance or Temperaturę, Ciass ii (741): 66°=72 D 

o Fats and FlKED OILS, Acid Vatue (401) 

Sample: TO g of Hydrogenated Soybean Oli 
Anafysis: Dissolve the Sample in 50 mL of a hot mixture 
of neutralized alcohoJ and toluene (1:1)* Add 0.5 mL of 
phenoJphthalein TS, and tmmediately titrate, while still 
not, with 0.1 N potasslum hydroxide VS to produce a 
permanent, faint pink color. 

Acceptance cnteria: NMT 0.5 

* Fats and Fixed Oils, fatty Add Composition (401): Hy¬ 
drogenated Soybean Gil exhibits the composition profife 
of fatty acids in Table 1. 


Table 1 


Carbon-Chain 

Lenath 

Number of 
Double Bonds 

Percentage 

<T4 

0 

<0.1 

14 

0 

<0.5 

16 

0 

9-16 

18 

0 

79-89 

20 

0 

£l.0 

22 

0 

<1.0 

18 

1 

<4.0 

18 

2 

<T0 

18 

3 

£0,2 


* Fats and Fixed Oils, Peroxide Vafue (401): NMT 5.0 

* Fats and Fixed Oils, Unsaponifiable Matter (401) 

Sampfe: 5.0 g 

Acceptance criteria: NMT 1.0% 
o Watek Oetermination, Method i (921): NMT 0.3% 

ADDITJTONAL REQU1REMENTS 

* Packaging and Storage: Preserve in tight, light-resistant 
containers. No storage regulrements are spedfied. 


Stąyalane 



CH a CH a CHj 


QoH* 2 422.81 

Tetracosane, 2,6,10,15,19,23-hexamethyl-; 

2,6,1 0,15,19,23-Hexamethy] tetracosane [111-01-3], 

DEFIN1TSON 

Squaiane is a saturated hydrocarbon obtalned by hydrogen- 
ation of sgualene, an aliphatic triterpene occurring in 
some fish oils. it contains NLT 97.0% and NMT 102.0% 
of 2,6,10,15,19,23~hexamethyltetracosane (C 3 oH 6 z). 

IDENTIFICATfiON 
* A. Infrared Absorftion (197F) 

Sample: Undrled specimen 
Acceptance criteria: Meets the requirements 
o B. Chromatographic Identitv 

Analysts: Proceed as directed in the Assay. 

Acceptance criteria: The retention time of the major 
peak of the Sample sofution, exduding the solvent peak, 
torresponds to that of the Standard solution. 


ASSAY 
e Procedurę 

Diluent: Heptane 

Standard solution: 4 mg/mL of USP Sguafane RS in 
Diluent 

System suitability solution: 4 mg/mL of USP Squalane 
RS and 4 pL/mL of methyl erucate in Diluent 
Sample solution: 4 mg/mL of Squalane in Diluent 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: CC 

Detector: Flame ionizatton 

Column: 0.32-mm x 30-m fused silica captllary col- 
umn bonded with a 1-pm iayer of phase C2 
Temperatures 
Detector: 300° 

Injection port: 275° 

Column: See Tobie 1. 


Table 1 


Initial 

Temperaturę 

m 

Temperaturę 

Ramp 

(Mmiii) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

60 

5.9 

290 

11 


Carrier gas: Helium 
Flow ratę: 1.7 mL/min 
Injection volume: 1 pL 

Injection type: Split injection. The split ratio is about 
12 : 1 . 

Liner: General purpose split/splitless liner with deacti- 
vated wool 
System suitability 

Samples: Standard solution and System suitability 
solution 

[Notę —The re!ative retention times for methyl erucate 
and sgualane are 0.9 and 1 *0, respectively,] 

Suitability reguirement 

Relative standard deviation: NMT 2%, Standard 
solution 

Resolution: NLT 5 between the peaks due to methyl 
erucate and squalane, System suitability solution 

Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of sgualane (CioHćz) in the 
portion of Sgualane taken: 

Result = (ru/rs) x (Cs/Cu) x 1 00 

r u = peak response from the Sample solution 

r$ = peak response from the Standard sofution 

Cs = concentration of USP Sgualane RS in the 
Standard solution (mg/mL) 

Cu = concentration of Squalane in the Sample 
sofution (mg/mL) 
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Acceptance criteria: 97.0%-102.0% 

IMPURFTIES 

• Resioue on ICNITION (281): NMT 0.5% 

5PECIFIC TE5TS 

• Specific Cravitv (841): 0.807-0.810 at 20° 

• Fats ano Fixed Oils, Acid Value (401): NMT 0.2 

• Fats and Fixed Oils, lodine Value <401): NMT 4 

• Fats and Fixed Oils, Saponification \/alue (401): NMT 2 

• Refractive 1ndex <S31 >: 1.4510-1.4525 at 20° 

ADDITIONAL REQUIREMENT$ 

• Packacinc and Storage: Preserve in tight containers. 

• USP Reference Standards Ol) 

USP Squalane RS 


Stannous Chloride 


SnCtz * 2H 2 0 225*65 

Tin chloride (SnCI 2 ) dihydrate [10025-69-1]* 

DEFINmON 

Stannous Chloride contains NLT 98*0% and NMT 102.0% 
of stannous chloride (SnCI 2 * 2H 2 0). 


IDENTIFICATION 

* A* * 


* B. 


Sample solution: To 0.40 g of Stannous Chloride add 
1 mL of dilute hydrochioric add solution (236 mt/L of 
hydrochloric add), and dilute with water to 20 mL 
[Notę—K eep a portion for the Limit of Sulfate test.] 
Analysis: To 1 mL of the Sample solution add a mixture 
of 5 mL of water and 0.05 mL of mercuric chloride TS, 
Acceptance criteria: A blackish-gray precipitate forms* 


Sample: 1.0 g 

Analysis 1: Dissolve the Sompfe in 3.0 mL of water. Add 
0.5 mL of dilute sodium hvdroxide solution (85 mg/mL 
of sodium hydroxide) to the doudy solution. 

Acceptance criteria 1: Ayelfowlsh, flocculent precipi* 
tatę Is formed. 

Analysis 2: Add 6.5 mL of water to the solution result- 
ing from Analysis 1 . To 1.0 mL of the prevfously shaken 
suspension add 1.0 mL of sodium hydroxide solution 
(420 mg/mL of sodium hydroxide). 

Acceptance criteria 2: The precipitate dissolves, and 
the resulting solution is elear ano colorless. 

* C Identification Tests—General, Chloride <191) 

Sam ple solution: Dissolve 10 mg of Stannous Chloride 
in 2 mL of 20% nitric acid. 

Acceptance criteria: Meets the reguirements 


ASSAY 

• Procedurę 

Sample: 0.1 g of Stannous Chloride 
Titrimetric system 
(See Titrimetry (541),) 

Modę: Direct titratron 
Titrant; 0.1 N iodfne VS 
Blank: 50 mL of water 
Endpoint detection: Colon metric 
Analysis: Dissolve the Sample in 50 mL of water freed 
from oxygen by purging with carbon dioxide or nitro- 
gen for 15 min prior to the addition. Add 1.5 mL of 0*8 
N hydrochloric acid, 5g of potassium sodium tartrate, 
10 g of sodium bicarbonate, and 1 mL of starch IS. Ti- 
trate the resulting solution immediately with Tttrant. 
Perform a blank determination, 

Calcufate the percentage of stannous chloride (SnCI 2 * 
2H 2 0) rn the Sample: 


Result = {{(V$ -V b )xNx f\!W\ x 100 


Vs = Titrant consumed by the Sampfe (mL) 

V B = Titrant consumed by the Blank (ml) 

N = actual nor mali ty of the Titrant (mEq/mL) 

F = equivalency factor, 112.8 mg/mEq 
W - Sampie weight (mg) 

Acceptance criteria: 98.0%-]02.0% 

IMPURITIES 
* Limit of Sulfate 

Acetic add solution: Dilute 30 mL of glacial acetic acid 
with water to 100 mL. 

30% Alcohol: Dilute 30 ml of alcohol with water to 
100 ml. 

Potassium sulfate solution 1: 1.8 mg/mL of potassium 
sulfate in 30% AioohoL Immediately before use, dilute 
with 30% Alcohol to obtain a solution having a known 
concentration of about 18 pg/mL. 

Potassium sulfate solution 2: L8 mg/mL of potassium 
sulfate in water. Immediately before use f dilute with 
water to obtain a solution havlng a known concentra¬ 
tion of about 18 pg/mL. 

Standard solution: Mix 3 ml of barfum chloride solu¬ 
tion (250 mg/mL) and 4.5 mL of Potassium sulfate solu¬ 
tion L Shake, and let stand for 1 min. To 2.5 mL of this 
solution add 15 mL of Potassium sulfate solution 2 and 
0.5 mL of Acetic add solution. Allow to stand for 5 min. 
Sampfe solution: Use 15 mL of the solution prepared in 
Identification test A. 

Analysis: Mix 3 mL of barium chloride solution 
(250 mg/mL) and 4.5 mL of Potassium sulfate solution 1. 
Shake, and fet stand for 1 min. To 2.5 mL of this solu¬ 
tion add the Sample solution and 0.5 mL of Acetic acid 
solution, Allow to stand for 5 min, 

Acceptance criteria: Any opalescence in the Sample so¬ 
lution is not morę intense than that in the Standard so¬ 
lution (500 ppm), 

• Limit of Iron 

Standard iron solution: Prepare as directed in Iron 
(241), Speciaf Reagents . 

Standard solution: Immediately before use, dilute 1 ml 
of Standard iron solution with water to 10 mL. This solu¬ 
tion contains the equivalent of 1 pg/mL of iron. 

Sample solution: Dilute 5 mL of the Sample solution, 
prepared as directed in Substances Not Precipitated by 
Thioacetamide, with water to 10 ml, 

Analysis: To 10 ml each of the Standard solution and 
the Sampfe solution add 2 mL of dilute citric acid 
(200 mg/mL) and OJ mL of thioglycolic acid, and mix. 
Make alkaline with a dilute ammonia solution (620 mL/ 

L of ammonium hydroxide). Dilute with water to 
20 mL. Allow the treated Standard solution and the 
treated Sample solution to stand for 5 min. 

Acceptance criteria: Any pink color in the Sample solu¬ 
tion is not morę intense than that in the Standard solu¬ 
tion (100 ppm). 

• Limit of Lead 

Dilute thioacetamide solution: [Notę—P repare tmme- 
diately before use.] To 0.2 mL of thioacetamide TS add 

1 mL of a mixture of 5 mL of water, 15 mL of 1 N so¬ 
dium hydroxide, and 20 ml of 85% glycerin. Heat in a 
water bath for 20 $. 

Standard solution: On the day of use, mix 1,0 mL of 
standard lead solution TS, 6 mL of water, 3 mL of so¬ 
dium hydroxide solution (420 mg/mL of sodium hy- 
droxide), and 0,5 mL of Dilute thioacetamide solution . 
Sample solution: Dissolve 1.0 g of Stannous Chloride in 

2 mL of a mixture of nitric ada and hydrochloric acid 
(1:3). Heat the solution on a water bath untN nitrous 
vapor is no longer evolved, Dissolve the residue in 
water, and dilute with water to 25 mL To 5 mL of this 
solution add 3 mL of sodium hydroxide solution 

(420 mg/mL of sodium hydroxide) and 2 ml of water, 
Heat untif a elear solution is obtained, and cool. Add 
0.5 mL of Dilute thioacetamide solution , and allow to 
stand for 2 min. 
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Analysis: Compare the Standard solution and the Sam- 
ple solution. 

Acceptance criteria; Any color in the Sample solution is 
not morę intense than that in the Standard solution 
(50 fig/g). 

SPECIFIC TEST5 
■ Appearamce of Solution 

Standard stock solution: Pipet 30.0 mL of ferric chlo- 
ride CS, 30.0 mL of cobaltous chlonde CS, and 24.0 mL 
of cupric sulfate CS Into a l OG-mL volumetric fiask. DL 
lute with 1% (w/v) hydrochiorie acid to volume. 

Standard solution: Dilute 1.0 ml of the Standard stock 
solution with 1% (w/v) hydrochiorie acid to 100 mL. 

Sample solution: Dissolve 10.0 g of Stannous Chforide 
in dilute hydrochiorie acid solution, and dilute with di¬ 
lute hydrochiorie acid solution to 20 mL. 

Acceptance criteria: The Sample solution is elear and 
colorless, or if not, not morę intensely colored than the 
Standard solution. 

* 5UB5TANCE5 NOT PRECIPITATED BY THIOACETAMIDE 

Sample solution: Dissotve 1.0 g of Stannous Chloride in 
dilute hydrochiorie acid solution, and dilute with the 
same acid to 30 mL. Heat to boi ling. Add 30 mL of thi- 
oacetamicie TS, and boi! for 15 min to produce Soiution 
A. Filter 5 mL of Solution A t and heat the filtrate to boiN 
ing. Add 5 mL of thioacetamide TS, and boli for 15 
min, If a predpitate is formed, add the remainder of 
Soiution A to the mixture to produce Soiution Al. Add 
10 mL of thioacetamide TS, and boiL Repeat the senes 
of operations from “Filter 5 mL" until a predpitate is no 
longer formed on addition of thioacetamide TS to the 
filtrate obtained from the 5 mL of Solution A (Solution 
Al, Solution A2 f and so on, respectively). If no predpi¬ 
tate is formed, or if no morę predpitate is formed, 
combine the soiution obtained with the remainder of 
Solution A (Solution Al, Solution A2, and so on, respec- 
tivefy), filter, and wash the predpitate with 10 ml of 
water. Heat the filtrate until the resulting vapor no 
fonger turns a moistened piece of lead acetate test pa- 
per blackish-gray. Al Iow to cool, and dilute with water 
to 50 mL. [Notę—K eep a portion for the Limit of Iron 
test,] 

Analysis: Ev a po ratę 25 mL of the Sample solution to 
dryness, and ignite at 6G0 n . 

Acceptance criteria: The residue we3qhs NMT 1 mq 
( 0 . 2 %). 

ADD1TIONAL REQUIREMENT5 

* Packaging and Storage: Preserve in well-closed contain- 

ers. No storage reguirements spedfied. 


Corai Sfrarcih_ 

Portions of the monograph text that are national USP text, 
and are not part of the harmonized text, are marked with 
symbols (**) to specify this fact. 

DEFINITiON 

Corn Starch consists of the starch granules separated from 
the maturę grain of corn [Zea mays L. (Fam. Cramineae)]. 


IDENTIFICATION 
■ A. 

Analysis: Examine under a mlcroscope, using a mixture 
of glycerin and water (1:1) as a mounting agent. 
Acceptance criteria: It appears either as angular poly- 
hedrai granuies of irregular sizes with diameters ranging 
from 2-23 pm, or as rounded or spheroidal granuies of 
irregular sizes with diameters ranging from 25-35 ]im. 
The centra] hilum consists of a distinct cavity or two- to 
five-rayed cleft, and there are no concentric striations. 
Between orthogonally oriented polarizing pEates or 
prisms, the starch granules show a distinct biack cross 
intersecting at the hilum. 

* B. 

Sample solution: 20 mg/mL in water 
Analysis: Boi! for 1 min, and cool. 

Acceptance criteria: A thin, cloudy mudlage is formed. 

* G 

Sample solution: 1 mL of the mudlage obtained En 
Identification test B 

Analysis: Add 0.05 mL of iodine and potassium lodide 
TS 2 to the Sample solution. 

Acceptance criteria: An orange-red to dark blue color 
is produced, which disappears upon heating. 

IMPURJTEES 

* Residue on Ignition (281) 

Sample: l.Og 

Acceptance criteria: NMT 0.6% 

* Limit of Iron 

Standard iron stock solution A: Equivalent to 10pg/ 
mL of iron prepared as directed in Iron (241) 

Standard tron stock solution B: 1 pg/mL of Iron from 
Standard iron stock solution A in water 
[NOTĘ—Prepare immediately before use.] 

Standard iron solution: Transfer 10 mL of Standard iron 
stock soiution B to a test tubę, and add 2 mL of citric 
add solution (2 in 10) and 0.1 mL of thioglycolic acid. 
Add 1 0 N ammonium hydroxide until the solution is 
distinctly ajkaline to litmus, and dilute with water to 
20 mL. 

Sample solution: Shake 1,5 g of Corn Starch with 
15 mL of 2 N hydrochiorie acid, and filter. Transfer 
10 ml of the filtrate to a test tubę, add 2 mL of citric 
add soiution (2 En 10), and 0.1 mL of thioglycolic add, 
Add 10 N ammonium hydroxide until the solution is 
distinctly alkaline to litmus, and dilute with water to 
20 mL 

Acceptance criteria: After 5 min, any pink cofor in the 
Sample solution is not morę intense than that in the 
Standard iron soiution, corresponding to a ii mit of 
10 ppm of iron. 

» Limit of sulfur Dioxide 

Carbon dioxlde: Use carbon dioxide, with a flow regu¬ 
lator that will maintain a fiow of 100±10 mL/min. 
Bromophenol blue indicator solution: 0.2 mg/mL of 
bromophenol blue in dilute aicohol. Filter if necessary. 
Hydrogen peroxide solution: Dilute 30% hydrogen 
eroxIde with water to obtain a 3% solution. Just 
efore use, add 3 drops of Bromophenol blue indicator 
solution, and neutralize to a vlolet-blue endpoint with 
0.01 N sodium hydroxtde, Do not exceed the endpoint. 
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Apparatus: See Figurę L 


In this test, the sulfur dioxide ts released from the sam¬ 
ple in a boiling acid medium and is removed by a 
stream of carbon dioxide, The separated gas is eol- 
lected in a drlute hydrogen peroxide solution where 
the sulfur dioxide is oxidized to sulfuric and and ti- 
trated with standard alkali. The apparatus consists es- 
sentially of a 500-mL three-neek, round-bottom boiling 
fiask. A; a separatory funnel, 8, havinq a capadty of 
100 ml or greater; a gas inlet tubę of sufficient fength 
to permit introduction of the carbon dioxide withm 
2.5 cm of the bottom of the boiling fiask; a reflux con¬ 
denser, C, having a jacket length of 200 mm, and a 
delivery tubę, E, connecting the upper end of the re- 
flux condenser to the bottom of a receiving test tubę, 
D. Apply a thin film of stopcock grease to the sealing 
surfaces of all of the ioints except the joint between 
the separatory funnel and the boiling fiask, and damp 
the ioints to ensure tightness, 

Sample: 25.0 g of Corn Starch 

Analysis: Add 150 mL of water to the boiling fiask. 

Close the stopcock of the separatory funnel, and begin 
the flow of carbon dioxide at a ratę of 100 ±5 ml/min 
through the Apparatus. Start the condenser coolant 
flow. Add TO mL of Hydrogen peroxide solution to a re- 
ceiving test tubę. After 15 min, without interrupting the 
flow of carbon dtoxide, remove the separatoiy funnel 
from the boiling fiask, and transfer the Sample into the 
boiling fiask wifn the aid of 100 ml of water Apply 
stopcock grease to the outer joint of the separatory fun¬ 
nel, and replace the separatory funnel in the boiling 
fiask, Gose the stopcock of the separatoiy funnel, and 
add 80 mL of 2 N nydrochloric acid to the separatory 
funnel. Open the stopcock of the separatory funnel to 
permit the hydrochforic add solution to flow into the 
boiling fiask, guarding against the escape of sulfur diox* 
ide into the separatory funnel by closing the stopcock 
before the last few mL of hydrochloric acid dram out, 
Boil the mixture for 1 h. Remove the receiving test 
tubę, and transfer its contents to a 200-mL wide- 
necked, conical fiask, Rinse the receiving test tubę with 


a smali portion of water, add the rinsing to the 200-mL 
conical fiask, and mix, Heat on a water bath for 15 
min, and allow to cooL 

Add 0,1 mL of Bromophenol blue indicator solution, and 
titrate the contents with 0.1 N sodtum hydroxide VS 
until the color changes from yellow to violet-blue. Per- 
form a blank determination, and make any necessary 
correction (see Titrimetry (541 )). 

Calcufate the eon tent, in ppm, of sulfur dioxide in the 
Sample taken: 

Result - (Vx N x F)/W x 1000 

V = volume of titrant consumed (mL) 

N = normality of the titrant 
F = mifliequtvalent weight of sulfur dioxide, 32.03 
W = weight of the Sample (g) 

Acceptance criteria: NMT 50 ppm 

* Limit of Oxidizing Substances 

Sample solution: Transfer 4.0 g to a glass-stoppered, 
125-mL conical fiask, and add 50.0 mL of water. Insert 
the stopper, and swirl for 5 min. Transfer to a glass- 
stoppered, 50-mL centrifuge tubę, and centrlfuge to 
clarify. Transfer 30.0 mL of the elear supernatant to a 
glass-stoppered, 125-mL conical fiask. Add 1 mL of gla- 
ciał acetic acid and 0,5-1.0 g of potassium iodide. In¬ 
sert the stopper, swirl, and allow to stand for 25-30 
min in the dark, Add 1 mL of starch TS. 

Analysis: Titrate with 0.002 N sodium thiosulfate VS to 
the disappearance of the starch-iodine color. Perform a 
blank determination, and make any necessary correc¬ 
tion, Each mL of 0,002 N sodium thiosulfate is equiva- 
lent to 34 pg of oxidant, calculated as hydrogen 
peroxide. 

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium 
thiosulfate is required (20 ppm, calculated as hhOi). 

SPECfFIC TESTS 

* Microbial Enumeration Tests (61) and Tests for Speci 
FIID Microorganisms (62): The total aerobic microbial 
count does not exteed 10* cfu/g; the total combined 
molds and yeasts count does not exceed lO 2 cfu/g; and 
it meets the reguirements of the test for the absence of 
Escherichia coli * Where it is intended for use in preparing 
Absorbable Dusting Powder, it also meets the requ!re- 
ments of the tests for absence of Staphylococcus aureus 
and Pseudomonos aeruginosa .* 

* Loss ON Dryinc (731) 

Sample: 1 g 

Analysis: Dry the Sample at 130° for 90 min, 

Acceptance criteria: NMT 15.0% 

* PH (791) 

Sample solution: Prepare a sluriy by weighing 5.0 g of 
Corn Starch, transfemng to a suitable nonmetaJlic Con¬ 
tainer, and adding 25.0 mL of freshfy boiled and cooled 
water. 

Analysis: Agitate continuously at a moderate ratę for 1 
min. Stop the agitation, and allow to stand for 15 min. 
Determine the pH to the nearest 0,1 unit. 

Acceptance criteria: 4. 0-7,0 

ADD (Tl ON AL REQUIREMENT5 

* * Pach ag ing and Storage: Preserve in wetl-closed con- 
tainers. No storage reguirements specified.* 

* +LASELING; Where Corn Starch is intended for use in pre- 
paring Absorbable Dusting Powder, it is so labeied, and 
the label States that it must be subjected to further Pro¬ 
cessing during the preparation of Absorbable Dusting 
Powder,* 
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Hydroxvpropyl Corn Starch 



For the Amyfose derivative, m is about 300-1000, 

DEFIN1TION 

Hydroxy propyl Corn Starch is partially substituted 2-hydrox- 
ypropyletner obtained from corn starch by a Chemical 
modmcation of etherification with propylene oxide. In ad- 
dition, thls starch may be partially nydrolyzed using acids 
or enzymes to obtafn thinned starch. It contains NLT 
2 . 0 % and NMT 7,0% of hydroxypropyl groups on the 
dried basis. 

IDENTIFICATION 

* A, Procedurę 

Anaiysis: Examine under a microscope, using NLT 20 x 
magnification and a mixture of glycerrn and water ( 1 : 1 ) 
as a mounting agent. 

Acceptance criteria: It presents either as angular poly- 
hedral granules of irregular sizes with diameters ot 2-23 
pm, or as rounded or spheroidal granules of irregular 
sizes with diameters of 25-35 jim. The central hlfum 
consists of a distinct cavity or 2- to 5-rayed cleft, and 
there are no concentric striations, Between crossed nico! 
prrsms, the Hydroxypropyl Corn Starch granules show a 
distinct black cross intersecting at the hifum. 

* B. PROCEDURĘ 

5 ample sol u t fon: Suspend 1 g of Hydroxy propyl Corn 
Starch in 50 ml of water, boiffor 1 min, and cooJ. 
Acceptance criteria: A translucent or dear mucilage is 
formed. 

* C. Procedurę 

Analysis: To 1 mL of the Sampie solution obtained in 
Identification test B add 0.05 mL of iodine and potas- 
sium iodide TS 2. 

Acceptance criteria: An orange-red to dark blue color 
is produced, which disappears upon heating. 

* D. Procedurę 

Ninhydrin solution: DtssoJve 3 g of ninhydrin in 
100 mL of a 45.5-g/L solution of sodium metabisulfite. 
Diluted sulfuric acfo: 98 g/l of H 2 SO 4 
Sample: 100 mg of Hydroxypropyl Corn Starch 
Analysis: Transfer the Sample to a 100 -mL volumetric 
fiask, and add 12.5 mL of Diluted sulfuric add . Place the 
fiask in a water bath, and heat until the Sample is dis- 
solved. Cool, and dilute with water to lOOmL. [Cau- 
tion —When sulfuric acid is misdble with water, it pro- 
duces intense heat.] 

Pipet 1 mL of this solution to a glass-stoppered, 25-mL 
graduated test tubę and, with the tubę immersed in 
cold water, add drop-wise 8 mL of sulfuric acid. Mix 
well, and place the tubę in a boiling water bath for 
exactly 3 min. Immediately transfer the tubę to an ice 
bath until the solution is chilled. Add 0.6 mL of 
Ninhydrin solution, carefully allowing the reagent to 
run down the walls of the test tubę. Immediately 
shake the Lube well, and place it in a water bath at 
25° for 100 min. Diiute with sulfuric acid to 25 mL 
[Caution— Use sulfuric acid cautiously.], and mix by 
inverting the tubę severa! times, Do not shake. 


Acceptance criteria: A vioiet color develops within 5 
min due to the presence of hydroxypropyl groups 
(starch ether). 

A55AY 

• Procedurę for Hvdroxvpropyl Croups 

Deuterium chloride solution: Dilute 1 mL of deuterium 
chloride (38% w/w) with 5 mL of deuterium oxide. 
Internal standard solution: Disperse 50.0 mg of so¬ 
dium 3-trimethylsilyl-l-propane sulfonate in about 5g 
of deuterium oxide, weighed to the nearest 0.1 mg. 
Storę in a sealed bottle. 

Sample solution: Disperse 20 g of Hydroxypropyl Corn 
Starch in 200.0 mL of carbon dioxide-free water at 
room temperaturę. Agitate for 15 min, and filter. Re- 
peat the operation two morę times. If poor dispersibility 
or slow filtra tion is observed, use refrigerated carbon 
dioxide-free water for the washing operation. Dry the 
washed starch for NLT 4 h in vacuum at 30 ±5°. Deter- 
mfne the moisture content (B) on 5 g of the washed 
and dried starch following the Lass on Drying test. 

Weigh 12,0 mg of the washed and dried starch in a 
5-mm NMR tubę. Add 0.75 mL of deuterium oxide and 
0.1 mL of Deuterium chloride solution. Cap the tubę, 
mix, and place it in a boiling water bath until a elear 
solution is obtained. [NOTĘ—This may take 3 min to 1 
h.] When a dear solution is obtained, aliow to cool to 
room temperaturę. Dry the exterior of the tubę, and 
weigh to the nearest 0.1 mg. Add 0.05 mL of Internal 
standard solution, and weigh to the nearest 0,1 mg, De- 
termine the mass of the Internal standard solution 
added. Mix thoroughly. 

Nudear magnetic resonance spectrometry 
(See Nudear Magnetic Resonance Spectroscopy (761), 
Quantitative Applications.) 

Apparatus; FT-NMR spectrometer at minimum 
300 M Hz 

Acguisitlon of ł H NMR spectra: The following param- 
eters may be used. 

Sweep wrdth; 8 ppm (about - 1 .0 to +7 ppm) 

Irradiation freguency offset: Nonę 

Time domain: NLT 64 K 

Pulse width: 90 degree 

Pulse delay: 10 s 

Dummy seans: 0 

Number of seans: 8 

Use the CH* signal of the internal standard for shift 
referencing. Set the shift of the peak of the singlet to 
0 ppm. Record the FID signal. 

Analysis 

Samples: Internal standard solution and Sample solution 
Cali the integration sub-routine after phase corrections 
and baseline correction between -0.5 and +6 ppm. 
Measure the peak areas of the doublet from the methyl 
groups of the hydroxypropyl function at + 1.2 ppm 
(Aa), and of the methyl groups at 0 ppm of the inter¬ 
nat standard (At) without n C-sateflites. 

Measure the signal coming from the 3 protons of the 
methyl group in the hydroxypropyI function. 

Calcu Ja te the content of hydroxypropyl groups as a per- 
centage (w/w, dried basis): 

Result =(Nx A 2 M0 x (C x WJW) x (M r 2 /M r 0 x [100/ 
(100— B)] x 100 

N = numericai value representing the 3 methyl 
groups in the internal standard (sodium 
3-tnmethylsilyl-l-propane sulfonate), 3 
A 2 = area of the methyl groups of hydroxypropyl in 
Hydroxypropyl Corn Starch 
Aj = area of the methyl groups in the internal 

standard (sodium 5-trimethylsilyl-l -propane 
sulfonate) 

Q - concentration of the interna! standard in the 
internal standard solution (mg/g) 
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W, = weight of the Interno! standard solution in the 
NMR tubę (g) 

W = weight of the washed and dried 

Hydroxypropy) Corn Starch m the NMR lube 
(mg) 

Mn - molecular weight of the internal standard, 

21832 g/mol 

M fJ = molar mass of hydroxypropyl group, 59.09 g/ 
mol 

8 = moisture eon tent of the washed and dried 

Hydroxy propyl Corn Starch used in the 
Sample solution, as a percentage (w/w) 
Acceptance criteria: The ton tent of hydroxypropyl 
groups is 2.0%-7.0% on the dried basts. 

IMPURITIES 
Inorganic Impurities 

• Resipue on tGNiTiON (281): NMT 0.6%, determined on a 

1.0-g test specimen 

• Limit of Iron 

Standard iron stock solu tłom Prepare a solution eon- 
taining the equivalent of lOpg/mL of iron, as direoted 
under Iron <241), 

Diluted standard iron solution: Immediately before 
use, dii ute an accurately measured volume of Standard 
Iron stock solution quantitatively with water to obtain a 
solution containing the equivafent of 1 pg/mL of iron. 
Standard solution: Transfer 10 ml of the Diluted stan¬ 
dard iron solution to a test tubę. Add 2 mL of citric acid 
solution (2 in 10) and 0,1 mL of thioglycolic add, and 
mix. Add 10 N ammonium hydroxide until the solution 
is distinctly alkallne to litmus, dilute with water to 
20 mL, and mix. 

Sample solution: Shake 1.0g of Hydroxypropyl Com 
Starch with 20 mL of 2 N hydrochloric add, and filter. 
Transfer 10 mL of the filtrate to a test tubę. Add 2 mL 
of citric add solution (2 in 10) and OJ mL of thiotjiy- 
colic acid, and mix. Add 10 N ammonium hydroxide 
until the solution is distinctly afkaline to litmus, dilute 
with water to 20 mL, and mix* * 

Acceptance criteria: After 5 min, anv pjrik cofor in the 
Sample solution is not morę intense than that in the 
Standard solution , corresponding to a limit of 20 jig/g 
of iron. 

• Limit of Sulfur Diqx*de, Method IV (525): NMT 50 ppm 

Organie Impurities 

a Procedurę i: Limit of Oxidizing Substances 

Sample: 4.0 g of Hydroxypropyl Corn Starch 
Analysis: Transfer the Sample to a glass-stoppered, 
125-mL conicaf fiask, and add 50,0 mL of water. Insert 
the stopper, and swirl for 5 min. Transfer to a glass- 

S ered, 50-mL centrifuge tubę, and centrifuge to 
/, Transfer 30.0 mL orthe elear supematant to a 
glass-stoppered, 125-mL conical fiask, Add 1 mL of gla- 
ciaJ acetic acid and 0.5-1.0g of potassium iodide. In¬ 
sert the stopper, swirl, and allow to stand for 25-30 
min in the dark. Add 1 ml of starch TS, and titrate 
with 0.002 N sodium thiosulfate VS to the disappear* 
ance of the starch-iodine color. Perform a blank deter- 
mination, and make any necessary correction. Each mL 
of 0,002 N sodium thiosulfate VS Is equivalent to 34 pg 
of oxrdant, calculated as hydrogen peroxide. 
Acceptance criteria: NMT 1,4 mL of 0.002 N sodium 
thiosulfate VS is required (20 pg/g, calculated as H 2 0 2 ). 
* Procedurę 2: Foreign Matter 

Sample: 50 mg/mL of Hydroxypropyl Corn Starch In a 
mixture of glycerin and water (1J) 

Analysis: Examine under a microscope, using NLT 20x 
magnification and a mixture of glycerin and water 
{1:1} as a mounting agent. 

Acceptance criteria: NMT traces of matter other than 
HydroxypropyI Corn Starch granules are present. 


SPECIFIC TESTS 

* Microbi al Enumeration Tests (61) and Tests for Speci 
fied Microorganisms <62): The total aerobic microbtal 
count does not exceed 10* cfu/g, and the total com- 
bined molds and yeasts count does not exceed 1 0 Z cfu/ 
g, It meets the reguirements of the test for the absence 
of Escherichia coli. 

* PH (791) 

Sample solution: Suspend 5,0 g of Hydroxypropyl Com 
Starch in 25,0 mL of carbon dioxide-free water, and 
shake for 60 5 . Allow to stand for 15 min. 

Acceptance criteria: 4.5-8.0 

* Loss OH Drying (731): Dry about 1 g at 1 30° for 90 min: 
it loses NMT 15.0% of its weight. 

ADDITIONAL RE QU IR EM EN T 5 

* Packaging and Storage: Preserve in well-cfosed contain- 
ers. Storę at room temperaturę. 


Pregelatinized Hydroxypropyl Corn 
Starch 


DEFINITION 

Pregelatinized Hydroxypropyl Corn Starch is prepared from 
Hydroxypropyl Corn Starch by mechanical processing in 
the presence of water, with or without heat, to rupture alf 
or some of the starch granules, and is subseguentiy dried, 
It contains NLT 2.0% and NMT 7,0% of hydroxypropy[ 
groups on the dried basis. 

IDENTIFICATION 

* A, Test for Pregelatinized State 

Sample: 1 g 

Analysis: Disperse the Sample in 50 mL of water at a 
temperaturę NMT 25°. Shake vigorously until iumps 
completely disperse/sołubiJtze or until Iumps disappear. 
Allow to stand for 20 min. 

Acceptance criteria: A translucent or elear mucilage 
without precipkate is formed, 

* B. Test for Starch 

Analysis: Disperse 0.5 g in 2 mL of water without heat- 
ing, and add 0,05 mL of iodine and potassium iodide 

Acceptance criteria: A reddislwiolet or blue color is 
produced. 

* C, Ninhydrin Test 

Ninhydrtn solution: Dissolve 3 g of ninhydrin in 
100 mL of a 45.5-g/t solution of sodium metabisulfite, 
Diluted sulfuric add: 98 g/L of H 25 O 4 
Sample: 100 mg 

Analysis: Transfer the Sample to a IGO-mL volumetric 
fiask, and add 12.5 mL of Diluted suifuric acid . Place the 
fiask in a water bath, and heat until the Sample is dis- 
solved. Cooi, and dilute with water to 100 ml. [Cau- 
tion —When sulfuric acid is miscibfe with water, it pro- 
duces intense heat.] 

Pipet 1 mL of this solution to a glass-stoppered 25-mL 
graduated test tubę and, with the tubę immersed in 
cold water, add dropwise 8 mL of sulfuric acid. Mix 
well, and place the tubę in a boiling water bath for 
exactly 3 min, Immediately transfer the tubę to an ice 
bath until the solution is chilled. Add 0.6 mL of 
Ninhydrin solution , carefully allowing the reagent to 
run down the walls of the test tubę. Immediately 
shake the tubę we li, and place it in a water bath at 
25° for 100 min. Diiute with sulfuric acid to 25 mL, 
[Gautign —Use sulfuric add cautiously.] Mix by in- 
verting the tubę several times. Do not shake. 
Acceptance criteria: A violel color deyeiops witliin 5 
min due to the presence of hydroxypropyl groups 
(starch ether). 


NF Monographs 





NF Monographs 


7910 Starch / Offidal Monographs 


NF 35 


AS5AY 

• Assay for Hydroxypropyl Groops 

Deuterium chlor i de solution: Dilute 1 ml of deuterium 
chloride (38% w/w) with 5 ml of deuterium oxtde. 
Internal standard solution: Disperse 50.0 mg of so¬ 
dium 3-tnmethyfsilyM-propane sulfonate ]n about 5 g 
of deuterium oxide, weighed to the nearest 0.1 mg. 
Storę in a sealed bottie. 

Sam ple solution: Determine the moisture content (8) 
of 5 g of Pregelatinized HydroxypropyJ Corn Starch foi- 
lowing the toss on Drying test* Weigh 12.0 mg of Pre¬ 
gelatinized Hydroxypropyl Corn Starch in a 5-mm NMR 
tubę. Add 0.75 ml of deuterium oxide and 0.1 m!_ of 
Deuterium chloride solution . Cap the tubę, mix, and 
place it in a bolling water batn until a elear solution is 
obtained. [Notę— mis may take from 3 min to 1 hj 
When a elear solution is ootained, allow it to cool to 
room temperaturę. Diy the exterier of the tubę, and 
weigh to the nearest 0.1 mg* Add 0,05 mL of Intemal 
standard solution. Weigh to the nearest 0.1 mg. Deter¬ 
mine the mass of the Intemal standard solution added. 
Mix thoroughiy. 

Instrumental condltions 

(See Nuclear Magnetic Resonance Spectroscopy (761), 
Quantitative Applications.) 

Modę: Nuclear magnetic resonance spectrometry 
Apparatus: FT-NMR spectrometer at minimum 
300 MHz 

Acquisition of T H NMR spectra: The following param- 
eters may be used: 

Sweep width: 8 ppm (about -1 *0 to +7 ppm) 
frradiation freguency offset: Nonę 
Time domain: NUT 64 K 
Pulse width: 90® 

Pufse delay: 10 s 
Dum my seans: 0 
Number of seans: 8 

Use the Chh signa) of the internal standard for shift 
referendng. Set the shift of the peak of the singiel to 
0 ppm. Record the F1D signal 
Anaiysis 

Samptes: Internal standard solution and Sample solution 
Cali the integration subroutine after phase corrections 
and baseline correction between -0.5 and +6 ppm. 
Measure the peak areas of the doublet from the methyl 
groups of the hydroxypropyl function at +1.2 ppm 
(AJ, and of the methyl groups at 0 ppm of the inter¬ 
nal standard (Ar) without u C-satellites. 

Measure the signal originating from the 3 protons of 
the methyl group in the hydmxypropyl function. 
Calculate the content of hydroxypropyl groups as a per¬ 
ce n lag e (w/w, dried basis): 

Result - (N x A 2 IAr) x (G x WJW) x (MJMn) x [100/ 

(100 - B)] x 100 

N - numerical value representing the 3 methyl 
groups In the internal standard (sodium 
3-trimethyisilyM-propane sulfonate), 3 
Aj - area of the methyl groups of hydroxypropyl in 
Pregelatinized Hydroxypropyl Corn Starch 
Aj - area of the methyl groups In the internal 

standard (sodium 3-tnmethylsilyl-1-propane 
sulfonate) 

G = concentration of the internal standard in the 
intemal standard solution (mg/g) 

W t - weight of the InternoI standard solution in the 
NMR tubę (g) 

W - weight of the Preoelatinized Hydroxypropyl 
Corn Starch in tne NMR tubę (mg) 

Ma - molar mass of hydroxypropyl groups, 59.09 g/ 
mol 


M r j - molecular weight of the internal standard, 
218.32 g/mol 

B ” moisture content of the Pregelatinized 
Hydroxypropyl Corn Starch used in the 
Sample s olution t as a percentage (w/w) 
Acceptance criteria: 2.0%-7*0% of hydroxypropyl 
groups on the dried basis 

IMPURITIES 

• Residue on Icnition (281): NMT 0.6%, determined on a 

1 *0-g test specimen 

• Limit of Krom 

Standard iron stock solution: Prepare a solution ton- 
taining the equivalent of 10j.tg/mL of iron, as directed 
under Iron (241). 

Diluted standard iron solution: Immediately before 
use, dilute an accurateiy measured volume of the Stan¬ 
dard iron stock solution quandtatively with water to ob- 
tatn a solution containing the equivalent of 1 jug/mL of 
iron. 

Sample solution: Shake the residue obtained from the 
test for Residue on Ignition with 20 mL of 2 N hydro- 
chloric add, and filter, Transfer 10 mL of the filtrate to a 
test tubę. Add 2 mL of ertrie add solution (2 in 10) and 
OJ mL of thioalyeolic add, and mix* Add 10 N ammo- 
nium hydroxide until the solution is distinctly alkaline to 
litmus, dilute with water to 20 mL, and mix. 

Standard solution: Transfer TO mL of the Diluted stan¬ 
dard iron solution to a test tubę, Add 2 mL of citric add 
solution {2 in 10) and 0*1 ml of thiogiycolic add, and 
mix. Add 10 N ammonlum hydroxide until the solution 
is dlstinctly alkaline to litmus, dilute with water to 
20 mL, and mix. 

Acceptance criteria: After 5 min, any pink color in the 
Sampie solution is not morę intense tnan that in the 
Standard solution , corresponding to a limit of 20 ppm of 
iron* 

• Limit of Sulfur Dioxide, Method IV (525): NMT 50 ppm 

• Limit of Propylene Glycol 

Interna! standard solution: 0.5 mg/mL of 1,3- 
propanedio! in anhydrous pyridine 
Standard stock solution: 0.5 mq/ml of U5P Propylene 
Glycoi RS in InternaI standard solution 
Standard solution: Transfer OJ ml of the Standard 
stock solution to a 2-mL vessel with a screw cap fitted 
with a septum. Add 0.9 mL of anhydrous pyridine, 

0,2 mL of hexamethyldisilazane, and OJ mL of trimeth- 
ylchlorosiJane, Close, and mix. Aflow to stand for 15 
min before injection, 

Sampie stock solution: Transfer 200 mg of Pregelati¬ 
nized Hydroxypropy) Corn Starch to a 100-mL volumet- 
ric fiask. Add 1.0 mL of the Intemal standard solution 
and 9.0 ml of anhydrous pyridine. Boil under reflux us* 
ing a water bath for 20 min* Allow to cool to room 
temperaturę, 

Sampie solution: Transfer 1.0 mL of the Sample stock 
solution to a 2-mL vessel with a screw cap fitted with a 
septum. Add 0.2 mL of hexamethy!d[silazane and 
0.1 ml of trimethylchlorosilane. Close, and mix. Allow 
to stand for 15 min before injection. 

Chromatographic system 
(See Chromatograpny (621), System Suitabiłity.) 

Modę: GC 

Detector: Flame ionization 

Column: 0.32-mm x 3Q~m fused-silica capillary coL 
umn; 0.25-^m fayer of phase Cl 
Temperaturo 
Detector: 250° 

Injection port: 250° 

Column: 70 c . [NoiE—The column must be desorbed 
regularly. Condltions: Program from 70° to 3Q0 C at 
7°/min, and maintain 10 min at 300°.] 
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Carrier gas: Helium 
FI o w ratę: 3 ml/min 
injection type: Split ratio of 1:30 
injection size: 1 pL 
System suitabilfty 
Sample: Standard solution 

[Notę—T he relative retention times for the trimethylsyli- 
lated derivatrve of propylene glycol and the trimethyl- 
sylilated derivative of 1,3-propanediol are 1,0 and 1 .4, 
respectivelyj 
Suitabilfty requirements 

Resolution: NLT 2,0 between the peaks due to the 
tnmethylsylilated derivative of propylene glycol and 
the trimethylsylilated derivative of 1,3-propanediol 
Analysis 

Sam pies: Standard solution and Sample solution 
Calcu!ate the percentage of propylene glycof in fhe por- 
tion of PregeJatinized Hydroxypropyl Corn Starch 
taken: 

Result = (Ru/Rs) x (€$/€»)* 100 

Ru = internal standard ratio (peak response of 
propylene glycol/peak response of 1,3- 
propanediol) from the Sample solution 
R$ = internal standard ratio (peak response of 
propylene glycol/peak response of 1 , 3 - 
propanedtól) from the Standard solution 
Cs - concentration of USP Propylene Glycol RS in 
the Standard solution (mg/mL) 

Cu = concentration of Pregelatinized Hydroxypropyl 
Corn Starch in the Sample solution (mg/mL) 
Acceptance criteria: NMT 0,1% 

* Limit of Oxidizing Substances 

Sample: 4.0 g 

Analysis: Transfer the Sample to a giass-stoppered 
125-mL contcal fiask, and add 50.0 mL of a mixture of 
water and methanol (1:1). Insert the stopper, and swirl 
for 5 min. Transfer to a giass-stoppered 50-mL cen tri- 
fugę lube, and centrifuge to damy. Transfer 30,0 mL of 
the elear supernatanl to a giass-stoppered 125-mL coni- 
cal fiask, Add 1 mL of glacia! acetic add and 0,5-1 ,0 g 
of potassium iodide. Insert the stopper, swirl, and allow 
to stand for 25-30 min in the dark Add 1 mL of starch 
TS, and Litrate with 0.002 N sodium thiosulfate VS to 
the disappearance of the starchdodine color. Perform a 
blank determination, and make any necessary correc- 
tion, Each mL of 0.002 N sodium thiosulfate V5 is 
equivalenL to 34 pg of oxiclant, calculated as hydrogen 
peroxide. 

Acceptance criteria: NMT 1,4 mL of 0.002 N sodium 
thiosulfate VS is reguired (20 ppm, calculated as H^Oz), 

SPECiFIC TESTS 

® Mkrobial Enumeratign Tests (61) and Tests for Speci 
fied Microorganisms (62): The total aerobie microbial 
count does not exceed 10 3 cfu/g, the total combined 
molds and yeasts count does not exceed 10 2 cfu/g, and 
it meets the requirements of the test for the absence of 
Escherichia coli 
» pH (791) 

Sample solution: Progressively suspend 3.0 g of Prege¬ 
latinized Hydroxypropyl Corn Starch in 100.0 mL of car- 
bon dioxide-free water, stirnng continuously. Determine 
the pH when all the solid is wetted. 

Acceptance criteria: 4,5-8,0 

* LOSS on Drying (731): Dry about 1 g at 130° for 90 min: 
it ioses NMT 15.0% of its weight. 

ADDITIONAL REQUIREMENT$ 

■ Packaging and Storage; Preserve in well-closed contafn- 
ers. Storę at room temperaturę. 


* USP Reference Stanoards (11) 
USP Propylene Glycol RS 


Hydrogenated Starch Hydrolysate 



C 12 H 24 O 1 i(CćHioOs},t 
P olyglucitol; 

Polyglydtol syrup [68425-1 7-2). 

DEFINITION 

Hydrogenated Starch Hydrolysate is a mixture that contains 
NLT 50% of hydrogenatea polysacchandes containing 
morę than 3 D-glucopyranosyl units terminated with a 
D-glucityl unit, calculated on the anhydrous basis. Other 
ingredlents can include sorbttol, maltitol, and other suqar 
polyols, 

IDENTIFICATION 

* A, It meets the requirements of the test for Content of 

Maltitol and Sorbitoi 

* B. tt meets the requirements of the test for Content of 

Hydrogenated Polysacchandes. 

* C. Limit of Diethylene Cłycol and Ethylene Glycol 

[Notę—P erform this test for liquid products of Hydrogen¬ 
ated Starch Hydrolysate.] 

Difuent: Acetone and water (96:4) 

Standard stock solution: 0.5 mg/mL of USP Diethylene 
Glycol RS and 0.5 mg/mL of USP Ethyłene Glycol RS in 
Difuent 

Internal standard stock solution: 0.5 mg/mL of 1,3- 
butanediol (internal standard) in Diluent 
Standard solution: 0,04 mg/mL of USP Diethylene Gly¬ 
col RS, 0.04 mg/mL of USP Ethylene Glycol RS, and 
0.04 mg/mL of 1,3-butanediol (internal standard), in 
Diluent, prepared from the Standard stock solution and 
the Internal standard stock solution 

Sample solution: Transfer 1,0 g of Hydrogenated Starch 
Hydrolysate to a 25-mL volumetric fiask, Add 1.0 mL of 
water to the fiask, and mtx on a vortex mixer for 3 min. 
Add 2,0 mL of the Internal standard stock solution f and 
add the remaining Diluent to the fiask in three egual 
portions to volume, Mix the eon ten ts for about 3 min 
after each addition of Diluent Pass a portion of the su- 
pernatant layer through a nylon fil ter of 0.45-pm porę 
size. Discard the first 2 mL of the filtrate, and coflect the 
rest of the filtrate for analysis. [Notę —Acetone is used 
to predpitate sugar aicohols.] 

ChromatograpHtc system 
(See Chromatograpny (621), System Suitabilfty.) 

Modę: GC 

Detector: Flame ionization 

CoJumn: 0.32-mm x 15-m fused-silrca capillary; 0.25- 
pm layer of phase G46 
Temperaturę 
Detector: 300° 

Injection port: 240° 

Column: See Tobie L 
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Tsbłe 1 


Initial 

Temperatur© 

n 

Temperatur© 

Ramp 

(“/min) 

Fina] 

Temperaturę 

n 

HolcE Time 
at Finał 
Temperatur© 
(mini 

70 

_ 

70 

2 

70 

50 

300 

5 


Carrier gas: Helium 
Flow ratę: 3.0 m L/min 
Injection size: 1.0 pL 

Injection type: Split injection. The split ratio is about 
10:1. [NOTĘ—A generaf-purpose split/splitless, tapered, 
glass wool, deactivated liner is used.] 

System suitability 
Sample: Standard solution 

[NOTĘ—See Tobie 2. Relative retention times are pro- 
vided for information only, and the standards snould 
be used to ensure appropriate peak Identification.] 


Table 2 


Name 

Relative 

Retention Time 

Ethylene qlvcol 

1.0 

1,3-Butanediol 
(interna! standard) 

2.0 

Diethylene ofycol 

2.5 


Suitability reguirements 

Resolution: NLT 15 between ethylene glycol and 1,3- 
butanediol 

Anaiysis 

Samples: Standard solution and Sample solution 
Based on the Standard solution, identify the peaks of 
ethylene glycol, 1,3-butanediol (internal standard), and 
diethylene glycol, Compare peak area ratios of etnyl- 
ene glycol to the internal standard and of diethylene 
glycol to the internal standard m the Standard solution 
and Sample solution , respectively. 

Acceptance criteria 

Diethylene glycol: The peak area ratio of diethylene 
glycol to the internal standard in the Sample solution is 
NMT the peak area ratio of diethylene glycol to the 
internal standard in the Standard solution, correspond- 
tng to NMT 0.10% of diethylene giycol in Hydrogen- 
ated Starch Hydrolysate. 

Ethylene glycol: Tne peak area ratio of ethylene glycol 
to the internal standard in the Sample solution 3s NMT 
the peak area ratio of ethylene glycol to the internal 
standard in the Standard solution, corresponding to 
NMT 0.10% of ethylene glycol in Hydrogenated 
Starch Hydrolysate. 

ASSAY 

• CONTENT OF MALTITOL AND SORBITOL 

M obite phase: Degassed water 

Standard solution: Dissolve accurately weighed quant- 
ties of USP Maltose Monohydrate RS, USP Maltitol RS, 
USP Dextro$e RS, and USP Sorbitol RS in water to ob- 
tain a solution having known concentrations of about 
1,0 mg/mL for eacb, calcu lated on the anhydrous basis. 

Sample solution: Transfer a ąuantity of Hydrogenated 
Starch Hydrolysate, equivalent to 100 mg on the anhy¬ 
drous basis, to a 100-ml volumetnc fiask. Dilute with 
water to volume, and mix. Transfer approximatdy 
10 mL of the solution into a separate Container, shake 
the solution for 30 s, pass through a filier of 0.45-pm 
or fi ner porę size into a suitable autosampler vial, and 
seal. 


Chromatographic system 

(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 
Column: 7.7-mm x 30-cm; packing L5S 
Temperaturę 
Detector: 40° 

Column: 80°, controlled within ±2° 

Flow ratę: 0.3 mL/min 
Injection size: 50 ]iL 
System suitability 
Sample: Standard solution 
[Notę— See Tobie 3 for relative retention times.] 


Tafole 3 


Name 

Helatiye 

Retention Time 

Maltose 

0.81 

Maltitol 

0.84 

Dextrose 

0.94 

Sorbitol 

1.00 


[Notę—S orbitol is the last peak to elute.] 

System suitability reguirements 
Relative standard deviation: NMT 2.0% for the mal¬ 
titol peak 
Anaiysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of each component, maltose 
(fiwi), maltitol (fW), dextrose (P D ), and sorbitol (Pj), in 
the solid portion of Hydrogenated Starch Hydrolysate 
taken: 

Result = V x (rafrs) x (Cf W) x 100 

V - volume of the Sample solution , 100 mL 

r u - peak response for the respective component 

(maltose, maltitol, dextrose, sorbitol) from 
the Sample solution 

Tj = peak response for the respective component 
(maltose, maltitol, dextrose, sorbitol) from 
tlie Standard solution 

C - concentration of the respective component 
(maltose, maltitol, dextrose, sorbitol) in the 
Standard solution (mg/mL) 

W = welght of Hydrogenated Starch Hydrolysate 
that was taken to prepare the Sample 
solution (mg), calculated on the anhydrous 
basis 

Acceptance criteria: Less than 50% of total maltitol 
and sorbitol and less than 1% of totaf maltose and dex- 
trose, on the anhydrous basis 
• CONTENT OF HYDROGENATED POLYSACCHARIDES 

Mobile phase. Standard solution, Sample solution, 
and Chromatographic system: Prepare as directed in 
the test for Confent of Maltitol and SorbitoL 
Anaiysis 

Samples: Standard solution and Sampfe solution 
Inject a volume (about 50 pL) of the Sample solution, 
and measure all the peak areas. The elution pattern 
includes the higher-molecular-weight hydrogenated 
polysaccharides containing morę than 11 D-gluco- 
pyranosyl units, followed by some individua! peaks 
representmg hydrogenated polysaccharides containing 
NMT 10 D-glucopyranosyl units, if this hydrogenated 
species is present, The higher-molecular-weignt hydro¬ 
genated polysaccharides containing morę than 11 D- 
gtucopyranosyl units can be integrated into one peak; 
the relative retention Eime is about 0.29 relaltve to the 
peak of sorbitol, The relative retention times for hydro¬ 
genated polysaccharides containing NMT 10 D- 
glucopyranosyl units are given in Tobie 4. 
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Table 4 


Hydrogenated Spęd es for 

Dearee of Polymerfeation fDPl 

Re!ative 

Re ten ti on Time 

Sorbitoi fHOP 11 

1.00 

Maltitoi fHDP 2) 

0*84 

Maltotriitol fHDP 31 

0.72 

Maftotetraitol fHDP 4) 

0.64 

Maltooentaitol fHDP 51 

0.58 

Miiltahesaitol fHDP 61 

0.53 

MaltoheDtaRol fHDP 7 ) 

0.48 

Maltooctaitol fHDP 8) 

0.45 

Maltononaitol fHDP 91 

0.42 

Mallodecaitol fHDP 101 

0.40 


Calculate the percentage of hydrogenated polysaccha- 
rides containing morę than 3 D-gTueopyranosyl units in 
the solid portion of Hydrogenated Starch HydroJysate 
taken: 

Result = { ra/fj } X 100 

fu = sum of peak areas of hydrogenated 

polysaccharides containing morę than 3 D- 
glucopyranosyl units from the Sample 
solution 

r T = sum of all the peak areas from the Sample 
solution 

Accep tance criterla: NLT 50% of hydrogenated pofy- 
saccharides containing morę than 3 D-glucopyranosyl 
units, on the anhydrous basis 

IMPURITIES 

• Resjdue on Ignition (281): NMT 0.15%, ignition of a 
guantity of Hydrogenated Starch Hydrolysate equivalent 
to KO g of solid, on the anhydrous basis 

• Limit of Ckloride 

Sample solution: Transfer a guantity of Hydrogenated 
Starch Hydrolysate, equivałent to 25 g on the anhy¬ 
drous basis, to a beaker, add 100 ml_ of water, and stir 
until the Hydrogenated Starch Hydrolysate is completeiy 
dissolved. 

Analysis: Add 1.0 mL of potassium chromate indicator 
solution (1 in 20) to the Sample solution. Slowly titratę 
with 0.1 N sifver nitrate VS until a reddish-orange color 
persists. 

Calculate the ouantity, in pg, of chforide in each g of 
Hydrogenated Starch Hydrolysate taken: 

Result - (F >c M f x N x V)jW 

F = factor converting mg to jig, 10* pg/mg 
M r = moiar mass of chlonde, 35.45 
N = exact normality of the silver nitrate solution 
V - volume of the $ilver nitrate solution consumed 
in the titratron (mL) 

W = weight of Hydrogenated Starch Hydrolysate 
taken to prepare the Sample solution (g) 
Acceptance criteria: NMT 50 pg/g (ppm) of cmoride 
■ Chloride and Sulfate, Sulfate (221): 1 .0 g of the solid 
portion of Hydrogenated Starch Hydrolysate shows no 
morę sulfate than corresponds to 0.10 mL of 0*020 N 
sulfuric acid: NMT lOOpg/g (ppm) of sulfate is found* 

• Limit of Nickel 

[Notę—W hen water is specified as the diluent, use 
deionized ultra-filtered water.) 

Digester solution (aqua regia): Add 360 mL of hydro- 
cnloric acid and 240 mL of nitric acid to 1200 mL of 
water. 

Blank solution: Add 40 mL of nitric acid to a 2-L volu- 
metric fiask, dilute with water to volume, and mix welL 
Internal standard solution: Transfer 2.0 ml of com- 
merdally prepared yttrium reference standard solution 
(1000 ppm) to a t-L vo!umetrio fiask, dilute with Blank 


solution to volume, and mix welL The internat standard 
solution contains 2 jig/mL of yttrium* 

Standard stock solution: [Notę—P repare this solution 
fresh every two months.j Quantitative!y dilute an accu- 
rately measured volume of a commercially prepared 
nickel JCP standard (1000 ppm) with Blank solution to 
obtain a solution containing 10 pg/mL of nickel (Stan¬ 
dard stock solution 10 ppm). 

Standard Solutions: [NOTĘ*— Prepare these Solutions 
fresh weekly.] Separately pipet 1.0, 2.0, and 4.0 mL of 
Standard stock solution , respectively, into three 200-mL 
volumetric flasks. Dilute the eon tent in each fiask with 
Blank solution to volume, and mix well. These are, re- 
spectively, the Standard nickel solution 50 ppb, Standard 
nickel solution 100 ppb f and Standard nickel solution 
200 ppb. 

Sample solution: Transfer a quantity of Hydrogenated 
Starch Hydrolysate, equivalent to 10.0g on the anhy¬ 
drous basis, into a 125-mL conical fiask. Add 40 mL of 
Digester solution, and place on a hot piąte. Heat the 
solution for about 20 min, being careful to prevent the 
solution from boiling over. Puli the sample off the hot 
late just before it turns a dark caramet color. [NOT^- 
o not overburn the sample.] Transfer the flask's con- 
tents into a elean, dry, 50-mL volumetric fiask with 
washings of Blank solution , Dilute with Blank solution to 
volume. Fil ter the sample into a 15-mL centrifuge tubę, 
using a 10-mL BD syringe fitted with a syringe Inter of 
0.45-pm porę size, 

Instrumental conditlons 
(See Plasma Spectrochemlstry (730).) 

Modę: lnductively coupled plasma-optical emission 
spectroscopy (ICP-OES) config u red in an axlal optkal 
alagnment 

Detector: Set a UV detector to scan nickel at 232.005 
nm and yttrium at 371.029 nm, and set the sample 
read dmę to 10 s minimum and 50 s maximum* 
Analysis 

Samples: Blank solution , Standard Solutions, and Sample 
solution 

Take three replicate seans with the integration set to 
one point per peak. Set forward power from the RF 
generator to 1500 watts, The argon plasma feed gas 
flows at 15 L/min with the auxiliary gas (shear gas) set 
to flow at 0.5 L/min. Use a gem cone nebulizer with a 
nebullzation gas flow ratę or 0.55 L/min. Deltver the 
sample to the spray chamber with a muitichannel peri- 
staltic pump set to dellver sample at a ratę of 
1.00 m L/min* Add the Internal standard solution in-line 
via a mixrnq błock between the sample probe and the 
spray chamber. Flush the samples through the system 
for 30 s at a ratę of 4.0 mL/min before analysis. Pro¬ 
gram a 60-s read delay into the sampiing routine to 
allow for fluid flow eguilibratlon after the high-speed 
flush, before the first analytrcal read of the sample. Be¬ 
tween samples, wash the pum ping system by fiushing 
the Blank solution for 30 s at a ratę of 4.0 mL/min. 
Instrument performance must be verified to conform to 
the manufacturehs spedheations for resolution and 
$ensitivity. Before analyzing samples, the instrument 
must pass a suitable performance check. 

Cenerate the caiibration curve using the Blank solution, 
Standard nickel solution 50 ppb t Standard nickel solution 
100 ppb t and Standard nickel solution 200 ppb as fol- 
iows. Scan the Internal standard solution while running 
the Blank solution to mneasure the intensity of the yt¬ 
trium emission. Hołd this value constant throughout 
the remainder of the test* Separately scan the Blank 
solution , Standard nickel solution 50 ppb t Standard nickel 
solution 100 ppb t and Standard nickel solution 200 ppb 
for nickel and yttrium. [Notę—A dd the Internal stan¬ 
dard solution via an in-line mixlng chamber.] Normal- 
Ize the yttrium intensity to the value of the Internal 
standard solution . Apply this normalization factor to 
the nickel intensity, which is then referred to as the 
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corrected nickel intensity. Construct a caiibration curve 
by plotting the corrected nickel intensity yersus the 
known concentrations, m ng/mL, of the nickel: the Im- 
ear regression coefficient is NIT 0,999. 

Similarly, analyze the Sample solution on the ICP. Plot 
the Intensity of the emission of the Sample solution on 
the caiibration curve. Obtain the concentration of 
nickel, C, in ng/mL, in the Sample solution through the 
caiibration curve. 

Calcuiate the content, in pg/g, of nicke] in the solid 
portion of Hydrogenated Starch Hydrolysate taken: 

Result = F x Vx(C/W) 

F - factor converting ng to pg, 10- J jig/ng 
V = volume of the Sample solution , 50 mL 

C - eon centra ti on of nickel in the Sample solution 

(ng/mL) 

W = weight of Hydrogenated Starch Hydrolysate 
cakulated on tne anhydrous basis (g) 
Acceptance criteria: Nickel content is NMT 1 pg/g 
(ppm). 

* Limit of Repucing Sugars 

Analysis: Dissolye a quantity of Hydrogenated Starch 
Hydrolysate, equivalent to 1.0 g on the anhydrous basis, 
in 6 mL of water with the aid of gentle heat, if neces- 
sary. Cool, and add 20.0 mL of cupric citrate TS and a 
few glass beads. Heat so that boi ling begins after 4 
min, and mamtain boiling for 3 min. Cool rapidly, and 
add 40 mL of diluted acetic acid, 60 mL of water, and 
20.0 mL of 0.05 N iodine V5, With continuous shaking, 
add 25 mL of a mixture of 6 mL of hydrochloric acid 
and 94 mL of water, When the precipitate has dis- 
solved, titrate the exces$ of iodine wfth 0.05 N sodium 
Lhlosulfate VS, using 2 mL of starch TS as an indicator, 
added toward the end of the titratlon, 

Acceptance criteria: NLT 12.8 mL of 0,05 N sodium 
thiosuffate, corresponding to NMT 1 % of reducing 
sugars 

SPECIFIC TESTS 

* Micro bial Enumeration Tests (61) and Tests for Speci 
fied Microorganisms (62): The total aerobic microbial 
count does not exceed 10 3 cfu/g, and the total com- 
btned molds and yeasts count does not exceed 10 2 cfu/ 

. It meets the requirements of the tests for absence of 
almonella species and Escherichia coli , 

* pH (791): 3.0-7.0, in a 20% (w/w) solution m freshly 

boiled and cooled water 

* Water Determination, Method I (921) 

For dried powder product; NMT 6.0% 

For liquld product: Within ±1,5 units of the labeled 
vaiue 

ADDITIONAL REQUIREMENTS 

* Packaginc and Storage: Preserve in well-closed contain- 
ers. No storage reguirements specifred for łiould product; 
protect from moisture for dried powder product. 

* Labeung: Label it to Indicate Izoter content, as the per- 
centage of water, for liquid product 


* U5P Reference Standaros (11) 
USP Dextrose RS 
USP Diethylene Glycol RS 
USP Ethylene Glycol RS 
USP Maltito! RS 
USP Maltose Monohydrate RS 
USP Sorbito! RS 


Modified Starch 


DEFINmON 

Modified Starch is Starch modified by Chemical means. Food 
Starch may be acid-modified, bleached, oxidized, esterr- 
fied, etherified, or treated enzymatically to change its 
functional properties (21 CFR 172.892). 

IDENTIFICATION 
■ A. 

Corn starch: Polygonal, rounded, or spheroidal gran- 
ules up to 35 pm in diameter and usually having a 
circular or seyerai-rayed central efeft 
Tapioca starch: Spherrcal gran ules with one truncated 
side, typically 5-35 pm in diameter and usually having 
a circular or seyerahrayed central cleft 
Potato starch: frregularly shaped, ovoid, or pear- 
shaped granuies, usually 30-100 pm in size but occa- 
sionally exceeding 100 pm; or rounded, 10-35 pm in 
size, There are occasional compound granuies havinq 
two to four components. The ovoid and pear-shaped 
granuies have an eccentric hilum, and the rounded 
granuies have an accentric or slightly eccentric hilum. 

Al! granuies show clearly yisible concentric striations, 
Wheat starch: Large and smali granuies, usually 10-60 
pm in diameter. The central hilum and striations are 
visible or bardy yisible. 

* B. 

Sodium hydroxide solution: 2% (w/w) 

Sample: 0.6 g 

Analysis: Transfer the Sample to a 25-mL glass viat with 
a pfastic cap. Add 9,4 g or water, cap, and shake vigor- 
ously to evenly disperse the starch. Add 10 g of the 
Sodium hydroxide solution , cap, and shake yigorously for 
1 min to create a smooth mixture. Evaluate within 1 
min. 

Acceptance criteria: The finał solution is translucent to 
opaque with a fluid consistency. A yeilow tint of the 
finał solution is acceptable. 

* C. A water slurry of the Modified Starch is colored or- 
ange-red to deep blue by iodine TS. 

IMPURITIES 

* RESIDUE ON tGNITION (281) 

Sample: 2.0 ±0.1 g 

Analysis: Proceed as directed in the chapter. 

Acceptance criteria: NMT 1.5% 

* Iron (241) 

Test preparation: Disso!ve the residue obtained in the 
test for Residue on Ignition in 8 mL of hydrochloric acid 
with the aid of gentle heating. Dii u te with water to 
100 mL in a volumetric fiask, and mix. Dilute 25 mL of 
this solution with water to 47 + 1 mL. 

Analysis: Proceed as directed in the chapter. 

Acceptance criteria: NMT 20 ppm 

* Limit of Sulfur Dioxide 

Sample: 20,0 ± 0.1 g 

Analysis: Mix the Sample with 200 mL of 5% alcohol 
until a smooth suspension is obtained, and vacuum-fiJ- 
ter through paper (Whatman No.1 or equivalent). To 
100 mL of tne filtrate add 3 mL of starch TS, and titrate 
with 0.01 N iodine V5 to the first permanent blue 
color. 
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Acceptance cnteria: NMT 1.7 mL of 0.01 N iodine VS 
is consumed, which corresponds to NMT 50 ppm of 
sulfur dioxide being found, 

* OXIDfZJNG 5UB5TANCES 

Sample: 4.0 g 
Titrimetric system 
Modei Direct titratron 
Titrant: 0.002 N sodium thiosulfate VS 
Blank: 30.0 mL of water, accurately measured 
Endpoint detection: Visual 
Anaiysis: Transfer the Sample to a glass-stoppered, 
125-mL conical fiask, and add 50.0 mL of water. Insert 
the stopper, and swrrl for 5 min. Transfer to a glass- 
stoppered, 50-mL centrifuge tubę, and centnfuge to 
clarity. Transfer 30.0 mL of the elear super natant to a 
glass-stoppered, 125-mL conical fiask. Add 1 mL of gla- 
cial acetrc add and 0.5-1.0g of potassium todide. In¬ 
sert the stopper, swirl, and allow to stand for 25-30 
min in the dark. Add 1 mL of starch TS, and titratę with 
Titrant to the disappearance of the stareh-rodlne color. 
Perform a blank determination, and make any necessary 
correction. Each mL of 0.002 N sodium thiosulfate is 
equivatent to 34 pg of oxidant, calcu lated as hydrogen 
peroxide. 

Acceptance crlteria: NMT 12.6 mL of 0.002 N sodium 
thiosulfate is required (180 ppm, calculated as H 2 O 2 ), 
which corresponds to NMT 0.018% of oxidizing 
substances 

5PECIFIC TESTS 

* Microbial Enumeration Tests (61) and Tests for Sfeci 

FIED Microorganisms (62): The total aerobic microbial 
count does not exceed 10* * cfu/g, and the total corm 
bined molds and yeasts count does not exceed 10* cfu/ 

. It meets the requirement$ of the tests for absence of 
almonella species and Escherichia coli. 

* PH (791) 

Sample: 20.0 ± 0.1 g 

Anaiysis: Transfer the Sample to a suitabie nonmetallic 
Container, and add 100 mL of water to obtain a slurry. 
Stir using a magnetic stirrer at a moderate ratę for 5 
min, and detemnine the pH to the nearest 0.1 unit. 
Acceptance cnteria: 3.0-9.0 

* L0SS ON Drying (731) 

Anaiysis: Dry a sample at 120° for 4 h, 

Acceptance cnteria 

Corn starch and Wheat starch: NMT 15,0% 

Tapioca starch: NMT 18.0% 

Potato starch: NMT 21.0% 

ADDITIONAL REQDIREMENT5 

* Packaging AND Storage: Pre$erve in well-dosed contain- 

ers. No storage reguirements specified. 


Pea Starch 


DEFINITION 

Pea Starch is obtained from Lhe seeds of Pisum sativum L 

IDENTIFICATION 

* A. Examined under a microscope using a mixture of 
equal volumes of glycerin and water, it presents a major- 
ity of large elliptical granules, 25*45 pm In size, some- 


times irregular, or reniform. It also presents a minority of 
smail rounded granules, 5-8 pm In size. Granules can 
resent cracks or irregularities. Sometimes, granules show 
arety visible concentric striations. Exceptionally, granules 
show a slit along the main axis. Between orthogonally 
oriented pofarizing plates or prisms, the granules show a 
distinct biack cross. 

* B. Suspend 1 ej of it in 50 mL of water, boil for 1 min, 
and cool: a thin, cloudy mucilage is formed, 

* C, To 1 ml of the mucilage obtained in Identification test 

B add 0-05 mL of iodine and potassium iodide TS 2: an 
orange-red to dark blue color is produced, which disap- 
pears on heating. 

IMPURITSES 
Inorganic Impurities 

* RESIDUE on iGNmoN (281): NMT 0.6%, determined on a 

1,0-g sample 

■ Limit of Iron 

Standard iron stock solution: Prepare a solution con- 
talning the equivalent of lOpg/mL of iron, as directed 
under Iron <241). 

Drluted standard tron solution: Immediately before 
use, dilute a measured vofume of Standard iron stock 
solution quantkatively with water to obtain a solution 
containing the equivalent of 1 pg/nnL of iron. 

Standard solution: Transfer 10 mL of the Diluted stan * 
dard iron solution to a test tubę. Add 2 ml of cttric acid 
solution (2 in 10) and 0.1 mL of thioglycolic add, and 
mix. Add 10 N ammonium hydroxide until the solution 
is distinctly alkaltne to litmus, dilute with water to 
20 mL, and mix. 

Sample solution: Shake 1.0 g of Pea Starch with 50 mL 
of 2 N hydrach lortc acid, and filter. Transfer 10 mL of 
the fil tratę to a test tubę. Add 2 mL of citnc acid solu¬ 
tion {2 in 10) and 0.1 mL of thioglycolic acid, and mix, 
Add 10 N ammonium hydroxide untii the solution is 
distinctly af kalinę to litmus, dilute with water to 20 mL, 
and mix. 

Acceptance cnteria: After 5 min, any pink color in the 
Sample solution is not morę intense than that in the 
Standard solution , corresponding to a limit of 50 pg/g 
of iron. 

* Limu of Sulfur Dioxide 

[Notę—P erform either Test I or Test 2.] 

Test 1 

Carbon droxide: Use carbon dioxide with a flow regu¬ 
lator that will maintain a flow of 100 ±10 mL/min. 
Hydrogen peroxide solution: Dilute 30% hydrogen 
peroxide with water to obtain a 3% solution. Neutral- 
ize the solution with 0.01 N sodium hydroxide to a pH 
of 4.1, determined potentiometrically. 

Potassium metabisulfite solution: Transfer 0.87 g of 
potassium metabisulfite (K^SjOs) and 0.2 g of edetate 
disodium to a 1000-mL volumetric fiask. Dilute with 
water to volume before mixing. [Notę— Edetate diso¬ 
dium is used to protect the sulfite ion from oxidation.] 
Apparatus: In this test, Lhe sulfur dioxide is released 
from the sample in a boiling acid medium and is re- 
moved by a streain of carbon dioxide. The separated 
gas is cofiected In a dilute hydrogen peroxide solution 
where the sulfur dioxide is oxidized to sulfuric acid and 
titrated with standard alkall. A suitabie apparatus for 
sulfur dioxide determinatlon is shown in tne accompa- 
nying diagram {Figurę I). 
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The apparatus consists of a 500-mL three-neck, round-bot- 
tom boiling fiask, A ; a separatory funnel, B f having a capac- 
ity of 100 mL or greater; a gas inlet tubę of sufficient lengti 
to permit introduction of the earbon diox*de within 2.5 cm 
of the bottom of the boilmg fiask; a reflux condenser, C, 
havmg a jacket length of 200 mm; and a delivery tubę, £, 
connecting the upper end of the reflux condenser to the 
bottom of a receMng test tubę. D, Apply a thin film of 
stopcoek grease to the sealing surfaees of all the joints ex- 
cept the joint between the separatory funnel and the boiling 
fiask, and damp the joints to ensure tightness. 

System suitability test 

Test A: Usinq the Potassium metobisulfite solution as 
the standard, proceed as directed in Analysis, except 
for repfacing tne 25,0 g of Pea Starch with 20 mL of 
the Potassium metobisulfite solution , 

Calculate the content, in jig/mL, of sulfur dioxide in 
the Potassium metobisulfite solution taken: 

Result = (Fx MW x V x N)/V P 

F - factor for conversion of mg to pg, 1000 

MW - milliequivalent weight of sulfur dioxide, 

32,03 

V = volume of titrant consumed (mL) 

N = normality of the titrant 

V*« = vofume of the Potassium metobisulfite solution 

taken for the test (mL) 

Test B: In a 100-mL conical fiask, add 20 mL of 0.02 
N iodine solution and 5 mL of 2 N hydrochloric add 
Add 1 mL of starch TS, and titrate with Potassium 
metobisulfite solution until the first discoloration is 
observed. 

Calculate the content, in pg/mL, of sulfur dioxide in 
Potassium metobisulfite solution : 

Result = (F x MW x V* x N,)/V P 

F = factor for conversion of mg to pg, 1000 

MW =* milliequivalent weight of sulfur dioxide, 

32.03 

V< = the volume of the iodine solution used in the 
test (mL) 

Nf = normality of the iodine solution 

Vp = volume of the Potassium metobisulfite solution 
consumed (ml) 


The difference between the sulfur dioxide contents 
obtained from Test A and Test 6 is NMT 5% of their 
mean value, Test B shall be performed within 15 min 
after the completion of Test A . [Notę —This time 
limit avoids potential variation in the sulfur dioxide 
content of tne Potassium bisulfite solution when 
stored at room temperaturę.] 

Analysis: Add 150 mL of water to the boiling fiask (A) 
(see Figurę 7). Close the stopcoek of the separatory fum 
nef, and begin the flow of earbon dioxide througn the 
apparatus at a ratę of 100 ±5 mL/min. Start the con¬ 
denser coolant flow. Place 10 mL of Hydmgen peroxide 
solution in the receiving test tubę { O ), After 15 min, 
without interrupting the flow of earbon dioxide, re- 
move the separatory funnel ( B ) from the boiling fiask, 
and transfer 25.0 g of Pea Starch to the boiling fiask 
with the aid of 100 mL of water, Apply stopcoek grease 
to the outer joint of the separatory funnel, and reptace 
the separatory funnel in the boiling fiask. Close the 
stopcoek of tne separatory funnel, and add 80 mL of 
2 N hydrochloric add to the separatory funnel, O pen 
the stopcoek of the separatory funnel to permit tne 
hydrochloric acid solution to flow into the boiling fiask, 
guarding against the escape of sulfur dioxide into the 
separatory funnel by closlng the stopcoek before the 
last few ml of hydrochloric acid drain out Boil the 
mtature for 1 h. Open the stopcoek of the funnel, stop 
the flow of earbon dioxrde, discontinue heating the 
fiask, and turn off the cooltng water in the condenser, 
Remove the receMng test tubę, and transfer its con¬ 
tents to a 200-ml wide-necked conical fiask. Rinse the 
receivinp test tubę with a smali portion of water, add 
the nnsing to the 200-mL conical fiask, and mix. Heat 
on a water bath for 15 min, and allow to cool. Titrate 
the contents with 0.1 N sodium hydroxide VS until the 
pH reaches 4,1, determined potentiometrically. Perform 
a blank determination, and make any necessary torrec- 
tion (see Titiimetry (541)). 

Calculate the content, in pg/g, of sulfur dioxide in the 
Pea Starch taken: 

Result = (F x MW x V x N)/W 

F = factor for conversion of mg to pg, 1000 
MW = miliiequivalent weight of sulfur daoxide, 32,03 
V = volume of titrant consumed (mL) 

N = normality of the titrant 
W = weight of the Pea Starch taken (g) 

Test 2: Determine the content of sulfur dioxide as di¬ 
rected under Sulfur Dioxide (525), Method L Use 
200 mL of water as a solvent, Then, to 100 mL of the 
elear filtrate, add 3 mL of starch TS, and titrate with 
0,01 N iodine VS to the firstpermanent blue color. 
Acceptance criteria: NMT 50 pg/g of sulfur dioxide 
Organie Impurities 

• Procedurę i: Limit of Oxidizinc Substances 

Sample: 4.0 g of Pea Starch 
Analysis: Transfer the Sample to a glass-stoppered, 
125-ml conical fiask, and add 50.0 mL of water. Insert 
the stopper, and swirl for 5 min. Transfer to a glass- 
stoppered 50-mL centrifuge tubę, and centrifuge to 
clariły. Transfer 30,0 mL of the elear supernatant to a 
glass-stoppered 125-mL conical fiask. Add 1 mL of gla- 
dal acetic add and 0,5-1,0g of potassium iodide. In¬ 
sert the stopper, swtrl, and alfow to stand for 25-30 
min in the dark. Add 1 mL of starch TS, and titrate 
with 0.002 N sodium Lhiosulfate VS to the disappear- 
ance of the starch-iodine color. Perform a blank deter¬ 
mination, and make any necessary correction. Each mL 
of 0.002 N sodium lhiosulfate VS is equivalent to 34 pg 
of oxidant, calcufated as hydrogen peroxide. 

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium 
thiosuifate VS is regutred (20 pg/g, calculated as H 2 O 2 ). 
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* Procedurę 2 : Forejgn Matter 

Anaiysis: Examine under a mitroscope, using a mixture 
of egual volumes of glycerrn and water. 

Acceptance criteria: NMT traces of matter other than 
starch granules are present, No starch grains of any 
other origin are present, 

SPECIFIC TESTS 

a Microbial Enumeration Tests (61) and Tests for Speci 
FiED Microorcanisris (62): The total aerobic microbial 
count does not exceed 1000 cfu/g, the total combined 
molds and yeasts count does not exceed 100 cfu/g, and 
it meets the reguirements of the test for the absence of 
Escherichia coli . 

* PH (791) 

Sample solution: Prepare a sfurry by weighing 5.0 g of 
Pea Starch, transferring to a suitable nonmetaNic Con¬ 
tainer, and adding 25.0 mL of freshty boiled and cooled 
water. 

Anaiysis: Agitate continuously at a moderate ratę for 1 
min. Stop the agitatlon, allow to stand for 15 min, and 
shake again. Determine the pH to the nearest 0.1 unit: 
the pH is determined potentiometncally* 

Acceptance criteria: 5*0=8.0 

* Loss ON Drying (731): Dry about 1 g at 1 30" for 90 min: 

it loses NMT 1 6.0% of its weight. 

ADDBTS0NAL ftEQUIR£IVIENTS 

o PACKAGiNG and Storage: Preserve in weil-closed contatm 
ers* Storę at room temperaturo. 


Hydroxv[propy8 Pea Starch 


AniyfaŁft tieriYatwB 



For the Amylose derivative, m Is about 300-1000* 

DEFINITION 

Hydroxypropyl Pea Starch is partialfy substituted 2“hydroxy- 
propylether obtained from pea starch by a Chemical mod- 
if kation of ethenfication with propylene oxide. In addi- 
tion, this starch may be partially hydrolyzed using acids or 
enzymes to obtain thinned starch. It contains NLT 2.0% 
and NMT 7.0% of hydroxypropyl groups, on the drled 
basis. 

IDENTIFICATION 

o A. Procedurę 

Anaiysis: Examine under a microscope, using NLT 20x 
magnification and a mixture of glycerin and water (1:1) 
as a mounting agent. 

Acceptance criteria: It presents a majority of large el- 
tiptical granules 25^5 pm in size, sometimes irregular 
or ren iform. It also presents a min orf ty of smali rounded 
granules 5-8 pm in size* Granules can present cracks or 
irregulantfes. Sometimes, granules show barely visible 
concentric striations. ExceptionaUy, granules show a slit 
along the main axls. Between orthogonally oriented po- 
larizing plates or prisms, the granules show a distinct 
black cross. 


« B. Procedurę 

Sample solution: Suspend 1 g of Hydroxypropyl Pea 
Starch in 50 mL of water, boii for 1 min, and cool. 
Acceptance criteria: A translucent or elear mucilage Is 
formed. 

* C. Procedurę 

Anaiysis: To 1 mL of the Sample solution obtained in 
Identification test B add 0*05 mL of iodine and potas- 
sium fodide T5 2. 

Acceptance criteria: An orange-red to dark blue color 
is produced, which disappears upon heating* 

o D. Procedurę 

Ninhydrin solution: Dissolve 3 g of ninhydrin in 
100 mL of a 45.5-g/L solution of sodium metabisutflte. 
Diluted suifuric acid: 98 g/L of hbSO.) 

Sample: 100 mg of Hydroxypropy! Pea Starch 
Anaiysis: Transfer the Sample to a 1 DO-mL vo!umetric 
fiask, and add 12.5 mL of Diluted suifuric acid. Place the 
fiask in a water bath, and heat until the Sample is dis- 
solved. Cool, and dilute with water to 100 mL. [Cau- 
tion—W hen suifuric acid is miscible with water, it pro- 
duces intense heat.] 

Pipet 1 mL of this solution to a glass-sloppered, 25-mL 
graduated test tubę and, with the tubę immersed in 
cold water, add drop-wise 8 mL of suifuric acid. Mix 
wetl, and place the tubę in a boiiing water bath for 
exactEy 3 min* Immediately transfer the tubę to an ice 
bath until the solution is chilled. Add 0.6 mL of 
Ninhydrin solution, carefully aliowing the reagent to 
run down the walls of the test tubę. Immediately 
shake the tubę well, and place it En a water bath at 
25° for 100 min, Dilute with suifuric acid to 25 mL 
[Caution —Use suifuric acid cautiously*], and mix by 
inverting the tubę seyeral dmes. Do not shake. 
Acceptance criteria: A violet color develops within 5 
min due to the presence of hydroxypropyl groups 
(starch ether). 

A5SAY 

o procedurę for Hydroxypropyl Groups 

Deuterium chloride solution: Dilute 1 mL of deuterium 
chloride (38% w/w) with 5 mL of deuterium oxide. 
Interna! standard solution: Disso3ve 50.0 mg of so- 
dium 3-thmethylsilyl-l-propane sulfonate in about 5 g 
of deuterium oxide, weighed to the nearest 0.1 mg. 
Storę in a sealed bottle. 

Sample solution: Disperse 20 g of Hydroxypropyl Pea 
Starch in 200.0 mL or carbon dioxide-free water at 
room temperaturę. Agitate for 15 min, and fi [ter. Re- 
peat the operation two morę times. If poor dispersibifity 
or slow filtration is observed, use refrigerated carbon 
dioxide-free water for the washing operation. Dry the 
washed starch for NLT 4 h in vacuum at 30 ±5°. Weigh 
12.0 mg of this sample in a 5-mm NMR tubę. Add 
0.75 mL of deuterium oxide and 0.1 ml of Deuterium 
chloride solution . Cap the tubę, mix, and place it in a 
boiiing water bath until a elear solution is obtained, 
[Notę—T his may take 3 min to 1 h*] When a elear solu- 
tion is obtained, allow to cool to room temperaturę. 

Dry the exterior of the tubę, and weigh to the nearest 
0.1 mg. Add 0.05 mL of Internai standard solution , and 
weigh to the nearest 0.1 mg. Determine the mass of 
the Interna! standard solution added. Mix thoroughly. 
Nudear magnetic resonance spectrometry 
(See Nudear Magnetic Resonance Spectroscopy (761), 
Quantitative Applications.) 

Apparatus: FT-NMR spectrometer at minimum 
300 MHz 

Acquisition of NMR spectra: The foliowing param- 
eters may be used. 
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Sweep width: 8 ppm (about -1.0 to +7 ppm) 

Irradiation fregueney offset: Nonę 

Time domain: NLT 64 K 

Pufse width: 90 degree 

Pulse delay: 1 0 s 

Dummy seans: 0 

Number of seans: 8 

Use the CH 3 signal of the internal standard for shift 
referenci ng. Set the shift of the peak of the singlet to 
0 ppm. Record the HD signal, 

Anatysis 

Sam pies: Internal standard solution and Sample solution 
CalE the integration sub-routine after phase corrections 
and baseline correction between -0.5 and +ó ppm. 
Measure the peak areas of the doublet from the methyl 
groups of the hydroxy propyl function at +1.2 ppm 
(A 2 ), and of the methyl groups at 0 ppm of the inter¬ 
nal standard (Ai) without 13 C-sateflites. 

Measure the signal coming from the 3 protons of the 
methyl group In the hydroxypropyl function. 

Caleulate the content of hydroxypropyl groups as a pe^- 
centage (w/w, dried basis): 

Resutt = (N x A 2 /A 1 ) x ( C t x Wj/W) x (M rZ /M r i) x [100/ 
(100- B)] x 100 

N = numerical vafue representing the 3 methyl 
groups in the internal standard (sodium 
3-trimethylsilyl-1-propane sulfonate), 3 
A 2 = area of the methyl groups of hydroxypropyl in 
Hydroxy propyl Fea Starch 
At - area of the methyl groups In the internal 

standard (sodium 3-tnmethy!sifyl-1-propane 
sulfon ate) 

C - concentration of the internal standard in the 
Internal standard solution (mg/g) 

W, - weight of the Internal standard solution in the 
NMR tubę (g) 

W = weight of the washed and dried 

Hydmxypropyl Pea Starch in the NMR tubę 
(mg) 

Mn - mofeeufar weight of the interna! standard, 
218.32 g/mol 

Mr 2 = molar mass of hydroxypropyl group, 59.09 g/ 
mol 

8 - moisture content of the washed and dned 

Hydroxypropyi Pea Starch used in the Sample 
solution , as a percentage (w/w) 

Acceptance criteria: The content of hydroxypropyl 
groups is 2.0%-7,0%. 

IMPURITIES 
inorganic Impurities 

* Residue on Ognition (281); NMT 0.6%, determined on a 
1.0-g test specimen 

o Limit of Iron 

Standard iron stock solution: Prepare a solution con- 
taining the equivalent of 10j.ig/mL of iron, as dlrected 
under tron (241). 

Diluted standard iron solution: Immediately before 
use, di tu te an accuratefy measured volume of Standard 
iron stock solution quantitatively with water to obtain a 
solution containing the equivalent of 1 pg/mL of iron. 
Standard solution: Transfer 10 ml of the Diluted stan¬ 
dard iron solution to a test tubę. Add 2 ml of citric acid 
solution (2 in 10) and 0.1 mL of thloglycolic acid, and 
mix. Add 10 N ammonium hydroxide untll the solution 
is distinctly aikalme to litmus, dllute with water to 
20 mL, and mtx. 

Sample solution: Shake 1,0 g of Hydroxypropyl Pea 
Starch with 50 mL of 2 N hydrochloric add, and filter. 
Transfer 10 ml of the fiJtrate to a test tubę. Add 2 mL 
of citric aerd solution (2 in 10) and OJ mL of thlogly- 
colic add, and mix. Acid 10 N ammonium hydroxide 


until the solution is distinctly alkaline to litmus, dilute 
with water to 20 mL, and mix, 

Acceptance criteria: After 5 min, any pink cofor in the 
Sample solution is not morę intense than that in the 
Standard solution , corresponding to a limit of 50 pg/g 
of iron. 

* Limit of SULFUR Dioxide, Method IV (525): NMT 50 ppm 

Organk Bmpuritles 

9 Procedurę i: Limit of Oxidizing Substances 

Sample: 4.0 g of Hydroxypropyl Pea Starch 
Analysis: Transfer tne Sample to a glass-stoppered, 
125-mL conical fiask, and add 50,0 mL of water. Insert 
the stopper, and swirl for 5 min. Transfer to a glass- 
stoppered, 50-mL centrifuge tubę, and centrifuge to 
clarify. Transfer 30.0 mL of the elear supernatant to a 
glass-stoppered, 125-mL conical fiask. Add 1 mL of gla- 
dal acetic add and 0.5-1,0 g of potasslum iodide. In¬ 
sert the stopper, swirl, and allow to stand for 25-30 
min in the dark. Add 1 mL of starch T5, and titrate 
with 0.002 N sodium thlosulfate VS to the disappear- 
ance of the starch-iodine color. Perform a blank deter- 
mination, and make any necessary correctlon. Each mL 
of 0.002 N sodium thlosulfate VS is equlvalent to 34 Lig 
of oxidant, calculated as hydrogen peroxide. 
Acceptance criteria: NMT 1.4 mL of 0.002 N sodium 
thlosulfate VS is reguired (20Lig/g, calculated as H 2 O 2 ). 

* Procedurę 2 : Foreign EVIatter 

Sample: 50 mg/mL of Hydroxypropyl Pea Starch in a 
mixture of glycerin and water (1:1) 

Analysis: Examine under a microscope, uslng NLT 2Gx 
magnification and a mlxture of glycerin and water 
(1:1) as a mounting agent. 

Acceptance criteria: NMT traces of matter other than 
Hydroxypropyl Pea Starch granules are present. 

SPECIFIC TE5TS 

& MiCROBiAł Enumeration Tests (61) and Test 5 for Speci- 
FlED MlCROORGANfSMS (62): The total aerobic microbial 
count does not exceed 10 3 cfu/g, the total combi ned 
molds and yeasts count does not exceed 1 Q 2 cfu/g, and 
it meets the requirements of the test for Ehe absence of 
Escherkhia coli. 

9 PH (791) 

Sample solution: Suspend 5,0 g of Hydroxypropyl Pea 
Starch in 25,0 mL of carbon dloxideTree water, and 
shake for 60 s. Allow to stand for 15 min. 

Acceptance criteria: 4.5-8.0 

o JtOSS ON Dr Y ING (731): Dry about 1 g at 1 30 L1 for 90 min: 
it loses NMT 15.0% of its weight. 

ADDETEONAL REQUIREMENTS 

■ Packa ging and Storage: Freserve in well-closed contain- 
ers. Storę at room temperaturę. 


Pregelatinized Hydroxypropyl Pea 
Starch 


DEFINITION 

Pregelatinized Hydroxypropyl Pea Starch is prepared from 
Hydroxypropyl Pea Starch by mechanicaf processlng In 
the presence of water, with or without heat, to rupture atl 
or some of the starch granuies, and is subsequentfy dried. 
It contains NLT 2.0% and NMT 7.0% of hydroxypropyl 
groups on the dried basis. 

EDENTIFICATiON 

* A. Test for Fregelatinized State 

Sample; 1 g 

Analysis: Disperse the Sample in 50 mL of water at a 
temperaturę NMT 25°. Shake vigorously until tumps 
completely disperse/solubilize or until lumps djsappear, 
Allow to stand for 20 min. 





NF 35 


Official Monographs / Starch 7919 


Acceptance criteria: A translucent or elear mudlage 
without preeipltate is formed. 

« EL Test for Starch 

Analysis: Disperse 0.5 g Sn 2 mL of water without beat- 
ing, and add 0.05 mL of iodlne and potassium iodfde 
TS2. 

Acceptance criteria: A reddish-violet or btue color is 
produced. 

® C. Ninhydrin Test 

Ninhydrin solution: Dlssoive 3 g of ninhydrin In 
100 mL of a 45.5-g/L solution of sodium metabisulfite. 
Diluted sulfuric acid: 98 g/L of H2$0 .i 
S ample: 100 mg 

Analysis: Transfer Ehe Sample to a 100-mL yolumetric 
fiask and add 12.5 mL of Diluted sulfuric add. Place the 
fiask in a water bath, and beat until the Sample is dis- 
solved. Cool, and dllute with water to 100 mL. [Cau- 
tion —When sulfuric add is misdble with water, it pro- 
duces Intense heat.] 

Pipet 1 mL of this solution to a glass-stoppered 25-mL 
graduated test tubę and, with the tubę immersed In 
cold water, add dropwise 8 mL of sulfuric acid. MIx 
well, and place the tubę in a boi ling water bath for 
exactly 3 min. Immediately transfer the tubę to an ice 
bath until the solution is chilled. Add 0.6 mL of 
Ninhydrin solution , carefully allowing the reagent to 
run down the walis of the test Lube, immediately 
shake the tubę well, and place it In a water bath at 
25° for 100 min* Dilute with sulfuric add to 25 mL, 
[Caution —Use sulfuric add cautiouslyj MIx by in- 
verting the tubę several times. Do not shake. 
Acceptance criteria: A vioiet color develops within 5 
min due to the presence of hydroxypropyl groups 
(starch ether). 

ASSAY 

o Assay for Hydroxypropyl Groups 

Deuterium chloride solution: Dllute 1 mL of deuterium 
chloride (38% w/w) with 5 mL of deuterium oxide. 
internal standard soiution: Disperse 50.0 mg of so¬ 
dium 3-tnrnethyfsllyM-propane sulfonate in about 5 g 
of deuterium oxide, welghed to the nearest 0.1 mg. 
Storę tn a sealed bottle. 

Sample soiution: Determine the moisture content ( B ) 
on 5 g of Pregelatinized Hydroxypropyl Pea Starch fol¬ 
iowi nq the Loss on Drying test. Weigh 12.0 mg of the 
Pregelatinized Hydroxypropyl Pea Starch in a 5-mm 
NMR tubę. Add 0.75 mL of deuterium, oxide and 
0.1 mL of Deuterium chloride solution. Cap the tubę, 
mlx, and place it in a boillng water bath until a elear 
solution is obtained. [Notę—T his may take from 3 mtn 
to 1 h.] When a elear solution Is obtained, allow to cool 
to room temperaturę. Dry the exterIor of the tubę, and 
weigh to the nearest 0.1 mg. Add 0.05 mL of the Inter¬ 
nal standard soiution. Weigh to the nearest 0.1 mg. De¬ 
termine the mass of the Internal standard solution 
added. Mix thoroughly. 

Instrumental condttions 

(See Nuclear Magnetic Resonance Spectroscopy (761), 
Quantitative Applications .) 

Modę: Nuclear magnetic resonance spectrometry 
Apparatus: FT-NMR spectrometer at minimum 
300 MHz 

Acquisition of NMR spectra: The following param- 
eters may be used: 

Sweep width: 8 ppm (about -1.0 to +7 ppm) 
Irradiation freguenty offset: Nonę 
Time domarn: NLT 64 K 
Pulse width: 90° 

Pulse delay: 10 s 
Dummy seans: 0 
Number of seans: 8 

Use the CH 3 signal of the internal standard for shlft 
referencing. Set the shift of the peak of the singlet to 
0 ppm. Record the FID signal. 


Analysis 

Samples: Internal standard solution and Sample soiution 
Cali the integration subroutine after phase corrections 
and baseline correction between -0.5 and +6 ppm. 
Measure the peak areas of the doubfet from the methyl 
groups of the hydroxypropyl function at -i-1.2 ppm 
(A?), and of the methyl groups at 0 ppm of the inter¬ 
na! standard (A,) without 13 C-satellites. 

Measure the signal originating from the 3 protons of 
the methyl group In the hydroxypropyl function. 
Calculate the content of hydroxypropy! groups as a per- 
centage (w/w, dried basis): 

Result “ (N x AtfAt) x (Q x Wj/W) x (Ma/R,) x [100/ 
(100 - B)] x 100 

N - numerical value representing the 3 methyl 
groups m the internal standard (sodium 
3-trimethylsilyM-propane sulfonate), 3 
A 2 = area of the methyl groups of hydroxypropyl in 

Pregelatinized Hydroxypropyl Pea Starch 
Aj - area of the methyl groups in the internal 

standard (sodium 3-trimethylsilyLl-propane 
sulfonate) 

O = concentratlon of the internat standard in the 
Internal standard solution (mg/g) 

Wi = weight of the Internal standard solution in the 
NMR tubę (g) 

W = weight of the Pregelatinized Hydroxypropyl 
Pea Starch Tn the NMR tubę (mg) 

Mr 2 = molar mass of hydroxypropyl groups, 59.09 g/ 
mol 

Mri - molecular weight of the internal standard, 
218.32 g/mol 

B = moisture content of the Pregelatinized 

Hydroxypropyl Pea Starch used in the Sample 
solution , as a percentage (w/w) 

Acceptance criteria: 2.Q%-7.0% of hydroxypropyl 
groups on the dried basis 

IMPURIT1ES 

* Residue on Egnition (281); NMT 0.6%, determlned on a 

1 .G-g test spedmen 

* Limit of Iron 

Standard iron stock solution: Prepare a solution con- 
tainlng the equivalent of 10 jig/mL of tron, as directed 
under Iron (241). 

Diluted standard iron solution: Immediately before 
use, dllute an accurately measured volume of the Stan¬ 
dard Iron stock solution quantitatively with water Lo ob- 
taln a solution containing the equivalent of 1 pg/mL of 
iron. 

Sample solution: Shake the residue obtained from the 
test for Residue on Ignition with 50 mL of 2 N hydro- 
chloric add, and filier. Transfer 10 mL of the filtrate to a 
test tubę. Add 2 mL of citric add solution (2 in 10) and 
0.1 mL of thioglycolic add, and mix. Add 10 N ammo- 
nium hydroxide until the solution is distinctly alkafine to 
litmus, dilute with water to 20 mL, and mix. 

Standard solution: Transfer 10 mL of the Diluted stan¬ 
dard iron solution to a test tubę. Add 2 mL of citric add 
solution (2 in 10) and 0.1 mL of thioglycolic acid, and 
mix. Add 10 N ammonium hydroxide until the solution 
is distinctly alka linę to litmus, dilute with water to 
20 mL, and mix. 

Acceptance criteria: After 5 min, any pink color In the 
Sample solution is not morę intense than that in the 
Standard solution , corresponding to a limit of 50 pg/g 
(ppm) of iron. 

■ Limit of Sulfur Dioxide, Method IV (525): NMT 50 ppm 
» imtr of Propylene Glycol 

Internal standard solution: 0.5 mg/mL of 1,3- 
propanedtol in anhydrous pyrEdine 
Standard stock solution: 0.5 mg/mL of USP Propylene 
Glycol RS in Internal standard solution 
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Standard solution: Transfer 0,1 mt of the Standard 
stock solution to a 2-ml yessel with a screw cap fltted 
with a septum. Add 0.9 mL of anhydrous pyriaine, 

0.2 mL of hexamethyldisilazane, and 0,1 ml of trimeth- 
ylchlorosilane. Close, and mix, AElow to stand for 15 
min before injection. 

Sample stock solution: Transfer 200 mg of Pregelati- 
nized Hydroxypropyl Pea Starch to a 100-mL volumetnc 
fiask, Add 1.0 mL of the Internal standard solution and 
9,0 mL of anhydrous pyndine, Boif under reffux using a 
water bath for 20 min. AIJow to coof to room 
temperaturę. 

Sample solution: Transfer 1.0 mL of the Sample stock 
solution to a 2-mL vessel with a screw cap fitted with a 
septum. Add 0.2 mL of hexamethyldlsilazane and 
0.1 mL of trimethylchlorosilane, Close, and mix. Al Iow 
to stand for 15 min before injection. 

Chromatographk system 
(See Chromatogrophy (621), System Suitability ]). 

Modę: CC 

Detector: Flame lonization 

Column: 0.32-mm x 30-m fused-silica capillary col- 
umn; 0.25-pm layer of phase Cl 

Temperaturę 
Detector: 250* 

Injection port: 250° 

Column: 70°. [Notę—T he column must be desorbed 
regularly, Conditions; Program from 70° to 300° at 
7°7min, and maintain 10 min at 300°,] 

Carrier gas: Helium 
Ftow ratę: 3 mL/min 
Injection type: Split rado of 1:30 
Injection size: 1 pL 
System suitability 
Sample: Standard solution 

[Notę—T he relatlve retention times for the trimethyfsyli- 
lated derivative of propylene glycol and the trimethyl- 
sylilated derivative of 1,3-propanediol are 1.0 and 1 A t 
respectively.] 

Suitability reąurrements 

Resolutlon: NLT 2.0 between the peaks due to the 
trimethylsylilated derivative of propylene glycol and 
the trimethylsylilated derivative of 1,3-propanedial 
Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of propylene glycol tn the por- 
tion of Pregelatinized Hydroxypropyi Pea Starch taken: 

Result = ( RuiRs ) x (Cs/ Cu) x 100 

Ru - internal standard ratio (peak response of 
propylene glycol/peak response of 1,3- 
propanedlol) from the Sample solution 
Rs ~ internal standard rado (peak response of 
propylene glycol/peak response of 1,3- 
propanediol) from the Standard solution 
Cs = concentration of USP Propylene Glycol RS in 
the Standard solution (mg/ml) 

Cu - concentration of Pregelatinized Hydroxypropyl 
Pea Starch in the Sample solution (mg/mL) 
Acceptance criteria: NMT 0.1% 

* Limit of Oxidizinc Substances 
Sample: 4.0 g 

Analysis: Transfer the Sample to a glass-stoppered 
125-mL conical fiask, and add 50.0 mL of a mixture of 
water and methanol (1:1). Insert the stopper, and swirl 
for 5 min. Transfer to a glass-stoppered 50-mL centrb 
fugę tubę, and eentnfuge to clarify. Transfer 30.0 mL of 
the elear supernatant to a glass-stoppered 125-mL coni¬ 
cal fiask. Add 1 mL of glacial acetlc acid and 0.5-1,0 g 
of potassium iodide. Insert the stopper, swirl, and allow 
to stand for 25-30 min in the dark. Add 1 mL of starch 
TS, and titrate with 0.002 N sodium thlosuJfate VS to 
the disappearance of the starch4odine colon Perfórm a 
blank determination, and make any necessary torrec- 


tion. Each ml of 0.002 N sodium thiosulfate VS is 
equivalent to 34 jag of oxidant, calcufated as hydrogen 
peroxide. 

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium 
thiosulfate V5 is reguired (20 ppm, calculated as H 2 O 2 ). 

SPECIFIC TESTS 

O MlCROBSAL Enumeration Tests (61) and Tests for Speci- 
fied Microorganisms (62): The total aeroblc mlcroblal 
count does not exceed 10 3 cfu/g, the total combined 
molds and yeasts count does not exceed 1Q 2 cfu/g, and 
it meets the reguirements of the test for the absence of 
EscheriChfa coli. 

° PH (791) 

Sample solution: Progressively suspend 3.0 g of Prege¬ 
latinized Hydroxypropyl Pea Starch in 100,0 mL of car- 
bon dioxide4ree water, stirring conti nuously. Determine 
the pH when all the solid Is wetted. 

Acceptance criteria: 4.5-8.0 

& Loss on Drying (731): Dry about 1 g at 1 30° for 90 min: 
it loses NMT 15.0% of its weight 

ADDITIONAL REQU0REM£NT$ 

o Packaging and Storace: Preserve in well-closed eon ta i n- 
ers. Storę at room temperaturę. 

« USP reference standards (11) 

USP Propylene Glycol RS 


(Fotatto Starciu____ 

Portions of the monograph text that are national USP text, 
and are not part of the harmonized text, are marked with 
symbois (**) to spedfy this fact. 

DEFINmON 

Rota to Starch is obtained from the tuber of Solanum tuben 
osum L + 

IDENTIFICATION 

* A, Procedurę 

Analysis: Examine under a microscope uslng a mixture 
of equal volumes of glycerol and water, 

Acceptance criteria: It presents granules, either irregu- 
larly shaped, ovoicl or pear-shaped, usually 30-100 pm 
in size but occasionally exceeding 100 pm, or munded, 
10-35 pm in size. There are occasional compound 
granules having 2-4 components. The ovola and pear- 
shaped granules have an eccentric hilum and the 
rounded granules acentric or slightly eccentric hilum. 

All granules show clearly visible concentnc striations. 
Between orthogonaliy oriented polarizlng plates or 
prisms, the granules show a distlnct black cross inter- 
secting at the hilum, 
o B. Procedurę 

Sample solution: 20 mg/mL in water 
Analysis: Boil for 1 min, and cool. 

Acceptance criteria: A thick, opalescent mucEiage is 
formed. 

® G Procedurę 

Sample solution: 1 mL of the muciłage obtained tn 
Identification test B 

Analysis: Add 0.05 mL of iodine and potassium iodide 
T5 2 to the Sample solution, 

Acceptance criteria: An orange-red to dark blue color 
is produted, which dlsappears upon heating. 

IMPURITIE5 

■ Residue on Ignition (281): NMT 0.6%, determined on a 
1.0-g sample 

* Imu of Iron 

Standard iron stock solution A: Equivalent of 10pg/ 
mL of iron prepared as directed under Iron (241) 
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Standard iron stock soiution B: 1 pg/ml of iron from 
Standard iron stock sotution A in water 
[Notę—P repare immedlately before use.j 

Standard iron soiution: Transfer 1 0 ml of Standard iron 
stock soiution B to a test tubę, and add 2 mL of citric 
acid soiution (2 in 10) and 0.1 mL of thioglycolic add. 
Add 1 0 N ammonlum hydroxide until the soiution is 
distinotly a tka fi ne to Eitmus, and dilute with water to 
20 mL. 

Sample soiution: Shake 1.5 g of Potato Starch with 
15 m L of 2 N hydrochloric acid, and fiften Transfer 
TO mL of the fittrate to a test tubę, and add 2 mL of 
citric acid soiution (2 in 10) and 0.1 mL of thioglycolic 
add. Add 10 N ammonium hydroxide until the soiution 
is distinctly alka linę to litmus, and dii u te with water to 
20 mL 

Acceptance cnteria: After 5 min, any pink color in the 
Sampie soiution is not morę intense tnan that In the 
Standard iron soiution , corresponding to a limit of 
10 ppm of iron. 

« Limit of Sulfur Dioxide 

Carbon dloxide: Use carbon dioxide, with a flow regu¬ 
lator that will malntain a flow of 100 ±5 mL/min. 

Bromophenol blue indicator soiution: 0.2 mg/mL of 
bromophenol blue in dilute afcohoi, Filter if necessary. 

Hydrogen peroxide soiution: Dilute 30% hydrogen 
eroxide with water to obtain a 3% soiution. Just 
efore use, add three drops of Bromophenol blue indica¬ 
tor soiution, and neutralize to a vlolet“blue endpoint 
with 0,01 NI sodium hydroxlde. Do not exceed the 
endpoint. 

Apparatus: Figurę 1 



In this test, the sulfur dioxide is refeased from the sam¬ 
ple in a boiling add medium and is removed by a 
stream of carbon dioxide, The separated gas is col- 
lected in a dilute hydrogen peroxide soiution where 
the sulfur dioxide is oxidlzed to sulfuric acid and ti- 
trated with standard alkalL The apparatus consists es- 
sentialiy of a 500-mL three-neck, round-bottonn boiling 
fiask, A; a separatory funnei, B, having a capacity of 
100 mL or greater; a gas inlet Lube of suffident length 
to permit introduclion of the carbon dtoxide wlthin 
2.5 cm of the bottom of the boiling fiask; a reflux con- 
denser, C, having a jacket length of 200 mm; and a 


de!ivery tubę, E, connecting the upper end of the re~ 
f!ux condenser to the bottom of a receiving test tubę, 
D. Appiy a thin film of stopcock grease to the seafing 
surfaces of alt of the joints except the joint between 
the separatory funnef and the boiling fiask, and ctamp 
the joints to ensure tightness. 

Sampfe: 25.0 g of Potato Starch 
Analysis: Add 150 mL of water to the boiling fiask. 

Close the stopcock of the separatory funnef and begin 
the flow of carbon dioxtde at a ratę of 100 ± 5 mL/min 
through the Apparatus. Start the condenser coolant 
flow; Add 10 mL of Hydrogen peroxide soiution to a re- 
ceiving test tubę. After 15 min, without internapting the 
flow of carbon dioxlde f remove the separatory funne! 
from the boiling fiask, and transfer the Sampfe Into the 
boiling fiask with the aid of 100 mL of water, Appiy 
stopcock grease to the outer joint of the separatory fun¬ 
nei, and replace the separatory funnei in the boiling 
fiask, Close the stopcock of the separatory funnef and 
add 80 mL of 2 N hydrochloric acid to the separatory 
funnei. Open the stopcock of the separatory funnei to 
ermit the hydrochloric add soiution to flow into the 
oiling fiask, guarding against the escape of sulfur diox- 
ide into the separatory funnet by dosing the stopcock 
before the last few ml of hydrochloric acid dra In out. 
Boil the mixture for 1 h, Remove the receiving test 
tubę, and transfer its contents to a 200-mL wide- 
necked, eon i tal fiask. Rinse the rece3vlng test tubę with 
a smali portion of water, add the rinsing to the 200-mL 
conical fiask, and mix. FJeat on a water bath for 15 
min, and allow to cook 

Add 0,1 mL of Bromophenol blue indicator soiution , and 
titratę the contents with 0.1 N sodium hydroxide VS 
until the color changes from yellow to violet-blue. Per- 
form a blank determination, and make any necessary 
correctlon (see Titrimetry (541)). 

Calculate the content, in ppm, of sulfur dioxide In the 
Sample taken: 

Re suit = 1000x32.03 X (VN/W) 

32.03 = milliequivalent weight of sulfur dioxlde 
V = volume of titrant consumed (mL) 

N = normallty of the titrant 
W - weight of the Sample (g) 

Acceptance cnteria: NMT 50 ppm 
* Limit of OxmiziNC Substances 

Sample soiution: Transfer 4.0 g to a glass-stoppered, 
125-mL conical fiask, and add 50,0 mL of water. Insert 
the stopper, and swirl for 5 min. Transfer to a glass- 
stoppered, 50-mL centrifuge tubę, and centrifuge to 
clarrry. Transfer 30,0 mL of the elear supernatant to a 
glass-stoppered, 125-mL conical fiask. Add 1 mL of gla¬ 
da! acetic acid and 0.5-1.0 g of potassium iodide. in¬ 
sert the stopper, świr!, and allow to stand for 25-30 
min In the dark. Add 1 mL of starch TS. 

Analysis: Titrate with 0,002 N sodium thiosulfate V5 to 
the dlsappearance of the starch-iodine color. Perform a 
blank determination, and make any necessary correc- 
tion. Fach mL of 0.002 N sodium thiosulfate is equiva- 
lent to 34 pg of oxidant, calculated as hydrogen 
peroxide. 

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium 
thiosulfate is required (20 ppm, calculated as H 2 G 2 ). 

SPECIFIC TESTS 

o SV8icrobial Enumeration Tests (61) and Tests for Speci 
FIED n/llCROORGANlSMS (62): The to tal aerobic microbial 
count does not exceed KP cfu/g; the total combined 
molds and yeasts count does not exceed 10 2 cfu/g; and 
it meets the requirements of the test for the absence of 
Escherichia coli. 
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» L0SS ON DRYING <731) 

Sample: 1 g 

Analysis: Dry the Sample at 1 30° for 90 min. 

Acceptance criteria: NMT 20.0% 

- pH (791) 

Sample solution: Prepare a slurry by weigh ing 5.0 g of 
Potato Starch, transferring to a suitable nonmetaflic 
Container, and adding 25.0 mL of freshly boiled and 
cooled water, 

Analysis: Agitate conti nuously at a mnoderate ratę for 1 
min. Stop the agitation, and allow to stand for 15 min. 
Determine the pH to the nearest 0*1 unit 

Acceptance criteria: 5 . 0 - 8.0 

ADDITIONAL R£QU IR EMENT5 

• ♦PACKACłNG and Storace; Preserve in well-ciosed con- 

tainers. No storage reąuirements specified.* 


Hydroxypropyl Potato Starch 



For the Amylose defivative, m is about 300-1000* 

DEFINmON 

Hydroxypropyl Potato Starch i$ partialiy substituted 
2 -hyaroxypropyIether obtained from potato starch by a 
Chemical moairication of etherification with propylene ox- 
ide. In addition, Lhis starch may be partialiy hydrolyzed 
using acids or enzym es to obtain thinned starch. It eon* 
tains NIT 2.0% and NMT 7.0% of hydroxypropyl groups, 
on the dried basis* 

IDENTIFICATION 

* A. Procedurę 

Analysis: Examine under a microscope, using NLT 20x 
magnification and a mixture of glycerin and water ( 1 : 1 ) 
as a mounting agent. 

Acceptance criteria: It presents granules, either Irregu- 
larl y shaped, ovoid or pear-shaped, usualfy 30^100 pm 
in size, but occasionally exteeaing 100 or roundec 
10-35 pm in size, There are occasional compound 
granules having 2-A components* The ovoid and pear- 
shaped granules have an eccentric hilum, and the 
roundea granules have a centric or slightly eccentric h U 
Iuitl Ali granules show clearly visible concentric stria- 
tions. Between crossed nicol prisms, the Hydroxypropyl 
Potato Starch granules show a distinct black cross inter- 
secdng at the nilum. 

* B* Procedurę 

Sample solution: Suspend 1 g of Hydroxypropyl Potato 
Starch in 50 mL of water, boilror 1 min, and cool. 
Acceptance criteria: A translucent or elear mudlage is 
forrned. 

• C Procedurę 

Analysis: To 1 ml of the Sample solution obtained in 
Identification test B add 0*05 mL of iodine and potas- 
sium iodide TS 2. 

Acceptance criteria: An orange-red to dark blue color 
ls produced, which disappears upon heating. 

• D. Procedurę 

Ninhydrin solution: Dissolve 3 g of ninhydrin in 
100 mL of a 45.5-g/L solution or sodium metabhulfite* 


Diluted suffuric acid: 98 g/L of H 2 SO 4 
Sample: 100 mg of Hydroxypropyl Potato Starch 
Analysis: Transfer the Sample to a 100-mL volumetric 
fiask, and add 12.5 mL of Diluted sulfuńc add . Place the 
fiask in a water bath, and heat until the Sample is dis- 
solved* Cool, and dilute with water to 100 mL. [Cau- 
tion —When sulfuric acid is miscible with water, it pro- 
duces intense heat] 

Pipet 1 mL of this solution to a glass-stoppered, 25-mL 
graduated test-tube and, with the tubę immersed in 
coid water, add drop-wise 8 mL of suffuric acid* Mix 
well, and place the tubę in a boiling water bath for 
exactly 3 min. Immediately transfer the tubę to an ice 
bath until the solution ts chiiled. Add 0.6 mL of 
Ninhydrin solution, ca ref ully allowing the reagent to 
run down the walis of the test tubę. Immediately 
shake the tubę wefl, and place it in a water bath at 
25° for 100 min. Dilute with sulfuric acid to 25 mL 
[Caution —Use sulfuric acid cautiously.], and mix by 
inverting the tubę several tlmes. Do not shake. 
Acceptance criteria: A violet color deve!ops within 5 
min due to the presence of hydroxypropyt groups 
(starch ether}* 

A5SAY 

* Procedurę for Hydroxypropyl Groups 

Deuterium chloride solution: Dilute 1 ml of deuterium 
chloride (38% w/w) with 5 mL of deuterium oxlde. 

Inter na I standard solution: Dissolve 50.0 mg of so¬ 
dium 3-trimethyisilyl- 1 -propane sulfonate in about 5g 
of deuterium oxide, wetghed to the nearest 0.1 mg. 
Storę in a sealed bottle, 

Sample solution: Disperse 20 g of Hydroxypropyl Po¬ 
tato Starch in 200.0 mL of carbon dioxide-free water at 
room temperaturę. Agitate for 15 min, and fil ter* Re- 
peat the operatton two morę times, If poor dispersibality 
or slow filtralion Is observed, use refrigerated carbon 
dloxide-free water for the washlng opera tion. Dry the 
washed starch for NLT 4 h in vacuum at 30± 5 a . Deter¬ 
mine the moisture conLent (B) on 5 g of the washed 
and dried starch following the Loss on Drying test* 

Weigh 12*0 mg of the washed and dried starch in a 
5-mm NMR tubę. Add 0.75 mL of deuterium oxide and 
0.1 ml of Deutenum chloride solution . Cap the tubę, 
mix, and place it in a boiling water bath until a elear 
solution is obtained. [NOTĘ —It may take 3 min-1 h.] 
When a elear solution is obtained, allow to cool to 
room temperaturę, Dry the exterior of the tubę, and 
weigh to the nearest 0.1 mg. Add 0,05 mL of fntemal 
standard solution , and weigh to the nearest 0.1 mg. De¬ 
termine the mass of the Interna! standard solution 
added. Mix thoroughiy, 

Nudear magnetk resonance spectrometry 
(See Nudear Magnetic Resonance Spedroscopy (76 1), 
Quantitative Applications.) 

Apparatus: FT-NMR spectrometer at minimum 
300 MHz 

Acguisition of ’H NMR spectra: The following param- 
eters may be used* 

Sweep width: 8 ppm (about - 1.0 to +7 ppm) 

Irradiation frecfuenęy offset: Nonę 

Time domain: NLT 64 K 

Pulse width: 90 degree 

Pulse delay: 10 s 

Dummy seans: 0 

Number of seans: 8 

Use the CH 3 signa! of the interna I standard for shift 
referencing. Set the shift of the peak of the singiel to 
0 ppm. Record the FID signa!, 

Analysis 

Samples: Internal standard solution and Sample solution 
Cali the integration sub-routine after phase corrections 
and baseline correctlon between -0.5 and +6 ppm. 
Measure the peak areas of the doublet from the methyl 
groups of the hydroxypropyl function at + 1.2 ppm 
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(Az), and of the methyl groups at 0 ppm of the inter¬ 
nal standard (Ai) without 13 C-satellEtes. 

Measure the signal coming from the 3 protons of the 
methyl group En the hydroxypropyl functlon, 

Cafculate the content of hydroxypropyl groups as a 
percentage {w/w, dried basis): 

Result = (N x Aa/Ai) x (G x W,/W) x (M r2 /M r i) x [100/ 
(100 - 8)] x 100 

N = numerlcal value representing the 3 methyl 
groups in the internat standard (sodium 
3-trimethytsiEyl-l-propane sulfonate), 3 
Az - area of the methyl groups of hydroxypropyl in 
Hydroxy propyl Rota to Starch 
Ai - area of tne methyl groups in the internal 

standard (sodium 3-trimethyfsllyM -propane 
sulfonate) 

Cj = concentration of the internal standard in the 
Internal standard solution (mg/g) 

Wi “ weight of the Internal standard solution In the 
NMR tubę (g) 

W - weight of the waslied and dried 

Hydroxypropyl Potato Starch in the NMR 
tubę (mg) 

Mrt - molecular weight of the internal standard, 
21832 g/mol 

M f2 = molar mass of hydroxypropyl group, 59,09 g/ 
mol 

B - moisture content of the washed and dried 
Hydroxypropyl Potato Starch used in the 
Sample solution, as a percentage (w/w) 
Acceptance criteria: The content of hydroxypropyl 
groups is 2.G%-7.0% on the dried basis, 

IMPURITIES 
Inorgamc Impurities 

* Residue on Ignition (281): NMT 0,6%, determined on a 
1.Q-g test spedmen 

o Limit of Iron 

Standard iron stock solution: Prepare a solution con- 
taining the equivalent of 10 pg/mL of iron, as direeted 
under Iron (241). 

Diluted standard iron solution: immediately before 
use, dilute an accurately nneasured volume of Standard 
iron stock solution quantitatively with w a ter to o b ta In a 
solution containing the equivalent of 1 ]ig/mL of iron. 
Standard solution: Transfer 1 0 mL of the Diluted stan¬ 
dard iron solution to a test tubę, Add 2 ml of dtric acid 
solution (2 in 10) and 0,1 ml of thioglycolic acid, and 
mix. Add 10 N ammonium hydroxide until the solution 
is distinctly alkaline to litmus, dilute wlth water to 
20 mL, and mix. 

Sample solution: Shake 1.0 g of Hydroxypropyl Potato 
Starch with 20 mL of 2 N hydrochloric acid, and fi Eter. 
Transfer 10 mL of the filtrate to a test tubę. Add 2 mL 
of dtric acid solution (2 En 10) and 0.1 mL of thiogly- 
collc acid, and mix. Add 10 N ammonium hydroxide 
until the solution Is distinctly alka linę to litmus, dilute 
with water to 20 mL, and mix, 

Acceptance criteria: Affer 5 min, any pink color in the 
Sample solution i s not morę intense tnan that En the 
Standard solution , corresponding to a limit of 20 jig/g 
of iron. 

o Limit of Sulfur Dioxide, Method IV (525): NMT 50 ppm 
Organft Impurities 

■ Procedurę i: Limit of Oxidizing Substances 

Sample: 4.0 g of Hydroxypropyl Potato Starch 
Analysis: Transfer tne Sample to a glass-stoppered, 
125-mL conical fiask, and add 50.0 mL of water. Insert 
the stopper, and swlrl for 5 min. Transfer to a glass- 
stoppered, 50-mL centrifuge tubę, and centrifuge to 
clariry. Transfer 30.0 mL of the elear supernatant to a 
glass-stoppered, 125-mL conical fiask Add 1 mLof gla- 
ciał acetlc acid and 0.5-1.Gg of potasslum lodlde. In¬ 


sert the stopper, swfrl, and allow to stand for 25-30 
min in the dark Add 1 mL of starch TS, and titratę 
wtth 0.002 N sodium thiosuifate VS to the disappear- 
ance of the starch-iodine color. Perform a blank deter- 
mination, and make any necessary correction, Each mL 
of 0.002 N sodium thiosuifate V5 is equivalent to 34 pg 
of oxidant, calculated as hydrogen peroxlde. 
Acceptance criteria: NMT 1.4 mL of 0.002 N sodium 
thiosuifate VS is required (20 ug/g, calculated as H 2 Oi)* 
o Procedurę 2 : Foreign WIatter 

Sample: 50 mg/mL of Hydroxypropyl Potato Starch in 
a mixture of glycerin and water (1:1) 

Analysis: Examine under a microscope, using NLT 20x 
magnificatEon and a mExfure of glycerin and water 
(1:1) as a mounttng agent. 

Acceptance criteria: NMT traces of matter other than 
Hydroxypropy! Potato Starch granules are present 

SPEOFIC TESTS 

■ Micro Bi al Enumeration Tests (61) and Tests for Speci- 

FIED Micro ORGAN! SM s (62): The total aerobic microbial 
count does not exceed 10 3 cfu/g, the total combined 
molds and yeasts count does not exceed 10 2 cfu/g, and 
it meets the reguErements of the test for the absence of 
Escherichia coli. 

* PH (791) 

Sample solution: Suspend 5.0 g of Hydroxypropyl Po¬ 
tato Starch in 25.0 mL of carbon dioxlde-free water, 
and shake for 60 s. Allow to stand for 15 min. 
Acceptance criteria: 4.5-8,0 

o LOSS ON DRYING (731): Dry about 1 g at 1 30 G for 90 min: 
it loses NMT 20,0% of its weight. 

ADDITIONAL REQUIR£MENTS 

* Packaging and Storage: Preserve in well-closed contain- 

ers. Storę at room temperaturę. 


Pregelatinized HydroKypropyl Potato 
Starch 


DEFINITION 

Pregelatinized Hydroxypropyl Potato Starch Is prepared from 
Hydroxypropy! Potato Starch by mechanlcal processing En 
the presence of water, with or without heat, to rupture a II 
or some of the starch granules, and is subsequentfy dried. 
It eon ta i ns NLT 2.0% and NMT 7.0% of hydroxypropy[ 
groups on the dried basls. 

IDENTIFICATION 

o A. Test for Pregelatinized State 
Sample: 1 g 

Analysis: Disperse the Sample in 50 mL of water at a 
temperaturę NMT 25°. Shake vtgorously until lumps 
compjetely disperse/solublllze or until lumps disappear, 
Allow to stand for 20 min. 

Acceptance criteria: A translucent or elear mucllage 
without precipitate is formed. 

« B, Test for Starch 

Analysis: Disperse 0.5 g in 2 mL of water without heat- 
ing, and add 0.05 mL of lodine and potasslum lodide 
TS2. 

Acceptance criteria: A reddish-violet or blue color Is 
proauced. 

« C Ninhydrin Test 

Ninhydrin solution: Dissolve 3 g of ninhydrin in 
100 mL of a 45.5-g/L solution of sodium metabisulfite. 
Diluted sulfuric acid: 98 g/L of H^SO-i 
Sample: 1 00 mg 

Analysis: Transfer the Sample to a 100-mL volumetric 
fiask, and add 12.5 mL of Diluted sulfuric acid. Place the 
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fiask in a water bath, and heat until the Sampie is dis* 
solved. Cool, and dilute with water to 100 mL [Ca 
T l ON —When sulfuric acid is miscibfe with water, it pro- 
duces intense heat.] 

Pipet 1 ml of this solution to a glass-stoppered 25-mL 
graduated test tubę and, with the tubę immersed in 
cold water, add dropwise S mL of sulfuric acid. Mfx 
well, and place the tubę in a boiling water bath for 
exactly 3 min. Immediately transfer the tubę to an ice 
bath until the solution is chilled. Add 0.6 mL of 
Ninhydrin solution, carefully allowing the reagent to 
run down the walls of the test tubę, Immediately 
shake the tubę welI, and place it in a water bath at 
25° for 100 min. Dilute with sulfuric add to 25 mL. 

[CA liii ON —Use sulfuric acid cautiously.] Mix by in- 
verting the tubę severaf times. Do not shake. 
Acceptance criteria: A violet color develops within 5 
min due to the presence of hydroxypropyl groups 
(starch ether). 

ASSAY 

* ASSAY FOR HYDROXYPROPYl GROUPS 

Deuterium chloride solution: Dilute 1 mL of deuterium 
chloride (38% w/w) with 5 mL of deuterium oxide. 
Internat standard solution: Disperse 50.0 mg of so¬ 
dium 3-trimethylsilyl-l -propane sulfonate in about 5 g 
of deuterium oxide, weighed to the nearest 0 .T mg. 
Storę in a sealed bottle. 

Sampie solution: Determine the moisture content ( 8 ) 
on 5 g of Pregelatinized Hydroxy propyl Rota to Starch 
following the Loss on Drying test. Weigh 12.0 mg of the 
Pregelatinized Hydroxypropyl Potato Starch in a 5-mm 
NMR tubę. Add 0.75 mL of deuterium oxide and 
OJ mL of Deuterium chloride solution . Cap the tubę, 
mix, and place it in a boiling water bath until a elear 
solution is obtained. [NOTĘ—This may take from 3 min 
to 1 h.] When a elear solution is obtained, allow it to 
cool to room temperaturę. Dry the exterior of the tubę, 
and weigh to the nearest OJ mg. Add 0.05 mL of the 
Internoi standard solution. Weigh to the nearest 0.1 mg. 
Determine the mass of the tntemal standard solution 
added. Mix thoroughly. 

Instrumental conditions 

(See Nuclear Mognetic Resonance Spectroscopy (761), 
Quantitotive Applications .) 

Modę: Nuclear magnetk resonance spectrometry 
Apparatus: FT-NMR spectrometer al minimum 
300 MHz 

Acguisition of T H NMR spectra: The following param- 
eters may be used: 

Sweep width: 8 ppm (about .0 to +7 ppm) 
Jrradiatlon freąuency offset: Nonę 
Time domain: NLT 64 K 
Pulse width: 90 s 
PuJse delay: 10 s 
Dum my seans: 0 
Number of seans: 8 

Use the CH 3 signal of the interna I standard for shift 
referenci ng. Set the shift of the peak of the singlet to 
0 ppm. Record the FID signal. 

Analysis 

Sam pies: Interna! standard solution and Sampie solution 
Gall the Integration subroutlne after phase corrections 
and basellne correction between -0.5 and +6 ppm. 
Measure the peak areas of the doublet from the methyl 
groups of the hydroxypropyl function at + 1,2 ppm 
(Ai) t and of the methyl groups at 0 ppm of the in ter* 
nal standard (Ar) without , 3 C-satellites. 

Measure the signal originatmo from the 3 protons of 
the methyl group in the hydroxy propyl function. 
Calculate the content of hydroxypropyl groups as a per- 
centage (w/w, dried basis): 

Result = (Wx A 2 !A } ) x (Q x W f /W) x (Kz/Hj) x [100/ 
(100 - B)] x 100 


N = numerical value representmg the 3 methyl 
groups in the internal standard (sodium 
3-trimethylsilyl-l-propane sulfonate), 3 
A 2 = area of the methyl groups of hydroxypropyl in 
Pregelatinized Hydro xy pro pyl Potato Starch 
Aj - area of the methyl groups in the internal 

standard (sodium 3-trimethylsilyl-l-propane 
sulfonate) 

C = concentratlon of the internal standard in the 
internal standard solution (mg/g) 

W f = weight of the Internal standard solution in the 
NMR tubę (g) 

W = weight of the Pregelatinized Hydroxypropyl 
Potato Starch in the NMR tubę (mg) 

M f2 - molar mass of hydroxypropyl groups, 59.09 g/ 
mol 

Mri - molecular weight of the Internal standard, 
218.32 g/mol 

B - moisture content of the Pregelatinized 

Hydroxypropyl Potato Starch used in the 
Sampie solution, as a percentage (w/w) 
Acceptance criteria: 2,0%-7,G% of hydroxypropyl 
groups on the dried basis 

IMPURITIES 

• Residue on iGNiTiON (281); NMT 0.6%, determined on a 

1.0-g test specimen 

• Limit of Iron 

Standard iron stock solution: Prepare a solution eon- 
taining the equrvaient of lO pg/mL of iron, as directed 
under Iron (241). 

DiEuted standard iron solution: Immediately before 
use, dilute an aecurately measured volume of the Stam 
dard iron stock solution quantltatively with water to ob- 
tain a solution containing the equivalent of 1 pg/mL of 
iron. 

Sampie solution: Shake the residue obtained from the 
test For Residue on Ignition with 20 mL of 2 N hydro- 
chloric add, and filier. Transfer 10 mL of the frltratę to a 
test tubę. Add 2 mL of cltric acid solution (2 in 10) and 
0.1 mL of thioglycolic acid, and mjx. Add 10 N ammo- 
nium hydroxide until the solution is distrnetly alkaline to 
litmus, dilute with water to 20 mL, and mix. 

Standard solution: Transfer 10 mL of the Diiuted stan¬ 
dard iron solution to a test tubę. Add 2 mL of dtric add 
solution (2 in 10) and 0.1 mL of thioglycolic acid, and 
mix. Add TO N ammonium hydroxide until the solution 
is distinctly alkaline to litmus, dilute with water to 
20 ml, and mlx. 

Acceptance criteria: After 5 min, any plnk color in the 
Sampie sofution is not morę intense tnan that in the 
Standard solution , corresponding to a limit of 20 ppm of 
iron. 

* Limit of Sulfur Dioxide, Method IV (525): NMT 50 ppm 

* Limit of Propylene Glycol 

Internal standard solution: 0.5 mg/mL of 1,3- 
propanediol in anhydrous pyridine 
Standard stock solution: 0.5 mg/mL of USP Propylene 
Glycol RS in Internal standard solution 
Standard solution: Transfer O J mL of the Standard 
stock solution to a 2-mL vessel with a screw cap fitted 
with a sep tum. Add 0.9 ml of anhydrous pyridine, 

0.2 mL of hexamethyldisilazane, and 0.1 ml of trimeth- 
ylchlorosilane. Close, and mix. Allow to stand for 15 
min before injection. 

Sampie stock solution: Transfer 200 mg of Pregelatl* 
nized Hydroxypropyl Potato Starch to a 100-mL volu- 
metric fiask. Add 1.0 mL of the Interno! standard solution 
and 9.0 mL of anhydrous pyridine. Boil under reflux u$- 
ing a water bath for 20 min. Allow to cool to room 
temperaturę, 

Sampie solution: Transfer TO mL of the Sampie stock 
solution to a 2-mL vessel with a screw cap fitted with a 
septum. Add 0,2 mL of hexamethyldisiJazane and 
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0,1 mL of trimethylchforosllane. Ctose, and ANow 
to stand for 15 min before injection, 

Chromatographic system 
{See Chromatogropny (621 ), System Suitobiiity.) 

Modę: GC 

Detector: Ramę tonizatfon 

Column: 0.32-mm x 30-m fused-silica capillary coi- 
umn; 0.25-pm layer of phase G1 
Temperaturę 
Detector: 250° 

Injection port: 250 D 

Column: 70°. [Notę—T he column most be desorbed 
regularly. Conditions: Program from 70° to 300° at 
77min, and maintarn 10 min at 300°,] 

Carrier gas: Helium 
Flow ratę: 3 mL/min 
Injection type: Split ratio of 1:30 
Injection size: 1 pL 
System suitability 
Sam ple: Standard solution 

[Notę —The relative retention times for the tnmethylsyli- 
lated derivative of propylene glycol and the trimethyh 
sylilated derivative of 1,3-propanediol are 1.0 and 1.4, 
respectively.] 

Suitability requrrements 

Re solution: NLT 2,0 between the peaks due to the 
trimethylsylilated derivative of propylene glycol and 
the trimethylsylilated denvative of 1,3-propanediol 
Analysis 

Sam pies: Standard solution and Sample solution 
Calcuiate the percentage of propylene glycol in the por- 
tion of Pregeiatinized HydroxypropyJ Potato Starch 
taken: 

Result = (Ru/Rs) x (Cj/Q x 100 

Ru - internal standard ratio (peak response of 
propylene glycol/peak response of 1,3- 
propanediol) from the Sample solution 
fls = internal standard ratio (peak response of 
propylene glycol/peak response of 1,3- 
propanedidi) from the Standard solution 
Cs - concentration of USP Propylene Glycol RS in 
the Standard solution (mg/ml) 

Co = concentration of Pregeiatinized Hydroxypropyl 
Potato Starch in the Sample solution (mg/mL) 
Acceptance eriteria; NMT 0.1% 

« Limit of Oxidizing Substances 
Sample: 4,0 g 

Analysis: Transfer the Sample to a glass-stoppered 
125-mL conical fiask, and add 50,0 ml of a mixture of 
water and methanof (1-1). Insert the stopper, and swirl 
for 5 min. Transfer to a glass-stoppered 50-mL centri- 
fuge tubę, and centrifuge to darify. Transfer 30.0 ml of 
the elear supernatant to a glass-stoppered 125-mL coni- 
cal fiask. Add 1 mL of glacial acetic add and G.5-1.0 g 
of potassium iodide. Insert the stopper, świr], and alfow 
to stand for 25-30 min in the dark, Add 1 mL of starch 
T$, and titrate with 0.002 N sodium thiosulfate VS to 
the disappearance of the starch-iodine color. Perform a 
blank determination, and make any necessary correc- 
tion. Each mL of 0,002 N sodium thiosulfate VS is 
equivalent to 34 pg of oxidant, calculated as hydrogen 
peroxide. 

Acceptance eriteria: NMT 1.4 mL of 0.002 N sodium 
thiosulfate VS is required (20 ppm, calculated as HzCh), 

SPECEFEC TESTS 

a MICROBIAL ENUMERATtON TESTS (61) and TESTS FOR SPEC1- 
fied Mkroorganisms (62): The total aerobic microbial 
count does not exceed 10 3 cfu/g, the total combmed 
molds and yeasts count does not exceed 10 2 cfu/g, and 
it meets the requirements of the test for the absence of 
Escherichia coli 


■ PH (791) 

Sample solution: Progressive!y suspend 3.0 g of Prege- 
latinized Hydroxypropyl Potato Starch in 100.0 mL of 
carbon dioxide-free water, stirring contmuously. Deter- 
mine the pH when a II the solid is wetted. 

Acceptance eriteria: 4.5-8.0 

* Loss ON Drying (731): Dry about 1 g at 130° for 90 min: 

it loses NMT 20.0% of its weight. 

ADDITIONAL REQUIREMENT5 

* Packaging and Storage: Presen/e in welhclosed eon ta im 

ers. Storę at room temperaturę. 

* USP Referenci Standards (11) 

USP Propylene Glycol RS 


Pregeiatinized Starch 

DEFINITION 

Pregeiatinized Starch is Starch that has been chemically and/ 
or mechanically processed to rupture all or part of tne 
ranules in the presence of water and subsequently dried. 
orne types of Pregelatinized Starch may be modified to 
render them compressible and flowable in charaeter. 

IDENTIFICATION 

® A water slurry of it is colored oranqe-red to deep blue by 
iodine TS. 

IMPUR1TIE5 
Inorganic Impurities 

0 Residue on Ignition (281): NMT 0.5%, determined on a 
2.0-g test specimen 

* Iron (241): NMT 20 ppm 

Analysis: Dissolve the residue obtained in the test for 
Restdue on ignition in 8 mL of hydrochlonc aeid with 
the aid of gentle heatmg, and dilute with water to 
100 mL. Dilute 25 mL of this solution with water to 
47 mL. 

0 Limit of Sulfur Dioxipe 

Sample solution: Mix 20 g with 200 mi of a 1 -irr-5 so¬ 
lution of anhydrous sodium sulfate, and filter. 

Analysis: To 100 mL of the elear filtra te add 3 mL of 
starch TS, and titrate with 0.01 N iodine VS to the first 
permanent blue cofor. 

Acceptance eriteria: NMT 2 J ml is consumed 
(80 ppm). 

SPECIFfC TESTS 

0 Microbial Enumeration Tests (61) and Tests for Speci- 
fied Mkroorganisms (62): It meets the reąuirements of 
the tests for absence of Salmonella speries and Escherichia 
coli The total aerobic microbial count does not exeeed 
1000 cfu/g; and the totat combined molds and yeasts 
count does not exceed 100 cfu/g. 

* PH (791): 4.5-7.0 

Prepare a slurry by weighing 10,0 ± OJ g in 10 ml of 
alcohol and by oiluting with water to 100 mL. Agitate 
continuously at a moderate ratę for 5 min, then cease 
agitation and immediately potentiometncally determine 
the pH to the nearest OJ unit. 

0 Loss ON Drying (731): Dry a sample at 120° for 4 h: it 
loses NMT 14,0% of its weight. 

* OxiDIZIMG SUBSTANCES 

Sample: 5 g 

Analysis: To the Sample add 20 ml of a mixture of 
equal volumes of methanol and water, then add 1 mL 
of 6 N acetic acid, and stir until a homogeneous sus- 
pension is obtained. Add 0.5 mL of a freshly prepared, 
s a tura te d solution of potassium iodide, ancf alfow to 
stand for 5 min. 

Acceptance eriteria: No distinct blue, brown, or purpfe 
color is observed. 
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ADDITIONAL REQUIREMENTS 

* Packaging and Storach: Preserve in well-closed contain- 

ers. No storage requirements spedfied. 

* Iabeung: Laoel it to indicate tne botanical source from 

which it was derived. 


Pregelatinized Modified Starch 

DEFINITION 

Pregelatinized Modified Starch is Modified Starch that has 
been Chemical !y or mechanically processed, or both, to 
rupture all or part of the granufes to produce a product 
that swelis in cold water. 

IDENTIFICATION 

• A. 

Sample: 0.6 g 

Analysis: Transfer the Somple to a 25-mL glass vial with 
a pfastic cap. Add 9.4 g of water, cap, and shake vigor- 
ousfy to evenly disperse the starch. Add 10 g of 2% (w/ 
w) NaOH solution, cap, and shake vigorous!y for 1 min 
to create a smooth mixture. Evaluate within 1 min. 
Acceptance criteria: The finał soJution h translucent to 
opaque with a fluid consistency. A yellow tint of the 
finał solution is acceptable. 

• B. An aqueous dispersion of Pregelatinized Modified 

Starch is colored orange-red to deep blue by iodine TS. 

IMPURITIES 

• RE51DUE ON ICNITJON (231) 

Sample: 2.0 ± 0.1 g 
Acceptance criteria: NMT 1.5% 

« Limit of Sulfur Dioxide 

Sample solution: Mix 20.0 ± 0.1 g of Pregelatinized 
Modified Starch with 100 ml of 95% aleonol, and stir 
for several min to completely wet the starch. 

Analysis: Slowly add 100 mL of water to the Somple 
solution f and stir until a smooth suspension is obtained. 
Allow the starch mixture to set undisturbed until most 
of the starch has settled, and filter the aqueous portlon 
through paper (Whatman No. 1 or equrvalent), To 
100 mL of the elear filtrate add 100 mL of water. Add 
3 mL of starch TS, and titrate with 0.01 N iodine VS to 
the first permanent blue or purple cofor. 

Acceptance criteria: NMT 1 .7 mL of 0.01 0 N iodine is 
consumed (NMT 0.005%). 

SPECIFIC TEST5 

• PH (791) 

Sample: 10.0 ± 0.1 g 

Analysis: Wet the Sample with 10 mL of alcohof, then 
dilute with water to 300 mL to obtain an agueous dis¬ 
persion. Stir continuously at a moderate ratę for 5 min, 
and determine the pH to the nearest 0.1 unit. 
Acceptance criteria: 3.0-9.0 

• Loss on Drying (731) 

Analysis: Dry at 120° for 4 h. 

Acceptance criteria: NMT 15% 

• Microbial Enumeration Tests (61) and Tests for Specl 

red Microorganisms (62): The total aerobic microbial 
count does not exceed 1 x 10 a cfu/g, and the total com- 
bined mofds and yeasts count does not exceed 1 x 10 2 
cfu/g. It meets the reguirements of the tests for absence 
of Salmonella species and Escherichia coli . 

• Iron (241) 

Sample: The residue obtained in the test for Residue on 
Ignltion (281) 

Analysis: Dtssolve the Sample in 8 ml of hydrochloric 
acid with the a id of genlle heating. Dilute with water to 
100 mL in a volumetnc fiask. Dilute 25 mL of this solu- 
tton with water to 47 ± ! mL. 


Acceptance criteria: NMT 20 jig/g 

• OXlDIZING SUBSTANCES 

Sample solution: To 5 g of Pregelatinized Modified 
Starch add 20 mL of a mixture of mefhanol and water 
( 1 : 1 ). 

Analysis: To the Sample solution add 1 mL of 6 N acetic 
add, and stir until a nomogeneous suspension is ob- 
tained. Add 0.5 mL of a freshly prepared saturated solu¬ 
tion of potassium iodide, and ailow to stand for 5 min. 

Acceptance criteria: No distinct blue, brown, or purpie 
color ts obsen/ed. 

ADDITIONAL REQUIREMENTS 

* Packaging And Storage: Preserve in well-closed contain- 

ers. No storage reguirements specified. 


Race Starch _ 

Portions of this monograph that are national USP text, and 
are not part of the narmonized text, are marked with 
symbols (* *♦) to specify this fact. 

DEFINITION 

Rice Starch is obtained from the caryopsis of Oryza sativa L 

IDENTIFICATION 

* A. Procedurę 

Analysis: Examrne under a mieroscope, using NLT 20x 
magnification and using a mixture of glycerin and 
water (1:1) as a mountmg agent. 

Acceptance criteria: It presents polyhedral, simple 
grains 1-10 pm, mostiy 4-6 jum in size. These simple 
grains often gather in ellipsoidal, compound grains 
50-100 pm in diameter, The granules have a poorly 
visible central hilum and there are no concentric stria- 
tions. Be twe en orthogonally orientated polarising plates 
or prrsms, the starch granules show a distinct black 
cross intersecting at tne hilum. 

* B Procedurę 

Sample solution: 20mg/mL in water 

Analysis: Boil for 1 min, and eooL 

Acceptance criteria: A thin, doudy mucilage is formed. 

* C. Procedurę 

Sample solution: 1 ml of the mucilage obtained in 
Identification test B 

Analysis: Add 0.05 ml of iodrne and potassium iodide 
TS 2 to the Sample solution , 

Acceptance criteria: An orange-red to dark blue color 
is produced, which disappears upon heating. 

IMPURITIES 

Inorganic Impurities 

* Residue on Ignition (281): NMT 0.6%, determined on a 

1.0-g sampie 

* Limit of Iron 

Standard Iron stock solution A: Equivalent to 10jig/ 
mL of iron prepared as direeted in Iron (241) 

Standard iron stock solution B; 1 fig/mL of iron from 
Standard iron stock solution A in water. [Notę—P repare 
immediately before usej 

Standard iron solution: Transfer 10 mL of Standard 
iron stock solution B to a test tubę, and add 2 ml of 
citric acid solution (2 in 10) and 0.1 mL of thioglycolic 
acid. Add 10 N ammonium hydroxide until the solution 
is distinctiy alkaline to litmus, and dilute with water to 
20 mL 

Sample solution: Shake 1.5 g of Rice Starch with 
15 mL of 2 N hydrochloric acid, and fiłter. Transfer 
10 mL of the filtrate to a test tubę, and add 2 mL of 
citric acid solution (2 in 10) and 0,1 ml of thioglycolic 
add, Add 10 N ammonium hydroxide until the solution 
is distinctiy alkaline to litmus, and dilute with water to 
20 mL. 
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Acceptance cnteria: After 5 min, any pink color in the 
Sample soiution is not morę intense tnan that in the 
Standard iron soiution , corresponding to a limit of 
10 ppm of iron* 

* Limit of Sulfur Dioxide 

Carbon dioxide: Use carbon dioxide, with a flow regu¬ 
lator that will maintain a flow of 100 + 5 mUmin. 

Hydrogen peroxide soiution: Dilute 30% hydrogen 
peroxide with water to obtain a 3% soiution. [ust 
before use, add 3 drops of bromophenol blue TS, and 
neutralize to a violet-blue endpoint with 
0.1 N sodium hydroxide. Do not exceed the endpoint. 

Apparatus: See Figurę 1. 



In this test, the sulfur dioxide is released from the sam¬ 
ple in a boiling add medium and is removed by a 
stream of carbon dioxide, The separated gas is col- 
lected in a dilute hydrogen peroxide soiution where 
the sulfur dioxlde is oxioized to sulfurie aeid and tf- 
trated with standard a łkali. The apparatus consists es- 
sentially of a 500-mL three-neok, round-bottom boil¬ 
ing fiask. A; a separatory funnel, B, with a capacity of 
100 ml_ or greater; a gas iniet tubę of suffident 
length to permit introduebon of the carbon dioxide 
within 2.5 cm of the bottom of the boiling fiask; a 
reflux condenser, C, with a jacket length of 200 mm; 
and a delivery Lube, E, connecting the upper end of 
the reffux condenser to the bottom of a receiving test 
tubę, D. Apply a thin film of stopcock grease to the 
sealing surfaces of all of the jolnts except the joint 
between the separatory funnel and the boiling fiask, 
and clamp the foints to ensure tightness. 

Sample: 25.0 g of Rice Starch 
Analysis: Add 150 mL of water to the boiling fiask. 
Close the stopcock of the separatory funnel, and begin 
the ffow of carbon dioxide at a ratę of 100 + 5 ml/min 
through the Apparatus . Start the condenser coolant 
Flow. Add 10 ml of Hydrogen peroxide soiution to a re- 
ceiving test lube. After 15 min, without interrupting 
the flow of carbon dioxide, remove the separatory fun¬ 
nel from the boiling fiask, and transfer the Sample into 
the boiling fiask with the aid of 100 mL of water, Apply 
stopcock grease to the outer joint of the separatory 
funnel, and replace the separatory funnel in the boiling 


fiask, Close the stopcock of the separatory funnel, and 
add 80 mL of 2 M hydrach lont aad to the separatory 
funnel. O pen the stopcock of the separatory funnel to 
permit the hydrochloric add soiution to flow into the 
boiling fiask, guarding against the escape of sulfur di- 
oxide into the separatory funnel by closing the stop¬ 
cock before the last few mL of hydrochloric acid drain 
out. Boil the mixture for 1 h. Remove the receiving test 
tubę, and transfer its eon tenis to a 2G0-mL wide- 
necked, conical fiask. Rinse the receiving test tubę with 
a smali portion of water, add the rlnsing to the 200-mL 
conical fiask, and mix. Heat on a water bath for 15 
min, and allow to cool. 

Add OJ mL of bromophenol blueTS, and Utratę the 
eon ten ts with 0.1 N sodium hydroxide V5 until the 
color changes from yellow to vio!et-blue. Perform a 
blank determination, and make any necessary correc- 
tion (see Titrimetry (541)). 

Calculate the content, in ppm, of sulfur dioxicle in the 
Sample taken: 

Result - (V x Nx F)fW x 1000 


V - volume of titrant consumed (mL) 

N - normality of the titrant 
F = milliequivalent weight of sulfur dioxide, 32,03 
W = weight of the Sample (g) 

Acceptance cnteria: NMT 50 ppm 

■ Limit of Oxidizing Substances 

Sample soiution: Transfer 4.0 g to a glass-stoppered, 

125-mL conical fiask, and add 50,0 mL of water. Insert 
the stopper, and swirl for 5 min. Transfer to a glass- 
stoppered, 50-mL centrifuge tubę, and centrifuge to 
clarify. Transfer 30.0 mL of the elear supernatant to a 
glass-stoppered, 125-mL conical fiask. Add 1 mL of gla- 
dal acetlc acid and 0.5-1.0 g of potassium iodide. In¬ 
sert the stopper, swirl, and allow to stand for 25-30 
min in the dark. Add 1 mL of starch TS. 

Analysis: Titrate with 0,002 N sodium thiosulfate V$ to 
the disappearance of the starch-iodlne color. Perform a 
blank determination, and make any necessary correo- 
tion. Łach mL of 0.002 N sodium thiosulfate is equiva- 
fent to 34 uq of oxidant, calculated as hydroaen 
peroxide. 

Acceptance critena: NMT 1.4 mL of 0.002 N sodium 
thiosulfate is reouired [20 ppm, calculated as hydrogen 
peroxide (H^G?)] 

SPECIFIC TESTS 

® Microbial Enumeration Tests (61) and Tests for Speci- 
fied Microorganisms (62): The total aerobic microbial 
count does not exceed 10* cfu/g; the total combined 
molds and yeasts count does not exceed 10- cfu/g; and 
it meets the reąuirements of the test for the absence of 
Escherichia coli . 

• LOSS ON DRYING (731) 

Sample: 1 g 

Analysis: Dry the Sample al 1 30° for 90 min. 
Acceptance critena: NMT 15.0% 

- PH (791) 

Sample soiution; Prepare a siurry by weighing 5.0 g of 
Rice Starch, transferring to a sui Labie non metalik Con¬ 
tainer, and adding 25.0 mL of freshly borled and cooled 
water. 

Analysis: Agi tatę continuously at a moderate ratę for 1 
min. Stop the agltation, and allow to stand for 15 min. 
Determine the pH to the nearest 0.1 unit. 

Acceptance cnteria: 5.0-8.0 

ADDITJONAL REQUIREMENTS 

• + Packacing and Storace: Preserve in well-closed eon- 

tainers. No storage reguirements specified.* 
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Tapioca Starch 

DEFKNITION 

Tapioca Starch consists of starch granules separated from 
the tu bers of tapioca (ca$sava) [Manihot utilissimo Pohl 
(Fam. Euphorbiaceae)]* 

IDENTIFICATION 
o A. 

Analysis: Examine Tapioca Starch under a microscope, 
using not less than 20x magnification and using glyc- 
erin as the mounting agent* 

Acceptance criteria: IL appears as spherical granules, 
each having one truncated side, typically having a 5- to 
35-pm diameter, and having rircular or several-rayed 
central clefts. 

* B 

Sample suspension: I g of Tapioca Starch in 50 ml_ of 
water 

Analysis: Boil the Sample suspension for 1 mm, and 
cool. 

Acceptance criteria: A thin, cloudy mucilage is formed 

- C. 

Sample: The mudlage obtained in Identification test B 
Analysis: To 1 mL or the Sample add 0,05 mL of iodine 
and potassium iodide TS 2, 

Acceptance critena: Art orange-red to dark blue color 
is produced, which disappears on heating. 

IMPURITIE5 

* RESIDUE ON ICNITlON (281) 

Sample: 1*Gg 

Acceptance criteria: NMT 0.6% 

* Iron (241) 

Test preparation: Shake 0*75 g of Tapioca Starch with 
15 ml of 0,1 N hydrochloric acid, filter, and use 10 mL 
Acceptance criteria: NMT 20 pg/g 
« Limit of Oxidizing Substances 
Sample: 4.0 g 
Blank: 50 ml of water 
Tftrimetrie system 
(See Titrimetry (541).) 

Modę: Direct titration 
Tl tran t: 0.002 N sodium thiosulfate VS 
Endpoint detection: Visual 
Analysis: Transfer the Sample to a glass-stoppered, 
125-mL conical fiask, and add 50.0 ml of water. Insert 
the stopper, and swirl for 5 min. Decant into a glass- 
stoppered, 50-mL centrifuge tubę, and centrifuge to 
clariry. Transfer 30.0 mL of the elear supernatant to a 
glass-stoppered, 125-mL conical fiask* Add 1 mL of gla- 
ciał acetic acid and 0.5-1.0 g of potassium iodide, In- 
sert the stopper, swirl, and allow to stand for 25-30 
min in the dark. Add 1 mL of starch TS, and titrate with 
Titrant to the disappearance of the starch-iodine color. 
Perform a blank determination, and make any necessa/y 
correction. Each mL of 0,002 N sodium thiosulfate V5 is 
equivalent to 34 pg of oxldant, ealculated as hydrogen 
peroxide, 

Acceptance criteria: NMT 1.4 mL of 0*002 N sodium 
thiosulfate V$ is required (0.002%), 
o Limit of Sulfur Dioxide 

Sample solution: Mix 20 g of Tapioca Starch with 
200 mL of water until a smooth suspension is obtained, 
and filter* 

Analysis: To 100 mL of the elear filtrate from the Sam- 
ple solution add 3 mL of starch TS, and titrate with 0.01 
N iodine solution VS to the first permanent blue color, 
Acceptance criteria: NMT 1.7 mL of 0.01 N iodine so¬ 
lution V5 is required (0.005%). 

SM 5PECIFIC TESTS 

* Microbial Enumeration Tests ( 61 ) and Tests for Speci 

FIED Microorcanisms (62): The totaf aerobic microbial 


count does not exceed 10* cfu/q, and the total com- 
bined yeasts and molds count does not exceed 10 z cfu/ 
g. Tapioca Starch meets the requirements of the test for 
absence of Escherichia coli , 

* PH (791) 

Sample: 20.0 ± 0*1 g 

Analysis: Transfer the Sample to a suitable non metal fic 
Container, and add 100 mL of water to obtain a slurry, 
Agitate continuously at a moderate ratę for 5 min, then 
stop agitation, and Immediately determine the pH. 
Acceptance criteria: 4.5-7.0 

* Loss on Drying (731) 

Analysis: Dry at 130° for 90 min. 

Acceptance criteria: NMT 16,0% 

ADDITIONAL REQUIR£MENT5 

* Packaging and StoracE; Preserve in weil-dosed contain- 
ers. No storage requirements specified. 


Topi cal Starc h —see Topical Starch General 
Monographs 


Wheat Starch_ 

Portions of the monograph text that are national USP text, 
and are not part of the harmonized text, are marked with 
symbols (**) to specify this fact, 

DEFINITION 

Wheat starch is obtained from the caryopsis of Tritkum aes- 
tivum L. (T* vulgare VilL). 

IDENTIFICATION 

* A. Procedurę 

Analysis: Examine under a microscope using equal 
voiumes of glycerol and water, 

Acceptance criteria: lt presents farge and smali gran¬ 
ules, and, very rarely. Intermedia te sizes, The large 
granules, usually 10-60 pm in diameter, are diseoid or, 
morę rarely, ren i form when seen face-on* The central 
hilum and striations are invi$tble or barely visibfe, and 
the granules sometlmes show cracks on the edges, Seen 
in profile, the granules are elliptical and fusiform and 
the hilum appears as a slit along the main axis* The 
smali granules, rounded or polynedral, are 2-10 pm in 
diameter. Between orthogonally oriented polarizing 
plates or prisms, the granules show a distinct black 
cross intersecting at tne hilum. 

» B. Procedurę 

Sample solution: 20 mg/mL in water 

Analysis: Boil for 1 min, and cooL 

Acceptance criteria: A thin, cloudy mudlage Is formed. 

* c. Procedurę 

Sample solution: 1 mL of the mucilage obtained in 
Identification test B 

Analysis: Add 0*05 mL of iodine and potassium iodide 
TS 2 to the Sample solution * 

Acceptance criteria: An orange-red to dark blue color 
is produced, which disappears upon heating, 

IMPURITIES 

* Residue on Ignitjon (281): NMT 0.6%, determined on a 

1,0-g sample 

* Limit of Iron 

Standard iron stock solution A: Equivalent to 10 Lig/ 
mL of iron prepared as direeted under Iron (241) 
Standard iron stock solution B: 1 pg/mL of iron from 
Standard iron stock solution A in water 
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[NOTĘ—Prepare immediately before use*] 

Standard iron solution: Transfer 10 ml of Standard kor 
stock solution B to a test lube, and add 2 mL of dtric 
add solution (2 in 10), and 0.1 mL of thioglycofic add. 
Add 10 N ammonium hydroxide until the solution is 
distinctly alkaline to litmus, and dilute with water to 
20 mL 

Sample solution: Shake 1.5 g of Wheat Starch with 
15 mL of 2 N hydrochloric acid, and filter. Transfer 
10 mL of the filtrate to a test tubę, and add 2 mL of 
citric acid solution (2 in 10) and 0,1 mL of thioglycofic 
acid. Add 10 N ammonium hydroxide until the solution 
is distinctly alka linę to litmus, and dilute with water to 
20 ml. 

Acceptance criteria: After 5 min, any pink color in the 
Sample solution is not morę intense tnan tbat in the 
Standard iron solution , corresponding to a limit of 
10 ppm of iron. 

« Limit of Sulfur Dioxide 

Carbon dioxide: Use carbon dioxide, with a flow regu¬ 
lator that will maintain a flow of 100 + 5 mL/min. 

Bromophenol blue indicator solution: 0.2 mg/mL of 
bromophenol blue in dilute alcohoL Filter if necessary. 

Hydrogen peroxide solution: Dilute 30% hydrogen 
peroxide with water to obtain a 3% solution, Just 
before use, add 3 drops of Bromophenol blue indkotor 
solution , and neutralize to a violet-blue endpoint with 
0*01 N sodium hydroxide. Do not exceed the endpoint, 

Apparatus: Figurę 1 



In thls test, the sulfur dioxide is released from the sam¬ 
ple in a boiling acid medium and is removed by a 
stream of carbon dioxide. The separated gas Is col- 
lected in a dilute hydrogen peroxide solution where 
the sulfur dioxide i$ oxiateed to sulfuric acid and ti- 
trated with standard alkalL The apparatus consists es- 
sentially of a 500-mL threemeck, round-bottom boiling 
fiask, A; a separatory funnel, B, having a capacity of 
100 mL or greater; a gas inlet tubę of sufficient length 
to permit introduction of the carbon dioxide within 
2,5 cm of the bottom of the boifing fiask; a ref/ux con- 
denser, C, having a jacket length or 200 mm; and a 
delivery tubę, E, connecting the upper end of the re- 
flux condenser to the bottom of a receiving test tubę, 
D. Apply a thin film of stopcock grease to the sealing 
surfaces of all of the joints except the joint between 


the separatory funnel and the boiling fiask, and clamp 
the joints to ensure tightness, 

Sample: 25.0 g of Wheat Starch 

Analysis: Add 150 mL of water to the boiling fiask. 

Cfose the stopcock of the separatory funnel, and begin 
the flow of carbon dioxide at a ratę of 100 ± 5 mL/min 
through the Apparatus. Start the condenser coofant 
flow, Add 10 mL of Hydrogen peroxide solution to a re- 
ceiving test tubę. After 15 min, without interrupting the 
flow of carbon dioxide, remove the separatory funnel 
from the boiling fiask, and transfer the Sample into the 
boiling fiask with the aid of 100 mL of water. Apply 
stopcock grease to the outer joint of the separatory fun¬ 
nel, and replace the separatory funnel in the boiling 
fiask* Gose the stopcock of the separatory funnel, and 
add 80 mL of 2 N hydrochloric acid to the separatory 
funnel. Open the stopcock of the separatory Tunnel to 
permit the hydrochloric add solution to flow into the 
boiling fiask, guarding against the eseape of sulfur diox- 
ide into the separatory funnel by clośing the stopcock 
before the last few mL of hydrochloric acid drain out. 
Boli the mixture for 1 h. Remove the receivincj test 
tubę, and transfer its contents to a 200-mL wide- 
necked, conical fiask. Rinse the receiwng test tubę with 
a smali portion of water, add the rinsina to the 200-mL 
conical fiask, and mix. Heat on a water oath for 15 
min, and allow to cool. Add 0.1 mL of Bromophenol blue 
indicator solution , and Ettratę the contents with 0.1 N 
sodium hydroxide VS until the cofor changes from yef- 
low to violet-blue. Perform a blank determination, and 
make any necessary correction (see Titrimetry (541)). 
Calculate the eon tent, in ppm, of sulfur dioxide in the 
Sample taken: 

Result = 1000 x 32,03 x (VN/W) 


32.03 - milliequivalent weight of sulfur dioxide 
V - volume of litrant consumed (mL) 

N ~ normality of the titrant 
W = weight of the Sample (g) 

Acceptance criteria: NMT 50 ppm 

• Limit of 0xidizjng Substances 

Sample solution: Transfer 4,0 g to a glass-stoppered, 
125-mL conical fiask, and add 50.0 mL of water. Insert 
the stopper, and swirl for 5 min. Transfer to a glass- 
stoppered, 50-mL centnfuge tubę, and centrlfuge to 
clarify. Transfer 30.0 mL of the elear supernatant to a 
glass-stoppered, 125-mL conical fiask. Add 1 mL of gla- 
dal acedc acid and 0.5-1,0 g of potassium iodide. In¬ 
sert the stopper, swirl, and allow to stand for 25-30 
min in the dark. Add 1 mL of starch T5. 

Analysis: Titrate with 0.002 N sodium thiosulfate V5 to 
the disappea rance of the starch-iodine color. Perform a 
blank determination, and make any necessary correc- 
tion. Each mL of 0.002 N sodium thiosulfate is equiva- 
lent to 34 iiq of oxidant, calculated as hydrogen 
peroxide. 

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium 
thiosulfate is required (20 ppm, calculated as H 2 O 2 ), 

SPECIFiC TESTS 

■ Microbial Enumeration Tests (61) and Tests for Speci- 
FIED Microorganisms (62): The total aerobic microbial 
count does not exceed 10* tfu/g; the total combined 
molds and yeasts count does not exceed 10- cfu/g; and 
it rneets the requirements of the test for the absence of 
Escherichia coli 

• Loss on Drying (731) 

Sample: 1 g 

Analysis: Dry the Sample at 130° for 90 min. 
Acceptance criteria: NMT 15.0% 

• PH (791) 

Sample solution: Prepare a slurry by weighing 5.0 g of 
Wheat Starch, transferring to a suitable nonmetalfic 
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Container, and adding 25.0 ml of freshly boiled and 
coofed water. 

Analysis: Agitate tontinuously at a moderate ratę for 1 
min. Stop tne agitation, and allow to stand for 15 min. 
Determine the pH to the nearest 0,1 unit, 

Acceptance cnteria: 4.5-7,0 

* Total Protein 

Analysis: Welgh 6.0 g of sam ple containing 2 mg of n - 
trogen; transfer to a combustion fiask; adcT4g of a 
powdered mixture consisting of lOOg of potassium sul- 
ratę, 5 g of cupric suifate, and 2,5 g of selemum; and 
add three glass beads. Wash any aahering particies 
from the neck into the fiask witri 5 mL of sulfuric acid, 
ailowing it to run down the sides of the fiask, and mix 
the contents by rotation. Close the mouth of the fiask 
loosely, for example by means of a glass bulb with a 
short stem, to avoid excessive loss ot sulfuric acid, Heat 
ąradually at first, then increase the temperaturę until 
there is vigorous boiling with condensation of sulfuric 
add in the neck of the fiask; precautions should be 
taken to prevent the upper part of the fiask from he¬ 
com tng overheated. Continue the heating for 30 min, 
unless otherwise prescribed. Cool, dissolve the solid ma¬ 
teriał by cautiously adding to the mixture 25 mL of 
water, cool again, and place in a steam distillation ap- 
paratus, Add 30 mL of sodium hydroxide solution (42 in 
100 ), and distill immediately by passing steam through 
the mixture. Collect 40 mL of distillate in 20.0 ml of 
0.01 N hydrochloric acid and enough water to cover 
the tip of the condenser, Toward the end of the distilla- 
tion, lower the receiver so that the tip of the condenser 
rs above the surface of the acid. Take precautions to 
prevent any water on the outer surface of the con¬ 
denser from reaching the contents of the receiver, Ti- 
trate the distillate with 0.01 N sodium hydroxide, using 
methyl purple TS as the indicator (n f ml of 0.01 M 
sodium hydroxide). 

Repeat the test using 50 mg of glucose in place of the 
substance to be examtnecf(n.? mL of 0.01 N sodium 
hydroxide). 

Content of nitrogen - [0,01401 x (n? - ni)]/m 

m - amount of test substance weighed (g) 
Acceptance cnteria: ISfMT 0.3% (corresponding to 
0.048% Nb, conversion factor: 6.25) 

ADDITIONAL REQUIREMENTS 

* *Packacinc and Storage: Preserve in welbclosed con- 

tainers. No storage reguirements specified,* 


Stearic Acid_ 

Portions of this monograph that are national USP text, and 
are not part of the narmonized text, are marked with 
symbols (%) to specify this fact. 

Octadecanoic acid; 

Stearic add [57-11-4]. 

DEFIN1TION 

Mixture consisting of stearic (octadecanoic) acid (Ct&H 3 *Cb; 
M r , 284.5) and palmitic (hexadecanoic) acid (O 36 H 32 O 2 ; 
M r , 256.4) obtained from fats or oils of vegetable or 
animal origin, 

Content: 


Stearic actd 50 

Stearic acid: 40.D9th-60.Q%. Sum of the 
contents of stearic acid and palmitic acids: 
NLT 90,0%. 

Stearic add 70 

Stearic acid: 60.0%^80.0%. Sum of the 
contents of stearic and palmitic acids: NLT 
90,0%. 

Stearic add 95 

Stearic add: NLT 90.0%, Sum of the contents 
of stearic acid and palmitic adds: NLT 

96.0%. 


♦ 

[Non—Stearic Acid labeled solely for extemal use is exempt 
from the requirement that it be prepared from edible 
sources .♦] 

IDENTIFICATION 

• A. It meets the requirements of the test for Freezing 

Point 

• B. ACID VALUE 

light petroleum: Use a sample that has the following 
properlies: a elear, coloriess, liquid without fluores- 
cence; practically insoluble In water; mtscibie with alco- 
hol; density at 20° about 0.720; distillation rangę 100°- 
120°; water content NMT G.03%. 1 
Sample soJution: DissoJye 0.5 g of Stearic Add in 
50 ml of a mixture of equal voTumes of alcohol and 
Light petroleum previously neutralized with 0.1 N potas- 
sium hydroxide or OJ N sodium hydroxide, using 
0.5 mL of phenolphthalem TS as indicator. !f necessary, 
heat to about 90° to dissolve the substance to be 
examined. 

Analysis: Titrate the Sampie solution with 0,1 N potas¬ 
sium hydroxide or 0.1 N sodium hydroxide until the 
ink color persssts for at leasl 1 5 s, When heating has 
een appiied to aid dissolution, maintain the tempera¬ 
turę at about 90 p during the titration. 

Calculate the acid value (/*) of the portion of Stearic 
Add taken: 

Result = (n/m) x N x M r 

n - amount of titrant used (mL) 

m = amount of Stearic Add taken to prepare the 

Sampie solution (g) 

N - normality of the potassium hydroxide solution 
M, - molecular weight of potassium hydroxide, 

56 J 1 

Acceptance cnteria: 194-212 

• C. The retention times of the major peaks of the Sample 

solution correspond to those of tne Standard solution, as 
obtarned in the Assay . 

ASSAY 
» Procedurę 

Boroń trifluoride-methanol solution: 140 g/L of bo- 
ron trifluoride in methanol 

Sampie solution: DissoJye 100 mg of Stearic Acid in a 
smali conical fiask fitted with a suitable reflux attach- 
mentwith 5mL of Boroń Lrifluonde-methanoi solution. 
Boil under reflux for 10 min, Add 4.0 mL of heptane 
through the condenser, and boil again under ref!ux for 
10 min. Allow to cool. Add 20 mL of a saturaled soiu- 
tion of sodium chioride. Shake, and allow the tayers to 
separate. Remove about 2 mL of the organie layer, and 
dry it over 0.2 g of anhydrous sodium suifate. Diiute 
1.0 ml of this solution with heptane to 10.0 mL, 
Standard solution: Prepare as directed in the Sample 
solution using 50 mg of USP Stearic Acid RS and 50 mg 
of USP Palmitic Acid RS. 


1 Petroleum elher; boiling rangę 100 -140°; CAS 64742-49-0 from Fisher Sd- 
entific; catalog number AC2 1 302-0025 is suttable. 
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Chromatographk system 

(See Chromatograpny (621), System Suitability.) 

Modę: GC 

Detector: Ffame ionization 

Column: 30-m x 0.32‘mm fused sllica coated with a 
0,5 -Lim layer of stationary phase G16 
Temperatures 
injection port: 220° 

Detector: 260° 

Column: See Table 1. 


Table 1 


InitiaE 

Temperaturę 

n 

Temperaturę 

Ramp 

C/mm) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(men) 

70 


70 

2 

70 

5 

240 

5 


Carrrer gas: Helium, passed through a bed of molecu- 
lar sieve for drying, if necessary 
Ffow ratę: 2.4 mL/min 
injection volume: 1 \xL 
System suitability 
Sample: 5 fon dard solu tion 
Suitability requirements 

Resolution: NIT 5,0 between the methyl palmitate 
and methyl stearate peaks determinecl on six 
injections 

Relative standard devration: NMT 3.0% for the 
methyl stearate and methyl palmitate peaks, from six 
replicate injections; NMT 1.0% for the ratio of the 
peak areas of methyl palmitate to the peak areas of 
methyl stearate, from six replicate injections 
Analysis 

Sample: Sample solution 

Calculate the percentage of stearlc acid (CisHseOż) in 
the portion of Stearic Acid talcen: 

Result = {AJAj) x 100 

As = peak area due to methyl stearate 

At = sum of the peak areas of all the fatty acid 

esters 

Calculate the percentage of palmitic acid (CtsH^Cb) in 
the portion of Palmitic Add taken: 

Result = {ApIAt) x 100 

Ar = peak area due to methyl palmitate 
At ~ sum of the peak areas of all the fatty acid 
esters 

Acceptance criteria 

For Stearic acid 50: 40,0-60.0% of stearic (octadeca- 
noic) acid (CisHjaOa), and the sum of the stearic acid 
and palmitic acid is NLT 90.0% 

For Stearic acid 70: 60.0-80.0% of stearic (octadeca- 
noic) acid (CibH^C^), and the sum of the stearic acid 
and palmitic acid is NLT 90.0% 

For Stearic acid 95: NLT 90.0% of stearic (octadeca- 
noic) acid (CiaH^OA and the sum of the stearic acid 
and palmitic add is NLT 96.0% 

aMPurcsTiES 

a +RES1DUE ON Ignition (281): NMT 4 mg, determined on a 
4-g portion (0,1%)* 

Defete the fottowing: 

** ♦Heaw Metals, Method II (231): NMT 10 ppm*# (Omcia! 

l|acv201B} 


5PEC1FIC TE5TS 

e Fats and Fixed Oils, lodirte Vaiue (401) 

Sample: 1 g 

Analysis: Proceed as directed In Method /, except use 
15 ml of chloroform. 

Acceptance criteria: See Table 2, 


Table 2 


Tvne 

Eodine Value 

Stearic acid 50 

NMT 4.0 

Stearic acid 70 

NMT 4,0 

Stearic acid 95 

NMT 1.5 


* ł COlQR OF SOLUTION 

Standard stock solution Y (yellow): 2.4 mL of ferric 
chloride CS, 0,6 mL of cobaltous chloride CS, and 
7.0 mL of hydrochloric acid solution (10 g/L) 

Standard stock solution BY (brownish-yellow): 

2.4 mL of ferric chloride CS, 1.0 ml of cobaltous chlo¬ 
ride CS, 0,4 mL of cupric sulfate CS, and 6,2 ml of hy¬ 
drochloric add solution (10 g/L) 

Standard solution Y: 2,5 mL of Standard stock solution 
Y and 97.5 mL of hydrochloric add solution (10 g/L) 

Standard solution BY: 2.5 mL of Standard stock sofution 
BY and 97.5 ml of hydrochloric acid solution (10 g/L) 

Analysis: Heat Stearic Acid to 75°. 

Acceptance criteria: The resulting liguid ts not morę 
Intensely colored than Standard solutton Y or Standard 
solution BY* 

O ACIDITY 

Sample: 5.0 g of Stearic Acid 

Analysis: Melt the Sample , shake for 2 min with 10 mL 
of hot carbon dioxide-free water, cool slowly, and filter. 
To the filtrate add 0.05 mL of methyl orange TS. 

Acceptance criteria: No red color develops, 

• Freezing Point 

Apparatus: Consists of a test tubę about 25 mm in di- 
ameter and 150 mm long placed inside a test tubę 
about 40 mm in diameter and 1 60 mm long. The inner 
tubę is dosed by a stopper which carries a thermome- 
ter about 1 75 mm long and graduated in 0.2°, fixed so 
that the bulb is about 15 mm above the bot tom of the 
tubę. The stopper has a hole atlowlng the passage of 
the stem of a stirrer madę from a glass rocf or other 
suitable materia! formed at one end Ento a loop of 
about IS mm overa!l diameter at right angles to the 
rod. The Inner tubę with Ets jacket is supported centrally 
in a 1-L beaker containing a suitable cooling ]iquid to 
within 20-mm of the top. A thermometer is supported 
in the cooling bath. Place in the inner tubę sufficient 
quantity of tne liguid or previously melted substance to 
be examined, to cover the thermometer bulb, and cle- 
termine the approximate freezing point by cooling 
rapidly. 

Analysis: Place the inner tubę in a bath about 5° above 
the approximale freezing point until all but the last 
traces of crystals are melted. Fili the beaker with water 
or a saturated solution of sodium chloride; at a temper¬ 
aturo about 5° lower than the expected freezing point. 
Insert the inner tubę into the outer tubę, ensuring that 
some seed crystals are present, and stir thoroughTy until 
solidification takes place. Notę the highest temperaturę 
obsen/ed during solidification, 

Acceptance criteria: See Table 3. 


Table 3 


Type 

Freezing Point 

n 

Stearic add 50 

53-59 

Stearic acid 70 

57-64 

Stearic acid 95 

64—69 
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ADDIT10NAL REQU0REfVIENT5 

* ♦PACKACłNG and Storage: Preserve in well-dosed con- 

tainers,* 

* Labeling: *If it is for externa! use only, the labeling so 

indicates.* The label States the type of stearic acid (SO, 
70, or 95), 

* usp Reference standards (li) 

USP Palmitic Acid RS 
USP Stearic Acid RS 


Purified Stearic Acid _ 

(This monograph will be omitted after May 1 , 2079 due to 
indusion of the artide of commerce in another compendial 
standard, Stearic Acid monograph f as Stearic Acid 95.) 
(Prior to May h 2019 , the curreni practice of labeling the 
artide of commerce with the nome Purified Stearic Acid 
may be continued. The use of Stearic Acid 95 will be 
mandatory upon May l t 2019. The 60-month extension 
will provide the time needed by manufacturers and users 
to make necessary changes.) 

DEFINITION 

Purified Stearic Acid is a mixture consisting of stearic 
(octadecanoic) acid (CjeHieOz) and palmitic (hexadeca- 
noic) acid (C^H^O?) obtained from fats or oils of vegeta- 
b!e or animal origin, which together constitute NIT 
96.0% of the to ta! content. The eon tent of stearic acid 
(CisHjóOz) is NLT 90.0% of the total. 

[Notę— Purified Stearic Acid iabeled solely for externa! use is 
exempt from the reguirement that it be prepared from 
edible sourcesj 

IDENTIFICATION 

» A. It meets the requirements of the test for Freezing 
Point. 

* B. It meets the reguirements of the test for Acid Value. 

* C The retention times of the major peaks of the Sample 

soiution correspond to those of the Standard sofution , as 
obtained in the Assay* 

AS5AY 

* Procedurę 

Boroń trifluoride-methanol soiution: 140 g/L of bo¬ 
ran trifluoride in methanoJ 

Standard soiution: Prepare as directed in the Sample 
soiution using 50 mg of USP Stearic Acid RS and 50 mg 
of USP Palmitic Ada RS, 

Sample soiution: Dissołve 100 mg of Purified Stearic 
Add in a smali conical fiask fitted with a suitable reflux 
altachment with 5 mL of Boroń trifluoride-methanol solu- 
f/on. Boil under reflux for 10 min. Add 4.0 mL of hep- 
tane through the condenser, and boli again under re- 
flux for 10 min. AJlow to cooL Add 20 mL of a 
saturated soiution of sodium chloride. Shake, and allow 
the layers to sępa ratę. Remove about 2 mL of the or¬ 
ganie layer, and dry it over 0.2 g of anhydrous sodium 
sulfate. Dilute 1.0 mL of this soiution with heptane to 
10.0 mL 

Chromatographrc system 
(See Chromatography (621), System Suitability.) 

Modę: CC 

Detector: Flame iontzation 

Column: 30-m X 0.32-mm fused siNca coated with a 
G.5-pm layer of stationary phase Gló 
Tempera tu res 
Jnjector: 220 e 
Detector: 260 Q 
Column: See Tobie 1. 


Tahle 1 


Inltial 

Temperaturę 

n 

Temperaturę 

Ramp 

C/mm) 

Finał 

Temperaturę 

n 

Hołd Time 
at Fina! 
Temperaturę 
{mini 

70 

„„ 

70 

2 

70 

5 

240 

5 


Carrier gas: Helium, passed through a bed of molecu- 
lar sieve for drying, if necessary 
Flow ratę: 2.4 mL/min 
Injection volume: 1 pL 
System suitability 
Sample: Standard soiution 
Suitability requirements 

Re soiution: NLT 5.0 between the methyl palmitate 
and methyl stearate peaks determined from six 
injections 

[Notę —The relative retention limes for methyl palmitate 
and methyl stearate are about 0,9 and 1.0, 
respectively,] 

Relative standard deviation: NMT 3.0% for the 
methyl stearate and methyl palmitate peaks, from six 
repiicate injections; NMT 1.0% for the ratio of the 
peak areas of methyl palmitate to the peak areas of 
methyl stearate, from six repiicate injections 
Analysls 

Sample: Sample soiution 

Calculate the percentage of stearic acid (C 1B H 3fi 02) in 
the portion of the sample taken: 

Result = ( r v fr T ) x 100 

ru - peak area due to methyl stearate 
rj - sum of the peak areas of all the fatty acid 
esters 

Similarly, calculate the percentage of palmitic acid 
(CieHjjOi) in the portion of the sample taken: 

Result = ( rdrj ) x 100 

Tu - peak area due to methyl palmitate 
tt = sum of the peak areas of all the fatty acid 
esters 

Acceptance criteria: NLT 90,0% of stearic acid 
(CfflH^O*), and the sum of the stearic acid and palmitic 
acid is NLT 96.0%. 

IMPURITIES 

0 RESIDUE ON iGNiHON (281) 

Sample: 4 g 

Acceptance criteria: NMT 4 mg (0.1%) 

Delete the folio wing: 

*• Heaw Metals, Method II (231): NMT lOpg/g# 

SPECIFIC TESTS 

* Fats and FiXED Oils, lodine Value (401) 

Sample: 1 g 

Analysis: Proceed as directed in Method /, except use 
15 mL of chloroform. 

Acceptance criteria: NMT 1.5 

• Acid Value 

Light petroleuin: Use a sampie that has the following 
properties: a elear, colorless, ltquid without fluores- 
cence; practkafly roso lubię in water; miscible with ako- 
hol; density at 20° about 0.720; distillation rangę 
100°-120°; water content NMT 0,03%,* 

Sample soiution: Disso!ve 0.5 g of Purified Stearic Acid 
in 50 mL of a mixture of equal volumes of alcohol and 

1 Petroleum ether; boiling rangę 100 D -H0°; CA$ 6474249-0 from Fisher Sd- 
enttfic; eatalog number AC233024D02S h suitable. 
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Light petroleum previously neutralized with 0.1 N potas- 
sium hydroxide or OJ N sodium hydroxide, using 
0.5 mL of phenolphthalein TS as indicator. !f necessary, 
heat to about 90° to dissolye the substance to be 
examined. 

Analysis: Titrate the Sample solution with 0.1 N potas- 
sium hydroxide or 0.1 N sodium hydroxide until the 
ink color persists for at least 15 s. When heating has 
een applied to aid dissolution, maintain the tempera¬ 
turę at about 90° during the titration. 

Calcu fate the acid value of the portion of Purified Ste¬ 
aric Acid taken: 

Resuit = V/W x N x 56.11 

V = volume of the potassium hydroxide V5 

consumed in the titration (ml) 

W - sampfe weight of Purified Stearic Acid taken to 
prepare the Sample solution (q) 

N - norma! ity of the potassium hydroxide VS 
56.11 = molecular weight of potassium hydroxide 
Acceptance criteria: 194-212 
o Freezing Point 

Apparatus: Consists of a test tubę about 25 mm in di- 
ameter and 150 mm long pJaced inside a test tubę 
about 40 mm in diameter and 160 mm long. The inner 
tubę is closed by a stopper which carries a thermome- 
ter about 175 mm long and graduated in 0.2°, fixed so 
that the bufb is about 15 mm above the bottom of the 
tubę, The stopper has a hole allowing the passage of 
the stem of a stirrer madę from a glass rod or other 
suttable materiał formed at one end into a loop of 
about^ 18 mm overall diameter at right angles to the 
rod. The inner tubę with its jacket Is supported centrally 
in a 1-L beaker containing a suitable cooling liquid to 
wlthin 20-mm of the top. A t hermom eter is supported 
in the cooling bath. Place in the inner tubę sufficient 
quantity of the liqutd or previously melted substance to 
be examined, to cover the thermometer bu Ib, and de- 
termine the approximate freezing point by cooling 
rapidly. 

Analysis: Place the inner tubę in a bath about 5 D above 
the approximate freezing point until all but the last 
traces of crystals are melted. Fili the beaker with water 
or a saturated solution of sodium chloride at a tempera¬ 
turo about 5° lower than the expected freezing point. 
Insert the inner tubę into the outer tubę ensunng that 
some seed crystals are present, and stir thoroughly until 
solidification takes place. Notę the highest temperaturę 
observed during solidification. 

Acceptance criteria: 64°-69° 

* Color of Solution 

Standard stock solution Y (yellow): 2,4 mL of ferric 
chloride CS, 0.6 mL of cobaltous chloride CS, and 
7,0 mL of hydrochloric acid solution (10 g/L) 

Standard stock solution BY (brownish-yellow): 

2.4 mL of ferric chloride CS, I.OmL of cobaltous chfo- 
ride CS, 0.4 mL of cupric sulfate CS, and 6.2 mL of hy- 
drochloric acid solution (10 g/L) 

Standard soiution Y: 2.5 mL of Standard stock solution 

Y and 97.5 mL of hydrochloric acid soiution (10 g/L) 
Standard solution BY: 2.5 mL of Standard stock solution 

BY and 97.5 mL of hydrochloric acid solution (10 g/L) 
Analysis: Heat Purified Stearic Acid to 75°. 

Acceptance criteria: The resulting liguid is not morę 
intensely colored than Standard solutton Y or Standard 
soiution BY. 

* Acidity 

Analysis: Melt 5.0 g of Purified Stearic Acid, shake for 2 
min with 10 ml of not carbon dioxide-free water, cool 
slowly, and fil ter. To the fil tratę add 0.05 mL of methyl 
orange TS. 


Acceptance criteria: No red color deveiops, 

ADDiTIONAL REQUłREMENTS 

e Packaging and Storage: Preserve in welf-dosed 
containers. 

* Łabeung: if it is for extemal use only, the labeiing so 

Endicates. 

* usp reference standards (11) 

USP Palmttic Acid RS 
USP Stearic Acid RS 


Stearoyl PolyoxyGi^ilyg:erSdes 

DEFINITION 

Stearoyl Polyoxylg!ycerides Is a mixture of monoesters, dies- 
ters, and triesters of glycerol and monoesters and dieslers 
of pofyethylene glycois. The polyethyiene glycois used 
have a mean molecular weight between 300 and 4000. It 
ts produced by partial alcoholysis of saturated oils, malnly 
containing triglycerides of stearic add, with polyethyiene 
glycol, by esterification of glycerol and polyethyiene gly- 
col with fatty adds, or as a mixture of glycerol esters and 
ethylene oxide condensate with the fatty adds of the hy- 
drogenated oils. The hydroxyl value is NLT 85% and NMT 
115% of the labeted nominał value, and the saponifica- 
tion vafue is NLT 90% and NMT 110% of the labeled 
nominał value. Stearoyl Polyoxy[gfycerides may contain 
free polyethyiene glycois, 

IDENTIFICATION 

• A. INFRARED ABSORPTION (197K) 

* B. Thłn-Layer Chromatographic Identification Test 

( 201 ) 

Standard solution: 50 mg/ml of USP Stearoyl Polyoxyl- 
glycerides in methylene chloride 

Sample solution: 50 mg/mL of Stearoyl Polyoxylglycer- 
ides in methylene chloride 
Chromatographic system 
Application voiume: 1 0 pL 
Developing solvertt system: Ether and hexanes 
(70:30) 

Spray reagent: 0.1 mg/mL of rhodamine B in alcohof 
Analysis 

Samples: Standard solution and Sample solution 
Proceed as directed in the chapter. Then spray the 
piąte with Spray reagent, and locate the spots on the 
piąte by examination under UV light at a wavelength 
of 365 nm. 

Acceptance criteria: The R f values of the principa! spots 
of the Sample solution correspond to those of the Stan¬ 
dard solution. 

® C. It meets the requirements in Specific Tests (see Table 1) 
for Fats and Fixed Oils, Fatty Acid Composition (401). 

IMPURITIE5 


Defete the foliowing: 

Heavy Metals, Method II (231): NMT 10ug/g# <dffidat i- 

jan-201 aj 

® Articles of Botanicai Origin, Total Ash (561): NMT 

0 , 2 % 

* Alkaline Impurities 

Sample: 5,0 g 

Analysis: Heat the Sample slrghtly until the test sub¬ 
stance melts, add 10 mL of aTcohol and 0.05 mL of bro- 
mophenol blue TS, and rnix well, While the solution is 
still warrn, titrate with 0.01 N hydrochioric acid V5 to 
change the color to yetlow. 

Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochlo¬ 
ric add VS is reguired. 
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* Limit of Free Ethylene Oxide and Dioxane 

Analysis: Proceed as directed in Ethylene Oxide and DF 
oxane (228), Method I . 

Acceptance criteria 
Ethylene oxide: NMT 1 pg/g 
Dioxane: NMT 10jjg/g 

* Limit of Free Glycerol 

Sample: 1.20 g 

Periodic acetic acid solution: Dlssdve 0.446 g of so- 
dium periodate in 2,5 mL of a 25% (v/v) solution of 
sulfuric add, diluting with glacial acetic acid to 
100.0 mL. 

Potassium iodide solution: 75 mg/mL of potassium 
iodide 

Analysis: Dissolve the Sample in 25 mL of methylene 
chloride, heattng if necessary. Cod, and add 100 mL of 
water and 25.0 mL of the Periodic acetic acid solution. 
Shake, and alfow to stand for 30 min. Add 40 mL of the 
Potassium iodide solution, and allow to stand for 1 min. 
Add 1 mL of starch T5, and titrate the liberated iodrne 
with OJ M sodium thiosulfate VS. Perform a blank de- 
termination, and make any necessary correction (see Ti- 
tńmetry (541)). Calculate the percentage of glycerol in 
the sample taken: 


* Laseling; Label it to indicate the type and the average 

nominał molecular weight of polyethylene glycols used as 
part of the official title. The fabei also mdicates the hy- 
droxyl va!ue and the saponification value. 

* USP Reference Standards (11) 

USP Stearoyl Potyoxylglycerides RS 


Stearyl Alcohol 


CtiHaO 270.49 

1 -Octadecanol; 

Octadecan-1 -ol [112-92-5], 

DEFINITION 

Stearyf Alcohol contains NLT 90.0% and NMT 102.0% of 
stearyl alcohol (CjbHjhO), the remainder conslsting chiefly 
of refated alcohols. It is obtained from sources of vegeta- 
ble, anlmal, or synthetic origin. 


Result - {[(V B - V,,) x N x FI/W) x 100 

Vb = Titrant volume consumed by the Blank (mL) 

Vs = Titrant volume consumed by the Sample (mL) 

N “ actual normaiity of the Titrant (mEq/mL) 

F = equiva!ency factor, 23.0 mg/mEq 

W = Sample weight (mg) 

Acceptance criteria: NMT 5.0% 

SPECIFIC TESTS 

• Fats and Fixed Ojls, Add Value (401) 

Sample: 2.0 g 

Acceptance criteria: NMT 2.0 

* Fats and Fixed Qils, Fatty Add Composition <401): 

Stearoyl Polyoxytglycerides exhsbits the folfowing compo¬ 
sition profile of fatty adds, as determined in the chapter 
(see Tobie 1 ). 


labie 1 


Carbon-Chain 

Ungth 

Number of 
Double Bonds 

Percentage 

(%> 

12 

0 

^5.0 

14 

0 

<5.0 

16 

0 

40.0-50.0 

18 

0 

48.0-58.0 


* Fats and Fixed Oils, Hydroxyl Value (401) 

Sampie: 1.0 g 

Acceptance criteria: 25-56, S5%—115% of the labeied 
nominał value 

* Fats and Fixed Oils, lodine Volue (401): NMT 2,0 

* Fats and Fixed Oils, Peroxide Value (401) 

Sampfe: 2.0 g 

Acceptance criteria: NMT 6.0 

* Fats and Fixed Oils, Saponification Value (401) 

Sample: 2,0 g 

Acceptance criteria: 67-112, 90%-1 1 0% of the la- 
beled nominał value 

* Water Determination, Method I (921) 

Sampfe: 1.0 g 

Soivent: Anhydrous pyridme or a mixture of methylene 
chloride and anhydrous methanoi (70:30) 

Acceptance criteria: NMT 1.0% 

ADDITIONAL REQUIREMENTS 

* Packacing and Storage: Preserve in tight containers, 
protected from Irght and molsture, Storę at controlied 
room temperaturę. 


IDENTIFICATION 

* A. Chromatographic Identity 

Analysis: Proceed as directed in the Assay\ 

Acceptance criteria: The retention time of the major 
peak of the Sample solution , exduding the solvent and 
interna! standard peaks, corresponds to the stearyl alto- 
hol peak of the System suitahmty solution. 

ASSAY 

• Procedurę 

Interna! standard solution: 1 mg/mL of 1-pentadeca- 
nol (internal standard) in ethanof 
System suitabiiity solution: Prepare 1 mg/mL each of 
USP Cetyl Alcohol RS, USP Stearyl Alcohol RS, and USP 
Oleyl Alcohol RS in Internal standard solution. Heat the 
solution in a sealed Container in a 5G C water bath until 
ail fatty alcohols are dissolved. Allow the solution to 
cool to room temperaturę, and mix well. 

Standard solution: Prepare 1.0 mg/mL of USP Stearyl 
Alcohol RS in Internal standard solution, and heat the 
solution in a sealed Container in a 50° water bath until 
stearyl alcohol is dissolved. Allow the solution to cool to 
room temperaturę, and mix well. 

Sampie solution: Prepare 1.0 mg/mL of Stearyl Alcohol 
in Internal standard solution. Heat the solution in a 
sealed Container in a 50° water bath until stearyl aleO’ 
hol is dissolved. Allow the solution to cool to room 
temperaturo, and mix well, 

Chromatographic system 
(See Chromatograpny (621), System Suitabiiity.) 

Modę: GC 

Detector: Flame ionization 

Column: 0.25-mm x 30-m fused silica capiliary; coated 
with a 0,25-pm layer of phase G7 
Temperatures 
Detector: 280° 

Injecrion port: 270° 

Column: See Tabfe /. 


Table 1 


Inltial 

Temperaturę 

n 

Temperaturę 
Ramp 
f /min) 

Finał 

Temperaturę 

n 

Hołd Time at 
Finał 

Temperaturę 

(min) 

60 

20 

180 

_ 

180 

10 

220 

5 
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Carrier gas: Hydrogen 

Flow ratę: 2,0 mL/min, constant flow modę 

Injection volume: 1 pL 

Injection type; Split injection; Split ratio is 100:1 
Liner: Single taper, Iow pressure drop liner with deac- 
tivated wool 
Run time: 15 min 
System suitability 

Samples: System suitability solution and Standard 
sotution 

[NOTĘ—See Tabte 2 for the relative retention times.] 


Table 2 


tomponent 

Relative 

Retention 

Time 

] -Pentadecanol flnternal standard) 

1.00 

Cetyl alcohol 

1.09 

Stearyl alcohol 

1.25 

Oieyl alcohol 

1.28 


Suitability reguirements 

Resolution: NLT 30 between the cetyl alcohol and 
stearyl alcohol peaks; NLT 2.0 between the stearyl 
and oieyl alcohol peaks, System suitability solution 
Tailing factor: 0.8-1.8 for the stearyl alcohol and 
1-pentadecanol peaks, Standard solution 
Relative standara deviation: NMT 1%, using the 
area ratio of stearyl alcohol to 1-pentadecanol, Stan¬ 
dard solution 
Analysis 

Samples: Standard solution and Sample solution 
Caiculate the percentage of stearyl alcohof (CiaHjaO) in 
the pordon of Stearyl Alcohol taken: 

Result = (Ru/Rs) x (Q/Cu) x 100 

Ru - peak response ratio of stearyl alcohol to the 
interna) standard (peak response of stearyl 
alcohol/peak response of the interna! 
standard) from the Sample soiution 
R$ = peak response ratio of stearyl alcohol to the 
interna] standard (peak response of stearyl 
alcohol/peak response of the internal 
standard) from the Standard soiution 
Q - concentration of USP Stearyl Alcohoi RS in the 
Standard soiution (mg/mL) 

Cu = concentration of Stearyl Alcohol in the Sample 
soiution (mg/mL) 

Acceptance criteria: 90.0%-l 02.0% 

IMPURITIES 

* Residue on Ignition (281): NMT 0.1%, determined on 

2g 

* Limit of related Fattv Alcdhols 

Solution A: 1 mg/mL of 1 -pentadecanol in etbanol 
Resolution solution: Prepare 1 mg/mL each of USP 
Laury! Alcohol RS, USP Myristyl Alcohol RS, USP Cetyl 
Alcohol RS, USP Stearyl Alcohol RS, USP Oieyl Alcohol 
RS, USP Linolenyl Alcohol RS, and USP Arach idy I Alcohol 
RS in Soiution A. Heat the solution in a sealed Container 
in a 50° water bath until all fatty alcohols are dissolved. 
Allow the solution to cool to room temperaturę, and 
mix well. Drlute the solution with ethanol to obtain a 
solution containing 0.05 mg/mL each of USP Lauryl Al¬ 
cohol RS, USP Myristyl Aicohol RS, USP Cetyl Alcohol 
RS, 1-pentadecanol, USP Stearyl Alcohol RS, USP Oieyl 


Alcohol RS, USP Linolenyl Alcohol RS, and USP Arachidyl 
Alcohol RS, 

Sample soiution: 1 mg/mL of Stearyf Alcohol in etha¬ 
nol. Heat the solution m a sealed Container in a 50 c 
water bath until stearyl alcohol is dissolved. Allow the 
solution to cool to room temperaturę, and m!x well 

Chromatographic system: Proceed as directed in the 
Assay f except for the sptit ratio. 

Injection type: Split injection; the split ratio is 5:1. 

System suitability 
Sample: Resolution solution 
[Notę—S ee Tobie 3 for the reladve retention times.j 


Table 3 


Component 

Relatwe 

Retention 

Time 

Laurvl alcohol 

0.79 

Mvnstvl alcohol 

0.93 

1 - Pentadecanol 

1.00 

Cetyl alcohol 

1,09 

Stearyl alcohol 

1.25 

Oieyl alcohol 

1.28 

Linolenyl alcohol 

1.36 

Arachidyl alcohol 

1.44 


Suitability requirements 

Resolution: NIT 15 between myristyl aicohol and 
1‘pentadecanol peaks; NLT 30 between the cetyl al¬ 
cohol and stearyl alcohol peaks; NLT 2.0 between the 
stearyl and oieyl alcohol peaks 
Analysis 

Samples: Resolution solution and Sample solution 
Identify each related fatty alcohol peak in the Sample 
solution based on that in the Resolution solution . 
Calcufate the percentage of each related fatty alcohol or 
any unspecified impurity in the portion of Stearyl Alco¬ 
hol taken; 

Result - ( rjrj) x 100 

ro - peak response of each related fatty alcohol (or 
any unspecified impurity) from tne Sample 
solution 

fr = sum of all the peak respomes exduding peak 
responses due to solvent from the Sample 
soiution 

Acceptance criteria: Disregard peaks that are less than 
0.05% for any unspecified impurities, and any peaks 
due to solvent. 

Sum of unspecified impurities: NMT 1% 

Sum of related fatty alcohols and unspecified impurb 
ties: NMT 10.0% 


SPECIFIC TEST5 

* Fats and Fixed Oils, Add Vaiue (Free Fatty Adds) (401): 

NMT 2 

* Fats and Fixed Oils, Hydroxyl Value (401): 195-220 

* Fats and Fixed Oils, lodine Votue (401); NMT 2 

* Water Determination, Method i (921): NMT 0.5% 

ADDfTIONAL REQUSRErVfENTS 

* Packacing and Storage: Presen/e in well-dosed 

containers, 

* Labeling: Label it to indicate whether it is derived from 

vegetable, animal, or synthetic sources. 
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• USP Reference Standards (11) 
U5P Arachidy! Alcohol RS 
USP Cety! Alcohol RS 
USP Laury! Alcohol RS 
USP Linofenyl Alcohol RS 
USP Myristyl Alcohol RS 
USP Ofeyl Alcohol RS 
USP Stearyl Alcohol RS 


Succinic Acid 


O 

□ 

C a H 6 O a 118.09 

Butanedioic acid [110-15-6]. 

DEFINITION 

Succinic Acid contains NLT 99.0% and NMT 100.5% of suc¬ 
cinic acid (C 4 H 4 O 4 ). 

IDENTIFICATION 

* A. Enfrared Absorptjgn (197K) 

■ B. Chromatggraphic Identity 

The retention time of the major peak of the Sample solu - 
tion corresponds to thaf of the Standard solution, as ob- 
tained in the Assay. 

ASSAY 

* Procedurę 

Diluent: Dissolve 6.8 g of potassium phosphate mono- 
basic in 2 L of water, Adjust the pH of the solution to 
2.3 with drops of phosphoric acid. This solution is 25 
rnM potassium phosphate buffer, pH 2.3. 

Mobile phaser Methanol and Diluent (8:92) 

System suitability solution: 1.0 mg/mL of USP Succinic 
Acid RS and 0.003 mg/mL of USP Fu marle Acid RS in 
Diluent 

Standard solution: 1.0 mg/mL of USP Succinic Acid RS 
in Diluent 

Sample solution: 1.0 mg/mL of Succinic Acid in Diluent 
Chroma tog raphic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector; UV 204 nm 
Column: 4.6-mm x 15-cm; 3-pm packing LI 
Flow ratę: 1.0 m L/min 
Injection volume: 20 pL 
System suitability 
Sam ple: System suitability solution 
[Notę —The relative retention limes for succinic acid 
and fumaric acid are 1.0 and 1 .2, respecttvely.] 
Suitability reguirements 

Resolution: NLT 2,0 between succinic acid and fu- 
maric acid 

Relative standard deviation: NMT 0.5% for the suc¬ 
cinic acid peak 
Tailing factor: 0.8-2.0 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of succinic acid (OH^OO in 
the portion of the sample taken: 

Result - (r L f/r 5 ) x (Cs/Cu) x 100 


ru - peak response from the Sample solution 

r$ - peak response from the Standard solution 

G - concentration of USP Succinic Acid RS in the 
Standard solution (mg/mL) 

Cu = concentration of Succinic Acid fn the Sample 
solution (mg/mL) 

Acceptance critena: 99.0%-10G.5% 

IMPURITIES 

* Residue on Ignitjon (281): NMT 0,025% 


Detete the foliowing: 

•• Heaw Metals, Methocl I (231): NMT 20 jjg/g* * 

SPECIFIC TESTS 

■ NIelting Rangę or Temperaturę (741): 185.0 D -190,0° 
ADDBTEONAL REQUIREMENTS 

* Packaging and Storage: Preserve in a well-dosed Con¬ 
tainer. No storage requirements specified. 

« USP Reference Standards (11) 

USP Fumaric Acid RS 
USP Succinic Acid RS 


Sucralose 



C 12 H 19 CI 3 O s 397.63 

l,ó-Dichioro-l,6-dideoxy-p-D-fructofuranosyl-4-ch!oro-4-de- 
oxy-o- D-g a J a eto py ra n o s f d e; 

1 'A 6 '-Tnch[arogalact 0 sucrose [56038-1 3-2]. 

DEFINITION 

Sucralose contains NLT 98.0% and NMT 102.0% of 
G 2 H 19 CUO 8 , cafculated on the anhydrous basis. 

IDENTIFICATION 

• A. INFRARED ABSORPTJON (197K) 

® B. The retention tlme of the principal peak of the 5omp/e 
solution corresponds to that of the Standard solution , as 
obtained in the Assay, 

« C. The Rf vatue of the principal spot of the Sample solu¬ 
tion corresponds to that of Standard solution A, as ob- 
tained in the test for Related Compounds . 

ASSAY 

« PROCEDURĘ 

Mobile phase: Acetonitriie and water (3:1 7) 

Standard solution: 1 mg/mL of USP Sucralose RS in 
Mobile phase 
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Sarnpte solution: 1 mg/mL of Sucrafose En Mobile phase 
Chromatographic system 
(See Chromatography (621), System Suita bili ty.) 

Modę: LC 

Detector: Refractive index 
Cofumri: 8-mm x 10-crn; packing LI 
Flow ratę: 1.5 ml/min 
Injeclion size: 20 pL 
System suitabiiity 
Sam ple: Standard solution 

[Notę—T he retention time of sucrafose is about 9 min.] 
Suitabiiity requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Sam pies: Standard solution and Sampie solution 
Caiculate the percentage of sucralose (C^Hi^ChOs) in 
the portion of Sucralose taken: 

Result = (fu /x (Cs/CJ) x 100 

te - peak response of the Sampie solution 

r s = peak response of the Standard solution 

Q - concentration of USP Sucrafose RS m the 

5 tan dard solution (mg/mL) 

Co - concentration of Sucralose ?n the Sampie 
solution (mg/mL) 

Acceptance criteria: 9S,0%-102,0% on the anhydrous 
basis 

impurhtes 

* RESIDUE ON Ignition (281): NMT 0.7% 

Delete the following: 

Heavy Metals, Method II (231): 10 ppm* 

o Limit of Methanol 

InternaJ standard solution: OJ pl/mL of rj-propyl aico- 
hol in pyndine 

Standard solution: 0.2 pL/mL of methanol in interna! 
standard solution 

Sampie solution: 0.2 g/mL of Sucralose in Interna! stan¬ 
dard solution 

Chromatographic system 

(See Chromatography (621), System Suitabiiity «) 

Modę: GC 

Detector: flame ionizatron 

Column: Tmm x 2-m glass column; packed with 80- 
to 100-mesh silanized support Só 
Temperaturę 
Column: 150* 

Detector: 250° 

Injector: 200° 

Carrier gas: Helium 
Flow ratę: 20 mL/mfn 
! njection size: 1 \iL 
System suitabiiity 
Sampie: Standard solution 
Suitabiiity regulrements 
Relative standard devlation: NMT 2.0% 

Analysis 

Sam pies: Standard solution and Sampie solution 
Caiculate the percentage of methanol En the portion of 
Sucrafose taken: 

Result = (Rv/R s ) x [{Cs/Cy) x x F 2 x 100 

Ru - peak response ratio of methanol to n-propyl 
alcohol, from the Sampie solution 
R s - peak response rado of methanol to n-propyf 
afcohof, from the Standard solution 
Cs = concentration of methanol in the Standard 
solution (pL/mL) 


Cu - concentration of Sucralose in the Sampie 
solution (g/mL) 

Fi = conversion factor from pL to ml 

F 2 - specfffc gravity of methanol, 0.79 g/cm 3 

Acceptance criteria: NMT 0J% 

• Related Compoumds 

Adsorbent: 0.20-mm layer of octadecylsrlanized chro¬ 
matographic silica gel. The thin-layer chromatographic 
pfate also has a preadsorbent zonę. 

Detection reagent: Sulfuric acid in methanol (3 in 20) 
Standard solution A: 10.0 mg/mL of USP Sucralose RS 
in methanol 

Standard solution B: 0,5 mL Standard solution A dfluted 
to 10.0 mL with methanol 
Sampie solution: 100.0 mg/mL of Sucralose in 
methanol 

Developing solvent system: Acetonrtrile and sodium 
chloride solution (1 En 20) (3:7) 

Application vo!ume: 5 pL 
Analysis 

Sam pies: Standard solution A t Standard solution B, and 
Sampie solution 

Proceed as drrected under Chromatography (621), Thin- 
layer Chromatography. Spray the piąte with Detection 
reagent. Heat the pfate for 10 min at 125°. 

Acceptance criteria: The R f value of the principaf spot 
from the Sampie solution corresponds to Lhat obtained 
from Standard solution A, and the color of any other 
single spot from the Sampie solution is not morę Entense 
than that of the principaf spot from Standard solution B 
(0.5%). 

® Ljmit of Hydrolysis Products 

[NOTĘ—This test does not reguire a developing solvent.] 
Adsorbent: 0.25-mm layer of chromatographic silica 
gel 

Spray reagent: 12.3 mg/mL of p-amstdine and 
16.6 mg/mL of phfhallc acid in methanol. Storę the so¬ 
lution in the dark and refrEgerate to prevent discolora- 
tion. Discard if the solution becomes dlscolored. [Cau- 
tion— p-Anisidine is toxlc if inhaled or if absorbed 
through the skin.] 

Standard solution A: 100 mg/mL of mannitol 
Standard solution B: 0.4 mg/mL of fructose and 100 
mg/mL of mannitol 

Sampie solution: 250 mg/mL of Sucralose in methanol 
Appfication volume: 5-pL portions separately applled in 
1-jiL increments, allowing the piąte to dry between 
appficatEons 

Analysis 

Samples: Standard solution and Sampie solution 
Proceed as directed under Chromatography (621), Thin- 
Layer Chromatography. Spray the piąte wEth Spray rea¬ 
gent , and heat the piąte at 100 ±2° for 15 min. If the 
spot from Standard solution A has darkened, repeat 
tne test, heatlng for a shorter period of time. Imme- 
diately after heating, view the piąte agarnst a dark 
background, 

Acceptance criteria: The color of the spot from the 
Sampie solution is not morę intense than that from Stan¬ 
dard solution B (0.1%). 

SPECIFIC TEST5 

* OPTJCAL ROTATION, Specific Rotatlón (781S): +84.0° to 
+87.5° at 20 Q 

Sampie solution: 10 mg/mL of Sucralose 
o Water Determination, Method I (921): NMT 2.0% 

ADDITIONAL REQUIREMENTS 

e Packaging and Storage: Preserve in welhclosed contain- 
ers, in a cool, dry place, at a temperaturę not exceeding 
21 
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• USP Reference Standard; (11) 

USP Sucralose RS 


Sucrose_ 

Portions of the monograph text that are national USP text, 
and are not part ot the harmonized text, are marked with 
symbols (%) to speeify this fact. 


OH 



Ci 2 H ?2 0h 342.30 

a-D-Glucopyranoside, /f-D-fructofuranosyhsucrose [57-50-1]. 

DEFINmON 

Sucrose ts a sugar obtalned from Saccharum offkinarum 
Unne (Fam, Gramineae), Beta vulgori$ Unne (Fam. Cheno- 
podiaceae), and other sources. It contains no added 
substances. 

IDENTIFICATION 

* A. INFRARED ABSORPTION (197K) 

IMPURITIES 

* SULFITE 

Sample solution: 400 mg/mL of Stic rosę in freshly pre- 
pared distilled water 

Suifite standard soiution (80 ppm SO 2 ): 0,1575 mg/ 
mL of anhydrous sodium suifite in freshly prepared dis¬ 
tilled water 

Reference soiution: Dissolve 4.0 g of Sucrose in freshly 
prepared distilled water, add 0.5 mL of Suifite standom 
soiution (80 ppm SO 2 ), and dilute with freshly prepared 
distilled water to 10.0 mL. 

Blank: Freshly prepared distilled water 

Analysis: Determine the suifite eon tent by a suitable en- 
zymatic method based on the following reactions, Sul¬ 
imę is oxidized by suifite oxidase to sulfate and hydro- 
gen peroxide, wnich in turn is reduced by 
nicotmamide-adenine dinucleoUde-peroxidase in the 
presence of reduced nicotinamide-adenme dinucleotlde 
(NADH), The amount of NADH oxidized is proportionel 
to the amount of suifite. Separately introduce 2,0 mL 
each of the Sampie soiution , Reference soiution , and 
Blank in 10-mm cuvettes, and add the reagents as de- 
scribed in the kit instruotiom.* Measure the absorbance 
at the maxtmum at about 340 om before and at the 
end of the reaction time, and subtract the value ob- 
tained with the Blank . 

Acceptance criteria: The absorbance difference of the 
Sample soiution is NMT haff the absorbance difference 
of tne Reference soiution. 

SPECIFIC TESTS 

* Appearance of Solution 

Sample solution: 500 mq/mL of Sucrose In water. 

[Notę—S et a portion of this solution aside for the tests 
for Dextrins and Redudng Sugors.] 

Hydrazine sulfate solution: 10 mg/mL of hydrazine 
sulfate in water. Al Iow to stand for 4-6 h, 

Hexamethylenetetramme solution: In a 100-mL 
ground glass-stoppered fiask dissolve 2.5 g of hexa- 
methylenetetramine in 25.0 mL of water. 

Primary opalescent suspension: To the Hexamethyiene* 
tetramine solution in the fiask add 2S.0mLof Hydrazine 
sulfate solution . Mix, and allow to stand for 24 n. This 

1 Test kit for suifite deterrnination may be ordę red from Boehringer Mann* 

herm Roche/fTBIopharm, Catalog #10 725 854 03S. 


suspension is stabie for 2 months, provided it is stored 
in a cjlass Container free from surface defeets. The sus¬ 
pension must not adhere to the glass and must be welf 
mtxed before use. 

Standard of opalescenee: Primary opalescent suspension 
in water (3 in 200). This suspension is freshly prepared 
and may be stored for up to 24 h. 

Reference suspension I: Standard of opalescenee and 
water (5:95) 

Acceptance criteria: The clarity of the Sample soiution 
is the same as that of water or its opalescenee ts not 
morę pronounced than that of Reference suspension L 

• CONDUCTMTY 

Sample solution: 313 mg/mL of Sucrose in freshly 
botled and cooled water 

Apparatus: Use a conductMty meter or resistMty meter 
that measures the resistance of the column of liguid 
between the electrodes of the Immersed measunng de- 
vice. The apparatus is supplied with alternating current 
to avoid the effects of electrode polarization. It is 
eguipped with a temperaturę compensation device or a 
precSsion thermometer. 

Calibration: Choose a conductivity celi that is appropri- 
ate for the conductMty of the solution to be examined. 
The higher the expected conductMty, the higher the 
celi constant that must be chosen so that the value 
measured, R f is as large as possible for the apparatus 
used, Commonly used conductMty cells have celi eon- 
stants on the order of 0.1 cm" 1 , 1 cnr 1 , and 10 cm h 
Use a standard solution of potassium chloride that is 
appropriate for the measurement, Rinse the celi several 
times with water that has been previously boiled and 
cooled to room temperaturę and at Seast twice with the 
potassium chloride solution used for the determination 
of the celi constant of the conductMty celi, Measure 
the resistance of the conductMty celi ustng the potas¬ 
sium chloride solution at 20 ± 0.1°. 

The constant, t (in tm F ), of the conductMty celi is 
given by the expressiom 

C — Rko x 

R * D = measured resistance (M Q) 

Kkj = conductivity of the standard solution of 
potassium chloride used (j_lS - cm 1 ) 

The measured constant, C, of the conductMty celi must 
be within 5% of the given va!ue. 

Analysis 

Sample: Sampie solution 

Measure the conductMty of the Sample solution (CO, 
while gently stirring with a magnetic stirrer, and that 
of the water used for preparing the Sampie soiution 
(CĄ. The readings must be stabie within 1 % over a 
period of 30 s. 

Calculate the conductMty of Lhe Sample solution from 
the expression: 

Result = Cr - (035 x Cj) 

Cf - conductivity of the Sample solution 
C 2 - water used for preparing the Sample solution 
Acceptance criteria: NMT 35 pS - errr 1 at 20° 

* Optical Rotation, Specifk Rotation (781S) 

Sample solution: 260 mg/mL 
Acceptance criteria: +66 3° to +67.0° at 20° 
o +C0LOR VALUE 

Sample solution: Dissolve 50.0 g in 50.0 mL of water. 
Mlx, filter (diameter of pores, 0.45 pm), and degas. 
Analysis: Measure the absorbance at 420 nm, using a 
celi of at leasE 4 cm (a cefl length of 10 cm or morę is 
preferred). 

Calculate the Co/or Value using the expression: 

Result = (A x 1000)/(b x c) 
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A “ absorbante measured at 420 nm 

b ~ cetl path length (cm) 

er = concentration of the solution (g/mL), 

calcu lated from the refractive index of the 
sofudon. Use Tabfe 1 , and interpolate the 
values if necessary. The absolute difference 
between two results ts NMT 3. 


a USF Reference Standards (11) 
USP Sucrose RS 


Sucrose Octaacetate 


Tahiti 1 


ri™ D 

c (fl/mL) 

1.4138 

0.570 

1.4159 

0.585 

1.4179 

0.600 

1,4200 

0.615 

1.4221 

0,630 

1,4243 

0,645 

1.4264 

0,661 


Acceptance criteria: NMT 45 if labeled as parenteral 
graoe; NMT 75 for nonparentera! grade* 

* Dextrins 

[Notę—I f intended for use in the preparation of large- 
volume Enfustons, tt complies with the test for Dextrinś.\ 
Sample solution: Prepare as directed in the test for Ap- 
pearance of Solution . 

Analysis: To 2 mL of the Sample solution add 8 mL of 
water, 0.05 mL of dii u te hydrochloric acid (73 g/L of 
HCI), and 0.05 mL of 0.05 M iodrne. 

Acceptance criteria: The solution remains yeflow. 

* Reducinc Sugars 

Sample solution: Prepare as directed in the test for Ap- 
pearance of Solution . 

Analysis: To 5 ml of the Sample solution in a test tubę, 
about 150-mm long and 16-mm in diameter, add 5 mL 
of water, 1 0 ml of 1 M sodium hydroxide, and 1.0 mL 
of a 1 -g/L solution of methylene blue. Mix, and place in 
a water bath. After exactly 2 min, take the tubę out of 
the bath, and examine the solution immedEately. 
Acceptance criteria: The blue eolor does not disappear 
completely, ig no ring any blue color at the a i r/solutton 
interface. 

« LOSS ON DRYENG (731) 

Sample: 2.000 g 

Analysis: Dry the Sample at 105° for 3 h. 

Acceptance criteria: NMT 0.1% 

® Bacterial Endotoxins Test (85): Less than 0.25 lU/mg 
[NotE-—I f intended for use In the preparation of farge- 
volume infustons, it complies with the test for Bacterial 
Endotoxins.) 

ADDiTIONAL REQUIREMENTS 

* *Packaging and Storage: Preserve in welf-closed con- 
tainers.* 

* Labeling: The label States, where applicabie, that the 
substance is suitabie for use in the manufacture of large- 
voJurne parenteral dosage forms. 



C 2a HssO ]9 678.59 

a-D-Clucopyranoside, l,3,4 y 6-tetra-0"acety[-j3“D-fructofura“ 
nosy], tetra a ce ta te; 

Octaacetyl sucrose [126-14-7]. 

DEFINITION 

Sucrose Octaacetate contains NLT 98.0% and NMT 100.5% 
of sucrose octaacetate (C 2 sH 3 eOi 9 ), calculated on the an- 
hydrous basis* 

IDENTIFICATION 
o A. INFRARED ABSORPTION (197K) 

A5SAY 
* Procedurę 

Sample: 100 mg in a 500-mL conical fiask 
Blank: 50 ml of 70% alcohof 
Titrimetric system 
(5ee 77fr/metry (541).) 

Modę: Residua! titratlon 
Titrant: 04 N sodium hydroxide VS 
Back-titrant: 0.1 N sulfuric acid VS 
Endpoint detection: Visual 

Analysis: Dissolve the Sample in 50 mL of 70% alcohol. 
Neutralize the solution with 0.1 N sodium hydroxide VS 
using phenolphthalein TS as the indicator. Add 25.0 mL 
of 04 N sodium hydroxide VS, altach an air condenser 
to the fiask, protect from absorption of carbon dioxide, 
and reflux on a steam bath for 1 h, Remove from the 
steam bath, cool guickly, and titrate the excess alka fi 
with OJ N sulfuric acid V5 usrng phenolphthalein TS as 
the indicator. Perform a blank determinatlon. 

Calculate the percentage of sucrose octaacetate 
(C 28 H 3 3 0 ] 9 ) in the portion of Sucrose Octaacetate 
taken. Each mL of OJ N sodium hydroxide is equiva- 
fent to 8.483 mę of sucrose octaacetate (CjsHśsÓip). 
Acceptance criteria: 98.0%-l 00.5% on the anhydrous 
basis 

BMPURITIES 

O RE51DUE ON IGNITION (281): NMT 0.1% 

SPECIFIC TE5T5 

O MELTING RANCE OR Temperaturę (741): NLT 78° 

9 ACIDITY 

Sample: 1 g 

Analysis: Dissolve the Sample in 20 mL of neutralized 
alcohol, and add 2 drops of phenolphthalein TS. 
Acceptance criteria: NMT 2 drops of 0.1 N sodium hy- 
droxide are reguired to produce a red color. 
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o Water Determination, Method I (921): NMT 1,0% 

ADDmONAL REQU1REEV1ENT5 

* Packaging and Storage: Preserve In tight containers. 
e USP REFERENCE STANDARD5 (11) 

USP Sucrose Octaacetate RS 


Sucrose Palmitate 



CaeHj*Oia 58071 

CmHszOb 819.11 

CfioHnaOi4 1057.52 

Sucrose monopalmitate; 

Sucrose hexadecanoate [26446-38-8]. 

DEFINITION 

Sucrose Palmitate is a mixture of sucrose monoesters, mairly 
sucrose monopalmitate, obtained by transesterification of 
palmitic acid methyJ esters of vegetab!e origin with su¬ 
crose. The manufacture of the fatty add methyl esters in- 
dudes a distillation step. ft contains variab[e quantities of 
mono- and diesters as set forth In the following table: 


Content of 
Monoesters 

Content of 
Diesters 

(%> 

Sum of Triesters 
and Poiyesters 

NLT55.0 

NMT 40,0 

NMT 20.0 


IDENTIFICATION 

* A. It meets the requirenients of the Fatty Acid Composh 

tion test. 

* B. It meets the reguirements of the Content of Monesters, 

Diesters, Triesters, and Poiyesters. 

AS5AY 

* CONTENT OF MONOESTERS, DIESTERS, TRI ESTERS, AND 

Poły esters 

Mobile phaser Tetrahydrofuran 
Sample solution: 15 mg/mL of Sucrose Palmitate in 
tetrahydrofuran 
Chromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC, size-exc[usion 
Detector: Differential refractometer 
Column: 7-mm x 60-cm; packing 121, 1 00 A 
[Notę—T wo 7-mm x 30-cm L21 columns may be used 
in place of one 60-cm column, provided system surta- 
bility requirements are met.] 

Flow ratę: 1.2 mL/min 
Injection size: 20 j.iL 
Analysis 

Sample: Sample solution 

[Notę—T he re[ative retention time with reference to the 
monoester peak (retention time is approximate!y 10 
min) is about 0.92 for diesters, and about 0.90 for 
triesters and poiyesters.] 

[NOTĘ—Disregard sofvent peaks and peaks having a sig- 
nal-to-noise ratio tess than 10 + ] 


Calculate the percentage of monoesters in the portion 
of Sucrose Palmitate taken: 

Result = Ax(1G0-D-5“ E)/l 00 

A = percentage of monoesters determined by peak 
normatization 

D - percentage of free fatty acids, using the 
following formula: 

Result - AV x 256/561.1 
AV = acid va!ue 

S = percentage of free sucrose (see Free Sucrose in 
Organie Impuritieś) 

E = percentage of water (see Water Determfnation , 
la in Specific Tests ) 

Calculate the percentage of diesters in the portion of 
Sucrose Palmitate taken: 

Result = Bx(100-D-5 - E}/100 

B = percentage of diesters determined by peak 
normalization 

D = percentage of free fatty acids (above) 

5 - percentage of free sucrose (see Free Sucrose in 

Organie Impuritieś) 

E = percentage of water (see Water Determinathn, 
la in Specific Tests) 

Calculate the percentage of triesters and poiyesters in 
the portion of Sucrose Palmitate taken: 

Result = Cx(100-D-S - E)/l 00 

C = percentage of triesters and poiyesters 
determined by peak normatization 
D = percentage of free fatty acids (above) 

S - percentage of free sucrose (see Free Sucrose in 

Organie Impuritieś) 

E = percentage of water (see Water Determination f 
la in Specific Tests) 

• Fatty Acid Composition: Sucrose Palmitate exhibits the 
following composition profiles of fatty acids, as deter¬ 
mined under Fats and Fixed Oiis, Fatty Acid Composition 
{401). 


Fatty Acid 

Percentage 

Lauric add 

NMT 3.0 

MyristEc acid 

NMT 3.0 

Palmitic add 

70.0-85.0 

Stearic add 

10.0-25,0 

Sum of the contents of palmitic acid 
and stearic add 

NLT 90.0 


IMPURITIEŚ 
Imorganic Impuritieś 

® Fats and Fixed Oils, Acid Value (401): NMT 6.0%, deter¬ 
mined on a 3-g sample, Use a freshly neutralized mixture 
of 2-propanol and water (2:1), and gently heat. 

Organie Impuritieś 
* Procedurę: Free Sucrose 

Solution A: 10 pg/mL of ammonium acetate in 
acetonitrile 

Solution B: 10 pg/mL of ammonium acetate in tetrahy¬ 
drofuran and water (90:10) 

Diluent: Tetrahydrofuran and water (87.5:12.5) 

System suitabiłity solution: 500 pg/mL of USP Sucrose 
RS in Dlluent 

Standard Solutions: 0.50, 1.0, 2.0, and 2.5 mg/mL of 
USP Sucrose RS in Diluent 

Sample solution: 50 mg/mL of Sucrose Palmitate in 
Diluent 
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Chromatographic system 
(See Chromatografy (621), System 5u/tab/7/ry T ) 

Modę: LC 

Detector: Evaporative light-scattering, [Notę—I f the 
detector has different setting parameters, adjust the 
detector settings so that they comply with the System 
s u i ta bili ty re q u i re m e n ts * ] 

Carrier gas: Nitrogen 
Detector temperaturę: 45° 

Nebutizer temperaturę: 40° 

Column: 4,6-nim x 0.25-m; packing L8 
Injection sfze: 20 pi 

Mobile phase and flow ratę: See the gradient table 
below. 


Time 

{mini 

Solution A 

(%> 

Solution B 
(W 

Flow Rato 
(mIL/min) 

1 

100 

0 

1,0 

8 

0 

100 

1.0 

7 

0 

100 

TO 

0.01 

0 

100 

2.5 

15.99 

0 

100 

2.5 

1 

100 

0 

2.5 

? ® 

100 

0 

T.O 


System suitability 
Sam ple: System suitability solution 
[Notę—T he retention time is about 26 min for su¬ 
crose palmitate.] 

Suitability reąuirements 
Signal-to-noise ratio: 10:1 
Anaiysis 

Samples: Standard Solutions and Sampie solution 
Prepare a standard curve by plotting the peak re- 
sponse versus concentration of sucrose in the Stan¬ 
dard Solutions. Calcu la te the amount of free sucrose 
m the Sucrose Palmitate taken. 

Acceptance criteria: NMT 4,0% 

SPECIIFIC TESTS 

* Water Determination, Method la (921): NMT 4.0% on 
a 0.20-g sampie 

* Total Ash 

Sampie: I.Og 

Anaiysis: Heat a silica or platinum crucible to redness 
for 30 min, allow to cool in a desiccator, and weigh. 
Transfer the Sampie Into the crucible. Dry at 100M05 0 
for 1 h and ignite to constant weight in a muffle fur- 
nace at 600+25°, ailowing the crucible to cool in a 
desiccator after each ignition. Ftames should not be 
produced at any time during the procedurę. If after 
prolonged ignition the ash still contains black partieles, 
add hot water, filter through an ashless filter paper, and 
ignite the residue and the filter paper, Combine the 
fi [tratę with the ash, ca refu lly evaporate to dryness and 
ignite to constant weight, 

Acceptance criteria: NMT 1.5% 

ADDITiONAL REQUIREMENTS 

® Packaging and Storage: Preserve in a weJI-dosed Con¬ 
tainer. Protect from humidity and avoid high 
temperatures. 


® USP REFERENCE SlANDARDS (11) 
U5P Sucrose RS 


Sucrose Stearate 



CjoHs60i 2 608.76 

GsHsoOis 875.22 

C«HimOi« 1141.68 

Sucrose mono stearate; 

Sucrose octadecanoate [25168-73-4]. 


DEFINITION 

Sucrose Stearate is a mixture of sucrose esters, mainly su¬ 
crose stearate, obtained by transesterification of stearrc 
acEd methyl esters derived from vegetable origin with su¬ 
crose. The manufacture of the fatty add methyl esters in- 
cludes a distillation step. The mono- and dtesters reguire- 
ments differ for the two types of sucrose stearate as set 
forth in the foliowmg table. 



Content of 
Monoesters 
(°/o) 

Content of 
Dtesters 
(%> 

Sum of Tries- 

ters 

and Polyesters 

{%> 

Type 1 

NIT 50.0 

NMT 40 0 

NMT 25.0 

Type H 

20,0-45.0 

30.0-40.0 

NMT 30.0 


IDENTIFICATION 

« A. It meets the reguirements of the Fatty Add Composi- 
tion test. 

• B. It meets the reguirements of Content of Monoesters , 

Diesters y Trie$ter$ f and Polyesters. 

ASSAY 

* CONTENT OF ftflONOESTERS, DlESTERS, TRIESTERS, AND 

POLYESTERS 

Mobile phase: Tetrahydrofuran 
Sampie solution: 15 mg/ml of Sucrose Stearate in 
tetrahydrofuran 
Chromatographic system 
(See Chromotograpny (621), System Suitability.) 

Modę: LC, size- excl u sion 
Detector: Differentiaf refractom eter 
Column: 7-mm x 60-cm; packing 121, 100 A, [Notę— 
Two 7-mm x 30-cm L21 columns may be used in 
place of one 60-cm column, providea system suitabif- 
ity requirements are met.] 

Flow ratę: 1.2 mL/min 
Injection size: 20 pL 
Anaiysis 

Sampie: Sampie solution 

[Notę—T he reiative retention time with reference to the 
monoester peak (retention time is approximately 10 
min) is about 0.92 for diesters, and about 0.90 for 
trlesters and polyesters.] 

[Notę —Disregard solvent peaks and peaks having a sig- 
nal-to-noise ratio less than 10,] 
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Calculate the percentage of monoesters in the portion 
of Sucrose Stearate tal<en: 

Result = A x (100 - D - S - E)/100 

A = percentage of monoesters determined by peak 

norma] izati on 

D = percentage of free fatty acids, obtained by AV 
x 284.5/561 .1, where AV is the acid value 

S - percentage of free sucrose (see Free Sucrose in 
Organie Impurities) 

E = percentage of water (see Water Determinotion, 
la in Spedfic Tests) 

AV - add value 

Cafculate the percentage of diesters in the portion of 
Sucrose Stearate taken: 


Sample solution: 50 mg/mL of Sucrose Stearate in 
DHuent 

Chromatographic system 

(See Chromatography (621), System SuitabHity.) 

Modę: LC 

Detector; Evaporative light-scattermg. [NOTĘ—If the 
detector has different setting parameters, adjust the 
detector settings so as to comply with the System 
Suitability reguł rem en ts.] 

Carrier gas: Nitrogen 
Detector temperaturę: 45 p 
IMebulizer temperaturę: 40 a 
Column: 4.6-mm x 0.25-m; pacldng 18 
Injection size: 20 pl 

Mobile phase and flow ratę: See the gradient table 
bel o w. 


Result - Bx(100-D-S - E)/100 

S - percentage of diesters determined by peak 
normaiization 

D = percentage of free fatty acids (above) 

S - percentage of free sucrose (see Free Sucrose in 

Organie tmpuhties) 

E - percentage of water (see Water Determination, 
la in Spedfic Tests ) 

Calculate the percentage of triesters and polyesters in 
the portion of Sucrose Stearate taken: 

Result = Cx(100-D-S- E)/100 

C - percentage of triesters and polyesters 
determined by peak normafization 
D - percentage of free fatty acids (above) 

S = percentage of free sucrose (see Free Sucrose in 

Organie Impurities) 

E - percentage of water (see Water Determination, 
la in Spedfic Tests ) 

* Fatty Acid Composition: Sucrose Stearate exhibits the 
following composition profiles of fatty acids, as deter¬ 
mined in Fats and Fixea Oils (401), Fatty Acid Composition . 


Fatty Acid 

Percentage 

f%1 

Lauric acid 

NMT 3.0 

Mwistic add 

NMT 3.0 

Palmitic acid 

25.0-40.0 

Stearfc acid 

55.0-75.0 

Sum of the eon ten ts of palmitic add and stearic 
add 

NLT 90 0 


IMPURITIES 

Dfiorgank Impurities 

* Fats and Fixed Oils, Add Vaiue (401): NMT 6, deter¬ 

mined on a 3-g sample. Use a freshly neutralized mixture 
of 2-propano! and water (2:1), and gently heat. 

Organie Impurities 

* Procedurę: Free Sucrose 

Solution A: 10 pg/mL of ammonium acetate In 
aceton kra le 

Solution B: 10 pg/mL of ammonium acetate in tetrahy- 
drofuran and water (90:10) 

Diluent: Tetrahydrofuran and water (87.5:12.5) 

System suitability solution: 500 pg/mL of USP Sucrose 
RS in Diluent 

Standard Solutions: 0.50, 1.0, 2.0, and 2.5 mg/mL of 
USP Sucrose RS in DHuent 


Tiine 

Solution A 

Solution B 

Flow Ratę 

(mini 


(%> 

(mL/min) 

1 

100 

0 

TO 

3 

0 

100 

TO 

7 

0 

100 

1.0 

0.01 

0 

100 

2.5 

15.99 

0 

100 

2.5 

1 

100 

0 

2.5 

3 

100 

0 

TO 


System suitability 
Sample: Sys tem s u i ta bil i ty solu tian 
[Notę—T he retention time for sucrose stearate is 
about 26 min.] 

Suitability recjuirements 
Srgnal-to-noise ratio: 10:1 
Analysis 

Sampies: Standard Solutions and Sample solution 
Prepare a standard curve by pfotting the peak re- 
sponse versus concentration of sucrose in the 5fan- 
aard solution. Calculate the quantity of free sucrose 
in the Sucrose Stearate taken. 

Acceptance criteria: NMT 4.0% 

SPECIFIC TESTS 

■ Water Determination, Method la (921): NMT 4.0%, on 
a 0.20-g sample 

* tdtal ash 

Analysis: Heat a silica or platinum crucible to redness 
for 30 min, allow to cool in a desictator, and weigh. 
Transfer a 1.0-g sample into a crucible. Dry at 
1G0 Q -105 D for 1 h and ignite to constant weięjht in a 
muffle furnace at 600 ± 25 D , alfowtng the crucible to 
cool in a desiccator after each ignition. Flames should 
not be produced at any time durina the procedurę. If 
after prolonged ignition the ash stilT contains black par- 
ticles, add hot water, pass through an ash less fil ter pa^ 
er, and ignite the residue and tne filter paper. Con> 
ine the ffltrate with the ash, carefully evaporate to 
dryness, and ignite to constant weight. 

Acceptance criteria: NMT 1.5% 

ADDBTIONAL REQUJREMENTS 

* Labelinc: Label to indicate whether it is Type I or Type 

o Packaging and Storage: Preserve in a welf-dosed Con¬ 
tainer. Protect from humidity and avoid high 
temperatures. 
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e USP Reference Standards (11) 
USP Sucrose RS 


Compre$sSb3e Sygar 

DEFINmON 

Compressible Sugar contalns NLT 95.0% and NMT 98.0% 
of sucrose (C^H^Gn) on the dried basis, lt may contain 
starch, maltodextrin, or lnvert sugar and may contain a 
suitable lubricant. 

ID EN Tl FIC ATS ON 

* A. It meets the regulrements of the test for Spedfic Rota- 

tion in Spedfic Tests , 

° B. Infrared Absorptiom (197K) 

ASSAY 

* CONTENT OF SlKROSE 

Mobile phase: Acetonitrlle and water (80:20, v/v) 
System suitability soiution: Prepare an aqueous soiu- 
tion containlng 20 mg/mL of sucrose, 1.0 mg/mL of 
dextrose (glucose), 0.6 mg/mL of fructose, 0.6 mg/mL 
of maltose, and 0.8 mg/mL of lactose uslng USP Su¬ 
crose RS, USP Dextrose RS, USP Fructose RS, USP Malt- 
ose Monohydrate RS, and USP Anhydrous Lactose RS, 
Standard soiution: Disso[ve USP Sucrose RS in water to 
obtain a soiution having a concentration of about 
20 mg/mL of sucrose. 

Sample soiution: 20 mg/mL of Compressible Sugar in 
water. Pass the soiution through a 0,2’pm nylon syringe 
filter. 

Chromatographie system 

(See Chromatogrophy {62 1), System Suitability.) 

Modę: LC 

Detector: Refractive index 
Column: 4.6-mm x 15-cm; 5-pm packing 18 
Temperatures 
Column: 45° 

Detector: 40° 

Flow ratę: 2.0 ml/rmin 
Injection voiume: 15 pL 
System suitability 

Sampfes: System suitability soiution and Standard 
soiution 

[NOTĘ—For refative retention times, see Table I.] 


Table 1 


Name 

Relative 

Retention 

Time 

Fructose 

0.5 

Dextrose falucose') 

0,6 

Sucrose 

TO 

Maltose 

13 

Lactose 

1.5 


Suitability regulrements 

Resolution: NLT 1.3 between all adjacent peaks, Sys¬ 
tem suitability soiution 

Relative standard deviatron: NMT 2,0%, Standard 
soiution 
Analysis 

Sam pies: Standard soiution and Sample soiution 
Calculate, on the dried basis, the percentage of sucrose 
(C 12 H 22 O 11 ) En the portlon of Compressible Sugar 
taken; 

Result = (r y /n) x (Cj/CJ x 1 00 
r u = peak response from the Sample soiution 


r 5 = peak response from the Standard soiution 
Q - concentration of USP Sucrose RS in the 
Standard soiution (mg/mL) 

Cu = concentration of Compressible Sugar in the 
Sample soiution (mg/mL) 

Acceptance criteria: 95,0%-98 t G% on the dried basis 

IMPURITIES 

* RESIDUE on IGNITION (281): NMT 0.1% 
o Chloride AND Sulfate, Chloride (221) 

Standard soiution: 0.40 mL of 0.020 N hydrochloric 
acid 

Sample soiution: Transfer 20 g to a 100-mL volumetnt 
fiask, add 80 mL of water, shake to dissoNe the sucrose, 
and then add water to voEume. Separate the sofubilized 
sucrose from any insoluble matter by Filtration until the 
filtrate Is ciear, and use the freshly prepared, elear 
filtrate. 

Acceptance criteria: 0,014%; a 1 0-mL portion of the 
Sample soiution shows no morę chloride than the Stan¬ 
dard soiution. 

* Chloride and Sulfate, Sulfate (221) 

Standard soiution: 0,50 mL of 0.020 N sulfurit add 
Sample soiution: 25 ml of the Sample soiution from the 
test for Chloride and Sulfate (221), Chloride 
Acceptance criteria: 0.01 0%; the Sample soiution 
shows no morę sulfate than the Standard soiution. 

* Limit of Calcium; Proceed as dlrected in Identification 

Tests—General (191 ), Calcium, 

Sample soiution: 5 mL of the Sample soiution from the 
test for Chloride and Sulfate (221), Chloride 
Analysis: To the Sample soiution add 1 mL of ammo- 
nium oxalate TS. 

Acceptance criteria: The soiution remains elear for NLT 
1 min. 


Delete the foilowing: 

% Heaw Metals (231) 

Sample soiution: 20 mL of the Sample soiution from the 
test for Chloride and Sulfate (221), Chloride 
Analysis: To the Sample soiution add 4 mL of water and 
1 mL of 0.1 N hydrochloric acid. 

Acceptance criteria: NMT 5 pg/g* {Q n, L y t^ 2 oia> 

* Limit of Dextrose (Glucose), Fructose, Maltose, and 
Lactose 

Mobile phase. System suitability soiution, Sample so- 
lutron, and Chromatographie system: Proceed as di- 
rected In the test for Content of Sucrose in the Assay. 
System suitability 
Sample: Sys tem sui ta bili ty solu tion 
[Notę—T he relatlve retention times for fructose, dex- 
trose (glucose), sucrose, maltose, and lactose are 0.5, 
0.6, 1.0, 1.3, and 1.5, respectively.] 

Suitabriity requirements 
Resolution: NLT 13 between all adjacent peaks 
Acceptance criteria: The sum of the peak areas for 
dextrose, fructose, maltose, and lactose from the Sam¬ 
ple soiution is less than one third of the sum of the peak 
areas for dextrose, fructose, maltose, and lactose from 
the System suitability soiution, corresponding to NMT 
5% for the sum of dextrose, fructose, maltose, and 
lactose. 

SPECIFIC TEST5 

e SPECIFIC ROTATiON 

Sample soiution: Transfer 26,0 g of Compressible 
Sugar, previously dried, to a 100-mL volumetnc fiask. 
Add 03 mL of a saturated aqueous soiution of lead ace- 
tate, shake with 90 mL of water, and dllute wlth water 
to voiume. Distrlbute evenly on the surface of a sheet 
of medium-fast filter paper 8 g of chromatographie sili- 
ceous earth suitable for column partltion chromatogra- 
phy (see Reagents, Indicators, and Solutions — Reagents), 
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and fil ter the solution, with the aid of vacuum, discard- 
ing the first 20 ml of the filtrate. 

Instrumental conditions 
(See Optical Rotation (7 81),} 

Modę: Specific rotation 

Temperaturę: 20° 

Analysis 

Uninverted solution: Pipet 25 mL of the Sample sok i- 
tion into a 50-mL volumetric fiask. Cool to 20°, and 
diiute with water to volume at 20°. Maintain a tem¬ 
peraturę of 20° for 30 min* 

Acid~inverted solution: Pipet 25 ml of the Sompfe so¬ 
lution into a 50-mL volumetric fiask. Slowly add 6 ml 
of diiute hydrochloric add (1 in 2) whlle rotating it, 
diiute with water neariy to volume, and mix. Place the 
fiask in a water bath maintained at a temperaturę of 
60 D , continuously shake the fiask in the bath for 3 
min, and allow the fiask to rernain in the bath for a 
totaJ of 10 min. Immedratdy coot to 20° by pEunging 
the fiask into a co!d bath, and diiute with water to 
volurne at 20°. Maintain the fiask at a temperaturę o° 
20° for 30 min. 

Determine the specific rotation of the Uninverted solu¬ 
tion and Add-inverted solution at 20°. 

Acceptance criteria 

The specific rotation determined from the Uninverted 
solution: 62.6°“73.4 d 

The specific rotation determined from the Acid-in- 
verted solution: Levorotatory 

* Microbial Enumeration Tests (61) and Tests for Speci 
fied Microorganisms (62): The totai aerobic microbial 
count does not exceed 10 3 cfu/a, and the total com- 
bined mofds and yeasts count does not exceed 1Q 2 cfu/ 
g. It meets the recjuirements of the tests for the absence 
of Salmonella speci es and Eschenchia coli . 

* loss on Drying (731) 

Analysis: Dry at 1 05° for 4 h. 

Acceptance criteria: NMT 1.0% 

ADDITIONAL RECfcUiREA/IENTS 

* Packaging and Storage: Preserve in well-dosed 
containers, 

o SLabeunc: Label it to indicate the name and amount of 
any added lubricant. 

* OSP Referenge Standards (11) 

USP Anhydrous Lactose RS 
USP Compressible Sugar RS 
USP Dextrose RS 
USP Fructose RS 
USP Maltose Monohydrate RS 
USP Sucrose RS 


Confectione^s Siagar 

DEFINITION 

Confectioneds Sugar is Sucrose ground together with corn 
starch to a fine powder. Et contains NLT 95.0% of sucrose 
(C^F^On), calculated on the dried basis. 

IDENTIFICATION 

® A. 

Sample solution: Transfer 20 g to a IGO-mL volumetric 
fiask, add 80 mL of water, shake to dissoEve the sucrose, 
and then add water to voiume, Separate the soiubilized 
sucrose from the insoluble starch component by filtra- 
tton until the filtrate is elear. Use the insoluble portion 
for the Identification test, and use the freshly p repa red, 
elear filtrate in the Impurities tests for Chloride and Sul- 
fate (221), Chloride and Chloride and Suifate (221), Sul- 
fate and for Calcium; and In Specific Tests for Optical 
Ro tation (781), Specific Ro tation . 


Analysis: To the water slurry of the insoluble portion 
add iodine TS. 

Acceptance criteria: A reddish-violet to deep blue color 
is produced. 

* B. It meets the reguirements of the test for Optical Rota¬ 

tion (781), Specific Rotation in Specific Tests ♦ 

A5SAY 

• C OM TENT OF SUCROSE 

Mobile phase: Acetonitrile and water (80:20, v/v) 
System suitability solution: Prepare an aqueous solu¬ 
tion containing 20 mg/ml of sucrose, 1.0 mg/mL of 
dextrose (gfucose), 0.6 mg/mL of fructose, 0.6 mg/ml 
of maltose, and 0.8 mg/mL of lactose using USP Su¬ 
crose RS, USP Dextrose RS, USP Fructose RS, USP Malt¬ 
ose Monohydrate RS, and USP Anhydrous Lactose RS. 
Standard solution: Dissolve USP Sucrose RS in water to 
obtain a solution having a concentration of about 
20 mg/mL of sucrose. 

Sample solution: 20 mg/mL of Canfectioner's Sugar in 
water. Pass the solution through a 0.2-um nylon syringe 
fllter. 

Chromatographic system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 
Column: 4.6-mm x 15-cm; 5-pm packing L8 
Temperatures 
Column: 45° 

Detector: 40° 

Flow ratę: 2.0 mL/mln 
Injection volume: 15 pL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[Notę—F or rela£ive retention times, see Tabfe ?.] 


Table T 


Name 

Relatlve 

Retention 

Time 

Fructose 

0,5 

Dextrose fakitose) 

0.6 

Sucrose 

1.0 

Maltose 

1.3 

Lactose 

1.5 


Suitability requirements 

Resolution: NLT 1.3 between a IJ adjacent peaks. Sys¬ 
tem suitability solution 

Relative standard devlation: NMT 2.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Calcu łatę, on the dried basis, the percentage of sucrose 
(CuB^Oii) in the portion of Confectioner's Sugar 
taken: 

Result - (fu/rf) x (Cs/C u ) x 100 

tu - peak response from the Sample solution 

r 5 = peak response from the Standard solution 

C E =■ concentration of USP Sucrose RS in the 
Standard solution (mg/mL) 

Cij - concentration of Confecttoneds Sugar in the 

Sample solution (mg/ml) 

Acceptance criteria: NLT 95.0% of sucrose on the 
dried basis 

IMPURITIES 

IRE50DUE ON Igniteon (281): NMT 0,08% 

° Chloride and Sulfate, Chloride (221) 

Standard solution: 0.40 mL of 0.020 N hydrochloric 
acid 
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Sample solution: 10 ml of the elear filtra te from Identh 
fication test A 

Acceptance criteria: 0.014%; the Sample solution 
shows no morę chloride tlian the Standard solution . 

® Chloride and Sulfate, Sulfate <221) 

Standard solution: 0.30 mL of 0.020 N sulfuric add 

Sample solution: 25 mL of the dear filtrate from Identi¬ 
fication test A 

Acceptance criteria: 0.006%; the Sample solution 
shows no morę sulfate than the Standard solution. 

o Calcium 

Sample solution: 5 mL of the elear filtrate from Identifi- 
cation test A 

Analysis: To the Sample solution add 5 mL of water and 
1 mL of ammonium oxalate TS. 

Acceptance criteria: The Sample solution remains elear 
for NLT 1 min. 


Delete the fottowing: 
m * * Heaw Metals <231) 

Sample solution: 20 mL of the dear filtrate from Identh 
fication test A 

Analysis: To the Sample solution add 4 mL of water and 
1 mL of OJ N hydrochloric acid. 

Acceptance criteria: NMT 5 pg/g* r«i™-2om 

SPECIFIC TESTS 

• Microbiał Enumeration Tests ( 61 ) and Tests for Speci 

FIED MIc roorgAN t$MS (62): The total aerobic mitrobial 
count does not exceed 10* cfu/g, and the total com- 
bined molds and yeasts count does not exceed 1 0 2 cfu/ 
g, It meets the requrrements of the tests for absence of 
Salmonella spedes and Eschenchia coli. 
e LOSS ON DRYING (731) 

Analysis: Dry at 105° for 4 h. 

Acceptance criteria: NMT 1.0% 

• Optical Rotation, Spedfic Rotation (781S) 

Sample solution: Use the dear filtrate from Identifica¬ 
tion test A. 

Acceptance criteria: NLT +62.6° corresponding to NLT 
95,0% of sucrose (C^FbzOn), calculated on the dried 
basis 

ADDITIONAL REQUIREMENT5 

9 Packaging and Storage: Preserve in well-dosed 
contarners. 

• USP Reference Standards (11) 

USP Anhydrous Lactose RS 
USP Dextrose RS 
USP Fructose RS 
USP Maltose Monohydrate RS 
USP Sucrose RS 


Snasar Spflieres 

DEFINITION 

Sugar Spheres contain NLT 62.5% and NMT 91.5% of su¬ 
crose (CizH&On), calculated on the dried basis, the re- 
mainder consisting chiefly of starch. They consist of ap- 
proximately spherical particles of a labeled nominał slze 
rangę. They may contain color addkives permitted by the 
FDA for use in drugs. 

1DEIMTIFGCATI0N 

* A. 

Sample suspension: 1:10 

Analysis: Add lodine TS to the Somple suspension. 

Acceptance criteria: A violet to deep blue color is 
produced. 


* B. It meets the reguirements of the test for Optical Rota¬ 

tion <7815), Spedfic Rotation in Spedfic Tests. 

A5SAY 

* CONTENT OF SUCROSE 

Mobile phase: Acetonitrile and water (80:20, v/v) 
System suitability solution: Prepare an agueous solu¬ 
tion containing 20 mg/mL of sucrose, 1.0 mg/mL of 
dextrose (glucose), 0.6 mg/mL of fructose, 0,6 mg/mL 
of malfose, and 0.8 mg/mL of lactose using USP Su¬ 
crose RS, USP Dextrose RS, USP Fructose RS, USP Malt- 
ose Monohydrate RS, and USP Anhydrous Lactose RS. 
Standard solution: Disso3ve USP Sucrose RS in water to 
obtain a solution having a concentration of about 
20 mg/mL of sucrose. 

Sample solution: 20 mg/mL of Sugar Spheres in water. 
Pass the solution through a 0.2-pm nylon syringe fil ter. 
Chromatographk system 
(See Chromatograpny (621), System Suitability.) 

Modę: LC 

Detector: Refractive index 
Column: 4.6-mm x 15-cm; 5-fim packing L8 
Temperatures 
Column: 45 Q 
Detector: 40° 

Flow ratę: 2.0 mL/min 
Injection volume: 15 pL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[NOTĘ—See Tabfe ?.] 


Table 1 


Na me 

Relatfoe 

Retention 

Time 

Fructose 

0.5 

DexLrose (glucose) 

0.6 

Sucrose 

1.0 

Maltose 

1.3 

Lactose 

1.5 


Suitability requirements 

Resolution: NLT 1.3 between all adjacent peaks, Sys¬ 
tem suitability solution 

Relatwe standard devration: NMT 2,0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of sucrose in the portion of 
Sugar Spheres taken: 

Result - ( rufr s ) x (Q/Cu) x 100 

fu - peak response from the Sample solution 

r* - peak response from the Standard solution 

Cs - concentration of USP Sucrose RS in the 
Standard solution (mg/mL) 

Q = concentration of Sugar Spheres in the Sample 
solution (mg/mL) 
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Acceptance criteria: 62.5%-91.5% on the dried basis 

IMPURITIES 

O RE51DUE ON IGN1TION (281) 

Sample: 2.0 g 

Analysis: Ignite at a temperaturę of 700 ±25°. 
Acceptance criteria: NMT 0.25% 

Delete the following: 

•• Heaw Metals, Method li (231): 5 j.ig/g* * (Official HHrv2Ql5) 

SPECIF1C TESTS 

* Microbial Enumeration Tests (61) and Tests for Speci 
fied Microorganisms (62): The total aerobic microbtai 
count does not exceed 10 2 cfu/g, and the Spheres meet 
the regurrements of the tests for absence of Salmonella 
speci es, Escherichia coli , Staphylococcus oureus, and Pseu- 
aomonas aeruginosa. 

® Optical Rotation, Specific Rotation (781S) 

Sample soiution: Transfer 20 g to a 200-mL volumetric 
fiask, add 160 ml of water, shake to dlssoh/e the su- 
erose, add water to vo!ume, and mix. Pass the solubi- 
lized sucrose solution by vacuum filtration through fine 
f il ter paper. 

Acceptance criteria: +41 ° to +61 corresponding to 
62.5%-91*5% of sucrose (Ci 2 H 22 0n), calculated on the 
dried basis 

* Lass on Drying (731) 

Analysis: Dry at 105° for 4 h. 

Acceptance criteria: NMT 4,0% 

* PARTICLE SlZE OlSTRIBUTION ESTIWIATION BY ANAIYTICAL 

Sieving (786): NLT 90% of it passes the coarser sieve 
size stated in the labefing; alt of it passes fhe next coarser 
sieve stze listed in Tobie 1 of the chapter; and NMT 10% 
passes the finer sieve size stated in the labeltng. 

ADDITIONAL REQUIREMENTS 

* Packaging and Storace: Preserve in well-dosed 
containers, 

■ Lareung; The label States the nominał particie size 
rangę. Labef it to indicate the name and amount of any 
added color additives. 

* USP Reference Standard* (11) 

U5P Anhydrous Lactose RS 
USP Dextrose RS 
USP Fructose RS 
USP Maltose Monohydrate RS 
USP Sucrose RS 


Suifmr PioKide 


SOz 64,06 

Sulfur dioxide [7446-09-5]. 

DEFINITION 

Sulfur Dioxide contains NLT 97.0%, by volume, of sulfur 
dioxide (SO z ). 

[Caution —Sulfur Dioxide is poisonous.] 

A5SAY 

* Procedurę 

Sample: 100.0 mL of gaseous Sulfur Dioxide 
Titrimetric system 
(See Titrlmetry (541},) 

Modę: Direct titration 
Titrant: 0.1 N iodine VS 
Endpoint detection: Vlsuai 
Analysis: Cotlect the Sample over mercury, and notę 
the temperaturę of the Sample and the pressure upon 


it. Slowly introduce 50.0 ml of OJ N sodium hydroxide 
into the air space over the mercury, and absorb the 
Sample in the solution by shaking. When absorption is 
complete, transfer the solution Lo a 250-mL conlcal 
fiask, add 3 mL of starch TS, and titrate with Titrant 
untit the solution is pale blue in colon 
Calculate the percentage of sulfur dioxide ($0 2 ) at a 
temperaturę of 0° and a pressure of 760 mm of mer¬ 
cury In the portion of Sulfur Djoxide taken. Fach mL of 
0.1 N iodine is equivalent to 1.094 mL of S0 2 . 

Acceptance criteria: NLT 97.0%, by vo 1 ume 

IMPURITIES 

* ŁlMJT OF NONYOLATILE RE5IDUE 

Sample: 300 g (209 mL) 

Analysis: Transfer the Sample to a tared, 250-mL conical 
fiask, and allow the llquid to evaporate spontaneously 
in a welLventilated hood. When evaporation appears 
complete, biow a current of dry, filtered air through the 
fiask until the odor of sulfur dioxide Is no longer 
apparent. 

Acceptance criteria: NMT 7.5 mg (0.0025%) 

e SULFURIC ACID 

Analysis: To the fiask containing the resldue obtained in 
the test for Limit of Nonvolatile Resldue add 25 mL of 
water previously neutraitzed to methyl red TS. Swirl the 
fiask, and titrate with 0.10 N sodium hydroxide. 
Acceptance criteria: NMT 1.3 mL Is reguired (ahout 
0 . 002 %). 

SPECIFIC TESTS 

® Water Determination, Method I (921) 

Sample: 3 g (2.1 ml) 

Analysis: Taking precautions to avoid absorption of 
moisture, transfer the Sample to a suitable fiask, and 
add 20 mL of anhydrous pyridine. 

Acceptance ciiteria: NMT 2.0% 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in cyllnders. 

[Notę—S ulfur Dloxide is used most in the form of a gas 
in pharmaceuticai applications, and is described herein 
for such purposes. However, it is usually packaged 
under pressure, hence the preceding spedfications are 
designed for testing it in Itguid form.] 


Su ifuric Acid 


H,S0 4 98.08 

Sulfuric acid [ 7664-93-9 ]. 

DEFINITION 

Sulfuric Acid contains NLT 95.0% and NMT 98.0%, by 
weight, of sulfuric add (H 2 SOi). 

[Caution —When su tfuric add is to be mixed with other lrq- 
ulds, always add it to the diiuent, and exerdse great 
caution.] 

IDENTIFICATION 

* A. Identification Tests—General, Sulfote (191): Meets 
the regulrements 

ASSAY 
o Procedurę 

Sample solution: Place 1 mL of Sulfuric Acid in a 
weighed, glass-stoppered fiask contalning 20 mL of 
water, and weigh again to obtain the weight of the 
Su ff uric Acid. Di lute with 25 mL of water, and cgoL 
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Titrimetric system 
(See Titńmetry {541}.) 

Modę: Direct titration 
Titrant: 1 N sodium hydroxide VS 
Blank: 45 mt of water 
Endpoint detection: VisuaJ 
Analysis: To the Sample solution add methyl orange T5, 
and tltrate with 1 N sodium hydroxide VS. Perform a 
blank determination. Calculate the percentage of sulfu* 
ric add (H 2 SO 4 ) taken: 

Result = {[(V s - V B ) x N x F\/W) x 100 

V% - 77trant volume consumed by suffuric add in 
the Sample solution (mL) 

V a = Titrant volume consumed by the Blank (mL) 

N = Titrant actual normality (mEq/mL) 

F = equivalency factor, 49,04 mg/mEq 
W - weight of sulfunc add in the Sample solution 
(mg) 

Acceptance criteria: 95.0%-98,0% 

IMPURITIE5 

* RESIDOE OH iGNJTlON <281) 

Sample: 22 mL (40 g) 

Analysis: Evaporate the Sample to dryness, and ignite. 
Acceptance criteria: NMT 2 mg of residue remains 
(0.005%). 

* Chlor idę and Sulfate, Chloride <221): A dilution of 

1,1 mL ( 2.0 g) in water shows no morę chloride than 
corresponds to 0.15 mL of 0,020 N hydrochloric add 
(50 ppm), 

* AR5EN1C <211) 

Test preparation: Add 1 .6 ml (3.0 g) to a mixture of 
nitric add and water (3:20), Evaporate the solution until 
dense fumes of sulfur trioxtde form. Cool, and cau- 
tiously wash the solution into an arsine generating fiask 
with 50 mL of water, 

Analysis: Proceed as directed in the chapter, omitting 
the addition of the 20 mL of 7 N sulfuric acid, 
Acceptance criteria: NMT 1 ppm 

Delete the fotlowmg: 

•* Heavy Metals (231) 

Test preparation: Add 2.2 mL (4,0 g) to 10 mg of so¬ 
dium carbonate diśsolyęd in 10 mL of water. Heat until 
almost dry. Add 1 mL of nitric acid, and evaporate to 
dryness, Add 2 mL of 1 N acetic acid to the residue, 
and dii u te with water to 25 mL. 

Analysis: Proceed as directed in the chapter. 
Acceptance criteria: NMT 5 ppm, (offew w*i- 2 ois> 

SPECIFIC TESTS 

* Reducłnc Substances 

Sample: 4.4 mL (8.0 g) 

Analysis: Carefully dilute the Sample with 50 mL of ice- 
cofa water, keeping the solution coid during the addi- 
Lion. Add 0.10 mL of 0.10 N potassium permanganate. 
Acceptance criteria: The solution remains pink for 5 
min, 

ADDITIONAL REQUIREMENT5 

* Packacing and Stdrage: Preserve in tight containers. 


Sunflower Oil 


[8001-21-6]. 

DEFINITION 

Sunflower OEI is a refined fixed oil obtained from the seeds 
of the sunflower plant Helianthus annuus L. (Fam. Asterą- 


ceae alt, Compositae). ft may eon tai n a suitable 
antioxidant. 

IDENTIFICATION 

• A, IDENTITY BY FATTY ACID COMPOSITION 

Analysis: Proceed as directed in the test for Fots and 
Fixed Oils , Fatty Add Composition <401). 

Acceptance criteria: It meets the composition profile of 
fatty acids in Tobie 2, 

• B, IDENTITY BY TRIGLYCERIDE PROFILE 

Analysis: Perform this test for generic oil only. Proceed 
as directed in Identification of Hxed Oils by Thin-Layer 
Chramatography (202). 

Acceptance criteria: It meets the reguirements in the 
chapter. 

IMPURITIES 

• ALKALIHE IMPURITIES 

Sample: 10 mL of Sunflower OEI 
Analysis: Mix 10 mL of freshly opened acetone and 
03 mL of water, and add 0.05 mL of bromophenol 
biue TS. Add the Sample, shake, and allow to stand, 
Titrate with 0,01 N hydrochloric acid VS to change the 
color of the upper layer to yellow. 

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochlo* 
ric acid is required. 

Delete the followlng: 

•* Heavy Metals, Method II (231): NMT 10 ppm# (Ointkii 1- 

iwt-aoiB) 

SPECIFIC TESTS 

• Fats and Fixed Oils, Add Value (Free Fatty Adds) (401): 

NMT 2.5 mL of 0.020 N sodium hydroxfde rs required for 
neutralization. 

■ FATS and Fixed oils, Fatty Add Composition <401) 

Standard solution: Prepare an ester mixture containing 
methyl Imoleate, methyl oleate, methyl palmitate, 
methyl stearate, and methyl linolenate (50:35:7:5:3). ł 
Sample solution: Transfer 100 mg of Sunflower Oil to a 
50-ml conical fiask fitted with a suitable water-cooled 
reflux condenser and a magnetic stir bar. Add 4 mL of 
0.5 N methanolic sodium hydroxtde solution, and reflux 
until fat globules disappear (usually 5-10 min), Add 
5 ml of a solution prepared by dissolving 14 g of baron 
trifluoride In methanol to make 100 ml, świr] to mix, 
and reflux for 2 min. Add 4 mL of chromatographic n- 
heptane through the condenser, and reflux for 1 min, 
Cool, remove the condenser, add 15 mL of saturated 
sodium chloride solution, shake, and allow the layers to 
separate. Pass the n-heptane layer through OJ g of an- 
hydrous sodium sulfate (previousiy washed with chro¬ 
matographic n-heptane) into a suitable fiask. Transfer 
1.0 mL of this solution to a 10-mL volumetnc fiask, di¬ 
lute with chromatographic n-heptane to volume, and 
mix. 

Chromatographic system 

(See Chromatograpny (62 1), System Suitability .) 

Modę: GC 

Detector: Flame ionization 

Column: 0.25-mm x 30-m fused-sllica capillary col- 
umn bonded with a 0,25-pm layer of phase G5 
Temperatures 
Injector: 220 n 
Detector: 250* 

Column: See Table U 


■ Ester mixtures are ćsvailable commerciaHy from Nu-Chek-Prep, fnc., P,0. Box 
295, Elysian, MN 5602B. Ty pica t Nu-Chek-Prep ester mixtures useful in \hh 
test indude Nu-Chek 15A, This mixture may comairt other components. 
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Table 1 


Jnitial 

Temperatura 

n 

Temperaturę 

Ramp 

C/rnin) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temper a turę 
(mini 

120 

__ 

120 

2 

120 

4 

240 

S 


Carrier gas; Hydrogen 
Flow ratę: 1 mL/min 
Injection vofume: I pL 
Injection type: Splitless 
System suitaoility 
Sample: Standard solution 

[Notę—T he reiative retention times for methyl paJmh 
tatę, methyl stearate, and methyf oieate are about 
0,87, 0,99, and 1,0, respectively.J 

Suitability requirements 

Resolutton: NIT 1.5 between methyf stearate and 
methyl oieate 

Re!ative standard deviation: NMT 6,0% peak areas 
for the palmitate and stearate peaks for replicate fn- 
jections; NMT 1.0% peak area ratio of the palmitate 
to stearate peaks from these replicate injections 
Analysts 

Sam pies: Standard solution and Sample solution 
Measure the areas of the five major peaks for the 
methyf esters of the fatty aeids, which elute in the fol¬ 
iowi ng order: palmitate, stearate, oieate, linoleate, and 
linolenate. 

Calculate the percentage of palmitate, stearate, oieate, 
linoleate, and linolenate in the portion of Sunflower 
Oil taken: 

Result = (A/B) x 100 

A = peak area of palmitate, stearate, oieate, 
linoleate, or linolenate 
B - tata! area of the five major peaks 
Acceptance criteria: See Table 2. 


Table 2 



Generic Oil 

im 

Mid Olek 

Oil 

(%1 

High-Oleic 

Oil 

Methyl 

palmitate 

3-10 

2-9 

2-9 

Methyl stearate 

2-8 

2-8 

2-8 

Methyl oieate 

14-39 

40-70 

70-90 

Methyl linoleate 

48-73 

15-40 

5-15 

Methyl 

linolenate 

0-3 

0-3 

0-3 


s Fats and Fixed Oils, iodine Vaiue , Method II <401) 
Acceptance criteria 
Generic oil: 128-148 
Mid-olek oil: 98-118 
High-oleic oil: 78-98 

* Fats and Fixed Oils, Unsaponifiable Matter (401): NMT 
1 . 0 % 

o Limit of Peroxide 

[NOTĘ—This test must be performed promptly after sanrv 
pling to avoćd oxidation of the test specimen.] 

Solvent A: Chloroform and glacial acetic add (40:60) 
Potassium iodide solution: Prepare a saturated solution 
of potassium iodide tn freshly boiled and cooled water, 
and storę protected from lignt Discard the solution if it 
becomes colored upon the addition of Solvent A and 
lodide-free starch TS, 

Sample: 10 g of Sunflower Oil 
Analysis; Transfer the Sample to a conical fiask, add 
30 mL of Solvent Ą and swirl to dlssolve. Add 0,5 mL of 
Potassium iodide solution , swirl for 1.0 min, and add 


30 mL of water. Titrate wtth 0.01 N sodium thiosulfate 
VS, with vfgorous agitation, to a light yellow color. Add 
2.0 mL of iodide-free starch TS, and continue the titra- 
tlon until the biue color has disappeared, Perform a 
blank determination, and make any necessary 
correctfon. 

Calculate the amount of peroxide, In mEq/kg, In the 
portion of Sunflower Oil taken: 

Result - [V x (N/W)] x F 

V - volume of sodium thiosulfate used in the 
titration (ml) 

N = normality of sodium thiosulfate V5 (mEq/mL) 

W = weight of Sunflower Oi! taken (g) 

F = convers3on factor, 1000 g/kg 
Acceptance criteria: NMT 10,0 mEq/kg 
• Water Determination, Method te (921): NMT 0,1% 

ADDITlONAL REQUIMIMIENTS 

s Packacpng and Storage: Preserze in tight, light-resistant 
contarners. No storage requirement specified. 

» Labeling: The label States the Latin bmomial and, follow- 
ing the offidal na me, the part of the plant source from 
wnich the article was derlved. Label it to indicate 
whether it ts Generic Sunflower Oil, Mid-Oleic Sunflower 
Oil, or HEgh-Oleic Sunflower Oil The label atso indicates 
the name and concentration of any additive. 

» usp reference standards <11) 

USP Sunflower Oil RS 


Suspension Struciu red Vehide 


DEFINITION 

Prepare Suspension Structured Vehide as follows (see Phar- 
maceutical Compounding—Nonsteriie Preparations <795)), 


Potassium Sorbate 

0.15 q 

Kanthan Gum 

0J5 o 

Citric Add, Anhvdrous 

0J5 g 

Sucrose 

20 g 

Puriffed Water, a sufficient puantity to make 

100 mL 


Transfer the Potassium Sorbate to a suita ble beaker, and dis- 
so!ve in 50 mL of Punfied Water. Place the beaker on an 
electric hot piąte and stirrer, and add the Xanthan Gum 
into the vortex while siowly stirring. Apply minima! beat, 
and incorporate the Citric Add and the Sucrose. Add a 
sufficient guantity of Purifted Water to obtain a finał vol- 
ume of 100 mL, and mix* 

ADDITlONAL REQUIREMENT5 

* Pach ag ing and Storage; Package in tight, light-resistant 
containers. Storę at room temperaturę, and avoid 
freezing. 

o Labeling: Label it to State that it must be well shaken 
before use. 

* Beyond-Use Datę: NMT 30 days after the datę on which 
it was compounded 


Sugar-Free Suspension Structured 
Vehicle 


DEFINITION 

Prepare Sugar-Free Suspension Structured Vehide as follows 
(see Pharmaceudcal Compounding—Nonsteriie Preparations 
<795}). 
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Xanthan Cum 

0.20 q 

Saccharin Sodium 

0.20 o 

Potassium Sorbate 

0.15 g 

Citric Add 

o.io a 

Sorbitol 

2*0 ct 

Mannitol 

2,0 o 

Glycerin 

2.0 mL 

Purified Water, a suffident quantlty to make 

100 ml 


Transfer 30 mL of Purified Water to a beaker, placing it on an 
electric hot piąte and stirrer. Using moderate heat, stir to 
form a vortex, and slowly sprinkle the Kanthan Cum into 
the vortex. In a sępa rafę be a ker, dissolve the Saccharin 
Sodium, Potassium Sorbate , and Citric Add in 50 mL of Pu- 
rified Water. Using moderate heat, In tor pora te the Sorbitol\ 
Mannitol and Glycerin into this mixture, Add to this mix- 
ture the prevlously prepared xanthan gum dispersion. Add 
a suffident guantity of Purified Water to obtain a finał vol- 
ume of 100 mL, and mix. 

ADDITIOKAL «EQU1RESVIEMTS 

* PACEtAGiNG AMD STORAGE: Package in tight, light-resistant 
containers. Storę at room temperaturę, and avoid 
freezing. 

® Labeling: Label it to State that it must be well shaken 
before use. 

o Beyond-Use Datę: NMT 30 days after the datę on which 
it was compounded 


Syryp 

DEF1NITION 

Syrup is a solution of Sucrose in Purified Water. It contains a 
preservative unless it is used when freshly prepared* 


Sucrose 

850 q 

Purified Water, a suffident ouantity to make 

1000 mL 


Syrup may be prepared by the use of boiling water or, pref- 
erably, without heat, by the foliowing process. Place the 
Sucrose in a suitable percoiator, the neck of which is 
neariy filled with loosely packed cotton, moistened after 
packi ng with a few drops of water* Pour carefuily 450 mL 
of Purified Water upon the Sucrose, and regulate the out- 
flow to a steady drip of percoiate. Return the percolate, tf 
necessary, untif all of the Sucrose has dissoived. Th en wash 
the insicfe of the percoiator and the cotton with suffident 
Purified Water to bring the voJurne of the percolate to 
1000 mL, and mix. 

SPEOFEC TESTS 

• Specific Gravity (841): NLT 1.30 

ADDIT0ONAL REQUIREMEMTS 

4 Pacraging AMD Storage: Package in tight containers, 
preferably in a cool place. 


Tagatose 



CsHuOs 180.16 

D-Tagatose; 

o4yxchHexulose [87-81-0]* 


DEFINITION 

Tagatose is a ketohexose, an epimer of D-fructose inverted 
at C-4, It is obtained from D-galactose by isomerization 
under ajkaline conditlons in the presence of calcium. It 
contains NLT 98,0% of tagatose (CsHizOń), calculated on 
the dried basis. 

BDENTIFICATION 

® A. The retention time of the major peak of the Sample 
solution corresponds to that of the Standard solution, as 
obtained in the Assay* 

e B. If meets the requirements of the test for Optkai Rota- 
tion (781), Specific Rotation. 

4 C. 

Sample solution: 200 mg/ml of Tagatose 
Analysis: Add 3 ml of the Sample solution to 5 mL of 
hot alkalinę cupric tartrate TS, 

Acceptance criteria: A copious red precipitate of cu- 
prous oxide is formed* 

ASSAY 
4 Procedurę 

Mobile phase: 0.05 mg/mL of calcium acetate 
Standard solution: 5 mg/mL of U3P Tagatose RS. Pass 
through a filter of 0.2-pm porę size* 

Sample solution: 5 mg/mL of Tagatose, preyiously 
dried. Pass through a filter of 0.2-j.Lm porę size. 
Chromatographic system 
(See Chromatograpny {62^) / System Suitabiiity.) 

Modę: LC 

D e te eto r: Ref ra cti ve i n d ex 

Column: 7.8-mm x 30-cm; 9-pm packing LI 9 

Cofumn temperaturę: 85° 

FJow ratę: 0.6 mL/min 
Injection size: 20 pL 
System suitabiiity 
Sample: Standard solution 
Suitabiiity requirements 

Relative standard deviation: NMT 2.0% of replieate 
injections 
Analysis 

Sam pies: Standard solution and Sample solution 
Calculate the percentage of tagatose (C 6 H^ 2 0 6 ) in the 
portion of Tagatose taken: 

Result = ( rufr$) x (Q/Cv) x 100 

ry - pealc response from the Sample solution 

rj = peak response from Ehe Standard solution 

Q = concentration of USP Tagatose RS in the 
Standard solution (mg/mL) 

Cu - concentration of Tagatose m the Sample 
solution (mg/mL) 

Acceptance criteria: NLT 98.0% on the dried basis 

IMPURITfES 
4 LIMIT OF LEAD 

Sample solution: 2.5 g of Tagatose dissolved in a mix- 
ture of 4 mL of sulfuric acid and 5 mL of hydrochloric 
add, Dilute with water to 50 ml. 

Standard stock solution A: Dissolve 1.60 g of lead ni¬ 
tra te in diluted nitrie acid (10 mL of nitric add difuted 
with 20 mL water, boiled to remove nitrous fu mes, and 
cooled), and dilute with water to 1000 mL. 

Standard stock solution B: Standard stock solution A 
and water (1:50). [Notę—T his solution contains the 
equivalent of 20 pg/mL of lead.] 

Standard Solutions: To a senes of 100-mL volumetric 
flasks pipet 0, 1,2, 3, 4, and 5 mL of Standard stock 
solution B , and dii u te with water to about 50 mL. Add 
8 mL of sulfuric acid and 10 mL of hydrochloric acid to 
each fiask, shake to dissoive, and dilute with water to 
voJume* [Notę—T hese Solutions contain 0, 0.2, 0.4, 0.6, 
0*8, and 1*0 pg/mL of lead, respectivelyj 
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Instrumental conditions 

(See Atomie Ahsorption Spectroscopy (852).) 

Modę: Atomie absorptton 
Analyticai wavelengtn: 283*3 nm 
Analysis 

Samples: Standard Solutions and Sample solution 
Concomitantly determine the absorbances of the Stan¬ 
ford Solutions and the Sample solution. Plot the ab¬ 
sorbances of the Standard Solutions versus the con- 
centraUon of lead. Using this graph, determine the 
concentration of fead in the Sample solution. 
Acceptance enteria: NMT 1 ppm 

SPECIFIC TEST5 

a Microbiai Enumeration Tests (61) and Tests for Specl 
fied Microorganisms (62): Et meets the reguirements of 
the tests for absence of Salmonella species and Escheńchia 
coli. The totaJ aerobic microbiai count does not exceed 
1 000 cfu/g, and the total combined molds and yeasts 
count does not exceed 100 cfu/g. 

• Melting Rangę gr Temperaturę, Class l (741): 

1 33°-144° 

o OPTICAL Rotation, Spedfic Rotation (781): -4° to -7° 

Sample solution; 1 0 mg/mL 

* Loss ON Drying (731): Dry a sample at 102° for 2 h: it 

Eoses NMT 0*5% of its weight 
o Articles of Botanical Origin, Total Ash (561): NMT 
0*1%, determined on a 1.0-g specimen 

ADDITIONAL REQUIREM£NT$ 

a Packaging and Storage: Preserve In weiE-ctosed contain- 
ers, and storę at room temperaturo. 

« USP Reference Standards (11) 

USP Tagatose RS 


Tale — see Tale General Monographs 


Tartaric Add 



C 4 H 6 O ń 150.09 

Butanediofc add, 2,3-dihydroxy-; 

Butanedioic add, 2,3-dihydroxy-, 

Tartaric acid; L-(+)-Tartartc add [526-83-0; 87-69-4]* 

DEFINJTION 

Tartaric Add, dried over phosphorus pentoxide for 3 h, con- 
tains NLT 99.7% and NMT 100.5% of C 4 H 6 0 6 . 

IDENTIFICATION 

* A* Identification Tests—General, Tartrate (191): It 

meets the requirements. 

* B. INFRARED AbSORPTEON (197K) 

ASSAY 

* Procedurę 

Sample: 2 g of Tartaric Acid, previously dried, in a coni- 
cat fiask 

Analysis: Dissolve the Sample in 40 mL of water, add 
phenoEphthalein TS, and titrate with 1 N sodium hy- 


droxide VS. Fach mL of 1 N sodium bydroxide is equiv- 
alent to 75.04 mg of C 4 H 6 06. 

Acceptance criterta: 99.7%-1 00.5% 

IMPURITIES 
Irwganic ImpuHties 

* Residue ON IGNITION (281): NMT 0.1% 

* Chloride and Sulfate, Sulfate (221) 

Sample solution: 10 mL of a l-in-100 solution of Tar¬ 
taric Acid 

Analysis: Add to the Sample solution 3 drops of hydro- 
chforte acid and 1 mL of barium chloride TS. 
Acceptance enteria: No turbidity is produced. 

Defete the folfowing: 

** Heavy Metals, Method H (231): NMT 10 ppm* {Qm ^\ i 

J.w-201 Hj 

SPECIFiC TESTS 

* Optical Rotation, Spedfic Rotation (781S): +12.0° to 

+13.0° 

Sample solution: 200 mg/mL in water 

* Loss on Drying (731): Dry over phosphorus pentoxrde 

for 3 h: it loses NMT 0.5% of its weight. 

* Limit of Oxalate 

Sample solution: 10 mL of a l-in-10 solution of Tartaric 
Acid 

Analysis: Nearly neutralize the Sample solution with 6 N 
ammonium hydroxide, and add 1 0 mL of taJcium sul¬ 
fate TS. 

Acceptance criterra: No turbidity is produced* 

ADDHIONAL REQU9R£MENTS 

* Packaging and Storage: Preserve in well-closed 

containers. 

* USP Reference Standards (11) 

USP Tartaric Acid RS 


ThimerosaSI —see Thimerosal General 
Monographs 


TfaymoD 



CioH 14 0 150.22 

Phenol, 5-methyl-2-(7 -methylethyj)-; 

Thymol; 

p-Cymen-3-ol [89-83-8]* 

DEFINITION 

Thymol contarns NLT 99.0% and NMT 107.0% of thymof 
(CioHmO). 

IDENTIFICATION 
e A. INFRARED ABSORPTEON (197K) 

• B* It meets the reguirements in Spedfic Tests for Melting 
Rangę or Temperaturę (741). 
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ASSAY 
9 Procedurę 

Sample: 100 mg 
Titrimetrlc system 
(See Titrimetry {541).} 

Modę: Direct tltration 
Titrant: 0.1 N bromine V5 
Endpoint detection: Visual 
Analysis: Transfer the Sample to a 250-mL todine fiask, 
and dissotve in 25 mL of 1 N sodium hydroxIde. Add 
20 ml of hot diiute hydrochloric acid (1 in 2), and im- 
medlatefy ti tratę with Titrant to within 1-2 ml of the 
calculated endpoint, Warm the solution to between 70 p 
and 80*, add 2 drops of methyl orange TS, and Con¬ 
ti nue the titration slowly, swirfing vigorously after each 
addition. When the color of the methyl orange is 
bieached, add 2 drops of Titrant, shake for 10 s, add 1 
drop of methyl orange TS, and shake vigorously. If the 
solution is red, conti nue the titration, dropwise and 
with shaking, unti! the color is dischargea. Repeat the 
altem ate addition of the Titrant and methyl orange TS 
until the red color is discharged after the addition of 
the methyl orange TS. Each mL of Titrant is equlvalent 
to 3.755 mg of thymol (CioHuO). 

Acceptance eriteria: 99.0%-101.0% 

IMPURITIES 

« Limit of Nonvolatile Residue 

Sample: 2 g 

Analysis: Volatilize the Sample on a steam bath, and dry 
at 105° to constant weight 
Acceptance cntena: NMT 0.05% 

SPECIFIC TESTS 

a Melting Rangę or Temperaturę (741): 48°-51 but 
when melted, Thymol remains lfquid at a considerably 
lower temperaturę, 

ADDmONAL REQUHlRIEivaENT$ 

* Packaging and Storage: Preserve in tight, light-resistant 
containers. 

© usp reference Standards (11 ) 

USP Thymol RS 


Titanium Dioxide —see Titanium Dioxide 
General Monographs 


Tocopherols Exc!pient 

DEFINITION 

Tocopherols Exdpient is a vegetable oil solution containing 
NLT 50.0% of total tocopherols, of which NLT 80.0% 
consists of varying amounts of beta, gamma, and delta 
tocopherols. 

IDENTIFICATION 

9 A. 

Sample solution: 50 mg of Tocopherols Exdpient in 
10 mL of dehydrated alcohol 
Analysis: To the Sample solution add with swirllng 2 mL 
of nitric add, and heat at about 75° for 15 min. 
Acceptance eriteria: A bright red or orange color 
develops. 

* B, The retention tlme of the third major peak (Le v the 
peak occurring just before that of the internal standard) 
of the Sample solution corresponds to that of the Stan¬ 
dard solution, both relative to that of the interna! stan¬ 
dard, as obtained in the Assay , 


ASSAY 
o Procedurę 

Solution A: Pyridine and propionic anhydride (2:1) 
Interna! standard solution: 3 mg/mL of hexadecyl hex- 
adecanoate in Solution A 

Standard Solutions: Using low-actinic glassware, add 
12-, 25-, 37-, and 5G-mg portions of USP Alpha To¬ 
copherol RS to separate 50-mL conical flasks havlng 19/ 
38 standard-taper ground-glass necks. Pipet 25 mL of 
the Internal standard solution into each fiask, and reflux 
for 10 min under water-cooled condensers. 

Sample solution: Using low-actinic glassware, add 
60 mg of Tocopherols Excipient to a 50-mL conical fiask 
similar to the flasks used in preparing the Standard Solu¬ 
tions\ Add 10.0 ml of Internal standard solution, and re- 
flux for 10 min under a water-cooled condenser. 
Chromatographic system 
(See Chramatography (621), System Suitability.) 

Modę: GC 

Detectori Flame ionization 

Column: 4-mm x 2-m borosilicate glass; packed with 
2%-5% liquid phase G2 on 80- to 100-mesh support 
SI AB using elther a glass-lined sample introduction 
system or on-column injectlon 
Temperatures 

Column: 245°-2ó5°, maintained isothermally 
Injectlon port: 10° higher than the Column 
temperaturę 

Detector: 10° higher than the Column temperaturę 
Flow ratę: Dry ca mer gas is adjusted to obtain a 
hexadecyl hexadecanoate peak 30-32 min after sam¬ 
ple introduction. [Notę —Cure and condltton the col¬ 
umn as necessary.] 

Injectlon volume: 2-5 pL 
System suitability 
Sample: Sample solution 

[Notę—T he reiative retention limes for delta tocopheryl 
propionate, beta plus gamma tocopheryl proplonate, 
and hexadecy! hexadecanoate are about 0.50, 0.63, 
and 1.00, respectively.] 

Suitability requirements 

Resolution: Chromatograph a sgffident n urn ber of 
injections to ensure that a resolution of NLT 2.5 be¬ 
tween delta tocopheryl proplonate and beta plus 
amma tocopheryl propionate relative to hexadecy] 
exadecanoate is met. 

Analysis 

Samples: Standard Solutions and Sample solution 
Calibratlon: Chromatograph each Standard solution , 
and calcu la te the relative response facto r, F, for each 
concentration of the Standard solution taken: 

F=(rj/r D )x(C 0 /Q) 

r$ - peak response of alpha tocopherol in the 
Standard solution 

r D = peak response of hexadecyl hexadecanoate in 
the Standard solution 

Co = concentration of hexadecyl hexadecanoate in 
the Standard solution (mg/mL) 

C$ = concentration of USP Alpha Tocopherol RS in 
the Standard solution (mg/mL) 

Chromatograph a sufficient number of Injections of 
each Standard solution to ensure that F is constant 
within a rangę of 2.0%, Prepare a relative response 
factor curve oy plotting F versus the alpha tocopheryl 
propionate peak response. 

Inject the Sample solution , and measure the responses 
for the four major peaks occurring at relative 
retention tlmes of approximately 0.50, 0,63, 0,76, 
and 1.00, and record the values as as, a^, o„, and oo, 
corresponding to delta tocopheryl propionate, beta 
plus gamma tocopheryl propionates, alpha 
tocopheryl propionate, and hexadecyl 
hexadecanoate, respectively. 
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Calculate the quantity of each tocopherol form in the 
Tocopherols Excipient taken: 

delta tocopherol = (V x C D /F) x (a&fao) 


beta plus gamma tocopherols = (V x C 0 JF) x (a^/ao) 


alpha tocopherol = (V x C D /F) x (aJa D ) 

V = volume of interno/ standard so/ut/on used in 
the Somple soiution (mL) 

F - obtained from the refative response factor 
curve (see Calibration) for each of the 
corresponding responses for the delta, beta 
plus gammą and alpha tocopheryl 
propjonate peaks produced by the Somple 
soiution 

[Notę—T he refative response factor for delta tocopheryf 
propionate and for beta plus gamma tocopheryl pro- 
plonates has been determineo empirically to be the 
same as for alpha tocopheryl propionate.] 

Acceptance criteria: NLT 50.0% of total tocopherols, 
of which NLT 80.0% consists of varying amounts of 
beta, gamma, and delta tocopherols 

SPECIFIC TE SIS 

* ACIDITY 

Soiution A: Alcohol and ether (5G%:50%). IMeutralize 
to phenolphthaiein with 0.1 N sodium hydroxide. 
Sample soiution: Dis$olve 1.0 g of Tocopherols Exclpi- 
ent rn 25 mL of Soiution A. 

Analysis: To the Sampfe soiution add 0.5 mL of phenol¬ 
phthaiein TS, and titrate with 0.10 IM sodium hydrox!de 
untrl the soiution remains faintly pink after being 
shaken for 30 s. 

Acceptance criteria: N1VIT 1.0 mL of 0.10 N sodium 
hydroxfde is reąuired. 

ADDITIONAL REQUBREMENTS 

* Packaging and Storage: Preserve in tight containers, 

protected from light. Protect with a blanket of an inert 
gas. 

■ Labeling: Label it to indicate the content, rn mg/g, of 
total tocopherols and of the sum of beta, gamma, and 
delta tocopherols. 

o USP REFERENCE STAMDARDS (11) 

USP Alpha Tocopherol RS 


ToBy Balsam Syrop 


DEF1NITION 

Prepare Tolu Balsam Syrup as follows (see Phormaceutical 
Compounding—Nonsterile Preparations (795)). 


Tolu Balsam Tincture 

50 ml 

Maanesium Carbonate 

10 Q 

Sucrose 

820 q 

Purified Water. a sufficient ouantity to make 

1000 ml 


Add the Tincture all at on te to the Magnesium Carbonate 
and 60 g of the Sucrose In a mortar, and mix. Gradualfy 
add 430 mL of Puńfied Waler with trituratron, and filier. 
Dissolve the remainder of the Sucrose in the elear fiftrate 
with gentle heating, strain the syrup while warm, and add 
sufficient Purified Waler through the strainer to make the 
product measure 1000 mL, and mix> 

Tolu Balsam Syrup may also be prepared as follows. Place 
760 q of the Sucrose in a suita ble percolator, the neck of 
whicn is nearly filled with loosely packed cotton, moist- 


ened after packi ng with a few drops of water. Pour the 
fiftrate, obtained as directed in the preceding instructions, 
on the Sucrose, and regulate the outflow to a steady drip 
of percolate. When all of the Eiguid has run through, re¬ 
turn porttons of the percolate, if necessary, to dissolve all 
the Sucrose . Then pass enough Purified Water through the 
cotton to make the product measure 1000 mL, and mix. 

OTHER COR/IPONENTS 

o Alcohol Determination, Method II (611): 3.0%-5.O% 

SPECIFIC TESTS 

* Fats ano Fixed Oils, Add Vaiue (401) 

Sample soiution: 2% of soiution 
Analysis: Add phenolphthaiein T5, and titrate with 0.5 
N alcoholic potassium hydroxide VS. 

Acceptance criteria: 112-168 

ADDITIONAL REQUIREMIENTS 

• Packaging and Storage: Package in tight containers, 
and storę af controlled room temperaturę. 

o Labeling: The label States the Latin binomral name and, 
following the officiai name, the part of the plant source 
from which the artide was derived. 


Tolu Balsam Tincture 


DEFINITION 

Tolu Balsam Tincture is prepared from Tolu Balsam obtained 
from Myroxyton balsa mu m (L.) Harms var. balsamum 
(Fam. Fabaceae). 

Prepare Tolu Balsam Tincture as follows (see Pharmaceutical 
Compounding-—Nonsterile Prepara lions (795)). 


Tolu Bafsam 

2QQ g 

Alcohol 

750 ml 

Al co hot a sufficient ciuantity to make 

1000 mL 


Macerate the Tolu Balsam with 750 mL of Alcohol in a Con¬ 
tainer that can be elosed, and put in a warm place. Agi- 
tatę it freguently during 3 days or un til the solu ble matter 
is dissoked. Transfer the mixture to a filter, and when 
most of the llquid has drained away, wash the residue on 
the filter with a sufficient quantity of Alcohol , combining 
the fiftrates to produce 1000 mL of Tincture, and mlx. 

OTHER COMPONENTS 

• Alcohol Determinakon, Method ^(611): 77.0%-83.0% 

ADDITIONAŁ REQUIREfVIENT5 

fi Packaging AND Sto RACE: Package in tight, light-resistant 
containers, and storę at controlled room temperaturę. 
Avoid exposure to direct sunlfght and to excessrve heat. 

• Labeling: The label States the Latin binomiaf name and, 
Following the officiai name, the part of the plant source 
from which the artide was denved. 


Traegaeamjłlh 

DEFINITION 

Tragacanth is the dried gummy exudation from Astragalus 
gummifer LabllL, or otner Asiatic species of Astragalus 
(Fam. Leguminosae), 

IDENTIFICATION 

® A. Add 1 g to 50 mL of water: it swells and forms a 
smooth, nearly uniform, stiff, opalescent mucilage free 
from cellular fragments. 
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IMPURETIES 

• Lead {251}; NMT 10 ppm 


Delete the foftowing; 

** Heavy Metals, Method il (231); NMT 20 ppm* CQttKM i t- 

SPECIFIC TESTS 

* Microbial Enumeration Tests (61) and Tests for Specl 
fiep MłCROORGANiSMS (62); it meets the reguirements for 
absence of Salmonella species and Escherichia coli. 

* Botanic Characteristics 

Tragacanth: It is flattened, lamellated, freguently 
curved fragments or straight or spirally twisted linear 
pieees from 0.5 to 2.5 mm in thickness, It is white to 
weak yellow in color, trans] ucent, and Horny in texture. 
Its fracture is short It is rendered morę easily pu]veriz- 
able by heating to 50** It is odorless. 

Histology: Pieees of Tragacanth softened in water and 
mounted in water or glycerin show numerous tamellae 
and a few starch grains. 

Powdered tragacanth: It is white to yeilowish white, 
When examined in water mounts, it shows numerous 
angufar fragments of mucllage with circular or irregular 
lamellae, and occasional starch grains u p to 25 urn in 
diameter, mostly srmple, spherical to elliptlcal, with oc¬ 
casional two- to four-compound grains, a few of the 
grains being swollen and morę or less aftered. The 
powder shows few or no fragments of lignrfied vegeta- 
ole tissue (Indian gum)* 

* Karaya Gum 

Sample solution: 1 g in 20 ml of water 
Analysis: Boil the Sample solution until a mucilage is 
formed, add 5 ml of hydrochloric acid, and again boil 
the mixture for 5 min. 

Acceptance criteria; No pink or red color develops. 

ADDITJONAL REQUIREMENTS 

* Packacing and Storage: Preserve in welf-closed 
containers. 



solution. Gently add 2 ml of sulfuric add to the 
solution* 

Acceptance criteria: A violet color develops at the in- 
terface between the two Solutions. 

• C 

Glycine solution: 40 mg/mL of glycine 
Sample solution: 40 mg/mL of Trehalose 
Analysis: Add 1 ml of diluted hydrochloric acid to 2 mL 
of tne Sample solution. Allow to stand for 20 min at 
room temperaturę. Add 4 mL of sodium hydroxide TS 
and 2 mL of Glycine solution to the Sample solution. 

Heat the solution for 10 min in boiling water, 
Acceptance criteria: A brown coior does not develop. 

A55AY 

• PROCEDURĘ 

Mobile phase: Water 

Standard solution: 10 mg/mL of USP Trehalose RS, cal 
culated on the anhydrous basis 

Sample solution: 10 mg/mL of Trehalose, calculated on 
the anhydrous basis 
Chromatographic system 
(See Chromotography {621}, System Suitability.) 

Modę: LC 

Detector: Refracth/e index 
Column: 8-mm x 30-cm; packing L58 
Temperatures 
Detector: 40 Q 
Column: 80 R 

Flow ratę: Adj ust $o that the retention time of treha¬ 
lose is about 15 min. 

Injection vo!ttme: 20 jjL 
System suitability 
Sample: Standard solution 
Suitability requirements 
Relative standard deviation: NMT 2.0% 

Analysis 

Sam p ies: Standard solution and Sample solution 
Calcu la te the percentage of trehalose (CuH^Oti) in the 
portion of Trehalose laken: 

Result - (ru/r0 x (Ci/Cu) x 100 

r u = peak response from the Sample solution 

n - peak response from the Standard solution 

C$ - concenLration of USP Trehalose RS in the 
Standard solution (mg/mL) 

Cu = concentration of Trehalose in the Sample 
solution (mg/mL) 

Acceptance criteria: 97.0%-102.0% on the anhydrous 
basis 

IMPURITIES 

• ReSIDUE on ICNITION (281): NMT 0,1%, determined on 

2,0 g of Trehalose 


CuHwOn 34230 

C u H 2 20u -2H^O 37833 

a-D-C lucopyranosyl ot-D-glucopy ranoside. 

Anhydrous [99-20-7], 

Dihydrate [6138-23-4], 

DEFINITION 

Trehalose is a stable, nonreductng disaccharide with two 
glutose molecules linked in an a,a-l,1 configuration. It is 
obtained through enzymatic conversion of food-grade 
starch. It contams NLT 97,0% and NMT 102.0% of treha¬ 
lose (Ct 2 H 22 On), calculated on the anhydrous basis. 

IDENTIFICATION 
* A. INFRAREP Absorpuon {197K} 
o B. 

Sample solution: 400 mg/mL of Trehalose 
Analysis: Add 0.4 ml of a solution containing 1-naph- 
thof in 95% alcohol (1 in 20) to 1 ml of the Sample 


Delete the following: 

•• Heavy Metals, Method I (231) 

Sample: 4.0 g 

Monitor preparation: Prepare with 2,0 mL of Standard 
Lead Solution. 

Acceptance criteria: NMT 5 ppm# 

* Related Substances 

Mobile phase and Chromatographic system: Proceed 
as directed in the Assay, 

Sample solution: 10 mg/mL of Trehalose 
System suitability solution: Transfer 2,5 mL of the 
Sample solutbn f 25 mg of maltotriose, and 25 mg of 
glucose to a IG-mL volumetnc fiask, and dilute with 
water to volume. 
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Standard sofution: 0.1 mg/mL of the Sampfe sofution 
System suitability 
Sampfe: System suitability sofution 
[Notę —The relative retention times for maltotriose, tre¬ 
halose, and glucose are about 0.9, i .0, and 1.2, 
respeetivelyj 
Suitability requirements 
Resolution: NLT 1.5 between trehalose and 
maltotriose 

Relative standard devration: NMT 2.0% for the tre¬ 
halose peak 
Anafysis 

Samples: Sampfe solution and Standard solution 
Determine the peak areas for all peaks. 

Acceptance criteria: For the Sampfe sofuiion t the areas 
of any peaks corresponding to maltotriose and other 
olysaccharrides and eluting before trehalose are NMT 
alf of the area of the peak corresponding to trehalose 
in the chromatogram of the Standard solution (0.5%). 
The areas of any peaks corresponding to glucose and 
eiuting after trehalose are NMT half of the area of the 
peak corresponding to trehalose tn the chromatogram 
of the Standard solution (0.5%). 

SPECIFIC TEST5 

* COLOR AND CLARiTY OF SOLUTION 

Sample solution: 33 g of Trehalose in 67 g of recently 
boiled water 

Analysis: Using a suitable spectrophotometer (see Ultra- 
viofet-Visibfe Spectroscopy measure the ab- 

sorbances of the Sample sofution at 420 and 720 nm in 
a 10-cm cuvette. The absorbance of the Sampfe sofution 
at 720 nm is NMT 0.050. 

Determine the absorbance difference: 

Result = Am — Am 

Am - absorbance of the Sample solution at 420 nm 

Am - absorbance of the Sample solution at 720 nm 

Acceptance criteria: The absorbance difference rs NM" 
0.100, 

* Optical Rotation, Spedfic Rotation (7815) 

Sample solution: 100 mg/mL 
Acceptance criteria: +197* to +201* at 20° 

* Mecrobial Enumeratign Tests (61) and Tesis for Speol 

fied MiCROORGANisivt5 (62): The total aerobic microbial 
count is NMT 100 cfu/g, and the total combined molds 
and yeasts count is NMT 100 cfu/g, lt meets the reguire- 
ments of the tests for absence of Salmonella species and 
Escherichia co/ć 

* PH (791) 

Sample solution: 100 mg/mL 
Acceptance criteria: 4.5-6,5 

* Water Determinahon, Method i (921) 

Sample: 0.1 g 
Acceptance criteria 
Anhydrous: NMT 1.0% 

Dihydrate: 9.0%~11.0% 

* Bacterial Endotoxins Test (85): If labeled for use in 

preparing parenteral dosage forms, it also meets the fol- 
lowing reguirements. The1evel of bacterial endotoxins is 
such that the reqijirement In the relevant dosage form 
monograph(s) in which Trehalose is used can be met. 
Where the label States that Trehalose must be subjected 
to further processing during the preparation of injectable 
dosage forms, the level of bacterial endotoxins is such 
that the requirement in the relevant dosage form mono- 
graph(s) in which Trehalose is used can be met 
■ Chloride and Sulfate, Chloride (221) 

Sample: 2.0 g 

Acceptance criteria: No morę chloride than corre- 
sponds to 0.70 mL of 0.01 M hydrochforic acid (NMT 
0.0125%) 


• Chloride and Sulfate, Suffate (221) 

Sample: 2.0 g 

Acceptance criteria: No morę sulfate than corresponds 
to 0.83 mL of 0.005 M sulfuric acid (NMT 0.0200%) 

■ Netrogen Determination, Method II (461) 

Sample: 5.0 g 

Analysis: Proceed as directed in Method U, except in* 
crease the volume of sulfuric acid for digestion to 
30 mL and the vo!ume of the sodium hydroxide solu¬ 
tion (2 in 5) to 45 mL. 

Acceptance criteria: NMT 0.005% 
a SOLUBLE STARCH 

Sample solution: 10% Trehalose (w/v) 

Analysis: Add several drops of iodine TS to the Sample 
solution. 

Acceptance criteria: No blue eolor develops. 

ADDITIONAL REQUIREMENTS 

• Packaging and Storage: Preserve in tight contamers. No 
storage reguiremenfs specified. 

• Labeling: Where Trehalose is intended for use in the 
manufacture of injectable dosage forms, it is so labeled. 
Where Trehalose must be subjected to further processing 
during the preparation of injectable dosage forms to en- 
sure acceptable levels of bacterial endotocins, it is so 
labeled. 

• USP Reference Standards (It) 

USP Endotoxin RS 
USP Trehalose RS 


Triacetin —see Triacetin General Monographs 


Tributyl Citrate 



C| 8 H 32 0 7 360.44 

DEFINITION 

Tributyl Citrate contatns NLT 99.0% of tributyl citrate 
{C 1 SH 32 O 7 ), calculated on the anhydrous basis. 

IDENTIFICATION 

* A. Infrared Absorptjon (T97F) 

* B. The retention time of the major peak of the Sampfe 

solution corresponds to that of the System suitability sofu¬ 
tion ,, as obtalned in the Assay . 

ASSAY 

* Procedurę 

System suitability solution: 30 mg/mL each of USP 
Tributyl Citrate RS and USP Acetyl tri butyl Citrate RS in 
toluene 

Sample solution: 30 mg/mL of Tributyl Citrate in 
toluene 

Ohromatographic system 
(See Chromatograpny (621), System Suitability.) 

Modę: GC, equipped with an on-column, tempera- 
ture-programmable injector 
Detector: Flame ionization 
Column: 0,32-mm x 30-m, bonded with a 0.5-^im 
layer of phase G42 
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Temperatures 
Injector: See Tobie 1. 
Detector: 275° 
Column: See Tobie 2. 


Trabie 1 


Initiaf 

Temperatur© 

n 

Temperatur© 

Ramp 

C/min) 

Finał 

Temperaturę 

n 

Hołd Time 
at Flual 
Temperatur© 
(min) 

85 


85 

0,5 

85 

20 

225 

10 


TabUe 2 


initial 

Temperatur© 

n 

Temperaturę 

Ramp 

(Vmin) 

Finał 

Temperatur© 

n 

Hołd Time 
at Finał 
Temperatur© 
(min) 

80 


80 

0.5 

80 

20 

220 

10 


Carrier gas: Helium 
FIow ratę: 2,3 ml/min 
Injection volume: 1 pL 
System suitability 
Sam ple: System suitabllity soluthn 
[Notę—T he relative retention times for tributyl ci tratę 
and acetyltributyl citrate are 0,9 and 1,0, respectively.j 
Suitability reąuirements 
Resolution: NLT 1.5 between tributyl dtrate and 
acetyltributyl citrate 

Relative standard deviation: NMT 2.0%, determined 
from both the tributyl citrate and acetyltributyl citrate 
peaks 
Analysb 

Sample: Sample soluthn 

Calculate the percentage of tributyl citrate (CibHb^G/) 
in the portion of sample taken: 

Result - (ru/r T ) x 100 

ru - peak area of tributyl citrate from the Somple 
solution 

fr = sum of all peaks excludtng the solvent peak 
Acceptance criteria: NLT 99.0% on the anhydrous 

basis 

IMPURIT1ES 


Bele te the fofhwing; 


* Water Determination, Method I (921): NMT 0.2% 
ADDBT90NAL REQUIREMENT5 

0 Packaging and Storage: Preserve in tight containers. 

* USP Reference Standards (11) 

USP Acetyltributyl Citrate RS 
USP Tributyl Citrate RS 


Trichloromonofluoromethane 


CCIjF 137.37 

Methane, trichlorofluoro-; 

Trichiorofluoromethane [75-69-4]. 

DEFINITION 

Trichloromonofluoromethane contains NLT 99.6% and NMT 
100,0% of trichloromonofluoromethane (CChF), calcu- 
lated on the anhydrous basis. 

IDENTIFICATION 

* A. The IR absorption spectrum, determined in a TO-cm 
celi with sodium chlorlde Windows, at atmospheric pres- 
sure, exhibils maxima, among others, at the foli owi ng 
wavelengths, in |im: 4.67 (m), 5.95 (m), 7,28 (s), 8.06 
(m), 9,2 (vs), 107 (vs), 11.8 (vs), and 13.4 (m). The 
stron ger maxima are best obtained at pressures less than 
10 mm of mercury. 

ASSAY 
o Procedurę 

System suitability solution: fntroduce a liquid-phase 
mixture of dichforodiffuoromethane, dichlorotetrafluoro- 
ethane, and trichloromonofluoromethane into an evacu- 
ated headspace vial 

Sample solution: Introduce the liquid phase of Trichlo¬ 
romonofluoromethane into an evacuated headspace 
vial. 

Chmmatographic system 

(See Chromotograpny (62 1), System Suitability.) 

Modę: GC 

Detector: Flame ionization 

Coiumn: 2-mm x 1.8-m stainfess Steel; 1% phase G25 
on support SI 2 
Temperatures 
injection port: 110° 

Detector: 200° 

Coiumn: See Tobie 7. 


•* Heaw Metals, Method II (231): NMT 10|ig/g» C oHiciaiv 

Jon-2016) 

SPECIFIC TESTS 

° SPECIFIC GRAViTY (841): 1 .037-1.045 
* REFRACTIVE lNDEX (831): 1.443-1.445 
® ACIDITY 

Sample: 32.0 g 

Analysis: Dissoive the Sample En 30 mL of isopropyl al- 
cohol, previously neutralized to bromothymot blue. Add 
bromothymol blue TS, and titrate with 0.10 N sodium 
hydroxide to a faint blue endpolnt. 

Acceptance criteria: NMT 1.0 mL of 0.10 N sodium 
hydroxide ls reguired. 


Tabłe 1 


Initrai 

Temperatur© 

n 

Temperatur© 

Ramp 

C/min) 

Finał 

Temperatur© 

n 

Hołd Time 
at Finał 
Temperatur© 
(min) 

70 

10 

170 



Carrier gas: Helium 

FIow ratę: 20 mL/min 

Headspace sampler: The bath temperaturę is 100°, 
the valve/loop temperaturę is 105°, and the sampling 
time is 3 s. Make adjustments as necessary to optimize 
peak are as to record trace-ievel impurities. 

System suitability 

Sample: Gas phase headspace of the System suitability 
solution 

[Notę —The refative retention times for dichlorodifluoro- 
methane, dichlorotetrafluoroethane, and trichloro¬ 
monofluoromethane are 0.5, 0,8, and 1.0, 
respectively.] 
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Suitability reguirements 

Resolution; NLT 2.0 between dichlorotetrafluoroeth- 
ane and trichloromonofluoromethane 
Analysis 

Sam ple: Cas phase headspace of the Somple soiution 
Calculate the percentage of trichloromonofluorome¬ 
thane (CChF) in the portion of Trichloromonofluoro¬ 
methane ta kem 

Acceptance cnteria; 99.6%-10Q,G% on the anhydrous 
basis 

mpunmŁs 
® Dmorcank Chldrides 
S ample: 7 g 

Analysis: Place 5 ml of anhydrous methanoJ in a test 
tubę, add 3 drops of a saturated solu tron of silver nt- 
trate in anhydrous methanoi, shake, and add the 
Sample, 

Acceptance criteria: No opalescence or turbidity is 
produced. 

e CHROMATGGRAPHiC PURITY 

Analysis: In the chromatogram from the Assay, identifv 
the dichlorodifluoromethane and dichlarotetrafluoroetli- 
ane peaks from relative retention times of those peaks 
in the chromatogram of the System suitability soiution , 

Acceptance criteria 

Sum of the peak areas for dichiorodifluoromethane 
and dichiorotetrafluoroethane: NMT 0,2% of the 
total of all peak areas 

Sum of the areas of all peaks other than that for 
trichloromonofluoromethane: NMT 0.4% of the 
tofal of alf peak areas. 

SPECIFIC TEST5 


DEFINITION 

Triethyl Otrate contains NLT 99.0% and NMT 100,5% of 
CtzH 2 d 0 7/ calcuiated on the anhydrous basis. 

IDENTIFICATION 
8 A* INFRARED A&$QRPTI0hf (197F) 

® B. The retention time of the major peak of the Sampie 
soluthn corresponds to that of a simNar preparation of 
USP Triethyl Otrate RS, as obtained in the Assay. 

ASSAY 
" Procedurę 

System suitability soiution: 30 mg/ml each of USP Tri¬ 
ethyl Citrate RS and USP Acetyl triethyl Otrate RS in 
toiuene 

Sample soiution: 30 mg/mL of Triethyl Citrate in 
toiuene 

Chromatographic system 

(See Chromatogropny (621), System Suita bili ty.) 

Modę: GC 

Detector: Flame ionization 

Cofumn: 0.32-mm x 30-m; 0.5-jiim layer of phase G42 
Temperaturę 
Injector: 225° 

Detector: 275° 

Column: See the temperaturę program table below. 


0nitf£s0 

Temperatura 

n 

Temperaturę 

Ramp 

(Vmin) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(mm) 

80 


80 

0,5 

80 

20 

220 

20 


Change to read: 

* Boi ling Temperaturę 

Analysis: Determine as directed in *Propelfants 

{602}# (CN l'May-201 7b 

Acceptance criteria: Approximately 24° 

Change to read: 

« WATER 

Analysis: Determine as directed in a Propeilants 
(602># (cn j Mazani 7 ) t and Water Deteriminotjon. Method ic 
(921). 

Acceptance criteria: NMT 0.001% 


Change to read: 

8 HJCH-BoBLFNG RE5IDUES 

Analysis: Determine as directed in m Propellants 

{602)# (CN l-May-2017). 

Acceptance criteria: NMT 0.01% 

AODITIONAL REQUIREMENTS 

* Packacing AND Storage: Preserve in tight cylinders, and 
avoid exposure to excessive heat. 


Triethyl Citrate 


H > E sy°Y 0 

H = c “\ /\—\ r~ CH ’ 

08 v 0 
o o 


C12H7C1O7 


276.28 


Flow ratę: 2.3 ml/min 
Carrier gas: Helium 
fnjection type: Split, 30:1 
Injection size: 1 pL 
System suitability 
Sample: System suitability soiution 
[Notę—T he re!ative retention trmes for triethyl citrate 
and acetyltriethyl citrate are 0.9 and 1.0, respectively.] 
Suitability requirements 
Resolution: NLT 1.5 between triethyl citrate and 
acetyltriethyl citrate 

Relative standard devration: NMT 2.0% (deter- 
mined from both the triethyl citrate and acetyltriethyl 
citrate peaks, based on area percentage calculation) 
Analysis 

Sample: Sample soiution 

[Notę—M easure all of the peak areas, excluding the sok 
vent peak.] 

Calculate the percentage of CtzHzoO; in the portion of 
Triethyl Citrate taken: 

Result - (ru/r T ) x 100 

ru - peak area for triethyl citrate 
r T - sum of the area responses of ail the peaks 
Acceptance criteria: 99.0%-l 00.5% on the anhydrous 
basis 

IMPURITIES 
Inorganic [mpurities 


Delete the fottowing: 

*• Heaw Metals, Method II (231): NMT 10 ppm. [0 | M3 |.. 
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SPECIFIC TEST5 

« Specific Gravity (841): 1.135-1.139 

* Refractive Imdex {831): 1.439-1.441 

* Audity 

Neutralized isopropyl alcohol: To a suitable quanttty 
of isopropyl alcohol add 2-3 drops of bromothymol 
blue TS and just sufficient 0.10 N sodium hydroxtde 
dropwise to produce a faint bfue color. [Notę—P repare 
Neutralized isopropyl alcohol [ust prior to use.] 

Sample solution: 32.0 g of Trietnyl Citrate in 30 mL of 
Neutralized isopropyl alcohol 

Analysis; Add bromothymol blue TS. Titrate with 0.10 
N sodium hydroxide to a faint blue endpoint 
Acceptance criteria; NMT 1.0 mL of 0.10 N sodium 
hydroxide is reguired, 

* WATIR DeTERMINATION, Method I (921): NMT 0.25% 

ADDITIONAL REQUIREMENTS 

* PACKAGINC AND 5TORAGE: Preserve in tight containers. 

* USP Referenci Standard* {11) 

USP Acetyltriethyl Citrate RS 
USP Trietnyl Citrate RS 


Medium-Chain Triglycerides 

Glycerides, mixed decanoyl and octanoyf; 

Caprylrc and capric triglycerides. 

DEFINITION 

Medium-Chain Triglycerides consist of a mixture of triglycer¬ 
ides of saturatetf fatty atids, mainly of caprylic acid 
(CaHjfiO^) and capric acid (CioHmOJ. The fatty atids are 
derived from the oil extracted from the hard, dried frac- 
tion of the endosperm of C ocos nudfero L. or from the 
dried endosperm of Elaeis guineensis Jacq. They contain 
NLT 95% of saturated fatty adds with 8 and 10 tarbon 
atoms. 

IDENTIFICATION 

* A. Meet the requirements in Specific Tests for Fots and 
Ftxed Oils , Saponiflcation Value (401) 

■ B Meet the reguirements in Specific Tests for Fots ond 
Fixed Oils , Fatty Acid Compasition (401) 

IMPURITIES 


Delete the fallowlng: 

*• Heavy Metals, Method II (231) 

[Notę —Use this test for Medium-Chain Triglycerides in- 
tended for use other than in parenteral nutrition.] 
Sample solution: Transfer 2.0 g of Medium-Chain Tri¬ 
glycerides to a guartz cmclble. Add 0.5 g of magnesium 
oxide. IgniLe the crudble to duli redness^until a nomo- 
geneous white or grayish-white mass is obtained. Ig ni te 
al 800" for 1 h, cool, and dissolve the residue by add- 
ing two 5-mL portions of diluted hydrochloric acid, Add 
0,1 mL of phenolphthalein TS and then ammonium hy- 
droxide until a pmk color is obtained. Cool, add giacial 
acetic acid until the solution is decolorized, then add 
0.5 mL in excess, and dilute with water to 20.0 ml. 
Standard solution: To 0.5 g of magnesium oxide add 
2.0 mL of Lead Standard Solution , and evaporate to dry- 
ness at 105° for i h. Using the same conditions as pre- 
scrlbed for the Sample solution , ignlle, dissolve in di¬ 
luted hydrochloric add, add ammonia and then acetic 
acid, and dilute with water to 20.0 ml. 

Analysis: To 12 ml of the Somple solution add 2.0 mL of 
pH 3.5 Acetale Buffer and 1.2 mL of thioacetamide- 
glycerin base TS. To 10 mL of the Standard solution add 


2.0 mL of the Sample solution , and add 2,0 ml of pH 
3.5 Acetale Buffer and 1,2 mL of thioacetamlde-glycerin 
base TS. Prepare a blank, using a mlxture of 10 ml of 
water and 2.0 mL of the Sample solution. Compared to 
the blank, the Standard solution shows a light Brown 
color. Dilute both the Sample solution and the Standard 
solution with water to 50 mL, allow to stand for 2 min, 
and view downward over a white surfa te. 

Acceptance criteria: NMT 10 pg/g; any brown color 
of tne Sample solution is not darker than that of the 
Standard solution. # (ofhdai 
» Limit of Chromium 

[Notę—U se this test for Medium-Chain Triglycerides m- 
tended for use in parenteral nutrition.] 

Sample stock solution: 500 mg/mL of Medium-Chain 
Triglycerides in diisobutyl ketone 

Sample solution: 200 mg/mL of Medium-Chain Triglyc- 
erioes in diisobutyl ketone, from Sample stock solution 
Chromium standard stock solution: 0.283 mg/mL of 
potassium dichromate in water, using potassium dichro¬ 
mate previously dried at 105 p for 4 h 
Chromium standard solution: Immediately before use, 
prepare 0.283 pg/mL of potassium dichromate in water, 
from the Chromium standard stock solution . This solution 
contains the eguivalent of 0,1 pg/mL of chromium, 
Standard Solutions: Into each of three 10-mL volumet- 
ric flasks, transfer 4.0 mL of Sample stock solution , add 
0.5, 1.0, and 2,0 mL, respectively, of Chromium stan¬ 
dard solution , and dilute with diisobutyl ketone to vol- 
ume. These Solutions contain 0.005, 0.01, and 0,02 pg/ 
mL of chromium. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
equipped with a graphite furnace 
Analytical wavelength: 357.8 nm 
Lamp: Chromium nollow-cathode 
Carrier gas: Argon 
Analysis 

Sam pies: Standard Solutions and Sample solut ion 
Determine the abosrbances of the Standard Solutions 
and the Sample solution in triplicate, and determine 
the averagę of the steady readings for each. Rot the 
average absorbances of the Standard Solutions and 
the Sample solution versus the concentration of added 
chromium. Draw the straight linę best fitting the 
points, and extrapotate the linę until it meets the 
concentration axis. The distance between this point 
and the intersection of the axes represents the con¬ 
centration of chromium in the Sample solution . 
Acceptance criteria; NMT 0.05 pg/g 
• Limit of Copper 

[Notę—U se this test for Medium-Chain Triglycerides in- 
tended for use in parenteral nutrition.] 

Sample stock solution and Sample solution: Proceed 
as airected in the test for Limit of Chromium. 

Copper standard stock solution: 0.393 mg/mL of cu- 
pric sulfate in water 

Copper standard solution: Immediately before use, 
prepare 0.393 pg/mL of cupric sulfate in water, from 
the Copper standard stock solution. This solution con¬ 
tains tne equivalent of 0.1 pg/mL of copper. 

Standard Solutions: Into each of three 10-mL volumet- 
ric flasks, transfer 4.0 mL of Sample stock solution. Add 
1,0, 2.0, and 4.0 mL, respectiveiy, of Copper standard 
solution , and dilute with diisobutyl ketone to volume. 
These Solutions contain 0.01, 0.02, and 0.04 pg/ml of 
copper. 

instrumental conditions 

(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
eguipped with a graphite furnace 
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Analytical wavelenqth: 324.7 nm 
Lamp: Copper hoilow-cathode 
Carrier gas: Argon 
Analysis 

Samples: Standard Solutions and the Sample solution 
Record the average of the steady readings for each of 
the Standard Solutions and the Sample solution in trip- 
licate. Plot the absorbances of the Standard Solutions 
and the Sample solution versus the concentration of 
added copper. Draw the straight linę best fitting the 
points, and extrapoIate the linę unti! st meets the 
concentration axis. The distance between this point 
and the intersection of the axes represents the con¬ 
centration of copper in the Sample solution. 
Acceptance criteria: NMT 0.1 pg/g 

• Limit of Lead 

[Notę—U se this test for Medium-Chain Triglycerides in- 
Lended for use in parenteral nutrition.] 

Sample stock solution and Sample solution: Proceed 
as directed in the test for Limit of Chromium. 

Lead standard stock solution: Dissolve 160 mg of lead 
nitrate in 100 mL of water that contains 1 mL of lead- 
free nitric acid, and dilute with water to 1000 mL. Pipet 
10 mL of this solution into a 100-mL volumetric fiask, 
and dilute with water to volume. 

Lead standard solution: Immediately before use, pre- 
pare 0.16 pg/mL of lead nitrate from the Lead standard 
stock solution. This solution contains the equivalent of 
OJ pg/mL of lead. 

Standard Solutions: Into each of three 10-mL volumet- 
ric flasks, transfer 4.0 mL of Sample stock solution. Add 
1.0, 2.0, and 4.0 mL, respeeti vely, of Lead standard solu - 
tion f and dilute with diisobutyl ketone to volume. These 
Solutions contain 0.01, 0.02, and 0.04 pg/mL of lead. 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
eguipped with a graphite furnace coated inside with 
palladium Carbide 

[ Note —'Cakination rs carried out in the presence of ox- 
ygen at a temperaturę betów 800°.] 

Analytical wavelength: 283.3 nm 
Lamp: Lead hoilow-cathode 
Carrier gas: Argon 
Analysis 

Samples: Standard Solutions and the Sample solution 
Record the averaqe of the steady readings for each of 
the Standard Solutions and the Sample solution in tfip- 
licate. Plot the absorbances of the Standard Solutions 
and the Sample solution versus the concentration of 
added lead. braw the straight linę best fitting the 
points, and extrapolate the linę until it meets the 
concentration axis. The distance between this point 
and the intersection of the axes represents the con¬ 
centration of lead in the Sample solution. 

Acceptance criteria: NMT 0.1 pg/g 

• Limit of Nickel 

[Notę —Use this test for Medium-Chain Triglycerides in- 
tended for use in parenteral nutrition.] 

Sample stock solution and Sampie solution: Proceed 
as directed in the test for limit of Chromium . 

Nkkel standard solution: Immediately before use, di- 
lute 10 mL of nickef standard solution T5 with water to 
1000 mL. This solution contains the equivalent of 
0.1 pg/g of nickel, 

Standard Solutions: Into each of three 10-mL volumet- 
rlc flasks, transfer 4.0 mL of Sample stock solution. Add 
1,0, 2.0, and 4.0 mL, respectively, of Nickel standard so¬ 
lution, and dilute with diisobutyl ketone to volume. 

These Solutions contain 0.01, 0,02, and 0.04 pg/mL of 
nickel. 

Instrumental conditions 
(See Atomie Absorption Spectroscopy {852}.) 

Modę: Atomie absorption spectrophotometer 
eguipped wtth a graphite furnace 


Analytical wavelength: 232 nm 
Lamp: Nickel hollow cathode 
Carrier gas: Argon 
Analysis 

Samples: Standard Solutions and the Sample solution 
Record the averaqe of the steady readings for each of 
the Standard Solutions and the Sample solution in trip- 
licate. Plot the absorbances of the Standard Solutions 
and the Sampie solution versus the concentration of 
added nickel, Draw the straight linę best fitting the 
points, and extrapolate the linę until it meets the 
concentration axis. The distance between this point 
and the intersection of the axes represents the con¬ 
centration of nickel in the Sample solution. 

Acceptance criteria: NMT 0.1 pg/g 

* Limit of Tin 

[Notę— Use this test for Medium-Chain Triglycerides in- 
tended for use in parenteral nutrition.] 

Sample stock solution and Sample solution: Proceed 
as dtrected in the test for Limit of Chromium. 

Tin standard stock solution: DissoIve 500 mg of metal¬ 
ik tin (Sn) in a mixture of 5 mL of water and 25 mL of 
hydrocłiiork add, and dilute with water to 1000 mL 
Tin standard solution: Immediately before use, dilute 
10 mL of Tin standard stock solution with dilute hydro- 
chloric acid (2.5 in 100) to 1000 mL, and then dilute 
10 mL of the solution with water to 500 mL. This solu¬ 
tion contains the equivalent of OJ pg/g of tin. 

Standard Solutions: Into each of three 10-mL volumet- 
ric flasks, transfer 4.0 mL of Sample stock solution. Add 
1.0, 2.0, and 4.0 mL, respectkely, of Tin standard solu¬ 
tion, and dilute with diisobutyl ketone to volume. These 
Solutions contain 0.01, 0.02, and 0.04 pg/mL of tin. 
Instrumental conditions 
(See Atomie Absorption Spectroscopy (852).) 

Modę: Atomie absorption spectrophotometer 
equipped with a graphite furnace coated inside with 
palladium Carbide 

Analytical wavelength: 286.3 nm 
Lamp: Tm hoilow-cathode 
Carrier gas: Argon 
Analysis 

Samples: Standard Solutions and the Sample solution 
Record the averaqe of the steady readings for each of 
the Standard Solutions and the Sampie solution in thp- 
Jicate. Plot the absorbances of the Standard Solutions 
and the Sample solution versus the concentration of 
added tin, Draw the straight linę best fitting the 
points, and extrapolate the linę until it meets the 
concentration axis, The distance between this point 
and the intersection of the axes represents the con¬ 
centration of tin in the Sample solution . 

Acceptance criteria: NMT OJ pg/g 

* Alkaune impurities 

Sampie solution: Dissolve 2.0 g of Medium-Chain Tri- 

? |lycerides in a mixture of alcohol and ethyl ether 
1.5: 3.0). 

Analysis: Add 0.05 ml of bromophenol biue TS to the 
Sample solution , and titrate with 0,01 N hydrochloric 
acid to a yellow endpoint. 

Acceptance criteria: NMT 0.15 mL of 0.01 N hydro¬ 
chloric acid is required. 

SPECIFiC TEST5 

* Fats and Fixed Oils, Unsaponifiable Matter (401) 

Sample: 5.0 g 

Acceptance criteria: NMT 0.5% 

* Specific Gravity (841): 0.93-0,96 at 20° 

• Water Determination, Method t (921): NMT 0.2% 

» Appearance 

Diluent: Hydrochloric acid and water (2.75%: 97.25%) 
Sample: 10 mL 

Standard solution: Prepare immediately before use by 
mixing 2.4 mL of ferric chloride CS and 0.6 mL of co- 
baftous chloride CS with Diluent to make 10.0 mL, and 
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dtluting 5.0 mL of the solution with Difuent to make 
10,0 mL 

Analysis: Compare the Sample and the Standard solu- 
tion by viewing them downward in matched eolor-com- 
parlson tubes against a white surface (see Color and 
Achromicity (631))- 

Acceptance criteria: The Sample is elear and not morę 
intenseEy colored than the Standard soludon. 

O FATS AND Fixed Oils, Add Value (Free Fatty Adds) (401): 
NMT 0.2 

* Fats AND Fixed Oils, Fatty Add Composition <401): The 
fatty add fraction of Medium-Chain Tnglycerides exhibits 
the following composition as seen in Tobie T Disregard 
any peak with an area less than 0.05% of the tota! area. 


Table 1 


Car bon-Chain 
Lenqth 

Number of 
Double Bonds 

Percentaqe (°/o) 

6 

0 

<2.0 

8 

0 

50,0-80.0 

10 

0 

200-50.0 

12 

0 

<3.0 

14 

0 

<1.0 


* Fats and Fixed Oils, Hydroxyi Yalue <401): NMT 10 

* Fats and Fixed Oils, lodine Yalue { 401): NMT 1,0 

* Fats and Fixed Oils, Pemxide Yalue <401): NMT 1.0 
® Fats and Fixed Oils, Saponifkation Value (401) 

Sample: TO g 

Acceptance criteria: 310-360 

* Viscos ity—Capillar y Methods <911) 

Analysis: Determine at 20 ±0.1° with a capillary 
yiscometen 

Acceptance criteria: 25-33 centipoises 

* Refractwe Index (831): 1440-1.452 at 20* 
e Articles of Botanical Origin, Tota I Ash (561) 

Sample: 2.0 g 

Acceptance criteria: NMT 0.1 % 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve En ttght containers, 

protected from light Storę at tempera tu res not exceed- 
ing 25T 

® Labeung: Where it is intended for use in parenterai nutri- 
don, it is so labeEed. 


Trolamine 


C fi H 15 N0 3 149.7 9 

Ethanol, 2 f 2',2"- nitnlotns-; 

2,2',2"“Nitnlotriethanol [102-71 -6]. 

PEFINITSON 

Trolamine is a mlxture of alkanotamlnes consisting largely of 
triethanolamine [N(C?H.)OH);i] contaming some diethano- 
laminę [NH^hhOH^] and monoethanolamine 
[NH 2 (QH40H)3. It contatns NLT 99,0% and NMT 107.4% 
of alkanolamines, calcuiated on the anhydrous basis as 
N(C 2 H 4 OH)3- 

IDENTIFICATION 

■ A. INFRARED ABSORPTION (197F) 

• B 

Analysis 1: To 1 ml add 0,1 ml of cupric sulfate T5. 

Acceptance criteria 1: A deep blue color Es produced, 

Analysis 2: Add 5 ml of 1 N sodium hydroxide, and 
concentrate to one-third of the odginał voJume by 
boEitng. 


Acceptance criteria 2: The blue color remains. 

® C. 

Analysis: To 1 mL add 03 mL of cobaJtous chtoride TS. 
Acceptance criteria: A carmEne red color is produced. 

ASSAY 

* Procedurę 

Sample: 2 g of Trolamine 

Analysis: Transfer the Sample to a 300-mL conical fiask, 
Add 75 mL of water and 2 drops of methyl red TS, and 
titrate with 1 N hydrochloric add V5. Each mL of 1 N 
hydrochloric add is equivalent to 149.2 mg of trietha- 
noiamine, expressed as N(GH 4 OH) 3 . 

Acceptance criteria: 99.0%-l 07.4% on the anhydrous 
basis 

IMPUR1TIE5 

* RESBDUE ON Bgnition <281): NMT 0,05% 

SPECIFIC TESTS 

■ SPECIFIC GRAVITV (841): Tl 20-1.128 
o Refractive Indek <831): 1 .481-1,486 at 20 G 
» Water Determination, Method I (921): NMT 0.5%, us- 
ing a mixture of glacial acetic add and methanol (1:4) as 
the solvent 

ADDITIONAL REQUIREM ENTS 

* Packaging and Storage: Presen/e in tight, light-reslstant 

containers. 

* USP Reference Standards (11) 

USP Trolamine RS 


Tromethamine —see Tromethamine General 
Monographs 


Tyloxapol —see Tyloxapol General 
Monographs 


Vanilla 


DEFINITION 

Yanilla is the cured, fulLgrown, unripe fruit of Yonilh 
planifolio Andrews, often known tn commerce as Mexican, 
Bourbon, or Madagascar vaniila, or of Vanilla tahkensis |. 
W. Moore, known En commerce as Tahitian vanilla (Fam. 
Orchidaceae). Yaniila yields NLT 12.0% of anhydrous, di- 
luted alcohol-soluble extractive. 

ASSAY 

• CONTENT OF ANHYDROUS, DlLUTED ALCOHOL-SOLUBLE 
iXTRACT1VE 

Sample: 2 g of Yanifla 

Analysis: Place the Sample , finely cut or coarsely pow- 
dered and accuralely weighed, in a suitable fiask. Add 
70 mL of diluted atcohol, shake by mechanical means 
for 2 h or for 8 h at 30-min intervals, and aliow to 
stand overnight. Decant the iiquid into a filter, and 
wash the fiask and residue with smali portions of di¬ 
luted alcohol, passing the washings through the filter 
until the filtra te measures 100,0 mL. Mtx the filtrate 
well, evaporate a 50,0-mL portion in a suitable tared 
Container on a steam bath to dryness, and dry the resh 
due at 105 G for 4 h. The weight obtalned represents 
the yield of anhydrous, diluted alcohol-soluble extrac- 
tive from one-half of the portion of Vani!la taken. Calcu- 
late the yield for the en tire Sample taken. 


NF Monographs 
















NF Monographs 


7960 Vanilla / Offkial Monographs 


NF 35 


Acceptance criteria: NLT 12.0% 

SPECIFIC TESTS 

• BOTANIC CHARACTERISTICS 
Unground Vanilla 

Macroscopfc: Unear, flattened capsules of 12-35 cm 
in length and 5-9 mm in width, with an apex termh 
nating in a fiat, circular scar and a gradually tapering 
base that is morę or less cun/ed or hooked; or in Tani- 
tian vanilla, broad in the middle and tapering toward 
either end, the base closely resembling the summit. It 
is flexible and tough, nearly black, dusky brown to 
moderate brown extemally, longitudinafly wrinkled, 
moist, glossy, and occasionally has efflorescence of 
aciouJar or prrsmatic crystals of vanillin. Infernally it is 
unilocular, with a brownish-bfack pulp and numerous 
minutę seeds, Occasional capsules are split near the 
summit into three parts, 

Microscopic: The epidermis has a distinct cuticle and 
occasional stomata. The epidermal cells contain red to 
brown bodies and occasional prisms of calcium oxalate 
or crystals of vanillin, It has a collenchyma layer of one 
or two rows of cells f a thick sarcocarp composed of 
parenchyma and an interrupted cirde of fibrovascular 
bundles, the fatter leptocentric with a few ve$sel$, and 
an outer drde of fibers with thin, strongly lignified 
walls and numerous transverse simple prts. The vessels 
with walls have slit-like pits or spiral thtckenings; the 
parenchyma cells are usually thin-walled and deeply 
undulate, some thick-walled with oblique, slit-like pits 
or broad spiral bands, and contain occasional bundfes 
of acicular crystals of calcium oxalate, up to 400 Jim in 
length, or a thin protoplasmic layer enclosing numer¬ 
ous o;l globules. It has an endocarp composed of pla- 
centaJ and Inter płaceń tai regions; the płaceń tal region 
consists of six bifid placentas extending into the cavfty 
of the fruit and bears trregularly trianguloid, black to ' 
reddish, flattened seeds, up to about 250 um in diam- 
eter, having a deeply reticulate seed coat; the inter- 
placenfal regions show long, nearly straight hairs morę 
or less matted toaether by their gummy, resinous 
secretion. 

Powdered VaniJla 

Macroscopicr Dusky brown to nearly black 
Microscopic; The principal elements of Identification 
are fragments of parencnyma of the sarcocarp with 
long, obliąue, slit-like wafls or broad spiral bands, cal¬ 
cium oxalate crystals of acicular outline and up to 400 
um in length, and monodinic prisms up to 35 firn in 
length. It nas numerous unicelfular, nearly straight, 
glandular hairs, fragments of the seed coat with poły- 
gonal stone cells, and slender crystals of vanilfin. 

* Test for Vanilun 

Anafysrs: Place a few of the crystals, occunring as an 
efflorescence on the fruit, on a microslide or watth 
glass, and add 1 drop of phlorogludnol T5 and 1 drop 
of hydrochioric acid. 

Acceptance criteria: The solution immediately acquires 
a red color. 

ADDITIONAL REQUIItEMENT$ 

* Packaging and Storage: Preserve In tlght containers, 
and storę in a cold place, 

* Labeung: The label States the Latin binomial and, follow- 

ing the officiał name, the part of the plant contained in 
the article. The commercial vanety of Vani!la, whether 
Mexican, Bourbon, Madagascar, or Tahitian, is also stated 
on the label. The label States that Vanilla that has be- 
come brittle is not to be used. 


Vanilla Tincture 


DEFINITION 

Prepare Vani!la Tincture as follows (see Pharmaceutical Com- 

pounding—Nonsterile Preparations (795)). 


N/anllk cut rnta smali pieces 

100 a 

Punfied Water 

200 ml 

Alcohol 

207 rnL 

Sucrose. in coarse aranules 

200 O 

Diluted Alcohol. a suffident auantitv to make 

1000 mL 


Add Purified Waler to the comminuted Vanilla in a suitable 
covered Container, and mac era te for 12 h, preferably in a 
warm place, Add Alcohol to the mixture, mtx, and macer- 
ate for about 3 days. Transfer the rmxture to a percoiator 
containing Sucrose, and drain. Pack the drug firmly, and 
percolate stowly, ustng Dlluted Aicohol as the menstruurn. 

OTHER COMPONENTS 

• ALCOHOL Determination, Method / <611): 38,0%-42,0% 

ADDITIONAL REQUIREMENTS 

• Packaging and Storage: Package in tight, Irght-resistant 

containers, and avoid exposure to direct sunfight and ex- 
cessive heat. 

• Labeling: The label States the Latin binomial name and, 
following the officiał name, the part of the plant source 
from which the article was derived. 


Vatiillin 



C a H & 0 3 152,15 

Benzaldehyde, 4-hydroxy-3-methoxy-; 

Vani!lin [121-33-5]. 

DEFINITION 

Vamllin contains NLT 97,0% and NMT 103,0% of vanillin 
(CeHaOs), calcufated on the dried basis. 

IDENTIFICATION 

• A. Infrared Absorption (197K) 

* E. Ultraviolet Absorption <19711) 

Sampfe solution: 8 j,ig/nnl in methanol 
Acceptance criteria: Meets the requirements 

AS5AY 
« Procedurę 

Standard solution: 8 pg/mL of USP Vanillin RS in 
methanol 

Sample solution: 8 pg/mL of Vaniilln in methanol 
Blank: Methanol 
Instrumental conditions 
(See UItrQViolet-Visible Spectrascopy (857).) 

Modę: UV 

Analytical wavelength: 308 nm 
Celi: 1 cm 
Analysis 

Sam pi es: Standard solution , Sampfe solution, and Blank 
Cal tuła te the percentage of vanillm (CaHaOj) in the por- 
tion of Vanillm taken: 

Result - (Ao/A{) x ( Cs/C u ) x 100 
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Au - absorbance of the Sample solution 
Ai = absorbance of the Standard solution 
Q = concentration of USP Vantllin RS in the 
Standard solution (ug/mL) 

Cu = concentratlon of the Sample solution Qig/mL) 
Acceptance criteria: 97.0%-103,0% on the dried basis 

impurities 

* lESIDUE ON Icniteon (281): NMT 0.05% 

SPECIFBC TEST5 

* IVlELTłNG RANGĘ OR TEMPERATURĘ (741): 81 q -83 q 

* Loss on Drying (731): Dry the sample over siEica ge! for 

4 h: it foses NMT 1,0% of its weight. 

ADD1TIONAL REQUIREMENTS 

e Packaging and Storage: Preserve In tight, light-resistant 
containers* 

O USP REFERENCE STANDARD5 (11) 

USP Vanifltn RS 


Hydrogenated Vegetable Oil 

DEFINITION 


C hangę to read: 

Hydrogenated Vegetable Otl is a mixture of triglycerides of 
fatty aclds. The melting rangę, heavy metals limit, iodine 
vatue, and saponification vaTue differ, depending on Type, 
as described in the table betów. 



Type 1 

Type II 

MeltEng Rangę or Temperaturę (741), 
Ciast II 

57°-S$° 

20°-5CP 

9 * (oito*i 

• (Offtfial 1 

* • (tiMckl Hm- 
M1J] 

Fats and Fixed Oils (401), Iodine 

Value, Method il 

_ 

o-s 

55-80 

Fats and Fixed Oils (401), Saponifica¬ 
tion Vatue 

1 75-200 

175-200 


SPECIFBC TESTS 
o Loss on Drying (731) 

Analysis: Dry a sample at 105° for 4 h. 

Acceptance criteria: NMT 0,1% 

* Fats and Rxed Oiis, Add Value (401) 

Sample: 20 g in a conicai fiask 
Analysis: Mdt the Sample on a steam bath, add 
100 mL of hot alcohol previously neutralized with 0.1 N 
sodium hydroxide to pnenolphthalein TS, swirl, and 
add 1 mL of phenolpnthalein TS, Tatrate with 0.10 N 
sodium hydroxEde until the solution remarns faintly pink 
after being shaken for 15 s. 

Acceptance criteria: NMT 4.0 
e Fats and Fijeed Oils, Unsaponfftable Matter (401): NMT 
0 , 8 % 

ADDITIONAL REQUIREMENTS 

o Packaging and Storage: Preserve in tight containers, In 
a cool place. 


o Labeling; La bel It to State whether it is Type I or Type II. 


yitamin E Polyethylene Glycol Succinate 

DEFINITION 

Vitamin E Polyethylene Glycol Succinate is a mixture formed 
by the esterification of d-alpha tocopheryl add succinate 
and polyethylene glycol. Tne ester mixture consists prima- 
rily of mono-esterified polyethylene glycol and a smatl 
amount of di-esterified polyethylene glycoL It contains 
NLT 25.0% of d-alpha tocopherol (C 29 H 50 O 2 ). 

IDENTIFICATION 

o A. Gas Chromatographic Identification Test 

Analysis: Proceed as dlrected in the test for Content of 
Alpha Tocopherol. 

Acceptance criteria: The retentlon time of the major 
peak of the Sample solution corresponds to that of the 
Standard solution. 

COMPOSiTION 

* CONTENT OF ALPHA TOCOPHEROL 

Solvent: 0.25 mL of phenolphthalein TS in 1 L of 
alcohol 

Interna! standard solution: 12 mg/ml of ethyl arachi- 
date in isooctane 

Standard solution: Transfer 32.5 mg of USP Alpha To¬ 
copherol RS to a suitable reaotion fiask. Add 2 mL of 
pyridine and 0.5 mL of N^O-b]s(trimethylsiJyl)tnfluor- 
oacetamide with 1 % trimethylchlorosiEane, and heat the 
fiask at 100° for 10 min. Cool the fiask, add 5.0 mL of 
Internat standard solution foliowed by 20 mL of isooc¬ 
tane, and shake. 

Sample solution: Transfer a quantity equlvalent to 
0.100-0.160 g of Yitamin E Polyethylene Glycol Succi¬ 
nate molten at 60° to a culture tubę (about 20 cm long 
and 2,5 cm In diameter) equipped with a screw cap. 

Add 40-50 mg of ascorbic acta and a few boiling chips, 
followed by 20 mL of So/uent. [Notę—R effux the solu- 
tlon gently without emission of contents,] Place the 
tubę In a heating błock set at 1 00 Q -1 50°. When the 
sampie is fully dissolved, add 0,25 g of potassium hy- 
droxide, and continue to reflux for 30 min. Remove the 
tubę from heat, and while contents are stlll hot, add 
1-2 mL of hydrochlorlc add dropwtse until the pink col- 
oration disappears. [Caution —Exothermic reaction. Al- 
Eow the acid to trickle down the inside of the tubę to 
prevent splashing.] Cool the tubę, then wash the sides 
of the tubę with 20 mL of water. Add 5.0 mL of Interna! 
standard solution, cap, and shake to ensure thorough 
mixlng. Aflow the tubę to stand until two distlnct layers 
are formed. Transfer 2.5-3.5 mL of the upper layer into 
a suitable reaction fiask, and add 2.0 mL of pyridine 
followed by 2.5 mL of Ń,Q-bis(tnmethylsi[y[- 
Jtrifluoroacetamide with 1% tnmethyEchlorosifane. Heat 
the fiask at 100 D for 10 min. Cool, and then add 12 mL 
of isooctane. 

Chromatographic system 

(See Chroma tog ropny (621), System Suitability.) 

Modę: CC 

Detector: Flame tonization 

Column: 0.25-mm x 15-m fused-stlica capillary; coated 
with a 0,25-pm film of phase G27 
Temperaturę 
Injector: 280° 

Detector: 345° 

Column: See Table /. 
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Table 1 


Initial 

Temperatura 

n 

Temperaturę 

Ramp 

r/min) 

Finał 

Temperaturę 

n 

Hołd Time 
at Finał 
Temperaturę 
(min) 

260 

20 

340 

1 


Carrier gas: Helium 
Flow ratę: 1.5 mL/min 
Injection size: 1 jjlL 
Injection type: Split ratio, 200:1 
System suitabifity 
Sample: Standard soiution 
Suitability regulrements 

Tailing faetor: NMT 2.0 for the aipha tocopherol 
peak 

Relatlve standard deviation: NMT 2.0% for the ratio 
of the alpha tocopherol peak area to the internal 
standard peak area 
Analysis 

Sam pies: Standatrł soiution and Sample Solutiort 
Calculate the percentage of oLalpha tocopherol 
CGgHsoOi) In the portion of Vi tarnin E Polyethylene 
Glycol Sucdnate taken; 

Result ^ (RJRs) * * (WdW u ) x 100 

fly = interna! standard ratio (peak area of alpha 
tocopherol/peak area of the internal 
standard) from the Sample soiution 
Rs = intemal standard rado {peak area of alpha 
tocopherol/peak area of the internal 
standard) from the Standard soiution 
- weight of USP Alpha Tocopherol RS used to 
prepare the Standard soiution (mg) 

Wu - weignt of Vitamin E Polyethylene Glycol 

Sucdnate taken to prepare the Sample 
soiution (mg) 

Acceptance cnterra: NLT 25.0% 

SPECIFIC TESTS 

* Optical Rotation, Spedfic Rotation (781S) 

[Notę—T his test identifies d-alpha tocopherol after 
saponifioation.] 

Sample soiution: Transfer 0.9 g of Vkamin E Polyethyl¬ 
ene Glycol Sucdnate, molten at 60 a , to a suitable test 
tubę fitted with a cap, and dissolve in 10.0 ml of alco- 
hol. Place the tubę in a heatlng błock set at 100M05 0 . 
[Notę —Reflux the soiution gently without emfssion of 
contents.] When the sample ts fully dissoked, add 
2-3 pellets of sodium hydroxide, and contmue to reflux 
for an additional 30 min. Remove the tubę from the 
heat, and whrle contents are still hot, neutralize using 
phenolphthalein as the indicator by slowly adding 
10 mL of a mixture of water and hydrochlonc add (1:1) 
until the pink color disappears. [CAUTION —Exothermic 
reaction. Al Iow the acid soiution to trrckle down the 
inside of the tubę to prevent splashingj Cool the tubę, 
cap, and shake until contents are welLrnixed. Add 
25.0 mL of heptane, cap, and shake for 1 min to ensure 
thorough mixinq. Al Iow the tubę to stand until two dis- 
tinct layers are formed. Transfer the top layer to a dean, 
dry culture tubę, then add 10.0 mL of water to the re- 
covered soiution. Cap, shake, and allow the layers to 
separate. Transfer the upper layer to a dean, dry tubę. 
Add 10,0 mL of potassium ferncyanide soiution, pre- 
pared by dtssolving 2 g of potassium ferricyanide in 
10.0 mL of 0.2 M sodium nydroxide, and replace the 
cap. Shake vigorously for 45 s, and allow the layers to 
separate for 30 min. If the top heptane layer rs elear, 
proceed with the measurement for specific rotation; if 
not elear, dry over anhydrous sodium sulfate before 


proceeding with the test. [Notę —Use the results of the 
test for Content of Alpha Tocopherol to calculate the spe¬ 
cific rotation.] 

Acceptance criteria: NLT +24.0° 

• Solu Bi lity in Water 

Sample: 20 g of melted Vitamin E Polyethylene Glycol 
Sucdnate 

Anafysis: Place the Sample In a glass Container on a 
magnetic stirrer. Immediately add 80 ml of boiling 
water while stirrmg. Allow to cool to room temperaturę 
with constant stirrmg. 

Acceptance criteria: The soiution becomes elear within 
3 h. 

• Acid Value 

Sample: 1 g of Vitamin E Polyethylene Glycol Succinate 

Analysis: DissoNe the Sample in 25 mL of a mixture of 
aicohol and ether (1:1) that has been neutralized to 
phenolphthalein with 0.1 N sodium hydroxide. Add 
0.5 mL of phenolphthalein TS, and titrate with 0.10 N 
sodium hydroxide until the soiution remains faintly pink 
after shaking for 30 s, 

Acceptance criteria: NMT 0,027 mEq/g, equivalent to 
NMT 0.27 mL of 0.10 N sodium hydroxide 

ADDITIONAL REQUIREMENT5 

• Packacinc and Storage; Preser/e in tight containers, 

and storę protected from light. 

• Labeling: The labefing tndicates the d-alpha tocopherol 

content, expressed in mg/g. 

• USP Reference Standards (11) 

USP Alpha Tocopherol RS 


Water for Injection— see Water for 
Injection General Monographs 


Water for Injection, Sterile — see Sterile 
Water for Injection General Monographs 


Water for Irrigation, Sterile — see Sterile 
Water for Irrigation General Monographs 


Water, Purified — see Purified Water General 
Monographs 


Carnauba Wax 


DEFINITJON 

Carnauba Wax is obtained from the leaves of Copernicia cer- 
ifera Mart. (Fam. Palmae). 

IMPUR1TIES 

* RESIDUE on Jgnition (281) 

Sample: 2 g 

Analysis: Heat the Sample in an open porcelain or plati- 
num dish over a flame; rt volatilizes without emitting an 
acrid odor. Ignite. 

Acceptance criteria: The weight of the residue is NMT 
5 mg, corresponding to NMT 0,25%. 
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Detete the fołlowing: 

Heavy Metals, Method U { 231). 20 ppm* * (owiaai r 

SPECIFIC TE5TS 

* MELTING RANCE OR TEMPERATURĘ, C/OSS // {741 >: 80°-8Ć° 

* Acid Vaiue 

Sample: 3 g 

Analysis: Weigh the Sample mto a 250-mL fiask at- 
tacned to a reflux condenser. Add 50 mL of a mixture 
of isopropyl alcohol and toluene (5:4), and boil gently 
until the wax is completely dissolved, Remove the fiask 
from the condenser, add 1 ml of phenolphthalein T5, 
and immedrately titrate with 0.5 N alcoholic potassium 
hydroxfde VS to a faint, reddish-yellow color. [Notę— 
Do not allow the solution to cool, Titrate at warm tem¬ 
peraturę after refluxing.] 

Calculate the add value as the number of mg of potas- 
stum hydroKide required to neutralize the free acids tn 
1 g of Carnauba Wax. 

Acceptance criteria: 2-7 

• Fats and Fixed 0ii5, Saponification Value (401) 

Sample: Use the solution from the test for Acid Value. 

Analysis: To the Sample add 15.0 mL of 0.5 N alcoholic 
potassium hydroxide VS, reflux for 3 h, and titrate the 
excess alkali with 0.5 N hydrochloric acid VS to a yel- 
low-amber colon Perform a blank determination (see 77- 
trimetry (541), Residuai TUrations). 

Calculate the ester value. The saponification value is the 
sum of the ester vatue and the acid value. 

Acceptance criteria: 78-95 

ADDITIONAL REQUIREMENTS 

• Packacing and Storage: Preserve in well-dosed 

containers. 


Emuisifying Wax 

DEFINITION 

Emuisifying Wax is a waxy solid prepared from Cetostearyl 
Alcohol containing a polyoxyethylene derivative of a fatty 
acid ester of sorbitan. 

SPECIFIC TE5TS 

o Melting Rangę or Temperaturę (741) 

Sample: Emuisifying Wax 

Analysis: Meit a quantity of the Sample slowly, while 
stirring, until it reaches a temperaturę of 90°-92 Q . Re- 
move the source of the heat, and allow the molten sub- 
stance to cool to a temperaturę of 8°-10° above the 
expected melting point. Chill the bulb of a suitable 
thermometer (see General Notices, 6*80.30, Temperaturę 
Reading Devke$) to 5°, wipe it dry, and while it is still 
told, dip it into the moften substance so that the bulb 
is completely covered. Withdraw it immediately, and 
hołd it vertically away from the heat until the surface 
dulis. Fix the thermometer securely in a test tubę so 
that the lower point is 15 mm from the bortom of the 
test tubę. Place the test tubę in a water bath at 
1Q°-1 5°, and allow rt to remain at that temperaturę for 
30 min. Raise the temperaturę of the bath at the ratę of 
2 < 7min to 30°, then cnange to a ratę of 17min, and 
notę the temperaturę at which the first drop of melted 
substance leaves the thermometer, Repeat the determi¬ 
nation twice on a freshly melted portion of the sample 
substance, If the variation of three determinations is less 
than 1 take the a^erage of the three as the melting 
point. Otherwise, make two additional determinations, 
and take the average of the five. 


Acceptance criteria: 50°-54 d 

• FATS and FiXED OlLS, Hydroxyl Value {401): 178-192 

• Fats and Fixed Oils, lodine Value (401): NMT 3.5 

• Fats and Fixed Oils, Saponification Value (4Q1>: NMT 14 

• pH (791) 

Sample dispersion: Heat 3 g of Emuisifying Wax in 
100 ml of water to 55°, witn stirring, followed by cool- 
ing to 25°. 

Acceptance criteria: 5.5-7.0 

ADDITIONAL REQUIREMENT5 

• Packacing and Storage: Preserve in well-closed 
containers. 


Microcrystalline Wax 

DEFINITION 

Microcrystalline Wax is a mixture of straight-chain, 
branched-chain, and tyci i t hydrocarbons, obtained by sol 
vent fractionation of the still bottom fraction of petroleum 
by suitable dewaxing or deoiling means, 

IMPURTTIES 

* RESIDUE dn IGNITION (281) 

Sample: 2 g 

Analysis: Heat the Sample in an open porcelain or plati- 
num dish over a flame, 

Acceptance criteria: IL volatilizes without emitting an 
acrid odor and on ignition yields NMT 0.1%. 

SPECIFIC TESTS 

* Color 

Standard solution: Mix 3.8 ml of ferric chloride CS 
and 1.2 ml of cobaltous chloride CS in a clear-glass, 

16- x 150-mm bacteriological test tubę. 

Sample soiution: Melt 10 g of Microcrystalline Wax on 
a steam bath, and pour 5 mL of the liquid into a clear- 
glass, 16- x 150-mm bacteriological test tubę. 

Analysis: Visually compare the contents of both tubes 
in reflected light against a white background, holding 
the tubes directly against the background at such an 
angle that there is no fluorescence. 

Acceptance criteria: The Sampfe solution is not darker 
than the Standard solution . 

* Melting Rangę or Temperaturę, Cfass Ul (741): 

54°-102° 

« CONSISTENCY 

Sample: Microcrystalline Wax 

Apparatus: Determlne the consistency of the Sampie by 
means of a penetrometer fitted with a polished metal 
needle weighing 2.5 ± 0,05 g and having a truncated 
symmetric tapered angle of 9 C 0' ± 151 The needle is 
tapered, with a length of 25.4 mm, and the shaft at- 
tached to the needle is 58 mm in length and 3,17 mm 
in diameter. The piunger that fits into the penetrometer 
and guides the path of the needle weighs 47,5 ± 

0,05 g. An additional weight of 50 + 0.05 g is added to 
the top of the piunger to give a total load of 100 g. 
Analysis: The Sample is cast in a brass cylinder open at 
both ends. The cylinder has an inside diameter of 
25.4 mm and is 31,8 mm in height. Place the cylinder 
on a brass piąte wetted with an equal volume mrxture 
of glycerin and water, and place the piąte on two 
cotKS, Pour the wax, melted at approximately 1 7° 
above its congealing point, into the cylinder. Continue 
pouring the wax until a convex meniscus is formed 
above the cylinder, Allow the spedmen to cool for 1 h 
at approximately 24°. Shave excess wax from the top of 
the cylinder, and remove the piąte. With the smooth 
wax surface In the up position, condition the specimen 
in a water bath at 25° for 1 h, 
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Arrange the penetrometer so that the wax specrmen is 
completely immersed in the water bath while penetra- 
tlon is run, Lower the needle until the trp iust touches 
the top surfa te of the specimen. Release tne needle for 
5 s, and read the depth of penetration in tenths of 
millimeters, Perform four determinadons, and calculate 
the average value of the four readmgs. 

Acceptance criteria: 3-100 (0.3-10.0 mm) 

* Organic Acids 

Sample solution: 20 g of Mierocrystalline Wax in 
100 ml of a mixture of neutralized alcohol and water 
(1:2). Agitate thoroughly, and heat to bollmg. 

Analysis: To the Sample sofution add 1 mL of phenol¬ 
phthalein TS, and titrate rapidly with OJ N sodium hy- 
droxide V5, with vigorous ag kation, to a sharp pink 
endpoint in the alcohol-water layer. 

Acceptance criteria: NMT 0.4 mL of OJ N sodium hy- 
droxide is reguired. 

* FlXED OlLS, fats, and Rusin 

Sample: 10 g 

Sample solution: Digest the Sample with 50 mL of so¬ 
dium hydroxide solution (1 in 5) at 100° for 30 min. 
Separate the water layer, and acidify it with 2 N sulfuric 

acid. 

Acceptance criteria: No oily or solid matter separates. 

* Alkalinity 

Sample: 35 g 

Analysis: Introduce the Sample into a 250-mL separator, 
add 100 mL of boiling water, and shake vigoroijsly for 5 
min. Draw off the separated water into a casserole, 
wash furfher with two 50-mL portions of boiling water, 
and add the washings to the casserole. To the pooled 
washings add 1 drop of phenofphthafein TS, and boil 

Acceptance criteria: The solution does not acgurre a 
pink colon 

* ACIDKTY 

Analysis: lf the addition of phenolphthalein TS in the 
test for Alkalinity produces no pink color, add OJ mL of 
methyl orange Tb. 

Acceptance criteria: No red or pink color is produced. 

ADDITIONAL REQUIREMENTS 

* Packaging and Storage: Preserve in tight containers. 

* Labeung: Label it to indicate the name and proportion 

of any added stabilizer. 


White W ax 


DEFINITION 

White Wax is the product of bleaching and purifying Yellow 
Wax that is obtained from the honeycomb of the bee 
[Apis mellifera L. (Fam. Apidae)] and that meets the re- 
guirements of the Saponifkation Cloud Test 

SPECIFIC TE5TS 

* Saponification Cloud Test 

Sample: 3.00 g 

Alcoholic potassium hydroxide: Dissolve 40 g of potas- 
sium hydroxide in about 900 mL of aldehyde-free alco- 
hol maintatned at a temperaturę not exceeding 15°, 
and then when solution is compiete, warm to room 
temperaturę, and add aldehyde-free alcohoi to make 
1000 mL 

Analysis: Place the Sample in a 100-mL round-bottom 
boiling fiask fitted with a ground-glass joint. Add 30 mL 
of Alcoholic potassium bydroxide. Reflux the mixture gen- 
tly for 2 h. At the end of this period, open the fiask, 
insert a thermometer into the solution, and place the 
fiask in a Container of water at a temperaturę of 80°. 
Rotate the fiask in the bath while both the bath and Lhe 
solution cool. 


Acceptance criteria: The sofution shows no cloudiness 
or globule formation before the temperaturę reaches 
65°. 

* Meltinc Rangi or Temperaturę, Class //(741): 62 e -65° 

* Fats or Fatty Acids, Japan Wax, Rosik, and Soap 

Sample: 1 g 

Analysis 1: Boil the Sample for 30 min with 35 mL of 
3.5 N sodium hydroxide contained in a 100-mL beaker, 
maintaining the volume of solution by the occasional 
addition or water, and allow the mixture to cool at 
room temperatura for about 2 h. 

Acceptance criteria t: The wax separates, leaving the 
liquid elear, turbid, or translucent, but not opaque. 
Analysis 2: Fifter the cool mixture obtained in Analysis 
1 , and acrdrfy the elear ffltrate with hydrodilorit acid. 
Acceptance criteria 2: The liquid remains elear or 
shows NMT a slight amount of turbidity or precipitate. 

* Fats and Fixed Oils, Add Value (401) 

Sample: 3 g 

Analysis: Warm the Sample in a 200-mL fiask with 
25 mL of neutralized dehydrated alcohol until melled, 
then shake the mixture. Add 1 mL of phenolphthalein 
TS, and titrate the warm liquid with 0.5 N alcoholic 
potassium hydroxide V5 to produce a permanent, faint 
pink color. Calculate the acid value as directed in the 
chapter. 

Acceptance criteria: 17-24 

* Fats and Fixed Oils, Ester Volue (401) 

Sample solution: The solution resulfing from the deter- 
mlnation of Acid Value 

Analysis: To the Sample solution add 25.0 mL of 0.5 N 
alcoholic potassium hydroxide VS and 50 mL of alde¬ 
hyde-free alcohol, and reflux the mixture for 4 h. Titrate 
tne extess alkali with 0.5 N hydrochlorie add VS. Per¬ 
form a blank determination (see Titrimetry (541), Resid* * 
ual Titrathns ). Calculate the ester value as directed in 
the chapter. 

Acceptance criteria: 72-79 

ADDITIONAL REQUfREMENTS 

* Packaging and Storage; Preserve in well-dosed 
containers. 


Yellow Wax 


DEFINITION 

Yellow Wax is the purified wax from the honeycomb of the 
bee [Apis mellifera L. (Fam. Apidae)]. The crude beeswax 
used to prepare Yellow Wax conforms to the Saponifka¬ 
tion Cloud Test. 

SPECIFIC TEST5 

* Saponification Cloud Test 

Sample: 3.00 g 

Alcoholic potassium hydroxide: Dissolve 40 g of potas¬ 
sium hydrox:de in about 900 mL of aldehyde-free alco¬ 
hoi maintained at a temperaturę not exceeding 15°, 
and then when solution is compiete, warm to room 
temperaturę, and add aldehyde-free alcohol to make 
1000 mL 

Analysis: Place the Sample in a 100-mL round-bottom 
boiling fiask fitted with a ground-glass joint. Add 30 mL 
of Alcoholic potassium hydroxide. Reflux the mixture gen- 
tly for 2 h. At the end of this period, open the fiask, 
insert a thermometer into the solution, and place the 
fiask in a Container of water at a temperaturę of 80°. 
Rotate the fiask in the bath while both the bath and the 
solution cool. 

Acceptance criteria: The solution shows no cloudiness 
or globule formation before the temperaturę reaches 
65°. 
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* Meltimg Rangę or Temperaturą Class // <741): 62°-65° 

* Fats or Fatty Acids, Japan Wax, Rosin, and Soap 

Sample; 1 g 

Analysis 1: Boli the Sample for 30 min with 35 ml of 
3.5 N sodium hydroxide contalned in a IGG-mL beaker, 
malntalning the vo!ume of solution by the occasional 
addition of water, and allow the mrxture to cool at 
room temperaturę for about 2 h. 

Acceptance criteria 1: The wax separates, leavlng the 
Fiquid elear, turbid, or translucent, but not opague. 
Analysis 2: Filter the cool mlxture obtained in Analysis 
7, and acidify the elear fil tratę with hydrach lor ic acid. 
Acceptance criteria 2: The liquid remains elear or 
shows NMT a siight amount of turbldity or precipltate. 

* Fats and Fixed Ons, Acid Value (Free Fatty Adaś) (401) 

Sample: 3 g 

Analysis: Warm the Sample in a 200-mL fiask with 
25 ml of neutralized denydrated alcohol until melted, 
fhen shake the mixture. Add 1 mL of phenolphthaiein 
TS, and titrafe the warm llquid with 0.5 N alcohoiic 
potassium hydroxide VS to produce a permanent, faint 
pink colon Calcu la te the Add Vafue as directed in the 
chapter, 

Acceptance criteria: 1 7-24 
» Fats and Fixed Oils, Ester Value <401) 

Sample solution: The solution resulting from the deter- 
mination of Add Value 

Analysis: To the Sample solution add 25.0 mL of 0.5 N 
alcohoiic potassium hydroxlde VS and 50 mL of aide- 
hyde-free alcohol, and reflux the mixture for 4 h, Titrate 
the excess alkali with 0.5 N hydrochloric acid VS. Per¬ 
to rm a blank determination (see Titrimetry (541 ), Resid¬ 
ua! Tftrations). Calculate the £ster Vafue as directed in 
the chapter. 

Acceptance criteria: 72-79 

ADDłTIONAL REQUIREMENTS 

* Paokaging and Storage: Preserve in welhclosed 

containers. 


Xanthan Gum 


DEFINITION 

Xanthan Gum is a high molecular weight polysaccharide 
um produced by a pure-culture fermentation of a carbo- 
ydrate with Kanthomonas campestris , then purified by re- 
covery with Isopropyl Alcohol, dried, and milled* It con- 
tains D-glucose and D-mannose as the dominant hexose 
unlts, afong with D-glucuronic acid, and is prepared as the 
sodium, potassium, orcalcium salt. ityields NLT 4.2% 
and NMT 5.0% of carbon dioxide, calculated on the dried 
basis, corresponding to NLT 91.0% and NMT 108.0% of 
Xanthan Gum. 

IDENTIFICATION 
o A. 

Sample: Prepare a dry blend of 1.5 g of Xanthan Gum 
and 1.5 g of locust bean gum. 

Control: 3.0 g of Xanthan Gum 

Analysis 

Samples: Sample and Contro/ 

To two sępa ratę 400-mL beakers add 300 mL of water, 
and heat to 80°. Stir rapidly by mechanical means. 

Add the Sample to one of the beakers and the Control 
to the other beaker at the point of maximum agita- 
tion. Stir until the mixtures diSS0ive, and then continue 
stirring for 30 mm longen Do not allow the tempera¬ 
turę of the mixtures to drop below 60° d u ring the 
stirring. Discontinue stirring, and allow the mlxtures to 
cool at room temperaturę for NLT 2 h> 


Acceptance criteria: A firm, rubbery gel forms with the 
Sample after the temperaturę drops below 40°, but no 
such gel forms with the Contro!. 

AS5AY 

e PROCEDURĘ 

Sample: 1.2g 

Analysis: Proceed as directed in Alginates Assay <311). 

Acceptance criteria: 4.2%-5*0% of carbon dioxide on 
the drred basis, corresponding to 91.0%-108.0% of 
Kanthan Gum 

IMPURITIES 

* Arsenic, Method II (211): NMT 3 jig/g 

o LEAD <251) 

Sample: Prepare a Test P repa radon as directed In the 
chapter 

Contro!: Use 5 mL of Diluted Standard tead Solution 
(5 ug of Pb). 

Analysis: Proceed as directed m the chapter. 

Acce p ta n ce crite ri a: N MT 5 jig /g 

Delete the folio wing: 

*• Heaw Metals, Method ll (231): NMT 30 jjg/g. Use a 
platinum crucible for the Ignition,* (onicfai Ha^żbYsj 

* Limit of Isopropyl Alcohol 

Internal standard solution: 1 mg/ml of tertiary butyl 
alcohol 

Standard stock solution: 1 mg/mL of isopropyl alcohol 

Standard solution: Pipet 4 mL of the Standard stock so¬ 
lution and 4 mL of the internal standard solution In to a 
100-mL yolumetric fiask, and dilute with water to 
volume. 

Sample solution: Disperse 1 mL of a suitable antifoam 
emulsion in 200 mL of water contained in a lOGO-mL, 
rounchbottom distlliincj fiask having a 24/40 standard 
taper ground joint. Ada 5 g of Xanthan Gum, and 
shake for 1 h on a wrist-action mechanical shaker. Con- 
nect the fiask to a fractionating column, and distill 
100 mL, adjustlng the heat so that foam does not enter 
the column. Add by pipet 4 mL of the Internal standard 
solution , 

Chromatographic system 

(See Chromatograpny <621), System Suitabifityd 
Modę: GC 

Detector: Flame ionlzation 
Column: 3.2-mm x 1.8-m stainiess Steel column 
packed with 80- to 100-mesh surface-sifanized packlng 
S3, or equiva!ent 

Temperatures 
Column: 165° 

Detector: 200° 

Injection port: 200 D 
Carrier gas: Helium 
Injection voliime: 4-5 uL 

Analysis 

Samples: Standard solution and Sample solution 
[NOTE—The retention time of tertiary butyl alcohol is 
1.5 relative to that of isopropyl alcohol.] 

Calculate the percentage of Isopropyl alcohol In the 
portion of Xanthan Gum taken: 

Result = (RufRd x (C s/C 0 ) x 100 

Ru = peak response ratio of isopropyl alcohol to 
tertiary butyl alcohol from the Sample 
solution 

Rs - peak response ratio of isopropyl alcohol to 
tertiary butyl alcohol from the Standard 
solution 

Cs = concentration of isopropyl alcohol in the 
Standard solution (mg/mL) 

C u = concentration of the Sample solution (mg/mL) 
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Acceptance cnteria: NMT 0.075% 

* PYRUVIC ACID 

Solution A: 5 mg/mL of 2,4-dinitrophenylhydrazine in 
2 N hydroehforit add 

Standard stock solution: 90 pg/mL of pymvic add 
Standard solution: Transfer 10.0 mL of the Standard 
stock solution to a giass-stoppered, 50-mL fiask. Add 
20,0 ml of 1 N hydrochloric acid, weigh the fiask, and 
reflux for 3 h, taking precautions to prevent loss of va- 
pors. Cool f and ada water to make up for any weight 
loss during refluxtng. Transfer 2,0 mL of this solution :o 
a 30-mL separator containing 1.0 mL of Solution A . Mix, 
and allow to stand for 5 min. Extract the mixture with 
5 mL of ethyl acetate, and discard the aqueous layer. 
Extract the nydrazone from the ethyl acetate with three 
5-mL portions of sodium carbonate TS, coflect the ex- 
tracts in a 50-mL volumetric fiask, and dilute with so¬ 
dium carbonate TS to volume. 

Sample stock solution: 6 mg/mL of Kanthan Gum 
Sample solution: Transfer 10.0 mL of the Sample stock 
solution to a giass-stoppered, 50-mL fiask, Proceed as 
directed in the Standard solution , beginnsng with "Add 
20.0 ml of 1 N hydrochloric add.,/'. 

Blank: Sodium carbonate TS 
Instrumenta) conditions 
(See Uftraviolet-Visible Spectroscopy (857).) 

Modę: Spectrophotometry 
Analytical wavelengfh: 375 nm 
Celi: 1 cm 
Analysis 

Samples: Standard solution, Sample solution , and Blank 
Acceptance criterra: The absorbance of the Sample so¬ 
lution is NLT that of the Standard solution t correspond- 
ing to NLT 1.5% of pyruvie acid. 

5PEC1FIC TESTS 

* MlCROBIAL ENUMERATtGN TESTS (61) and TESTS FOR SPECl- 

fied Microorganisms (62): It meets the requirements of 
the tests for Salmonella spec i es and Eschenchia coli. 

* Loss ON DRYING {731) 

Analysis: Dry at 105° for 2.5 h. 

Acceptance criteria: NMT 15.0% 

* Ash 

Sample: Weigh 3 g in a ta red crucible. 

Analysis: inanerate the Sample at 650° until free from 
carbon, Coot the crudbie and its contents in a desicca- 
tor, and weigh. 

Acceptance criteria: The weight of the ash is between 
6.5%-16,0%, calculated on the dried basis. 

* Viscosity—Rotational Methods {912) 

Sample: Prepare a dry blend of 3.0 g of Kanthan Gum 
and 3.0 g of potassium chloride. 

Instrumental conditions 
Instrument: Rotational viscometer 
Spindle cylinder dimensions 
Diameter: 1,27 cm 
Height: 0.16 cm 
Shaft diameter: 0.32 cm 

Distance from top of cylinder to lower ftp of shaft: 
2.54 cm 

Immersion depth: 5.00 cm (No. 3 spindle) 

Spindle rotation speed: 60 rpm 
Analysis: To a 400-mL beaker add 250 mL of water. 

Add the Sample slowly while stirring at 800 rpm, usinc 
a low-pitched, propellerdype stirrer. Add 44 mL of 
water, rinsing the walls of the beaker. Approximately 10 
min after the addition of the Sample to tne water, re- 
move the beaker from the propelfer-type stirrer, and 
vigorously stir the solution by hand to ensure that all 
the particles around the edge of the beaker are in solu¬ 
tion. Return the beaker to tne stirrer, and agitate at 800 
rpm for a total mixing time of 2 h. Adjust the tempera¬ 
turę to 24 ± 1 and stir by hand in a vertical motion to 


eliminate any thixotropic effects or layering, Each hand 
mixing should be NMT 15-30 s, and the last hand mix- 
Ing should occur immediately before measuring the vis- 
cosity, With the spindle rotating at 60 ipm, immedr- 
ately observe and record the scalę readtng, Convert the 
scalę readings to centipoises by multiplying the read- 
ings by the constant for the viscometer spindle and 
speed used. 

Acceptance criteria: NLT 600 centipoises at 24° 

ADDITIONAL REQUIREMENT5 

• PACKAGINC and STORAGE: Preserve in welhclosed 
containers. 


Kanthan Gum Solution 


DEFINITION 

Prepare Kanthan Gum Solution of the designated percent- 
age strength as follows {see Pharmaceutical Compound- 
ing—Nonsterile Preparations {79 5». 


Kanthan Gum (for a 0.1% solution) 

100 ma 

Xanthan Gum (for 1.0% solution) 

1.0 a 

Methylparaben 

100 ma 

Propylparaben 

20 mq 

Purified Waler, a sufficient guantity to 
make 

100 mL 


Dissolve a weighed guantity of Propylparaben in Purifled 
Water with heating to 50^ and stirring. Cool, and dilute 
guantitatively, ano stepwtse if necessary, with Puńfied 
Water to obtam 90 mL of solution containing 20 mg of 
Propylparaben. Heat to 50°, and add the Methylparaben, 
witn stirring, to dissolve. Cool, stir with a blender, slowly 
sift the Kanthan Cum into the vortex, and continue to 
blend for 2 min after the Kanthan Gum has been added, 
Add 10 mL of Puńfied Water ■ and blend for 5 min. Allow 
to stand for 1 h for excess foam to subside, and remove 
most of the remaining foam by passing the solution 
through a strainer, Add Puńfied Water , if necessary, to 
make the finał volume 100 mL, and stir. [Notę— Depend- 
ing on the volume needed and the equipment available, 
adjust the formula proportionately,] 

ADDBTIOIMAL REQUIREMENT5 

* Packaging and Storage: Preserve in tight, Ught-resistant 

containers, and storę at controlled room temperaturo. 

« Labeling: Label it to State, as part of the official title, the 
percentage eon tent of Kanthan Gum. 

* Beyond-Use Datę: Six weeks after the day on which it 

was compounded 


Xylitol 



C s H,jO s 152.15 

Kylitot. 

DEFINITION 

Xylitol contains NLT 98.5% and NMT 101,0% of CsHuOs, 
calculated on the anhydrous basis. 
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IDENTIFICATION 
« A. INFRARED ABSORPTiON {197K) 

Sample: Undried 

® B. The retention time of the xy!itol peak of the Sample 
solution corresponds to that of the Standard solutton, as 
obtained in the Assay . 

ASSAY 

* Procedurę 

Mobile phase: Acetonitrile and water (20:80) 

System suitability solution: 2.5 mg/mL of USP Cafac- 
titol RS and 25 mg/mL of USP Xy[itol RS in Mobile phose 
Standard solution: 25 mg/mL of USP Xylitoi RS in Mo¬ 
bile phase 

Sample solution: 25 mg/mL of Xylito! in Mobile phose 
Chromatographk system 
(See Chromatography {62 1), System Suitability.) 

Modę: LC 

Detector: UV 192 nm 

Column: 8.0-mm x 30-cm; 7-\x m packing L34 
Column temperaturę: 80° 

Flow ratę: 0.5 mL/min 
Injection size: 25 pL 
System suitability 

Sample: System suitability solution and Standard 
solution 

[Notę—T he relatrve retention times for xylito! and 
galactitol are about 1.0 and 1,10, respectively.] 

Suitability reguirements 

Resolution: NLT 2.0 between galactitol and xylitoJ, 
System suitability solution 

Relative standard deviatton: NMT 2.0%, Standard 
solution 
Analysis 

Samples: Standard solution and Sample solution 
CalcuJate the percentage of xy3itol (CsHuOj) in the por- 
Uon of sample ta kem 

Result = (rjr s ) x (Q/Cu) x 100 

ru = peak response of xylitol from the Sample 
solution 

r 3 - peak response of xylitol from the Standard 
solution 

Cs - concentration of USP XyJitol RS in the 
Standard solution (mg/mL) 

Cu - concentration of the Sample solution (mg/mL) 
Acceptance criteria: 98.5%-d 01.0% on the anhydrous 
basis 

IMPURITIE5 

* RESIDUE OH IGNITION (281): NMT 0,5% 


Delete the foliowing: 

Heaw Metals (231): NMT 10 ppm, using 2 g of Kylrtoi 
dissolved in 25 mL of water# (0 m*\ u^-za isj 

* Reducing śugars 

Sample: 500 mg 

Analysis: Dissoive the Sample in 2.0 mL of water in a 
1 0-mL comcal fiask, Into a slmilar fiask, pipet 2 mL of a 
0.5 mg/mL dextrose solution. To each fiask add 1 ml of 
alkalinę cupric tartrate T5, heat to boiling, and cooL 
Acceptance criteria: Any turbidity in the xylitol fiask is 
NMT that in the dextrose fiask, in which a reddish- 
brown precipitate forms (0,2% reducing sugars, as 
dextrose), 

o Limit of Other Polyols 

Mobile phase: Acetonitrile and water (20:80) 

System suitability solution: 0.5 mg/mL each of USP 
L-Arabinltol RS, USP Galactitol RS, USP Mannito! RS, and 
USP Sorbitol RS, and 100 mg/mL of USP Xylitol RS in 
Mobile phase 


Standard solution: 0.5 mg/mL each of USP i-Arabinitol 
RS, USP Galactitol R5, USP Mannitol RS, and USP Sorbi¬ 
tol RS in Mobile phase 

Sample solution: 100 mg/mL of Kylitol in Mobile phase 
Chromatographk system 
(See Chrómatography (621), System Suitability.) 

Modę: LC 

Detector: UV 192 nm 

Column: B.O-mm x 30-cm; 7-jam packing L34 
Column temperaturę: 80° 

Fiow ratę: 0.5 mL/min 
Injection size: 25 pL 
System suitability 

Samples: System suitability solution and Standard 
solution 

[Notę—T he relative retention times for t-arabinitol, 
mannitol, xyiitol, galactitol, and sorbitol are about 
0,76, 0,81, 1.0, 1,12, and 1.22, respectkdy.] 
Suitability reguirements 
Resolution: NLT 1.5 between al! adjacent polyol 
peaks, System suitability solution 
Relative standard deviation: NMT 5.0% for the 
galactitol peak, Standard solution 
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of each polyol (L-arabinitol, 
galactitol, mannitol, or sorbitol) in trte portion of sam¬ 
ple taken; 

Result s= (te/r s ) x (G/Cu) x 100 

ru = peak response of the individuaf polyol from 
the Sample solution 

r 5 = peak response of the mdlvidual polyol from 
the 5f on dard solution 

Cs = concentration of the indivsdual polyol in the 
Standard solution (mg/mL) 

C u = concentration of the Sample solution (mg/mL) 
Acceptance criteria: The sum of the potyols is NMT 
2 .0%, calcuiated on the anhydrous basis, 

SFEOFIC TESTS 

* Water Determination, Method i (921): NMT 0.5% 

ADDBTBONAt S?EQUIfftEMENTS 

* Packaging and Sto ragę: Preser/e in well-closed 
containers. 

0 USP Reference Standards (11) 

USP t-Arabinitol R5 
USP Galactitol RS 
USP Mannito! RS 
USP Sorbitol RS 
USP Kylitol RS 


Xylose —see Xylose General Monographs 


Zein 


[9010-66-6], 

DEHNITION 

Zein is a prolamine derived from corn [Zea mays Linnś (Fam. 
Grarmneae)]. 

IDENTfFfCATBON 
« A. 

Sample solution: Dissolve 0.1 g in 10 mL of 0,1 N so- 
dium hydroxtde. 

Analysis: To the Sample solution add a few drops of 
cupric suifate TS. Warm in a water balh. 
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Acceptance criteria: A purple color develops. 

o B. 

Sample solution: In a test tubę add 1 ml of nitric acid 
to 25 mg of Zein. 

Analysis: Agi ta te the Sample solution vigorously. 
Acceptance criteria; The solution beeomes light yellow. 
Furtner addition of about 10 mL of 6 N ammonium hy- 
droxide produces an orange color. 

* C. Identification of alpha Zein by SDS-Polyacrylamide 
Cel Electrophoresis 

5o!vent: 55% fsopropyi alcohol with 2% beta 
mercaptoethanol 

Sample loadfng bufferd 0.5 M tris hydrochloride pH 
6,8, 20% glycerin, 4% sodium dodecyl sulfate (SDS), 
and 0.005% bromophenof blue 
Gel running buffer stock solution: 1 2 0,25 M tris base 
pH 8.6, 1.92 M glycine, and 1.0% SDS 
Gel running buffer: Ge! running buffer stock solution 
and water (1:9) 

Gel staining solution: A suitable Coomassie blue-based 
solution 5 

Molecular weight marker: Use a suitable molecular 
weight marker 3 4 containing protein bands at 
10-1 90 kDa, [NOTĘ—A molecular weight marker with 
protein bands at 10-100 KDa can also be used,] 
Molecular weight standard solution: Dllute the Mokc- 
ufar weight marker with the Sample loading buffer (1:]}. 
Incubate the mixture in a doseef microcentrifuge tubę 
at 95° for 10 min. After incubation, allow the tubę to 
flash-cool on tce. Place the tubę in a microcentrifuge, 
spin at a top speed for a few seconds, and allow to 
stop on its own to collect any condensation on the 
sides and top of the tubę. 

Independent standard stock solution: 1 0 mg/ml of p- 
factoglobulin A in water 

Independent standard working solution: 1 mg/mL of 
jft-lactoglobulin A in water 

Independent standard running solution: To the finał 
1 vofume of Independent standard running solution, add 
OJ voiume of Independent standard working solution, 

0.5 volume of Sample loading buffer, OJ volume of p- 
mercaptoethanol, and sufficient water to obtain 
OJ mg/mL of /3-lactoglobulin A and 10% of /?- 
mercaptoethanol. 

Sample stock solution: 10 mg/mL of Zein in Solvent. 
Mix on a vortex mixer until the sample is fully dis- 
solved, Centrifuge at 10,000-12,000 rpm En a 
microcentrifuge with a fixed rotor for 10 min to pelfet 
any undissolved materiał. 

Sample solution: Di lute the Sample stock solution with 
the Sampie loading buffer ( 1:1). Incubate the mixture in 
a ciosed microcentrifuge tubę for 10 min at 95°, After 
incubation, allow the tubę to flash-cool on ice, Place 
the tubę in a microcentrifuge, spin at a top speed for a 
few seconds, and allow to stop on its own to collect 
any condensation on the sides and top of the tubę. 
DEfute the solution so obtained with a mlxed solution of 
Sampie loading buffer and water (1:1) to 5 folds. 
Electrophoretrc system 

SD5-PAGE gel and apparatus setup: Following the 
manufacturer's instructions, assemble and fili a precast 
16% Tris-Glycine gel 5 in an appropriate electrophoresis 
module. 


1 Avatlable from Irwrtrogen (Life Technologies) as Tris-Glycine SDS Sample 
Buffer (2X), catalog number LC2676, 

2 Available from Irwitrogen as Tris-Giycine SDS Running Buffer (T 0X), catalog 
number LC2ó 75. 

J AvnilabJe from frwitrogen as StmplyBlue Stain, catatog number LC6065. 

4 Avaifable from [nvitrogen as BenchMark Prestarned Protein Ladder, cataiog 
number 1074810. 

s Available from Inyitrogen, ca ta log number EC6495. However, these are 
readily available from se^eral other manufacturers. 


Running buffer: Cel running buffer 
Voltage: 100 V 

Run time: 2,5 h or until the upper dye front is at the 
bottom of the gel, [NGTE—The total run time may 
need to be altered, depending on the molecular 
weight standards as weil on as laboratory eguipment 
variability, because the dye front may co-migrate with 
or close to the lowest bands of the set.] 

Analysis 

Sam pies: Moiecutar weight standard solution, indepen¬ 
dent standard running solution , and Sampie solution 
Gel loading: Load 25 pL of the Molecular weight stan¬ 
dard solution . Load a volume of the Independent stan¬ 
dard running solution, equa! to 2 pg of /Mactoglobulin 
A. Load a voiume of the Sampie solution, equa! to ap- 
proximately 5 ug of calculated Zein. [Notę—I f the 5 pg 
loading amount is inadeguate for the test, the 10 pg 
loading amount may be used. Loading a lesser quan- 
tity on the gel results in an overalf higher molecular 
weight determination due to sharper bands. The ac- 
tual amount of Zein extracted from the starting mate¬ 
riał can not be quantified. Therefore, an estimated 
amount is derlved.] 

Gel staining: After electrophoresis, ca ref ul ly remove 
the gel from the plates. Rlnse the gel three times with 
water, Stain the gel by following the manufacturer's 
directions for the stain used. 

Destaining: After staining as directed by the manufac- 
turer, destain as directed by the manufacturer. 

Gel scan procedurę: Set up a gel scanner according 
to the manufactureds Instructions, Place the gei In the 
detector, and obtain a single image of all loaded tines 
of the gel. 

Acceptance criteria: Zein has two major bands for tx- 
zein at 15-26 kDa, 

IMPUR1TIES 

■ Residue on Ignition (281): NMT 2.0%, uslng an Ignition 
temperaturę of 800 ±25° 

Detete the following. 

•* Heavy Metals, Method li (231): NMT 20 pg/g* (Official i- 

Jjfi- 2018 ) 

o Limit of Hexane-5olubłe 1V0atter 

Sampie: 15 gof Zein 

Solvent: Alcohol and water (1 7:3, w/w) 

Analysis: Dissolve the Sampie in 1 50 mL of SolvenL Stlr 
the mixture, using a magnetsc stirrer, and heat the solu¬ 
tion to 30°. Once the Sampie is dissoived, transfer the 
solution to a 500-mL separatory funnel. 

Add 60 mL of n-hexane, Shake the mixture, and allow 
the phases to separate. Dtscharge the bottom layer (al¬ 
cohol) to a beaker, and transfer the top layer (hexane) 
to a First 500-mL fiask. Weigh the first 500-mL fiask, 
and record the weight, Pour the bottom layer of alco¬ 
hol back into the separatory funnel, Repeat this step 
four morę times. 

After the five 60-mL hexane Solutions have been added 
to the first 500-mL fiask, attach it to a rotary evapora¬ 
tor to distlll the hexane. Collect the hexane in a sec- 
ond 500-mL fiask, 

The first 500-mL fiask contains a yellow to reddish oil. 

Record the weight of the fiask containing this oil 
Calculate the percentage of hexane-solubTe matter in 
the portion of Zein taken: 

Result = [(l/Ur - W?)/W} x 100 

Wj - weight of the fiask (g) 

Wf = weight of the first 500-mL fiask (g) 

W - weight of the Sample (g) 
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Acceptance criterra 

For Zein from norma! dent corn: NMT 12,5% for 
hexane-soluble rnatter 

For Zein from waxy corn: NMT 16.0% for hexane- 
soluble rnatter 

SPECIFtC tests 
* Loss ON DRYING (731) 

Anafysis: Dry at 105° for 2 h, 

Acceptance criteria: NMT 8.0% 
o Michobial Enumeration Tests (61) and Tests for Speci 
FIED Microorganisms (62): The totaf bacterial count 
does not exceed 10 3 tfu/□, and the tests for Salmonello 
species and Eschertchia coli are negative. 

» Protein Content 

Analysis: Proceed as directed in Nitrogen Determination 
(461), Method I. Calcuiate the weight percentage of the 


protein eon tent in Zein by multiplying the percentage 
of nitrogen found by 6.25. 

Acceptance criterra: 81.9%-100.0% on the dried basis 

ADDITIONAL REQUIREIVIENTS 

e Packaginc and Storage: Preserye in well-closed contain- 
ers, and storę at room temperaturę, 
o Labełing: Label it to indicate the corn source from whieh 
it is derived. 


ZSnc Stearate —see Zinc Stearate General 
Monographs 
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Combined lndex to USP 40 and NF 35 


Abaca-Acety 1-1 


Combined lndex to USP 40 and 
NF 35, Volumes 1-4 

Page citations refer to the pages of Volumes 1, 2, 3, and 4 of USP 40-NF 35. This index is repeated in its 
entirety in each volume. 


1-2526 Volume 1 
2527-4740 Volume 2 
4741-6778 Volume 3 
6779-7969 Volume 4 


Numbers in angle brackets such as <421) refer to chapter numbers in the General Chapters section. 


A 

Abacavir 

orał solution, 2527 
sulfate, 2531 
tabiets, 2528 

and lamwudine tabiets, 2529 
Abiralerone 
acetale, 2532 
acetale tabiets, 2534 
Absolute 
alcohol, 2329 
eiher, 2327 
AbsofbabJe 

dusling powder, 3926 
gelatin film, 4384 
gelatin sponge, 4384 
surgical suture, 6296 
Absorbent 
cotton, 2327 
gauze, 4382 
octorless paper, 2375 
Acada, 7495 
syrup, 7495 
Acarbose, 2536 

Acebulolol hydrochloride, 2537 
tapsufes, 2538 
Acepromazlne maleate, 2540 
injection, 2541 
tabiets, 2542 

Acesulfame potassium, 7496 
Acetal, 2327 
Acetaldehyde, 2327 
TS, 241T 

Acetaminophen, 2542 
aspirin and caffeine labie t&, 2550 
and aspirin tabiets, 2549 
butalbital and caffeine capsules, 3090 
butalbilal and caffeine tablety 309T 
and caffeine tabiets, 2551 
capsules, 2544 

and (salts of) chforpheniramine, 
dextromethorphan, and 
pseudoephedrine, capsules containing at 
least three of the following, 2552 


and (safts of) chlorphen i ra minę, 
dextromethorphan, and 
pseudoephedrine, o rai powder 
containing at least three of the 
following, 2555 

and (saJts of) chforpheniramine, 
dextromethorphan, and 
pseudoephedrine, orał solution 
containing at least three of the 
following, 2557 
and (salts of) chlorpheniramine, 
de^tromeEhorphan, and 
pseudoephedrine, lablets containing at 
least three of the following, 2559 
chlorpheniramine maleate, and 
dextromethorphan hydrobromide 
lablets, 2561 

and codeine phosphate capsules, 2563 
and codeine phosphate orał sofution, 2564 
and codeine phosphate orał suspension, 
2565 

and codeine phosphate tabiets, 2566 
dex tro metho rpha n h yd robro mi de, 
d oxy la minę suce i na Ee, and 
pseudoephedrine hydrochloride ora! 
sofution, 2567 

and diphenhydramine dtrate tabiets, 2569 
dtphenhydra minę hydrochloride, and 
pseudoephedrine hydrochloride tabiets, 
2570 

and hydro cod one bitartrate tabiets, 450T 
isometheptene mucate, and 
dichloralphenazone capsules, 4692 
and oxycodone capsules, 5516 
and oxycodone tabiets, 5517 
and pentazocine tabiets, 5625 
and pseudoephedrine hydrochloride 
tabiets, 25 71 
orał solution, 2545 
for effervescent orał solution, 2545 
suppositories, 2546 
orał suspension, 2547 
tabiets, 2547 

extended-release tabiets, 2548 
and tram a doi hydrochloride orał 
suspension, 6538 

and tramadoj hydrochloride tabiets, 2572 
Acetanifide, 2327 


Acetate 
methyl, 2370 
Acetate buffer, 2340 
TS, 2411 

Acetazolamide, 2577 
for injection, 2578 
orał suspension, 2579 
tabiets, 2579 
Acetic acid, 2328, 7497 
ammonium acetate buffer T5, 2412 
diluted, 2328, 2353, 7497 
double-norma! (2 N), 2424 
gtadal, 2328, 2361, 2580 
gladfll, TS, 2412, 2415 
and hydmeortisone otic solution, 4510 
irrigalion, 2581 
metaphosphoric, TS, 2418 
otic solution, 2581 
strong, TS, 2412 

1 M TS, 2411 

2 M TS, 2412 

Acetic acid fn peptides, 393 
Acetic anhydride, 2328 
Acetohexamide, 2581 
tabiets, 2582 

Acetohydroxamic actd, 2582 
tabiets, 2583 
Acetone, 2328, 7498 
anhydrous, 2328 
buffered, T5, 2328, 2412, 2413 
Acetonitrile, 2328 
spectrophotometric, 2328 
Acetophenone, 2328 
p-Acetotoluidide, 2328 
Acetylacetone, 2328 
Acetyl chforide, 2328 
Acetyfcholine chloride, 2328, 2584 
for ophlhaimic solution, 2585 
Acetylcysteine, 2586 

and i sop rotę reno! hydrochloride inhalalion 
solution, 2587 
solution, 2586 
N*Acetylglucosamine, 6781 
3-AcetyltliiO‘2‘methylpropanolc acid, 2328 
Ace ty Itri butyl ci tratę, 7499 


ndex 
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t-2 Acety-AJumi 


Acetyltriethył citrate, 7499 
N-Acetyltyrosine, 6782 
N- AceLyk-tyrosine ethyl ester, 2329 
Acid 

acrylic, 2329 
alpha JSpoic, 7076 
dehydroaceiic, 7630 
ferric ehloride TS, 2412 
ferrous sulfate TS, 2412 
iminodiacetic, 2365 
stannous ehloride TS, 2412 
stannous chloride TS, stronger, 2412 
Acid-neutralizing ca pa ci ty (301), 316 
Acidulated phosphate and sodium fluoride 
topical so lut ton, 6190 
Acitretin, 2588 
capsules, 2589 

Aeoustic emission (1005), 832 
Acrylic acid, 2329 
Activated 
alumtna, 2329 
eharcoal, 2329, 3344 
magnesium siNcate, 2329 
Acydovir, 2591 
capstiles, 2592 
for injection, 2592 
ointment, 2593 
orał suspension, 2594 
tablets, 2595 
Adamantane, 2329 
Adapalene, 2596 
gel, 2598 

Ademetionine drsulfate tosylale, 6783 
Adenrne, 2600 
sulfate, 2329 
Adenosine, 2600 
injection, 2601 
AdipiC add, 2329, 7500 
Admissions 
to NF 35, 7483 
lo U5P 40, xxxi ii 

Adulleration of dietary supplements with 
drugs and dryg analog; (2251), 2285 


Aerosol 

BadtracEn and polymyxin B suIfale topical, 
2939 

Benzocaine, butamben, and tetra ca i ne 
hydrochloride topical, 2979 
Benzocaine and menthol topical, 2981 
Benzocaine topical, 2970 
Betamethasone dipropionate topical, 3005 
Dexamethasone sodium phosphate 
inhalation, 3679 
De*amethasone topie a I, 3671 
Epinephrine brtartrate inhalation, 4002 
Epinephrine inhalation, 3999 
Ergotaminę tartratę inhalation, 4023 
Fluticasone propionate and salmeterol 
inhalation, 4303 

Fluticasone propionate inhalation, 4288 
Inhalation and nasal drug producls: 
aerosols, sprays, and powders— 
performance gualily tests (601), 472 
Isoetharine mesylate inhalation, 4686 
Isoproterenol hydrochloride inhalation, 
4700 

Isoproterenol hydrochloride and 
phenylephune bitartrate inhalation, 4702 
Isoproterenol sulfate inhalation, 4705 
Lidocaine topical, 484S 
Me ta pro teren cii sulfate Enhafation, 5040 
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Polymyxin B sulfate and bacitracin zine 
toptcal, 5752 

Povidone-todine topical, 5793 
Terbu ta linę sulfate inhalation, 6375 
Thimerosal topicai, 6439 
To I nafta te topical, 6517 
Triamcinolone aeetonide topical, 6559 


Agar, 2329, 7501 
Agarose, 2329 
Air, medieal, 2602 
Air-helium certified standard, 2329 
Alaninę, 2603 
L-Alanyk-gl u tarninę, 6784 
Albendazole, 2604 
ora! suspens Eon, 2604 
tablets, 2605 
Albumen TS, 2412 
Albumin 

bovine serum, 2329 
human, 2606 
rAlbumin human, 7502 
Albuterol, 2606 
sulfate, 2611 
tablets, 2607 

extended-release tablets, 2608 
Aldometasone dipropionate, 2612 
cream, 261 3 
ointment, 2614 
Alcohof, 2329, 2615 
70 percent, 80 percent, and 90 perce nt, 
2329 

absolute, 2329 
aldehyde-free, 2329 

a I p h a -(2 - (me thy I a m i no)ethy 1 )benzy l 2330 
amyt, 23 29 

tert-amyl, 2329, 2333, 2365 
butyl, 7544 

dehydrated, 2329, 2349, 2616 
dehydrated isopropyl, 2329 
denaturated, 2329 
denaturated, T5, 2414 
determinalion (61T), 503 
in dextrose injection, 2619 
diluted, 2329, 7504 
injection, dehydrated, 2618 
isobutyi, 2329 
isopropyl, 2329 
me thy], 2329 
neutralized, 2329, 2373 
phenoi 15, 2412 
rvpropyl, 2330 
rubbing, 2619 
secondary butyl, 2330 
tertiary butyl, 2330 
Alcoholic 

ammonia TS, 2412 
mercuric bromide T5, 2412 
potassium hydroxide TS, 2412 
potassium hydroxide TS 2, 2420 
TS, 2412 

Alcoholometric table, 2523 
Aldehyde dehydrogenase, 2330 
Aiendronate sod i u m, 2620 
tablets, 2622 
Alfade*, 7505 
Alfentanil 

hydrochloride, 2623 
injection, 2624 
Alfuzosin hydrochloride, 2625 
extended-relea$e tablets, 2626 
AJginates assay (311), 317 
Al ginie aci d, 7506 


Alizarin complexone, 2330 
Al kalinę 

borate buffer, 2340 
cupric cltrate TS, 2412 
cupric dtratę TS 2, 2412 
cupric iodide TS, 2412 
cupric tartrate TS, 2412 
merturic-potasslum iodide TS, 2412 
phosphatase enzyme, 2330 
pic ratę TS, 2412 
pyrogallol TS, 2420 
sodium hydrośulfite TS, 2412 
Alkyl (Cl 2-15) benzoate, 7507 
AlkyIph enoxypołye thoxyethanol, 2330 
AElantoin, 2631 
Allopurinol, 2632 
orał suspension, 2634 
tablets, 2634 
Allyl isothiocyanate, 2635 
Almond oil, 7507 
Almotriptan 
tablets, 2638 
Almotriptan malate, 2635 
Aloe, 2639 
Alpha 

lipoic acid, 7076 
Alpha-chymolrypsin, 2330 
Alpha cydodextrin hydrate, 2330 
Alp h a-(2-(meth y I a m i n o)ethyl)benzyI alcohol, 
2330 

Alphanaphthol, 2330 
Alphazurine 2C, 2407 
Alprazolam, 2641 
orał suspension, 2642 
tablets, 2642 

extended-release tablets, 2644 
orally disintegrating tablets, 2648 
Alprenolol hydrochloride, 2330 
AlprastadU, 2649 
injection, 2652 
Altepfase, 2652 
for injection, 2655 

Altemative microbioJogical sampling methods 
for nonsterile inhaled and nasal products 
(610), 501 
Al tretami ne, 2658 
c a psuł es, 2658 
Alum, 2330 

ammonium, 2330, 2659 
potassium, 2381, 2660 
Alumina, 2330 
activated, 2329, 2330, 2333 
anhydrous, 2330 

asplhn, codeine phosphate, and magnesia 
tablets, 2883 

as pion, and magnesia tablets, 2877 
aspirin, and magnesium oxide tablets, 

2878 

magnesia, and cakium carbonate 
chewable tablets, 2663 
magnesia, cal dum carbonate, and 
simethkone chewable tablets, 2664 
magnesia, and cal dum carbonate oraj 
suspension, 2662 
magnesia, and simethicone orał 
suspension, 2666 

magnesia, and simethicone chewable 
tablets, 2668 

and magnesia orał suspension, 2660 
and magnesia tablets, 2661 
magnesium carbonate, and magnesium 
ox!de tablets, 2671 

and magnesium carbonate orał suspension, 
2669 

and magnesium rarbnnafp tahjpt\ 2670 



h 
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Alumi-Ammon 1-3 


Alumina (tonftrtuedj 

and magnesium trisilrcate orat suspension, 
2672 

and magnesium trisilkate tablets, 2673 
Aluminon, 2330 
Aluminum, 2330 
acetate topicai solution,, 2674 
chłońcie, 2674 
chlorohydrate, 2675 
chlorohydrate solu tron, 2676 
chlorohydrex polyethylene glycol, 2677 
chlorohydrex propylene glycol, 2678 
dichlorohydrate, 2678 
dichiorohydratę solution, 2679 
dtch Iorohyd rex polyethylene glycol, 2681 
dich Iorohyd rex propylene glycol, 2681 
hydroxide gel, 2682 
hydroJcide gel dried, 2682 
hydroxide gel capsuies, dried, 2683 
hydro* id e gel tablets, dried, 2683 
monostearate, 7509 
oxide, 7510 

oxide, acid-washed, 2330 
phosphate gel, 2684 
potassium sulfate, 2331 
se$quichlorahydrale, 2684 
sesquichlorohydraie solution, 2685 
sesqu ich loro hydrę* polyethylene glycol, 
2685 

sesquichlorohydrex propylene glycol, 2686 
subacetate topicai solution, 2686 
sulfate, 2687 

sulfate and caIcium acetate tablets for 
topicai solution, 2688 
zirconium octachlorohydrate, 2689 
zirconium octachlorohydrate soi u don, 

2690 

zirconium octach loro hydrę* gJy, 2691 
zirconium oclachlorohydre* gly solution, 
2692 

zirconium pen taehloro hydra te, 2693 
zirconium pentachlorohydrate solution, 
2694 

zirconium pentachlorohydre* gly, 2695 
zirconium pentachlorohydre* gly solution, 
2696 

zirconium tetrachlorohydrate, 2697 
zirconium tetrachlorohydrate solution, 

2698 

zirconium tetra chlorohydrex gly, 2699 
zirconium tetrach loro hydrę* gly solution, 
2700 

zirconium trichlorohydrate, 2701 
zirconium trichlorohydrate solution, 2702 
zirconium tnchlgrohydre* gly, 2703 
zirconium trichlorohydrex gly sdution, 
2704 

Aluminum (206), 260 
Alumlnum sulfate 

and cal dum acetate for topicai solution, 
2687 

Amantadine hydrochloride, 2705 
capsuies, 2706 
orał solution, 2707 
Amaranth, 2331 
TS, 2412 

Amdnonide, 2707 
cream, 2708 
ointment, 2709 
American ginseng, 6786 
capsuies, 6790 
extract, powdered, 6789 
powdered, 6787 
tablets, 6792 


Amifostine, 2709 
for injection, 2710 
Amlkacin, 271 2 
sulfate, 2713 
sulfate injection, 2714 
Amiloride hydrochloride, 2714 
and hydrochlorothiazide tablets, 2717 
tablets, 271 5 
Amiloxate, 2719 
AminoaeeUc acid, 2331 
4-Aminoantipyrłne, 2331 
Amtnobenzoale 
potassium, 2720 
potassium capsuies, 2722 
potassium for orał solution, 2723 
potassium tablets, 2724 
sodium, 2724 
Aminobenzoic acid, 2725 
gel ( 2726 

topicai solution, 2727 
p^Aminobenzoic acid, 2331 
2-Am i no benzo n i tri! e, 2331 
Aminocaproic acid, 2727 
injection, 2728 
orał solution, 2728 
tablets, 2729 

4-Amino-6-chloro-1,3-benzenedisulfonamide, 
2331 

4-Arnino-2-chiorobenzQic acid, 2331, 2346 
2-Amino-5-chtorobenzophenone, 2331, 2346 
7-Am i nodesacetoxycepha lospora nic acid, 

2331 

2-Aminoethyl diphenylborinate, 2331 
T "(2-Aminoethyl)p iperazi ne, 2331 
Aminoglutethimide, 27 29 
tablets, 2731 

Aminoguanidine bicarbonate, 2331 
2-Aminoheptane, 2331 
W-A m i no h examet hy I e ne im i ne, 2331 
Aminohippurate sodium injection, 2732 
Aminohippuric acid, 2732 
4 - Amino- 3 -hy d roxy -1 - n a ph th a lenesul fon ic 
acid, 2331, 2331 
Aminolevulinic acid 
hydrochloride, 2733 
Amino methacrylate copolymer, 7511 
l,2,4"Amrnonaphlho1sulfonic acid, 2331 
Aminonaphthofsulfonic acfd T5, 2412 
Aminopenlamide sulfate, 2734 
injection, 2734 
tablets, 2735 

2- Aminophenol, 2331 

4-Aminophenol in acetaminophen-containing 
drug products {227), 288 
m-Aminophenol, 2331 
p"Aminophenol, 2332 
Aminophyliine, 2735 
Injection, 2737 
orał solution, 2739 
rectal solution, 2741 
supposttories, 2742 
tablets, 2742 

delayed-release tablets, 2744 
3 -Amino-1 -p ropano I, 2332 

3- Aminopropionie acid, 2332 
Aminosalicylate sodium, 2745 

tablets, 2747 
Aminosallcyllc acid, 2748 
tablets, 2750 

3‘Ammosalicylrc acid, 2332 
Amiodarone 

hydrochloride injection, 2753 
Amiodarone hydrochloride, 275T 
orał suspension, 2755 


Amitraz, 2756 
concentrate for dip, 2757 
Amitriptyline hydrochloride, 2758 
and chlordtazepOHide tablets, 3358 
injection, 2759 

and perphenazine tablets, 5652 
tablets, 2759 
Amlodipine 
orał suspension, 2760 
and benazepril hydrochloride capsuies, 
2761 

and va!sartan tablets, 2763 
valsartan and bydrochlorothiazide tablets, 
2767 

Amlodipine besylate, 2772 
tablets, 2773 
Ammonia 
alcoholic TS, 2412 
detector tubę, 2332 
N 13 injection, 5369 
nitrate TS, silver, 2420 
solution, diluted, 2332 
solution, strong, 751 3 
spirit, aromatic, 2775 
TS, 2332, 2412 
TS 2, 2412 
TS alcoholic, 2412 
TS stronger, 2412 
water, stronger, 2332, 2395, 2412 
water, 25 percent, 2332 
Ammonia-ammonium chloride buffer TS, 
2412 

AmmoniataJ potassium ferricyanide T5, 2412 
Ammonia'Cyanide TS, 2412 
Ammoniated cupric o*ide TS, 2412 
Ammonio methacrylate copolymer, 7513 
dispersion, 7515 
Am mon i u m 
acetate, 2332 
acetate TS, 2412 
atum, 2659 
bicarbonate, 2332 
bisulfate, 2332 
bromide, 2332 
carbonate, 2332, 7516 
carbonate TS, 2412 
carbonate TS 2, 2412 
chloride, 2332, 2775 
chloride-ammonium hydroxide TS, 2412 
chloride injection, 2775 
chloride, potassium gl u eon a te, and 
potassium ci tratę orał solution, 5781 
chloride delayed-release tablets, 2776 
chloride TS, 2412 
citrate, di ba sic, 2332, 2350 
citrate, ferric, 2776 
citrate for orał solution, ferric, 2777 
dlhydrogen phosphate, 2332 
ftuoride, 2332 
formate, 2332 
glycyrrhizate, 7516 
hydro*ide, 2332 
hydroxide 6 N, 2332 
molybdate, 2332, 2777 
molybdate injection, 2778 
molybdate TS, 2413 
ni tratę, 2332 
ni tratę, cerle TS, 2413 
nitrate TS, silver, 2420 
oxalate, 2332 
oxaiate TS, 2413 
persulfate, 2332 
phosphate, 7517 
phosphate, di basie, 2332, 2351 
phosphate, drbasic, TS, 2413 
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Ammonium (contlnued) 
phosphate, monobasic, 2332 
polysulfide TS, 241 3 
py rro lid i ned it hi ocarba mate # 2332 
pyrroltdinedtthioc arba matę, saturated, TS, 
2413 

reineokate, 2332 
reineckate TS, 2413 
su! fama te, 2332 
sulfate, 2332, 7518 
sulfate, cupric TS, 2414 
su I fale, ferric TS, 2415 
sulfide TS, 2413 
thiocyanate, 2332 

thiocyanate, tenthmormal (0*1 N), 2424 
thiocyanate TS, 2413 
va na datę, 2332 
vanadate TS, 2413 
Ammonium hydroxide 

1 M TS, 2413 

2 M TS, 241 3 
Amobarbita! sodium, 2779 

for injection, 2779 

and secobarbilal sodium capsules, 6133 
Amodiaquine, 2780 
hydrochloride, 278! 
hydrochloride tablets, 2781 
Amoxapine, 2782 
tablets, 2784 
Amoxicillin, 2785 
boluses, 2786 
capsules, 2787 

and davulanate potassium for orał 
suspension, 2791 

and davuJamie potassium tableb, 2792 
and olavuianic add extended-release 
tablets, 2793 

for injeclable suspension, 2788 
intramammEiry infusion, 2787 
orał suspension, 2788 
for orai suspension, 2789 
tablets, 2789 

tablets for orał suspension, 2790 
Amphetamine 
sulfate, 2796 
sulfate tablets, 2797 
Amphoteridn B, 2798 
cream, 2799 
for injection, 2799 
teflon, 2799 
ointment, 2800 
Am pici II i n, 2800 
boluses, 2805 
capsules, 2806 

for injectabfe suspension, 2808 
for injection, 2807 

and probenecid for orał suspension, 2811 
sodium, 2812 
sol uble powder, 2808 
and sulbactam for injection, 2813 
for ora! suspension, 2809 
tablets, 2810 
Amprolium, 2814 
solubfe powder, 2814 
orał solution, 2815 
Amyl 

acetale, 2329, 2333, 2365 
alcoho!, 2333 
nitrite, 2815 
nitrite Inhalant, 2816 
a-Amyfase, 2333 
Amyl en e hydrate, 7519 
fert-Amyl alcohol, 2333 
Anagrelide 
capsules, 2818 


hydrach Eoride, 2816 
Analysis of biologtcal assays (1034), 950 
Analytical data—interpretation and Lreatment 
(1010), 836 

Analytical instrument gualification (1058), 
7137 

Analytfcaf procedures for recombinant 
therapeutic monoclonai antibodies <129), 
221 

Anastrozole, 2819 
tablets, 2820 

An cii lary materials for celi, gene, and tiSSue- 
engineered products (1043), 982 
Andrographis, 6793 
extract, powdered, 6797 
powdered, 6795 
Anethole, 7519 
(£}-Anethole, 2333 
Angusti folia 

extract, powdered echinacea, 6928 
powdered echinacea, 6926 


Anhydrous 

acetone, 2328 

alumina, 2333 

barium chloride, 2333 

cafcium chloride, 2333 

calcium phosphate, dibasic, 3151 

cildc acid, 3454 

cupric sulfate, 2333 

dibastc sodium phosphate, 2333 

magnesium perć h lora te, 2333 

magnesium sulfate, 2333 

methanol, 2333 

potassium corbormte, 2333 

sodium acetate, 2333 

sodium carbonate, 2333 

sodium phosphate, monobasic, 2393 

sodium sulfate, 2333 

sodium sulfite, 2333 


Anileridine, 2822 
hydrochloride, 2824 
hydrochloride tablets, 2824 
injection, 2823 
Anilinę, 2333 
bfue, 2333 
sulfate, 2333 

Ani mai drugs for use fn ammal feeds (1152), 
1568 

Anian~exchange resin 

strang, lightly cross-Sinked, in the chloride 
form, 2333 

50- to 100-mesh, styrene-divinyfbenzene, 
2333, 2396 

sLyrene-divinyibenzene, 2333 
p-Anisaldehyde, 2334 
Anise oil, 7521 
p-Anisidine, 2334 
Anisole, 2334 
Annotations 
to NF3S, 7484 
to USP 40 1 xxxvl 
Antazolinę phosphate, 2825 
Anthracene, 2334 
Anthralin, 2826 
cream, 2827 
ointment, 2828 

Anthrax vaccine adsorbed, 2828 


Anthrone, 2334 
TS, 2413 

Antibiotics—mi c robią i assays (81), 143 
Anticoagulant 

citrate dextrose solution, 2832 
citrate phosphate dextrose solution, 2833 
citrate phosphate dextrose adenine 
solution, 2834 
heparfn solution, 4474 
sodium citrate solution, 2836 
Anti-D reagent, 2334 
Anti-D (Rh, s ) reagent, 2334 
Anti-factor Xa and anti-factor tła assays for 
unfractlonated and Iow molecular werght 
heparins (208), 266 
Antifoam reagent, 2334 
Antihuman globulin reagent, 2334 
Antimicrobial 

agents—content (341), 318 
effectiveness testing (51), 111 
Antimony 

pentachioride, 2334 
potassium tartrate, 2836 
sodium tartrate, 2837 
tri chloride, 2335 
tndiloride TS, 2413 
Antipyrine, 2837 

and benzocaine otic solution, 2838 
benzocaine, and phenylephrine 
hydrochloride otic solution, 2839 
Antithrombin III, 2335 
human, 2840 

Apomorphine hydrochloride, 2841 
tablets, 2843 

Ap pa rent inthnsic dissolution—dissolution 
testing procedures for rotatmg disk and 
stationary disk (1087), 1273 
Applications of mass spectrometry (1 736), 
2093 

Applications of nudear magnetlc resonance 
spectroscopy (1761), 2115 
Application of water actrvity determination to 
nonstehle pharmaceutical products (1112), 
1416 

Apraclontdine 
hydrochloride, 2843 
ophtbaimic solution, 2844 
Aprepitant, 2845 
capsules, 2846 
Aprobarbital, 2335 
Aprotanin, 2848 
injection, 2851 

Arciiumomab injection, technetium Tc 99m, 
6335 

Argatroban, 2852 
Arginine, 2854 
ca psuł es, 6798 
hydrochloride, 2855 
hydrochloride injection, 2856 
tablets, 6799 
Aripiprazole, 2857 
orally disintegrating tablets, 2860 
tablets, 2858 
A/omatic 
castor oil, 3235 
elixir, 7521 
Arsaniltc acid, 2861 
Arsenazo III acid, 2335 
Arsenie 

in reagents, 2324 
trioxide, 2335 
Arsenie (211), 272 
Articaine 

hydrochlonde, 2862 
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Artic-Bado 


i-s 


Arltcainc (continaed) 

hydrochloride and epinephrine Injection, 
2864 
Articies 

admftted to NF 35 by supplements, 7483 
admltted to USP 40 by supplements, xxxiii 
induded in USP 39 but not induded in 
USP 40, xxxv 

appearing in USP 40 that were not 
induded in USP 39 induding 
supplements, xxxiv 
ot Incorporation, xxvfii 
Aitides of botanical origin <561), 426 
Ascorbic acid, 2335, 2865 
injection, 2866 
orał solution, 2867 
tablets, 2867 
10% T5, 2413 
Ascorbyl palmitate, 7521 
Ashwagandha root, 6800 
extract, powdered, 6804 
powdered, 6802 
Asian ginseng, 6805 
extract, powdered, 6808 
powdered, 6807 
tablets, 6809 
Asparagine, 7522 
i-Asparagine, 2335 
Aspart 

insulin, 4608 
Aspart a me, 7523 
a ces u If a me, 7524 
Aspartic add, 2868 
L-Aspartic add, 2335 
Aspirin, 2869 

acetaminophen and caffeine tablets, 2550 
and acetaminophen tablets, 2549 
alumina and magnesia tablets, 2877 
alumina and magnesium oxide tablets, 
2878 

boluses, 2870 

buta Ibi tal, and caffeine capsufes, 3093 
butalbital, caffeine, and codeine phosphate 
capsules, 3096 

butalbital, and caffeine tablets, 3094 
and butalbital tablets, 3091 
caffeine, and dihydrocodeine bitartrate 
capsules, 2881 
capsules, 2871 

delayed-retease capsules, 2872 
oarlsoprodol, and codeine phosphate 
tablets, 3212 

and earisoprodol tablets, 3211 
codeine phosphate, alumina, and 
magnesia tablets, 2883 
and codeine phosphate tablets, 2882 
effervescent tablets for orał solution, 2876 
orphenadrine citrate and caffeine tablets, 
5462 

and oxycodone tablets, 5518 
and pentazodne tablets, 5627 
suppositorles, 2872 
tablets, 2873 
tablets, buffered, 2874 
delayed-release tablets, 2875 
eatended-release tablets, 2876 
Assay 

alginates <311), 317 
antibiotics, iodometiic <425), 353 
for citric add/citrate and phosphate (345), 
323 

cobafamin radlotracer (371), 324 
dexpanthenol (115), 203 
epinephrine (391), 331 
folie acid (411), 345 


niadu ui niadnamide <441), 361 
riboflavin (481), 386 
slngle-steroid <511), 400 
for steroids (351), 324 
thiamfne (531), 407 
vitamin A (571), 454 
vitarnin B,j actMty (171 >, 242 
vitarnin D (581), 462 
vitamin E (551), 419 
Assays 

antibiotics—microbi a I (81), 143 
design and analysis of biological (111), 

199 

insulin <121 >, 205 

Assessment of drug product performance— 
bioavaifabillty, bioequivalence, and 
dissolution <1090), 1288 
Assessment of drug product leachables 
assodated wrth pharmaceutieal packaging/ 
deflvery Systems (1664), 2035 
Assessment of ext rac la bies assodated wrth 
pharmaceutieal packaging/defivery systems 
(1663), 2020 
Astaxanthin esters, 6810 
Astemizole, 2885 
tablets, 2885 
Astragalus root, 6812 
dry extract, 681 7 
powder, 6815 
Atenolol, 2886 

and chlorthalidone tablets, 2890 
injection, 2887 
ora! solution, 2888 
tablets, 2888 
Atenolol compounded 
orał suspension, 2889 
Atenolol compounded, veterinary 
orał suspension, 2889 
Atomie absorption spectroscopy (852), 773 
Atomie absorption spectroscopy—theory and 
praetice (1852), 2201 
Atomie masses, 2522 
Atomie weights, 2521 
Atomoxetine 
capsules, 2893 

Atomoxetine hydrochloride, 2891 
Atorvasta tin ca Id u m, 2894 
Atovaquone, 2898 
orał suspension, 2900 
A t rac u ri urn besylate, 2901 
injection, 2903 
Atropinę, 2904 
sulfate, 2905 

sulfate and diphenoxylate hydrochloride 
orał solution, 3815 

sulfate and diphenoxylate hydrochloride 
tablets, 3816 
sulfate injection, 2906 
sulfate ophthalmic ointment, 2907 
sulfate ophthalmic solution, 2908 
sulfate tablets, 2909 
Attapulgite, activated, 2909 
colloldal, 291 0 
Aurothioglucose, 2910 
injectable suspension, 2911 
Automated radiochemical synthesis apparatus 
(1015), 851 

Auxiliary packagtng components (670), 558 
Avobenzone, 2911 
Azaperone, 2912 
Injection, 2912 
Azatadine maleate, 2913 
tablets, 2914. 

Azathioprine, 2914 
orał suspension, 2916 


sodium lor injection, 2917 
tablets, 2916 

Azelastine hydrochloride, 2918 
Azithromycin, 2920 
capsules, 2924 
for injection, 2925 
for orał suspension, 2928 
tablets, 2929 
Azo vblet, 2407 
Aztec marigold zeaxanthin 
extraci, 6819 
Aztreonam, 2932 
injection, 2933 
for injection, 2934 
Azure A, 2335 


E 

Badłfus wbtilis subsp. i ubtiłh Menaquinone-7 
Extract, 7101 
Sacitracin, 2936 
for injection, 2937 
methyfene disalicylate, soluble, 2938 
methylene disalicylate soiuble powder, 
2939 

neomycin and polymyxin 8 sulfates and 
hydrocortisone acetate ointment, 5314 
neomycin and po!ymyxin B sulfates and 
hydrocortisone acetale ophthalmic 
ointment, 5314 

neomycin and polymyxin B sulfates and 
Ifdocaine ointment, 5315 
and neomycin and polymyxin B sulfates 
ointment, 5313 

and neomycin and polymyxin B sulfates 
ophthalmic ointment, 5313 
and neomycin sulfate ointment, 5302 
ointment* 2938 
ophthalmic ointment, 2938 
and polymyKin B sulfate topical aerosol, 
2939 

zinc, 2940 

zlnc, neomycin and polymyxin B sulfates, 
and hydrocortisone ointment, 5316 
zinc, neomycin and polymyxin B sulfates, 
and hydrocortisone ophthalmic 
ointment, 5317 

zrnc, neomycin and polymyxin B sulfates, 
and hydrocortisone acetate ophthalmic 
ointment, 5317 

zinc, neomycin and polymyxin 8 sulfates, 
and lidocaine ointment, 5318 
zinc and neomycin and polymyxtn 8 
sulfates ointment, 5315 
zrnc and neomycin and polymyxin B 
sulfates ophthalmic ointment, 5316 
zinc and neomycin sulfate ointment, 5303 
zinc ointment, 2941 
zinc and polymyxin B sulfate topical 
aerosol, S752 

zinc and polymyxin B sulfate ointment, 
2942 

zinc and polymyxin B sulfate ophthalmic 
ointment, 2943 

zinc and po£ymyxin B sulfate topical 
powder, 5753 
zinc soluble powder, 2942 
Badofen, 2943 
orał suspension, 2944 
tablets, 2945 
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Bacopa, 6621 
extract, powdered, 6824 
powdered, 6822 
Bacterial 

alka linę protease preparation, 2335 
entiotoxins test <S5>, 163 
Bacteriostatic 

so di u m chloride injection, 6183 
wat er for injection, 6717 
Ba lanc es (4l>, 111 
Balsalazide disodium, 2946 
ca psu! es, 2948 
Bana ba leaf, 6825 
extract, dry, 6828 
powder, 6827 
Bandage 
adhesive F 2949 
gauze, 2949 
Barbltal sodium, 2335 
Barbiluric add, 2336 
Barium 

acetale, 2336 
chloride, 2336 

chloride, anhydrous, 2333, 2336 
chloride dihydrate, 2336 
chloride T5, 2413 
hydroxide, 2336 
hydroxide Nme, 2950 
hydroxide TS, 2413 
nitrate, 2336 
ni tratę TS, 2413 
sulfate, 2950 

sulfate for suspension, 2953 
sulFate pastę, 2951 
sulfate suspension, 2952 
sulfate tablets, 2954 
Basic fuchsin, 2336 
BCC !ive, 2954 
BCG yaccine, 2955 
Beclomethasone, 2336 
Beclomethasone dipropionate, 2955 
Beclomethasone dipropionate compounded 
orał solution, 2956 
Beef extract, 2336 
Behenoyl polyoxyiglycerides, 7525 
Belladonna 
leaf, 2956 
extract, 2958 
extract tablets, 2959 
lincture, 2959 

Benazeprif hydrochloride, 2959 
and amlodipine hydrochloride ca psules, 
2761 

tablets, 2961 

Benazepril hydrochloride compounded, 
ve ter i nary 

orał suspension, 2963 
BendroflumeLhiazide, 2963 
and nadolol tablets, 5265 
tablets, 2964 

Benoxinate hydrochloride, 2965 
and fluorescein sodiurn ophthaimic 
solution,, 4248 
ophthaimic solution, 2965 
Bentonite, 7526 
magma, 7529 
purified, 7527 
Benzafdehyde, 2336, 7529 
elixir, compound, 7530 
Benzalkonium chloride, 2336, 7531 
solution, 7533 

Benzamidtne hydrochloride hydrate, 2336 
Benzantlide, 2336 
Benzene, 2336 
Benzenesułfonamide, 2316 
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benzen esul fony I chloride, 2336 
Benzethonium chloride, 2966 
concentratę, 2966 
topical solution, 2967 
tincture, 2967 
Benzhydrol, 2336 
Benzocaine, 2968 
topical aerosol, 2970 
and antipyrine otic solution, 2838 
antipyrine, and phenylephrine 
hydrochloride otic solution, 2839 
butamben, and tetracaine hydrochloride 
topicaJ aerosol, 2979 
butamben, and tetracaine hydrochloride 
gel, 2979 

butamben, and tetracaine hydrochloride 
ointment, 2980 

butamben, and tetracaine hydrochloride 
topical solution, 2981 
cream, 2971 
gel, 2972 
lozenges, 2973 

and menthol topical aerosol, 2981 
ointment, 2975 
otic solution, 2976 
topical solution, 2977 
Benzoic 

add, 2336, 2983 
and salicylic adds ointment, 2984 
Senzoin, 2985 
tincture, compound, 2985 
Benzonatate, 2986 
capsules., 2986 
Benzophenone, 2336 
p-Benzoqutnone, 2336, 2386 
Benzoyl 
chloride, 2336 

peroxid€i and erythromycin topical gel, 
4038 

peroxide gel, 2988 
peroxide, hydrous, 2987 
peroxide lotion, 2989 
W Benzoyl-L-arginine ethyl ester 
hydrochloride, 2336 
3-8enzoylbenzoic add, 2336 
Benzoyl formie acid, 2337 
Benzphetamine hydrochloride, 2337 
Benztropine mesylate, 2990 
Injection, 2990 
tablets, 2991 
Benzyl 

alcohol, 7535 
benzoate, 2992 
benzoate lotion, 2992 
2'Benzylamlnopyridine, 2337 
1-Benzyl imidazole, 2337 
Benzylpenidlloyl polyiysine 
conc en trale, 2993 
injection, 2994 

Benzyltrimetbylammonium chloride, 2337 
Beta carotene, 2994 
capsules, 2995 
p repa radon, 6830 
Betadex, 7537 

suffobutyl ether sodium, 7539 
Beta glucan, 6831 
Setahistine hydrochloride, 2997 
Betaine hydrochloride, 2998 
Betamethasone, 2998 
acetale, 3002 

acetale and betamethasone sodium 
phosphate injectable suspension, 3010 
acetale .and gentamkin sulfate ophthaimic 
solution, 4393 
benzoate. 3003 


benzoate gel, 3003 
cream, 2999 
dipropionate, 3004 
dipropionate topical aerosol, 3005 
dipropionate and dotrimazole cream, 3529 
dipropionate cream, 3006 
dipropionate lotion, 3006 
dipropionate ointment, 3007 
sodium phosphate, 3008 
sodium phosphate and betamethasone 
acetate injectable suspension, 3010 
sodium phosphate injection, 3009 
orał solution, 3000 
tablets, 3001 
yalerate, 3011 
yalerate cream, 3012 
yalerate and gen tamie in suffate ointment, 
4394 

yalerate and gentamicin sulfate otic 
solution, 4395 

yalerate and gentamicin sulfate topical 
solution, 4396 
yalerate lotion, 3013 
yalerate ointment, 3014 
Betanaphlhol, 2337 
TS, 2413 
Betaxoiol 

hydrochloride, 3015 
ophthaimic solution, 3016 
tablets, 301 7 

Bethanechol chloride, 3018 
injection, 3019 
orał solution, 3020 
orał suspension, 3021 
tablets, 3021 

Bet a 4 acta masę, 2337, 2377 
Bi benzyl, 2337, 2351 
Riralutamide, 3023 
tablets, 3024 
Silberry 

extract, powdered, 6834 
Bile salts, 2337, 2391 
Bioburden eon troi of nonsterile drug 
substances and products (1115}, 1423 
Biocompatibility of materials used in drug 
containers, medical deyices, and im plan ts, 
the (1031), 907 
Biological 

assay chapters—overvtew and glossary 
(1030), 896 

assay yalidation (1033), 935 
indicators—resi stance performance tests 
(55), 114 

indicators for sterilization (1229.5), 1831 
reactMty tests, in viiro (87), 169 
reactivrty tests, in vivo (88), 172 
Biologits (1041), 981 

Biotechnoiogy products: stability testing of 
b iotech nologi ca 1/ bi o log ical produ cts, 
quaiity of (1049), 1062 
Biotechnology-deriyed artides 
amino acid analysis (1052), 1093 
isoelectric focusing (1054), 1113 
peptide mapping (1055), 1116 
polyacrylamide gel electrophoresis (1056), 
1123 

total protein assay (1057), 1130 
Biotechnolog/ products deriyed from celf 
fines of human or animal origin, viral safety 
eyaluation of (1050), 1067 
Biotin, 3025 
capsules, 3026 
tablets, 3027 
Biperiden, 3028 
hydrochloride, 3028 
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Biperiden (continucd) 
hydrochloride tabiets, 3029 
łaciate injection, 3030 
Biphenyl, 2337 
2,2-Bipyrrdine, 2337, 2356 
BS s(4 -su I fo b u ty I) eth er d fsodl u m, 2 3 3 8 
Bisacodyl, 3031 
rectal suspension, 3032 
sup posila ries, 3032 
delayed-release tabiets, 3033 
4,4 -BIs(4 - a m i no - n a phthy lazo)-2,2- 
stilbenedisulfonic acid, 2338 
Si s (2-ethy I h exy I) 
maleate, 2338 
(phosphorfc acid), 2338 
phthalate, 2338 
sebacate, 2338 
Bismuth, 2338 
ci tratę, 3034 

iodide TS, potassium, 2419 
milk of, 3034 

nitra te penta hydra te, 2338 
nitrate, 0.01 mol/L, 2424 
subcarbonate, 3035 
subgalfate, 3036 
subnitrate, 2338, 3037 
subsaiicylate, 3037 
subsaiicylate magma, 3039 
subsalicyfaie orał suspens!on, 3040 
subsaiicylate tabiets, 3041 
sulfśte, 2407 
sulfite agar, 2338 
Bisoctrizole, 3042 
Bisoprofol fumarate, 3043 
and hydrochlorothiazide tabiets, 304S 
tabiets, 3044 
Bis(tnmethylsiłyl) 
acetamlde, 2338 
tnfluoroacetamide, 2338 
tnfluoroacetamide wilh 
trimethylch(orosilane, 2338 
Biuret reagent TS, 2413 
Black cohosh, 6836 
fluidextract, 6842 
powdered, 6838 
powdered extract, 6840 
tabiets, 6843 
Black pepper, 6845 
extract, powdered, 6849 
powdered, 6047 
Bleomydn 
for injection, 3046 
sulfate, 3047 


Blood 

Blood, 2338 

Group Ai red blood cells and blood group 
B red blood cells, 2338 

Group!ng reagent, anti-A, gro lt ping 
reagent, anti-B, and grouping reagent, 
ant!-AB, 2338 

Technetium Tc 99m red blood cells 
injection, 6349 


Blue 

B, oracet, 2408 
B TS, oracet, 2418 
G T5, brilliant, 241 3 
te frazo I lu m, 2339 
tetrazolium TS, 2413 


Board of LrusLees 
USP Convention (2015-2020), xi 
Boiling or distilling rangę for reagents, 2324 
Boldine, 2339 
Boluses 

amox!crIlin, 2786 
ampidllin, 2805 
aspirin, 2870 

dihydrastreptomycin sulfate, 3772 
neomycin, 5300 
phenylbutazone, 5677 
tetra cy cl ine, 6399 
Bo ragę seed alf, 6850 
capsules, 6851 
Boric acid, 2339, 7542 
(-)-Bomyi acetale, 2339 
Boroń trifluonde, 2339 
14% Boroń trifluoride-methanol, 2139 
Bosweflia serrala, 6852 
extracE, 6853 
Botantcal 

extracts <565), 452 

origin, Identification of artides of (563), 
440 

Bovine collagen, 2339 
Bovine serum (1024), 85 3 
7 percent bovine serum albumin certifred 
standard, 2339 

Branched polymerlc sucrose, 2339 
Bretylium tosylate, 3048 
m dextrose injection, 3049 
injection, 3048 
Brilliant 

blueC TS, 2413 
green, 2407 
yeliow, 2407 
Brinzolamide, 3049 
ophthalmir (ulpemmn, 3051 
Bromefain, 2339 
Bromlne, 2340 
sodium acetale TS, 2413 
tenth-normal (0,1 N), 2424 
TS, 241 3 

a-Brom o-2'-ac e tona ph t hone, 2340 
p-Bromoanifine P 2340 
TS, 2413 
Bmmocresol 
blue, 2407 
blue TS, 241 3 
green, 2407 

green-methyl red TS, 2413 
green sodium salt, 2407 
green TS, 2413 
purple, 2407 
pulpie sodium salt, 2407 
purple TS, 2413 
Bromocriptine mesy! a te, 3052 
capsules, 3053 
tabiets, 3054 

Bromodiphenhydramine hydrochloride, 3056 
and codeine phosphate ora! solulion, 3057 
orał solulion, 3056 
B ro m ofluo rom et h a n e, 2340 
Bromophenol blue, 2407 
sodium, 2407 
TS, 241 3 

N-Bromosuccinimtde, 2340 
Bromothymol blue, 2407 
TS, 2413 

Brompheniramine maleate, 3057 
injection, 3059 

and pseudoephedrine sulfate orał solution, 
3060 

orał solution, 3059 
tabiets, 3059 


Brudne sultate, 2340 
Budesonide, 3061 


Buffer 

Acetate TS, 2411 

Acetic acid-ammonium acetate TS, 2412 
Acetone buffered, TS, 2412, 2413 
Ac id phthalate, 2340 
Alkaline borate, 2340 
Hydrochloric acld, 2340 
Neutraiized phthalate, 2340 


Buffered acetone TS, 2413 
Buffers, 2340 

Buffer Solutions, 2340, 2409 
acetate buffer, 2340 
alkaline borate buffer, 2340 
hydrochloric acid buffer, 2340 
neutralized phthalate buffer, 2340 
phosphate buffer, 2340 
Bulk density and tapped density of powders 
(616), 505 

Bulk pharmaceutical eacipients—certificate of 
analysis (1080), 1252 
Sufk powder sampting procedures <1097), 
1324 

Bumetanide, 3063 
injection, 3063 
tabiets, 3064 

Bupivacaine hydrochloride, 3065 
in dextrose injection, 3067 
and epinephrine injection, 3068 
injection, 3066 
Buprenorphine 
hydrochlonde, 3069 
Buprenorphine compounded, ueterinary 
buccal solution, 3069 
Bupropion hydrochloride, 3070 
tabiets, 3072 

extended-release tabiets, 3073 
Buspirone hydrochlonde, 3080 
tabiets, 3082 
Busulfan, 3084 
tabiets, 3085 
Bulabarbilal, 3085 
sodium, 3086 
sodium o rai sol u tron, 3087 
sodium tabiets, 3088 
Butalbital, 3089 

acetaminophen, and caffeine capsuies, 

3090 

acelaminophea and caffeine tabiets, 3091 
aspirin, and caffeine capsules, 3093 
aspirin, caffeine, and codeine phosphate 
capsules, 3096 

aspirin, and caffeine tabiets, 3094 
and aspirin tablels, 3091 
Bulamben, 3098 

benzocaine, and tetracaine hydrochloride 
topicai aerosol, 2979 

benzocatne, and tetracaine hydrochloride 
gel, 2979 

benzocaine, and tetracaine hydrochlonde 
ointment, 2980 

benzocaine, and tetracaine hydrochloride 
topicaf solution, 2981 
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Bulane, 7541 
Butane-1,2-Diol, 2340 
Butane-M-Dfol, 2340 
B uta nt- 2,3- Diol, 2340 

1.3- Butanedrol, 2340 

2.3- Butanedrone, 2340, 2350 
1-Butanesulfonic acid sodium salt, 2340 

1.4- Butarce sultone, 2 340 
Butanol, 2340 
Butoconazole ni tratę, 3098 

vaginal cream, 3099 
Butorphanol tartrate, 3099 
injection, 3100 
nasal solution, 3101 
nasal spray, 3102 
Butyl 

acetate, normal, 2340 

alcohol, 2340, 2341, 2375, 7544 

aicohol, normal, 2341 

aleohol, setondary, 2330, 2341, 2387 

alcohol, tertiary, 2330, 2341, 2397 

benzoate, 2341 

ether, 2341 

methacrylate, 2341 

palmitostearate, 7545 

stearate, 7546 

rj-Butyl chloride, 2341, 2346 
ferf-Bulyf methyl ether, 2341 
n- Bu tyła minę, 2341, 2375 
fert-Butylamine, 2341, 2375 
4-(Butylami nojbenzolc add, 2341 
Butylaled 

hydroxyanisole, 7547 
mButylboronic acid, 2341 
temButyldimethylchiorosilane in Nmethyl-M- 
tert- buty Id ime thy I s ilyltrifluoroacetarmde, {1 
inl00), 2341 
Buty lei ie ylycol, 7549 
Butylparaben, 7551 
4-tm-Butylphenol, 2341 
t-Butylthiol, 2341 
Butyraldehyde, 2341 
Butyrie add, 2341 
Butyrolactone, 2341 
Butyrophenone, 2342 


C 

C 13 

for orał solution, urea, 3200 
urea, 3199 
C 14 

capsules, urea, 3201 
Cabergoline, 3104 
tablets, 3105 
Cadmium 
acetate, 2342 
nitra te, 2342 
Caffeine, 3106 

acetaminophen and aspirin tablets, 2550 
and acetaminophen tablets, 2551 
aspirin and dibydrocodeine bitartrate 
capsules, 2881 

bu ta Ib i tal, and acetaminophen capsules, 

3090 

butafbitaf, and acetaminophen tablets, 

3091 

butalbital, and aspirin ca psuł es, 3093 
hutalbital, aspirin, and codelne phosphate 
capsules, 3096 

butalbital, and aspirin tablets, 3094 


citrate Injection, 3107 
citrate ora! solution, 3108 
and ergotaminę tartrate suppositories, 
4026 

and ergotaminę tartrate tablets, 4027 
orphenadrine citrate and aspirin tablets, 
5462 

and sodium benzoate injection, 3109 
Calamine, 3110 

to pi cal suspension, phenolated, 3111 
to pi ca l suspension, 3110 
Caldfediol, 3111 
capsules, 3111 
Calcipotriene, 3112 
ointmenl, 3114 
Calcitonin salmon, 3115 
injection, 3119 
nasal solution, 3119 
Calcitnol, 3120 
injection, 3121 
Caleium 

acetate, 2342, 3122 
acetate and aluminum sulfate tablets for 
topical solution, 2688 
acetate tablets, 3124 
ascorbate, 3125 
carbonate, 2342, 3126 
carbonate, alumina, and magnesia 
chewable tablets, 2663 
carbonate, alumina, magnesia, and 
simethicone chewable tablets, 2664 
carbonate, alumina, and magnesia orał 
suspension, 2662 

carbonate, chelometric standard, 2342 
carbonate lozenges, 3127 
carbonate, magnesia, and simethicone 
chewable tablets, 3131 
carbonate and magnesia chewable ta hien, 
3131 

carbonate orał suspension, 3128 
carbonate tablets, 3129 
caseinate, 2342 
chloride, 2342, 31 34 
chloride,, anhydmus, 2333, 2342 
chloride injection, 3135 
chloride 15, 2413 
citrate, 2342, 3135 
citrate tablets, 6855 
glubionate syrop, 3136 
gluceptate, 3137 
gluceptate injection, 3137 
gluconate, 3138 
gfuconate injection, 3140 
gluconate tablets, 3141 
glycerophosphate, 6856 
hydfojride, 2343, 3142 
hydroxide topical solution, 3143 
hydroxide T5, 241 3 
lactate, 2343, 3143 
lactate tablets, 3144 
iactobionate, 3144 
levulinate, 3145 
levullnate injection, 3146 
and magnesium carbonates orał 
suspension, 3133 

and magnesium carbonates tablets, 3134 
ni tratę, 2343 
pantothenate, 3146 
pantothenate assay (91), 193 
pantothenate, dextro, 2343 
pantothenate, racemic, 3148 
pantothenate tablets, 3147 
phosphate, anhydrous dibasic, 3151 
phosphate tablets, dibasic, 3152 
phosphate, tribasic, 7552 


phosphate dlhydratc, dibasic, 3149 

polycarbophil, 3153 

propionate, 7553 

saceharate, 3153 

silicate, 7555 

stearate, 7557 

suceinate, 3154 

sulfate, 2343, 7558 

sulfate T5, 2413 

undeeylenate, 3155 

and vltamin D with minerals tablets, 6864 
with vitamin D tablets, 6863 
Cafrium acetate 

and afuminum sulfate for topical solution, 
2687 

Caldurn glubionate 
syrup, 3136 

Caleium t*5 -methyl tet rahydro folate, 6858 
capsules, 6860 
tablets, 6861 

Calconearboxylic add, 2343 
triturate, 2343 
Calf thymus DNA, 2343 
df-Camphene, 2343 
Camphor, 3156 
spiiit, 3156 

d-10-Camphorsulfonic add, 2343 
dH0-Campborsulfcmic acid, 2343 
Ca nada balsam, 2343 
Candetilla wax, 7559 
Candesartan cilexetil, 3156 
and hydrach lorothiazide tablets, 3159 
tablets, 3157 
Ca n ola oil, 7559 
Capecitabine, 3163 
tablets, 3164 

CapiIlary electrophoresis (1053), 1105 
Capreomycin 
for injection, 3167 
sulfate, 3166 
Capric acid, 2343 
Caprylic add, 7560 

Caprylocaproyl poiyoxylglycerides, 7561 
Capsaidn, 3167 
Capsicum, 3168 
oleoresin, 3170 
tincture, 3172 


Capsules 

Acebutolol hydrochloride, 2538 
Acetaminophen, 2544 
Containlng at least three of the 
fol łowi ng—acetaminophen and (salts of) 
c h I orphentra m ine, dex trom e Lhorphan, 
and pseudoephedrine, 2552 
Acetaminophen and codeine phosphate, 
2563 

Acitretin, 2589 
Acydov«r, 2592 
Altretamine, 2658 

Afuminum hydroxide gel, dried, 2683 
Amantadine hydrochloride, 2706 
Armnobenzoate potassium, 2722 
Amlodlpine and benazepril hydrochloride, 
2761 

Amowciflin, 2787 
Ampidlfln, 2806 
Anagrelide, 2818 
Aprepitant, 2846 
Arglnine, 6798 
Aspirin, 2871 
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Cdpiutes (continued) 

Asplrin, caffelne, and dibydrocodeine 
bi tar tratę, 2881 
Aspirin delayed-reiease, 2872 
Atomoxetine, 2893 
Azithromycin, 2924 
Balsaiazide di sodium, 2948 
Benzonatate, 2986 
Seta carotene, 2995 
Biotin, 3026 
Borage seed oil, 6851 
Bromocriptine mesylate, 3053 
Butalbital, acetaminophen, and caffeine, 
3090 

Butalbital, aspirin, and caffeine, 3093 
Butalbital, aspirin, caffeine, and codeine 
phosphate, 3096 
Calcifediol, 3111 

Calcium L-S-methyltetrahydrofolate, 6860 
C 14, urea, 3201 
Ca stor oil, 3234 
Cat's daw, 6872 
Cefador, 3237 
Cefadraxil, 3242 
Cefdinir, 3256 
Cephalexin, 3319 
Cephradine, 3328 
Chioral hydra te, 3345 
CMoramphenicol, 3348 
Chfordiazepoxide hydrochtoride, 3361 
Chlordiazepoxide hydrochioride and 
clidrnium bromide, 3362 
Chlorpheniramlne maleate extended- 
release, 3386 

Chlorpheniramine maleate and 
pseudoephedrine hydrochloride 
extended-release, 3389 
Cholecakiferol, 3402 
Cinoxadn, 3425 

Cllndamydn hydrochloride, 3478 
Clofaztmine, 3496 
Gofibrate, 3499 

Clomipramine hydrochloride, 3503 
CioxaciUin sodium, 3534 
Cod liver otl, 6908 
C ryplhecodinium cohnii oil, 6914 
Curcuminoids, 6918 
Cyanocoba lamin Co 57, 3539 
Cyanocobalamin Co 58, 3540 
Cyclobenzaprine hydrach! oride exlended- 
release ca psuł es, 3602 
Cycloserine, 3612 
Cyclospońne, 3613 
Da na zol, 3631 
Dantrolene sodium, 3634 
Demeclocydine hydrochloride, 364ó 
Dextraamphetamine sulfate, 3702 
Diazepam, 3718 

Diazepa m exte n ded- rei ea se, 3718 
Diazoxide, 3721 
Didoxaciflin sodium, 3741 
Dicyclomine hydrochloride, 3743 
Didanosine delayed-refease, 3747 
Digitalis, 3763 
Dłhydrotachysterol, 3773 
Diltiazem hydrochloride extended-release, 
3780 

Diphenhydramlne hydrochloride, 3803 
Diphenhydramtne hydrochloride and 
ibuprofen, 3808 

Diphenhydramine and pseudoephedrine, 
3813 

Disopyramide phosphate, 3825 
Disopyramide phosphate extended-release, 
3826 


Divalproex sodium delayed-release, 3828 
Docusate calcium, 3849 
Docusate potassium, 3851 
Docusate sodium, 3853 
Doxepin hydrochloride, 3878 
Doxycydine, 3888 
Doxycydine extended-release, 3889 
Doxycydine hycla te, 3897 
Doxycycllne hydate delayed-release, 3899 
Dronabinob 3908 
Duioxetine delayed-reJease, 3919 
Efavirenz, 3945 
Ephedrine sulfate, 3996 
Ergocalciferof, 4013 
Ergoloid mesylates, 4016 
Erythramydn delayed-release, 4032 
Erythramydn estoiale, 4039 
Esomeprazole magnesium delayed-release, 
4059 

Ethchlorvynol, 4098 
Ethosuxlmlde, 4105 
Etodolac, 4115 
Etoposide, 4122 
Evening primrose oil, 6952 
Fenofibrate, 4154 
Fenoprofen calcium, 4163 
Ferrous gluconate, 41 73 
Fexofenadine hydrochloride, 4184 
Fish oil containing omega-3 arids, 6965 
Fish oil containing omega-3 acids, delayed- 
release, 6968 
F|ax seed oil , 6969 
Fłucytosfne, 4223 
Fluoxetine, 4259 
Fluoxetine delayed-reiease, 4261 
Flurazepam hydrochloride, 4279 
Flutamide, 4284 
Fluvastatln f 4 31 7 
Ga ba pen lin, 4352 

Gafantamine extended-release, 4367 
Cemfibrozil, 4388 
Grnger, 7001 
CSnkgo, 7008 
Ginseng, American, 6790 
Griseofuhrin, 4446 
Cuaifenesin, 4451 
Guaifenesin and pseudoephedrine 
hydrochloride, 4454 
Cuaifenesin, pseudoephedrine 
hydrochloride, and dextromethorphan 
hydrobromide, 4455 
Hydrochtorothiazide, 4497 
Hydroxyurea, 4538 
Hydroxyzine pamoate, 4545 
Imipramine pamoate, 4576 
Indomethacin, 4596 
Indomethacin extended-relcase, 4597 
Sodium iodide I 123, 4635 
Sodium iodide I 131, 4640 
isometheptene muca te, 
dichloralphenazone, and 
acetaminophen, 4692 
Isosorbide dinitrate extended-release, 4708 
Isotretinoin, 4721 
Isradipine, 4728 
Kanamycin suffate, 4744 
Ketoprofen, 4 750 
Ketoprofen extended-release, 4751 
Krilf oif, 7066 

Krill oii delayed-reiease, 7069 
Lanso praż ale delayed-reiease, 4786 
Levodopa, 4829 

Lincomydn hydrochloride, 4857 
Alpha lipoic actd, 7077 
Lithium carbonate, 4871 


Lomustine, 4878 

Lope ram i de hydrochloride, 4880 

Loracarbef, 4894 

Loxapine, 4921 

lutein, 7079 

Magnesium oxide, 4946 

Meclofenamate sodium, 4980 

Mefenamic acid, 4984 

Menaquinone-7, 7097 

Mesalamine extended-release, 5029 

Methacycline hydrochloride, 5059 

Methoxsalen, 5088 

Meth$uximide, 5093 

Me thyftes tos te ron e, 512 5 

Metranidazole, 5149 

Mety rosi ne, 5158 

Mexi!edne hydrochloride, 5160 

Milk thistle, 7110 

Minerals, 7113 

Minocycline hydrochloride, 5176 
Morphine sulfate extended-release, 5232 
Mycophenolate mofetil, 5248 
Nafdllin sodium, 5267 
Nifedipine, 5352 
Nitrafurantoin, 5362 
Nizatidine, 5376 

Noftriptyline hydrochloride, 5398 
Oil- and water-soluble vi!amins with 
minerals, 7336 

Olanzapine and fluoxetine, 5418 
Oleovitamin A and D, 5423 
Omega-3 ethyl esters, 5430 
Omeprazole delayed-reiease, 5435 
Orfistat, 5456 

Oseltanwir phosphate, 5467 
Oxacillin sodium, 5470 
Oxazepam, 5488 

Qxycodone and acetaminophen, 5516 
Oxytetracycline hydrochloride, 5535 
Oxytetracydine and nystatin, 5533 
Pan crełi pasę, 5557 
Pancrelipase delayed-reiease, 5558 
Paromomycin sulfate, 5578 
Pemdllamine, 5595 
Phendimetrazine tartrate, 5658 
Phenoxybenzamine hydrochloride, 5669 
Phensuximide, 5672 
Phenlermtne hydrochloride, 5673 
Phenytoin sodium, exlended, 5693 
Phenytotn sodium, prompt, 5696 
Piroxicam, 5739 

Potassium chloride extended-release H 5763 
Potassium perchlorate, 5786 
Prazosin hydrochloride, 5807 
Procainamide hydrochloride, 5839 
Procarbazine hydrochioride, 5845 
Propranolol hydrochloride extended- 
reiease, 5892 

Pseudoephedrine hydrochloride extended- 
release, 5906 
Pygeum, 7138 
Quinidine sulfate, 5951 
Quinine sulfate, 5957 
Ramipril, 5971 
Rhodioła roseo, 7155 
Riba^irln, 5996 
Rifabutin, 6006 
Rifampin, 6008 
Rifamptn and isoniazid, 6010 
Ritonavir, 6047 
Rivastigmine tartrate, 6059 
Pro pa fen one hydrochioride exlended- 
refease, 5876 

St |ohn's wort flowering top dry extract, 
7172 
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Cap sute* (continued) 

Satsalate, 6104 
Śaquinavir, 6107 
3aw palmetto, 7181 
Schlzochytrium oil # 7191 
Secobarbital sodium, 6131 
Secobarbital sodium and amobarbital 
sodium, 6133 

SeJegillne hydrochloride, 6136 
SImethicone, 6161 
Soy isoffavones, 7198 
5tavudine, 6230 
Sulfinpy rażone, 6279 
Tacrine, 6300 
Tac roli m u % 6304 
Tamsulosin hydrochloride, 6320 
Temazepam, 6359 
Terazosin, 6364 

Tetracycline hydrochloride, 6402 
Tetracycline hydrochloride and nystatin, 
6410 

Thalidomide, 6414 
Theophylline, 6417 
Theophylline extencled-release, 6418 
Theophylline and gualfenesin, 6425 
Thiothlxene, 6452 

Tienthi ginseng root and rhtzome dry 
extract, 7223 

Ti en chi ginseng root and rhizome powder, 
7218 

Tolmetin sodium, 6515 
Topiramate, 6523 
Tri a m teren e, 6569 

Triamterene and hydroeh tarot hiazide, 6571 
Trienllne bydrochloride, 6583 
Trihexyphenidyl hydrochloride extended- 
release, 6590 

Trimelhobenzarmcte hydrochloride, 6596 
Lfbidecarenone, 7234 
UrsodEol, 6629 
Valproic acid, 6645 
Vancomycin hydrochloride, 6658 
Venlafaxine hydrochloride extended- 
release, 6667 

VeraparniI hydrochloride extended-release, 
6675 

Vinpocetine, 7247 
Vitamin A, 6700 
Vitarnin E, 6705 

VUarnlns with minera Is, oil-soluble, 7265 
Vitamins with minerals, oil- and water- 
solubte, 7336 

Vitamins wi th minerals, water-soluble, 

7423 

Yitamins, oil-soluble, 7248 
Vitamins, oil- and water-soluble, 7290 
Vitamins, watensolobie, 7400 
Zalep ton, 6735 
Zidovudine, 6739 
Zonisamide, 6776 


Capsules—dissolution testlng and related 
quality attribules (1094), 1316 
Captopril, 3173 

and hydrach Ig rothiazi de tablets, 3176 
orał solution, 3174 
orał suspension, 3175 
tablets, 3175 
Caramel, 7562 
Caraway, 7562 
ol\ t 7563 
Carbachol, 3177 
tntraocular solution, 31 78 


ophthalmic solution, 3178 
Carbamazeprne, 3179 
orał suspension, 3181 
tablets, 3182 

extended-release tablets, 3184 
Carbamtde peroxide, 3186 
topkal solution, 3186 
Carbazole sulfate, 2343 
CarbenicilJin 
dlsodium, 3187 
indanyl sodium, 3187 
indanyl sodium tablets, 3188 
for injection, 3186 
Carbidopa, 3188 

and levodopa extended-release tablets, 
3190 

and levodopa o rally disintegrating tablets, 
3196 

and levodopa tablets, 3189 
Carbi n oxa m fne ma lea te, 3197 
pseudoephedrine hydrochloride, and 
dextramethorphan hydrobromide orał 
solution, 5910 
tablets, 3198 

CarboMuchsin topical solution, 3198 
Carbomer 
934, 7563 
934P, 7S64 

940, 7566 

941, 7567 

1 342, 7568 
copolymer, 7569 
homopotymer, 7512 
interpolymer, 7575 
Carbon 

C 13 for ora! solution, urea, 3200 
C 13, urea, 3199 
€14 capsules, urea, 3201 
dioaide, 3199 

dioaide detector Lube, 2343 
disulfide, chroma tog raphic, 2344 
disulfide, CS, 2344 
monoxide detector tubę, 2344 
tetrachloride, 2344 
Carbonates 

calcium and magnesium, orał suspension, 
3133 

calcium and magnesium, tablets, 3134 
Carboplatin, 3202 
for injection, 3203 
Carboprost 
tromethamlne, 3205 
tromethaminę injection, 3206 
Carboxy!ate (sodium form) cation-exchange 
resin (50- to 1OG-mesh), 2344 
C a rboxy m et h oxy lam i ne hem i hydrochioride, 
2344 

C arboxym ethy fcel [ul ose 
ca i dum, 7577 
sodium, 3207 
sodium 12, 7580 
sodium, low-substiluted, 7578 
sodium and micraerys tal linę cellulose, 

7591 

sodium pastę, 3207 
sodium tablets, 3208 
C a rbo xym ethyleel lulose sodi u m 
enzymatically-hydrotyzed, 7581 
Cardamom 
Oil, 7584 
seed, 7584 

tlncture, compound, 7584 
Carisoprodo!, 3208 

aspirin and codeine phosphate tablets, 
3212 


and aspirin tablets, 3211 
tablets, 3210 
Carmellose, 7585 
Carmine, 2344 
Carmustine, 3214 
for injection, 3217 
Carprafen, 3218 
tablets, 3219 
Carrageenan, 7585 
Carteoloi hydrochloride, 3221 
ophthalmic solution, 3222 
tablets, 3222 
Carvedilol, 3223 
tablets, 3226 

(flM->Carvone, 2344 
Casanthranol, 3228 
Cascara 

Ruidextract, aromatk, 3233 
sagrada, 3229 
sagrada extract, 3230 
sagrada fiuidextraci, 3233 
tablets, 3232 
Casein, 2344 
hammersten, 2344 
Castor oil, 3233 
aromattc, 3235 
capsutes, 3234 
emutsion, 3235 
hydrogenated, 7586 
polyoxyl 35, 7829 
Catechol, 2344 
Cation-exchange resin, 2344 
carboxyfate {sodium form) (50- to 100- 
mesh), 2344 
polystyrene, 2344, 23B1 
styrene-divinylbenzene, 2344 
styrene-dhrinylbenzene, strongly acidic, 
2344 

sulfonie acid, 2345, 2396 
Cat's claw, 6868 
capsules, 6872 
ex|racU powdered, 6871 
powdered, 6869 
tablets, 6874 
Cedar oil, 2345 
Cefaclor, 3236 
capsules, 3237 
chewable tablets, 3239 
for orał suspension, 3238 
extended-release tablets, 3240 
Cefadroxil, 3240 
capsules, 3242 
for orał suspension, 3244 
tablets, 3245 

Cefamandole nafate, 3246 
for injection, 3247 
Cefazolin, 3248 
injection, 3250 
for injection, 3251 
ophthalmic solution, 3252 
sodium, 3252 
Cefdinir, 3254 
capsules, 3256 
for orał suspension, 3258 
Cefepime 

hydrochloride, 3263 
for injection, 3261 
Cefixime, 3265 
for orał suspension, 3266 
tablets, 3267 
CefmenoxEme 
hydrochloride, 3268 
for injection, 3268 
CefmetazoJe, 3269 
injection, 3270 
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Cefme-Chlor 1*11 


Cefmetazole (Luntintied) 
for injeetion, 3270 
sodium, 3271 
Cefonicid 
for injeetion, 3271 
sodium, 3272 
Cefope rażone 
injeetion, 3273 
for injeetion, 3273 
sodium, 3274 
Ceforanlde, 3274 
for injeetion, 3275 
Cefotaxrme 
injeetion, 3276 
for injeetion, 3 277 
sodium, 3279 
Cefotetan, 3281 
dlsodium, 3284 
injeetion, 3282 
for injeetion, 3283 
Cefotiam 

hydrochloride, 3284 
for injeetion, 3285 
Cefoxitin 
Injectfon, 3288 
for injeetion, 3288 
sodium, 3286 
Cefpiramidę, 3289 
for injeclion, 3290 
Cefpodoxime proxetfl, 3291 
for orał suspension, 3293 
tablets, 3293 
Cefprozil, 3294 
for orał suspension, 3297 
tablets, 3298 
Ceftazidime, 3300 
injeetion, 3301 
for injeetion, 3301 
Ceftizoxime 
injeetion, 3304 
for injeetion, 3304 
sodium, 3303 
Ceftriaaone 
fnjectfon, 3305 
for injeetion, 3305 
sodium, 3307 
Cefuroxime 
axetii, 3310 

axetfl for orał suspension, 3311 
axetil tablets, 3312 
injeetion, 3309 
for tnjecfion, 3309 
sodium, 3312 
Celecoxib, 3313 
Cellaburate, 7587 
Cellacefate, 7588 

Cellutar and tissue-based products (1046), 
1002 
CelluJose 
acetale, 7594 
chromatographic, 2345 
microcrys tał linę, 2345, 7589 
mfcrocrystalline and 
ca rbo xy methyl cel! u los e sodium, 7591 
mixture, chromatographic, 2345 
oxidized, 3314 
Qxidized regenerated, 3315 
powdered, 7593 
silfcified microcrystałline, 7591 
sodium phosphate, 3316 
sodium phosphate for orał suspension, 
3317 

Centeita OJfaf/CO, 6875 
extract, powdered, 6878 
powdered, 6877 


tnterpenes, 6880 
Cephafexfn, 3318 
capsules, 3319 
hydrochloride, 3321 
for orał suspension, 3319 
tablets, 3320 

tablets for orał suspension, 3321 
Cephalothin 
injeetion, 3322 
for Injeetion, 3323 
sodium, 3323 
Cephapirin 
benzathine, 3325 

benzathine intramammary infusion, 3326 
for injeetion, 3324 
sodium, 3327 

sodium intramammary infusion, 3327 
Cephradine, 3328 
capsules, 3328 
for injeetion, 3329 
for orał suspension, 3330 
tablets, 3330 
Ceric 

ammonium nitrate, 234S 
ammonium nitrate TS, 241 3 
ammonium nitrate, twentieth-normal (0.05 
N), 2424 

ammonium sulfate, 2345 
sulfate, 2345 

sulfate, tenth-normal (0.1 N), 2424 
Cesi urn ehloride, 2345 
Cetinzine hydrochloride, 3331 
and pseudoephedrine hydrochloride 
extended-release tablets, 3338 
orał solution, 3333 
tablets, 3334 

oralfy disintegrating tablets, 3336 
Cetostearyl ale o hol, 7595 
Cetrimfde, 2345 
Cetrfmonium bromide, 7596 
Cetyl 

afcohol, 7597 
esters wax, 7599 
palmftate, 7599 
Cetylpyridlnium ehloride, 3342 
lozenges, 3343 
topical solution, 3344 
CetyltrimethyJammonium bromide, 2345, 
2362 

Cetyltrimethylammonium ehloride, 25 
percent in water, 2345 
Chamomile, 6881 

Characterization of crystalline and partiaNy 
crystalline soJids by X-ray powder 
dfffraction (XRPD) <941), 820 
Characterizatlon of crystalline solids by 
microcalorimetry and solution calorimetry 
<696), 575 
Charcoal 

actwated, 2329, 2345, 3344 
Chaste tree, 6883 
powdered, 6885 
powdered, extract, 6886 
Chemometrics <1039), 963 
Chenodeoxycholic acid, 2345 
Cherry 
juice, 7600 
syrup, 7600 
Chfnese safvia, 6892 
powdered, 6894 
Chitosan, 7601 
Chloral hydrate, 3345 
capsules, 3345 
ora! solution, 3346 
TS, 2414 


C h lora m bud I, 3346 
tablets, 3346 
Chloraminę T, 2345 
Chloramphenicol, 3347 
capsules, 3348 
cream, 3348 

and hydrocortisone acetale for ophthalmic 
suspension, 3352 
injeetion, 3349 
ophthalmic ointment, 3349 
ophthalmic solution, 3350 
for ophthalmic solution, 3350 
otic solution, 3351 
patmitate, 3353 

palmftate orał suspension, 3353 
and potymyxin B sulfate ophthalmic 
ointment, 3352 
sodium succinate, 3354 
sodium sucdnste for Injeetion, 3355 
orał solution, 3351 
tablets, 3351 
Chlordiazepoxide, 3356 
and amitriptyline hydrochloride tablets, 
3358 

hydrochloride, 3359 
hydrochloride capsules, 3361 
hydrochloride and didinium bromide 
capsules, 3362 
tablets, 3357 
Chlorhexidine 
acetale, 3364 

acetale topical solution, 3366 
gluconate orał rinse, 3368 
gluconate solution, 3367 
gluconate topical solution, 3370 
hydrochloride, 3371 
Chlorhexidine gluconate 
topical gel, 6779 
Chloride 

cobaltous, 15, 2414 
ferric, TS, 2415 
ferro u s tetrahydrate, 2360 
gold, 2361 
gold, TS, 2416 
piatinic, 2380 
pfatinic, TS, 2419 
in reagents, 2325 
stan no u s, 7905 
and sulfate (221), 287 
Chłonne, 2345 
detector lube, 2345 
TS, 2414 

m-Chloroacetanillde, 2345 
p-C h la roace ta n il id e, 2345 

1 -C h fomad a m a ntane, 2346 
2*ChforcMhamfnobenzoic acid, 2346 

5 -Chioro-2 - a minoben zop h enone, 2346 

3- Chloroaniline, 2346 
p-Chforoaniline, 2346 
Chlorobenzene, 2346 

4- Chlorobenzoic acid, 2346 
m-Chlorobenzoic acid, 2346 
4’Chlorobenzophenone, 2346 

1- Chlorobutane, 2346 
Chlorobutanol, 7605 
Chlorocresol, 7606 

2- Chloroethanol, 2346 

2 ■ Chi o roe i hy la m ine mo no hy dro c fi lor id e, 

2346 

Chloroform, 2346 
aicohol-free, 2346 
methyl, 2346 
Chlorogenic acid, 2346 
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Chi oram ethy I a ted po lystyre ne-divi ny Ibenzene 
aniomexchange resin, 2346 

1- Chloronaphthalene, 2346 
4 -Ch loro-1 - naphl ho I, 234Ó 

2- Chloranicotinic acid, 2346 
2-ChiorQ-4mitroaniline, 99%, 2346 
Chlorophylłin copper complex sod sum, 3373 
Chloropłatinlc acid, 2346 
Chloroprocafne hydrochloride, 3374 

InjectiDn, 3375 
Chloroguine, 3376 
hydrochloride injeetion, 3376 
phosphate, 3377 
phosphate orał suspension, 3378 
phosphate tablets, 3379 
5-Chlorasalicylic acid, 2347 
Chlorothiazide, 3380 
and methyldopa tablets, SI01 
and reserpine tablets, 5990 
sodium for injeetion, 3383 
orał sus pen slon, 3380 
tablets, 3382 
1 -Chloro-2,2,2- 

trifluoroethy łc h lo rod Ifluorom ethy f e the r, 
2347 

Chlorotrimethylsilane, 2347, 2402 
Chioraxyleno[, 3383 
Chlorphentramine 

dextromet h orpha n, pseud oephed rine, 

(salts of), and acetaminaphen, capsules 
containlng al least three of the 
fol łowi ng, 2552 

deatromethorphan, pseudoephedrine (salts 
of), and ac etami nophen, orał powder 
eon tal ni ng at least three of the 
following, 2555 

dexiramethorphan, pseudoephedrine (salts 
of), and acetamlnophen, ural solution 
eontaining at least three of the 
foflowmg, 2557 

dextromethorphan, pseudoephedrine (salts 
of), and acetaminophen, tahlets 
containEng at least three of the 
fol łowi ng, 2559 
maleate, 3385 

maleate extended-release capsules, 3386 
maleate injeetion, 3387 
maleate, penicillin C pro ca i ne, 
dihydrostreptomydn sulfate, and 
dexa me thasone injectabie suspension, 
5612 

maleate and pseudoephedrine 
hydrochloride extended-release capsules, 
3389 

maleate and pseudoephedrine 
hydrochloride orał solution, 3390 
maleate orał solution, 3388 
maleate tablets, 3388 
maleate, acetaminophen, and 
dextromethorphan hydrobromide 
tablets, 2561 
Chforpromazine, 3391 
hydrochloride, 3392 
hydrochloride infection, 3392 
hydrochloride orał concentrate, 3392 
hydrochloride syrup, 3393 
hydrochloride tablets, 3394 
suppositories, 3391 
Ohlorpropamlde, 3394 
tablets, 3395 
Chlortetracycline 
bisulfate, 3395 
hydrochloride, 2347, 3396 
hydrochloride ointment, 3397 
hydrochloride ophthalmic ointment, 3397 


hydrochlonde soluble powder, 3397 
hydrochloride tablets, 3398 
and sulfamethazlne bisulfates soiuble 
powder, 3396 
Chlorthalidone, 3398 
and atenolo# tablets, 2890 
and donidine hydrochloride tablets, 351T 
tablets, 3399 
Chlorzoxa^one, 3399 
tablets, 3400 
Chocolale, 7606 
syrup, 7607 
Cholecaleiferol, 3401 
capsules, 3402 
solution, 3403 
Cholestane, 2347 
Cholestanol, 2347 
Cholesterol, 2347, 7607 
Cholesteryl 
benzoate, 2347 
n-heptylate, 2347 
Cholestyramine 
resin, 3404 

for ora! suspension, 3405 
Cholinę 

bitartrate, 6896 
chloride, 2347, 6898 
Chondroitin sulfate sodium, 6899 
and glucosamine tablets, 7012 
glucosamine, and methylsulfonylmethane 
tablets, 7019 
shark, 6903 
tablets, 6902 

Chromate, sodium, Cr 51 injeetion, 3407 
Chromatographic 
columns, 2436 
fulieris earth, 2347 
n-heptone, 2347 
magnesium oxide, 2347 
reagents, 2347 
silica gel, 2347 
sifica gel mixture, 2347 
siliceous earth, 2347 
siliceous earth, silanized, 2347 
solvent hexane, 2347 
Chromatography{621>, 508 
Chromatography, ion (1065), 1197 
Chromie chloride, 3405 
injeetion, 3406 
Chromi u m 

Cr 51 edetate injeetion, 3407 
Cr 51 injeetion, sodium chromate, 3407 
picolinate, 6906 
pico lin a te tablets, 6907 
potassium sulfate dodecahydrate, 2347 
trioxide, 2347 
Chromogenie 

subslrate for amidolytic test, 2347 
Chromotrope 2R, 2347 
Ch ramot ropie add, 2347, 2391 
cflsodiurn salt, 2347 
TS, 2414 

Chymotrypsin, 3408 
for ophthalmic solution, 3409 
Cidopirox, 3410 
olamtne, 3412 
o ta minę cream, 3413 
olamtne topi cal suspension, 3414 
ioptcal solution, 3411 
Odofovir, 3414 
injeetion, 3415 
Cilastatin 

and ] mi penem for injectabie suspension, 
4572 

and i mi penem for injeetion, 4571 
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sodium, 341 7 
CElostazol, 3418 
tablets, 3419 
Ctmetidine, 3420 
hydrochloride, 3423 
injeetion, 3421 

in sodium chloride injeetion, 3422 
tablets, 3422 
Cinchonidine, 2347 
Cinchonine, 2347 
Gnoxacin, 3424 
capsules, 3425 
Gprofloxacin, 3426 

and dexamethasone otic suspension, 3436 
extended-release tablets, 3433 
hydrochloride, 3428 
injeetion, 3429 
ophthalmic ointment, 3431 
ophthalmic solution, 3431 
tablets, 3432 
Cisapride, 3438 

Cisapride compounded, veterinary 
injeetion, 3438 
ora! suspension, 3439 
Cisatracurium besylate, 3440 
Injeetion, 3442 
Cisplatin, 3444 
for injeetion, 3446 
Gtalopram 
hydrobromide, 3451 
orał solution, 3448 
tablets, 3449 
Ci tratę 

cupric TS, alkaline, 2412, 2414 
cupric TS 2, al kalinę, 24T2, 2414 
Gtrie acid, 2348 
anhydrous, 2348, 3454 
and magnesium carbonate fnr nrai 
solution, 4936 

magnesium carbonate, and potassium 
citrate for orał solution, 4937 
magnesium oxide, and sodium carbonate 
irrigation, 3458 
monohydrate, 3456 

and potassium citrate orał solution, 5 776 
and potassium and sodium bicarbonates 
effervescent tablets for orał solution, 
5759 

and sodium citrate orał solution, 6186 
Citrutline, 6907 
Cladribine, 3459 
injeetion, 3459 
Clarithromycin, 3461 
for orał suspension, 3463 
tablets, 3463 

extended-release tablets, 3465 
Clavulanate 
potassium, 3468 

potassium and amoxicil!in for orał 
suspension, 2791 

potassium and amoxidllin tablets, 2792 
Clavulanic acid 

and amoxidllin extended-release tablets, 
2793 

Cl a vu lanie acid 
and tEcarciłlin injeetion, 6464 
and Licarciliin for injeetion, 6465 
Geaning glass apparatus (1051 >, 1092 
Ciem a silne fu marsie, 3471 
tablets, 3472 

Clenbuterol hydrochloride, 3474 
Clidinium bromide, 3474 
and chlordiazepgxide hydrochloride 
capsules, 3362 
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CluiUdmydn 
hydrochloride, 3477 
hydrochloride ca psu fes, 3478 
hydrochloride orał sol u don, 3479 
injection, 3475 
for injection, 3476 
palmitate hydrochloride, 3479 
palmitate hydrochloride for orał solution, 
3480 

phosphate, 3481 
phosphate gel, 3483 
phosphate topical solution, 3483 
phosphate topical suspension, 3484 
phosphate vaginal cream, 3482 
phosphate nagina! inserts, 3485 
Cliogutnol, 3485 
cream, 3486 

and hydrocortisone cream, 3488 
and hydrocortisone olmment, 3489 
oinlment, 3487 

topical powder, compound, 3488 
Clobetasoi propionate, 3490 
cream, 3491 
ointment, 3492 
topical solution, 3493 
Clocortolone pivalate, 3494 
cream, 3495 
Gofazimine, 3495 
capsules, 3496 
Clofibrate, 3498 
ca psuł es, 3499 
Clomiphene ci tratę, 3499 
tablets, 3501 

Clomipramine hydrochloride, 3502 
capsules, 3503 
Clonazepam, 3504 
orał suspension, 3505 
tablets, 3506 

orally disintegratlng tablets, 3506 
Clonidtne, 3508 
hydrochloride, 3509 

hydrachloride and chforthalidone tablets, 
3511 

hydrochloride tablets, 3510 
Lrans derma I system, 3512 
Ctopidogrei 
bisulfate, 3515 
Lablets, 3517 
Clopidogref compounded 
oraJ suspension, 3517 
Cloprostenol 
injection, 3519 
sodium, 3519 

Clorazepate dipotassium, 3520 
tablets, 3521 
Oorsulon, 3523 
and ivermectln injection, 4736 
Clotrimazole, 3524 

and betamelhasone di propionate cream, 
3529 

cream, 3525 
lotion, 3525 
lozenges, 3526 
topical solution, 3527 
yaginal inserts, 3528 
Oove oif, 7608 
CIover, red, 7141 
eatract, powdered, 7145 
powdered, 7143 
tablets, 7147 
Cloaadllm 
benzathine, 3531 

benzathine intramammary infusion, 3531 
sodium, 3532 
sodium capsules, 3534 


sodium intramammary infusion, 3535 
sodium for orał solution, 3535 
Clozapine, 3536 
tablets, 3537 
Co 

57 capsules, cyanocobalamin, 3539 

57 orai solution, cyanocobalamin, 3539 

58 capsules, cyanocobalamin, 3540 
Coal tar, 3538 

ointment, 3538 
topical solution, 3538 
Cobalamin radlotracer assay (371), 324 
Cobalt 

chloride, 2348 

Co 57 capsules, cyanocobalamin, 3539 
Co 57 orał solution, cyanocobalamin, 3539 
Co 58 capsules, cyanocobalamin, 3540 
nitrate, 2348 
platinum, T5, 2419 
urany! acetate TS, 2414 
CobaJtous 
acetate, 2348 
chloride, 2348 
chloride CS, 2411 
chloride TS, 2414 
Cocaine, 3541 
hydrochloride, 3541 

hydrochloride tablets for topical solution, 
3542 

and tetracaine hydrochlorides and 
epinephrine topical solution, 3542 
Cocoa butter, 7609 
Coconut 
oil, 7610 

oif, hydrogeriated, 7610 
Codeine, 3546 
phosphate, 3546 

phosphate and aeetaminuphen capsules, 
2563 

phosphate and acetaminophen orał 
solution, 2564 

phosphate and acetaminophen orał 
suspension, 2565 

phosphate and acetaminophen tablets, 
2566 

phosphate, aspirin, alumina, and magnesia 
tablets, 2883 

phosphate and aspirin tablets, 2882 
phosphate and bromodlphenhydramine 
hydrochloride orał solution, 3057 
phosphate, butalbital, aspirin, and caffeine 
capsules, 3096 

phosphate, carisoprodoi, and aspirin 
lablets, 3212 

phosphate and guaifenesin orał solution, 
4453 

phosphate injection, 3547 
phosphate tablets, 3548 
phosphate and promethazine and 
phenylephrine hydrochloride orał 
solution, 5872 

phosphate orał solution, 3547 
sulfate, 3548 

sulfate orał solution, 3550 
sulfate tablets, 3551 
and terpin hydrate orał solution, 6383 
Cod liver oil, 3543 
capsules, 6908 
Coenzyme Q9, 2348 
Cohosh 

black fluidexlract, 6842 
Colchinne, 3552 
injection, 355-3 
and probenecid tablets, 5835 
tablets, 3553 


Colestipol hydrochloride, 3554 
for orał suspension, 3555 
tablets, 3555 
Cofistimethate 
for injection, 3557 
sodium, 3556 
Colistin 

and neomycin sulfates and hydrocortisone 
acetate otic suspension, 3558 
sulfate, 3557 

sulfate for orał suspension, 3558 
Collagen, 2348 
rat taił, 2348 
ColJagenase, 2348 
Collagenase I (89J), 180 
Collagenase II <89.2), 185 
Collodion, 3559 
flexible, 3560 
Colloidal oatmeal, 3560 
Color 

and achromidty (637), 520 
instmmentaJ measurement <1061), 1172 
Colorimetric Solutions (C5), 241T 
Compactin, 2348 

Completeness of solution (641), 521 
Compound cardamom Lincture, 7584 
Congealfng temperaturo (651), 527 
Congo red, 2348, 2407 
TS, 2414 

Constitution and bylaws, xxix 
ConstrucL human fibroblasts tn bilayer 
synthetic scaffold, 3561 
Construćt human fibroblasts in polyglacttn 
scaffold, 3565 

Container con tent for injections (697), 578 
Containers 
glass (660), 534 
performance testing (6/1), 565 
Container specifkations for capsules and 
tablets, 2443 
Coomassie 
blue G-250, 2348 
briilranl blue R-250, 2348 
Copovidone, 7611 
Copper, 2348 
gluconate, 3575 

Copper sulfate pen ta hydra te, 2348 
Coriander oil, 7613 
Corn 
oil, 7614 
stare h, 7906 
syrup, 7614 

high fructose syrup, 7618 
syrup sol id s, 7621 
Corticolropin 
injection, 3577 
for injection, 3578 
injection, repository, 3S80 
Cortisone, 2348 
acetale, 3582 

acetate fnjectable suspension, 3583 
acetate tablets, 3584 
Cosyntropin, 3585 
Cotton 

absorbent, 2348 
puriłled, 3586 
Cotton (691), 573 
Cotton seed oil, 7623 
hydrggenated, 7623 
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Council of experts 
(2015-2020), xi 
Cr 51 

edetate injection, chromium, 3407 
injection, sodium chromate, 3407 
Cranberry 

liquid preparation, 6911 


Cream 

Aldometasone dipropionate, 2613 
Amcinonide, 270B 
Amphotericin 8, 2799 
Anthrafin, 2827 
Benzoeaine, 2971 
Betamelhasone, 2999 
Betamelhasone dipropEonate, 3006 
Betamelhasone valerate, 3012 
Butoconazole nitrate, yagfnaJ, 3099 
Chloramphenicol, 3348 
Odopfrox o la minę, 3413 
Clindamycin phosphate, vaglnal, 3482 
Clioquirjol, 3486 

Clioąuinol and hydrocortisone, 3488 
Clobetasol propionate, 3491 
Clocortolone p|valate, 3495 
Clotrimazale, 3525 
Clotrimazole and betamethasone 
di propionate, 3529 
Gratami ton, 3592 
Desoximetasone f 3666 
Dexamethasone sodium phosphate, 3680 
Dibucaine, 3724 
Pfenestraf, 3751 
Dif lora sonę diacetate, 3759 
DIoxybenzone and oxybenzone, 3797 
Estradiol, vagEnal, 4064 
Btropipate, vaginal, 4088 
FI u met ha sonę piva!ate, 4233 
Fluoclnolone acetonide, 4240 
Fluorinonide, 4243 
Fluorometholone, 4253 
Fluorouradl, 4258 
Flurandrenolide, 4275 
Fluticasone propionate, 42S7 
Gentamicin suifate, 4392 
Gentian vlolei, 4399 
Haldnonide, 4464 
Hydrocortisone, 4506 
Hydrocortisone acetate, 4512 
Hydrocortisone butyrate, 4515 
Hydrocortisone vaterate, 4521 
Hydroąuinone, 4531 
lidocaine and prilocaine, 4854 
lindane, 4859 
Mafenide acetale, 4928 
Meelocydlne sulfosalicylate, 4978 
Methylpred ni solone acetale, 5119 
Miconazole nitrate, 5165 
Mometasone furoate, 5210 
Monobenzone, 5218 
Mupiroein, 5244 
Naftifine hydrochloride, 5269 
Neomydn and polymyxin B sulfates, 5312 
Neomycin and polymyxin B sulfates and 
gramicidin, 5320 

Neomydn and polymyxin B sulfates, 
gra m id di n, and hydrocortisone acetale, 
5321 

Neomycin and polymyxin B sulfates and 
hydrocortisone acetate, 5323 
Neomydn and polymyxin 6 sulfates and 
lidacame, 5323 


Neomycin and polymyxin B suirates and 
pramoaine hydrochloride, 5324 
Neomycin sulfate, 5301 
Neomycin sulfate and dexamethasone 
sodium phosphate, 5303 
Neomycin sulfate and fluocinolone 
aceton ide, 5305 

Neomycin sulfate and flurandrenolide, 
5305 

Neomydn sulfate and hydrocortisone, 
5307 

Neomydn sulfate and hydrocortisone 
acetale, 5308 

Neomydn sulfate and methylprednl solone 
acetate, 5311 

Neomycin sulfate and triamdnolone 
aceton i de, 5326 
Nystatin, 5401 

Nystatin, neomycin sulfate, gramicidin, 
and triamcinolone acetonide, 5404 
Nystatin, neomydn sulfate, thiosirepton, 
and triamcinolone aeetonide, 5405 
Nystalin and triamcinofone aeetonide, 
5407 

Piraxtcam, 5740 
Pramoxine hydrochloride, 5798 
prednicarbate, 5809 
Prednisolone, 5812 
Sulfadiazine, sflver, 6258 
Sulfa, vaginal, tripte, 6245 
Tetracaine hydrochloride, 6394 
To In afta te, 6517 
Tretinoin, 6555 

Triamcinolone aeetonide, 6559 


Creatinine, 7624 
Oesol, 7624 
red, 2407 

red-thymol blue T3, 2414 
red TS, 2414 
m-Cresol purple, 2348 
TS, 2414 

Cromolyn sodium, 3587 
inhalation powder, 3538 
inhalation soiution, 3588 
nasal soiution, 3589 
ophthaimlc soiution, 3590 
Crascarmellose sodium, 7625 
Crospovidone, 7627 
Grota mi ton, 3592 
cream, 3592 

Cryopreservation of cells (1044), 990 
O yptbecodinium cohnii oii, 6912 
capsules,, 6914 
Crystallinity {695), 575 
Crystal violet, 2407 
TS, 2414, 2418 
Cupric 

acetate, 2348 

acetate TS, 2414 

acetate TS, stronger, 2414, 2422 

ammonium sulfate TS, 2414 

chloride, 2348, 3592 

chloride Injection, 3593 

cEtrate, 2348 

cEtrate TS, 2414 

cEtrate TS, alkalfne, 2412, 2414 

dtrate TS 2, alkaline, 2412, 2414 

iodide TS, alkaline, 2412, 2414 

nitrate, 2348 

nitrate liydrate, 2348 

nitrate, tenth-normaI (OJ N), 2425 

0 x^ 6 , ammoniated, TS, 2412, 2414, 2420 


sulfate, 2348, 3594 
sulfate, anhydrous, 2333, 2348 
suffate CS, 2411 
suifate injection, 3595 
sulfate test paper, 2408 
sulfate TS, 2408, 2414 
tartrate, alkaline, soiution (Fehling's 
soiution), 2425 

tartrate TS, alkaline, 2412, 2414, 2415 
Cupriethylenediamlne hydroxide soiution, 
1.0 M, 2349 
Curcuminoids, 6917 
capsules, 6918 
tabiets, 6919 
Cyanoacetic acid, 2349 
Cya noc oba lamin, 3596 
Co 57 capsules, 3539 
Co 57 orał soiution, 3539 
Co 58 capsules, 3540 
injection, 3597 
tabiets, 3597 
Cyanogen brom ide, 2349 
4-Cyanophenol, 2349 
4~Cyanopyridine, 2349 
Cydam, 2349 
Cydandelate, 3598 
Cydizine hydrochloride, 3599 
tabiets, 3600 
Cyclobenzaprlne 

hydrochloride eatended-release ca psu fes, 
3602 

Cyclobenzaprlne hydrochloride, 3601 
tabiets, 3604 

1,1-CydobuianedicartM>xylic add, 2349 
a-Cydodextrin, 2349 
^Cyclodextrin ( 2349 
Cyclohexane, 2349 
Cyclohexanol, 2349 

(1,2-Cy d ohexy lened i ni tri! o)tet ra a ce tle ac id, 
2349 

Cydohexylmethanol, 2349 
Cyclomethicone, 7629 
Cydopentolate hydrochloride, 3605 
ophthalmic soiution, 3606 
Cydophosphamide, 3606 
for injection, 3608 
tabiets, 3609 
Cyclopropane, 3610 
Cydosertne, 3611 
capsules, 3612 
Cydosporine, 3612 
capsules, 3613 
injection, 3615 
orał soiution, 3616 

Cydosporine compounded, veterinary 
ophthalmic soiution, 3617 
CyproheptfldEne hydrochloride, 3618 
orał soiution, 3619 
tabiets, 3619 
Cyromazine, 3620 
Cysteinę hydrochloride, 3621 
injection, 3621 
Cystine, 6921 
L-Cysline, 2349 
Cytarabine, 3622 
for injection, 3623 


D 

Dacarbazine, 3625 
for injection, 3625 
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DactinomyUn, 3627 
for injection, 3627 
Dalteparin 
sodium, 3628 
Danazol, 3631 
capsules, 3631 
Dantrolene sodium, 3632 
capsules, 3634 
for injection, 3635 
Dapsone, 3636 
orał suspension, 3637 
tablety 3638 

Daunorubidn hydrochloride, 3639 
for injection, 3639 
D EAE-Aga rosę, 2349 
Deca no \ t 2349 
Decoguinate, 3640 
premia, 3640 

Decyl sodium sulfate, 2349 
Deferaxamine mesy! a te, 3641 
for injection, 3642 
Dehydrated alcohol, 2349 
Dehydroacetic acid, 7630 
Dehydrocholic acid, 3643 
tablets, 3643 

Ddafield's hematoxylin 15, 2414 
Deljverable volume (698), 579 
De lta-8-te tra hyd roca n n ab ino!, 2398 
Pemeearium bromide, 3643 
ophthalmic solution, 3644 
Demedocycline, 3644 
hydrochloride, 3646 
hydrochloride capsules, 3646 
hydrochloride tablets, 3647 
oraj suspension, 3645 
Denatonium benzoate, 7631 
Denaturated alcohol TS, 2414 
Deniges* reagent, 2414 
Density of solids (699), 582 
Den tal pastę 

triamcinolone acetonide, 6561 
Deoxyadenosine triphosphate, 2349 
Deoxycytidine triphosphate, 2349 
Deoxyguanosine triphosphate, 2349 
Deoxyribonudeic add polymerase, 2349 
Deoxythymtdine triphosphate, 2349 
Depyrogenation (1228), 1791 
Depyragenation by fiItration (1228.3), 1799 
Description and relatrve solubiJity of USP and 
NF artides, 2453 
Desfiurane, 3648 

Design, evaluation and characterization of 
viral dearance protedures (1050.1), 1082 
Design and analysis of biologie a I assays 
(111), 199 

Design and development of biological assays 
(1032), 917 

Desipramine hydrochloride, 3650 
tablets, 3651 
Desfanoside, 3653 
injection, 3654 
Desloratadine, 3655 
tablets, 3656 

orał ty disintegratlng tablets, 3658 
Desmopresstn acetate, 3660 
injection, 3661 
oasal spray, 3662 
Desogestrel 

and ethinyl estradiol tablets, 3663 
Desonide, 3664 
Pesoximetasone, 3665 
cream, 3666 
gel, 3667 
ointment, 3667 
Desoxycholic acid, 7631 


U esoxy cortlc OSterone 
acetate, 3668 
acetate injection, 3668 
acetate pellets, 3669 
pi va lale, 3669 

pivalate łnjectable suspension, 3669 
Detection of irradiated dietary supplements 
(2250), 2282 
Determination 
methoxy (431), 359 
nitrogen (461), 3 66 
Deuterated methanol, 2349 
Deuterated water, 2350 
Deuterium 
chloride, 2350 
oxide, 2350, 2350 
Deuterochtoroform, 2350 
Devarda's alloy, 2350 
Dexametha$one, 3670 
acetate, 3675 

acetate injectable suspension, 3676 

to pica I aerosol, 3671 

and ciproffoxacin otic suspension, 3436 

elixir, 3671 

gel, 3672 

injection, 3672 

and neomycin and polymyxin fl sulfates 
ophthalmic ointment, 5319 
and neomycin and polymyxin B sulfates 
ophthalmic suspension, 5319 
ophthalmic suspension, 3673 
penidllin C procaine, dihydrostreptomycin 
sulfate, and chlorpheniramine maleate 
injectable suspension, 5612 
sodrum phosphate, 3677 
sodium phosphate cream, 3680 
sodium phosphate inhalation aerosol, 3679 
sodium phosphate injeLtiuu, 3681 

sodium phosphate and neomycin sulfate 
cream, 5303 

sodium phosphate and neomycin sulfate 
ophthalmic ointment, 5303 
sodium phosphate and neomycin sulfate 
ophthalmic solution, 5304 
sodium phosphate ophthalmic ointment, 

3681 

sodium phosphate ophthalmic solution, 

3682 

orał solution, 3674 
tablets, 3674 

and tobramycin ophthalmic ointment, 

6500 

and tobramycin ophthalmic suspension, 

6501 

Dexbrompheniramme maleate, 3683 
and pseudoephedrine sulfate orał solution, 
3684 

Dexch!orpheniramrne maleate, 3685 
orał solution, 3687 
tablets, 3688 

Dexmedetomkfine hydrochloride, 3689 
Dexpanthenol, 3690 
assay (115), 203 
preparation, 3691 
Dextran 
1, 3692 
40, 3694 

40 in dextrose injection, 3696 

40 in sodium chloride injection, 3697 

70, 3697 

70 in dextrose injection, 3700 
70 in sodium chloride injection, 3701 
high molecular weight, 2350 
Dextrates, 7632 
Dextrin, 2350, 7633 


Dextro ca Idu m pantothenate, 2350 
Dextroamphetamine sulfate, 3701 
capsules, 3702 
tablets, 3703 
Dextromethorphan, 3704 
chlorpheniramine, pseudoephedrine (salts 
of), and acetaminophen, capsules 
containing at least three of the 
following, 2552 

chforpheniramine, pseudoephedrine (salts 
of), and acetaminophen, orał powder 
containing at least three of the 
following, 2555 

chlorpheniramine, pseudoephedrine (salts 
of), and acetaminophen, ora! solution 
containing at least three of the 
following, 2557 

chlorpheniramme, pseudoephedrine (salts 
of), and acetaminophen, tablets 
containing at least three of Lhe 
following, 2559 
hydrobromide, 3705 
hydrobromide, acetaminophen, 
doxylaminę succinate, and 
pseudoephedrine hydrochloride orał 
solution, 2567 

hydrobromide, guaifenesin, and 
pseudoephedrine hydrochloride 
capsules, 4455 

hydrobromide, pseudoephedrine 
hydrochloride, and carbinoxamine 
maleate orał solution, 5910 
hydrobromide orat solution, 3707 
hydrobromide, acetaminophen, and 
chlorpheniramine maleate tablets, 2561 
Dextrose, 3707 

adenine solution, ant koagulant ci trale 
phosphate, 2834 
anhydrous, 2350 

and dopamine hydrochloride injectton, 
3866 

exdpient, 7634 

and haff-strength lactated Ringeris 
injection, 6028 
injection, 3709 
injectton, alcohol in, 2619 
injection, bretylium tosylate in, 3049 
injection, bupwacaine hydrochloride in, 
3067 

injection, do bu tarninę in, 3843 
injection, magnesium sulfate in, 4953 
injection, potassium chloride In, 5766 
injection and potassium chloride In 
lactated Ringeris, 5769 
injection and sodium chloride injection, 
potassium chloride in, 5767 
injection, tetracaine hydrochloride in, 6397 
injection, theophylllne in, 6423 
mjecLion lype 1 and multiple electrolytes, 
3954 

injection type 2 and multiple electrolytes, 
3958 

Injection type 3 and multiple electrolytes, 
3961 

and lactated Ringeris injection, 6025 
and Jidocaine hydrochloride injection, 

4852 

and modifled lactated RingeA injection, 
6030 

and RingeA injection, 6021 
and sodium chloride injection, 3709 
solution, antlcoagulant citrate, 2832 
solution, anticoagulant citrate phosphate, 
2833 

Diacetyl, 2350 
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Diacetytated monaglycerides, 7634 
S^-Diaminobenzidine hydrochloride, 2350 
2,340iaminonaphthalene, 2350 
Diatomaceous earth, 2350 
ffux-calcined, 2350 
siianized, 2350 
Diatomaceous silica 
caldned, 2350, 2387 
Diatrizoate 
meglumine, 3710 
meglumine and diatrizoate sodium 
injection, 3712 

meglumine and diatrizoate sodium 
solution, 3713 
meglumine injection, 3711 
sodtum, 3713 

sodium and diatrizoate meglumine 
injection, 3712 

sodium and diatrizoate meglumine 
solution, 3713 
sodium ln|ection, 3715 
sodium solution, 3715 
Oiatrizoic acid, 3716 
Diaweridine, 2350 
Drazepam, 3717 
capsules, 3718 

extended-release capsules, 3718 
injection, 3719 
tablets, 3720 

Di azobenzenesul fonie acid T 5, 2414 
Diazoxide, 3720 
capsules, 3721 
injection, 3722 
orał suspension, 3722 
Dibasic 

ammonium Citrate, 2350 
ammonium phosphate, 2351 
cal dum phosphate, anhydrous, 3151 
calcium phosphate dihydrate, 3149 
calcium phosphate tablets, 3152 
potassium phosphate, 2351, 5787 
sodium phosphate, 6200 
Dibenzyl, 2351 

2,6-Dibromoquinone-chlorimlde, 2351 
Dibucaine, 3723 
tream, 3724 
hydrochloride, 3725 
hydrochloride injection, 3725 
ointment, 3724 
Dibutyl 

phthalate, 2351, 7635 
sebacate, 7635 
Di bu tyłam ine, 2351 
Dibutylammonium phosphate, 2351 

1.3- Dicaffeoylquinte acid, 2351 
Dichloralphenazone, 3726 

isometheptene mucate and 
acetaminophen capsules, 4692 
Dkhloroacettc acid, 2351 

2.5- Dichloroaniline, 2351 

2.6- Oichloroanitlne, 2351 
o-Dichlorobenzene, 2351 
Dichlorodifluoromethane, 7636 
1,2-Dichloroethane, 2351 
Dkhlorofluorescein, 2351 

T5, 2414 

Di c h I o rofl u o romet ha n e, 2351 

2.6- Dichloroindophenol sodium, 2351 
D ich loro methane, 2351 

2.4- Dithf oro- 1 -nap h thol, 2352 

2.6- Dichlorophenol-indophenol sodium, 

2351* 2352 

Dichlora pheno [- i ndo phenol s o lut io n, 
standard, 2425 

2.6- Dtchlorophenylacetic acid, 2352 


2,6-D ichf oroquinone-ch lonrmde, 2352 
D ichl oro tet r afI uo roetha n e, 7637 
Pichlorpheriamide, 3726 
tableis, 3727 
Didazuril, 3728 
Diclofenac potassium, 3729 
tablets, 3730 
Diclofenac sodium, 3731 
and miso prosto! delayed-release tablets, 
3736 

delayed-release tablets, 3732 
extended-reiease tablets, 3734 
Dicloxacil|in sodium, 3739 
capsules, 3741 
for orał suspension, 3742 
Dicydohexyl, 2352 
Dicydohexylamine, 2352 
Dicyclohexyl phthalate, 2352 
Dicydomine hydrochloride, 3742 
capsules, 3743 
injection, 3744 
orał solution, 3744 
tablets, 3745 
Didanosine, 3746 
delayed-release capsules, 3747 
for orał solution, 3749 
tablets for orał suspension, 3750 
Dienestrol, 3751 
cream, 3751 


Dietary supplements 

N-acetylgiucosamine, 6781 
Ademetionine disulfate tosylate, 6783 
LManyk-glutamine, 6784 
Andrographis, 6793 
Andrographis, powdered, 6795 
Andrographis extract, powdered, 6 797 
Arginine capsules, 6798 
Arginine tablets, 6799 
Ashwagandha root, 6800 
Ashwagandha root extract, powdered, 
6804 

Ashwagandha root, powdered, 6802 
Astaxanthin esters, 6810 
Astragalus root, 6812 
Astragalus root dry extract, 6817 
Astragalus root powder, 6815 
Aztec marigold zeaxanthin extract, 6819 
Baciłłus śubtiliż subsp. suhliHs 
menaquinone-7 extract, 7101 
Bacopa, 6821 
Bacopa, powdered, 6822 
Bacopa extract, powdered, 6824 
Ba naba leaf, 6825 
Banaba leaf dry extract, 6828 
Banaba leaf powder, 6827 
Beta carotene preparation, 6830 
Beta glucan, 6831 
Bilberry extract, powdered, 6834 
Black cohosh, 6836 
Black cohosh, powdered, 6838 
Black cohosh extract, powdered, 6840 
Black cohosh tablets, 6843 
Black pepper, 6845 
Powdered black pepper extract, 6849 
Powdered black pepper, 6847 
Bo ragę seed oil, 6850 
Bo ragę seed oi! capsules, 6851 
Bosweltia serrata, 6852 
Bosweftio- serrata extract, 6853 
Calcium citrate tablets, 6855 
Calcium i -5-methylfcefrahydrofolate, 6858 


calelym l- 5-(Tiell iyILe irahy d rof olate 
Capsules, 6860 

Caldum L-5-methyltetrahydrofolate tablets, 
6861 

Calcium and vitarnin D with minerals 
tablets, 6864 

Calcium with witamin D tablets, 6863 
Cat's daw, 686S 
Cat's claw capsules, 6872 
Cat's daw extract, powdered, 6871 
Cat*s daw, powdered, 6869 
Cal's daw tablets, 6874 
Centetta asiatica, 6875 
Centella osiołka , powdered, 6877 
Centelta ostatka extract powdered, 6878 
Centello ostatka trlterpenes, 6880 
Chamomile, 6881 
Chaste tree, 6883 
Chastę tree, powdered, 6885 
Chaste tree extract, powdered, 6886 
Chinese salvia, 6892 
Chinese salwia, powdered, 6894 
Cholinę bitartratę, 6896 
Cholinę ehloride, 6898 
Chondroitin sulfate sodium, 6899 
Chondroitin sulfate sodium, shark, 6903 
Chondroitin sulfate sodium tablets, 6902 
Chromium picollnate, 6906 
Chromium pjcofinate tablets, 6907 
Citrulline, 6907 
Clover, red, 7141 
Clover, powdered red, 7143 
Clover extract, powdered red, 7145 
Clover tablets, red, 7147 
Cod tiver oil capsules, 6908 
Cohosh, black, fluidextract, 6842 
Cranberry liquid preparation, 6911 
Crypłhecodinlum cohnii oil, 6917 
Crypthecodinium cohnii oil capsules. 6914 
Curcuminoids, 6917 
Curcuminoids capsules, 6918 
Curcuminoids tablets, 691 9 
Diosmin, 6922 
Echinocea angustifolia, 6923 
Echinocea angusUfoiio, powdered, 6926 
Echinocea angustifotia extract, powdered, 
6928 

Echinocea pailida f 6931 
Echinaceo pall ido, powdered, 6933 
Echinocea paliido, powdered, extract, 6935 
Echinaceo purpureo aerial parts, 6937 
Echinaceo purpureo, powdered, 6942 
Echinocea purpureo , powdered, extract, 
6944 

Echinocea purpureo root, 6940 
Eleulhero, 6947 
Eleuthero. powdered, 6948 
Efeuthero extract, powdered, 6950 
Ewening primrose oil, 6951 
Ewening primrose oil capsules, 6952 
Fenugreek seed, 6953 
Fenugreek seed powder, 6955 
Fenugreek seed powdered extract, 6958 
Feverfew, 6960 
Feverfew, powdered, 6961 
Fish oil containing omega-3 adds, 6962 
Fish oil containing omega-3 adds capsules, 
6965 

Fish oil containing omega-3 acids delayed- 
release capsules, 6968 
Flax seed oil, 6969 
Flax seed oil capsules, 6969 
Forskohlii, 6970 
Powdered forskohlii, 6972 
Powdered forskohlii extract, 6973 


Ji 
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Oset ary suppiements (condnued) 
Canoderma lucidum fruiting body, 6974 
Ganoderma lucidum fruiting body powder, 
6978 

Gardnie cambogia , 6981 
C orania cambogia, powdered, 6982 
Garcinia hydroxydtratę extract, powdered, 
6981 

Garcinia indico, 6984 

Garcinia indica, powdered, 6986 

Garlic, 6987 

Garlic, powdered, 6989 

Garlic extract, powdered, 6991 

Garlic fluidextract, 6992 

Garlic delayed-release tablets, 6993 

Cinger, 6995 

Ginger, powdered, 6997 

Cinger capsules, 7001 

Ginger lincturę, 6999 

Cinkgo, 7003 

Cinkgo extract, powdered, 7005 
Ginkgo capsules, 7008 
Cinkgo tablety 7010 
Ginseng, American, 6786 
Ginseng, American, capsules, 6790 
Ginseng, American, powdered, 6787 
Ginseng, American extraci, powdered, 

6789 

Ginseng, American, tablets, 6792 
Ginseng, Asian, 6805 
Ginseng, Asian, powdered, 6807 
Ginseng, Asian extract, powdered, 6808 
Ginseng, Asian, tablets, 6809 
Glucosamine and chondroitin sulfate 
sodium tablets, 7012 
Glucosamine hydrochloride, 7014 
Glucosamine tablets, 7014 
Glucosamine sulfate patasslum chloride, 
7015 

Glucosamine sulfate sodium chloride, 7016 
Glucosamine and methylsulfonylmethane 
tablets, 7017 

Glucosamine, chondroitin sulfate sodium, 
and methylsulfonylmethane tablets, 

7019 

Clutamic acid, 7021 
Clutathione, 7022 
Glycyl-L-gfulamine, 7023 
Glycyl-i-tyrosine, 7024 
Goldenseal, 7026 

Goldenseal extract, powdered, 7029 
Goldenseal, powdered, 7027 
Grapę seeds oligomeric proanthocyamdins, 
7030 

Creen tea extract, decaffeinated, 
powdered, 7032 
Guggul, 7034 

Guggul extract, native, 7035 
Guggul extract, purified, 7036 
Guggul tablets, 7037 
Gymnema, 7038 
Gymnema exlract, nalive, 7041 
Gymnema, powdered, 7040 
Gymnema extract, purified, 7042 
Hawthorn leaf with flower, 7044 
Hawthorn leaf with flower, powdered, 

7046 

Hesperidin, 7048 

Holy ba sil leaf, 7049 

Holy basil leaf powdered, 7051 

Holy basil leaf extract, powdered, 7053 

Horse chestnut, 6888 

Horse chestnut, powdered, 6889 

Horse chestnut extract, powdered, 6891 

5-Hydroxy L-tryptophan, 7227 


fapanese honeysuckle flower, 7055 
fapanese honeysuckle flower dry extract, 
7058 

japanese honeysuckle flower powder, 7060 
Krill orf capsules, 7066 
Krfll oiI delayed-refease capsules, 7069 
Ucorice, 7072 
Lieorice, powdered, 7073 
Ucorice extract, powdered, 7074 
Ground limestone, 7075 
Upoić add, alpha, 7076 
Upoić add capsules, alpha, 7077 
Upoić acid tablets, alpha, 7078 
Lutein, 7078 
Lutein capsules, 7079 
Lutein preparation, 7080 
Lycopene, 7081 
Lycopene preparation, 7083 
Łysinę hydrochloride tableLs, 7087 
Maiabar-nut-tree, leaf, 7087 
Maiabar-nut-tree, leaf, powdered, 7089 
Malabar-nut-tree, leaf extract, powdered, 
7090 

Maritime pine, 7091 

Maritime pine extract, 7092 

Melatonin, 7094 

Melatonin tablets, 7095 

Menaquinone-7, 7096 

Menagurngne-? capsules, 7097 

Menaquinone-7 preparation, 7098 

Menaquinone-7 tablets, 7100 

Methylcobaiamin, 7102 

Methylcobalamin tablets, 7103 

Methylsulfonylmethane, 7104 

Methylsulfonylmethane tablets, 7105 

Milk thistle, 7106 

Milfc thistle, powdered, 7107 

Milk thistle extract, powdered, 7109 

Milk thistle capsules, 7110 

Milk thistle tablets, 7112 

Minerals capsules, 7113 

Minerals tablets, 7121 

Northern schisandra fruit, 7184 

Northern schisandra fruit dry extract, 7185 

Northern schisandra fruit powder, 7187 

Omega-3 acids triglycerides, 7128 

Phytianthus amarus, 7 131 

Phytianthus amarus , powdered, 7133 

Potassium dtrate tablets, 71 34 

Powdered Rhodiota rosea , 7151 

Powdered Rhodiota rosea extract, 7152 

Powdered rosemary, 7161 

Pygeum extract, 7136 

Quercetin, 7140 

Rhodiota rosea , 7149 

Rhodiofa rosea capsules, 7155 

Rhodiota rosea tablets, 7157 

Rhodiofa rosea tincture, 7154 

Ribose, 7159 

Rosemary, 7160 

Rosemary leaf dry aqueous extract, 7163 
Rutin, 7164 

5t john's wort flowering top, 7166 
SL John's wort flowering top dry extract 
capsules, 7172 

St. |ohn's wort flowering top extract, dry, 
7169 

51. John's wort flowering top powder, 

7168 

St. John's wort flowering top dry extract 
tablets, 7173 
Saw palmet to, 7175 
5aw paImetto, powdered, 7177 
Saw pafmetto capsules, 7181 
Saw palmę L tu tAiiacL, 7179 


Schizochytrium oil, 7189 
Schizochytrium oil capsules, 7191 
Selen om eth ion i n e, 7 194 
Sodium ferrous ci tratę, 7195 
Soy isoffayones capsules, 7198 
Soy isoflavones extract, powdered, 7196 
Soy lsoflavones tablets, 7200 
Spirulina, 7201 
Spirulina tablets, 7205 
Stinging net tle, 7208 
Stinging nettle extract, powdered, 7211 
Stinging nettle, powdered, 7210 
Tienchi ginseng root and rhizome, 7213 
Tienchi ginseng root and rhizome dry 
exlract capsules, 7223 
Tienchi ginseng root and rhizome dry 
extract, 7221 

Tienchi ginseng root and rhizome powder, 
7216 

Tienchi ginseng root and rhizome powder 
capsules, 7218 

Tienchi ginseng root and rhizome dry 
extract tablets, 7225 

Tienchi ginseng root and rhizome powder 
tablets, 7219 

Tomato extract contalning lycopene, 7084 
Turmeric, 7228 
Turmeric, powdered, 7230 
Turmeric extract, powdered, 7232 
Ubidecacenone, 7233 
Ubidecarenone capsules, 7234 
Ubidecarenone tablets, 7235 
Ublquinol, 7236 
Ubfąuinol capsules, 7237 
Valerian, 7238 
Valerian, powdered, 7240 
Vaierian extract, powdered, 7241 
Yalerian tablets, 7244 
Valerian tincture, 7243 
Vinpooetine, 7245 
Vinpocetine capsules, 7247 
Vinpocetine tablets, 7247 
Vitamin A orał liguld preparation, 6701 
VŁtamins capsules, oiU and water-soluble, 
7290 

Vitamlns with minerals capsules, oil- and 
water-soluble, 7336 
Vitamins with minerals capsules, water- 
soluble, 7423 

Vitamins with minerals orał solution, water- 
soluble, 7443 

Vitamins with minerals tablets, oil- and 
water-soluble, 7375 
Vitamins with minerals tablets, water- 
soluble, 7451 

VJtamins tablets, oil* and water-soluble, 
7318 

VI tam i ns capsules, oil-soluble, 7248 
VUamins capsules, water-soluble, 7400 
Vitamins with minerals orał solution, oii- 
and water-soluble, 7361 
Oil-soluble vitamins with minerals capsules, 
7265 

Oil-soluble yitamins with minerals orał 
solution, 7275 

Oil-soluble yitamins with minerals tablets, 
7280 

Vitamins orał solution, oil- and water- 
soluble, 7309 

Oil-soluble yitamins orał solution, 7255 
Vitamlns tablets, oil-soluble, 7258 
Vitamins tablets, water-soluble, 7412 
meso-Zeaxanthin, 7470 
mes 0 -Zeaxanthin preparation, 7471 
Zlnc citrate, 7473 
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Dietary supplements (continued) 
Zinc citrate tablets, 7474 
Zinc and yitamin C lozenges, 7475 


Diethanofamine, 7638 
Diethylamine, 2352 
Diethylamine phosphate, 2352 
N, N-D iethyI a n i !J ne, 2352 
Dlethylcarbamazine citrate, 3752 
tablets, 3753 
Diełhylene glycol, 2352 
monoethyl ether, 7640 
stearates, 7642 
succinate polyester, 2352 
Di{ethylene glycol) methyl ether, 2352 
Diethylenetriamine, 2352 
D i(2-e thy I hexy l)p h thatatę, 2352 
DiethyI phthafate, 7639 
Diethylpropion hydrochloride, 3753 
tablety 3754 

Diethylpyrocarbonate, 2352 
Diethyl sebacate, 7639 
Diethylstilbestrol, 3755 
injection, 3756 
ta bieli, 3756 
Diethyl sulfone, 2352 
DiethyftoluamŁde, 3757 
fcopicat sol u U on, 3757 
DifEorasone diacetate, 3758 
cream, 3759 
ointment, 3759 
Diffunisal, 3759 
tablets, 3760 
Digitalis, 3761 
capsules, 3763 
powdered, 3762 
tablets, 3763 
Digitonin, 2352 
Digttoxin, 3764 
injection, 3764 
tablets, 3765 
Digoxigenin, 2352 
Digoxin, 3766 
injection, 3767 
orał sol u tron, 3768 
tablets, 3768 

Di hydra cod eine bitartrate, 3769 
aspirin and caffeine capsules, 2881 
Dihy droergo tarninę mesy la te, 3770 
injection, 3771 

24,25-Dihydrolanosterot, 2352 
Dthydroguinidine hydrochloride, 2353 
Dthydroquinine, 2353 
Dihy d ros tre p tomy c in 
injection, 3773 
sulfate, 3771 
sulfate boluses, 3772 
sulfate, penictllin C procaine, 
ehlorpheniramine maleate, and 
dexamethasone injectable suspension, 
5612 

sulfate and penictllin C procaine injectable 
suspension, 5611 
sulfate and pen id Nin C procaine 
intramammary infusion, 5611 
sulfate, penrcilfin C procaine, and 
prednisolone injectable suspens!on, 5614 
Dihyd rot achy sterol, 3773 
capsules, 3773 
orał solution, 3774 
tablets, 3774 
Dihydroxyacetone, 3775 


Di hy d roxy al u m i n um 
amtnoacetate, 3775 
aminoacelate magma, 3776 
sodium carbonate, 3776 
sodium carbonale chewable tablets, 3778 

2.5- Dihydroxybenzotc acid, 2353 
2,7-D i hydro xy n a p h tha lene, 2353 

2,7-D i hy d ro xy n a p h th a len e TS, 2415 
4,5 - D ihyd ro xy- 3 -(p-su If opheny I azo)-2,7- 
napthalenedisulfomc acid, trisodium salt, 
2407 

Diiodofłuorescein, 2353 
T5, 2415 

Diisodecyl phthalate, 2353 
Diisopropanolamine, 7643 
Diisopfopyl ether, 2353, 2357, 2366 
Diisopropylamine, 2353 
Di iso propyl et by laminę, 2353 
1,2'Dillnoleoyl-3-oleoyl-rac-gfycerol, 2353 
1,2 -Di I ino leoyJ - 3-pa I m i toy E- rac-g lycerol, 2353 
Diloxanide Furoate, 3778 
Diltiazem hydrochloride, 3779 
extended-release capsules, 3780 
ora! solution, 3784 
orał suspension, 3785 
tablets, 3786 
Dtluted 

acetic acid, 2353, 7497 
atcohol, 2353 
hydrach loric actd, 2353 
lead subacetate T5, 2415 
nitric acid, 2353 
sułfuric acid, 2353 
Dimenhydri nate, 3787 
injection, 3788 
orat solution, 3789 
tablets, 3790 
Urmercaprat, 3/9 i 
injection, 3791 
DimetNcone, 7643 
viscosity 500 centistokes, 2354 

2.5- Dimethoxy ben za Id ehyde, 2354 

1.2- Dimethoxyethane, 2354 
Dimelhoxymeihane, 2354 

(3,4-D ime thoxyphenyI )-acetomtri le, 2354 
Di methyl 
phthalate, 2354 
sulfone, 2354 

su!foxide, 2354, 2371, 3792 
sulfoxide gel, 3792 
sulfoxide irrigation, 3793 
sulfoxide topical solution, 3793 
sulfoxide spectrophotometric gra de, 2354 
N,N-Dimethylacetamide, 2354 
p- Di m ethyla m inoazobenzene, 2354 
fh Di m ethyla m i noben zai dehyde, 2354 
TS, 2415 

p- D i m ethy lamino d n n ama Id ehyde, 2354 
2-DimethyJarninoethyl methacrylate, 2354 
Dirnethylaminophenol, 2354 
Dimethylanitine (223), 287 

2.6- DimethylanlIine, 2354 
Af,N-DimethylanilJne, 2354 

3.4- D i methyl be n zophe nonę, 2355 

5.5- DimethyM ,3*cydohexanedtone, 2355 
N,M-D i methyl decyl a minę, 2355 

1.5- Dime thy 1-1,5-diazaundecamethy lene 
poły m e t h ob ram id e, 2355 

N f N-D i methy l do d ecy I amin e- N-ox id e, 2355 
Dlmethy Iethy 1 (3 -hy droxy pheny I Jammon ium 
chforide, 2355 
Dimethylformamlde, 2355 
KN-Dimethylformamide diethyl acetal, 2355 

1.3- Dimelhy h24midazolidinone, 2355 
1,9-Dimethyf-methylene blue, 2355 


N,N-Dimethy[-1 -naphthylamlne, 2355 
N, N-D i met hyloc ty la minę, 2 355 

2.5- D i methyl phenol, 2355 

2.6- Dimethyl phenol, 2355 

3.5- Dimethylphenol, 2355 

3-(4,5-Di methyl th iazol-2-y I )-2,5-di pheny I 
tetrazolium brgmide, 2355 
Dimethyltin dibromide, 2355 
N, N- Dim ethyl-p-phe ny le ned i a mi ne 
dihyd rac hforide, 2355 
m-Dinitrobenzene, 2355 

3.5- Dinitrobenzoyl chloride, 2355 

2.4- Dinitrochlorobenzene, 2356 

2.4- Dinitrofluorobenzene, 2356 

2.4- D i n i trophenyIhyd razine, 2356 
Dinitrophenythydrazine TS, 2415 
Dinoprost tromethamrne, 3794 

injection, 3795 
Dinoprastone, 3796 
Dioctyl sodium su I fos u cci na te, 2356 
Dtosmin, 6922 
Dioxane, 2356 
Dfoxybenzone, 3797 
and oxybenzone cream, 3797 
Di phen hydra minę 
citrate, 3798 

citrate and acetaminophen tablets, 2569 
citrate and fbuprofen tablets, 3799 
hydrochloride, 3802 
hydrochloride, acetaminophen, and 
pseudoephedrine hydrochloride tablets, 
2570 

hydrochloride capsules, 3803 
hydrochloride injection, 3805 
hydrochloride orał solution, 3806 
hydrochloride and ibuprofen capsules, 
3808 

and pheny lep lirltie hydrochloride tablets, 
3810 

and pseudoephedrine capsules, 3813 
Diphenoxylate hydrochloride, 3814 
and atropinę sulfate orał solution, 3815 
and atropinę sulfate tablets, 3816 
Diphenyf ether, 2356, 2357, 2378 
Diphenylamine, 2356 
T5, 2415 

Diphenylborinic acid, ethanolamine ester, 
2331, 2356 

Diphenylcarbazide, 2356 
Diphenylcarbazone, 2356 
TS, 2415 

2,2-Diphenylglycine, 2356 
Diphtheria antitoxin potency testing for 
buman immune globulins (162), 239 
Di pic ryła minę, 2356 
Dipivefrin hydrochloride, 3817 
ophthalmic solution, 3819 
Di pro pyl phthalate, 2356 
Dipyridamole, 3820 
injection, 3820 
ora! suspension, 3821 
tablets, 3822 
4,4 I -Dipyridyl, 2356 
a^-Dipyridyt, 2356 
Dlrect red 80, 2386 
Dirithromydn, 3823 
delayed-retease tablets, 3824 
Disinfectants and antiseptics (1072), 1212 
Disintegration 
(701), 584 

and dissolution of dietary supplements 
(2040), 2270 
Disodium 

chromotropate, 2356 

ethy I en ed iam i ne tet raacetate, 2356 
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Disopyramide phosphate, 3825 
capsules, 3825 

extended-release capsules, 3826 
Dissolutron (711), 588 

The dissofution procedurę: deveJopment and 
valłdation (1092), 1296 
DistiINng rangę (721), 598 
Disuifiram, 3827 
tablets, 3827 

5,5'-Dithiobis (2-nitrobenzoic acid), 2356 
Dithiothreitoi, 2356 
Drthizone, 2356 
T5, 2415 

Divalproex sodium, 3828 
defayed-release ca psuł es, 3828 
delayed-release tablets, 3831 
extended-rełease tablety 3832 
Do bu tarninę 

In dextrose injection, 3843 
hydrochłoride, 3840 
injection, 3841 
for injection, 3842 
Docetaxel, 384 4 
mjection, 3846 
Docusate 
całcium, 3848 
calcium capsules, 3849 
potassium, 3850 
potassium capsules, 3851 
sod i u m ( 3852 
sodium capsules, 3853 
sodium and ferrous fumarate extended- 
release tablets, 4170 
sodium solution, 3853 
sodium syrup, 3854 
sodium tablets, 3855 
1-Dodecanol, 2356 
Dodetyl 

alcohol, 2356 
lithium sol fale, 2356 
sodium sulfonate, 2356 
3- (D o decy Id i m ethy J a m m on i o) 
propanesulfonate, 2356 
Dodecyltriethylammonium phosphate, 0-5 
M, 2357 

Dodecyltrimethylammonium bromide, 2357 
Dofetitide, 3855 
Dolasetron mesylate, 3856 
orał sofution, 3858 
orał suspension, 3858 
Donepezil hydrochłoride, 3859 
tablets, 3861 

orafly dismtegrating tablets, 3863 
Dopamine hydrochłoride, 3865 
and dextrose injection, 3866 
injection, 3865 
Dorzolamide 

Hydrochlonde and tlmotol maleate 
ophthatmic solution, 3869 
Dorzolamide hydrochlonde 
ophthalmic sotution, 3868 
Dorzolamtde hydrochłoride, 3867 
Doxapram hydrochłoride, 3872 
injection, 3873 
Doxazosin mesylate, 3874 
tablets, 3876 

Doxepin hydrochłoride, 3877 
capsules, 3878 
orał sotution, 3879 
Doxercalciferot, 3880 
Doxorubictn hydrochłoride, 3882 
injection, 3884 
for injection, 3885 
Poxycycline, 3887 
calcium orał suspension, 3894 


capsules, 3888 

extended-release capsules, 3889 

hydate, 3896 

hydate capsules, 3897 

hydate deiayed-release capsutes, 3899 

hydate tabJets, 3900 

hydate delayed-refease tablets, 3902 

for injection, 3891 

for ora! suspension, 3892 

tablets, 3893 

Doxycyc linę compounded, veterrnary orał 
suspension, 3895 
Doxylamine succinate, 3906 
ace tami noph en, d ex tromet horph an 
hydrobromide, and pseudoephedrine 
hydrochłoride orał solution, 2567 
orał solution, 3906 
tablets, 3907 
Drabkin's reagent, 2357 
Dragendorffs TS, 2415 
Dried peptone, 2357 
Dronabinol, 3907 
capsules, 3908 
Dronedarone 
hydrochłoride, 3909 
tablets, 3910 
Draperidol, 3912 
łnjectton, 3912 
Drospirenone, 3913 
and ethrnyl estradiol tablets, 3916 
Drug release (724), 600 
Dry heat depyrogenation (1228.1), 1795 
Dry heat sterilization (1229-8), 1840 
Duloxetłne 

dełayed-release capsules, 3919 
Duloxetine hydrochłoride, 3922 
Dusting powder, absorbable, 3926 
Dutasteride, 3924 
Dy don i ne hydrochłoride, 3926 
gel, 3927 

to pica i sol u tron, 3927 
Dydrogesterone, 3928 
tabłets, 3928 
Dyphylline, 3929 

and guaifenesin orał solution, 3931 
and guaifenesin tablets, 3932 
injection, 3929 
orał sotution, 3930 
tablets, 3930 


E 


Earth, chromatographic, silanized, acid-base 
washed, 2357 
Ecamsule 
solution, 3933 
Echinaceo 
angustifolia, 6923 
angustifoiia, powdered, 6926 
angustifolia extract, powdered, 6928 
poHido , 6931 
palttda, powdered, 6933 
pallida extract, powdered, 6935 
purpureo aerial parts, 6937 
purpureo, powdered, 6942 
purpureo root, 6940 
purpureo extract, powdered, 6944 
Echothiophate 
iodide, 3935 - 

iodide for ophthalmic solution, 3936 
Eęonazofe ni tratę, 3937 


Edetate 

calcium disodium, 3938 
calcium disodium injection, 3939 
disodium, 2356, 2357, 3940 
disodium injection, 3941 
disodium T5, 2415 

disodium, twentieth-molar (0.05 M), 2425 
Edetate disodium 
0.01 M TS, 2415 
Edetic acid, 2357, 7645 
Edrophonium 
chlorłde, 3941 
chtoride injection, 3941 
Efavirenz, 3942 
capsules, 3945 
Tablets, 3947 
Egg phospholipids, 7646 
n-Eicosane, 2357 
Eicosanoł, 2357 

Elastomeric dosures for injection* (381), 326 
Electrolytes 

and dextrose Injection type 1, multipie, 
3954 

and dextrose injection type 2, multipie, 
3958 

and dextrase injection type 3, multipie, 
3961 

and polyethylene glycol 3350 for orał 
solution, 5748 

injection type 1, multipie, 3949 
injection type 2, multipie, 3952 
Elementał contaminants in dłetary 
supplements (2232), 2278 
Elementał impuddes—4fmits (232), 295 
Elementał Impurities—pracedures (233), 298 
Elements 

injection, tracę, 3964 
Eieuthero, 6947 
extraci, powdered, 6950 
powdered, 6948 


Elixir 

Aromatic, 7521 

Benzaldehyde, compound, 7530 
Dexamethasone, 3671 
fluphenazłne hydrochłoride, 4271 
Hyoscyamine sulfate, 4550 


Elm, 3965 
Emedastine 
di fu mara te, 3966 
ophthatmic sołutton, 3966 
Emetine hydrochłoride, 3967 
injection, 3968 
Enataprit maleate, 3969 
and hydrochlorothiazide tablets, 3973 
tablets, 3971 
Enalaprilat, 3975 
injection, 3976 
Enalapril maleate 
orał suspension, 3970 
Enataprlt maleate compounded, veterinary 
orał suspension, 3970 
Endotoxin indicalor for depyrogenation, 
3977 

Endotoxin łndkators for depyrogenation 
(1228.5), 1803 
Enflurane, 3978 
Enoxaparin sodium, 3979 
injection, 3982 
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Enrofloxacin r 3984 

EnrofEoxacin compounded, veterinary 
orał suspension, 3986 
Ensulizole, 3987 
En taca po ne, 3987 
tablets, 3988 
Entecavir, 3990 
tablets, 3992 
Enzacamene, 3993 
Enzy ma tica I ly- hyd rolyzed 
carboxymeLhylcellulose sodlurn, 7581 
Enzymes used as andllary materials in 
pharmaceutical manufacturing (89), 1 77 
Eosin Y, 235 7, 2407 
TS, 2415 
Ephedrine, 3994 
hydrochloride, 3995 
hydrochloride, theophylline, and 
phenobarbital tablets, 6424 
sulfate, 3996 
sulfate capsules, 3996 
sulfate injection, 3997 
sulfate nasal solution, 3998 
sutfate orał solution, 3998 
Epiandrosterone, 2357 
4-Epianhydrotetraeydine (226), 288 
15-Epicarbopras t, 2357 
Epinephrine, 3998 

and artkaine hydrochloride injection, 2864 
assay (391), 331 
bitartrate, 4002 

bitartrate inhalalion aerosol, 4002 
bitartrate ophthalmic solution, 4003 
bitartrate for ophthalmic solution, 4004 
and bupivaeaine hydrochloride injection, 
3068 

and cocaine and Letracaine hydrochlorides 
topie a I solution, 3542 
inhaiation aerosol, 3999 
in ha la tion solution, 4000 
injection, 4000 

and lidocaine hydrochloride injection, 

4853 

nasal solution, 4001 
ophthalmic solution, 4001 
and prilocaine injection, 5828 
and procaine hydrochloride injection, 5843 
Epinephryl bora te ophthalmic solution, 4004 
Epirubicfn hydrochloride, 4005 
injection, 4006 

Epitetracyctine hydrochloride, 4007 
Eprinomectin, 4009 
Eąuilenin, 2357 
Equilin, 401! 

Ergocalciferol, 4011 
capsules, 4013 
orał solution, 4014 
tablets, 4015 
oe-Ergocryptlne, 2357 
Ergoloid mesylates, 4015 
capsules, 4016 
orał solution, 4017 
subfingual tablets, 4019 
tablets, 4018 

Ergonovine rnaleate, 4019 
injection, 4020 
tablets, 4021 

Ergotaminę tartrate, 4022 
and taffeine suppositorles, 4026 
and caffeine tablets, 4027 
inhalation aerosol, 4023 
injection, 4024 
sublingual tablets, 4026 
tablets, 4025 


Eri ochro me 
blade T, 2407 
blackTS, 2415 

black T-sodium chloride indicator, 2357, 
2408 

black T tri tura tion, 2407 
cyanine R, 2357 
cyanine TS, 2415 
Erythorbic acid, 7647 
Erythritof, 7648 
Erythromycin, 4030 

and benzoyl peroxide topie a I gel, 4038 
delayed-release capsules, 4032 
estolate, 4038 
estoiaie capsules, 4039 
estolate and sulfisoxazole acetyf orał 
sus pen sion, 4040 
estolate orał suspension, 4039 
estolate for orał sus pen sion, 4040 
estolate tablets, 4040 
ethylsuednate, 4041 
ethylsuednate injection, 4043 
ethylsuednate, stenle, 4043 
ethylsuccinate and sulflsoxazole acetyl for 
oraf suspension, 4046 
ethylsuccinate orał suspension, 4043 
ethylsuccinate lor orał suspension, 4044 
ethylsuccinate tablets, 4044 
topical gel, 4032 
gluceptale, stenie, 4047 
injection, 4033 
intramammary infuston, 4033 
lactobionate for Injection, 4047 
lactobionate, sterile, 4048 
ointment, 4033 
ophthatmic ointment, 4034 
pledgets, 4036 
topical solution, 4036 
stearate, 4048 
stearate tablets, 4049 
tablets, 4036 

delayed-release tablets, 4037 
Erythropoietin bioassays (124), 21 3 
Escin, 2357 
Esc i ta lop ram 
orał solution, 4050 
Esdtalopram oxalate, 4054 
Esdtalopram 
tablets, 4052 

Esmolol hydrochloride, 4056 
Esomeprazole magnesium, 4057 
delayed-release capsules, 4059 
Estazotam, 4061 
tablets, 4062 
Estradiol, 4063 
vaginal cream, 4064 
vaginal inserts, 4065 
transdernnal system, 4067 
tablets, 4 070 
benzoate, 4073 
cypionate, 4075 
cypionate injection, 4076 
and norethindrone acetate tablets, 4071 
valerate, 4076 
valerate injection, 4077 
Estriol, 4078 
EsLrogens 
conjugated, 4079 
esterified, 4083 
tablets, conjugated, 4081 
tablets, esterified, 4085 
Estrone, 4086 
injectable suspension, 4086 
Estroplpate, 4087 
tablets, 4089 


yaginal cream, 4088 
Eszo pi clone, 4090 
tablets, 4091 

Ethacrynate sodium for injection, 4093 
Ethacrynic acid, 4094 
tablets, 4094 

Ethambutol hydrochloride, 4095 
rifampin, isoniazid, and pyrazinamide 
tablets, 6013 
tablets, 4096 
Ethanesulfonlc acid, 2357 
Ethchlorvynol, 4097 
capsules, 4098 
Ether, 2357, 4099 
absolute, 2327, 2357 
diphenyf, 2357 
isopropyl, 2357 

nony! phenyl polyethylene glycol, 2357 
peroxide-free, 2357 
Ethldium bromfde, 2357 
Ethinyl estradiol, 4100 
and desogestrel tablets, 3663 
and drośplrenone tablets, 3916 
and ethynodiol diacelate tablets, 4110 
and levonorgestrel tablets, 4837 
and norethindrone acetate tablets, 5387 
and norethindrone tablets, 5384 
and norgestimate tablets, 5393 
and norgestrel tablets, 5396 
tablets, 4100 

Ethiodized oil injection, 4102 
Ethionamide, 4103 
tablets, 4103 
Ethopabate, 4104 
Ethosuximide, 4105 
capsules, 4105 
orał solution, 4106 
ELhutuin, 4107 
tablets, 4108 

4 *Ethoxyac etopheno n e f 2357 
2-ELhoxyeihanol, 2358 
Ethyl 

acetate, 2358, 7649 
acfylate, 2358 

acrylate and methacryfic acid copolymer, 
7756 

acrylate and methacrylic acid copolymer, 
part lal ly-neu trał ized, 7760 
acrylate and melhyl methacrylate 
copolymer dlspersion, 7650 
alcohol, 2358 
arachidate, 2358 
benzoate, 2358 
chloride, 4109 
cyanoacetate, 2358 
ether, 2357, 2358 
ether, anhydrous, 2327, 2357, 2358 
maltol, 7651 
oleate, 7652 
saltcylate, 2358 
vanillin, 7653 

2- E thy i a m i n oprop iophenon e hy d roch lo r i de, 
2358 

4-Ethylbenzaldehyde, 2358 
Ethylbenzene, 2358 
Ethytceliulose, 7653 
aqueous dispersion, 7654 
dispersion type b, 7 655 
Ethyl en e 

didiloride, 2351, 2358 
glycol, 2358 

glycol, diethylene glycol, and triethylene 
glycol in ethoxy!ated substances (469), 
384 

glycol monoethyl ether, 2358 
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Ethylene (contlnwed) 
gfycol stearates, 7661 
glyco( and vinyl atcohol graft copolymer, 
7658 

oxide and dioxane (228), 290 
oxide in methylene chloride (50 mg/mL), 
2358 

Ethylenedtamrne, 2358, 4109 
N-Ethylmaleimide, 2358 
2~Etbyf-2-metbylsuccinic acid, 2358 
Ethylparaben, 7661 
Ethylparaben sodium, 7662 
1~Ethylquinaldinium iodide, 2359 
Ethynodiol diacetate, 4110 
and ethinyl estradiol tablets, 4110 
and mestranol tablets, 4111 
Etidronate disodium, 4112 
tablets, 4113 
Etodolac, 4114 
capsules, 4115 
tablets, 4116 

extended-release tablets, 4116 
Etomidate, 4118 
injection, 4119 
Etaposrde, 4120 
capsules, 4122 
injection, 4123 
Eucalyptol, 4125 
Eucałyplus olf, 7663 
Eugenol, 4125 

Evaiuatlon of plastk packaging systems and 
their materiaJs of construction with respect 
to their u ser safety impact <1661), 2012 
Eva!uation of the inner surface durabllily of 
gfass Container s (1660), 2007 
Evening primrose oil, 6951 
ca psu! es, 6952 

Excipient biologie a! safety evaluation 
guideflnes (1074), 1217 
Exdpient performance (1059), 1143 
Exdpients 

USP and NE, listed by category, 7485 
Exemestane, 4126 
Expert committees (2015-2020), xii 
Food Chemicals Codex t xvii 
National Formulary, xvt 
United States Pharmacopeia t xii 
United States Pharmaeopeia and the Dletary 
Supplements Compendium, xv3 
United States Pharmaeopeia and USP on 
Compounding, xvii 

Expert Paneis for the Councif of Experts 
Executive CommiUee, xti 


Extract 

Andrographis, powdered, 6797 
Ashwagandha root, powdered, 6804 
Astragalus root, dry, 681 7 
Aztec Mangold 2eaxanthm Extract, 6819 
Badllus subtilh subsp. subtifis 
mena qu i nonę- 7, 7101 
Baco pa, powdered, 6824 
Bana ba leaf H dry, 6828 
Beef, 2336 
Belladonna, 2958 
Belladonna tablets, 2959 
Silberry, powdered, 6834 
Black cohosh, powdered, 6840 
Black pepper, powdered, 6849 
Boswellia serrata, 6853 
Cascara f1uidextract, aromatic, 3233 
Cascara sag rada, 3230 


Cascara sagrada fluldextratt, 3233 
Cat J s tlaw, powdered, 6871 
Centella asiatlca, powdered, 6878 
Chastę tree, powdered, 6886 
Clover, red, powdered, 7145 
Echinaceo angustifolia, powdered, 6928 
Echinaceo pailido, powdered, 6935 
Echinaceo purpurea , powdered, 6944 
Eleuthero, powdered, 6950 
Fenugreek seed, powdered, 6958 
Garcinia hydroxycitrate, powdered, 6983 
Garlic, powdered, 6991 
Garlic flurdextract, 6992 
Ginkgo, powdered, 7005 
Ginseng, American, powdered, 6789 
Ginseng, Asian, powdered, 6808 
Goldenseal, powdered, 7029 
Creen tea, decaffetnated, powdered, 7032 
Guggul, native, 7035 
Guggul, purlfled, 7036 
Gymnema, native, 7041 
Gymnema, purified, 7042 
HoJy basil leaf powdered, 7053 
Horse che s Lnu t, powdered, 6891 
fapanese honeysuckle Rower, dry, 7058 
Ucorice, powdered, 7074 
Ucorice 8yidextract, 7733 
Malabar-nutdree, leaf, powdered, 7090 
Maritime pine, 7092 
MHk thistle, powdered, 7109 
Northern sehisandra fruit, dry, 7185 
Powdered Rhodiolo rosea, 7152 
Pygeum, 71 36 
Pyreihrum, 5921 
Saw palmetto, 7179 
Senna fluidextract, 6142 
5oy isoflavones, powdered, 7196 
Stinging neltle, powdered, 7211 
St. John's wort flowering top, dry, 7169 
TSenchi ginseng root and rhlzome, dry, 
7221 

Toma to, containing lycopene, 7084 
Turmeric, powdered, 7232 
Valertan, powdered, 7241 
Yeast, 2406 


Ezetlmibe, 4127 
lablets, 4129 


F 

F 18 

injection, fludeoxygfucose, 4250 
injection, sodium fluoride, 4251 
Factor IX complex, 41 32 
Factor X fl (activated factor X) for antnfaetor 
X, test, 2359 
Famciclovir, 41 32 
Famcidovir compounded 
orał suspension, 4135 
Famotidine, 41 36 
injection, 41 37 
for orał suspension, 41 39 
tablets, 4140 
Fast 

blue B salt, 2359 
blue 8B saft, 2359 
green FCF, 2359 
Fat, hard, 7665 


Fats and fixed oils <401), 332 
FD&C blue no. 1, 2359 
Fehfing's sol u ti on, 2415 
Felbamate, 4142 
orał suspension, 4143 
lablets, 4145 
Felodaplne, 4146 
extended-release tablets, 4148 
Fenbendazole, 4151 
Fennel oll, 7665 
Fenofibrate, 4153 
capsules, 4154 
tablets, 4157 

Fenoldopam mesyfate, 4159 
injection, 4160 
Fenoprofen ca lei u m, 4161 
capsules, 4163 
tablets, 4163 
Fentanyl, 4164 
Fentanyl crtrate, 4165 
injection, 4166 
Fenugreek seed, 6953 
powdered extract, 6958 
powder, 6955 
Femc 

ammonium dtrate, 2359, 2776 
ammonium dtrate for orał solution, 2777 
ammonium sulfate, 2359 
ammonium sulfate, tenth-normaf (0,1 N), 
2A26 

ammonium sulfate TS, 2415 
chlortde, 2359 
chloride CS, 2411 
chloride TS, 2415 
nitrate, 2359 
oxide, 7665 

subsulfate solution, 4166 
sulfate, 2359, 4167 
Ferrocyphen, 2360 
Ferroin TS, 2415 
Ferrosoferric oxłde, 7667 
Ferrous 

ammonium sulfate, 2360 
ammonium sulfate, tenth-norma! (OJ N), 
2426 

fu ma ratę, 4168 

fumarate and docusate sodium extended- 
release tablets, 4170 
fumarate tablets, 4169 
gluconate, 41 71 
gluconate capsules, 4173 
gluconate orał solution, 4174 
gluconate tablets, 4175 
sulfate, 2360, 4176 
sulfate, dried, 4178 
sulfate orał solution, 4177 
sulfate syrup, 41 77 
sulfate tablets, 41 78 
sulfate TS, 2415 
sulfate, acid, TS, 2412, 2415 
0*07 N Ferrous ammonium sulfate, 2426 
Ferullc acid, 2360 
Ferumoxides injection, 4180 
Femmoxsil orał suspension, 4182 
Feta! bovine serum—quality attributes and 
functionality tests (90), 190 
Feverfew, 6960 
powdered, 6961 

Fexofenadine hydrochloride, 4182 
capsules, 4184 

and pseudoephedrlne hydrochloride 
extended'release tablets, 4189 
tablets, 4186 

Fibroblast growth factor-2, 2360 
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Hbroblasts 

bilayer synthetic scaffold, eon struć t human, 
3561 

polyglactin scaffold, construct human, 

3565 

Filgrastim, 4196 

Filter paper, quantitative, 2360, 2375, 2376, 
2385 

Finasteride, 4201 
tablets, 4201 

Fish oil containlng omega-3 adds, 6962 
capsuies, 6965 

delayed-release capsuies, 6968 
Ffame photometry for reagents, 2325 
Flavoxale hydroęh foride, 4202 
tablets, 4204 
Flax seed o ii, 6969 
ca psuł es, 6969 
Fletainide acetate, 4205 
orał suspension, 4206 
tablets, 4207 

Flow CytometrSc Enumeration Of CD34+ 

Gells (127), 216 
Flow cytometry (1027), 876 
Floxuridine, 4208 
for injection, 4208 
Fluconazole, 4209 
in dextrose injection, 4214 
for orał suspension, 4219 
injection, 4211 

in sodium chloride injection, 4216 
tablets, 4221 
Flucytosine, 4222 
capsuies, 4223 
orał suspension, 4223 
Fludarabine phosphate, 4224 
injection, 4226 
for injection, 4228 
Fludeoxyglucose FI8 injection, 4250 
F lud rooorti sonę acetate, 4229 
tablets, 4229 
Ffumazenil, 4231 
injection, 4232 
Flumethasone piva!ate, 4233 
cream, 4233 
Flunisolide, 4234 
nasal solution, 4235 
Fiuntosin meglumine, 4236 
granules, 4237 
injection, 4238 
pastę, 4239 

Fluocinokme acetonide, 4239 
cream, 4240 

and neomycin sulfate cream, 5305 
ointmeni, 4241 
to pica) sol ulico, 4241 
Fluodnonide, 4242 
cream, 4243 
gel, 4243 
ointment, 4244 
topical solution, 4244 
Ffuorene, 2360 

9-Fluorenylmethyl ehtoroformate, 2360 
Fluorescarmne, 2360 
Fluorescein, 4245 
injection, 4245 
sodium, 4246 

sodium and benoxinate hydrochloride 
ophthalmic solution, 4248 
sodium ophlhalmic strips, 4247 
sodium and proparacaine hydrochloride 
ophlhalmic solution, 4249 
Fiuorescence spectroscopy (853), 777 
Fluorescence spectroscopy—theory and 
practice (1853), 2711 


Fluorlne 

F 18 injection, Hudeoxyglucose, 4250 
F 18 injection, sodium fluoride, 4251 
4'-Fluoroacetophenone, 2360 
Fluorom et holone, 4252 
acetate, 4255 

acetate and tobramydn ophthalmic 
suspens fon, 6503 
cream, 4253 

and neomycin sulfate ointment, 5305 
ophthalmic suspension, 4254 
Fluorouradl, 4256 
cream, 4258 
injection, 4258 
topical solution, 4259 
Fluoxetine 
capsuies, 4259 

delayed-reiease capsuies, 4261 
hydrochloride, 4265 
and olan 2 apine capsuies, 5418 
orał solution, 4262 
tablets, 4263 
F1uoxymesterone, 4266 
tablets, 4267 
Fluphenazirce 
decanoate, 4268 
decanoate injection, 4269 
enanthate, 4270 
enanthate injection, 4270 
hydrochloride, 4271 
hydrochloride elixfr, 4271 
hydrochloride injection, 4272 
hydrochloride orał solution, 4273 
hydrochloride tablets, 4274 
Flurandrenolide, 4275 
cream, 4275 
lotron, 4276 

and neomycin sulfate cream, £305 
and neomycin sulfate lotion, 5306 
and neomycin sulfate ointment, 5306 
ointment, 4277 
tape, 4277 

Flurazepam hydrochloride, 4278 
capsuies, 4279 
Flurbiprafen, 4279 
sodium, 4281 

sodium ophthalmic solution, 4282 
tablets, 4280 
Flutamide, 4283 
capsuies, 4284 
Fluticasone 

propionate and salmeterol mhalation 
aerosol, 4303 

propionate and salmeterol mhalation 
powder, 4309 

Fluticasone propionate, 4285 
cream, 4287 
inhaiation aerosol, 4288 
inhalation powder, 4293 
nasal spray, 4298 
ointment, 4301 
F!uvastatin 
capsuies, 4317 
sodium, 4 315 

Fluvoxamine maleate, 4318 
tablets, 4319 
Folie acid, 4322 
assay(4ll), 345 
injection, 4323 
tablets, 4323 

FoJin-docalteu phenol TS, 2415 
Fondaparinux sodium, 4324 
injection, .4327 
Forma Idehyde 
solution, 2360, 2415, 4330 
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T5, 2415 
Form a m id e, 2360 
anhydrous, 2360 
Formie acid, 2360 
96 percent, 2360 
anhydrous, 2360 
FormoteroJ fumarate, 4330 
Forskohlil, 6970 
extract, powd ered, 6973 
powdered, 6972 
Foscamet sodium, 4332 
Fosfomycin tromethamine, 4333 
Fosinopril sodium, 4335 
and hydrochlorotbiazide tablets, 4338 
tablets, 4337 

Fosphenytoin sodium, 4340 
injection, 4341 
Fructose, 4342 
injectfon, 4343 

and sodium chloride injection, 4 344 
Fuchsln 

basie, 2336, 2360, 4344 
pyrogallol TS, 2415 
sulfurous acid TS, 2415 
Fuller^ earth, chromatographic, 2347, 2360 
Fulvestrant, 4345 
Fumarfc acid, 7670 
Fuming 

nitric acid, 2361 
sulfuric acid, 2361 
Furazolidone, 4346 
orał suspension, 4347 
tablets, 4347 
Furfural, 2361 
Furosemtde, 4347 
injection, 4348 
ora! solution, 4349 
tablets, 4350 


G 

G design alians, 2361 
Ga 67 injection, gailtum citrate, 4379 
Gabapentin, 4351 
capsuies, 4352 
tablets, 4353 
Gadodiamide, 4355 
injection, 4357 

Gadollnrum {Gd III) acetate hydrate, 2361 
Gadoiinium sulfate, 2361 
Gadopentetate dimeglumine injection, 4359 
Cadoteridol, 4360 
injection, 4363 
Gadoversetamide, 4364 
injection, 4 366 
Calactose, 7670 
Galageenan, 7671 
Galantamine 

extended-release capsuies, 4367 
hydrobromide, 4375 
ora! solution, 4372 
tablets, 4373 

Gallamine triethiodlde, 4378 
injection, 4379 

Callium citrate Ga 67 Injection, 4379 
Gamma cyclodextrin, 7628 
Ganciclovir, 4380 
for injection, 4381 
orał suspension, 4381 
Ganoderma lucidum fruiting body, 6974 
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Gduudeniia luddum fruitfrcg body powder, 
6978 

Gardnia cambogia, 6981 
powdered, 6982 
Carcinia hydroxyciLrate 
extract, powdered, 6983 
Gardnia tndfca , 6984 
powdered, 6986 
Garlic, 6987 

delayed-release tabfets, 6993 
extraet, powdered, 6991 
fMdextract, 6992 
powdered, 6989 

Gaseous sterilization (1229.7), 1837 
Gastric fluid, simulated, TS, 2415, 2420 
Ga u ze 

absorbent, 4382 
petrolatum, 4383 
Cel 

Ad a pal en e, 2598 
Aluminum hydroxide, 2682 
Aluminum hydroxide, dried, 2682 
Aluminum hydraxide capsules, dried, 2683 
Aluminum hydra xide tablets, dried, 2683 
Aluminum phosphate, 2684 
Aminobenzoic add, 2726 
Benzocaine, 2972 

Senzoeaine, butamben, and te tracą ine 
hydrach loride, 2979 
Benzoyl peraxide, 2988 
Betamethasone benzoate, 3003 
Chromatographic silica, 2347 
Chromatographic silica mixlure, 2347 
Clindamycin phosphate, 3483 
Desoximetasone, 3667 
Dexamethasone H 3672 
DEmethyl suffoxłde, 3792 
Dydonine hydrachloride, 3927 
Erythromycin and benzoyl peroxide, 
topie a I, 4038 

E rylh r omyci n, topie a I, 4032 
Fluocinonide, 4243 
Gelatin, 7672 

Gelatin film, absorbable, 4384 
Gelatin sponge, absorbable, 4384 
Gelatin TS, 2415 
Hy d raco rtisone, 4507 
Indomethadn, topi cal H 4600 
Me Iron id a zole, 5151 
Naftifine hydrochloride, 5269 
Phenol top3cal, camphorated, 5667 
Salicyl te acid, 6095 
Se leg i l inę compounded ta pi cal, 6138 
Silica, 2387 

Silica, binder-free, 2388 
Silica, chromatographic, 2347, 2388 
Silica, impregnated glass microfiber sheet, 
2388 

Silica mixture, chromatographic, 2347, 
2388 

Silica mjxmre, chromatographic, with 
chemicaily bound amino groups, 2388 
Silica mixture, dimethylsrlanized, 
di ro ma tog rap hic, 2388 
Silica mixture, octadecylsllanized 
chromatographic, 2388 
Silica mixture, octylsilanized, 
chromatographic, 2388 
Silica, octadeeylsilanized chromatographic, 
2388 

Silica, porous, 2388 
Sodium fiuoride and phosphoric add, 

6191 

Sodium sulfide topie a I, 6209 
Stannous fiuoride, 6226 


Toinafiate, 6517 
Tretinoin, 6555 
Gelatin, 7672 
film, absorbable, 4384 
sponge, absorbable, 4384 
TS, 2415 

Gellan gum, 7674 
Gemdtabine 
for injection, 4386 
hydrach loride, 4384 
Gemfibrozil, 4387 
capsules, 4388 
tablets, 4389 

Gene therapy products (1047), 1031 


General chapters 

<1) Injeetions and impiamed drug products 
(parenterals)—product guatity tests, 67 

(2) Orał drug products—product quality 
tests, 74 

(3) Topical and transdermal drug 
products—product guality tests, 78 

(4) Mucosal drug produets—produet 
quafity tests, 86 

(5) Jnhalation and nasal drag products 
generał information and product quality 
tests, 90 

<7) La be ling, 98 

(II) USP reference standards, 104 

(17) Prescription Container labeling, 107 
(31) Volumetric apparatus, 110 
{41} Baiances, 111 

(51 > Antimicrobial effecttveness testing, 

111 

(55) Biolog ical i ndicators—red stance 
performance tests, 114 

(61) Micrabiological examination of 
non stenie products: microbial 
enumeration tests, 117 

(62) Micrabiological examination of 
nonsterile products: tests for specified 
organisms, 123 

(63) Myco pl asm a tests, 130 
(71 > Sterility tests, 136 

(81) Antibiotlcs—microbial assays, 143 
(85) Bacterial endotoxins test, 163 

(87) Biological reactivity tests, in vitro, 169 

(88) Biological reactivity tests, in vivo, 172 

(89.1) Collagenase i, 180 

(89.2) Collagenase II, 185 

(89} Enzymes used as andllary materials in 
pharmaceutkal manufacturing, 1 77 
(90) Fetal bovine seraro—guality attnbutes 
and functionality tests, 190 
<91) Calcium pantothenate assay, 193 
{92) Growth factors and cytokines used in 
celi therapy manufacturing, 195 

(III) Design and analysis of biological 
assays, 199 

(115) Dexpanthenol assay, 203 
(121) Insulin assays, 205 
(121.1) Physicoc hem ical analytlcal 
procedures for insulins, 207 
(123) Glucagon bioidentity tests, 210 
<124) Erythropoietin bioassays, 213 

(126) Somatropin bioidentity tests, 214 

(127) Flow Cytometric Enumerahon Of 
CD34+ Celłs, 216 

(129) Analytlcal procedures for 
recombinąnt therapeutre monodonal 
antibodies, 221 

(130) Protein A guałity attributes, 227 


(15J) Pyrogen test, 234 
(161} Medical devices—bacterial endotoxin 
and pyrogen tests, 236 
(162) Diphtheria antitoxin potency testing 
for human immune globulins, 239 
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respect to their u ser safety fmpaet 
(1661), 2012 

Evaluation of the inner surface durability of 
glass containers (1660), 2007 
Exoipient biological safety evaiuation 
guidelfnes (1074), 1217 
Excipient performance (1059), 1143 
Fats and fixed oils (401), 332 
Fe tal bovine serum—guality attributes and 
functionallty tests (90), 190 
Flow Cytometric Enumeration Of CD34+ 
Cells (127), 216 
Flow cytometry (1027), 876 
Fluorescence spectroscopy (853), 777 
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General cJiapler* (ooniinued} 

Fluorescence spectroscopy—theory and 
practice (1853), 2211 
Folie acid assay (411), 345 
Gaseous sterrlization (1229.7), 1837 
Gene Lherapy products (1047), 1031 
Globule size distribution In lipid injectabfe 
emulsions (729), 607 
Glueagon bioidentity tests (123), 210 
Glyco protein and glycan analysis—generat 
considerations (1084), 1259 
Good distribution practices for bulk 
pharmaceutical excipients (1197), 1678 
Good manufacturing practices for bulk 
pharmaceutical excipients (1078), 1222 
Good packaging practices (1177), 1613 
Good repackaging practices (1178), 1616 
Good storage and distribution practices for 
drug products (1079), 1242 
Growth facto rs and cytokines used fn cel! 

therapy manufacturing (92), 195 
Hazardous drugs—handling in Healthcare 
settings (800), 727 
Heavy metals (231), 293 
Hematoxytin and eosin staining of 
sectioned tissue for microscopic 
examrnation (1285.1), 1982 
High-performance thin-layer 
chromatography procedurę for 
Identification of artrdes of botanical 
origin (203), 258 
Humań plasma (1180), 1618 
Identification of artides of botanical origin 
(563), 440 

Identification of artides of botanical origin 
by high-performance thin-layer 
chromatography proceduro (1064), 

1187 

Identification of fixed oils by thin-layer 
chromatography (202), 257 
Identification—organie nitrogenous bases 
(181), 245 

Identification tests—generał (19T>, 245 
Identification—tetracyc li nes (193), 254 
Immunogenidty assays—design and 
validation of assays to detect anti-drug 
neutralizing antibody (1106J), 1397 
Immunogenidty assays—design and 
vaiidation of Em mu no assays to detect 
anti-drug antlbodies (1106), 1382 
Immunoiogical test methods—surface 
pląs mon resonance (1105), 1366 
Immunoiogical test methods—enzyme- 
linked Em munosorbent assay (ELI SA) 
(1103), 1344 

Immunoiogical test methods—generał 
considerations (1102), 1337 
Immunoiogical test methods—immunoblot 
analysis (1104), 1355 
Impurities in drug substances and drug 
products (1086), 1270 
impurities testing in medical gases (41 3), 
349 

Inhalation and nasal drug products: 
aerosols, spnays, and powders— 
performance ąuality tests (601), 472 
Inhalation and nasat drug products— 
generał Information and pro duet ąuality 
tests (5), 90 

Injections and implanted drug products 
(parenterals)—product ąuality tests (1), 

67 

Insulin assays (121), 205 
In vitro and in vivo eva1uation of dosage 
forms (1088), 1277 


lodometric assay—antlblotfcs (425), 353 
fan chromatography (1065), 1197 
Iron (241), 301 
Labeling (7), 98 

Labeling of Inacttoe ingredients (1091), 
1296 

Lead (251), 302 
Leak ratę (604), SCO 

Light diffraction measurement of particie 
size (429), 354 

Liąuid-phase sterillzation <1229.6), 1834 
Loss on drying (731), 614 
Loss on ignition (733), 615 
Low molecuiar weight heparin molecular 
weight delerminations (209), 270 
Manufacturing practices for dietary 
supplements (2750), 2303 
Mass spectrometry (736), 620 
Measurement of subvisible parliculate 
matter in therapeutic protein injections 
(1787), 2149 

Medical devices—bacteriaf endotoxin and 
pyrogen tests (161), 236 
Medical gases assay (415), 349 
Meltlng rangę or temperaturę (741), 625 
Meteory (261), 303 
Methods for the determination of 
parliculate matter in injections and 
ophthalmic Solutions (1788), 2163 
Methoxy determination (431), 359 
Microbial characterization, Identification, 
and strain typlng (1113), 1419 
Microbial enumeration tests—nutritional 
and dietary supplements (2021), 2245 
Microbiological attrlbutes of nonsterile 
nutritional and dietary supplements 
(2023), 2256 

Microbiological best laboratory practices 
(1117), 1443 

Microbiological control and monitoring of 
aseptic processing environments (1116), 
1430 

Microbiological examination of nonsteriie 
products: acceptanee criteria for 
pharmaceutical preparations and 
substances for pharmaceutical use 
(1111), 1415 

Microbiological examinalton of nonsterile 
products: microbial enumeration tests 

(61) , 117 

Microbiological examlnation of nonsterile 
products: tests for spedfied organisms 

(62) , 123 

Microbiological procedures for absence of 
specified microorganisms—nutritional 
and dietary supplements (2022), 2250 
Mid-infrared spectroscopy (854), 783 
Mid-infrared spectroscopy—theory and 
practice (1 854), 2220 
Minimum filf (755), 628 
Moist heat sterillzation of agueous ltqulds 

(1229,2), 1815 

Monitoring devlces—time, temperaturę, 
and humidity (1118), 1449 
Monitoring of bioburden (1229.3), 1820 
Mucosal drug products—performance tests 
(1004), 829 

Mucosal drug products—product ąuality 
tests (4), 86 

Mycoplasma tests (63), 1 30 
Near4nfrared spectroscopy (1119), 1455 
Nephelometry, turbidimeiry, and visual 
comparisoo (855), 787 
New stenfization methods (1229.12), 1848 
Nradn or niacinarmrfe assay (441), 361 
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Nltrite titraclon (451), 366 
Nitrogen determination (461), 366 
Nomenclature (1121), 1469 
Nucfear magnetk resonance spectroscopy 
(761), 629 

Nudeic add-based technigues— 
amplifkatlon (1127), 1487 
Nudeic add-based techniąues— 
approaches for detectlng tracę nudeic 
adds (residua! DNA testing) (1130), 
1507 

Nudeic acid-based techniąues—extraction, 
detection, and seguencing (1126), 1477 
Nudeic add-based techniąues—generał 
(1125), 1471 

Nudeic acid-based techniąues— 
ge noty ping (1129), 1503 
Nudeic acid-based techniąues—microarray 
(1128), 1497 

ONgosaccharlde analysis (212), 273 
Ophthalmic products—performance tests 
(1771), 2135 

Ophthalmic products—ąuality tests (771), 
639 

Optical micrascopy (776), 645 
Optical rotalion (781), 648 
Orał drug products—product ąuality tests 
(2), 74 

Orally inhaled and nasal drug products 

(1664.1) , 2048 

Ordinary impurities (466), 368 
Osmofality and osmolarrty (785), 656 
Oxygen fiask combustion (471), 385 
Package integrity and test method 
seJection (1207.1), 1707 
Package Integrity leak test technolog fes 

(1207.2) , 1719 

Package scal ąuality test technologie* 

(1207.3) , 1736 

Packaging and repackaging—single unit 
containers <1136), 1532 
Packaging and storage reąukements (659), 
529 

Panaeatin (1025), 866 
Particie size distribution estimation by 
analylical sieving (786), 658 
Partieulate matter in injections (788), 665 
Parliculate matter fn ophthalmic Solutions 
(789), 669 
P H (791), 672 

Pharmaceutical calculatEons in pharmacy 
practice <1160), 1569 
Pb a rmaceu tka I co m pound i n g—no n s tent e 
preparations (795), 675 
P ha rmaceu ti cal co m pound i ng—ste ri le 
preparations (797), 683 
Pharmaceutical dosage forms (1151), 1543 
Phase-solubility analysis (1171), 1599 
Physical environments that promote safe 
medication use (1066), 1200 
Physicochemica! analytical procedures for 
insulins (121.1), 207 

Physicochemica] integrators and indicators 
for sterlJization (1229,9), 1842 
Plasma spectrochemistry (730), 611 
Plasma spectrochęmistry—theory and 
practice (1 730), 2067 
Plastic materials of construction (661.1), 

542 

Plastic packaging Systems and their 
materials of construction (661), 541 
Plastic packaging Systems for 
pharmaceutical use (661.2), 554 
Polarography (801), 746 
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General chapters (continued) 

Poroś imetry by mercury intrusion (267 ), 
306 

Porosity by nitrogen adsorption-desorption 
(268) ; 309 

Positron emission tomography drugs for 
compounding, invesligational, and 
research uses (823), 758 
Positron emission tomography drugs— 
Information {1823} , 2190 
Powder fineness (Sit), 750 
Powder fiow0l74) f 1602 
Prefcalłikrem actJvator {165}, 241 
Preparatron of biologital spedmens for 
histoiogic and immunohfStochemical 
analysis <1285), 1978 
Prescription balances and volumetrfc 
apparatus (11 76), 1607 
Prescription Container labellng {17), 107 
Products for nebulrzation—characterization 
lests (1601), 1984 
Prapellants {602}, 498 
Protein A quallty attributes (1 30), 227 
Protein determination procedures {507}, 
395 

Pyrogen test {151}, 234 
Quality a ss u rance in pharmaceutical 
compounding (1163), 1593 
Quality attributes of tablets labeled as 
having a functional score {705), 586 
Quality of biotechnological products: 
analysis of the expression construct in 
eelfs used for production of r-DNA 
derived protein products (1048), 1060 
Qualfty of biotechnological products: 
stabifity testing of biotechnological/ 
biologlcat products (1049), 1062 
Radiatitm sterilization {1229.10), 184 3 
Rad ioaclivi ty (8 21}, 751 
Radioactivity—theory and practice (1821), 
2177 

Rama n spectroscopy (1120), 1461 
Readily carbonizable substances test {271), 
314 

Refractive index (831), 768 
Residual host celi protein measurement in 
biopharmaceuticals {11 32), 1511 
Residual solvents <467), 369 
Residue on ignition (281), 314 
Rheometry {1911}, 2238 
Rrbofłavin assay (481), 386 
Salts of organie nitrogenous bases (501), 
392 

Stanning electron microscopy ( 1181 ), 

1641 

Selenium (291), 315 
Semlsolid dmg products—performance 
tests (1 724), 2055 
Sensitization testing (1184), 1651 
Shear celi methodology for powder flow 
testing (1063), 1175 
Significant change guide for bulk 
pharmaceutical excipients (1195), 1667 
Single-steroid assay (511), 400 
5omatropin bioidentily tests (126), 214 
Spacers and vaived holding chambers used 
with Inhalation aerosol s— 
characterization tests {1602}, 1988 
Spedfic gravity {841), 768 
SpecrHt surface area {846}, 769 
Spectrophotometric identif kation tests 
{197), 255 

Stabifity constderatlons in dispensing 
practice (1191), 1662 


Steam sterilization by cflrect coniaet 
<1229.1), 1812 

Stenie product packaging—integrity 
evaluation (1207), 1700 
Sterility testing—validation of Isofator 
Systems {1208}, 1739 
Sterility tests (71), 136 
Sterilization-ln-place (1229.13), 1849 
Sterilization of compendial arb des (1229), 
1807 

Sterilization and sterility assurance of 
compenriial articles {1211}, 1744 
Sterifizing fiJtration of liguids (1229.4), 
1824 

5ubvisibte particulate matter in triera peutlc 
protein injections (787), 663 
Sulfur dioaide <525), 401 
Supplementaf information for articles of 
botanicai origin (2030), 2260 
Sutures—diameter {861}, 795 
Sutures—needle altach merit (871), 796 
Tablet breaktng force <121 7), 1 750 
Tablet friabllity (1216), 1 749 
Tensite strength (881), 797 
Terminaily steriJized pharmaceutical 
products—pa ram et ric rei ease (1 222}, 
1753 

Test for 1,6-anhydro derivative for 
enoxaparin sodium (207), 261 
Trieory and practice of electrical 
conductivity measurements of Solutions 
{1644), 2000 

Therma! analysis {891), 798 
Thiamine assay (531), 407 
Th i n-la y er chromalographic Identification 
test (201), 256 
Titrimetry (541), 416 
Ta pi cal aerosols (603), 499 
Topicai and transdermal drug products— 
product guality tesls {3}, 78 
Total organie carbon (643), 522 
Transfer of analylical procedures <1224), 
1778 

Triduoroacetic acid (TFA) in peptides 
(503.1), 394 

Ultravlolet-visible spectroscopy (857), 789 
U Itravl o! et-v isi b le s pec troscopy—theo ry 
and practice (1857), 2229 
Uniformity of dosage units (905), 802 
LfSP reference standards <11), 104 
Vaccines for human use—bacterial vacdnes 
<1238>, 1943 

Vaccines for human use—generał 
consideratrom (1235), 1905 
Yaccines for human use—polysaccharide 
and gtycoconjugate vaccines (1234), 
1888 

Yaiidation of alternative microbiological 
methods (1223), 1756 
Yaiidation of compendiaf procedures 
(1225), 1780 

Yaiidation of mtcrobial recovery from 
pharmacopeial articles <1227), 1787 
Yaiidation of alternatlve methods to 
antiblotic mlcrobial assays (1223.1), 

1770 

Yapor phase sterilization (1229.11), 1847 
Verification of compendial procedures 
{1226}, 1786 

Yibrational circufar dichroism 
spectroscopytheory and practice (1782), 
21 36 

YibrationaI drcular dichroism spectroscopy 
(782), 649 
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Yiial sdfety evaluaŁion of biotechnology 
products derived from celi lines of 
human or animal origin (1050), 1067 
Yirology test methods (1237), 1922 
Ytrus testing of human plasma for further 
manufacttire {1240), 1956 
Vi sc osi ty—ca pil lary methods (911), 806 
Yiscosity—pressure driven methods (914), 
814 

Viscosity—rolling bali method (913), 812 

Viscosity—rotationaf methods (912), 808 

Yisible partieulates in injections (790), 671 

Yitamin A assay {571), 454 

Vitamin Bu activity assay {171), 242 

Yitamin C assay (580), 459 

Vttamm D assay (581), 462 

Yitamin E assay (551), 419 

Volumetric apparatus (31), 110 

Water conduetMty (645), 523 

Water determination (921}, 815 

Water for hemodialysis applications {1230}, 

1851 

Water for pharmaceutical purposes {1231), 

1852 

Water-solid interactions in pharmaceutical 
Systems {1241}, 1966 
Weighing on an analyticsl balance (1251), 
1970 

Weight variation of dietary supplements 
{2091), 2277 

Written prescription drug information— 
gul de Nn es {1 265), 1976 
X-ray fluorescence spectrometry (735), 615 
X-ray fluorescence spectro metry—theory 
and practice <1735), 2074 
Zine determination (591), 471 


General notices and requirements, 1 
Conformance to standards, 3 
Monograph components, 5 
Monograpris and generał chapters, 5 
Offidal status and legał recognition, 3 
Prescribing and dispensing, 12 
Preservation, packaging, storage, and 
la beli ng, 12 

Terms and definitions, 9 
Test results, 9 

Testing practlces and procedures, 7 
Title and revision, 3 
General tests for reagents, 2324 
Ceneticin, 2361 
Gentamicin 
injection, 4390 

and prednisolone acetale ophthalmic 
otntment, 4397 

and prednisolone acetale ophthalmic 
suspension, 4397 
suJfate, 4391 

suffate and betamethasone acetale 
Ophthalmic solution, 4393 
sulfate and betamethasone valerate 
ointment, 4394 

sulfate and betamethasone valerate otic 
solution, 4395 

sulfate and betamethasone valerate topi cal 
solution, 4396 
sulfate cream, 4392 
sulfate ointment, 4392 
suffate ophthalmic ointment, 4393 
sulfate ophthalmic solution, 4393 
uterine fnfusion, 4390 
Centlan vlolet, 4398 
cream, 4399 
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Gentian violet (coniinued) 
to pi cal solution, 4 4 DO 
Ginger, 6995 
capsules, 7001 
powdered, 6997 
tincture, 6999 
Gtnfcgo, 7003 
capsules, 7008 
extract powdered, 7005 
tablets, 7010 
Ginseng 
American, 6786 
Asian, 6805 

capsufes, American, 6790 
extract, powdered American, 6789 
extract, powdered Asian, 6808 
powdered, American, 6787 
powdered, Asian, 6807 
tablets, American, 6792 
tablets, Asian, 6809 
Tienchi, ront and rhizome, 7213 
Tienchi, root and rhizome dry extract, 

7221 

Tienchi, root and rhizome powder, 7216 
Girard reagent T, 2361 
Gitoxin, 2561 

Giacfal acetic acid, 2361, 2580 
TS, 2415 
Glass wool, 2361 
Claze, pharmaceutical, 7675 
Gllmepiride, 4400 
and pioglitazone tablets, 5716 
tablets, 4402 
GfipiZide, 4404 

and metformin hydrochloride tablets, 4407 
tablets, 4405 

Globule slze distribution in lipid injectable 
emulsjom (729), 607 
Globulin 
immune, 4409 
reagent, anti-human, 2334 
RH ft (D) immune, 4410 
Clucagon, 4410 
tor injection, 4411 

Glucagon bioidentity tests <123), 210 
O-Gluconrc acid, 50 percent tn water, 2361 
Gluconolactone, 4412 
Glucosamine 

and chondroitin suifate sodium tablets, 
7012 

chondroitin suifate sodium, and 
methylsulfonylmethane tablets, 7019 
hydrochloride, 7014 

and methylsulfonylmethane tablets, 701 7 
suifate potassium chloride, 7015 
suffate sodium chloride, 7016 
tablets, 7014 
Glucose, 2361 
enzymatic test strip, 4413 
lcquid, 7677 

oxidase-chromogen TS, 2415 
D-Glucuronolactone, 2361 
Gkitamie acid, 2361, 7021 
l-Glutamic acid, 2361 
hydrocNoride, 7677 
Glutaminę, 4413 
L-Clutamine, 2361 
Glutaral 

concentratę, 4414 
disin fectant sol u don, 7678 
Glutathione, 7022 
Glyburide, 4415 

and metformin hydrochloride tablets, 4418 
tablets, 4415 


Glycerin, 2361, 4421 
base TS, 2416 
ophthalmlc solution, 4423 
ora! solution, 4423 
suppositories, 4423 
Clyceryi 
behenate, 7678 
dibehenate, 7680 
distearate, 7681 
monocaprylate, 7683 
monocapryJocaprate, 7685 
monolinoleate, 7687 
monoofeate, 7688 
monostearate, 7689 
tnstearate, 7691 
Głycine, 4424 
ifrigation, 4424 
Giycolic acid, 2361 

Gly co protein and glycan a na lysi's—generał 
consideratlons (1084), 1259 
Glycopyrrolate, 4424 
injectian, 4427 
tablets, 4428 
Clycyl-i-gluta minę, 7023 
GiycyH-tyrosine, 7024 
Gold 

chloride, 2361 
chloride TS, 2416 
sodium thiomalate, 4429 
sodium thiomalate Injectian, 4430 
Gol den seal, 7026 
extraet, powdered, 7029 
powdered, 7027 
Gonadorelln 
acetate, 4431 
hydrochloride, 4433 
for injection, 4430 
Gonado tropin 
ch orionic, 4435 
chorionic, for injection, 4436 
Good distribution practices for bulk 
pharmaceutical exdpients (1197), 1678 
Good manufacturing practices for bulk 
pharmaceutical ex ri pień ts (1078), 1222 
Good packaging practices (1177), 1613 
Good repackaging practices (1178), 1616 
Good storage and distribution practices for 
drug products (1079), 1242 
Goserelin acetate, 4437 
Government liaisons to expert commŁttees 
and expert panels, xvii 
Graftskin, 3569 
Gramicidin, 4439 

and neomycin and poIymyxin B sulfates 
cream, 5320 

and neomydn and pofymyxin B sulfates 
and hydrocortisone acetate cream, 5321 
and neomycin and polymyxln 8 sulfates 
ophthalmic solution, 5320 
and neomycin suifate ointment, 5306 
nystatin, neomycin suifate, and 
triamcinolone acetonide cream, 5404 
nystatin, neomycin suifate, and 
iriamdnolone acetonide ointment, 5404 
Granisetron hydrochloride, 4439 
injection, 4441 
orał suspens!on, 4442 
tabiets, 4443 
Gra nul es 

Flunixm meglumine, 4237 
Montelukast sodium, orał, 5220 
Grapę seeds oligomeric proanthocyanidins, 
7030 

Gravity, specific (841>, 768 


Green 

brilliant, 2339, 2368, 2407 
FCF, fast, 2359 
soap, 4444 
soap tincture, 4445 
Green tea 

extract, decaffeinated, powdered, 7032 
GriseofuMn, 4445 
capsules, 4446 
orał suspension, 4447 
tablets, 4448 

tablets, ultramicrosize, 4449 
Growth factors and cytokines used in celi 
therapy manufacturing (92), 195 
Guaiacol, 236! 

Guaifenesin, 4450 
ca psuł es, 4451 

and codeine phosphate orał solution, 4453 
and dyphylline orat solution, 3931 
and dyphylline tablets, 3932 
and pseudoephedrine hydrochloride 
capsules, 4454 

pseudoephedrine hydrochloride, and 
dextromethorpharv hydrobromide 
capsules, 4455 

and theophyltine capsules, 6425 
and theophylline orał solution, 6426 
for injection, 4451 
orał solution, 4452 
tablets, 4452 
Cuanabenz acetate, 4456 
tablets, 4457 

Guanethidine monosulfate, 4458 
tablets, 4459 
Guanfacine 
hydrochloride, 4460 
tablets, 4460 

Cuanidine hydrochloride, 2362 
Guanidine isoihiocyanate, 2362 
Guanine hydrochloride, 2362 
Guar gum, 7693 
Guggul, 7034 
extract, nathre, 7035 
extract, purified, 7036 
tablets, 7037 

Guide to generał chapters 
charts, 13 

tabte of contents, 63 
Gutta percha, 4462 
Gymnema, 7038 
extract, native, 7041 
extract, purified, 7042 
powdered, 7040 


H 

Halazone, 4463 
tablets for solution, 4463 
Halcinonide, 4461 
cream, 4464 
ointment, 4465 
topical solution, 4467 
Halobetasof propionale, 4467 
Haloperidof, 4468 
decanoate, 4471 
Injection, 4469 
orał solution, 4470 
tablets, 4470 
Hafothane, 4473 
Hawthom teaf 
with flowcr, 7044 
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Hawthorn leaf (continued) 
wirh flower, powdered, 7046 
Bazardous drugs—handling in Healthcare 
settings (800), 727 
Heavy metals (231), 293 
Heavy metats in reagents, 2326 
Helium, 4473 

oxygen certified standard, 2376 
He ma tein, 2362 
Hematoxylin, 2362 
TS, Dełafełcfr, 2414 

Hematoxylin and eosin staining ol seclioned 
tissue for microscopie examination 
(1285.1), 1982 
Hemoglobin, bovine, 2362 
Heparin 

Jock flush solution, 4474 
sodium, 4475 
sodium Injection, 4480 
Hepatitis 8 

immune globulin, 4480 
1-Hepiadetanol, 2362 
Heptafluorobutyric acid, 2362 
H ep tak is-{2,6 ~di- Omethy l)^cy c ladex tri n, 
2362 

mHeptane, 2362 
chromatographic, 2347, 2362 
Heptyl p-hydroxyhenzoate, 2362 
Mesperidin, 7048 
HexachIorophene, 4481 
cleansing emulsion, 4482 
liquid soap, 4482 
Hexadecyl hexadecanoate, 2362 
H exa decyl t ri me Lhyla m mo n i u m bro m id e, 

2362 

Hexadimethrine bromide, 2362 
Hexarnet hy id is ii a za n e, 2362 
Hexamethyleneimine, 2362 
Hexamethylenetetramine, 2362 
n-Hexane, 2362 

Hexane, solvent, 2362, 2378, 2395 
diromatographic, 2347, 2362 
Hexanes, 2362 

Hexanitrodipheny laminę, 2356, 2362 
Hexanophenone, 2363 
Hexylamme, 2363 
Hexylene glycol, 7695 
Hexylresorcinol, 4483 
lozenges, 4484 

Hlglvperformance thin-tayer chrom a Log rap hy 
procedurę for Identification of artides of 
bo ta ni cal origin (203), 258 
Histaminę 

dihydrochloride, 2363 
phosphate, 4485 
phosphate injection, 4485 
Histidine, 4486 

i-Histidine hydrochloride monohydrate, 2363 
Hoiy ba sil leaf, 7049 
exLract, powdered, 7053 
powdered, 7051 
Homatropine 
hydrobromide, 4487 
hydrobromide ophthalmic solution, 4488 
methyl brom i de, 4488 
methylbromide and hydrocodone 
bitartrate tablets, 4502 
methyl bromide tablets, 4489 
Homosalate, 4490 
Honey, purified, 7695 
Horse chestnut, 6888 
extract, powdered, 6891 
powdered, 6889 

Horseradish peroxidase conjugated to goat 
anthmouse IgC, 2363 


Humań pląs ma (11 BO), 1618 
Hyaluronidase 
injection, 4491 
For injection, 4491 
Hydra łazi ne hydrochloride, 4492 
injection, 4494 
orał solution, 4494 
tablets, 4494 
Hydrazine 

dihydrochloride, 2363 
hydrate, 85% in water, 2363 
sulfate, 2363 
Hydfindantin, 2363 
Hydfiodic acid, 2363 
Hydrobromic acid, 2363 
Hydrochloric acid, 2363, 7695 
alcoholic, tenth-molar (0.1 M), 2427 
buffer, 2340 

difuted, 2353, 2363, 7696 

half-normal (0.5 N), 2427 

half-normal (0,5 N) in methanol, 2426 

injection, 4495 

normal (1 N), 2426 

0.001 N TS, 2416 

0.01 M TS, 2416 

0.025 N TS, 2416 

0.36 N TS, 2416 

0.05 N TS, 2416 

2 N TS, 2416 

3 N TS, 2416 
6 N TS, 2416 
0.1 N VS, 2426 
0.02 N VS, 2426 

Hydrochloride 
Nile blue, 2408 
Hydrochlorothiazide, 4496 
and amiloride hydrochloride tablets, 271 7 
amlodipine, valsartan, tablets, 2767 
and bisoprolol fu ma ratę tablets, 3045 
Candesartan cilexetil, tablets, 3159 
capsules, 4497 
and captopril tablets, 3176 
and enalapri! maleate tablets, 3973 
and fosinopril tablets, 4338 
and irbesartan tablets, 4674 
and listnopril tablets, 4867 
and fosartan potassium tablets, 4913 
and methyldopa tablets, 5103 
and metoprolol lartrate tablets, 5144 
and moexiprlł hydrochloride and tablets, 
5205 

and propranolol hydrochloride tablets, 
5895 

and ąutnapril tablets, 5942 

and reserpine tablets, 5992 

and s pi ron olać tonę orał suspension, 6223 

and spironolactone tablets, 6224 

tablets, 4499 

and telmisartan tablets, 6355 
and timolol maleate tablets, 6482 
and triamterene capsules, 6571 
and triamterene tablets, 6573 
and valsartan tablets, 6651 
Hydrocodone bitartrate, 4500 
and acetaminophen tablets, 4501 
and h om atropinę methyl bromide tablets, 
4502 

tablets, 4500 
Hydrocodone diol, 2363 
Hydrocortisone, 4505 
acetate, 4511 

acetate and chloramphenicol for 
ophthalmic suspension, 3352 
acetate and colisbn and neomycin sulfates 
otic suspension, 3558 


acetate cream, 4512 
acetate Injectable suspension, 4514 
acetate lotion, 4513 
acetate, neomycin and polymyxln B 
sulfates, and bacitracin ointment, 5314 
acetate, neomycin and po!ymyxin 8 
sulfates, and bacitracin ophthalmic 
ointment, 5314 

acetate, neomycin and polymyxin B 
sulfates, and bacitracin zinc ophthalmic 
ointment, 5317 

acetate and neomycin and pofymyxin B 
suffates cream, 5323 
acetate, neomycin and polymyxin B 
sulfates, and gramidicin cream, 5321 
acetate and neomycin and polymyxin B 
sulfates ophthalmic suspension, 5323 
acetate and neomycin sulfate cream, 5308 
acetate and neomycin sulfate lotion, 5308 
acetate and neomycin sulfate ointment, 
5308 

acetate and neomycin sulfate ophthalmic 
suspension, 5308 
acetate ointment, 4513 
acetate ophthalmic ointment, 4513 
acetate ophthalmic suspension, 4514 
acetate and oxytetracydine hydrochloride 
ophthalmic suspension, 5537 
acetate, penicillin G, neomycin, polymyxln 
B, and hydrocortisone sodium sucdnate 
topical suspension, 5597 
acetate, penicillin G proca i ne, and 
neomycin and polymyxin B sulfates 
topical suspension, 5614 
and acetlc acid otic solution, 4510 
and clioguinoJ cream, 3488 
and dioguinol ointment, 3489 
and neomycin and poiymyxin B sulfates 
ophthalmic suspension, 5322 
and neomycin and polymyxin B sulfates 
otic solution, 5321 

and neomycin and polymyxin B suffates 
otic suspension, 5322 
and neomycin sulfate cream, 5307 
and neomycin sulfate ointment, 5307 
and neomycin sulfate otic suspension, 

5307 

and oxytetracycllne hydrochloride 
ointment, 5537 

and polymyxin B sulfate otic solution, 

5753 

bu ty ratę, 4514 
bu tyra Le cream, 4515 
cream, 4506 
gel, 4507 

hemisuccinate, 4516 
injectable suspension, 4508 
lotion, 4507 

neomycin and poiymyxj r n B sulfates and 
bacitracin zrnc ointment, 5316 
neomycin and połymyxin B sulfates and 
bacitracin zinc ophthafmic ointment, 
5317 

ointment, 4508 
reetal suspension, 4509 
sodium phosphate, 4517 
sodium phosphate injection, 4518 
sodium sucdnate, 4519 
sodium sucdnate for injection, 4520 
sodium sucdnate, penicillin C, neomycin, 
polymyxm B, and hydrocortisone acetate 
topical suspension, 5597 
tablets, 4509 
va1erate, 4521 
va]erate cream, 4521 
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Hydrocortisone (cantinued) 
valerate olntment, 4522 
Hydroflumethtazide, 4521 
tablets, 4523 
Hydrofluoric add, 2363 
Hydnogen 

peroxide, 10 percent, 2363 
peroxide, 30 percent, 2363 
peroxide, 30 percent, unstabillzed, 2363 
peroxide, 50 percent in water, 2363 
peroxide eon cen tratę, 4524 
peFoxide sol u ti on, 2363 
peroxide topical solution, 4525 
peroxide TS, 2416 
sulfide, 2363 

sulfide detector tubę, 2363 
sulfide TS, 2416 
Hydragenated lanolin, 7727 
Hydmgenated polydextrose, 7809 
Hydrogenated vegetable oil, 7961 
Hydromorphone hydrochloride, 4525 
injection, 4528 
ora) solution, 4528 
tablets, 4530 

Hydroquinone, 2363, 4530 
cream, 4531 
topical solution, 4531 
Hyd roxo co ba lamin, 4531 
Injection, 4533 
Hydroxy naphthol blue, 2364 
3'-Hydroxyacetophenone, 2364 
4'-Hydroxyacetophenone, 2364 
Hydroxyamphetamine hydrobromide, 4533 
ophthalmic solution, 4534 
Hydroxyanisole, butylated, 7547 
p-Hydroxybenzoic acid, 2364 
4-Hydroxybenzoic acid isopropyl ester, 2364 
24iydioxy benzyl alcohol, 2364 

4-Hydroxybutane-1-sulfonie acid, 236-1 
4-Hydroxy-2-biJtanone, 2364 
HydroxychloroquJne sulfate, 4534 
tablets, 4535 

Hydroxyethyl cellulose, 7697 
AT(2-Hyd roxy e thy I )pipe razi ne-/\T-(2- 
ethanesulfonic acid), 2364 
Hydroxy!aminę hydrochloride, 2364 
TS, 2416 

10£Mdydroxynorandrostenedione, 2364 
2 '-(4-Hyd roxy p he nyl>-5 -(4-m ethyl-1 - 
pi perazi ny l)-2, S'-bf -1 H-benztmi dazole 
tri hydrochloride pen ta hyd ratę, 2364 
4-(4-Hy droxy pheny I)- 2 -b u ta n one, 2 364 

3- Hydroxy phe ny Id i met hy le thy I a m m oni u m 
chloride, 2364 

D-a-4’Hydroxyphenylglycine, 2364 

4- Hyd roxy-4 -phe nyI pi perid Ene, 2364 
Hydroxyprogesterone caproate, 4535 

injection, 4536 
Hydroxypropyl 
betadex, 7697 
cellulose, 7700 

cellulose, low-substituted, 7701 
ceJIułose ocular system, 4537 
corn stanch, 7908 
pea starch, 791 7 
potato starch, 7922 
Hydroxypropy f-/J-eyclodextrin, 2364 
Hydroxypropyl cellulose, 2364 
8 -Hydroxyqufnoline Jt 2364 
TS, 2416 
Hydroxytoluene 
butylated, 7548 
butylated, reagent, 2341 
Hydroxyurea, 4538 
capsules, 4538 


Hydroxyzine 
hydrochlonde, 4539 
hydrochlonde injection, 4540 
hydrochloride orał solution, 4541 
hydrochlonde tablets, 4542 
pamoate, 4544 
pamoate capsules, 4545 
pamoate orał suspension, 4546 
Hymetellose, 7702 
Hyoscyamjne, 4546 
hydrobromfde, 4548 
sulfate, 454 8 
sulfate elixrr, 4550 
sulfate tnjectton, 4550 
sulfate orał solution, 4551 
sulfate tablets, 4551 
tablets, 454 7 

Hypophosphorous acid, 7703 
50 percent, 2364 
Hypoxanthine, 2365 
Hypromellose, 4552 
acetate su cd na te, 7704 
ophthalmic solution, 4554 
phthalate, 7706 


0 

I 123 

capsules, sod Sum Iodide, 4635 
Injection, iobenguane, 4632 
injection, iodohippurate sodium, 4634 
solution, sodium iodide, 4636 
I 125 

albumin injection, iodinated, 4636 
injection, iothalamate sodium, 4637 
I 131 

albumin aggregated injection, iodinated, 
4638 

albumin injection, iodinated, 4637 
capsules, sodium iodide, 4640 
injection, iobenguane, 4633 
injection, i odo h i pp u ratę sodium, 4638 
injection, rosę benga! sodium, 4639 
solution, sodium iodide, 4640 
Ibuprofen, 4555 

and dipbenhydramlne dtrate tablets, 3799 
d i phen hydra minę hydrochloride capsules, 
3808 

and pseudoephedrine hydrochloride 
tablets, 4559 
orał suspension, 4556 
tablets, 4558 
Ibutilide fumarate, 4561 
Ichthammol, 4562 
ointment, 4563 
Id a m bid n hydrochloride, 4563 
injection, 4565 
for injection, 4564 
Identification 

of artides of botanical origin (563), 440 
of artides of botanical origin by high- 
performance thłn-layer chromatography 
procedurę <10645, 1187 
of fixed o Els by thłn-layer chromatography 
(202), 257 

organie nttrogenous bases (181), 245 
test, thin-layer chro mato grap hic (201), 256 
tests—generał (191), 245 
tests, spectrophotometric (197), 255 
tetracytlines (193), 254 


ldoxuridine, 4566 
ophthalmic ointment, 4566 
ophthalmic solution, 4567 
tfosfamide, 4567 
for injection, 4569 
IgG-coated red cetls, 2365 
Imsdazole, 2365 
Imidurea, 7707 
Iminodiacetic add, 2365 
Imipenem, 4569 

and dlastatin for Injectable suspension, 
4572 

and dlastatin for injection, 4571 
Imipramine pamoate, 4575 
Imipramine hydrochloride, 4573 
injection, 4574 
tablets, 4574 
Imipramine pamoate 
capsules, 4576 
lmiquimod, 4579 
cream, 4580 

Immunogenicity assays—design and 
validarion of assays to detect anti-drug 
neutralizing amibody <T 106.1), 1397 
Immunogenicity assays—design and 
validation of immunoassays to detect anti* 
drug antibodies (1106), 1382 
Immunological test methods—surtace 
pfasmon resonance (1105), 1366 
Immunological test methods 
enzyme-iinked Immunosorbent assay 
(EU5A) (1103), 1344 
generał considerations <1102) r 1337 
immunoblot analysis (1104), 1355 
Impurities 
ord i nary (466), 368 
testing in medical gases (413), 349 
Impurities in drug subsEances and drug 
Products (1086), 1270 
Inamrinone, 4582 
injection, 4583 
indapamide, 4584 
tablets, 4585 
indene, 2365 

Indicator and test papers, 2408 
Indicators, 2406 
indicator papers, 2408 
reagenls, and Solutions, 2323 
test papers, 2408 
Indigo carmine, 2365 
T5, 2416 

Indigotindisulfonate sodium, 4586 
injection, 4586 
tndjnavfr sulfate, 4587 
fndium fn 111 

capromab pendetide injection, 4589 
chloride solution, 4589 
fbritumomab Liuxetan injection, 4591 
oxyquinoline solution, 4591 
pentetate Injection, 4592 
pentetreotide injection, 4593 
satumomab pendetide injection, 4593 
Indocyanine green, 4594 
for Injection, 4595 
Indole, 2365 

Indole-3-carboxylic add, 2365 
Indomethadn, 4595 
capsules, 4596 

extended-release capsules, 4597 
for injection, 4600 
topical gel, 4600 
orał suspension, 4602 
sodium, 4603 
suppositories, 4601 
IndophenoPacetate TS, 2416 
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Inhalant 

amyj nitrite, 2816 
prapylhexedrine, 5899 


Inhalatton 

Acetylcys teine and isoproterenol 
hydrochloride solution, 2587 
Cromolyn sod i u m powder, 3588 
Cromolyn sodium solution, 3588 
Dexamethasone sodium phosphate 
aerosol, 3679 
Epinephrine aerosol 3999 
Epinephrine bitartrate aerosol 4002 
Epinephrine sol u Mo n, 4000 
Ergotaminę ta rt ratę aerosol 4023 
Fluticasone pro pion a te aerosol 4288 
Flutfcasone propionate powder, 4293 
Isoetharlne fnesylate aerosol, 4686 
Isoetharine solution, 4685 
Isoproterenol hydrochloride aerosol 4700 
Isoproterenol hydrochloride and 
phenylephrine bitartrate aerosol 4702 
Isoproterenol solution, 4699 
Isoproterenol sulfate aerosol 4705 
Isoproterenol sulfate solution, 4706 
Leval butę roi solution, 4801 
Meta pro terenol sulfate aerosol 5040 
Metapraterenol suIratę solution, 5041 
Ratepinephrine solution, 5963 
Ribavirin for solution, 5998 
Salmeterol powder, 6096 
Sodium chloride, solution, 6185 
Sterile water for, 6718 
Terbutaline sulfate aerosol, 6375 
Tobramycm so lut ton, 6497 


Inhalation and nasal drag products: aerosols, 
sprays, and powders—performance qualfty 
tests (601), 472 

Inhalation and nasal drug products generał 
Information and product quallty tests (5), 
90 


Injection 

Acepronwine maleate, 2541 
Acetazolamide for, 2578 
Acydovir for, 2592 
Adenosine, 2601 
Al co hol, dehydrated, 2618 
Alcohol in dextrose, 2619 
Alfentanil, 2624 
Al pros ta dii, 2652 
Alteplase for, 2655 
Amifostine for, 2710 
Amikacin sulfate, 2714 
Aminocaproic acid, 2728 
Aminohippurate sodium, 2732 
AminopentamEde sulfate, 2734 
Aminophylfine, 2737 
Amiodarone hydrochloride, 2753 
Amitriptyline hydrochloride, 2759 
Ammonium chloride, 2775 
Am mon tum molybdate, 2778 
Amobarbital sodium for, 2779 
Amphotericin B for, 2799 
Ampicillin for, 2807 
Ampidllin and snlhACtam for, 2813 


Anileridine, 2823 
Aprotinin, 2851 
Arginine hydrochloride, 2856 
Articaine hydrochloride and epinephrine, 
2864 

Ascorbic acid, 2866 
Atenolol, 2887 
Atracurium besylate, 2903 
Atropinę sulfate, 2906 
Azaperone, 2912 
Azathioprine sodium for, 2917 
Azithromycin for, 2925 
Aztreonam, 2933 
Aztreonam for, 2934 
Bacitracin for, 2937 
Bacteriostatic sodium chloride, 6183 
Bacteriostatic water for, 6717 
Benztropine fnesylate, 2990 
Benzyl pen tci II oyl poły łysinę, 2994 
Betamethasone sodium phosphate, 3009 
Bethanechol chloride, 3019 
Biperiden łaciate, 3030 
flteomycin for, 3046 
Bretylium tosylate, 3048 
B rety Rum tosylate in dextrose, 3049 
Brompheniramine maleate, 3059 
Bumetanide, 3063 
Bupwacatne hydrochloride, 3066 
Bupn/acalne hydrochloride in dextrose, 
3067 

Bupivacaine hydrochloride and 
epinephrine, 3068 
Butorphanoł tartrate, 3100 
Caffefne ci tratę, 3107 
Caffeme and sodium benzoate, 3109 
Caldtonin sałmon, 3119 
Caicitriol, 3121 
Calcium chloride, 3135 
Calcium gluceptate, 3137 
Calcium gluconate, 3140 
Calcium levulinate, 3146 
Capreomycin for, 3167 
Carbenicillin for, 3186 
Carboplatin for, 3203 
Carboprost iromełhamine, 3206 
Carmustlne for, 321 1 
Cefamandole nafate for, 3247 
CefazoEln, 3250 
Ce fazo fi n for, 3251 
Cefepime for, 3261 
Cefrnenojdme for, 3268 
Cefmetazole, 3270 
Cefmeiazole for, 3270 
Cefonicid for, 3271 
Cefoperazone, 3273 
Cefoperazone for, 3273 
Ceforanide for, 3275 
Cefotaxime, 3276 
CefotaxSme for, 3277 
Cefotetan, 3282 
Cefotetan for, 3283 
Cefotiam for, 3285 
Cefoxitin, 3288 
Cefoxidn for, 3288 
Cefpiramide for, 3290 
Ceftazidlme, 3301 
Ceftazidfme for, 3301 
Ceftizoxime, 3304 
Cefti 20 xlme for, 3304 
Ceftrfaxone, 3305 
Ceftriaxone for, 3305 
Cefuroxime, 3309 
Cehjroxime for, 3309 
Cephalothin, 3322 
Cephalothin for, 3323 


Cephapirin for, 3324 
Cephradine for, 3329 
Chloramphenicol, 3349 
Chloramphenicol sodium succinate for, 
3355 

Chloro procaine hydrochloride, 3375 
Chloroquine hydrochloride, 3376 
Chlorothiazide sodium for, 3383 
Chlorpheniramine maleate, 3387 
Chlorpromaztne hydrochloride, 3392 
Chorionic gonadotropin for, 4436 
Chramie chloride, 3406 
Chromi urn Cr 51 edetate, 3407 
Gmetidine, 3421 

Cimetidine in sodium chloride, 3422 
Ciprof1oxadn, 3429 

Cisapride compounded, veterinary, 3438 
Cisatracurium besylate, 3442 
CispEatln for, 3446 
CladrEbEne, 3459 

□avutanlc acid and tfcardflln, 6464 
Clindamycin, 3475 
Clindamycin for, 3476 
Cloprostenol, 3519 
Codeine phosphate, 3547 
Colchidne, 3553 
Cofistimethate for, 3557 
Cortfcotropin, 3577 
Corticotropin for, 3578 
Corticotropin, repository, 3580 
Cr 51, sodium chromate, 3407 
Cupric chloride, 3593 
Cupric sulfate, 3595 
Cyanocobalamin, 3597 
Cyclophosphamide for, 3608 
Cyclosporine, 3615 
Cysteinę hydrochloride, 3621 
Cytarabine fur, 3623 
Dacarbaztne for, 3625 
Dactinomycin for, 3627 
Dantrolene sodium for, 3635 
Daunorubictn hydrochloride for, 3639 
Deferoxamine mesylate for, 3642 
Dehydrated alcohol, 2618 
Deslanoside, 3654 
Desmopressin acetate, 3661 
Desoxycorti co sterane acetate, 3668 
Dexamethasone, 3672 
Dexamethasone sodium phosphate, 3681 
Dextran 40 fn dextrose, 3696 
Dextran 40 in sodium chloride, 3697 
Dextran 70 in dextrase, 3700 
Oextran 70 in sodium chloride, 3701 
Dextm$e, 3709 

Dextrose and sodium chloride, 3709 
Diatrizoate meglumine, 3711 
Diatrizoate meglumine and diatrizoate 
sodium, 3712 
Diatrizoate sodium, 3715 
Diazepam, 3719 
Diazoxide, 3722 
Dibucatne hydrochloride, 3725 
Dicydomine hydrochloride, 3744 
Diethylsrilbestral, 3756 
Digitoxin, 3764 
Digoxin, 3767 

Dihydroergotamine mesylate, 3771 
Dihydrostreptomycin, 3773 
Dimenhydrinate, 3788 
Dfmercaprol, 3791 
Dinoprost trometh aminę, 3795 
Diphenhydramine hydrochloride, 3805 
Dipyridamole, 3820 
Dobutamine, 3841 
Dobutaminc for, 3842 
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Injection (continued) 

Dobu tarninę In dextrase, 3843 
Docetaxel, 3846 
Dopamine hydrochloride, 3865 
Dopamine hydrochloride and dextrose, 
3866 

Doaapram hydrochloride, 3873 
Doxorubicin hydrach loride, 3884 
Doxorubicin hydrach loride for, 3885 
Doxycydine for, 3891 
Droperidol, 3912 
Dyphyiline, 3929 
Edetate calcium disodium, 3939 
Edetate disodium, 3941 
Edrophonium chloride, 3941 
Electrolytes and dextrose type 1, multiple, 
3954 

Electrolytes and dextrose type 2, multiple, 
3958 

Electrolytes and dextro5e type 3, multiple, 
3961 

Electrolytes type 1, multiple, 3949 
Electrafytes type 2, mułtipfe, 3952 
Elements, tracę, 3964 
EmetJne hydroch loride, 3968 
Enalaprilat, 3976 
Enoxaparin sodium, 3982 
Ephedrine sulfate, 3997 
Epinephrine, 4000 
Epirubidn hydrochloride, 4006 
Ergonovine maleaie, 4020 
Ergotaminę tartrate, 4024 
EryŁhromyctn, 4033 
Erythromycin ethyl succinate, 4043 
Erythromycin lactobionate for, 4047 
Estradiol cypionate, 4076 
Estradiol valerate, 4077 
Ethacrynate sodium for, 4093 
Ethiodized oil, 4102 
Etomidate, 4119 
Etoposide, 4123 
Famotidine, 4137 
Fenoldopam mesyfate, 4160 
Fentanyl dtratę, 4166 
Ferumoxfdes, 4180 
FIoxuridine for, 4208 
Fluconazole, 4211 
Fluconazole In dextrose, 4214 
Fluconazole fn sodium chloride, 4216 
Fludarabine phosphate, 4226 
Fludarabine ph osp ha te for, 4226 
Fludeoxyglucose FI 8 , 4250 
Flumazenil, 4232 
Flunixin megiumine, 4238 
Fluorescein, 4245 
F 18, sodium fluoride, 4251 
Fluorouracil, 4258 
Fluphenazine decanoate, 4269 
Fluphenazine enanthate, 4270 
Fluphenazine hydrach loride, 4272 
Folie add, 4323 
Fondaparinux sodium, 4327 
Fosphenytoin sodium, 4341 
Fructose, 4343 

Fructose and sodium chloride, 4344 
Furosemlde, 4348 
Gadodiamide, 4357 
Gadopentetate dimeglumine, 4359 
Gadoteridol, 4363 
Gadoversetamide, 4366 
Gallamine triethlodide, 4379 
Galllum citrate Ga 67, 4379 
Ganodovir for, 4381 
Gemdtabine for, 4386 
Gen Lam tein, 4390 


Glucagon for, 4411 

Glycopyrrolate, 4427 

Gold sodium thiomalate, 4430 

Gonadorelin for, 4430 

Gon a do tropi n, ch arionie for, 4436 

Gramsetron hydrochloride, 4441 

Guaifenestn for, 4451 

Haloperidol, 4469 

Heparin sodium, 4480 

Histaminę phosphate, 4485 

Hyaluronidase, 4491 

Hyaluronidase for, 4491 

Hydralazme hydroch loride, 4494 

Hydrochloric acid, 4495 

Hydrocortisone sodium phosphate, 4518 

Hydracoftisone sodium succinate for, 4520 

Hydromorphone hydrochloride, 4528 

Hydraxoco bała min, 4533 

Hydraxyprogesterane caproate, 4536 

Hydroxyzine hydrochloride, 4540 

Hyoscyamine sulfate, 4550 

I 123, iobenguane, 4632 

l 123, iodohippurate sodium, 4634 

I 125, iothalamate sodium, 4637 

I 125, albumin, iodinated, 4636 

I 131, iobenguane, 4633 

1131, iodohippurate sodium, 4638 

I 131, rosę bengal sodium, 4639 

1 131, albumin, iodinated, 4637 

I 131, albumin aggregated, Iodinated, 

4638 

Idarubicin hydrochloride, 4565 
Idarubidn hydrochloride for, 4564 
Ifosfamide for, 4569 
Imipenem and dlastatin for, 4571 
Imipramine hydrochloride, 4574 
Inamrinpne, 4583 
Indlgolindisulfui tale sodium, 4586 
indium In 111 capromab pendetide, 4589 
Indiom In 111 ibritumomab tiuxetan, 4591 
Indium In 111 pentetate, 4592 
Indium In 111 pentetreotide, 4593 
Indium In 111 satumomab pendetide, 

4593 

Indocyantne green for, 4595 
Indomethacin for, 4600 
injection, 3415 
Insulin, 4607 
Insulin asparl, 4610 
Insulin glarglne, 4613 
Insulin human, 461 7 

Humań insulin and human insulin isophane 
suspemion, 4617 
Insulin lis pro, 4623 
I nul i n in sodium ch loride, 4629 
lnvert sugar, 6241 
lodipam ide meg I u m i ne, 4641 
lodixanol, 4645 
1ohexol, 4652 
lopamidof, 4654 
lopromide, 4658 
Iothalamate megiumine, 4659 
Iothalamate megiumine and iothalamate 
sodium, 4659 
Iothalamate sodium, 4660 
loverso|, 4662 

loxaglate megiumine and loxag!ate 
sodium, 4663 
loxilan, 4666 

Irinotecan hydrochloride, 4678 
Iron dextran, 4680 
Iron sorbitex, 4681 
Iron sucrose, 4682 
Isoniazid, 4694 

Kop rotę reno I hydrochloride, 4701 


fsoxsuprine hydrochloride, 4726 
lvermectfn, 4732 
lvermectin and clorsulon, 4736 
Kanamycin, 4742 
Ketarninę hydrochloride, 4746 
Ketorolac tromethamine, 4754 
Labetalol hydrochloride, 4759 
Leucovorin calcium, 4797 
Leveti race tam, 4825 
ievocamitine, 4823 
levorphanol tartrate, 4839 
Udocaine hydrochloride, 4848 
Udocaine hydrochloride and dextrose, 

4852 

Udocaine hydrochloride and epinephrine, 

4853 

Lincomycin, 4856 
Lorazepam, 4905 
Magnesium sulfate, 4952 
Magneslum sulfate In dextrasę, 4953 
Manganese ch loride, 4957 
Manganese sulfate, 4960 
Mannitol, 4962 

Mannitol in sodium chloride, 4963 
Mechlorethamine hydrochloride for, 4974 
MenadioJ sodium dlphosphate, 5003 
Menadione, 5005 
Me per id i ne hydrochloride, 5008 
Mepivaeaine hydrochloride, 5015 
Mepivaeaine hydrochloride and 

levonordefrin, 5016 
Meropenem for, 5026 
Mesoridazine besylate, 5035 
Meta rami nol bi tartrate, 5043 
Methadone hydrochloride, 5061 
Methocarbamol, 5078 
Methohexital sodium for, 5081 
Methotrexate, 5U84 
Methotrexate for, 5085 
Methotrimeprazine, 5087 
Methytdopate hydrochloride, 5104 
Melhyiene blue, 5107 
Methylene blue, veterinary, 5107 
Methylergonovlne maleate, 5109 
Methylpred ni solone sodium succinate for, 

5123 

Metod oprą mi d e, 5129 
Metoprolol tartrate, 5141 
Metron i dazofe, 5152 
Mezlocillin for, 5161 
Miconazole, 5163 
Midazolam, 5168 
Minocydine for, 5174 
Mitomydn for, 5195 
Mltoxantrone, 5197 
Morphine sulfate, 5234 
Morrhuate sodium, 5236 
MyoophenoJate motet ii for, 5250 
N 13, ammoma, 5369 
Nafdllin, 5265 
Nafcillin for, 5266 
Nalorphine hydrochloride, 5273 
Naloxone hydrochloride, 5274 
Nandrolone decanoate, 5278 
Nandrolone phenpropionate, 5279 
Neomydn for, 5300 
Neostigmine methyhulfate, 5328 
Netilmidn sulfate, 5329 
Niacin, 5335 
Niadnamide, 5340 
Nicardipine hydrochloride, 5342 
Nftroglycerin, 5371 
Norep i n ephri ne bi tartra te, 5381 
Ondansetron, 5443 
Orphenadrine dtrale, 5459 
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Injection (continued) 

Oxaciliin, 5471 
Oxadllin for, 5472 
Oxaliplatin, 5477 
Oxaliplatin for, 5479 
Qxymorphone hydrochloride, 5527 
Oxytetracycline, 5532 
Oxytetracyciine for, 5536 
Oxytorin, 5541 
Paclilaael, 5544 

Pamidronate disodium for, 5552 
Pancuronlum bromide, 5560 
Papaverine hydrochloride, 5571 
Paricaldtol, 5575 

Particulate matter in injection s <788), 665 
Pemetrejed, 5590 
Pen id I lin G potassium, 5603 
Penie i Nin G potassium for, 5604 
Penidllrn C sodium for, 5616 
Pentazoeine, 5630 
Pentobarbital sod i u m, 5634 
Perphenazine, 5650 
Phenobarbital sodium, 5666 
Phentolamine mesylate for, 5675 
Phenylbutazone, 5678 
Phenylephrine hydrochloride, 5683 
Phenytorn sodium, 5697 
Physostigmine salicylate, 5700 
Phytonadione injeciable emulsion, 5702 
Piperadlfm for, 5727 
Piperadflin and tazobactam for, 5728 
Polymyjęin B for, 5752 
Potassium acetale, 5757 
Potassium chloride concentrate for, 5764 
Potassium chloride in dextrose, 5766 
Potassium chloride in dextrose and sodium 
chloride, 5767 

Potassium chloride in lactated Rlnger's and 

dextrose, 5769 

Potassium chloride in sodium chloride, 
5772 

Polassium phosphates, 5788 
Pralidoxime chloride for, 5795 
Prednisolone sodium phosphate, 5819 
Prednisolone sodium sucrinate for, 5820 
Prilocaine and epinephrine, 5828 
Prtlocaine hydrochloride, 5827 
Procainamfde hydrochloride, 5840 
Procaine hydrochloride, 584 3 
Procaine hydrochloride and epinephrine, 
5843 

Procatne and tetracaine hydrochlorides and 
levonordefrin, 5844 
Prochlorperazine edisylate, 5848 
Progesterone, 5854 
Promazine hydrochloride, 5861 
Promethazine hydrochloride, 5864 
Propofol injectable emulsion, 5887 
Propoxycaine and procaine hydrochlorides 
and levonordefrin, 5889 
Propoxycaine and procaine hydrochlorides 
and norepinephrine bitartrate, 5890 
Propranolol hydrochloride, 5894 
Protaminę sulfate, 5903 
Pyridostf gminę bromide, 5922 
Pyridoxine hydrochloride, 5925 
Quinidine gluconate, 5947 
Ranitldine, 5975 

Ranitidine in sodium chloride, 5978 

Reposltory corticotropin, 3580 

Reserpine, 5987 

RiboNavm, 6002 

Rifampin for, 6009 

Ringeris, 6019 

Ringeris and dextrosc, 6021 


RingeTs and dextrose, halbstrength 
lactated, 6028 

Ringeris and dextrose, lactated, 6025 
Ringer's and dextrose, modified, lactated, 
6030 

RingePs, lactated, 6023 
Ritodrine hydrochloride, 6043 
Ropivacaine hydrochloride, 6078 
Rosę bengal sodium I 131, 4639 
Rubidium chloride Rb 82, 60B2 
Sargramostim for, 6110 
Scopolamine hydrobromide, 6128 
Secobarbital sodium, 6132 
Secobarbital sodium for, 6132 
Selenious acid, 6139 
Sisomicin sulfate, 6169 
Sm 153 lexidranam, samarium, 6106 
Sodium acetale, 6173 
Sodium bicarbonate, 6178 
Sodium bromide, veterinary, 6179 
Sodium chloride, 6183 
Sodium chloride, bacterioslalic, 6183 
Sodium chromate Cr 51, 3407 
Sodium lactate, 6194 
Sodium nitrite, 6196 
Sodium nitroprusside for, 6197 
Sodium phosphates, 6202 
Sodium sulfate, 6208 
Sodium thiosulfate, 6210 
Somatropin for, 6212 
Strontium chloride Sr 89, 6235 
Streptomydn, 6234 
Streptomydn for, 6234 
Succinylcholine chloride, 6237 
Sufentanll citrate, 6241 
Sugar, invert, 6241 
Sulfadiazrne sodium, 6259 
SulfdiiitrlliOfeazole and trimelhoprim, 6269 
Sumatriptan, 6288 
Technetium Tc 99m albumin, 6331 
Technetiurn Tc 99m albumin aggregated, 
6332 

Technelium Tc 99m albumin colloid, 6333 
Technetium Tc 99m apdtide, 6335 
Technet i um Tc 99 m arcitumomab, 6335 
Technetium Tc 99m bicisate, 6336 
Technetium Tc 99m depreotfde, 6337 
Technetium Tc 99m dtsofenin, 6337 
Technetium Tc 99m etidronate, 6338 
Technelium Tc 99m exametaz3me, 6338 
Technetium Tc 99m fanolesomab, 6339 
Technetium Tc 99m gluteptate, 6340 
Technetium Tc 99m lidofenin, 6341 
Technetium Tc 99m mebrofenin, 6342 
Technetium Tc 99m medronate, 6343 
Technetium Tc 99m mertiatide, 6344 
Technetium Tc 99m nofelumomab 
merpentan, 6345 

Technetium Tc 99m oxiseonate, 6345 
Technetium Tc 99m pentetate, 6345 
Technetium Tc 99m pertechnetate, 
sodium, 6346 

Technetium Tc 99m pyrophosphate, 6348 
Technetium Tc 99m (pyro- and irimeta ) 
phosphates, 6348 

Technetium Tc 99m red blood cells, 6349 
Technetium Tc 99m sestamibi, 6349 
Technetium Tc 99m suedmer, 6350 
Technetium Tc 99m sulfur colloid, 6351 
Technetium Tc 99m tetrofosmin, 6352 
Teniposide, 6363 
Terbutaline sulfate, 6376 
Testosterone cy piana te, 6388 
Testosterone enanthate, 6389 
Testosterone pro pi ona te, 6390 
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retracaine hydrochloride, 6394 

Tetracaine hydrochloride for, 6395 

Tetracaine hydrochloride in tiextrose, 6397 

Tetracydine hydrochloride for, 6404 

ThaNous chloride Tl 201, 6415 

Theophylline fn dextrose, 6423 

Thiamine hydrochloride, 6431 

Thiopentai sodium for, 6445 

Thtotepa for, 6450 

Thiothixene hydrochloride, 6453 

Thiothixene hydrochloride for, 6454 

Tkarcfllm and clavulanfc acid, 6464 

Ticardllin and davulanic acid for, 6465 

Ticardllin for, 6463 

Tigecyelrne for, 6473 

Tiletamine and zolazepam for, 6475 

Tilmicósin, 6478 

Tobramyein, 6493 

Tobramycin for, 6494 

Tolazoline hydrochloride, 6509 

Tolbutamide for, 6511 

Trłfluaperazine hydrochloride, 6585 

Triflupromazine hydrochloride, 6588 

Trimethobenzamide hydrochloride, 6596 

Tripelennamine hydrochloride, 6602 

Tromethamine for, 6610 

Tubocurarine chloride, 6619 

Tylosin, 6621 

Urea for, 6628 

Valproate sodium, 6643 

Vancomydn, 6655 

Vancomycin hydrochloride for, 6658 

Vasopressin, 6662 

Verapamfi hydrochloride, 6676 

Verteporfin for, 6684 

Vinblastine sulfate for, 6691 

VinCristinę sulfate, 6694 

Vincristine sulfate fqr, 6695 

Vinorelbine, 6698 

Warfarin sodium for, 6714 

Water for, bacteriostatic, 6717 

Water for, sterile, 6718 

Water for, 6717 

Xenon Xe 1 33, 6722 

Xylazine, 6725 

Yohimbine, 6729 

Yttrium Y 90 ibritumomab tiuxetan, 6730 
Zidovudine, 6740 
Zinc chioride, 6749 
Zinc sulfate, 6756 

Zoiazepam and tlletamine for injectlon, 
6475 


fnjections and implanted drug products 
Cparenterals)—pro duet guaiity tests <1), 67 
Inosine, 2365 
inositol, 2365, 77 08 
Insoluble matter in reagents, 2326 
Insulin, 4605 
aspart, 4608 
assays (121), 205 
glargine, 4611 
glargine injection, 4613 
human, 4615 
human injection, 4617 
human isophane suspension and human 
insulin injection, 461 7 
human suspension, isophane, 4620 
injection, 4607 
lispro, 4621 
lispro injection, 4623 
suspension, isophane, 4619 
zinc suspension, 4624 
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insul-lverm 1-35 


insulin (contittued) 
zinc sus pen si on, extended, 4625 
zinc suspension, prompl, 4627 
Insulin as part 
injection, 4610 

Intestinal fluid, simulaied, TS, 2416, 2420 
In trama mm ary infusłon 
amoxidllin, 2787 
dojtadflin benzathine, 1531 
Inlrautenne contra cep tive system 
progesterony 5854 
Intrinsic viscosity table, 2525 
Inulin, 4628 

in sodium chloride injection, 4629 
Insert sugar, 77 TO 
In vltra 

and in vivo evaiuation of dosage forms 
(1068), 1277 

biolog scal reacti^ity lests (87), 169 
In vivo 

biolog!cal reactmty tests (88), 172 
and in vitro evaluation of dosage forms 
(1088), 1277 
lobenguane 
I 123 injection, 4632 
I 131 injection, 4633 
suffate, 2365 
lodic acid, 2365 
Iodinated 

I 125 albumin injection, 4636 
I 131 albumin aggregated Injection, 4638 
I 131 albumin injection, 4637 
lodine, 2365, 4630 
diluted TS, 2416 

hundredth-normal (0,01 N), 24 27 
1123 capsules, sodium iodide, 4635 
I 123 injection, lobenguane, 4632 
1 123 injection, iodohippurate sodium, 
4634 

I 123 solution, sodium iodide, 4636 
I 125 albumin injection, iodinated, 4636 
I 125 injection, iothalamate sodium, 4637 
I 131 albumin aggregated injection, 
iodinated, 4638 

I 131 albumin Injection, iodinated, 4637 
1131 capsules, sodium iodide, 4640 
1131 injection, iobenguane, 4633 
I 131 injection, iodohippurate sodium, 
4638 

I 131 injection, rosę bengal sodium, 4639 

I 131 solution, sodium iodide, 4640 

monobromtde, 2365 

monochloride, 2365 

monochlorlde TS, 2416 

and potassium iodide TS 1, 2416 

and potassium iodide TS 2, 2416 

and potassium iodide TS 3, 2416 

solution, strong, 4631 

topical solution, 4630 

tenthhnormai (OJ N), 2416, 2427 

imcture, 4631 

tincture, strong, 4632 

T5, 2416 

twentieth-normal (0,05 N), 2427 
lodiparmde, 4641 
meglumine injection, 4641 
fodixanol, 4642 
injection, 4645 
I od obrom id e TS, 2416 
I odach loride TS, 2416 
lodaethane, 2365 
lodoform, 4648 
Iodohippurate sodium 
I 123 injection, 4634 
i 131 injection, 4638 


lodometric assay—antibfotics (425), 353 
p-lodonitrotetrazolium violet, 2365 
lodoplatinate TS, 2416 
|odoquinol, 4648 
tablets, 4649 
lohexof, 4649 
Injection, 4652 

fon chromatography (1065), 1197 
ton-exchange resln, 2365 
lopamidol, 4653 
injection, 4654 
lopromide, 4655 
injection, 4658 
lothaiamate 

meglumine injection, 4659 
meglumine and iothalamate sodium 
injection, 4659 
sodium 1 125 injection, 4637 
sodium Injection, 4660 
sodium and iothalamate meglumine 
injection, 4659 
lothalamic acid, 4661 
loversol, 4662 
injection, 4662 
loxaglate 

meglumine and ioxaglate sodium injection, 
4663 

sodium and ioxaglate meglumine injection, 
4663 

loxaglic acid, 4664 
loxilan, 4665 
injection, 4666 
Ipecac, 4667 
powdered, 4668 
orał solution, 4669 
ipra tropi urn bromide, 4670 
Irbesartan, 4671 

and hydrochlorothiadde lablets, 4674 
tablets, 4673 

Irinotecan hydrochloride, 4676 
injection, 4678 
Iron 

carbonyl, 4679 
dextran injection, 4680 
phenot TS, 2416 
powder, 2365 
saficylate TS, 2417 
sorbitex injection, 4681 
sucrose injection, 4682 
wire, 2365 
Iron (241), 301 
Isoamyl 
alcohol, 2365 
Isobutane, 771 3 
Esobutyl 
acetate, 2365 
alcohol, 2329, 2366, 7713 
4-lsobutylacetaphenone, 2366 
AMsobutylpiperidone, 2366 
Isoetharine 
hydrochloride, 4684 
inhalation solution, 4685 
mesy lale, 4685 

mesyiate inhalation aerosol, 4686 
Isof lup redo ne acetate, 2366, 4687 
injectable suspension, 4688 
neomycin sulfate and tetracaine 
hydrochloride ointment, 5309 
neomycin sulfate and tetracaine 
hydrochloride topical powder, 5310 
Isoflurane, 4688 
Isoleudne, 4690 
Usoleuoine, 2366 
Isomalt, 7715 
tsomaltotriose, 2366 


Isometheptene mu ca te, 4691 
dichloralphenazone, and acetaminophen 
capsules, 4692 
2 -lsoniazid, 2366, 4693 
injection, 4694 
and rifampin capsules, 6010 
rifampin, pyrazmamtde, and ethambutol 
hydrochloride tablets, 6013 
rifampin and pyrazinamide tablets, 6012 
orał solution, 4694 
tablets, 4695 
Isonicotinamide, 2366 
Isonicotinic acid, 2366 
hydrazlde, 2366 
Isooctane, 2366 
Isopropamide iodide, 4696 
tablets, 4696 
Jsopropyl 
acetate, 2366 

alcohol, 2329, 2366, 2383, 4697 
alcohol, azeotropic, 4698 
alcohol, dehydrated, 2329, 2366 
alcohol, rubbrng, 4699 
et her, 2366 
iodide, 2366 
myristate, 2366, 7717 
palmitate, 7717 
salicyl a te, 2366 
isopropylaminę, 2366 
fsop rotę reno! 
hydrochloride, 4699 

hydrochloride and acetylcysteme inhalation 
solution, 2587 

hydrochloride inhalation aerosol, 4700 
hydrochloride injection, 4701 
hydrochloride and phenylephrine bitartrate 
inhalation aerosol, 4702 
hydrochloride tablets, 4/02 
inhalation solution, 4699 
sulfate, 4704 

sulfate inhalation aerosol, 4705 
sulfate inhalation solution, 4706 
Isorhamnetin, 2366 
Isosorbide 
concentrate, 4706 

dinitrate txtended-release capsules, 4708 
dinitratę chewabte tablets, 4710 
dinitrate, diluted, 4708 
dlnitrate subJinguat tablets, 4712 
dinitrate extended-release tablets, 4710 
manonrtrate, diluted, 4712 
mononitratę tablets, 4714 
mononitrate extended-release tablets, 

4715 

ora! solution, 4707 
tsotretinoin, 4720 
capsules, 4721 
lsovaleric acid, 2366 
lsoxsuprine hydrochloride, 4725 
injection, 4726 
tablets, 4726 
Isradipine, 4727 
capsules, 4728 
orał suspension, 4728 
ttraeonazole, 4729 
lvermectin, 4730 
and dorsulon injection, 4736 
Injection, 4732 
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1-36 lverm-Linol 


lvermectin (cantimied) 
pastę, 4733 

and pyranlei pamoate tablets, 4737 
topical solutlon, 4736 
tablets, 4734 
Ixabep tlone, 4739 


1 

Japanese honeysutkfe flower, 7055 
dry ęjttract, 7058 
powder, 7060 
Juniper tar, 4741 


K 

Kaempferol, 2366 
Kanamycin 
Injection, 4742 
sulfate, 4742 
sulfate capsules, 4744 
Kaolin, 4745 
Kerosene, 2366 
Ketamine hydrochloride, 4745 
injection, 4746 
Ketoconazole, 4747 
orał suspension, 4748 
tablets, 4748 
Ketoprofen, 4749 
capsules, 4750 

extended-release capsules, 4751 
Ketorołac tfomethamme, 4753 
injection, 4754 
tablets, 4756 
Kr 81 m 
krypton, 4757 
Krill oil 

capsules, 7066 

delayed-release capsules, 7069 
Krypton Kr 8Im, 4757 


L 


L designations, 2366 
labeling (7), 98 

Labeling of inaetive ingredients (1091), 
Labetalol hydrochloride, 4758 
injection, 4759 
orał suspens fon, 4759 
tablets, 4760 
afpha-Lactalbumin, 771 8 
lactase, 4761 
Lactic add, 4761 
Lactitol, 7722 
Lactobionic acid, 7723 
Lactose, 2367 
anhydrous, 7724 
beta, 2367 
monohydrate, 7726 
ma n oh y dra te, alpha, 2367 
Lactulose 

concentrate, 4762 
soiution, 4763 
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Lamtvudine, 4764 
orał solutlon, 4766 
tablets, 4767 

and abacavir tablets, 2529 
and zidovudine tablets, 4769 
Lamotrigine, 4771 
tablets, 4772 
Lamotrigine 

extended-release tableLs, 4774 
tablets for orał suspension, 4776 
Lamotrigine compounded 
oraj suspension, 4778 
Lanolin, 4779 
alcohols, 7727 
modified, 4781 
Lansoprazole, 4784 
delayed-release capsules, 4786 
Lansoprazole compounded 
orał suspension, 4787 
Lanthanum 

altzarin complexan mlxture, 2367 
chloride, 2367 
nitra te łiexahydrate, 2367 
nitrate TS, 2417 
oxide, 2367 
La ta no prost, 4788 
La u lit ac id, 7728 
Lauroy! polyoxylglycerides, 7729 
Laury! dimethyr aminę oxide, 2367 
Lead 

acetale, 2367 
acetale paper, 2367 
aeetate test paper, 2408 
acetale TS, 2417 
aeetate TS, afcoholic, 2417 
monoxide, 2367 
nitrate, 2367 

nitrate, humJredLh-mular (0.01 M), 242B 
nitrate stock solutlon TS, 2417 
perchlorate, 2367 

perchlorate, hundredth-molar (0.01 M), 
2428 

perchlorate, tenth-molar (0.1 M), 2428 
soiution, standard, 2421 
subacetate TS, 2417 
subacetate TS, diluted, 2415, 2417 
tetraacetate, 2367 
Lead (251), 302 
leak ratę (604), 500 
Ledthin, 7730 
Leflunomide, 4789 
tablets, 4791 
Lem on 
oil, 7732 
tincture, 7733 
Letrazole, 4792 
tablets, 4793 
Leudne, 4795 
Leucovorirv ca lei u m, 4796 
injection, 4797 
tablets, 4798 
Leuprofide aeetate, 4799 
Levalbuterol 

inhalation soiution, 4801 
Levalbuterol hydrochloride, 4803 
Levamisoie hydrochforide, 4805 
tablets, 4805 
Levetiracetam, 4806 
extended-release tablets, 4812 
injection, 4808 
orał soiution, 4809 
tablets, 4811 
Levmetamfetamine, 4818 
Levobunoiof hydrochloride, 4819 
ophthafmic soiution, 4820 


Levocabastine hydrochloride, 4820 
Levocarnitfne, 4821 
injection, 4823 
orał soiution, 4823 
tablets, 4824 

Levocetirizine di hydrochloride 
tablets, 4826 
Levodopa, 4828 
capsules, 4829 
Levodopa 

and carbidopa exiended-release tablets, 
3190 

and carbidopa orally disintegrating tablets, 
3196 

and carbidopa tablets, 3189 
tablets, 4830 
Łevofloxadn, 4831 
orał soiution, 4833 
tablets, 4834 
Levonordefrin, 4836 

and mepivacalne hydrochloride injection, 
5016 

and procaine and tetracaine hydrochtorides 
injection, 5844 

and propoxycaine and procaine 
hydrochlorides injection, 5889 
Levonorgestrel, 4837 
and ethinyl estradiol tablets, 4837 
Levorphanol tartrate, 4838 
injection, 4839 

tablets, 4839 

Levothyroxine sodtum, 4840 
orał powder, 4842 
tablets, 4843 
Ucorice, 7072 
extract, powdered, 7074 
fluidextract, 7733 
powdered, 7073 
Lidocaine, 4845 
topical aerosol, 4845 
hydrochloride, 4847 

hydrochloride and dextrose injection, 4852 
hydrochloride and epinephrine injection, 
4853 

hydrochloride injection, 4848 
hydrochloride jelly, 4849 
hydrochloride orał topical soiution, 4849 
hydrochloride topical soiution, 4851 
neomycłn and polymyxin S sulfates and 
bacitradn ointment, 5315 
negmycin and polymyxin B sulfates and 
bacitradn zinc ointment, 5318 
and neomycin and polymyxin B sulfates 
cream, 5323 
ointment, 4846 
and prilocaine cream, 4854 
orał topical soiution, 4847 
Light diffracbon measurement of particie size 
(429), 354 
Limę, 4855 
Limestone 
ground, 7075 
(ft)-(+)-Limonene, 2367 
Onalool, 2368 
Lmcomyci n 
hydrochloride, 4856 
hydrochloride capsules, 4857 
hydrochloride soiuble powder, 4858 
injection, 4856 
orał soiution, 4856 
Linda ne, 4858 
cream, 4859 
totion, 4859 
shampoo, 4859 
linoieic acid, 7368 
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Linol-Maiac 1-37 


Unoleoyl polyoxy3glycendes, 7734 
Uothyronine sodium, 4860 
tablets, 4861 
Liotrix tablets, 4862 
Lipid injectable emulsion, 4863 
Upoić add 
afpha, 7076 
capsules, alpha, 70 77 
tablets, alpha, 7078 
tt-Lrpoic acid, 2368 
Liguid petro fatum, 2368 
Liquid-phase steriljzation {1229.6>, 1834 
Usinopril, 4864 

and hydrochlorothiazide tablets, 4867 
ora! suspension, 4865 
tablety 4866 
Lithium, 2368 
carbonate, 4870 
carbonate capsules, 4871 
carbonate tablets, 4872 
carbonate eatended-release tablets, 4873 
chloride, 2368 
citrate, 4874 
hydroxide, 2368, 4875 
meta bora te, 2368 

methoxide, fiftieth-normal (0.02 N) in 
methanol, 2428 

methoaide, tenth-normal (0.1 N) In 
chloro benzene, 2428 
methoxide, tenth-normal (OJ N) in 
methanol, 2429 

methoxide, tenth-normal (0.1 N) in 
tolueoe, 2429 
nltrate, 2368 
perchlorate, 2368 
orał sol u ti on, 4870 
sulfate, 2368 
Lithocholic add, 2368 
Utmus, 2368, 2407 
paper, blue, 2409 
paper, red, 2409 
TS, 2417 
Lotke-Ringer'$ 
solution, 2417 
T$, 2417 

Locust bean gum, 2368 
Lomustine, 4876 
capsules, 4878 

Loperamide hydrochloride, 4880 
capsules, 4880 
orał solution, 4881 
tablets, 4882 
Lopinavir, 4883 
Loplnavtr 

and ritonavir orał solution, 4886 
and ritonavir tablets, 4890 
Loracarbef, 4893 
capsules, 4894 
for orał suspensron, 4895 
Loratadine, 4896 
chewable tablets, 4900 
orał solution, 4897 
lableb, 4899 

o rally disintegrating tablets, 4901 
Lorazepam, 4904 
injection, 4905 
orał eon cen tratę, 4907 
tablets, 4908 
Losartan potassium, 4910 
and hydrochlorothiazide tablets, 4913 
tablets, 4911 

Loss on drying (731), 614 
Loss on drying for reagents, 2326 


Loss on ignltlon (733), 615 


Lotion 

Amphotericin B, 2799 
Benzoyl peroxide, 2989 
Benzyl benzoate, 2992 
Betamethasone dfproplonate, 3006 
Betamethasone valerate, 3013 
Clotrimazole, 3525 
Flurandrenolide, 4276 
Hydrocortisone, 4507 
Hydrocortisone acetale, 4513 
Llndane, 4859 
Maiathion, 4955 

Methylbenzethonium chloride, 5096 
Neomycin sulfate and flurandrenofide, 
5306 

Neomydn sulfate and hydrocortisone 
acetale, 5308 
Nystatin, 5402 
Padimate O, 5546 
Triamcinolone aceton Ide, 6560 


Lovastatin, 49 T 7 
tablets, 4919 

Low mołecular weight heparin mol ecu lar 
weight determinations (209), 270 
Loxapine 
capsules, 4921 
succlnate, 4920 
lufenuron, 4921 
Lumefantrine, 4923 
l utein, 7078 
capsules, 7079 
preparation, 7080 
Lycopene, 7081 
preparation, 7083 
tom a to extract containing, 7084 
Łysinę 

acetale, 4924 
hydrochloride, 4925 
hydrach lorlde tablets, 7GB 7 
L-Lysine, 2368 


M 


Mafenide acetate, 4927 
crearn, 4928 

for topical solution, 4928 
Mag a Id ratę, 4930 

and simethicone chewable tablets, 4933 
and simethicone orał suspension, 4932 
orał suspens ion, 4931 
tablets, 4931 
Magnesia 

alumina and calcium carbonate chewable 
tablets, 2663 

alumina, calcium carbonate, and 
simethicone chewable tablets, 2664 
alumina and caldum carbonate orał 
suspension, 2662 

alumina and simethicone chewable tablets, 
2668 

alumina and simethicone orał suspension, 
2666 

and alumina ora! suspension, 2660 


and alumina tablets, 2661 
aspirin and alumina tablets, 2877 
aspirin, codeine ph osp ha te, and alumina 
tablets, 2883 

caldum carbonate and simethicone 
chewable tablets, 3131 
and calcium carbonate chewable tablets, 
3131 

milk of, 4934 
mixture TS, 2417 
tablets, 4934 
Magnesium, 2368 
acetate, 2368 
aluminometasilicate, 7735 
a lu mi nos 11 i cale, 7736 
aluminum si lica te, 7738 
and calcium carbonates orał suspension, 
3133 

and caldum carbonates tablets, 3134 
carbonate, 4935 

carbonate and citric acid for orał solution, 
4936 

carbonate, citric acid, and potassium 
citrate for orał solution, 4937 
carbonate and sodium bicarbonate for orał 
suspension, 4937 

carbonate, alumina, and magnesium oxide 
tablets, 2671 

carbonate and alumina orał suspension, 
2669 

carbonate and alumina tablets, 2670 
chloride, 2368, 4938 
chloride, 0.01 M, 2429 
citrate, 4939 

dtrate orał solution, 4940 
citrate for orał solution, 4941 
giuconate, 4942 
gluconate tablets, 4943 
hydroxide, 4943 
hydroxide pastę, 4944 
nitra te, 2368 
oxide, 2368, 4945 

oxide, alumina, and magnesium carbonate 
tabfets, 2671 

oxide, aspirin, and alumina tabfets, 2878 
oxide capsules, 4946 
oxide, chromatographic, 2347, 2368 
oxide, citric acid, and sodium carbonate 
irrigation, 3458 
oxide tablets, 4947 
perchlorate, anhydrous, 2333, 2368 
phosphate, 4947 
saficylate, 4949 
salicylate tablets, 4950 
silicate, 7740 

si lica te, activated, 2329, 2368 
silicate, chromatographic, 2368 
Stearate, 7741 
sulfate, 2368, 4951 
sulfate, anhydrous, 2333, 2368 
sulfate in dextrose injection, 4953 
sulfate injection, 4952 
sulfate TS, 2417 
trisilicate, 4953 

trisilicate and alumina orał suspension, 

2672 

trisilicate and alumina tablets, 2673 
tri s iii tatę tablets, 4954 
Malabar-nut-tree, leaf, 7087 
powdered, 7089 
extract, powdered, 7090 
Malachite green 
G, 2368 
oxaiate, 2408 
T5, 241 7 
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Malathion, 4955 
lotion, 4955 

Ma(eic acid, 2368, 7744 
Maltc acid, 7745 
Maflor/s stain, 2417 
Malonic and, 2368 
Maltitol, 7746 
solution, 7747 
Mallodextrin, 7748 
Maltol, 7751 
Maltose, 7751 
Maltotriose, 2368 
Mandelic acid, 7752 
Manganese, 2368 
chloride, 4956 
chloride injection, 4957 
chloride for orał solution, 4958 
dioxide, 2369 

dloxide, activated, 2369, 2369 
gluconate, 4958 
sulfate, 4960 
sulfate injection, 4960 
Mannitol, 4960 
injection, 4962 

in sodium chloride injection, 4963 
D-Mannitol, 2369 

Manufacturing practices for dieta ry 
supplemenis (2750), 2303 
Maprotiline hydrochloride, 4963 
Ubielą 4964 

Marbofloxadn compounded, veterinary 
orał suspension, 4965 
Maritime pine, 7091 
extract, 7092 

Mass spectrometry (736), 620 
Mayer's reagent, 2417 
Mazindol, 4966 
tabiets, 4967 

Measuremem of subvisible particulate maiter 
in therapeutlc protein injectfons (T 787), 
2149 

Mebendazofe, 4968 
orał suspension, 4969 
tabiets, 4970 
Mebrofenin, 4971 

Mecamylamine hydrochloride, 4972 
tabiets, 4973 

Mechlorethamine hydrochloride, 4974 
for injection, 4974 
Mecfizine hydrochloride, 4975 
tabiets, 4976 

Medocycline sulfosalicyiate, 4978 
cream, 4978 

Meclofenamate sodium, 49 79 
capsules, 4980 
Medical air, 2602 

Medtcal devices—bacterial endotoxin and 
pyrogen tests (161), 236 
Medicaf gases assay (415), 349 
Medium-chaln trigylcerides, 2369, 7957 
Medroxyprogesterone acetate, 4980 
injectable suspension, 4981 
tabiets, 4982 
Mefenamtc acid, 4983 
capsuEes, 4984 

Mefloquine hydrochloride, 4984 
tabiets, 4985 
Megestrol acetate, 4987 
orał suspension, 4987 
tabiets, 4989 
Meglumine, 4990 
Melamine, 2369 
Melatonin, 7094 
tabiets, 7095 

Melengesirol aceiate, 4990 


Meloxicam, 4991 
orał suspension, 4994 
tabiets, 4995 
Melphalan, 4997 
tabiets, 4997 

Meltrng rangę or temperaturę (741), 625 
Memantine hydrochloride, 4998 
tabiets, 5000 

Mernbers of the United States Pharmacopeial 
Convention, xix 

Menadłól sodium diphosphate, 5003 
injection, 5003 
tabiets, 5004 
Menadione, 5005 
injection, 5005 
Menaquinone-7, 7096 
capsules, 7097 

extract, Baciltus subtitis subsp. subtifis, 7101 
preparat! ort, 7098 
tabiets, 7100 
Men t hol, 5006 

and benzocaine topical aerosol, 2981 
lozenges, 5007 
and tetracalne ointment, 6392 
Meperidine hydrochloride, 5007 
injection, 5008 
orał solution, 5009 
tabiets, 5009 
Mephenytoin, 5010 
tabiets, 5011 
Mephobarbital, 5012 
tabiets, 5013 

Mepivacaine hydrochloride, 5013 
injection, 5015 

and levonofdefnn injection, 5016 
Meprednisone, 5017 
Meprobarmte, 5017 
orał suspension, 501 8 
tableLs, 5019 
Me rad i ma te, 5020 
2-Mercaptoethanol, 2369 
Mercaptopurine, 5020 
tabiets, 5022 
Mercu ric 
acetate, 2369 
acetate TS, 2417 
ammonium thiocyanate TS, 24? 7 
bromide, 2369 
brom i de test paper, 2409 
brom i de 15, alcohollc, 2412, 2417 
chloride, 2369 
chloride TS, 2417 
todide, red, 2369 
lodide, TS, 241 7 
nitrate, 2369 

nitrate, tenth-mofar (0.1 M), 2429 
nitra te TS, 2417 
oxide, yellow, 2369, 2406 
potassium iodide TS, 2417 
potassium todide TS, alkaline, 2412, 2417, 
2418 

sulfate, 2369 
sulfate TS, 2414, 2417 
thiocyanate, 2369 
Mercurous nitrate 
dihydrate, 2369 
TS, 2418 
Mercury, 2369 
ammoniated, 5023 
Mercury (261), 303 
Meropenem, 5024 
for Injection, 5026 
Mesalamine, 5027 
extended-release capsules, 5029 

rectal suspension, 5030 


delayed-release tabiets, 5032 
Mesityl oxide, 2369 
Mesna, 5033 

Mesoridazine besylate, 5035 
injection, 5035 
ora! solution, 5036 
tabiets, 5037 
Mestranol, 5037 

and ethynodiol diacetate tabiets, 4111 
and norethindrone tabiets, 5385 
Metaeresol, 5038 
Metan ii 
yellow, 2369 

Metaphenylenediarmne hydrochloride, 2369 
TS, 2418 

Metaphosphoric-acetic add TS, 2418 
Metaphosphoric acid, 2369 
Metaproterenol sulFate, 5039 
inhalation aerosol, 5040 
inhalation solution, 5041 
orał solution, 5042 
tabiets, 5043 

Metaraminol bitartrate, 5043 
Injection, 5043 
Metaxalone, 5044 
tabiets, 5046 

Metformin hydrochloride, 5047 
extended~release tabiets, 5050 
and glipizide tabiets, 4407 
and glyburide tabiets, 4418 
and pioglitazone tabiets, 5720 
tabiets, 5048 

Methacholine chloride, 5058 
Methacrylic acid, 2369 
copolymer, 7753 
copolymer dispersion, 7755 
and ethyl acrylate copolymer, 7756 

and ethyl acrylate copolymer dispersion, 

7758 

and ethyl acrylate copolymer, partia lly- 
neutratized, 7760 

and methyl methacrylate copolymer, 7759 
Methacycline hydrochloride, 5059 
capsules, 5059 
orał suspension, 5060 
Methadone hydrochloride, 5060 
injection, 5061 
orał concentratę, 5061 
orał solution, 5062 
tabiets, 5063 

tabiets for ora! suspension, 5064 
Met hampheta minę hydrochloride, 5064 
tabiets, 5065 

Methanesulfonie acid, 2369 
Melbanol, 2329, 2333, 2369 
aldehyde-free, 2369 
anhydrous, 2369 
deuterated, 2350 
spectrophotometrie, 2369 
Methazolamide, 5066 
tabiets, 5066 

Methdilazine hydrochloride, 5067 
orał solution, 5068 
tabiets, 5068 

Methenamine, 2362, 2369, 5069 
hippurate, 5071 
hippurate tabiets, 5072 
mandelate, 5072 
mandelate for orał solution, 5073 
mandelate orał suspension, 5073 
mandelate tabiets, 5074 
mandelate delayed-retease tabiets, 5074 
orał solution, 5070 
tabiets, 5070 
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Methimazole, 5075 
tablets, 5076 
Methionine, 5076 
Methoearbamol, 5077 
injection, 5078 
tablets, 5079 

Methods for tłie determlnatfon of particulate 
matter in Injections and ophthalmic 
Solutions <1788), 2163 
Methohexital, 5080 
sodium for injection, 5081 
Methotrexate, 5082 
injection, 5084 
for injection, 5085 
tablets, 5086 
Methotrimeprazine, 5086 
injection, 5087 
Methoxsalen, 5087 
capsules, 5088 
topical solution, 5089 
5-Methoxy-1 H-benzEmidazole-2-thiol, 2369 
7-Methoxycoumarin, 2369 
Methoxy determinalion (431), 359 
Methoxyethanol, 2369 

2-Methoxyethano!, 2369 
MeLhoxyflurane, 5089 
5-Me th oxy-2-methy I - 3 -indo leacelic a cid, 
2369 

Methoxyphenyłacetic add, 2370 
Methoayphenylacetic TS, 2418 
Methscopolamine bram id e, 5090 
tabletu, 5091 
Methsuxrrnide, 5092 
capsules, 5093 
Melhydothiazide, 5093 
tablets, 5094 
Methyl 

a ca ta te, 2370 
alcohol, 7761 
4-aminobenzaate, 2370 
arachidate, 2370 
behenate, 2370 
benzenesulfonate, 2370 
eaprate, 2370 
caprylate, 2370 
carbamate, 2370 
chloroform, 2346, 2370, 2401 
eracate, 2370 
ethyi ketone, 2370 
green, 2370 

green-Eodomercurate paper, 2409 
heptadecanoate, 2370 
iodide, 2370 

isobutyl ketone, 2370, 7762 
laurate, 2370 
lignocerate, 2371 
linoleate, 2371 
linoJena te, 2371 
methacrylate, 2371 

methacrylate and ethyi ac ryła te co poły mer 
disperston, 7650 
myristate, 2371 
oieate, 2371 
orange, 2408 
orange TS, 2418 
pal mi tatę, 2371 
purple T5, 2418 
red, 2371, 2408 
red-methylene blue TS, 2418 
red sodium, 2408 
red TS, 2418 
red TS 2, 2418 
red TS, methanolłc, 2418 
salicylate, 7763 
stearate, 2371 


sulfoxide, 2371 
violet T5, 2418 
yellow, 2371, 2408 
yellow-methylene blue T5, 2418 
yellow paper, 2409 
yellow TS, 2418 

3- MethyI-2-benzo th iazol i nonę hyd razon e 
hydrachtoride TS, 2418 

Methyiamine, 40 percent in water, 2371 
Methy laminę hydrochloride, 2371 
p-Methylaminophenol sulfate, 2371 
Methyłbenzethonium chforide, 5095 
lotion, 5096 
ointment, 5096 
topical powder, 5096 

4- Methylbenzophenone, 2371 

M et hy Ibenzo thi azolon e hydrazone 
hydrochloride, 2371 

CW‘ a Ipha-MethyIbenzyl isocyanate, 2372 
(S)-(-)-a-Methyfbenzyl isocyanate, 2372 
Methylcellulose, 5097 
ophthalmic solution, 5099 
orał solution, 5099 
tablets, 5099 
Methylcobalamin, 7102 
tablets, 7103 
Methyldopa, 5099 
and chloro thiazi de tablets, 5101 
and hydrochlorothiazide tablets, 5103 
orał suspension, 5100 
tablets, 5101 

Methyldopate hydrochloride, SI04 
injection, 5104 
Methylene 
blue, 2372, 5105 
blue injection, 5107 
bfue injection, veterinary, 5107 
blue TS, 241 8 
chloride, 2351, 2372, 7764 
S^-Methylenedisaficylic actd, 2372 
Methylergonovine maleate, 5108 
Injection, 5109 
tablets, 5110 

3- OMethylestrone, 237 2 
Methy! methacrylate 

and methacryfic add copolymer, 7759 
2-Methyl-5-nitroimidazole, 2 3 72 
N- Methy i *N-n i traso -p-tol u en esu If onam ide, 
2372 

Methyl pa raben, 7765 
sodium, 7766 

4- Methylpentan-2-ol, 2372 
2-Methylpentane, 2372 
4-Methyl-2-pentanone, 2370, 2372 
MethyfphenidaLe hydrochloride, 5111 

tablets, 5113 

extended'release tablets, 5113 
Methylprednisolane, 511 7 
acetate, 5119 
acetate cream, 5119 
acetate injectable suspension, 5120 
acetate and neomydn sullate cream, 5311 
hemisuccinate, 5121 
sodium succinate, 5122 
sodium succinate for injection, 5123 
tablets, 5118 

2 - Me thy I -2 - pro py M, 3 -p ropanediol, 2372 
Methyl p-toluenesulfonate, 2371 
N-Methylpyrrolidine, 2372 
Methylpyrralidone, 7767 
Methyfsulfonylmethane, 7104 
and glucosamine tablets, 7017 
glucosamine, and chondroitln sulfate 
sodium tablets, 7019 
tablet*, 7105 


M ethyI tes tosterone, 51 24 
capsules, 5125 
tablets, 5126 

Methyl thi onine perchlorate T5, 2418 
Methy serg ide maleate, 5126 
tablets, 5127 
Metoelopramide 
hydrochloride, 5128 
injection, 5129 
orał solution, 5130 
tablets, 5131 
Metolazone, 5132 
orał suspension, 5133 
tablets, 5134 
Metoprolol 
fumarate, 5135 
succinate, 5137 

succinate extended-release tablets, 51 38 
tartrate, 5140 

tartrate and hydra chlorothrazide tablets, 
5144 

tartrate injection, 5141 
tartrate orał solution, 5142 
tartrate orał suspension, 5142 
tartrate tablets, 5143 
Metrifonate, 5146 
Metron i da zole, 5147 
benzoate, 5148 
capsules, 5149 
gel, 5151 
injection, 5152 
tablets, 5153 

extended-release tablets, 5154 
Metronidazoie benzoate compounded 
orat suspension, 5149 
Metyrapone, 51 56 
tablets, 5157 
Metyrosine, 5157 
capsules, 5158 

Mexiletine hydrochloride, 5159 
capsules, 5160 
Mezlociflin 
for injection, 5161 
sodium, 51 60 
Mibolerone, 5162 
orał solution, 5162 
Miconazoie, 5163 
injection, 5163 
ni tratę, 5164 
nitrate cream, 5165 
ni tratę topical powder, 5165 
nitra te vaginal supposilories, 5166 
Microbial characterization, Identification, and 
strain typing (1113), 1419 
Microbial en urn era tion tests—nutritional and 
dietary supplements <2021), 2245 
Micrabiological attrcbutes of nonsterile 
nutritional and dietary supplements 
(2023), 2256 

Microbiologicaf besl laboratory practices 
<1117), 1443 

Micrabiological control and monitoring of 
aseptic pracessing environments (Tli6>, 
1430 

Micro biologie a I examtnation of nonsterile 
products; acceptance crlteria for 
pharmaceutical preparations and 
substances for pharmaceutical use <1111), 
1415 

Micrabiological examination of nonsterile 
products: microbial enumeration tests (61), 
117 

Micrabiological examination of nonsterile 
products: tests for specified 
microorganisms (62), 123 
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Microbiological procedures for absence of 
specified microorganlsms—nutntional and 
dietary supplements (2022), 2250 
Microscopy, optical (776), 645 
Midazofam, 5167 
injection, 5168 

Mtd-infrared spectrascopy {854), 783 
Mld-infrared spectrascopy—tbeory and 
practicę (1854), 2220 
Midodrine hydrochloride, 5169 
tablets, 5170 
Milk Ihlstle, 7106 
capsules, 7110 
ex traci, powdered, 7109 
powdered, 7107 
tablets, 7112 
Milion's reagent, 2418 
Mifrinoną, 51 72 
Minerał 
acid, 2372 
oil, 5173 

oil emulsion, 5174 
oil, light, 7768 
oit rectal, 51 74 
oil, topical light, 5174 
Minerals 

with calcium and vitamin D tablets, 6864 
capsules, 7113 

oif- and water-soluble vitamins with, 
capsules, 7336 

oil- and water-soluble viLamins with, orał 
solution, 7361 

oil- and water-soluble vitamins with, 
tablets, 7375 
tablets, 7121 

water-soluble vitamins with, capsules, 7423 
water-soluble vitamins with, orał solution, 
7443 

water-soluble vitamins with, tablets, 7451 
Minimum fili (755), 628 
Minocydine 
hydrochloride, 5175 
hydrochtoride ca psuł es, 5176 
perl odo n tal system, 5182 
hydrochloride orai suspension, 5177 
hydrochloride tablets, 5178 
hydrochloride extended-refease tabfets, 
5178 

for ln|ection, 51 74 
Minoxidit 5183 
topical solution, 5185 
tablets, 5184 
Mlrtazapine, 5186 
tablets, 5188 

□rally disintegrattng tablets, 5189 
Misoprastol, 5191 
dispersion, 5192 
Misslon 

and preface, vii 
statement, vit 
Mitomydn, 5193 
for injection, 5! 95 
Mitotane, 5196 
tablets, 5196 
Mitoxantrone 
hydrochloride, 5197 
injection, 5197 
Modafinil, 5198 
tablets, 5199 

Moexipril hydrochloride, 5201 
Moexipril hydrochloride 
and hydrochlorothlazide tablets, 5205 
tablets, 5203 

Moist beat sterillzation of agueous liguids 
(1229.2), 161$ 


Molindone hydrochloride, 5207 
tablets, 5208 
Molybdenum, 2372 
Mofybdic acid, 2372 
Molybdo-phosphotungstate TS, 2418 
Mom eta so nę furoate, 5209 
cream, 5210 
ointment, 5211 
topical solution, 521 3 
Monensin, 5214 
granulated, 5215 
premia, 5216 
sodium, 5216 

Monitoring devtces—time, temperaturę, and 
humidity (1118), 1449 
Monitoring of bioburden (1229.3), 1820 
Mon oba sic 

potassium phosphate, 2372, 7847 
sodium phosphate, 2372, 6201 
Monobenzone, 5217 
cream, 5218 

Monochloroacebc acid, 2372 
Mono- and di-glyceriries, 7769 
Monoetbanolamrne, 2372, 7769 
Monoglyceride cl trale, 7770 
Monograph and reference materiał donors 
2014 recognition, xxvi 
Mo no sodium gtutamate, 2372, 7771 
MonothloglyceroI, 7772 
Montelukast 

sodium orał granules, 5220 
sodium tablets, 5222 
sodium chewable Lablets, 5225 
Montelukast sodium, 5218 
Morantet tartrate, 5227 
Mori cizi ne hydrochloride, 5228 
tablets, 5230 
Mumii, 2372 
Morphine sulfate, 5231 
extended-release capsules, 523 2 
injection, 5234 
suppositories, 5235 
Morpholine, 2372 
Monhuate sodium injection, 5236 
Moxidectin, 5236 
Moxifloxacin 
hydrochloride, 5240 
ophlhalmic solution, 5238 
Mucosal drug products—performance tests 
(1004), 829 

Mucosal drug products—product quality 
tests <4), Eó 
Mupirocin, 5242 
calcium, 5243 
cream, 5244 
ointment, 5246 
nasal ointment, 5246 
Mycophenolate 
sodium, 5256 

Mycophenolate mofetil, 5247 
capsules, 5248 
for injection, 5250 
for orał sus pens ion, 5251 
tablets, 5253 
Mycophenolic acid 
delayed-release tablets, 5257 
Mycoplasma tests (63), 1 30 
Myristic acid, 7772 
Myrlstyl a ko hol, 7773 
Myristyltrimethylammonium brom id e, 2372 
Myrrh, 5259 
topical solution, 5260 


N 

N 13 injection, ammonia, 5369 
Nabumetone, 5261 
tablets, 5262 
Nadoiol, 526 2 

and bendroflumethlazide tablets, 5265 
tablets, 5264 
Nafdffin 
injection, 5265 
for injection, 5266 
sodium, 5267 
sodium capsules, 5267 
sodium for o raf solution, 5268 
sodium tablets, 5268 
Maftifine hydrochloride, 5268 
cream, 5269 
gel, 5269 

Malidixic acid, 5270 
orał suspension, 5271 
tablets, 5271 

Nalorphine hydrochloride, 5272 
injection, 5273 
Nabaone 

hydrochloride, 5273 
hydrochloride injection, 5274 
and pentazocrne tablets, 5629 
Naltrexone hydrochloride, 5275 
tablets, 5276 
Nandrabne 
decanoate, 5277 
decanoate injection, 5278 
phenpropionate, 5278 
phenprapbnate injection, 5279 
Na phazo I ine hyd rachl oride, 5279 
nasal solution, 5281 
nphrhalmic solution, 5281 
and pheniramine maleate ophthalmic 
solution, 5281 
Naphthalene, 2372 
1,3-Naphthalenediol, 2372 
2,7-Naphthalenediol, 2353, 2372 
2-Naphthaienesulfonk acid, 2372 
Naphthol 

dipotassium disulfonate, 2373 
disodium disulfonate, 2373 

1- Naphthol, 2330, 2373 
reagent, 2418 

T5, 2418 

2- Naphthol, 2337, 2373 
TS, 2413, 2418 

p-Naphtholbenzein, 2373, 2408 
TS, 2418 

/J-Naphthoquinone-4-sodlum suffonate, 2373 
Naphthoresorcinot, 2373 
1-Naphthylamine, 2373 

1- Naphthylaminę hydrochloride, 2373 

2- Naphthyl chloroformate, 2373 
N*{1 -NaphthyiJethylenediamme 

di hydrochloride, 2373 
T5, 241 8 
Napraxen, 5283 
sodium, 5286 
sodium tablets, 5287 
orał suspension, 5283 
tablets, 5284 

delayed-reiease tablets, 5285 
Narasin 

granular, 5288 
premix, 5290 
Naratriptan 
hydrochloride, 5291 
hydrochloride orał suspension, 5293 
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Naratriptan (corrimued) 
tablets, 5290 


Nasal solution 

Butorphanot tartrate, 3101 
Calcitonin salmon, 3119 
Cromolyn sodium, 3589 
Ephedrine sulfate, 3998 
Epinephrine, 4001 
Flunisolide, 4235 
Naphazoiine hydroehlonde, 5281 
Oxymetazoline hydroehlonde, 5523 
Phenylephrine hydrochloride, 5684 
Tetrahydrazollne hydroehlonde, 641 2 
Xylometazoline hydrochloride, 6726 


Nasal spray 

Butorphanol tartrate, 3102 
Desmopressin acetale, 3662 
Fiat !C a sonę propionate, 4298 


Natamycin, 5293 
ophthalmic suspension, 5294 
Nateglinide, 5295 
tablets, 5297 

Near-rnfrared spectroscopy (1119), 1455 
Nefazodone hydrachłoride, 5297 
tabhHS, 5299 
Neomycin 
boluses, 5300 

and colistin sulfates and hydrocortisone 
acetate ode suspension, 3558 
for injection, 5300 

pentdllln C, polymyxin 8, hydrocortisone 
acetale, and hydrocortisone sodium 
succinate topical suspension, 5597 
and polymyxin 8 sulfates, bacitracin, and 
hydrocortisone acetate olntment, 5314 
and poły my X i n B sulfates, bacitracin, and 
hydrocortisone acetate ophthalmic 
ointment, 5314 

and polymyxin B sulfates, bacitracin, and 
iidocaine ointment, 5315 
and polymyxin B sulfates and bacitracin 
ointment* 5313 

and polymyxin B sulfates and bacitracin 
ophthalmic ointment, 5313 
and polymyxin B sulfates, bacitracin zinc, 
and hydrocortisone ointment, 5316 
and polymyjdn B sulfates, bacitracin zinc, 
and hydrocortisone ophthalmic 
ointment, 531 7 

and polymyjcin B sulfates, bacitracin zinc, 
and hydrocortisone acetate ophthalmic 
ointment, 5317 

and polymyxtn 8 sulfates, bacitracin 2 inc, 
and Iidocaine ointment, 5318 
and polymyxln B sulfates and bacitracin 
zinc ointment, 5315 
and potymyxin B sulfates and bacitracin 
zinc ophthalmic ointment, 5316 
and poiymyxln B sulfates cream, 5312 
and polymyxin B sulfates and 
dexamethasone ophthafmic ointment, 
5319 
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and poiymyxin B sulfates and 
dexamethasone ophthalmic suspension, 
5319 

and poJymyxin B sulfates and gramicidin 
cream, 5320 

and polymyxin B sulfates, gramicidin, and 
hydrocortisone acetate cream, 5321 
and po!ymyxin B sulfates and gramicidin 
ophthalmic solution, 5320 
and polymyxin 8 sulfates and 
hydrocortisone ophthalmic suspension, 
5322 

and polymyxin 8 sulfates and 
hydrocortisone olic solution, 5321 
and polymyxin B sulfates and 
hydrocortisone oLic suspension, 5322 
and polymyxin B sulfates and 
hydrocortisone acetate cream, 5323 
and polymyxin B sulfates and 
hydrocortisone acetate ophthalmic 
suspension, 5323 

and poiymyxin B sulfates and Iidocaine 
cream, 5323 

and polymyxin B sulfates ophthalmic 
ointment, 5312 

and polymyxin B sulfates ophthalmic 
solution, 5313 

and polymyxin B sulfates, penldllin G 
procaine, and hydrocortisone acetate 
topical suspension, 5614 
and polymyxin B sulfates and pramoxine 
hydroehlonde cream, 5324 
and polymyxin B sulfates and prednisolone 
acetate ophthalmic suspension, 5324 
and polymyxin B sulfates solution for 
inigation, 5312 
suIfale, 5301 

sulfate and hacitracin ointment, 5302 
sulfate and bacitracin zinc ointment, 5303 
sulfate cream, 5301 
sulfate and dexamethasone sodium 
phosphate cream, 5303 
sulfate and dexamethasone sodium 
phosphate ophthalmic ointment, 5303 
sulfate and dexamethasone sodium 
phosphate ophthalmic solution, 5304 
sulfate and fluocinoione acetonide cream, 
5305 

sulfate and fluorometholone ointment, 
5305 

sulfate and flurandrenolide cream, 5305 
sulfate and flurandrenolide lolion, 5306 
sulfate and flurandrenolide ointment, 5306 
sulfate and gramicidin ointment, 5306 
sulfate and hydrocortisone cream, 5307 
sulfate and hydrocortisone ointment, 5307 
sulfate and hydrocortisone otlc suspension, 

5307 

sulfate and hydrocortisone acetate cream, 

5308 

sulfate and hydrocortisone acetate lotion, 
5308 

sulfate and hydrocortisone acetate 
ointment 5308 

sulfate and hydrocortisone acetate 
ophthalmic suspension, 5308 
sulfate, isofiupredone acetate, and 
tetracaine hydroehlonde ointment, 5309 
sulfate, isofiupredone acetate, and 
tetracaine hydroehlonde topical powder, 
5310 

sulfate and methylprednisolone acetate 
cream, 531.1 

sulfate, nystat In, gramicidin, and 
triamdnoione acetonide cream, 5404 


sulfate, nys ta tin, gramicidin, and 
triamdnoione acetonide ointment, 5404 
sulfate, nyslatin, thiostrepton, and 
triamdnoione acetonide cream, 5405 
sulfate, nyslatin, thiostrepton, and 
tnamcinolone acetonide ointment, 5406 
sulfate ointment, 5301 
sulfate ophthalmic ointment, 5301 
sulfate and prednisolone acetate 
ophthalmic suspension, 5326 
sulfate orał solution, 5302 
sulfate tablets, 5302 

sulfate and triamdnoione acetonide cream, 
5326 

Neostigmine 
bram id e, 5326 
bromide tablets, 5327 
methyIsu Ifate, 5327 
meLhylsulfate tnjection, 5328 
Neotame, 7775 

Nephelo metry, tu rbi di metry, and vlsual 
compaiison (855), 787 
Nessleds reagent, 2418 
Netllmidn sulfate, 5328 
fnjection, 5329 
Neutraflzed 
alcohol, 2373 
phthafate buffer, 2340 
NeuLral red, 2408 
TS, 2418 
Nevirapine, 5329 
orał suspension, 5331 
tablets, 5333 

New sterilization methods <1229.12), 1848 
Niacin, 5334 

extended-release tableLs, 5337 
injection, 5335 

or niacinamidc assay <441), 361 
tablets, 5336 
Ntarinamide, 5339 
injection, 5340 
or niacin assay (441), 361 
tablets, 5340 

Nicardipine hydroehlonde, 5341 
injection, 5342 

Nicket-aluminum catalyst, 2373 
Nickd, 2373 

standard solution T5, 2418 
sulfate, 2373 

(II) sulfate heptahydrate, 2373 
Niękel ni tratę hexa hydra te, 2373 
/J-Nico linami de adenine dinudeotide, 2373 
Nicotinamide adenine dinudeotide 
p hos ph a te- a den osi ne -5tri phospha te 
mixture, 2373 
Nicotine, 5344 
poiacri!ex, 5347 
polacrilex gum, 5350 
transderma! system* 5345 
Ni coli nic add, 2373 
Nifedipine, 5351 
capsules, 5352 

extended-release tablets, 5354 
Nile blue hydrochloride, 2408 
Nimodipine, 5359 
Ninhydrrn, 2373 
T5, 2418 
Ni tratę 

mercurous, di hydra te, 2369 
mercurous, TS, 2418 
ophthalmic solution, sitver, 6160 
in reagents, 2327 
silver, 2389, 6159 
silver, TS, 2420 

renlh-normal (0.1 N). silver, 2420, 2432 
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Ni tratę (contmued) 
toughened sllver, 6160 
Nttrfc 

arid, 2373, 7776 
add, diluted, 2353, 2373 
add, fuming, 2361, 2373 
add, lead-free, 2373 
oxide-nitrogen drcmde de lec tor tubę, 
2374 
Nitfic add 
0.01 N TS, 2418 
0.2 N TS, 2418 
! N TS, 2418 
2 N TS, 2418 
N i tri lot ri a ce lic ad d, 23 74 
Ni tri te titration (451), 366 
4'-Nitroacetophenone, 2374 
o-Nitroanilinę, 2374 
p-Nitroanillne, 2374 
TS, 2418 

Nitrobenzene, 2374 

p* N i trobenzened iazon ium tetraf(uorobora te, 
2374 

4-Nitro benzole acid, 2374 
p-NItrobenzyl bromide, 2374 

4- (p-Nitro benzyl) pyridine, 2374 
Nltrofurantoin, 5360 

capsules, 5362 
orał suspension, 5365 
tablets, 5366 
Nitrofurażone, 5367 
ointment, 5368 
topical solution, 5369 
Nitrogen, 7777 
97 percent, 7777 
certified standard, 2374 
compounds in reagents, 2327 
determination (461), 366 
N 13 injection, ammonia, 5369 
Nitroglycerin 
diluted, 5370 
injection, 5371 
ointment, 5371 
sublingual tablets, 5372 
Nitromersol, 5373 
lopicaf solution, 5373 
Nitromethane, 2374 

5- Nitra-1, T 0-phenanthraline, 2374 
Nitrophenanthroline TS, 2418 
l*Nitroso-2maphthal, 2374 
Nitroso R salt, 2374 

Nltraus 
oxide, 5374 

oxide certified standard, 2374 
Nizatidine, 5375 
capsules, 5376 
Nomenclaiure <1121), 1469 
Nonadecane, 2374 
Nonanoic acid, 2375 
Nonionic welting agent, 2375 
Nonoxynol 9, 2375, 5377 
1-Nonyl ale o hol, 2375 
n-Nonylamine, 2375 

Nonylphenol polyoxyethylene ether, 2375 
N ony Ep h en oxypo ty (e thy le neoxy )et ha no I, 
2375 

Norelgestromin, 5379 
Norepinephrine bltartrate, 5380 
injection, 5381 

and propoxycaine and procaine 
hydrochlorides injection, 5890 
Norethindrone, 5382 
acetate, 5386 

acetate and estradiol tablets, 4071 
acetate and ethinyl estradiol tablets, 5387 


dt-eULe tablets, 5387 
and ethinyl estradiol tablets, 5384 
and mes t rano I tablets, 5385 
tablets, 5382 
Norfloxadn, 5388 
ophthalmie solution, 5390 
tablets, 5390 
Norgestlmate, 5391 
and ethinyl estradiol tablets, 5393 
Morgestrel, 5395 

and ethinyl estradiol tablets, 5396 
tablets, 5395 
Normal 

butyl acetate, 2340 
butyl ale□ hol, 2341 
bu tyła minę, 2375 
Northern schisandra fruit, 7184 
dry extract, 7185 
powder, 7187 

Nortriptyline hydrochloride, 5397 
capsules, 5398 
orał solution, 5398 
Noscapine, 5399 
Novobiocin 
sod ium, 5400 

sodium Intramammary infusion, 5400 
sodium and penidlfin G procaine 
intramammary infusion, 5615 
sodium, tetracydine hydrochloride, and 
prednisolone tablets, 6409 
sodium and tetracydine hydrochloride 
tablets, 6409 

Nuclear magnetic resonance spectrascopy 
<761), 629 

Nucieic acid-based technigues 
amplificalion (1127), 1487 
approaches for detecting tracę nudeic 
acids (residual DNA tesling) (11 30), 
1507 

extraction, detection, and segueneing 
(1126), 1477 
generał (1125), 1471 
genotyping <1129), 1503 
mlcroarray <1128), 1497 
Nystatin, 5400 
ćream, 5401 
lotion, 5402 
lozenges, 5402 

neomycin sulfate, gramicidin, and 
triamtinolane acetonide cream, 5404 
neomycin sulfate, gramicidin, and 
triamcinolone acetonide ointment, 5404 
neomycin sulfate, thiostrepton, and 
triamcinolone acetonide cream, 5405 
neomycin sulfate, thiostrepton, and 
triamcinolone acetonide ointment, 5406 
ointment, 5402 

and oxytetracydine capsules, 5533 
and oxytetracydine for orał suspension, 
5534 

topical powder, 5402 
ora i suspension, 5403 
For orał suspension, 5403 
tablets, 5403 

and tetracydine hydrochloride capsules, 
6410 

and trlamcinoione acetonide cream, 5407 
and triamcinolone acetonide ointment, 
5407 

vaginal inserts, 5404 
vaginal suppositories, 5402 
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n-Octadecane, 2375 
Octadecyl silane, 2375 
Octanesul fonie acid sodium salt, 2375, 2393 
1-Octanol, 2375 
Octanophenone, 2375 
Octinoxate, 5408 
Octisalate, 5408 
Octocrylene, 5409 
OctoxynoJ 9, 2375, 7778 
Octreotide acetate, 5410 
OctyEdodecanol, 7780 
(p- ten- Octy 1 phe n oxy) n on aethoxye th a n ol, 
2357, 2375 

(/HerTGoty I phen oxy) poły ethoxy eth ano I, 
2375 

Octyl suffate, sodium salt, 2375 
Odór less adsorbent paper, 2375 
Officers (2015-2020), xi 
Ofloxacin, 5411 
ophthalmie solution, 5413 
tablets, 5413 


Oil 

Almond, 7507 

Anise, 7521 

Borage seed, 6850 

Bo ragę seed, capsules, 6851 

Ca no! a, 7559 

Caraway, 7563 

Cardamom, 7584 

Castor, 3233 

Castor, aromatic, 3235 

Castor, capsules, 3234 

Castor, emulsion, 3235 

Castor, hydrogenated, 7586 

Cedar, 2345 

Clove, 7608 

Coconut, 7610 

Coconut, hydrogenated, 7610 

Cod Elver, 3543 

Cod fiver, capsules, 6908 

Coriander, 7613 

Corn, 7614 

Cottonseed, 7623 

Colt on seed, hydrogenated, 7623 

Crypthecodinśum cohnii, 6912 

Crypthecodinium cohnii, capsules, 6914 

Ethiodized injection, 4102 

Even!ng primrose, 6951 

Evening primrose, capsules, 6952 

Fats and fixed oils <401), 332 

Fennel, 7665 

Ffax seed, 6969 

F|ax seed, capsules, 6969 

Knll, capsules, 7066 

Krlll detayed-release capsules, 7069 

Lem on, 7732 

Minerał, 5173 

Minerał emulsion, 51 74 

Minerał, light, 7768 

Minerał, ret tal, 5174 

Minerał, topical light, 5174 

Qlive, 7786 

Orange, 7789 

Palm, 7791 

Pafm, hydrogenated, 7791 
Palm kernel, 7792 
Peanu t, 7795 
Peppermint, 7796 
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Oil (Luntinueć) 

Poiyoxyl 35 castor, 7829 
Połyoxyl 40 hydragenated castor, 7829 
Propyliodone injectabte suspens ton, 5899 
Fully bydrogenated rapeseed, 7863 
Superglycerinated fully hydrogenaled 
rapeseed, 7864 
Rosę, 7866 
Safflower, 6091 
Schizochytrium, 7189 
Schizochytrium, capsules, 7191 
Sesame, 7868 
Soybean, 6217 

Soybean, bydrogenated, 7903 
Sunflower, 7947 
Vegetabfe, bydrogenated, 7961 
Vitamins capsules, ot!- and water-soluble, 
7290 

VUamins capsules, oil-solubfe, 7248 
Yitamins with minerals ca psu! es, oll- and 
water-soluble, 7336 

Vitamins with minerals orał solution, oil- 
and water-soluble, 7361 
Vitamins with minerals tablets, oil- and 
water-soluble, 7375 
Vitamim orał solution, oil- and water* 
solubte, 7309 

V3tamins tablets, oil- and water-soluble, 
7318 

Vitamins tablets. oil-soluble, 7258 


Oil-soluble vitamins 
capsules, 7248 
tablets, 7258 

Oil- and water-soluble vitamins 
capsules, 7290 
with minerals capsules, 7336 
with minerals orał solution, 7361 
with minerals tablets, 7375 
orał solution, 7309 
tablets, 7318 


Ointment 

Acydoylr, 2593 

Aldometasone dlpropionate, 2614 
Amcinonide, 2709 
Amphoteiidn B, 2800 
Anthralln, 2828 

Atropinę sulfate ophthalmic, 2907 
Bacitracin ophthalmic, 2938 
Bacitracin zinc, 2941 
Bacitracin zinc and polymyxin B sulfate, 
2942 

Bacitracin ztnc and polymyxin B sulfate 
ophthalmic, 2943 
Benzotaine, 2975 

Benzocaine, butamben, and tetracaine 
hydrochłoride, 2980 
Benzoic and salicylic acids, 2984 
Betamethasone dipropionate, 3007 
Be ta met ha sonę valerate, 3014 
Bland lubricating ophthalmic, 5449 
Calcipotriene, 3114 

Chtoramphenicol and polymyxin B sulfate 
ophthalmic, 3352 

Chbramphenrcol ophthalmic, 3349 
Chi ort etracyc linę bydrochłoride, 3397 
Chlortetracycline hydrochloride 
ophthalmic, 3397 
Ciprof!oxadn ophthalmic, 3431 


Clioquinol, 3487 

Clioquinol and hydrocortisone, 3489 
Clobetaso! propionate, 3492 
Coal tar, 3538 
Desoximetasone, 3667 
Dexametha$one sodium phosphate 
ophthalmic, 3681 
Dlbucaine, 3724 
Di flora sonę diacetate, 3759 
trythromycin, 4033 
Erythromycin ophthalmic, 4034 
Fluocinolone acetonide, 4241 
Fluodnonide, 4244 
Flurandrenotide, 4277 
Fluticasone propionate, 4301 
Cen tamie i n and pred ni solone acetate 
ophthalmic, 4397 
Gentamicin sulfate, 4392 
Centami ci n suffate and betamethasone 
va i era te, 4394 

Centamietn sulfate ophthalmic, 4393 
Halcinonide, 4465 
Hydracortisone, 4508 
Hydrocortisone acetale, 4513 
Hydrocortisone acetale ophthalmic, 4513 
Hydrocortisone yaferate, 4522 
Hydraphilic, 5415 
Ichthammol, 4563 
3doxuridine ophthalmic, 4566 
Lidocaine, 4846 

Methylbenzethonium chloride, 5096 
Mometasone furoate, 5211 
Mupirocin, 5246 
Mupirocin nasal, 5246 
Neomycin and polymyxin B sulfates and 
bacitracin, 531 3 

Neomycin and polyrnyxm B sulfates, 
bacitracin, and hydrocortisone a ce ta te, 
5314 

Neomycin and pofymyxin B sulfates, 
bacitracin, and hydrocortisone a cela te 
ophthalmic, 5314 

Neomycin and polymyxin 8 sulfates, 
bacitracin, and lidocaine, 5315 
Neomycin and polymyxin 8 sulfates and 
bacitracin ophthalmic, 5313 
Neomycin and po!ymyxm B sulfates and 
bacitracin zinc, 5315 
Neomycin and polymyxin B sulfates, 
bacitracin zinc, and hydrocortisone, 

5316 

Neomycin and poły my xm B sulfates, 
bacitracin zinc, and hydrocortisone 
acetate ophthalmic, 5317 
Neomycin and polymysdn B sulfates, 
bacitracin zinc, and hydrocortisone 
ophthalmic, 5317 

Neomycin and polymyxin B sulfates, 
badtracin zinc, and lidocaine, 5318 
Neomycin and polymyxin 8 sulfates and 
badtracin zinc ophthalmic, 5316 
Neomycin and polymyxln B sulfates and 
dexamethasone ophthalmic, 5319 
Neomycin and polymyxin B sulfates 
ophthalmic, 5312 
Neomycin sulfate, 5301 
Neomycin sulfate and badtracin, 5302 
Neomycin sulfate and badtracin zinc, 5303 
Neomycin sulfate and dexamethasone 
sodium phosphate ophthalmic, 5303 
Neomycin sulfate and fluorom ethol one, 

5305 

Neomycin sułfate and flurandrenolide, 

5306 

Neomycin sulfate and gromkidin, 5306 


Neomycin sulfate and hydracortisone, 
5307 

Neomycin sulfate and hydrocortisone 
acetate, 5308 

Neomycin sulfate, isofiupredone acetate, 
and tetracaine hydrochloride, 5309 
Neomycin sulfate ophthalmic, 5301 
Nitrofurażone, 5368 
Nitroglycerin, 5371 
Nystatin, 5402 

Nystatin, neomycin sulfate, gramie id In, 
and tria mc i nol one aceton ide, 5404 
Nystatin, neomycin sułfate, Łhiostrepton, 
and triamcinolone acetonide, 5406 
Nystatin and triamcinolone acetonide, 
5407 

Oxytetracyclme hydrochloride and 
hydrocortisone, 5537 
Oxytetraoydine hydrochloride and 
polymyxin B sulfate, 5538 
Oxytetracycline hydrochloride and 
polymyxin B sulfate ophthalmic, 5538 
Polyethylene glycol, 7815 
Povidone-todine, 5793 
Prednkarbate, 5810 
Resorcinol ointment, compound, 5994 
Rosę water, 6079 
Sodium chloride ophthalmic, 6184 
Sulfacetamide sodium ophthalmic, 6250 
Sulfacetamide sodium and prednisolone 
acetate ophthalmic, 6252 
Sulfur, 6282 
Tetracaine, 6391 
Tetracaine and menthol, 6392 
Tetracycline hydrochloride, 6404 
Tetracycllne hydrochloride ophthalmic, 
6405 

lobramycin and dexamethasone 
ophthalmic, 6500 
Tobramycin ophthalmic, 6495 
Triamcinolone acetonide, 6560 
Undecylenic acid, compound, 6626 
Wbite, 5415 
Yeflow, 5415 
Zinc oxide, 6754 


Olanzaplne, 5415 
and fluoxetine capsules, 5418 
tablets, 5416 

Olanzapine orally disfntegrating 
tablets, 5420 

OlefSn detector tubę, 2375 
Olek ftdd, 7782 
Oleoresin, capsicum, 3170 
Ołeovltamin A and D, 5422 
capsules, 5423 

Oleoyl poły oxy Igły cerides, 7 783 
Oteyl 

alcohol, 7784 
oleate, 7785 

Oligo-deoxythymidine, 2375 
Gligosaccharide analysis (212), 273 
Olive oil, 7786 

Olmesartan medoxomil, 5423 
Olopatadlne hydrochloride 
ophthalmic solution, 5426 
Omega-3 

actds triglycerides, 7128 
ethyl esters capsules, 5430 
ethyl esters, 5428 
OmeprazoJe, 5433 
delayed-release capsules, 5435 
magnesium, 5438 


ndex 










ndex 


144 Omepr-Oral 


Combined lndex to USP 40 and NF 35 


Omeprazole (contlnued) 
orał suspension, 5437 
Ondansetron, 5419 
hydrochloride, 5441 
hydrochloride orał suspension, 5442 
injection, 5443 
orał solution, 5444 
tablets, 5445 

orally disintegrating tabEets, 5448 


Ophthalmic ointment 

Atropinę sulfate, 2907 
Bacitracin, 2938 

Bacitracin zinc and pofymyxin B sulfate, 
2943 

Bland lubricating, 5449 
Chloramphenicol, 1349 
Chloramphenicol and polymyxin B sulfate, 
3352 

Chlortetracycline hydrochloride, 3397 
CiprofToxacin, 3431 

Dexamethasone sodium phosphate, 3681 
Erythromycin, 4034 
Gentamicin and prednisolone acetate, 
4397 

Gentamicin sulfate, 4393 
Hydrocortisone acetate, 4513 
ldoxuridine, 4566 

Neomycin and polymyxin B sulfates, 5312 
Neomycin and polymyxin B sulfates and 
bacitracin, 5313 

Neomycin and połymywn S sulfates, 
bacitracin, and hydrocortisone acetate, 
5314 

NeumyUn and polymyxin B sulfates and 
bacitracin zinc, 5316 
Neomycin and polymyxin B sulfates, 
bacitracin zinc, and hydrocortisone, 
5317 

Neomycin and polymyxin B sulfates, 
bacitracin zinc, and hydrocortisone 
acetale, 5317 

Neomycin and polymyxin B sulfates and 
dexamethasone, 5319 
Neomycin sulfate, 5301 
Neomycin sulfate and dexamethasone 
sodium phosphate, 5303 
Oxytetracycline hydrochloride and 
polymyxin B sulfate, 5538 
Sodium chloride, 6184 
Su Kacetami de sodium, 6250 
5 u Kacetami de sodium and prednisolone 
acetate, 6252 

Tetracydine hydrochloride, 6405 
Tobramycin, 6495 

Tobramycin and dexamethasone, 6500 


Ophthalmic products—performance tests 
(1771), 2135 

Ophthalmic products—quaiity tests <771), 
639 


Ophthalmic solution 

Acetylcholine chloride for, 2585 
Apraclonidine, 2844 
Atropinę sulfate, 2908 
Benoxinate hydrochloride, 2965 


Betaxolol, 3U i 6 
Carbachol, 3178 
Carteolol hydrochloride, 3222 
Cefazolm, 3252 
Chloramphenicol, 3350 
Chloramphenicol for, 3350 
Chymotrypsm for, 3409 
Ciproftoxacin, 3431 
Cromolyn sodium, 3590 
Cycfopentolate hydrochtoride, 3606 
Cydosporine compounded, veterinary, 
3617 

Demecarium brom i de, 3644 
Dexamethasone sodium phosphate, 3682 
Oipivefrin hydrochloride, 3819 
Dorzolamide hydrochloride, 3B68 
Dorzolamide hydrochloride and timolol 
maleate, 3869 

Echothrophate i od id e for, 3936 
Emedastine, 3966 
Epinephrine, 4001 
Epinephrine bitartrate, 4003 
Epinephrine bitartrate for, 4004 
Epinephryl bora te, 4004 
FJuorescein sodium and benoxinate 
hydrochloride, 4248 
Fluorescein sodium and proparacaine 
hydrochloride, 4249 
Flurbiprofen sodium, 4282 
Gentamicin sulfate, 4393 
Gentamicin sulfate and betamethasone 
acetate, 4393 
Gtycerin, 4423 

Homatropine hydrobromide, 4488 
Hydroxyamphetamine hydrobromide, 
4534 

Hypromellose, 4554 
ldoxuridtne, 4567 
Levobunolol hydrochloride, 4820 
Methylcellulose, 5099 
Moxifloxacin, 5238 
Naphazoline hydrochloride, 5281 
Naphazoline hydrochloride and 
pheniramine maleate, 5281 
Neomycin and polymyxin B sulfates, 5313 
Neomycin and porymyxin B sulfates and 
gramicidin, 5320 

Neomycin sulfate and dexamethasone 
sodium phosphate, 5304 
Noriioxacin, 5390 
Ofloxacin, 5413 

Olopatadine hydrochloride, 5426 
Oxymetazoline hydrochloride, 5524 
Phenyłephrine hydrochloride, 5684 
Physostigminę sallcylate, 5700 
Pitocarpine hydrochloride, 5706 
Pilocarpine nitrate, 5708 
Polymyxin B sulfate and trimethoprim, 
5754 

Prednisolone sodium phosphate, 5820 
Proparacaine hydrochloride, 5885 
Scopolamine hydrobromide, 6128 
5ilver nitrate, 6160 
Sodium chloride, 6185 
Sulfacetamide sodium, 6251 
Supmfen, 6295 

Tetracalne hydrochloride, 6396 
Tetrahydrozoline hydrochloride, 6412 
Timolol maleate, 6480 
Tobramycin, 6499 
Travoprosl, 6548 
Tropicamide, 6612 

Vbriconazole compounded, yeterinary, 
6710 


Zinc sulfate, 6757 


Ophthalmic 

suspension 

Brinzolamide, 3051 
Chloramphenicol and hydrocortisone 
acetate for, 3352 
Dexamethasone, 3673 
Fluorometholone, 4254 
Gentamicin and prednisolone acetate, 
4397 

Hydrocortisone acetate, 4514 
Na tamy c i n, 5294 

Neomycin and polymyxin S sulfates and 
dexamethasone, 5319 
Neomycin and polymyxln B sulfates and 
hydrocortisone, 5322 
Neomycin and polymyxin B sulfates and 
hydrocortisone acetate, 5323 
Neomycin and polymyxin 8 sulfates and 
prednisolone acetate, 5324 
Neomycin sulfate and hydrocortisone 
acetate, 5308 

Neomycin sulfate and prednisolone 
acetate, 5326 

Oxytetracydine hydrochloride and 
hydrocortisone acetate, 5537 
Prednisolone acetate, 5815 
Rimexolone, 6019 

Sulfacetamide sodium and prednisolone 
acetate, 6253 

Tetracydine hydrochloride, 6407 
Tobramycin and dexamethasone, 6501 
Tobramycin and fluorometholone acetate, 
6503 


Opium, 5449 
powdered, 5450 
tincture, 5450 
Optical 

microscopy {776), 645 
rotation (781), 648 
Oracet blue B, 2408 
T5, 2418 

Orał drug products—product qua|ity tests 
<2>, 74 

Orally inhaled and nasal drug products 
<1664,1 >, 2048 


Orał powder 

Containing at least three of the 
following—acetaminophen and (salts of) 
c h lo rp he n i rami ne, d extrom eth o rph a n, 
and pseudoephedrine, 2555 
Levothyroxine sodium, 4842 
Sodium bicarbonate, 6178 


Orał solution 

Abacavir, 2527 
Acacia syrup, 7495 
Acetaminophen, 2545 
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Orał solution (continued) 

Oontaining al least three of the 
fol łowi ng—acetaminophen and (salts of) 
c h lo rp h e ni ram i ne, dex trom ethorp ha n, 
and pseudoephedrine, 2557 
Acetaminophen and codeine phosphate, 
2564 

Acetam inoph en, dex tromethorphan 
hydro bromide, doxylamine succinate, 
and pseudoephedrine hydro chtoride, 
2567 

Acetaminophen for effervescenl, 2545 

Amantadine hydrochloride, 2707 

Aminobenzoate potassium for, 2723 

Aminocaproic acid, 2728 

Am i no phyUfne, 2739 

Amprofium, 2815 

Aromatic elixir, 7521 

Ascorbk acid, 2067 

Aspirin effervescent tablets for, 2876 

Atenolol, 2888 

Bedomethasone dlpropionate 
compounded, 2956 
Benzaldehyd e elixir, compound, 7530 
Betamethasone, 3000 
Bethaneehoł chloride, 3020 
B romod i phen hyd ra mln e hyd ro t h lo ri de, 
3056 

Bromodiphenhydramine hydrochloride and 
codeine phosphate, 3057 
Brom phen i ram i ne maleate, 3059 
Brampheniramine maleate and 
pseudoephedrine sulfate, 3060 
Butabarbital sodium, 3087 
Caffeine ci tratę, 3108 
Calcium glubfonate syrup, 3136 
Captopril, 3174 
C 13 for, urea, 3200 
Cetirizine hydrochloride, 3333 
Cherry syrup, 7600 
Chloral hydrate, 3346 
Chloramphenicol, 3351 
Ohlorpheniramine maleate, 33SB 
Chlorpheniramlne maleate and 
pseudoephedrine hydrochloride, 3390 
Chlorpramazine hydrochloride syrup, 3393 
Chocolate syrup, 7607 
Citalopram, 3448 
Clindamycin hydrochloride, 3479 
Clindamydn palmitate hydrochloride for, 
3480 

Cloxacillin sodium for, 3535 
Cyanocobalamin Co 57, 3539 
Codeine phosphate, 3547 
Codeine sulfate, 3550 
Cyclosporine, 3616 
Cyproheptadine hydrochloride, 3619 
Dexametha5one, 3674 
DexameLhasone e!ixir, 3671 
Oexbrompheniraminę maleate and 
pseudoephedrine sulfate, 3684 
Dexchtorphenframine maleate, 3687 
Dextromethorphan hydrobromide, 3707 
Dicyclomine hydrochloride, 3744 
Didanostne for, 3749 
Digoxin, 3768 
D i hydro tac hys tero I, 3774 
Oittiazem hydrochloride, 37B4 
Dimenhydrinate, 3789 
Dtphenhydramine hydrochloride, 3806 
Diphenoxy!ate hydrochloride and atropinę 
sulfate, 3815 

Docusate sodium syrup, 3854 
Dolasetron mesylate, 3858 
Doxepin hydrochloride, 3879 


Doxytaminc suednate, 3906 
Dyphylline, 3930 
Dyphylllne and guaifenesin, 3931 
Ephedrtne sulfate, 3998 
Ergocaldferal, 4014 
Ergoloid mesylates, 4017 
Esritalopram, 4050 
Ethosuxirmde, 4106 
Fenie amrnonium dtrate for, 2777 
Ferrous gluconate, 4174 
Ferrous sulfate, 4177 
Ferraus sulfate syrup, 41 77 
Fluoxetine, 4262 

Fluphenazine hydrochloride, 4273 

Fluphenazine hydrochloride elixtr, 4271 

Furosemide, 4349 

Galantamine, 4372 

Głycerin, 4423 

Guaifenesin, 4452 

Guaifenesin and codeine phosphate, 4453 

Haloperidol, 4470 

Hydralaztne hydrochloride, 4494 

Hydromorphone hydrochloride, 4528 

Hydroxyzine hydrat htoride, 4541 

Hy oscy aminę sulfate, 4551 

Hyoscyamine sulfate elixir, 4550 

Ipecac, 4669 

Isoniazid, 4694 

fsosorbide, 470 7 

Lamivudine, 4766 

Levetiracetam, 4809 

Levocamitine, 4823 

Levofloxadn, 4833 

Uncomycin, 4856 

Lilhium, 4870 

Loperamide hydrochloride, 4881 
Lopinavir and ritonavir, 4886 
Loratadine, 4897 

Magnesium carbonale, citric acid, and 
potassium ci tratę for, 4937 
Magnesium carbonate and citric acid for, 
4936 

Manganese chloride for, 4958 
Magnesium dtrate, 4940 
Magnesium dtrate tor, 4941 
Meperidine hydrochloride, 5009 
Mesoridazine besylate, 5036 
M eta p role renol sulfate, 5042 
Methadone hydrochloride, 5062 
Methdilflzine hydrochloride, 5068 
MethenamEne, 5070 
Methenamine mandelate for, 5073 
Methylcellulose, 5099 
Metod oprą mi de, 5130 
Metoprolol Urtrate, 5142 
Mibolerone, 5162 
Nafctllin sodium for, 5268 
Neomycin sulfate, 5302 
Nortriptyline hydrochloride, 5398 
Ondansetron, 5444 
Orange syrup, 7790 
Oxacfllin sodium for, 5472 
Qxtriphyfline, 5500 
Oxybutynin chloride, 5504 
Oxycodone hydrochloride, 5512 
Paromomycin, 5578 
PeniciElin G potassium for, 5605 
PenEcillin V potassium for, 5622 
Perphenazine, 5651 
Phenobarbital, 5664 
Piperazine citrate syrup, 5737 
Polyethylene glycoi 3350 and electrolytes 
for, 5748 

Potassium bicarbonate effervescent tablets 
for, 5758 


Potassium bicarbonate and potassium 
chloride for effervescent, 5758 
Potassium bicarbonate and potassium 
chloride effervescent tablets for, 5759 
Potassium bicarbonate, potassium chloride, 
and potassium citrate effen/escent 
tablets for, 5769 

Potassium bromide, veterinary, 5762 
Potassium chloride, 5765 
Potassium chloride for, 5765 
Potassium citrate and citric acid, 5776 
Potassium gluconate, 5778 
Potassium gluconate and potassium 
chloride, 5780 

Potassium gluconate and potassium 
chloride for, 5780 

Potassium gluconate and potassium citrate, 
5781 

Potassium gluconate, potassium citrate, 
and ammonium chloride, 5781 
Potassium iodide, 5783 
Potassium and sodium bicarbonates and 
citric acid effervescent tablets for, 5759 
Pred ni solone, 5813 
P red ni solone sodium phosphate 
compounded, 5818 
Prednlsone, 5823 
Proch lor perazine, 5846 
Promazine hydrochloride, 5861 
Promazine hydrochloride syrup, 5862 
Promethazine and phenylephrine 
hydrochloride, 5869 
Promethazine and phenylephrine 
hydrochloride and codeine phosphate, 
5872 

Promethazine hydrochloride, 5865 
Pseudoephedrine hydrochloride, 5907 
Pseudoephedrine hydrochloride, 
carbinoxamine maleate, and 
dextromethorphan hydrobromide, 5910 
Pyridostigminę bromide, 5923 
Ranitidine, 5976 
Reserpine, 5988 
Risperidone, 6038 
Ritonavir, 6050 
Saccharin sodium, 6090 
Senna, 6143 

Sertraline hydrochloride, 6149 
Sodium bromide, veterinary, 6180 
Sodium citrate and citric acid, 6186 
Sodium fluorfde, 6189 
Sodium phosphates, 6202 
Stavudine for, 6231 
5ulfaquinoxaline J 6275 
Syrup, 7949 
Terpln hydrate, 6383 
Terpin hydrate and codeine, 6383 
Theophylline, 6420 
Theophylline and guaifenesin, 6426 
Theophylline sodium glycinate, 6427 
Thlamine hydrochloride, 64 31 
Thiamine mononitrate, 6434 
Thioridazine hydrochloride, 6447 
Thiothixene hydrochloride, 6454 
Tolu balsam syrup, 7952 
Triamcinolone diacetate, 6566 
Tricilrates, 6577 
Trifluoperazłne, 6584 
Trihexyphenidyl hydrochloride, 6591 
Trikates, 6593 
Trimeprazine, 6594 
Triprofidlne hydrochloride, 6604 
Triprolidlne and pseudoephedrine 
hydrochlorides, 6606 
Valproic acid, 6646 
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Combined lndex to USP 40 and NF 35 


Orał solu Ilon (LunUnuttd) 

Vancomyctn hydrochloride for, 6660 
Vehlde for, 7766 
Vehide for, sugar free, 7788 
Verapamil hydrochloride, 6677 
Vigabalrin for, 6687 

Yitamins with minerals, oil-soluble, 7275 
Vitamins with mmerats, oil- and wat er- 
$o lub te, 7161 

Vitamins wtth minerals, water-soluble, 
7443 

Vttamins, oil-soluble, 7255 

Vitamins, oil- and water-soluble, 7309 

Zidovudlne # 6741 

Zinc acetale, 6747 

Zinc sulfate, 6757 


Orał suspension 

Acetaminophen, 2547 
Acetaminophen and codeine phosphate, 
2565 

Acetazolamide, 2579 
Acydovir, 2594 
Albendazole, 2604 
AJlopurinol, 2634 
Alprazolam, 2642 
Alumina and magnesia, 2660 
Alumina, magnesia, and caldum 
carbonate, 2662 

Alumina, magnesia, and simethicone, 2666 
Alumina and magnesium earbonate, 2669 
Alumina and magnesium trisflkate, 2672 
Amiodarone hydrochloride, 2755 
Am lad i pin e, 2760 
Amosddllin, 7788 

Am o xi cii lin and davulanate potassium for, 
2791 

Amoxicillin for, 2789 

Amoxirillin tablets for, 2790 

Am pi cif lin for, 2809 

Ampidnin and probenecid for, 28 Tł 

Atenolol compounded, 2839 

Atenolol compounded, yeterinary, 2889 

Atovaquone, 2900 

Azathioprine, 2916 

Azithromycin for, 2928 

Badofen, 2944 

Benazepril hydrochloride compounded, 
yeterinary, 2963 
Bethanechol chloride, 3021 
Bismuth subsalicylate, 3040 
Caldum carbonaie, 3128 
Caldum and magnesium carbonates, 3133 
Captoprit, 3175 
Carbamazepine, 3181 
Cefaclor for, 3238 
Cefadroxil for, 3244 
Cefdinir for, 3258 
Cefixime for, 3266 
Cefpodojdme proxelil for, 3293 
Cefprozi! for, 3297 
Cefuroxime axetil for, 3311 
Celtulose sodium phosphate for, 331 7 
Cephalexin for, 3319 
Cephaleain tablets for, 3321 
Cephradine for, 3330 
Chloramphenico! palmitate, 3353 
Chloroquine phosphate, 3378 
Chlorothiazide, 3380 
Choles tyra minę for, 3405 
Cisapride compounded, yeterinary, 3439 
Oarithromycin for, 3463 


Ctayulanate potiissium and amoMidllfn for, 
2791 

Ctonazepam, 3505 

Ctopidogrel compounded, 351 7 

Co tesli poi hydrochloride for, 3555 

Coiistin sulfate for, 3558 

Dapsone, 3637 

Demecloeydlne, 3645 

Diazoxide, 3722 

Didoxacillin sodium for, 3742 

Didanosine tablets for, 3750 

Diltiazem hydrochloride, 3785 

Dipyridamole, 3821 

Dolasetron mesytate, 3858 

Doxycydlne for, 3892 

Doxycydine caldum, 3894 

Doxy cyc Linę compounded, yeterinary, 

3895 

Enalaprtl maleate, 3970 
Enalaprtl maleate compounded, yeterinary, 
3970 

Enrofloxacin compounded, yeterinary, 

3986 

Erythromycin estolate, 4039 
Erythromycin estolate for, 4040 
Erythromycin estolate and sulf*soxazole 
acetyl, 4040 

Erythromycin ethylsuccinate, 4043 
Erythromycin ethylsuccinate for, 4044 
Erythromycin ethylsucdnate and 
sulfisoaazole acetyl for, 4046 
Fam dc Iow compounded, 41 35 
Famotidine for, 41 39 
Felbamate, 4143 
Ferumoxsil, 4182 
Flecainide acetale, 4206 
Fluconazole for, 4219 
Flucytosine, 4223 
Furazolidone, 4347 
Canddovir, 4 381 
Craniselron hydrochloride, 4442 
Criseofulvin, 4447 
Hydro ayzine pamoate, 4546 
Ibuprofen, 4556 
Indomethacin, 4602 
Isradipine, 4728 
Ketoconazote, 4748 
LabetaM hydrochloride, 4759 
Lamotrigine compounded, 4778 
Lamotrigine tablets, 4 776 
Lansoprazote compounded, 4787 
Lisinopril, 4865 
Loracarbef for, 4895 
Ma gal dra te, 4931 

Magaldrate and simethicone, 4932 
Magnesium carbonate and sodium 
bicarbonate for, 4937 
Marbofioxacin compounded, yeterinary, 
4965 

Mebendazole, 4969 
Megestrol acetale, 4987 
Meloxicam, 4994 
Meprobamate, 5018 
Methacydine hydrochloride, 5060 
Methadone hydrochloride tablets for, 5064 
Methenamlne mandefate, 5073 
Methyldopa, 5100 
Metolazone, 5133 
M eto pro lo i tart ra i e, 5142 
Metronidazole benzoate compounded, 
5149 

Minocycline hydrochloride, 5177 
Mycophenolate mofetrl for, 5251 
Nalidbck acid, 5271 
Naproxen, 5283 


Naratriptan hydrochloride, 5793 
Nevlrapine, 5331 
Nitrofurantoin, 5365 
Nystatin, 5403 
Nystatin for, 5403 
Omeprazole, 5437 
Ondansetron hydrochloride, 5442 
Oxcarbazeptne, 5492 
Oxfendazole, 5497 

Oxytetracycline and nystatin for, 5534 
Oxytetracycline caldum, 5534 
Pantoprazole, 5562 
PeniciJlin G benzathine, 5600 
PeniciJlin V for, 5619 
Penicillin V benzathine, 5620 
Pentoxifyłline, 5635 
Pergollde, yeterinary, 5642 
Phenobarbital, 5664 
P h enoxybe n zam ine hy droc h lorid e 
compounded, 5670 
Phenytoin, 5690 
Piroxkarn compounded, 5741 
Prednisolone compounded, yeterinary, 
5816 

Primidone, 5832 
Propylthiouracil, 5900 
Psyflium hydro phi lic mudlloid for, 5915 
Pyrantef pamoate, 5917 
Pyraztnamide, 5920 
Pyrimethamlne, 5929 
Pyrvtntum pamoate, 5931 
Quinidine sulfate, 5952 
Rifabulin, 6006 
Rlfampin, 6010 
Sildenafif citrate, 6159 
Simethicone, 6163 
Sodium phenylbutyrate, 6200 
Sotalol hydrochloride, 6216 
Spironolactone, 6222 
Spironolactone and hydrochlorolhiazide, 
6223 

Spironolactone compounded, 6221 
5ulfadimethoxine, 6261 
SuJfamethizole, 6266 
Suffamethoxazole, 6268 
5ulfamethoxazole and trirnethoprim, 6270 
5ulfisoxazole acetyl, 6282 
Sumatriptan succinate, 6294 
Tacrofimus, 6309 
Tadalafil compounded, 6313 
Te mozołom id e, 6361 
Terbinafine, 6370 
Terbutaline, 6377 
Te trący di ne, 6400 
Tetracydine hydrochloride, 6407 
Tbeophylline, 6421 
Thlabendazole, 6429 
Thioridazine, 6446 
Tiagabine hydrochloride, 6460 
Topiramate compounded, 6527 
Tramadol hydrochloride, 6532 
Tramadol hydrochloride and 
acetaminophen, 6538 
Tramadol hydrochloride compounded, 
yeterinary, 6539 
TriRupromazlne, 6586 
Trisulfapyrimidines, 6607 
Ursodiol, 6630 
Val a cyc lovir, 6633 
Vehide for, 7788 
Verapamil hydrochloride, 6678 
Zonisamide compounded, 6778 











Combined lndex to USP 40 and NF 35 


Orang-Parti 1-47 


Orange 
G, 2375 
oil, 7789 

peel tincture, sweet, 7790 
spirit, compound, 7789 
syrup, 7790 
Orbifloxacin, 5451 
tablets, 5452 
OrdnoJ, 2376 

Ordinary impurities (466), 368 
Organie 

nitrogenous bases—identification (181), 
245 

nitrogenous bases, salts of (501), 392 
Orlistat, 5453 
capsules, 5456 
Orpbenadrine ci trale, 5457 
aspirin and caffeine tablets, 5462 
injection, 5459 

extended-release tablets, 5460 
Orthophenanthrofine, 2376 
TS, 2418 

Oseltamivir ph osp ha te, 5465 
capsules, 5467 
Os mi urn tetroxide, 2376 
Osmolality and osmolarity (785), 656 
Ottc solution 
acetk acid, 2581 
antipynne and benzocaine, 2838 
antipynne, benzocaine, and phenylephrine 
hydrochloride, 2839 
benzocaine, 2976 
chJorampbenicol, 3351 
geniamidn sulfate and betamethasonę 
valerate, 4395 

hydrocortisone and acetic acid, 4510 
neomydn and polymyxm B sulfates and 
hydrocortisone, 5321 
polymyxin B sulfate and hydrocortisone, 
5753 

Otic suspension 

Gprofloxadn and dexamethasQne, 3436 
Qxadltiń 
injection, 5471 
for injection, 5472 
Sódtum, 5468 
sodłum capsules, 5470 
sodium for orał solution, 5472 
OxaJic acid, 2376 
tenth-diormal (0,1 N), 2429 
TS, 2419 
Oxaliplatin r 5473 
injection, 5477 
for injection, 5479 
Oxandmlone, 5481 
tablets, 5483 
Oxaprozin, 5485 
tablets, 5486 
Oxazepam r 5487 
ca psuł es, 5488 
tablets, 5490 
Oxcarbazepine, 5490 
orał suspension, 5492 
tablets, 5494 
Oxfendazole, 5497 
orał suspension, 5497 
Oxidlzed cellulose, 3314 
regenerated, 3315 
Oxprenolol hydrochloride, 5498 
tablets, 5499 

extended-re1ease tablets, 5499 
Oxtnphyl[me, 5500 
orał solution, 5500 
tablets, 5501 

extended-release tablets, 5501 


Oxybenzone, 5 SU 3 
and dioxybenzone cream, 3797 
Oxybutynln chloride, 5503 
orał solution, 5504 
tablets, 5505 

tablets, exLended“felease, 5506 
Oxycodone 

and acetaminophen capsules, 5516 
and acetaminophen tablets, 5517 
and aspirin tablets, 5518 
terephthalate, 5520 
Oxycodone hydrochloride, 5509 
orał solution, 5512 
tablets, 5513 

extended-release tablets, 5513 
3,3'-Oxydiprapionitrile, 2376 
Oxygen, 5521 

21 percent certified standard, 2376 
93 percent, 5522 

93 percent certified standard, 2376 
certified standard, 2376 
fiask combustron (471), 385 
helium certified standard, 2376 
Oxymetazoline hydrochloride, 5522 
nasal solution, 5523 
ophthalmic solution, 5524 
Oxymetholone, 5524 
tablets, 5525 

Oxymorphone hydrochloride, 5526 
injection, 5527 
tablets, 5528 

extended-release tablets, 5530 
Oxyquinoline sulfate, 7790 
Qxytetrącyclinę, 5531 
ca Id u m, 5S34 

ca lei u m orał suspension, 5534 
for injection, 5536 
hydrochloride, 5535 
hydrochloride capsules, 5535 
hydrochloride and hydrocortisone acetale 
ophthalmic suspension, 5537 
hydrochloride and hydrocortisone 
ointment, 5537 

hydrochloride and palymyxin B sulfate 
ointment, 5538 

hydrochloride and polymyxin i sulfate 
ophthalmic oiniment, 5538 
hydrochloride and polymyxtn 8 sulfate 
lopicaf powder, 5539 
hydrochloride and polymyxin B sulfate 
vaginal inserts, 5539 
hydrochloride sofuble powder, 5536 
injection, 5532 
and nystatln capsules, 5533 
and nystatin for orał suspension, 5534 
tablets, 5533 
Oxytocin, 5539 
injection, 5541 


P 

P 32 

solution, sodium phosphate, 5699 
suspension, chromie phosphate, 5698 
Package integrily and test method sefection 
(1207J), 1707 

Package integrity Jeak test technologie* 

(1207.2) , 1719 

Package seal qu^ffty test technologies 

(1207.3) , 1736 


Packaging and repackaging—single unit 
containers (1136), 1532 
Packaging and sto ragę requirements (659), 
529 

Packings for high-pressure liguid 
chroma tog raphy, 2376 
Paditaxel, 5542 
injection, 5544 
Padimate O, 5545 
lotion, 5546 
Paliperidone, 5547 
Palladium 
catafyst, 2376 
chloride, 2376 
chloride TS, buffered, 2419 
Pa lla do u s chi oride, 2376 
Pallida 

echinacea, 6931 

extract, powdered echinacea, 6935 
powdered echinacea, 6933 
Palm 
oil, 7791 

oil, hydrogenated, 7791 
kernel oil, 7792 
Palmitic add, 7793 
Palonosetron 
hydrochloride, 5548 
Pamabrom, 5550 
Pamldronate disodium, 5551 
for injection, 5552 

Pancreatic digest of casein, 2376, 2403 
Pancreatin, 2376, 5553 
tablets, 5555 
Pancreatin (1025), 866 
Panerelipase, 5556 
capsules, 5557 

delayed-release capsules, 5558 
tablets, 5558 

Pancuronium brom i de, 5559 
injection, 5560 
Panthenol, 5561 
Pantoprazole 
orał suspension, 5562 
Pantoprazole sod i u m ( 5563 
delayed-release tablets, 5565 
Papaic digest of soybean meal, 2376 
Papain, 5569 

tablets for topical solution, 5569 
Papawerine hydrochloride, 5570 
injection, 5571 
tablets, 5571 
Paper 

lead acetate, 2367 
odoriess absorbent, 2376 
quantitative fil ter, 2385 
Pam-aminobenzoic acid, 2331, 2376 
Parachlorophenol, 5571 
camphorated, 5572 
Paraffin, 7794 
synthetic, 7795 
Paraformaldehyde, 2376 
Paraldehydy 5573 
Paregoric, 5573 
Paricałcitol, 557 4 
injection, 5575 
Parom omyć in 
orał solution, 5578 
sulfate, 5578 
sulfate capsules, 5578 
Paroxetine 
hydrochloride, 5579 
tablets, 5582 

extended’release tablets, 5583 
Partia lly-neutrallzed methacrylic acid and 
ethyl ocrylote copolymer, 7760 
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Particie size distribuLion estimation by 
anałytkal sieving (786), 658 
Partlculate matter In injections <788), 665 
Particulate matter Sn ophthalrnic Solutions 
(789), 669 
Peanut oil, 7795 
Pea starch, 7915 
Pectate lyase, 2377 
Pecbn, 5586 
Pemetrexed 
disodium, 5588 
for injection, 5590 
Penbutolol sulfate, 5591 
tablets, 5592 
Penicillamine, 5593 
capsules, 5595 
tablets, 5596 
Pen id I lin 

G benzathine, 5598 

C benzathine injectable suspension, 5599 
G benzathine and penidllin G proeaine 
injectable suspension, 5601 
G benzathine orał suspension, 5600 
G benzathine tablets, 5600 
G, neomycin, polymyxln B, hydrocortisone 
acetale, and hydrocortisone sodium 
succEnate to pica! suspension, 5597 
G potassium, 5602 
G potassium injection, 5603 
G potassium tor injection, 5604 
G potassium for orał solution, 5605 
G potassium tablets, 5606 
G procałne, 5607 

G proeaine, dihydrostreptomydn sulfate, 
chlorphenframrne maieate, and 
dexamethasone injectable suspens!on, 
5612 

G piutaine and dihydrostreptomydn 
sulfate injectable suspension, 5611 
G proeaine and dihydrostreptomydn 
sulfate intramammary infusion, 5611 
G proeaine, dihydrostreptomycin sulfate, 
and prednisolone injectable suspension, 
5614 

G proeaine injectable suspension, 5609 
G proeaine for injectable suspension, 5610 
G proeaine intramammary infusion, 5609 
G proeaine, neomydn and polymyxin B 
sulfates, and hydrocortisone acetale 
topicai suspension, 5614 
G proeaine and novobiocin sodium 
intramammary infusion, 5615 
G proeaine and peniciltin G benzathine 
injectable suspension, 5601 
G sodium, 5616 
G sodium for injection, 5616 
V, 5618 

V benzathine, 5620 

V benzathine orał suspension, 5620 

V potassium, 5621 

V potassium for orał sol u ti on, 5622 

V potassium tablets, 5623 

V for orał suspension, 5619 

V tablets, 5619 
Penicillinase, 2377 
Pentadecane, 2377 

1 -Pentadecanol, 2377 
Pentafluoroprapionk acid, 2377 
PentamtdEne isethionate, 5624 
Pentane, 2377 

1- Pentanesulfonfc acid sodium salt, 2377 

2- Pentanone, 2377 
Pentazocine, 5624 

and acetaminophen tablets, 5625 
and aspirin tablets, 5627 


hydrochloride, 5625 
injection, 5630 
and nałożone tablets, 5629 
Pentetic acid, 5631 
Pentobarbital, 5632 
sodium, 5633 
sodium injection, 5634 
Pentoxifyllinę, 5634 
orał suspension, 5635 
extended-reiease tablets, 5636 
People, xi 
Peppermint, 7796 
oil, 7796 
spirit, 5638 
water, 7797 
Pepstn, 2377 
purified, 2377 

Peptic digest of animal tissue, 2378 
Peptone, dried, 2357, 2378 
Perchloric add, 2378 
tenth-normal (0.1 IM) in dioxane, 2429 
tenth-normaf (OJ N) in giacial acetic add, 
2430 
TS, 2419 
Perflubron, 5639 

Perflutren protein-type A microspheres 
injectable suspensEon, 5639 
Pergolide 
mesylate, 5641 

orał suspension ve term ary, 5642 
tablets, 5643 
Perindopril 
erbumine, 5644 
erbumine tablets, 5647 
Periodie add, 2378 
Period on tal system 
minocycline, 5182 
Perphenazine, 5649 
and amitriptyline hydrochloride tablets, 
5652 

injection, 5650 
orał sol u Ilon, 5651 
syrup, 5651 
tablets, 5652 
Pertussis 

immune globulin, 5653 
Petrolatum, 5653 
hydro phi lic; 5654 
white, 5654 

Petroleum benzin, 2378 
pH (791), 672 

Pharmaceulical calculations in pharmacy 
practice <1160), 1569 
Pharmaceuttcal compounding 
nonsterile preparations (795), 675 
sterile preparations (797), 683 
Pharmaceutical dosage forms (1151), 1543 
Phases for gas chroma tog raphy, 2378 
Phase-solubility analysis (1171), 1599 
Phellandrene 
(RM-)*a!pha, 2378 
Phenacetin, 2378 
1,10-Phenanthroline, 2376, 2378 
o- Phe n a n t h roi i ne mo n ohyd roc h I oride 
mono hydra te, 2378 
Phenazopyridine hydrochloride, 5655 
tablets, 5656 

Phendimetrazine tartrate, 5657 
capsules, 5658 
tablets, 5659 
Phenelzine sulfate, 5659 
tablets, 5660 

Pheniramine maieate, 5661 
and naphazoline hydrochloride ophthalmic 
ęnluftrm, 5281 


Phenmetrazine hydrochloride, 5662 
tablets, 5662 
Phenobarbital, 5663 
sodium, 5665 
sodium injection, 5666 
sodium Tor Injection, 5666 
orał solution, 5664 
orał suspension, 5664 
tablets, 5665 

theophyliine and ephedrine hydrochloride 
tablets, 6424 
Phenol, 2378, 5666 
alcohof TS, 2412 
topicai gel, camphorated, 5667 
iron, TS, 241 6 
łiguefied, 5668 
red, 2378, 2408 
red, sodium, 2378 
red TS, 2419 
red TS, pH 4.7, 2419 
camphorated, fopicał solution, 5668 
TS, 2419 
Phenofated 

całamine topicai suspension, 3111 
Phenoldisulfonic acid T5, 2419 
Phenolphthalein, 2408 
paper, 2409 

Phenolphthalein TS, 2419 
Phenolsulfonphthalein, 2378, 7797 
Phenoxybenzamine hydrachloride, 2378, 
5669 

capsules, 5669 

Phenoxybenzamine hydrochloride 
compounded 
orał suspension, 5670 
3*Phenoxybenzoic acid, 2378 
2-Phenoxyethanol, 2378 
Phenoyyethannl, 7799 
Phensuximide, 5671 
capsules, 5672 

Phentermine hydrochloride, 5672 
capsules, 5673 
Lablets, 5673 

Phentolamine mesylate, 5674 
for injection, 5675 
Phenyl 
ether, 2378 
isocyanate, 2378 
2-Ph eny] a c eta mi de, 2379 
U 3 henyl alaninę, 2379, 5676 
df-Phenylalanine, 2379 
Phenylbutazone, 5677 
boluses, 5677 
injection, 5678 
tablets, 5678 
p- P h eny lened i arn ine 
di hydrochloride, 2379 
hydrochloride, 2379 

o-Phenyłenediamine di hydrochloride, 2379 
Phenylephrine 
bitartrate, 5679 

bitartrate and isoproterenol hydrochloride 
Inhalation aerosol, 4702 
Di p hen hydra minę, hydrochloride tablets, 
3810 

hydrochloride, 5681 

hydrochloride, antipyrine, and benzocaine 
otic solution, 2839 
hydrochloride and promethazine and 
codeine phosphate orał solution, 5872 
hydrochloride and promethazine orał 
solution, 5869 

hydrochloride injection, 5683 
hydrochloride nasal jelly, 5684 
hydrochloride na sal solution, 5684 
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PhenyJephrine (continued) 
hydrochloride ophthalmic solution, 5684 
hydrochloride tablets, 5685 
Phenylethyl alcohol, 5686 
Phenylglycine, 2379 
PhenylhydrazEne, 2379 
acetate TS, 2419 
hydrochloride, 2379 
sulfuric acid TS, 2419 
Phenylmercurio 
acetale, 7799 
nitrate, 7800 

Phenylmethylsulfonyl fluoride, 2379 
3-Phenylphenol, 2379 
Pheny I pro pa nol a m in e 
hydrochloride, 5687 
Phenyltoloxamine ci tratę, 5688 
Pheny toin, 5689 
chewable tablets, 5691 
sodium, S692 

sodium ca psules, extended, 5693 
sod ium ca psuł es, prompt, 5696 
sodium injection, 5697 
orał suspension, 5690 
pH łndicator paper, short-range, 2409 
Phloroglucinol, 2379 
TS, 2419 
Phloxtne B, 2379 

Phosphatase enzyme, alkalinę, 2330, 2379 
Phosphate 

acidulated, and sodium fluoride lopical 
solution, 6190 
b uff er, 2340 
drethylamine, 2352 
P 32 solution, sodium, 5699 
P 32 suspens ton, chromie, 5698 
in reagents, 2327 
Phosphatic enzyme, 2379 
T5, 2419 

Phosphomolybdic acid, 2379 
TS, 2419 

Phosphoric acid, 2379, 7801 
diluted, 7801 

and sodium fluoride gel, 6191 
0*05 M TS, 2419 
0-06 M TS, 2419 
10% TS, 2419 
1 N TS, 2419 
20% TS, 2419 
Phosphorous acid, 2380 
Phosphorus 
pentoxide, 2380 
red, 2380, 2386 
Phosphotungstic acid, 2380 
TS, 2419 

o-Phthalatdehyde, 2380 
Phthalazine, 2380 
Phthalic 
acid, 2380 
anhydride, 2380 
Phthalimide, 2380 
Pbytlontbui amarus, 71 31 
powdered, 7133 

Physical environments that promote safe 
medication use (1066), 1200 
Physicochemical analyttcal procedures for 
insulin* (121.1), 207 

Physicochemical integrator* and indicators 
for sterilization (1229.9), 1842 
Physostlgmine 
salicyl a te, 5699 
salicyl a te injection, 5700 
salicylate ophthalmic solution, 5700 
Phytonadione, 5701 
injeciable emulsJon, 5702 


tablets, 5702 
2-Picoline, 2380 
Picrate TS, alkaline, 2412, 2419 
Picric acid, 2380, 2403 
TS, 2419 

Picrolontc acid, 2380 
Pilocarpme, 5 703 
hydrochloride, 5705 

hydrochloride ophthalmic solution, 5706 
hydrochloride tablets, 5707 
nitrate, 5708 

nitrate ophthalmic solution, 5708 
ocular system, 5704 
Pimozide, 5709 
tablets, 5710 
Pindolol, 5711 
tablets, 5712 
Plnene 

(+)-alpha, 2380 
beta, 2380 
Pfoglitazone 

and glimepiride tablets, 5716 
hydrochloride, 5713 

and metformin hydrochloride tablets, 5720 
tablets, 5715 
Pipemidic acid, 2380 
Piperadllin, 5724 
for injection, 5727 
sodium, 5725 

and tazobactam tor injection, 5728 
Piperazine, 2380, 5735 
adipate, 5735 
citrate, 5736 
dtrate syrup, 5737 
citrate tablets, 5737 
di hydrochloride, 5737 
phosphate, 5738 
Piperidine, 2380 
Piroxicam, 5738 
ca psules, 5739 
cream, 5740 
Ptroxicam compounded 
ora! suspension, 5741 
Plantago seed, 5742 
Plasma protein fraction, 5742 
Plasma spectrochernistry (730), 611 
Plasma spectrochemlstiy—theory and 
practice (1730), 2067 

Plastic materiał s of conslruction (661J), 542 
Plastic packaging systems and theśr materials 
of construction (661), 541 
Plastic paekaging Systems for pharmaceuticat 
use (661.2), S54 
Platanie 

chloride, 2380 
chioride TS, 2419 
Platinum 
CObalt TS, 24 T 9 
Podophyllum, 5743 
resin, 5743 

resin topie a I solution, 5744 
Polacrilin potassium, 7802 
Pofarography (801), 746 
Poficies, USP, xxix 
Poloxalene, 5744 
Poloxamer, 7803 
Polycarbophil, 5745 
caldum, 3153 
Polydecene 
hydrogenated, 7805 
Polydextrose, 7807 
hydrogenated, 7809 
Poiydimethylsilbxane, viscosity 0.65 
centistokes, 2380 


Polyethylene 
glycol, 7812 
glycol 200, 2381 
glycol 600, 2381 
glycol 20,000, 2381 
glycol 3350 and efectrolytes for orał 
solution, 5748 

glycol monomethyl etber, 7815 
glycol ointment, 7815 
oxide, 7817 

Polyethylene glycol 3350, 5745 
Polyethylene glycol standards with molecular 
weights of 1000, 2000, 3000, 4000, and 
6000 daItons (g/mol), 2381 
Polyglyceryl 
3 diisostearate, 7821 
dioieate, 7819 
Polyisobutylene, 7822 
Po!ymyxin 8 
for injection, 5752 

and neomycin sulfates, bacitracin, and 
hydrocortisone acetate ointment, 5314 
and neomycin sulfates, bacitracin, and 
hydrocortisone acetate ophthalmic 
ointment, 5314 

and neomycin sulfates, bacitracin, and 
lidocaine ointment, 5315 
and neomycin sulfates and badtradn 
ointment, 5313 

and neomycin sulfates and bacitracin 
ophthalmic ointment, 5313 
and neomycin sulfates, bacitracin zinc, and 
hydrocortisone acetate ophthalmic 
ointment, 5317 

and neomycin sulfates, bacitracin zinc, and 
hydrocortisone ointment, 5316 
and neomycin suffates, badtradn zinc, and 
hydrocortisone ophthalmic ointment, 
5317 

and neomycin sulfates, bacitracin zinc, and 
lidocaine ointment, 5318 
and neomycin sulfates and badtradn zinc 
ointment, 5315 

and neomycin sulfates and bacitracin zinc 
ophthalmic ointment, 5316 
and neomycin sulfates cream, 5312 
and neomycin sulfates and dexamelhasone 
ophthalmic ointment, 5319 
and neomycin sulfates and dexamethasone 
ophthalmic suspension, 5319 
and neomycin sulfates and gramididn 
cream, 5320 

and neomycin suifates, gramididn, and 
hydrocortisone a cel a te cream, 5321 
and neomycin sulfates and gramididn 
Ophthalmic solution, 5320 
and neomycin sulfates and hydrocortisone 
acetate cream, 5323 

and neomycin sulfates and hydrocortisone 
acetate ophthalmic suspension, 5323 
and neomycin sulfates and hydrocortisone 
ophthalmic suspension, 5322 
and neomycin sulfates and hydrocortisone 
otlc solution, 5321 

and neomycin sulfates and hydrocortisone 
otic suspension, 5322 
and neomycin sulfates and lidocaine 
cream, 5323 

and neomycin sulfates ophthalmic 
ointment, 5312 

and neomycin sulfates ophthalmic 
solution, 5313 

and neomycin sulfates, penidINn G 
procaine, and hydrocortisone acetale 
lopical suspension, 5614 
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Polymyxin B (continued) 
and neomycin sulfates and pramoxlne 
hydrochloride cream, 5324 
and neomydn sulfates and prednisolone 
acetale ophthalmic suspension, 5324 
and neomycin sulfates solution for 
imgation, 5312 

penidllfn G, neomycin, hydrocortisone 
acetate, and hydrocortisone sodium 
su cci na te topical suspension, 5597 
sulfate, 5750 

sulfate and badtracin topicai aerosol, 2939 
sulfate and bacitracin zinc topical aerosol, 

5752 

sulfate and bacitracin zinc ointment, 2942 
sulfate and bacitracin zinc ophthalmic 
ointment, 2943 

sulfate and bacitracin zinc topical powder, 

5753 

sulfate and chloramphenicol ophthalmic 
ointmenl, 3352 

sulfate and hydrocortisone otic solution, 
5753 

sulfate and oxytetracydine hydrochloride 
ointment, 5538 

sulfate and oxytetracyclfne hydrochloride 
ophthalmic ointment, 5538 
sulfate and oxytetracydine hydrochloride 
topical powder, 5539 
sulfate and oxytetracydine hydrochloride 
yaginal inserts, 5539 
sulfate and trimeihoprim ophthalmic 
solution, 5754 

Polyoxyethylene 10 lauryt ether, 2381 
Polyoxyethyłene (20) sorbitan monolaurate, 
2381 

Polyoxyethylene (23) lauryl ether, 2381 
polyoxyl 

10 oleyl ether, 7823 

15 hydroxys Leara te, 7824 

20 cetostearyl ether, 7828 

35 castor oli, 7829 

40 hydrogenated castor oil, 7829 

lauryl ether, 7830 

oteate, 7830 

stearate, 7831 

stearyl ether, 7832 

Polysaccharide molecular weight standards, 
2381 

Polysorbate 
20, 7833 
40, 7834 
60, 7835 
80, 7835 

Polysorbate 80, 2381 
Polystyrene 

cation-excbange resin, 2381 
Folytef, 2381 
Polyvinyl 
acetate, 7837 
acetale dispersion, 7840 
acetate phthalate, 7842 
alcohol, 2381, 5754 
alcohol and ethylene glycol graft 
copofymer, 7658 

Porosi metry by mercury rntrusion (267), 306 
Porasity by nitrogen adsorptłon-desorption 
<268), 309 

Positron emission Lomography drugs for 
compoundlng, lnvestigational, and 
research uses (823), 758 
Positron emission lomography drugs— 
Information (1823), 2190 
Potash, sulfurated, 5756 


Potassium 

acetate, 2381, 5756 
acetate injection, 5757 
acetate TS, 2419 
alginate, 7843 
alum, 2381, 2660 
arsenale monobasic, 2381 
arsenite, tenth-normal (0*1 N), 2430 
benzoate, 7843 
bicarbonate, 2381, 5757 
bicarbonate effervescent tablets for orał 
solution, 5758 

bicarbonate and potassium chloride for 
effervescent orał solution, 5758 
bicarbonate and potassium chloride 
effervescent tablets for orał solution, 
5759 

bicarbonate, potassium chloride, and 
potassium ci tratę effervescent tablets for 
ora! solution, 5769 
biphosphate, 2381 
biphthalate, 2381 
bismuth iodide TS, 2419 
bisulfate, 2381 
bitartrate, 5760 
bromate, 2382 

bromate, tenthmormal (0*1 N), 2430 
bromide, 2382, 5761 
brom i de-brom a te, tenth-normal (0,1 N), 
2430 

bromide orał solution, yeterinary, 5762 
carbonate, 2382, 5762 
carbonate, anhydrous, 2333, 2382 
carbonate TS, 2419 
ch lora te, 2382 
chloride, 2382, 5763 
chloride extended-release capsules, 5763 
chloride in dextrose injection, 5766 
chloride in dextro$e and sodium chloride 
injection, 5767 

chloride for injection concentrate, 5764 
chloride in lactated Ringeris and dextrose 
injection, 5769 

chloride, potassium bicarbonate, and 
potassium ci tratę effervescent tablets for 
ora! solution, 5769 

chloride and potassium bicarbonate for 
effervescent orał solution, 5758 
chloride and potassium bicarbonate 
effervescent tablets for orał solution, 

5759 

chloride and potassium gluconate orał 
solution, 5780 

chloride and potassium gluconate for orał 
solution, 5780 

chloride Sn sodium chloride Injection, 5772 
chloride orał solution, 5765 
chloride for ora! solution, 5765 
chloride extended-release tablets, 5766 
chloroplalinate, 2382 
chromate, 2382 
chromate TS, 2419 
citrate, 5773 

ci tratę and citric add ora! solution, 5776 
citrate, magnes!urn carbonate, and citric 
acid for orał solution, 4937 
citrate, potassium chloride, and potassium 
bicarbonate effervescent tablets for ora] 
solution, 5769 

citrate, potassium gluconate, and 
ammonium chloride orał solution, 5781 
citrate and potassium gluconate orał 
solution', 5781 
citrate tablets, 7134 
citrate extended-release tablets, 5774 
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cyanide, 2382 
dichromate, 2382 

dichromate, tenth-normal (0.1 N), 2430 
dichromate TS, 2419 
ferrkyanide, 2382 
femcyanide TS, 2419 
ferricyanide, twentieth-mołar (0,05 M), 
2431 

ferrocyanide, 2382 
ferrocyanide TS, 2419 
gluconate, 5777 

gluconate and potassium chloride orał 
solution, 5780 

gluconate and potassium chloride for orał 
solution, 5780 

gluconate, potassium citrate, and 
ammonium chloride orał solution, 5781 
gluconate and potassium citrate orał 
solution, 5781 

gluconate orał solution, 5778 
gluconate tablets, 5779 
guaiacolsulfonate, 5782 
hyaluronate, 2382 
hydrogen suffate, 2382 
hydroxide, 2382, 7844 
hydroxide, alcohol ic, half-normal (0.5 N), 
2420, 2431 

hydroxide, alcoholic, tentb-molar (0.1 M), 
2431 

hydmxEde, methanoiic, tenth-normal (0,1 
N), 2431 

hydroxide, normal (1 N), 2431 
hydroxide TS, 2419 
bydroxide 2 N TS, 2420 
hydroxide TS, alcoholic, 2420 
hydro*ide TS 2, alcoholic, 2420 
iodate, 2382 

loda te, twentieth-molar (0.U5 M), 2431 
iodide, 2382, 5782 
todide and iodine TS 1, 24T6 
iodide and iodine TS 2, 2416 
iodide and iodine TS 3, 2416 
iodide orał solution, 5783 
iodide and starch TS, 2420 
iodide tablets, 5783 
iodide delayed-release tablets, 5784 
iodide TS, 2420 
iodide 20% TS, 2420 
iodoplatinate TS, 2420 
metabisułfite, 2382, 7846 
metaphosphate, 7846 
nlfrate, 2382, 5784 
nitrate solution, 5785 
nrtrite, 2382 
perchforate, 2382, 5786 
perehlorate capsules, 5786 
period a te, 2382 
permanganate, 2382, 5786 
permanganate, tenth-normal (0.1 N), 
2420, 2432 

permanganate TS, 2420 
per sulfate, 2382 

phosphate, dtbastc, 2351, 2382, 5787 
phosphate, dibasic, trihydratę, 2382 
phosphate, monobasic, 2372, 2381, 2382, 
7847 

phosphate, tribasic, 2383 
phosphates injection, 5788 
pyroantimonate, 2383 
pyroantimonate TS, 2420 
pyrophosphate, 2383 
pyrosulfate, 2383 

and sodium bicarbonates and citric add 
effervescent tablets for orał solution, 
5759 
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Potassfum (continued) 
sodium tartrate, 2383, 5789 
sorbate, 7848 
sulfate, 2383 
sulfate T5, 2420 
lellurite, 2383 
thiocyanate, 2383 

thiocyanate, tenlh-normai (OJ N), 2432 
thiocyanate TS, 2420 
0.025 N Potassium diehromate VS, 2430 
Potassium hydroxide 
1 .8 N TS, 2420 
45% TS, 2420 
Potassium phosphate 
0.02 M TS, 2420 
0,2 M TS, 2420 
Potato starth, 2383, 7920 
Powidone, 5789 
Powidone-fodine, 5792 
topical aerosol, 5793 
cleansing solution, 5793 
ointment, 5793 
topical solution, 5794 


Powder 

Absorbable dusting, 392G 
Ampfcillin sofuble, 2808 
Amprolium soluble, 2814 
Astragalus root, 6815 
Bacitradn methylene disalicyfate soluble, 
2939 

Badfradn zinc soluble, 2942 
Bana ba leaf, 6827 

Chlortetracycllne and sulfemethazine 
brsultates soluble, 3396 
Chlortetra cyt linę hydrochloride soluble, 
3397 

Compound dioguinof topical, 3488 
Cromolyn sodium inhalation, 3588 
Fe nu greek seed, 6955 
Ftuticasone propionate and satmeterol, 
inhalation, 4309 

Fluticasone propionate inhalation, 4293 
Ganoderma luddum fruiting body, 6978 
Iron, 2365 

japanese honeysuckle flower, 7060 
Lew 0 thyroxine sodium orał, 4842 
Lintomydn hydrochloride soluble, 4858 
Melby Ibenzethonium chloride topical, 
5096 

Miconazole nitrate topical, 5165 
Neomycin sulfate, isoflupredone acetate, 
and tetracaine hydrochloride topical, 
5310 

Northern schisandra fruit, 7187 
Nysiatin topical, 5402 
Orał, containing al least three of the 
following—acetaminophen and (salts of) 
chi orphen ira m ine, dextrometborphan, 
and pseudoephedrine, 2555 
Oxytetraoycline hydrochloride and 
polymyxin 8 sulfate topical, 5539 
Oxyte trący c 13 ne hydrochloride soluble, 
5536 

Polymyxin 8 sulfate and badtradn zinc 
topical, 5753 

5t fohn's wort fłowering top, 7168 

Salmeterol inhalation, 6096 

Sodium bicarbonate orał, 6178 

Soy tsoflavones, powdered extract, 7196 

Suffadimethoxine soluble, 6260 

Ten dcydine hydrochloride soluble, 6405 


Tienchi ginseng root and rhizome, 7216 
Tolnaftale topical, 6518 


Powdered 

American ginseng, 6787 
American ginseng extract, 6789 
andrographis, 6795 
andrographis extract, 6797 
ashwagandha root, 6802 
ashwagandha root extract, 6804 
Asian ginseng, 6807 
Asian ginseng extract, 6808 
bilberry ex traci, 6834 
black cohosh, 6838 
black cohosh extract, 6840 
black pepper, 6847 
black pepp-er extract, 6849 
cat's da w, 6869 
cat's da w ex traci* 6871 
cellulose, 7593 
Chinese salvia, 6894 
digitalis, 3762 
Echinacea angustifolią 6926 
Echinacea angustifotia extract, 6928 
Echinacea pallida, 6933 
Echinacea patlida extract, 6935 
Echinacea purpurea , 6942 
Echinacea purpurea extract, 6944 
eleuthero, 6948 
eleuthem extract, 6950 
fenugreek seed, extract, 6958 
feverfew, 6961 
garlic, 6989 
garlic extract, 6991 
gtnger, 6997 
ginkgo extract, 7005 
goldenseal, 7027 
gol den seal extract, 7029 
green tea eatract, detaffeinated, 7032 
gymnema, 7040 
hawthom leaf with flower, 7046 
holy basit leaf, 7051 
holy basil leaf extract, 7053 
horse chesinut, 6889 
horse chestnut extract, 6891 
ipecac, 4668 
licorice, 7073 
licorice exiract, 7074 
Malabar-nut-tree, leaf, 7089 
milk thistle, 7107 
milk thistle extract, 7109 
opium, 5450 
Phylfanthus amarus, 7133 
rauwolfia serpentrna, 5980 
Hhodiola roseo, 7151 
Rhadiolo rosea extract, 7152 
rosemary, 7161 
saw palmetto, 7177 
stinging nettle, 7210 
stinging nettle extrad, 7211 
turmeric, 7230 
turmeric extract, 7232 
walerian, 7240 
walerian extract, 7241 
zinc chloride, anhydrous, 2406 
Powder frneness {811), 750 
Powder flow <1 1 74), 1602 
Praltdoxime 
chloride, 5794 
chloride for Injection, 5795 
Pramipexofe di hydrochloride, 5795 


Pramoxine 
hydrochloride, 5798 
hydrochloride cream, 5798 
hydrochloride jelly, 5799 
hydrochloride and neomycin and 
polymyxin 8 sulfates cream, 5324 
Pravastatin sodium, 5799 
tabSets, 5801 
Praziquantel, 5803 
tablets, 5804 

Prazosin hydrochloride, 5805 
capsules, 5807 
Prednicarbate, 5808 
cream, 5809 
ointment, 58TO 
Prednisolone, 5811 
acetale, 5814 

a cela te and gentamicin ophthalmic 
ointment, 4397 

acetale and gentamicin ophthalmic 
sospension, 4397 

acetale tnjectable suspension, 5815 
acetale and neomycin and polymyxin B 
sulfates ophthalmic suspension, 5324 
acetale and neomycin sulfate ophthalmic 
suspension, 5326 

acetale ophthalmic suspension, 5815 
acetale and suffacetamide sodium 
ophthaimtc ointment, 6252 
acetale and sulfacetamide sodium 
ophthalmic suspension, 6253 
cream, 5812 
hemisucdnate, 5816 
pentdlli n G proca ine, and 
dihydrostreptomycin sulfate tnjectable 
suspension, 5614 
sodllJm phosphate, 581 7 
sodium phosphate fnjection, 5819 
sodium phosphate ophthaimtc sol u li on, 
5820 

sodium succinate for injection, 5820 
orał sotutlon, 5813 
tablets, 5813 
tebutate, 5821 

tebutate injectable suspension, 5821 
tetracydine hydrochlorrde and novobiocin 
sodium tablets, 6409 

Prednisolone compounded orał suspension, 
weterinary, 5816 
Prednrsolone sodium phosphate 
compounded 
orał solution, 5818 
Prednisone, 5822 
injectable suspension, 5823 
orał so lut I on, 5823 
tablets, 5824 
Preface 

and mission, vii 
Pregnenolone acelate, 2383 
Prekatlikrein actiwator <165), 241 
Preparatron of biological speclmens for 
hi sto logie and Immunohistochemical 
analysis (1285), 1978 
Prescription balances and volumetric 
apparatus <1176), 1607 
Prescription Container labeltng <17), 107 
Prilgcaine, 5825 

and epinephrine injection, 5828 
hydrochloride, 5826 
hydrochloride injection, 5827 
and lidocaine cream, 4854 
Primagulne phosphate, 5829 
tablets, 5830 
Primidone, 5831 
ora! suspension, 5832 
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Primidone (continued) 
tablets, 5833 
Probenecid, 5834 

and a m pi cii lin for orał suspension, 2811 
and colchicine tablets, 5835 
tablets, 5835 
Probucof, 5837 
tablet 5838 

Protalnamide hydrochloride, 5838 
capsules, 5839 
injection, 5840 
tablets, 5840 

extended-release tablets, 5840 
Procaine 

hydrochloride, 5842 

hydrochloride and epinephrine injection, 
5843 

hydrochloride Injection, 5843 
and prapoxycalne hydrochlorides and 
levonordefrin Injection, 5889 
and prapoxycame hydrochlorides and 
norepinephrine bitartrate injection, 5890 
and te trać a i ne hydrochlorides and 
levonordefrin injection, 5844 
Procarbazine hydrochloride, 5845 
capsules, 5845 
Proch lorperazine, 5846 
edisylate, 5848 
edisylate injection, 5848 
maieate, 5849 
maieate tablets, 5850 
orał sol u don, 5846 
suppositories, 5847 
Procyclidine hydrochloride, 5852 
tablet*, 5852 

Products for nebulization—characterization 
test* (1601), 1984 
Progesterone, 5853 
injectabie suspension, 5855 
injection, 5854 

intrauterine contraceptive system, 5854 
vaginal suppositories, 5856 
Proguanif hydrochloride, 5857 
Proline, 5859 

Promazine hydrochloride, 5860 
injection, 5861 
ora! solution, 5861 
syrup, 5862 
tablets, 5862 
Promethazine 

and phenylephrine hydrochloride and 
codeine phosphate orał solution, 5872 
and phenylephrine hydrochloride orał 
sofution, 5869 

Promethazine hydrochloride, 5862 
injection, 5864 
orat sol u tion, 5865 
suppositories, 5866 
tablets, 5867 

Propafenone hydrochloride, 5875 
extended-release capsules, 5876 
tablets, 5880 
Propane, 7848 
Propanediol, 7849 
Propanthellne bromide, 5882 
tablets, 5883 

P rop a ratalne hydrochloride, 5884 
and fluorescein sodium ophthalmlc 
solution, 4249 
ophthalmic sol u don, 5885 
Propellants (602), 498 
Propionaldehyde, 2383 
Propionic 
acid, 7851 
anhydride, 2383 


Propionic acid, 2383 
Pro pi op hen o ne, 2383 
Propofol, 5885 
injectabie emulsion, 5887 
Propoxycaine 
hydrochloride, 5889 
and procaine hydrochlorides and 
levonordefrfn injection, 5889 
and procaine hydrochlorides and 
norepinephrine bitartrate injection, 5890 
Propranolol hydrochloride, 5891 
extended-release capsules, 5892 
and hydrochlorothiazide tablets, 5895 
injection, 5894 
tablets, 5895 
/so-Propyl alcohol, 2383 
n-Propyl aicohol, 2330, 2383 
Propyl galtate, 7852 
Pmpylamine hydrochloride, 2383 
Pro pyleń e 
carbonate, 7852 
glycol, 5897 
glycol alginate, 7853 
glycol dic a pry Jate/d icap ra te, 7854 
glycol di la u ratę, 7854 
glycol monocaprylate, 7855 
glycol monolaurate, 7856 
glycol monostearate, 7858 
Propylhexedrine, 5898 
i n ha lani, 5899 
Propyl loda ne, 5899 
injectabie oII suspension, 5899 
PropyJparaben, 7859 
sodium, 7860 
Propyl thlouraeil, 5900 
orał suspension, 5900 
tablets, 5901 
Protaminę sulfate, 5902 
injection, 5903 
Protein 

molecular weight standard, 2383 
standard solution (8 g/dL), 2383 
Protein A quality attributes <130), 227 
Protein determination procedures (507), 395 
Protocatechuic acid, 2383 
Prot rip ty linę hydrochloride, 5904 
tablets, 5904 
Pseudoephedrine 

chlorpheniramine, dextromethorphan (salts 
ol), and acetaminophen, capsules 
containing at leasl three of the 
follówing, 2552 

chlorpheniramine, dextromethorphan (salts 
of), and acetaminophen, orat powder 
containing at feast three of the 
following, 2555 

chlorpheniramlne, dextromethorphan (salts 
of), and acetaminophen, orał solution 
containing at leasl three of the 
following, 2557 

chlorpheniramine, dextromethorphan (salts 
of) and acetaminophen, tablets 
containing al feast three of the 
following, 2559 

and diphenhydramine capsules, 381 3 
hydrochloride, 5905 
hydrochloride, acetaminophen, 
dextromeihorphan hydro brom i de, and 
doxylamine succinate orał solution, 2567 
hydrochloride, acetaminophen, and 
diphenhydramine hydrochloride tablets, 

2570 

hydrochloride and acetaminophen tablets, 

2571 
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hydrochloride extended-retease capsules, 
5906 

hydrochloride, carbinoxamine maieate, 
and dextromethorphan hydrobromide 
orał solution, 5910 
hydrochloride and chlorpheniramine 
maieate eatended-release capsules, 3389 
hydrochloride and chlorpheniramine 
maieate orał solution, 3390 
hydrochloride and guaifenesin capsules, 
4454 

hydrochloride, guaifenesin, and 
dex trometh orphan hydrobromide 
capsules, 4455 

hydrochloride and ibuprafen tablets, 4559 
hydrochloride orał sofution, 5907 
hydrochloride tablets, 5907 
hydrochloride extended-release tablets, 
5908 

hydrochloride and cetrizine hydrochloride 
extended-release tablets, 3338 
hydrochloride and fexofenadine 
hydrochloride extended-release tablets, 
4189 

sulfate, 591T 

suffate and brompheniramine maieate orał 
solution, 3060 

sulfate and dexbrompheniramine maieate 
orał solution, 3684 
and triprolldine hydrochlorides orał 
solution, 6606 

and triprolldine hydrochlorides tablets, 
6606 
Psylfium 

hemteeifufose, 5912 
husk, 5914 

hydrophific mucilloid for orał suspension, 
5915 

Pullulan, 7861 
Pullulanase, 2383 

5,800, 23,700, and 100,000 molecular 
weight (MW) pullulan standards, 2372 
Pumice, 2384, 5915 
Pure steam, 67T9 
Purine, 2384 
Purpurea 

extract, powdered Echinacea, 6944 
powdered Echinacea, 6942 
root, Echinacea, 6940 
Pu treści ne di hydrochloride, 2384 
Pygeum, 7135 
capsules, 7138 
extract, 71 36 
Pyrantel pamoate, 5916 
and ivermectin tablets, 4737 
orał suspension, 5917 
Pyrantel tartrate, 5918 
Pyrazinamide, 5919 
rifampin, isoniazid, and ethambutol 
hydrochloride tablets, 6013 
rifampin and isoniazid tablets, 6012 
orał suspension, 5920 
tabfets, 5920 
Pyrazofe, 2384 
Pyrene, 2384 
Pyrethrum extract, 5921 
4-(2-Pyridylazo)resordnol, 2 385 
Pyridine, 2385 
dried, 2385 

Pyridine-pyrazofone T5, 2420 
Pyridostigmine bromide, 5922 
injection, 5922 
orał solution, 5923 
tablets, 5923 
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Pyridoxal 

hydrochloride, 2385 
5-phosphate, 2385 
Pyridoxamine dlhydrochloride, 2385 
Pyridoxine hydrochloride, 5924 
Injection, 5925 
tablety 5926 

M2-Pyridy!azo)-2-naphthoI r 2385 
3 -(2- Py ri dyl )-5, 6-d i (2-fu ry 1)~1 , 2,4-tri az lne-5 
5"-disulfonie acid, dlsodium sali, 2385 
Pyrilaminę maleate, 5927 
tablets, 5928 
Pyrimetbamine, 5928 
and sulfadoxine tablets, 6263 
orał suspension, 5929 
tablets, 5930 
Pyrogalfol, 2385 
TS, aIkalinę, 2420 
Pyrogen test (151), 234 
Pyro xy lin, 5930 
Pyrrole, 2385 
Pyruvic acid, 2385 
Pyrvinlum pamoate, 5931 
orał suspension, 5931 
lablets, 5932 


Q 

QuaJity assurance in pharmaceutical 
compounding (1163), 1593 
Quality attributes of tablets labefed as havinq 
a functional score <705), 586 
Quali^ of biotechnological products 
analysis nf the expression constmct in tell* 
used for production of r-DNA derived 
protein products (1048), 1060 
sta bil i ty testing of bio technolog ical/ 
biolog i cal products <]049>, 1062 
Quantitative filter paper, 2385 
Quazepam, 5933 
tablets, 5933 
Quercetln, 7140 
Quetiapine 
tablets, 5934 

extended-release tablets, 5937 
Quetiapine fumarate, 5939 
Quinaldine red, 2408 
T5, 2420 
Quinapril 

hydrochloride, 5941 
and hydrochlorothiazide tablets 5942 
tablets, 5944 
Quinhydrone, 2385 
Qulnidine gJuconate, 5946 
injection, 5947 

extended-release tablets, 5948 
Quinidine su I fale, 5950 
capsules, 5951 
orał suspension, 5952 
tablets, 5953 

extended-release tablets, 5954 
Quinine sulfate, 5956 
capsules, 5957 
tablets, 5958 
Quinone, 2386 
TS, 2420 


R 


Rabeprazole 
sodium, 5961 
Rabies 

immune globulin, 5962 
Racemethionine, 7862 
ftacemic 

caldum pantothenate, 3148 
Racepinephrine, 5963 
hydrochloride, 5964 
inhaiation solution, 5963 
Ractopamlne hydrochloride 
suspension, 5964 

Radiatfon sterilizatmn (1229.10), 1843 

Radioactivity (821), 751 

Radloact!vity—theory and practice (1821) # 


Technetium Tc 99m apcitide injection, 

6335 

Technetium Tc 99m arcitumomab 
injection, 6335 

Technetium Tc 99m bidsate injection. 

6336 

Technetium Tc 99m depreotide injection 

6337 

Technetium Tc 99m disofenin injection, 

6337 

Technetium Tc 99m etidronate injection, 

6338 

Technetium Tc 99m exametazime 
injection, 6338 

Technetium Tc 99m gluceptate injection, 

6340 

Technetium Tc 99m lidofenin fnjection, 

6341 

Technetium Tc 99m mebrofenin injection, 

6342 


Radiopharmaceuticals 

C 13, urea, 3199 
C 13, urea for ora! solution, 3200 
O 14, urea capsules, 3201 
Cr 51, sodium chromate injection, 3407 
Cr 51, chromium edetate injection, 3407 
Co 57, cyanocobalamin capsules, 3539 
Co 57, cyanocobalamin orał solution, 3539 
Co 58, cyanocobalamin capsules, 3540 
F 18, ftudeoxyglucose injection, 4250 
F 18, sodium fluoride injection, 4251 
Ga 67 injection, gallium ci tratę, 4379 
Iodium In 111 capromab pendetide 
injection, 4589 

Indium In 111 chloride solution, 4589 
Indium In I i i ibritumomab lruxetan 
injeclion, 4591 

Indium In 111 oxyquinoline solution, 4591 
Indium In 111 pentetate Injection, 4592 
Indium In 111 pentetreotide injection 
4593 

Indium In 111 satumomab pendetide 
injection, 4593 

I 123, iobenguane injection, 4632 
I 123, iodohippurate sodium injection 
4634 

t 123, sodium iodide capsules, 4635 
I 123, sodium iodide solution, 4636 
I 125, iodinated albumin injection, 4636 
I 125, iothafamate sodium injection, 4637 
I 131, iodinated afbumin aggregated 
injection, 4638 

I 131, iodinated albumin injection, 4637 
I 131, iobenguane injection, 4633 
1131, iodohippurate sodium injection 
4638 

1131, rosę bengal sodium injection, 4639 
I 131, sodium iodide capsules, 4640 
I 131, sodium iodide solution, 4640 
Krypton Kr 8lm, 4757 
N 13, ammonia injection, 5369 
P 32, chromie phosphate suspension, 5698 
P 32, sodium phosphate solution, 5699 
Rubidium chloride Rb 82 injection, 6082 
Samarium Sm 153 lexidronam injection 
6106 

Sr 89 injection, strontium chloride, 6235 
Technetium Tc 99m albumin aggreqated 
injection, 6332 

Technetium Tc 99m albumin colloid 
injection, 6333 

Technetium Tc 99m albumin injection, 

6331 


Technetium Tc 99m medronate iniection 

6343 

Technetium Tc 99m mertiatide injection, 

6344 

Technetium Tc 99m nofetumomab 
merpentan injection, 6345 
Technetium Tc 99m oxidronate Injection, 

6345 

Te ^™etium Tc 99m pentetate injeaion, 

Technetium Tc 99m pertechnetate 
injection, sodium, 6346 
Technetium Tc 99m pyrophosphate 
injection, 6348 

Technetium Tc 99m (pyro- and trimeta-) 
phosphate* injection, 6348 
Technetium Tc 99m red blood cells 
injetUon, 6349 

Technetium Tc 99m sestamibi injection, 

6349 

Technetium Tc 99m sucetmer injection, 

6350 

Technetium Tc 99m syjfur colloid injection 

6351 

Technetium Tc 99m tetrofosmin injection, 

6352 

Thallous chloride Tl 201 injection, 6415 
Xenon Xe T27, 6722 
Xenon Xe 133, 6722 
Xenon Xe 133 injection, 6722 
Yttrium Y 90 ibritumomab tiuxetan 
Injection, 6730 

Rafoxifene hydrochloride, 5966 
tableu, 5967 

Raman spectroscopy <1120), 7461 
Ramjprfj, 5970 
capsules, 5977 
Ranttidrne 

hydrochloride, 5973 
injection, 5975 

in sodium chloride injection, 5978 
orał solution, 5976 
tablets, 5977 
Rapeseed oil 

fully hydrogenated, 7863 
superglycerinated fully hydrogenated, 

7864 

Rat tali collagen, 2348 
Rauwdfia serpentlna, 5979 
powdered, 5980 
tablets, 5981 
Rayon, 2386 
purified, 5981 
Rb 82 

Injection, rubidium chloride, 6082 


xapu 
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Headily carbomzable subsunces test (271), 
314 

Reagenty 2324 
arsenie in, 2324 

boiling or dlstilling rangę for, 2324 
ehloride in, 2325 
flame phoLometry for, 2325 
generał tests for, 2324 
heavy metals in, 2326 
indicators and Solutions, 2323 
insoluble matter in, 2326 
loss on drying for, 2326 
nitrate in, 2322 
nitrogen compounds in, 2327 
phosphate In, 2327 
residue on ignition in, 2327 
sulfate in, 2327 
RectaL solution 
aminophyltjne, 2741 
sodium phosphates, 6203 
Red 

80, direet, 2386 
phosphorus, 2386 
Red-cell lysing agent, 2386 
Reference standards 
USP (11), 104 
Reference tables, 2443 
Alcoholometric, 2523 
Atomie weights, 2521 
Container specifications for ca psuł es and 
tablets, 2443 

Description and relative sol u bil i ty of USP 
and NF articles, 2453 
Intrinsic viscosity table, 2525 
Reiatlve atomie masses and half-lives of 
selected rad ion ud i des, 2522 
Solubifities, 2513 
Refractive index <831 >, 768 
ftehydration salts, orał, 5981 
Relative atomie masses and half-lives of 
selected radionuclides, 2522 
Repaglinide, 5983 
tablets, 5985 
Resazurin (sodium), 2386 
Reserpine, 5987 

and chlorothiazide tablets, 5990 
and hydrochlorothiazlde tablets, 5992 
injection, 5987 
ora! solution, 5988 
tablets, 5989 

Residual host celi protein measurement in 
biopharmaceuticals <1132), 1511 
ResiduaI solvents (467), 369 
Residue on ignition (281), 314 
Residue on ignition in reagents, 2127 


Resin 

Ani on-exc hangę, 50- to 100-mesh, 
styrene-divinylbenzene, 2333, 2396 
An i on-ex chang e, c h lo ro m e thyI a ted 
polystyrene-divinylbenzene, 2333, 2346 
Anion-exthange, stron g, lightly cross- 
linked, in the ehloride form, 2333 
An io n -exc h a n ge, s ty rene-d ivi nyI benzene, 
2333 

Capsicum oleoresin, 31 70 
Carboxylate (sodium form) cation- 
exchangę (50- to 100-mesh), 2344 
Oation-exchange, 2344 
Cation-exchange, carboxylate (sodium 
form) 50- to 100-mesh, 2344 
Ca tion-exchange, polystyrene, 2344, 2381 


Catio n-exch a ng e, s ty rene-d Svl ny Ibenzene, 
2344 

Ca ti on- exc ha n ge, styren e-d ivi ny Ibenzene, 
strongly acidic, 2345, 2396 
Cation-exchange, sulfonie aeid, 2345, 
2396 

Chloromethylated polystyrene- 
divinyIbenzene anion-exchange, 2346 
Choles tyra minę, 3404 
lon-exchange, 2365 
Podophyllum, 574 3 
Podophyllum topical solution, 5744 
Pofystyrene cation-exchangę, 2381 
Styren e-d ivinyI benze n e a n i on -exch a n ge, 
50- to 100-mesh, 2396 
S ty re n e-d i vrny I benzene cat ion-ex c hang e, 
strongly acidic, 2396 
Sulfonie acid eaLlon-exchange, 2396 


Resorcinol, 5993 
monoacetate, 5995 
ointment, compguncf, 5994 
and sulfur topical suspension, 5994 
T5, 2420 

óZ-rebnorc acid, 2386 
Retinyl pal mi tatę, 2386 
Reverse transcriptase, 2386 
Rheometry (1911), 2238 
Rhodamine ćG, 2386 
Rhodamine B, 2386 
Rhodiota roseo, 7149 
capsules, 7 155 
extract, 7152 
powdered, 7151 
tablets, 7157 
tfnefure, 71 54 
Ribavirin, 5995 
capsules, 5996 
for inhalation solution, 5998 
tablets, 5999 
Rlboflavin, 6001 
assay (481), 386 
injection, 6002 
5-phosphate sodium, 6003 
tabfets, 6002 

Ribonuclease inhibitor, 2386 
Ribose, 7159 
Rifabutin, 6005 
capsules, 6006 
orał suspension, 6006 
Rifampin, 6007 
capsules, 6008 
for Injection, 6009 
and isoniazid capsules, 6010 
isoniazid, pyrazinamide, and ethambutol 
hydroebforide tablets, 6013 
isoniazid, and pyrazinamide tablets, 6012 
ora! suspension, 6010 
Riluzole, 6014 
tablets, 6015 

Rimantadine hydrochloride, 6016 
tablets, 6017 
Rimexoione, 6018 
ophtbalmic suspension, 6019 
Ringeris 

and dextrase injection, 6021 
and dextrose injection, haif-strength 
lactated, 6028 

and dextrose Injection, lactated, 6025 
and dextrose injection, modified lactated, 
6030 

injection, 6019 
injection, lactated, 6023 


IrrfgaUon, 6032 

lactated, and dextrose injection, potassium 
ehloride in, 5769 
Risedronate sodium, 6033 
tablets, 6035 
Rlsperidone, 6036 
ora! solution, 6038 
tablets, 6039 

a rally disintegrating tablets, 6041 
Ritodrine hydrochloride, 6042 
injection, 6043 
tablets, 6044 
RItonavir, 6044 
capsules, 6047 

and Iopinavir orał solution, 4886 
and I opina vir tablets, 4890 
o rai solution, 6050 
tablets, 6054 
Rivastigmine, 6056 
Rivastigmine Larlrate, 6058 
capsules, 6059 
R Iza tri plan benzoate, 6061 
tablets, 6062 

ora Iły disintegrating tabiels, 6064 
Rocuronium brom i de, 6066 
Ropinirole 
tablets, 6068 

extended-release tablets, 6070 
Ropinirole hydrochloride, 6073 
Ropivacaine hydrochloride, 6076 
injection, 6078 
Rosę 

bengal sodium, 2386 

bengal sodium I 131 injection, 4639 

oif, 7866 

water ointment, 6079 
water, stronger, 7866 
Rosiglitazone maleate, 6080 
Roxarsone, 6081 

Rubidium ehloride Rb 82 injection, 6082 
Rufmamide, 6083 
tablets, 6084 

Rules and procedures, xxix 
Ruthenium red, 2386 
TS, 2420 
Rutin, 7164 


S 

Sabinene, 2386 
Saccharin, 7866 
calclum, 6087 
sodium, 6088 
sodium orał solution, 6090 
sodium tablets, 6090 
Saccharose, 2386 
Safflower oil, 6091 
Safranin O, 2386 

Sb |ohn's wort flowering top, 7166 
dry extract capsules, 7172 
extract, dry, 7169 
powder, 7168 
dry extract tablets, 7173 
Salicyl a Idazine, 2387 
Salicylaldehyde, 2387 
Salicylamide, 6092 
Salicylic acid, 2387, 6093 
and benzole acids ointment, 2984 
collodion, 6094 
gel, 6095 
plaster, 6095 
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Salicyl te acid (continued) 
toplcal foam, 6095 
and zinc pastę, 6754 
Salinę TS, 2391, 2420 
pyrogenTree, 2420 
Safmeterol 

ffulicasone pro pi on a te, inhaiation aerosol, 
4303 

f[ulicasonę propionate, inhaiation powder, 
4309 

inhaiation powder, 6096 
Salmeterol xinafoate, 6101 
Salsalate, 6102 
capsules, 6104 
tablets, 6105 
Salt 

octanes uf fonie add sodium, 2375, 2393 
Saks of organie nitrogenous bases (501), 392 
Samariurn Sm 153 lexidronam injecticn, 

6106 

Sand 

standard 20- to 30-mesh, 2337, 2395 
washed, 2387, 2405 
$aquinavir mesy lale, 6106 
capsules, 6107 
Sargramostim, 6108 
for injection, 6110 
Sawdust, purified, 2387 
Saw palmę Eto, 7175 
capsules, 7181 
extract, 7179 
powdered, 7177 
Scaffold 

bovine dermis, 6113 
hurnan dermis, 6115 
pordne bladder, 6119 
silk frbroin, 6123 
Scandium oxfde, 2337 

Scanning electron microscopy (1181), 1641 
Schizochytrium oil, 7189 
capsules, 7191 
Schweitzer^ reagent, 2420 
Scopolamine hydrabramide, 6127 
injection, 6128 
ophthaJmit solution, 6128 
tablets, 6129 
S destgnations, 2386 
Secobarbitaf, 6129 
sodium, 6129 
sodium capsules, 6131 
sodium injection, 6132 
sodium for injection, 6132 
sodium and amobarbital sodium capsules, 
6133 

Secondary butyl alcohol, 2387 
Selamectin, 6113 
Selegitine hydrochloride, 6135 
capsules, 6136 
tablets, 61 37 

Selegiline hydrochlonde compounded 
toplcal gel, 6138 
Selenious acid, 2387, 61 39 
injection, 6139 
S elen i u m, 2387 
sulfide, 6140 

sulfide toplcal suspension, 6140 
Selenium (291), 315 
Selenomethionine, 2387, 7194 
Semisolid drug products—performance tesŁs 
<1724), 2055 
Senna 

fluidextract, 6142 
leaf, 6141 
pods, 6142 
orał solution, 61 4 3 


Sennosldes, 6143 
tablets, 6145 

Sensitization testing (1184), 1651 

Serine, 6146 

Sertraline 

hydrocliloride, 6146 
hydrochloride orał solution, 6149 
hydrochlonde tablets, 6150 
Sesame oil, 7868 
Sevof1urane, 6152 

Shear celi methodology for powder flow 
testing (1063), 1175 
5 hel tac, 7869 

Sibutramine hydrochloride, 6154 
Significant change guide for bulk 
pharmaceutical excipients (1195), 1667 
Sildenafil 
tablets, 6156 
Sildenafil dtrate, 6157 
orał suspension, 6159 
Sili ca 

caldned dlalomaceous, 2387 
c h rama tog raphic, silanized, ffcw-caloined, 
add-washed, 2387 
coOoidal, hydrophobic, 7872 
dental-type, 7871 
gel, 2387 

gel, binder-free, 2347, 2388 
gel, chromatographic, 2347, 2388 
gel-impregnated glass mlcrofiber sheet, 
2388 

gel mixture, chromatographic, 2347, 2388 
gel mixture, chromatographic, with 
chemically bound amino groups, 2388 
gel mixture, dl me thyf silanized, 
chromatographic, 2388 
gel mixture, octadecybilanized 
chromatographic, 2388 
gel mixiure, octyl silanized, 
chromatographic, 2388 
gel, octadecylsilanized chromatographic, 
2388 

gel, porom, 2388 
microspheres, 2388 
Siliceous earth 

chromatographic, 2347, 2388 
chromatographic, silanized, 2347, 2388 
purified, 7873 
Silicie 

acid, 2388 

acid—impregnated glass micrafllament 
sheets with Muorescent indicator, 2388 
Silicon 

Carbide, 2388 
dioxide, 7873 
dioxide colloldal, 7874 
Silicone 

75 percent phenyl, methyl, 2388 
SifiCOtungstic add, n-hydrate, 2389 
Sillcifi ed 

microcrystalline cellulose, 7591 
Silver 

diethyldithiocarbamate, 2389 
diethyldithiocarbamate T5, 2420 
nitrate, 2389, 6159 
nitrate ophthalmic solution, 6160 
nitrate, tenthmormal (0,1 N), 2420, 2432 
nitrate, toughened, 6160 
nitrate TS, 2420 
oxtde, 2389 

Silver-ammonia~ ni tratę TS, 2420 
5ilver-ammonium nitrate TS, 2420 
Silver nitrate ■ 

0,002 N VS, 2432 
0.05 N VS, 2432 


Silver sulfate, 2389 
Simethicone, 6160 

alumina, magnes!a, and cafcium carbonate 
chewable tablets, 2664 
alumina and magnesia orał suspension, 
2666 

alumina and magnesia chewable tablets, 
2668 

calcium carbonate and magnesia chewable 
tablets, 3131 
capsules, 6161 
emulslon, 6162 

and magaldrate chewable tablets, 4933 
and magaldrate orał suspension, 4932 
orał suspension, 6163 
tablets, 6163 

Simulated gastric fluid TS, 2420 
Simulated fntestinal fluid TS, 2420 
Sinwastatin, 6164 
tablets, 6165 

Single-steroid assay (511), 400 
SIpuleucel-T, 6167 
Sisomicin sulfate, 6169 
injection, 6169 
Sitagfiptin 
phosphate, 6171 
tablets, 6169 
/J-Sitosterol, 2389 

5ix-month implementation guidellne, fi 
Sm 153 lexidranam Injection, sarnarium, 

6106 

Soda limę, 2389, 7874 
Sodium, 2389 
acetale, 2389, 6172 
acetale, anhydrous, 2333, 2389 
acetate injection, 6173 
acetale solution, 6173 
acetate TS, 2420 
alendronate, tablets, 2622 
alginate, 7875 
allzarinsulfonate, 2389 
allzarinsulfonate T5, 2420 
amrnoacetate T5, 2420 
ammonium phosphate, 2389 
arsenate, 2389 
arsenłte, 2389 

arsenite, twentieth-molar (0.05 M), 2432 
ascorbate, 6174 
azide, 2390 
benzoate, 7876 

benzoate and caffeine injection, 3109 
bicarbonate, 2390, 6174 
bicarbonate Injection, 6178 
bicarbonate and magneslum carbonate for 
orał suspension, 4937 
bicarbonate oraf powder, 6178 
bicarbonate tablets, 6178 
bfphenyl, 2390 
b iphosphate, 2390 
blsulfite, 2390 
bisulfite TS, 2420 
bkartrate, 2390 
bitartrate TS, 2421 
borate, 2390, 7877 
borohydride, 2390 
bramide, 2391, 6178 
bromlde injection, veterinary, 6179 
bromide orat solution, veterinary, 6180 
buty ratę, 6180 
caprylate, 7877 
carbonate, 2391, 7878 
carbonate, anhydrous, 2333, 2391 
carbonate, ckric acid, and magneslum 
oxide irrigation, 3458 
carbonate, mon ohyd ratę, 2391 
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5odium (continued) 
carbonate TS, 2421 
carboxymethylcellulo5e, 3207 
carbQxymethylcellulose, and 
microcrystaliine oellulose, 7591 
carbaxymethyiceilulo5e, pastę, 3207 
carboxymethylcellulose, tabiets, 3208 
1 2, carboxymethyleelluEose, 7580 
cefazolin, 3252 
cefmetazole, 3271 
cefoperazone, 3274 
cefotaxime, 3279 
cetostearyl sulfate, 7879 
chioride, 2391, 6181 
chioride and dextrose injection, 3709 
chioride and fructose injection, 4344 
chioride Inhalation solution, 6185 
chioride Injection, 6183 
chioride Injection, bacteriostatic, 6183 
chioride injection, dextran 40 in, 3697 
chioride injection, dextran 70 in, 3701 
chioride injection, mannitol in, 4963 
chioride injection, potassium chioride In, 
5772 

chioride injection, potassium chioride in 
dextrose injection and, 5767 
chioride injection, ranitidine in, 5978 
chioride irrigation, 6184 
chioride ophthaimic ointmenl, 6184 
chioride ophthaimic solution, 6185 
chioride solution, isotonic, 2391 
chioride tabiets, 6185 
chioride tabiets for solutlon, 6186 
chioride TS, alkaiine, 2421 
cholate hydra te, 2391 
chrom a te, 2391 

chromate, Cr 51 Injection, 3407 
chromotropate, 2391 
cilastatin, 3417 
citrate, 6186 

ci tratę and citfic acid o rai sol u ti on, 6186 
citrate dihydrate, 2391 
citrate TS, 2421 
citrate T5, alkaiine, 2421 
cobaitlnltrite, 2391 
cobaltinitrite TS, 2421 
cyanide, 2391 
dalteparin, 3628 
1 -decanesulfonate, 2391 
dehydroacetate, 7881 
desoxycho1ate, 2391 
dichromate, 2391 
diethyldithiocarbamate, 2391 
2,2-d i m et hy 1 -2-s i I a pe n ta n e-5 -su tf on a te, 
2391 

dithlonite, 2391 

dodecyl sulfate, 2391, 2392 

ethylparaben, 7662 

fermcyanide, 2391 

fluconazole, chioride Injection, 4216 

fluorescein, 2391 

fluoride, 2391, 6188 

fluoride and actduiated phosphate topicai 
solutlon, 6190 
fluoride FI 8 injection, 4251 
fluoride and phosphoric acid get, 6191 
fluoride ora! solution, 61 89 
fluoride tabiets, 6190 
fluoride TS, 2421 
formaidehyde sulfoxylate, 7881 
gluconate, ól 92 
glycocholate, 2391 
1 -heptanesulfonate, 2392 
1 -heptanesulfonate, monohydrate, 2392 
1 -hexanesulfonate, 23 92 


1-hexanesulfonate, monohydrate, 2392 
hydrogen sulfate, 2392 
hydrosulfite, 2391, 2392 
hydrosulfite T5, alkaiine, 2412, 2421 
hydroxide, 2392, 7882 
hydroxide, alcoholjc, Lenth-normal (0.1 N), 
2433 

hydroxide, normal (1 N), 2432 

hydroxide TS, 2421 

hydroxide TS 2, 2421 

hydroxide TS 3, 2421 

hypobromite TS, 2421 

hypochlonte solutlon, 2392, 2421, 6192 

hypochlorite topicai solutlon, 6193 

hypochlonte TS, 2421 

iodate, 2392 

iodide, 6193 

iodide f 123 capsules, 4635 
iodide l 123 solution, 4636 
iodide i 131 capsules, 4640 
iodide 1 131 solution, 4640 
iodohydroxyqujnolinesuffonate TS, 2421 
lactate injection, 6194 
I acta te solution, 6194 
lauryl sulfate, 2392, 7883 
low-s u bstitu ted c a rbo xym e thyl cel I u I ose, 
7578 

metabisulhte, 2392, 7884 
m etap e doda te, 2392 
methoxide, 2392 
methoxide, haJf-normal (0.5 N) In 
methanol, 2433 

methoxide, tenth-normal (0.1 N) Sn 
toluene, 2433 
mofybdate, 2393 
monofluorophosphate, 6195 
montelukast, orał granules, 5220 
montelukast, tabiets, 5222 
montelukast, chewabEe tabiets, 5225 
mycophenolate, 5256 
nitrate, 2393 
nitrite, 2393, 6196 
nitrite injection, 6196 
nitrite, ten th-molar (0.1 M), 2433 
nitrofemcyanide, 2393 
nitroferricyanide TS, 2421 
nitroprusside, 6196 
nitraprussicfe for injection, 6197 
1-octanesLilfonate, 2393 
oxalate, 2393 

(tri) pentacyanoamino ferrate, 2393 
1-pentan es uff ona te, 2377, 2393 
1-pentanesulfonate, anhydrous, 2393 
perchlorate, 2393 
peroxide, 2393 

pertechnetate Tc 99m injection, 6346 
p h eny 1 bu tyra te, 6198 
phenylbutyrate orai suspension, 6200 
phosphate, di ba sic, 2393, 6200 
phosphate, dibasic, anhydrous, 2333, 2393 
phosphate, dibasic, dihydrate, 2393 
phosphate, dibasic, dodecahydrale, 2393 
phosphate, dibasic, hepta hydra te, 2393 
phosphate, dibasic, TS, 2421 
phosphate, monobasic, 2372, 2393, 6201 
phosphate, monobasic, anhydrous, 2393 
phosphate, monobasic, dihydrate, 2393 
phosphate P 32 solution, 5699 
phosphates Injection, 6202 
phosphates orał solution, 6202 
phosphates rectal solution, 6203 
phosphate, biba sic, 2393, 7885 
phosphite pentahydrate, 2393 
phosphotungstate TS, 2421 
picosulfate, 6203 


polystyrene sulfonate, 6204 
polystyrene sulfonate suspension, 6205 
and potassium bicarbonates and citric acid 
effervescent tabiets for orał solution, 
5759 

p topiona te, 7886 
pyrophosphate, 2393 
pyruvate, 2393 
rabeprazole, 5961 
salicylate, 2394, 6205 
salicyl a te tabiets, 6207 
sel en i te, 2394 
starch glycolate, 7886 
stearate, 7887 
stearyl fumarate, 7889 
sulfate, 2394, 6208 
sulfate, anhydrous, 2333, 2394 
sulfate decahydrate, 2394 
sulfate injection, 6208 
sulfide, 2394, 6208 
suifide topicai gel, 6209 
sulfide TS, 2421 
suffite, 2394, 7891 
sulfite, anhydrous, 2333, 2394 
p-suJ fo phe ny la zo ch rom ot ropate, 2394 
tartrate, 2394, 7892 
tartrate TS, 2421 
te tra ph eny Ibo ratę, 2394 
Letraphenylboron, 2394 
tetraphenyJboron, fiftieth-molar (0,02 M), 
2434 

Letraphenylboron TS, 2421 
thioglycolate, 2394 
thloglycolale TS, 2421 
thiosuffate, 2395, 6209 
thlosuifate injection, 6210 
thlosuffate, tenth-normal (0.1 M), 2421, 
2434 

thiosulfate TS, 2421 
L-Lhyroxine, 2395 

3-(trEmethylsiiyl)-1 -propane sulfonate, 

2391, 2395 
tungstate, 2395 

Sodium 1-dodecanesulfonate, 2391 
Sodium ferrous citrate, 7195 
Sodium hydroxide 
0.0025 N TS, 2421 
0.2 N, TS, 2421 
0.02 N TS, 2421 
10 N TS, 2421 
2,5 N TS, 2421 
2 N TS, 2421 
5 N, TS, 2421 
0.1 N VS, 2433 
Sodium phenylbutyrate, 6198 
Sodium suc chatę, 7890 
Solubilities, 2513 
Soiuble starch, 2395 


Solution 

Acetaminoplien and codeine phosphate 
orał, 2564 

Acetaminophen, dextrornethorphan 
hydrobromide, doxylamine succinate, 
and pseudoephedrine hydrochloride 
orał, 2567 

Acetaminophen for effervescent orał, 2545 

Acetaminophen orał, 2545 

Acetic acid otic, 2581 

Acetylcholine chioride for ophthalmic, 
2585 

Ac etyl cysteinę, 2586 


ii 
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Solution (continued) 

Acidulated phosphate and sodium fluoride 
topical, 6190 

Aluminum acetate topical, 2674 
Aluminum chlorohydrate, 2676 
Aluminum dichlorohydrate, 2679 
Aluminum sesquiohlorohydrate, 2685 
Aluminum su bace ta te toprcal, 26 @6 
Aluminum sulfate and calcium acetale for 
topical, 2687 

Aluminum sulfate and calcium acetale 
tablets for to pi cal, 2688 
Aluminum zirconium octach lorohy dra te, 
2690 

Aluminum zirconium octach lorohydrex gly, 
2692 

Aluminum zirconium penta chlorohydrate, 
2694 

Aluminum zirconium pentathlorohydrex 
gly, 2696 

Aluminum zirconium tetrachlorohydrate, 
2698 

Aluminum zirconium tetrachiorahydrex 
gly, 2700 

Aluminum zirconium tri chloro hydrate, 

2702 

Afuminum zirconium trichiorohydrex gly, 
2704 

Amantadine hydrochloride orat, 2707 
Aminobenzoale potassium for ora!, 2723 
Aminobenzoic add topie a I, 2727 
Aminocaproic add orał, 2728 
Aminophyltlne orał, 2739 
Aminophyliine rectal, 2741 
Ammonia, diluted, 2332 
Ammonia, strong, 751 3 
Amprolium orał, 2815 
Anticoag ulant ci tratę dextrose, 2832 
Anticoagulant ci tratę phosphate dextrose, 
2833 

Anticoag ulant citrate phosphate dextrose 
adenine, 2834 
Anticoagulant heparin, 4474 
Anticoagulant sodium citrate, 2836 
Anttpyrine and benzocaine otic, 2838 
Antipyrine, benzocaine, and phenylephrine 
hydrochloride otic, 2839 
Apradonidine ophthalmic, 2844 
Aromatic elixir, 7521 
Ascorbic actd orał, 2867 
Aspirin effervescent tablets for orat, 2876 
Atenolol orat, 2888 
Atropinę sulfate ophthatmic, 2908 
Benoxinate hydrochloride ophthalmic, 

2965 

Senzaldehyde elixir, compound, 7530 
Benzalkonium chloride, 7533 
Benze thonuim chloride topical, 2967 
Benzocaine, butamben, and tetracame 
hydrochloride topical, 2981 
Benzocaine otfc, 2976 
Benzocaine topical, 2977 
Betamethasone orał, 3000 
Setaxolol ophthalmic, 3016 
Bethanechol chloride orał, 3020 
Bromodlp hen hydra minę hydrochloride and 
codeine phosphate orał, 3057 
Bro modiphen hydra m sne hydrochioride 
orał, 3056 

Brom phenira minę maleate and 
pseudoephedrine sulfate orał, 3060 
Brompheniramine maleate orał, 3059 
Buprenorphine compounded buccal, 
veterinary, 3069 
Buiabarbitd sodium orał, 3087 


Butorphanot tartrate nasal, 3101 
Caffeine citrate orał, 3108 
Calcitonin satmon nasal, 3119 
Caidum hydroxide topical 3143 
Captopril orał, 3174 
Carbachol fntraocular, 3178 
Garbachol ophthalmic, 3178 
Garbami de peroxide toprcal, 3186 
Carbol-fuchsin lopical, 3198 
C T 3 for orał, urea, 3200 
Carteolol hydrochloride ophthatmic, 3 222 
Cefazolin ophthatmic, 3252 
Cetylpyridinium chloride topical, 3344 
Chlorał hydrate orał, 3346 
Chloramphenrcol for ophthalmic, 3350 
Chloramphenicol ophthalmic, 3350 
Chloramphenicol orał, 3351 
Chloramphenicol otic, 3351 
Chforhexidine gluconatc, 3367 
Chlorpheniramine maleate and 
pseudoephedrine hydrochloride orał, 
3390 

Chlorpheniramine maleate orał, 3388 
Cholecatciferol, 3403 
Chymotrypsin for ophthalmic, 3409 
Gprafk>xacm ophthalmic, 3431 
Gindamycin hydrochloride orał, 3479 
Gindamycin palmitate hydrochloride for 
orał, 348D 

Gindamycin phosphate topical, 3483 
Gobetaso! propionate topical, 3493 
Clotrimazole topical, 3527 
Cloxacillin sodium for orał, 3535 
Coal tar topical, 3538 
Cyanocobalamin Co 57 orał, 3539 
Cocaine hydrochloride tablets for topical, 
3542 

cocaine and tetracame hydrochlorides and 
epinephrine topical, 3542 
Codeine sulfate orał, 3550 
Cromolyn sodium ophthalmic, 3590 
Cupriethylenedlaminę hydroxide, 1.0 M, 
2349 

Cyclopentofate hydrochloride ophthalmic, 
3606 

Cyclosporine orał, 3616 
Cyproheptadine hydrochloride orał, 3619 
Demecarium brom!de ophthalmic, 3644 
Dexamethasone elixif, 3671 
Dexamethasone orał, 3674 
Deaamethasone sodium phosphate 
ophthalmic, 3682 
Dex brompheniramine maleate and 
pseudoephedrine sulfate orał, 3684 
Dexchlorpheniramine maleate orał, 3687 
Dextromethorphan hydrobromide orał, 
3707 

Diatrizoate m eg fu minę and diatrizoate 
sodium, 3713 
Diatrizoate sodium, 3715 
Di ch Eo rop hen ol-i n dop h en ol, s ta n dard, 

2425 

Dioyclomine hydrochloride orał, 3744 
Diethyltoluamide topical, 3757 
Drgoxin orał, 3768 
Di hydro lachy sterol orał, 3774 
Diltiazem hydrochloride orał, 3784 
Dimenhydrfnate orał, 3789 
Dimethyl sulfoxide topical, 3793 
Diphenhydramine hydrochloride orał, 3806 
Diphenoxylate hydrochloride and atropinę 
sulfate orał, 3815 

Dipivefrin hydrochloride ophthalmic, 3819 
Docusate sodium, 3853 
Dolasetron mesy lale uial, 3858 


Dorzoiamide hydrochloride and timolol 
maleate ophlhafmic, 3869 
Doxepin hydrochioride oraE, 3879 
Doxylamine succinate orał, 3906 
Dydonine hydrochloride topical, 3927 
Dyphylline and guaifenesin orał, 3931 
Dyphylilne orał, 3930 
Ecamsule, 3933 

Echothiophate iodide for ophthalmic, 3936 
Emedastine ophthalmic, 3966 
Ephedrine sulfate orał, 3998 
Epinephrine bitartrate for ophthalmic, 

4004 

Epinephrine bitartrate ophthalmic, 4003 
Epinephrine ophthalmic, 4001 
Eplnephryl bora te ophthalmic, 4004 
Ergocatciferol orał, 40 H 
Ergoloid mesylates orał, 401 7 
Erythramycin topical, 4036 
Esdtalopram orał, 4050 
Ethosuxrmide orał, 4106 
Fehling'*, 2415 

Femc ammonium citrate for orał, 2777 
Ferric subsulfate, 4166 
Ferrous gluconate orał, 4174 
Ferrous sulfate orał, 4177 
Fluodnolone acetonide topical, 4241 
Fluocinonide topical, 4244 
Fluoresceio sodium and benoxinate 
hydrochloride ophthalmic, 4248 
Fluoresceio sodium and proparacaine 
hydrochloride ophthalmic, 4249 
Fluorauracił topical, 4259 
Flucwetine orał, 4262 
Fluphenazine hydrochloride elixir, 4271 
Fluphenaztne hydrochioride orał, 4273 
Flurbiprofen sodium ophthalmic, 4282 
Formaldehyde, 2360, 2415, 4330 
Furosemide orał, 4349 
Gen tamie in sulfate and betamethasone 
acetale ophthalmic, 4393 
Centa mietn sulfate and betamethasone 
valerate otic, 4395 
Gen lam id n topical, 4396 
Geniamidn sulfate ophthalmic, 4393 
Gentian violet lopical, 4400 
Glutara! disinfectant, 7678 
Glycerin ophthaimic, 4423 
Glycerin orał, 4423 

Guaifenesin and codeine phosphate orał, 
4453 

Guaifenesin orał, 4452 
Hafazone tablets for, 4463 
Hałcinonide topical, 4467 
HałoperidoJ orał, 4470 
Heparin lock flush, 4474 
Homatropine hydrobromide ophthalmic, 
4488 

Hydralazrne hydrochloride orał, 4494 
Hydrocortisone and acetlc acid otic, 4510 
Hydrogen peroxide, 2363 
Hydrogen peroxide lopical, 4525 
Hydroquinone topical, 4531 
Hy d roxy a mp h etami ne hy d rob rom i de 
ophthalmic, 4534 

Hydroxyzine hydrochloride orał, 4541 
Hyoscyamine sulfate elixir, 4550 
Hyoseyamine sulfate orał, 4551 
Hypromellose ophthalmic, 4554 
fdoxuridine ophthalmic, 4567 
Indium In 111 chloride, 4589 
fndium In 111 oxyquino1ine, 4591 
lodine, strong, 4631 
Sodium Iodide I 123, 4636 
Sodium iodide t 131, 4640 


ndex 




ndex 


[-58 SolutSolut 


Solution (continued) 
lodine topical, 4630 
ipecac orał, 4669 
Isoniazid orał, 4694 
Isosorbide orał, 470 7 
lvermectin topical, 4736 
Lactulose, 4763 
Lead, standard, 2421 
LevaEbuterol inhalation, 4801 
Levobunolol hydrochloride ophthałmEc, 
4820 

LevocarniLine orał, 4823 
Levof1oxacEn orał, 4833 
Lidocaine hydrochloride topical, 4851 
Lincomycin orał, 4856 
LEthium orał, 4870 
Locke- R E n g er' s, 2417 
Loperamide hydrochEoride orał, 4881 
Loratadrne orał, 4897 
Mafenide acetate for topical, 4928 
Magnesium c arbo na te and citric actd for 
orał, 4936 

Magnesium carbonate, citric acid, and 
potassEum dtrate for orał, 4937 
Manganese chloride for orat, 4958 
MagnesEum citrate for orał, 4941 
Magnes fum dtrate ora!, 4940 
Maltitol, 7747 

Meperidine hydrochloride orał, 5009 
Mesoridazine besyiate orał, 5036 
Me ta p rotę ren ol siilfate orał, 5042 
Methadone bydrochloride orał, 5062 
Methdilazine hydrochloride orał, 5068 
Methenamine mandelate for orat, 5073 
Methenamine orał, 5070 
Methoxsalen topical, 5089 
Melhylceilutose ophthalmEc, 5099 
Methylcellulose orał, 5099 
Metodopramide orał, 51 30 
Meto pro łoi tartrate orał, 5142 
Mibolerane orał, 5162 
Minoxidil topical, 5185 
Mometasone furoate topical, 5213 
Moxifloxacin ophthaEmic, 5238 
Myrrh topical, 5260 
NafcEllin sodium for orał, 5268 
Naphazoline hydrochloride ophthalmic, 
5281 

NaphazolEne hydrochloride and 
phen Era m E n e m a I ea te op h thalm i c, 5281 
Neomycin and pofymyjdn B sułfates and 
gramicidin ophthaEmic, 5320 
Neomycin and polymyxin B sulfates and 
hydrocortisone otic, 5321 
Neomycin and polymyxin B sulfates for 
irrigation, 5312 

Neomycin and polymyxin B sulfates 
ophthalmic, 5313 

Neomycin suita te and dexamethasone 
sodEum phosphate ophthalmEc, 5304 
Neomycin sulfate orał, 5302 
NrckeJ standard T5, 2418 
Nitrofurazone topical, 5369 
Nitromersol topical, 5373 
NorfEoxadn ophthalmic, 5390 
Nortrłptyline hydrochloride orał, 5398 
Ofloxatin ophthalmic, 541 3 
OJ opa ta di n e hy d rochl ori d e o p h th a Im ic, 
5426 

Ondansetron, orał, 5444 
O raf, contatning at least three of the 
following—acetaminophen and (salts of) 
c h I o rp h en i ramine, dex trome th orp han, 
and pseudoephedrine, 2557 
QxacEllin sodium for orał, 5472 


QxLriphylline orał, 5500 
Oxybutynin chloride orat, 5504 
Oxycodone hydrochloride orał, 5512 
Oxymetazoline hydrochloride ophthalmic, 
5524 

Papain tablets for topical, 5569 
Paromomycin orał, 5578 
Penicillin G potassium for orał, 5605 
PenidlHn V potassium for orał, 5622 
Perphenazine orał, 5651 
Phenobarbital orał, 5664 
Phenol, topical, camphorated, 5668 
Phenylephrine hydrochloride ophthalmic, 
5684 

Phosphate P 32, sodium, 5699 
Physostigmine salłcylate ophthalmic, 5700 
Pilocarpine hydrochloride ophthalmic, 

5706 

Pilocarpine nitrate ophthalmic, 5708 
Podophyllum resin topical, 5744 
Polyethylene glycol 3350 and electrolytes 
for orał, 5748 

Połymyxin B sulfate and hydrocortisone 
otic, 5753 

Połymyzrn B sulfate and trimethoprim 
ophthalmic, 5754 

Potassium bicarbonate effervescent tablets 
for ora!, 5758 

Potassium bicarbonate and potassium 
chloride for effervescent orał, 5758 
Potassium bicarbonate and potassium 
chloride effervescent tablets for orał, 
5759 

Potassium bicarbonate, potassium chloride, 
and potassium citrate effervescent 
tablets for orał, 5769 
PotassEum bromide orał, veterinary, 5762 
Potassium chloride for orat, 5765 
PotassEum chloride orał, 5765 
PotassEum citrate and citric acid orał, 5776 
Potassium gluconate and potassium 
chloride for orał, 5780 
Potassium gluconate and potassium 
chloride orał, 5780 

Potassium gluconate, potassium citrate, 
and ammonium chloride orał, 5781 
Potassium gluconate and potassium citrate 
orał, 5781 

Potassium gluconate orał, 5778 
Potassium iodide orał, 5783 
Potassium nitrate, 5785 
Potassium and sodium bicarbonates and 
citrEc acid effervescent tabEets for orał, 
5759 

Povldone—iodine cleansing, 5793 
Povidone“iodine topical, 5794 
PrednisoEone orał, 5813 
PrednisoEone sodium phosphate 
compounded orał, 5818 
Prednisolone sodium phosphate 
ophthalmic, 5820 
Prednisone orał, 5823 
Proch lorpe razi ne orał, 5846 
Promazine hydrochloride orał, 5861 
Promethazine and phenylephrine 
hydrochloride and codeine phosphate 
orał, 5872 

Promethazine and phenylephrine 
hydrochloride orał, 5869 
Promethazine hydrochloride orał, 5865 
Proparacarne hydrochloride ophthalmic, 
5885 

Protein standard (8 g/dL), 2383 
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Pseudoephedrine hydrochloride, 
carbinoxamEne maJeate, and 
dextromethorphan hydrobromide orał, 
5910 

Pseudoephedrine hydrochloride orał, 5907 
Pyridostigmrne bromide orał, 5923 
Ranitidine orał, 5976 
Reserpine orał, 5988 
Risperidone orał, 6038 
Saccharin sodium orał, 6090 
Scopo[aminę hydrobromide ophthaEmic, 
6128 

Senna orał, 6143 
5ilver nitrate ophthalmic, 6160 
Sodium acetate, 6173 
Sodium bromide orał, veterinary, 6180 
Sodium chloride, Esotonie, 2391 
Sodium chloride ophthalmic, 61 85 
Sodium chloride tablets for, 6186 
Sodium citrate and citric acid orał, 6186 
SodEum fluoride and acidufated phosphate 
topical, 6190 

Sodium ffuoride orał, 6189 
Sodium hypochlorEte, 2392, 2421, 6192 
Sodium hypochlorEte topical, 6193 
Sodium lactate, 6194 
Sodium phosphate P 32, 5699 
Sodium phosphates orał, 6202 
Sodium phosphates metal, 6203 
Sorbitol, 621 3 

Sorbitol noncrystallizing, 7900 

Sorbitol sorbitan, 7901 

Stavudine for orał, 6231 

Sulfatetamsde sodium ophthalmEc, 6251 

Sulfaquinoxa!ine orał, 6275 

Suprofen ophthalmic, 6295 

TerpEn hydrate and codeine orał, 6383 

Terpfn hydrate orał, 6383 

Tetracaine hydrochloride ophthalmic, 6396 

Tetracaine hydrochloride topical, 6397 

Tetracydine hydrachtoride for topical, 

6406 

Tetrahydrozoline hydrochloride 
ophthalmic, 6412 

Tetramethylammonium hydroxide, in 
methanol, 2399 

Theophylline and guaffenesin ora!, 6426 
Theophyliine orał, 6420 
Theophylline sodium glycEnate orał, 6427 
ThiamEne hydrochloride orał, 6431 
Thiamine mononitrate orał, 6434 
Thimerosal topical, 6440 
Thioridazine hydrochloride orał, 6447 
ThEothixene hydrochloride orał, 6454 
Timolot maieate ophthalmic, 6480 
Tobramyctn ophthalmic, 6499 
Tolnaftate topical, 6518 
Travoprost ophthaEmic, 6548 
TretinoEn topical, 6556 
Triamcinolone diacetate orał, 6566 
Tricitrates orat, 6577 
Trifluoperazine orał, 6584 
Trihexyphenidyl hydrochloride orał, 6591 
Trikates orał, 6593 
Trimeprazine orał, 6594 
Triprafidine hydrochloride orał, 6604 
TrEprolidine and pseudoephedrine 
hydrochlorides orał, 6606 
TrapicamEde ophthalmEc, 6612 
Valpraic acid orał, 6646 
Valrubicin intravesicaE, 6648 
Vaneomycin hydrochloride for orał, 6660 
Vehicle for orał, 7788 
Vehide for orał, sugar free, 7788 
Vempamfl hydrochloride orał, 6677 
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Su lut i on (conlittued) 

Viiamins wilh minerał*, water-soluble orał, 
7443 

Vitamins with mtnerals, oil- and water- 
soluble orał, 7361 

Viiamim # oiJ- and water-soluble orał, 7309 

Kanthan gum, 7966 

Zidovudrne orał, 6741 

Zinc sulfate ophthalmfc, 6757 

Zinc sulfate orał, 6757 


Solutions 

reagents, and ind! ca tors, 2323 
Solvent hexane, 2395 
Somatropin, 6210 
for injection, 6212 

Som atropin bioidentity tests ( \26 }, 214 

Sorbtc add, 7893 

Sorbitan 

monolaurate, 7893 
monooleate, 7894 
monopalmitate, 7895 
monostearate, 7896 
sesquioleate, 7897 
sorbftol, sokitron, 7901 
trioleate, 7898 
SortritoJ, 2395, 7899 
solution, 6213 

solution noncrystallizing, 7900 
sorbitan solution, 7901 
Sotalol hydrach ioride, 6214 
ora) suspension, 6216 
tablets, 6217 
Soybean oil, 6217 
hydrogenated, 7903 
5oy isofJavones 
capsules, 7198 
powdered extract, 7196 
tabtets, 7200 

Spacer* and valved holding chambers used 
with inhalation aerosols—characterization 
tests <1602), 1988 
Specific grayity <841), 768 
Speciftc surface area (846), 769 
Speetinornydn 
hydrochloride, 6219 
for injectable suspension, 6220 
Spectrophotometric Identification tests (197), 
255 

5 pkon o! acta ne, 6221 
and hydrachlorothiazide orał suspension, 
6223 

and hydrachlorothiazide tablets, 6224 
tabiets, 6223 

Spironolactone compounded 
orał suspension, 6221 
Spiranolactone compounded, veterinary 
orał suspension, 6222 
Splmlina, 7201 
tablets, 7205 
Sgualane, 7904 

Sr 89 injection, strontium chloride, 6235 
Stability considerations tn dispensing practice 
(1191), 1662 
Stachyose hydra te, 2395 
Standard sand, 20- to 30-mesh, 2395 
Stannous 

chloride, 2395, 7905 

chloride acid, stronger, T5, 2412, 2421 

chloride atid TS, 2412, 2421 

fluoride, 6225 

fluoride gel, 6226 


Stanozolol, 6227 
tablets, 6227 
Starch 
com, 7906 

com, pregelatinized hydraxypropyf, 7909 

hydrolysate, hydrogenated, 7911 

hyd rosy pro pyl com, 7908 

iodate paper, 2409 

iodtde-free TS, 2422 

iodide paper, 2409 

iodide pastę TS, 2422 

modified, 7914 

pea, 7915 

pea, pregelatinized hydroxypropyl, 7918 
potassrum iodide TS, 2422 
potassium iodide and, TS, 2420 
potato, 2383, 2395, 7920 
potato, pregelatinized hydroxypropyl, 
7923 

pregelatinized, 7925 
pregelatinized modified, 7926 
sodium, glycofate, 7886 
soluble, 2395 
soluble, purified, 2395 
tapioca, 7928 
topical, 6228 
TS, 2421 
wheat, 7928 
Stavudine, 6229 
capsules, 6230 
for orał solution, 6231 
Steam, pure, 6719 
Steam sterilization by direct contact 
<1229.1), 1812 
Stearic acid, 2395, 7930 
purified, 7932 

Stearoyl polyoaylglycerides, 7933 
Stearyl alcohol, 2395, 7934 


Sterile 

Erythromycin ethylsuccinate, 4043 
Erythromycin gluceptate, 40 47 
Erythromycin lactobionate, 4048 
Pharmaceulica! compounding—stenie 
preparations <797), 683 
Stenie product packaging— integrlty 
evaluation (1207), 1700 
Sterility testing—yalidation of isolator 
systems <1208), 1739 
Sterilization and sterility assurance of 
compendial artides <1211), 1744 
Waler, purified, 6719 
Water for inhalation, 6718 
Waler for injection, 6718 
Water for irrigation, 6718 


Stenie product packaglng—integrity 
evaluatron (1207), 1700 
Sterility 

testing—validalion of isolator systems 
(1208), 1739 
tests (71), 136 

Sterilization-im place <1229.13), 1849 
Sterilization of compendial arlicles (1229), 
1807 

Sterilization and sterility assurance of 
compendial artides (1211), 1744 
Stenlizlng flltratlon of liguids <1229.4), 1824 
Stinging nettle,’ 7208 
extract, powdered, 7211 


powdered, 7210 
Stora*, 6232 
St rep tomy cin 
injection, 6234 
for injection, 6234 
sulfate, 6233 
Stronger 

ammonia water, 2395 
cupric acetate TS, 2422 
Strontium 
acetate, 2395 

chloride Sr 89 injection, 6235 
hydro* ide, 2396 
Strychninę sulfate, 2396 
Sty re n e-d i v3 nyl benze n e 
anion-exchange resin, 50- to 1 OD-mesh, 
2396 

cation-e*change resin, strongly acidic, 
2396 

copolymer beads, 2396 
Subvisible particulate matter in therapeutSc 
protein Injections (787), 663 
Succimc add, 2396, 7936 
Succinylcholine chloride, 6236 
injection, 6237 
Sueralfate, 6238 
tablets, 6239 
Sucralose, 7936 
Sucrose, 7938 
octaaeetate, 7939 
palmitate, 7940 
stearate, 7941 
Sudan 
m, 2396 

III TS, 2422 
IV, 2396 

IV TS, 2422 

Sufentnnil citrate, 6240 
injection, 6241 
Su gar 

compressible, 7943 
confectioneds, 7944 
free suspension struciu red vehtde, 7948 
injection, invert, 6241 
spheres, 7945 
Sulbactam 

and ampicillin for injection, 2813 
sodium, 6242 
Sulconazole nitrate, 6244 
Sulla 

yaginal cream, triple, 6245 
vaginal tnserts, triple, 6246 
Sulfabenzamide, 6246 
Sulfacetamide, 6247 
sodium, 6248 

sodtum ophthalmic olntment, 6250 
sodium ophthalmic solution, 6251 
sodium and prednisolone acetate 
ophthalmic ointment, 6252 
sodium and prednisolone acetate 
ophthalmic suspension, 6253 
sodium topical suspension, 6251 
Sulfachlorpyridazine, 6254 
Sulfadiazine, 6255 
cream, silver, 6258 
silver, 6256 
sodium, 6259 
sodium injection, 6259 
tablets, 6256 
Sulfadimethoxine, 6260 
sodium, 6261 
soluble powder, 6260 
orał suspension, 6261 
tablets, 6261 


ndex 










ndex 


(-60 SulfaSuspe 


Combined lndex to USP 40 and NF 35 


5ulfadoxine, 6262 
and pyrimethamine tablets, 62 63 
Sulfamerazine, 2396 
Sulfametlwine, 6264 
and chlortetracydlne bisulfates soluble 
powder, 3396 
granulated, 6264 
SuEfamethizoEe, 6265 
oraf suspension, 6266 
tablety 6266 
SulfamethoxazoEe, 6267 
orał suspension, 6268 
tablets, 6268 

and trimethoprim injection, 6269 
and trimethoprim orał suspension, 6270 
and trimethoprim tablets, 6272 
Sulfamic add, 2396 
Sulfanilamtde, 2396 
Sulfanillc 
add, 2396 

acid H diazotized TS, 2422 
acid T5, 2422 
1-naphthyiamme TS, 2422 
a-naphthy laminę TS f 2422 
Sulfapyridine, 6273 
tablets, 6274 
Suffaquin 0 xaline, 6274 
orał solution, 6275 
Sulfasalazine, 6275 
tablets, 6276 

delayed-reEease tablets, 6277 
Sulfatase enzyme pre parali on, 2396 
Sulfate 

acid, ferraus, TS, 2412, 2415 
and chloride (221), 287 
ferro u s, TS, 2415 
magnes ium, TS, 2417 
merturic, T5, 2414, 2417 
potassium, 2383 
potassium, TS, 2420 
in reagenty 2327 
strychninę, 2396 
Sulfathiazole, 6278 
sodium, 2396 
Sulfinpyrażone, 6278 
capsules, 6279 
tablets, 6280 
5ulflsoxazole, 6280 
acetyl, 6281 

acetyl and erythromyctn estolate orał 
suspension, 4040 

acetyl and erythromycin ethylsuccinate for 
orał suspension, 4046 
acetyl orał suspension, 6282 
tablets, 6281 

Sulfomolybdic acid TS, 2422 
Sulfonie add ca tion-exc hangę resin, 2396 
2 -(4-£ułf opheny Jazo)-1,8-di hyd mxy-3,6- 
naphthalenedisulfonic acid, trisodium salt, 
2407, 2408 

SulfosaEicylic add, 2396 
Sulfur, 2396 
dioxide, 7946 

dioxide detector tubę, 2397 
ointment, 6282 
predpitated, 6282 

and resorcinol topical suspension, 5994 
subfimed, 6283 
Sulfur dioxfde <525), 401 
Sulfuric add, 2397, 7946 
dilutetf, 2353, 2397 
fluorometiic, 2397 
fuming, 2361, 2397 
half-normal (0.5 N) in aleohof, 2434 
nitrogen free, 2397 


normaI ( I N), 2434 

phenylhydrazine, TS, 2419 

TS, 2422 

0.02 N TS, 2422 

0,2 N TS, 2422 

0.5 N TS, 2422 

1 M TS, 2422 

2 N TS, 2422 

6 N TS, 2422 

7 N TS, 2422 

Sulfuric acicMormaldehyde TS, 2422 
Sulfurous add, 2397 
Sulindac, 6283 
tablets, 6284 
Sultsobenzone, 6286 
Sumatnptan, 6287 
nasai spray, 6289 
injection, 6288 
suednate, 62 92 
suednate orał suspension, 6294 
tablets, 6290 
Sunflower oil, 2397, 7947 
SuppEementaf Information for articles of 
botanrcal origin (2030), 2260 
Supports for gas chromatography, 2397 


Suppositories 

Acetaminophen, 2546 

Aminophyllfne, 2742 

Aspirin, 2B72 

Bisacodyl, 3032 

Chlorpromazine, 3391 

Ergotaminę tartrate and taffeine, 4026 

Głycerin, 4423 

Indomethadn, 4601 

Miconazole nitrate yaginal, 5166 

Morphine sulfate, 5235 

Nystatin yaginal, 5402 

Prochlorperazine, 5847 

Progesterone yaginal, 5856 

Promethazine hydrochloride, 5866 

Thiethylperazine maEeate, 6435 


Suprofen, 6295 
ophthalmic solution, 6295 


Suspension 

Acetaminophen and codeine phosphate 
orał, 2565 

Acetaminophen ora!, 2547 
Acetazofamide orał, 2579 
Acyclovir orał, 2594 
Albendazole orał, 2604 
Allopurinol orał, 2634 
AIprazoEam orał, 2642 
AEumina, magnesia, and caldum carbonate 
ora!, 2662 

Alumina and magnesia orał, 2660 
Al u mi na, magnesia, and simelhicone orat, 
2666 

Alumina and magnesium carbonate ora!, 
2669 

Alumina and magneslum irisilicate orał, 
2672 

Amoxicillin and davulanate potassium for 
orał, 2791 

Amoxicilllo for orał, 2789 


Amoxicllln for injectable, 2788 
Amoxfdlfln orał, 2788 
Amoxidllin tablets for orał, 2790 
Ampicillin for injectabte, 2808 
Ampidllln for orał, 2809 
Ampicillin and prabenedd for orał, 2811 
Atenolol compounded orał, 2889 
Atenolol compounded orał, yeterinary, 
2889 

Atovaquone orał, 2900 
Aurothioglucose injectable, 2911 
Azathloprine orał, 2916 
Azithromycfn for orał, 2928 
Baclofen orał, 2944 
Barium sulfate, 2952 
Bari u m sulfate for, 2953 
Benazepril hydrochloride compounded 
oraE, yeterinary, 2963 
Betamethasone sodium phosphate and 
betamethasone acetale Enfectabfe, 3010 
Bethanechol chioride orał, 3021 
Bisacodyl rectal, 3032 
Bismuth subsalicylate orał, 3040 
BrinzoEamide Ophthalmic, 3051 
CaEamine topical, 3110 
Calamine topical, phenolated, 3111 
Cale ium carbonate orai, 3128 
Caldum and magnesium carbonates orał, 
3133 

Gaptopril orał, 3175 
Carbamazepine orat, 3181 
Cefaclor for orał, 3238 
Cefadrox(i for orał, 3244 
Cefdinir for orał, 3258 
Ceflxlme for orał, 3266 
Cefpodoxime proxetil for orał, 3293 
Cefprozil for orał, 3297 
Ccfuroximc anctll for orał, 3311 
Cellulose sodium phosphate for ora!, 3317 
Cephalexin for orał, 3319 
Cephradine for orat 3330 
Chloramphenicol and bydrocortisone 
acetate for ophthalmic, 3352 
Chloramphenicol palm i tatę oraE, 3353 
Chlorothiazide orał, 3380 
Cholestyramine for ora!, 3405 
Chromie phosphate P 32, 5698 
CicEopirox olamine topical, 3414 
Ciprofioxacin and dexamethasone otic, 
3436 

Clarithromydn for orał, 3463 
Gavulanate potassium and amoxidlfin for 
orał, 2791 

Clindamycin phosphate topical, 3484 
Cbnazepam orał, 3505 
Clopidogrel compounded orał, 3517 
Colesttpol hydrochloride for orał, 3555 
Colislin and neomycin sulfates and 
hydrocoitfsone acetate otic, 3558 
Colistin sulfate for oraE, 3558 
Cortisone acetate injectable, 3583 
Demeclocydine orał, 3645 
Desoxycorticosterone pivalate injectable, 
3669 

Dexamethasone acetate injectable, 3676 
Dexamethasone ophthaimic, 3673 
Diazoxide orał, 3722 
Oidoxaciflin sodium for orał, 3742 
O id a n osinę tablets for orał, 3750 
Diltiazem hydrochloride oraE, 3785 
Dipyridamole orał, 3821 
Dolasetron mesylate orał, 3858 
Doxycydine caldum ora!, 3894 
Doxycydine compounded orał, veterinary, 
3895 










Combined lndex to USP 40 and NF 35 


Suspe-Syrup 1-61 


Sus pens i on (continued) 

Doxyq^dine for orał, 1892 
Enalapril maleate compounded orał, 
yeterinary, 3970 

Erythromycin estolate for ora!, 4040 
Erythromycin estolate oraf, 4039 
Erythromycin estolate and sulfisoxazoIe 
acetyl orał, 4040 

Erythromycin ethylsueclnate for orał, 4044 
Erythromycin ethylsuccinate orał, 4043 
Erythromycin ethylsuccinate and 
sulffsoxazole acetyl for orał, 4046 
Estrone injectable, 4086 
Famotfdine for orał, 4139 
Ferumoxsil orał, 4182 
Flucytosine orał, 4223 
Fłuoromethobne ophlhalmic, 4254 
Furazolłdone orał, 4347 
Gancidovir orał, 4381 
Gen tam lei n and prednisolone acetale 
ophthalmic, 4397 
GriseofuMn orał, 4447 
Hydrocortisone acetale injectable, 4514 
Hydrocortisone acetale ophthalmic, 4514 
Hydrocortisone injectable, 4508 
Hydrocortisone rectal, 4509 
Hydroxyzine pamoate orał, 4546 
Ibuprofen orał, 4556 
Im tpenern and dla Halin for injectable, 

4572 

Indom et hacin orał, 4602 
Isophane insulin human, 4620 
Humań insulin isophane and human insulin 
injectton, 4617 
Isophane insulin, 4619 
Insulin zinc, 4624 
insulin zinc, extended, 4625 
Insulin zlnc, prompl, 4627 
Isoflupredone acetatę injectable, 4688 
Ketoconazole orał, 4748 
Labę tal ol hydrochloride orał, 4759 
Lamotrigine compounded orał, 4778 
Lansoprazole compounded orał, 4787 
Loracarbef for orał, 4895 
Magafdrate and simethicone orał, 4932 
Magaldrate orał, 4931 
Magnesium carbonate and sodium 
bicarbonate for orał, 4937 
Mebendazole orał, 4969 
Medraxyprogesterone acetale injectable, 
4981 

Megestrol acetate orał, 4987 
Me!oxicam ora!, 4994 
Meprohamate orał, 5018 
Mesalamine rectal, 5030 
Methacydine hydrochloride orał, 5060 
Methadone hydrochloride tablets for orał, 
5064 

Methenamine mandelate ora!, 5073 

Methyldopa orał, 5100 

Me thyl prednisolone acetate injectable, 

5120 

Metolazone orał, 5133 
Metoprolol tartrate orał, 5142 
Metronldazole benzoate compounded orał, 
5149 

Minocydine hydrochloride orał, 51 77 
Nalidlxic acid orał, 5271 
Naproxen orał, 5283 
Natamycin ophthalmic, 5294 
Neomycin and polymyxin B sulfates and 
dexamethasone ophlbalmic, 5319 
Neomycin and polymyxin B sulfates and 
hydrocortisone otic, 5322 


Neomycin and poły my x In B sulfates and 
hydrocortisone acetate ophthalmic, 5323 
Neomycin and polymyxin B sulfates and 
hydrocortisone ophthalmic, 5322 
Neomycin and polymyxin B sulfates and 
p red ni solone acetate ophthalmic, 5324 
Neomycin sulfate and hydrocortisone ode, 
5307 

Neomycin sulfate and hydrocortisone 
acetate ophthalmic, 5308 
Neomycin sulfate and prednisolone acetate 
ophthalmic, 5326 
Nevirapine orał, 5331 
Nitrofurantoin oraL 5365 
Nystatin for orał, 5403 
Nystatin orał, 5403 
Ondansetron hydrochloride orał, 5442 
Qxfendazole orał, 5497 
Oxytetracycline and nystatin for orał, 5534 
Qxytetracydine caldum orał, 5534 
Oxytetra cyc linę hydrochloride and 
hydrocortisone acetate ophthalmic, 5537 
Pantoprazole orał, 5562 
Peniclllin G benzathine injectable, 5599 
Penidllin G benzathine and penicillin G 
procaine Injectable, 5601 
Penidllin G benzathine ora!, 5600 
Penicillin G, neomycin, polymyxin B f 
hydrocortisone acetate, and 
hydrocortisone sod fum su cci na te topi ca I, 
5597 

Penidllin G procaine, dihydrostreptomycin 
sulfate, chłorphemramine maleate, and 
dexamethasone injectable, 5612 
Penicillin G procaine and 
dihydrostreptomycin sulfate injectable, 
5611 

Penidllin G procaine, dihydrostreptomycin 
sulfate, and prednisolone injectabfe, 

5614 

Penidllin G procaine, neomycin and 
polymyxin B sulfates, and hydrocortisone 
acetate to pi cal, 5614 
Penicillin G procaine injectable, 5609 
Penidllin G procaine for injectable, 5610 
Penidllin V benzathine orał, 5620 
Penicillin V for orał, 5619 
Perflutren protein-type A mlcrospheres 
injectable, 5639 
PergolEde, orał, yeterinary, 5642 
Phenoxybenzamine hydrochloride 
compounded orał, 5670 
Phenytoin orał, 5690 
Ph osp ha te P 3 2, chromie, 5698 
Piroxicam compounded orał, 5741 
Prednisolone acetate injectable, 5815 
Prednisolone acetate ophthalmic, 5815 
Prednisolone compounded orał, yeterinary, 
5816 

Prednisone injectabEe, 5823 
Prednisolone tebutate injectable, 5821 
Primrdone orał, 5832 
Progesteronie injectable, 5855 
Propyfiodone injectable oil, 5899 
Psyllium hydrophilic mucilloid for orał, 

5915 

Pyrantel pamoate orał, 591 7 
Pyrvinium pamoate orał, 5931 
Quinidine sulfate orał, 5952 
Ractopamine hydrochloride, 5964 
Resorcino! and sulfur topical, 5994 
Rifampin orał, 6010 
Rimexolone ophthatmic, 6019 
Selenium sulfide topical, 6140 
Simethicone orał, 6163 


Sodium polystyrene sulfon a te, 6205 
Spectinomycin for injectable, 6220 
Spironolactone compounded orał, 6221 
Structured vehide, 7948 
Stoictured yehicle, sugar-free, 7948 
Sulfacetamide sodium and prednisolone 
acetate ophthalmic, 6253 
Sulfacetamide sodium topical, 6251 
Sulfadłmethoxlne orał, 6261 
Sulfamethizole orał, 6266 
5ulfamethoxazole orał, 6268 
Śulfamethoxazole and Irłmethoprim orał, 
6270 

5ulfIsoxazole acetyl orał, 6282 
Sumatriptan succinate orał, 6294 
Temozolomide orał, 6361 
Testosterone injectable, 6387 
Tetracydine hydrochloride ophthalmic, 
6407 

Tetracydłne hydrochloride orał, 6407 
Tetracydine orai, 6400 
Thiabendazole orał, 6429 
Thioridazine orał, 6446 
Tobramydn and dexamethasone 
ophthalmic, 6501 

Tobramydn and fluoromethoione acelate 
ophthalmic, 6503 

Top tram a te compounded orał, 6527 
Triamcinolone acetonide Enjectable, 6565 
Thamcinolone dlacetate injectable, 6566 
Triamcinolone hexacetonide injectable, 
6568 

Triflupmmazlne orał, 6586 
Trisulfapyrirnidines orał, 6607 
VehtcJe for orał, 7788 
Verapamil hydrochloride orał, 6678 
Zlnc sulfide topical, 6758 


Suspens Eon structured vehide, 7948 
sugar-free, 7948 
Suture 

absorbabie surgical, 6296 
nonabsorbabie surgical, 6298 
Sutures 

diameter {86!}, 795 
needle attachment (871), 796 


Syrup 

Acada, 7495 

Calcium gtubio na te, 31 36 
Cherry, 7600 

C h lorpro mazi n e hyd roch lorid e, 3393 

Chocolate, 7607 

Com, 7614 

Corn, sollds, 7621 

High fructose corn, 7618 

Oocusate sodium, 3854 

Ferraus sulfate, 4177 

O rangę, 7790 

Perphenazine, 5651 

Piperazlne ci trale, 5737 

Promazfne hydrochloride, 5862 

Syrup, 7949 

Tołu balsam, 7952 
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T 

Tablet breaking fotce <121 7), 1750 
Tablet frlability <1216), 1749 


Tablets 

Abacavir, 7928 
Abiraterone acetate, 2534 
Acepromazine maleate, 2542 
AceLarninophen, 2547 
Conlatntng at least three of the 
following—aeetaminophen and (salLs of) 
c h lo rp ii en i ra m i n e, dextrom elho rp h a n, 
and pseudoephedrine, 2559 
Aeetaminophen and aspirin, 2549 
Aeetaminophen, aspirin, and caffeine, 

2550 

Aeetaminophen and caffeine, 2551 
Aeetaminophen, chlorphenlramine 
maleate, and dextramethorphan 
hyd robrami de, 2561 

Aeetaminophen and codeine phosphate, 
2566 

Aeetaminophen and diphenhydramine 
citrate, 2569 

Aeetaminophen, diph en hydra minę 
hydrochloride, and pseudoephedrine 
hydrochloride, 2570 
Aeetaminophen extended-release, 2548 
Aeetaminophen and hydratodone 
bitartrate, 4501 

Aeetaminophen and pseudoephedrine 
hydrochloride, 2571 
Aeetaminophen and tramadol 
hydrochloride, 2572 
Acetazolamide, 2579 
Acetohexamtde, 2582 
Acetohydroxamic acid, 2583 
Acydovir, 2595 
Aibendazole, 2605 
AlbuteroJ, 2607 

Alb u terał extended-release, 2608 
Atendronate sodium, 2622 
A if u zosin hydrochloride entended-release, 
2626 

Allopurinol, 2634 
Almotriptan, 2638 
Alprazolam, 2642 
Alprazolam extended-release, 2644 
Alprazolam orally disintegrating, 2648 
Al u m ina and magnesia, 2661 
Alumina, magnesia, and caldum carbonate 
chewable, 2663 

Al u mi na, magnesia, cakium carbonate, 
and simethicone che wabię, 2664 
Alumina, magnesia, and simethicone 
chewable, 2668 

Alumina and magnesium carbonate, 2670 
Alumina, magnesium carbonate, and 
magnesium oxide, 2671 
Alumina and magnesium trisllkate, 2673 
Aluminum hydroxide gel, dried, 2683 
Aluminum sulfate and cakium acetate for 
topieal solution, 2688 
Amiloride hydrochloride, 2715 
Amiloride hydroehlohde and 
hydrochlorothiaztde, 2717 
Aminobenzoate potassium, 2724 
Ami n oca pro ic acid, 2729 
Aminoglutethlmide, 2731 
Amfnopentamlde sulfate, 2735 


Aminophylline, 2742 
Aminophylfine delayed-release, 2744 
Am i n osal i cy I a te sodi u m H 2747 
Aminosalicylic acid, 2750 
Amitriptyline hydrochloride, 2759 
Amlodipine and valsartan, 2763 
Amlodipine besytate, 2773 
Amlodipine, valsartan and 
hydrach! ora thiaz id e, 2767 
Ammonium chloride delayed-retease, 2776 
Amodiaquine hydrochloride, 2781 
Amoxapine, 2784 
AmoxidlNn, 2789 

Amoxidllin and davulanic acid extended- 
release, 2793 

Amoxidllin and elavulanate potassium, 
2792 

Amphetamine sulfate, 2797 

Ampiciilin, 2810 

Anastrozole, 2820 

Anileridlne hydrochloride, 2824 

Apomorphine hydrochloride, 2843 

Arginine, 6799 

Aripiprazole, 2858 

Aripiprazole orally disintegrating, 2860 
Ascorbic add, 2867 
Aspirin, 2873 

Aspirin, alumina, and magnesia, 2877 
Aspirin, alumina, and magnesium oxide, 
2878 

Aspirin, buffered, 2874 
Aspirin and codeine phosphate, 2882 
Aspirin, codeine phosphate, alumina, and 
magnesia, 2883 
Aspirin defayed-release, 2875 
Aspirin efferve$cent, for orał solution, 2876 
Aspirin extended-release, 2876 
Astem izole, 2885 
Atenolol, 2888 

Atenolol and chlorthalidone, 2890 
Atropinę sulfate, 2909 
Azatadine maleaie, 2914 
Azathioprine, 2916 
Azithromycin, 2929 
Badofen, 2945 
Bariom sulfate, 2954 
Belladonna extract, 2959 
Benazepril hydrochloride, 2961 
Bendroflumethlazide, 2964 
Benztropine mesylate, 2991 
Betamethasone, 3001 
Betaxołol, 3017 
Bethanechol chloride, 3021 
Bicalutamide, 3024 
Biotin, 3027 

Biperiden hydrochloride, 3029 
Bisacodyl delayed-reiease, 3033 
Bismuth subsaiicylate, 3041 
Bisoprolol fumarale, 3044 
Bisoprolol fumarate and 
hydrochlorothiazide, 3045 
Biack cohosh, 6843 
Bromocrfptine mesylate, 3054 
Bromphenlraminę maleate, 3059 
Bumetanlde, 3064 
Buprapion hydrochloride, 3072 
Bu pro pi on hydrochloride extended-release, 
3073 

Buspirone hydrochloride, 3082 
Busulfan, 3085 
Butabarbital sodium, 3088 
Butalbłtal, aeetaminophen, and caffeine, 
3091 

Butatbital and aspirin, 3091 
Butalbital, aspinn, and caffeine, 3094 


Cabergoline, 3105 
Caldum acetate, 3124 
Caldum carbonate, 3129 
Cakium carbonate, magnesia, and 
simethicone chewable, 3131 
Caldum ci tratę, 6855 
Caldum gluconate, 3141 
Cakium L-S-methyltetrahydrafolate, 6861 
Cakium łaciate, 3144 
Cakium and magnesium carbonates, 3134 
Cakium pantothenate, 3147 
Cakium phosphate, dibasic, 3152 
Cakium with vitamin D, 6863 
Caldum and vitamin D with minerals, 

6864 

Candesartan cilexetil, 3157 
Candesartan cilexetil and 
hydrochlorothiazide, 3159 
Capecitabine, 3164 
Captopril, 3175 

Captopril and hydrochlorothiazide, 31 76 
Garbarńazepine, 3182 
Carba mazep ine extended-release, 3184 
Carbenicillin indanyl sodium, 3188 
Carbidopa and levodopa, 3189 
Levodopa and carbidopa extended-release, 
3190 

Carbidopa and levodopa orally 
disintegrating, 3196 
Carbinoxamine maleate, 3198 
Caldum carbonate and magnesia 
chewable, 3131 

Carboxymethy!cellulose sodium, 3208 
Carisopradol, 3210 
Carisopradol, aspirin, and codeine 
phosphate, 3212 
Carisopradol and aspirin, 3211 
Carprafen, 3219 
Carteolol hydrochloride, 3222 
Carvedilol, 3226 
Cascara, 3232 
Ca t's cła w, 6874 
Cefador chewable, 3239 
Cefaclor extended-release, 3240 
Cefadroxil, 3245 
Cefixime, 3267 
Cefpodoxime proxetil, 3293 
Cefprozil, 3298 
Cefuroaime axetll, 3312 
Cephalexln, 3320 

Cephatexin, for orał suspension, 3321 
Cephradine, 3330 
Cetirizine hydrochloride, 3334 
Cetirizine hydrochloride orally 
disintegrating, 3336 
Cetrizine hydrochloride and 
pseudoephedrine hydrochloride 
e x tende d-relea se, 3338 
Chlorambucil, 3346 
Chloramphenicol, 3351 
Chlordrazepoxide, 3357 
ChlordIazepoxide and amitriptyline 
hydrochloride, 3358 
Chloroquine phosphate, 3379 
Chlorothiazide, 3382 
Chlorpheniramine maleate, 3388 
Chlorpromazine hydrochloride, 3394 
Chlorpropamide, 3395 
Chlortetrącycline hydrochloride, 3398 
Chlorthalidone, 3399 
Chlorzoxazone, 3400 
Chondroitin sulfate sodium, 6902 
Chromium picofinate, 6907 
Cilostazol, 3419 
Clmetidine, 3422 
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Ciprofloxadn, 3432 
Ciprofloxadn extended-release, 3433 
Citafopram, 3449 
Garithromydn, 3463 
Oarithramycin extended-release, 3465 
Gemastine fumarate, 3472 
Clomiphene dtrate, 3501 
Gonazepam, 3506 

Gonazepam oral!y disintegrating, 3506 
CI on Ed i ne hydro c h to ride, 3510 
Gonrdine hydrochloride and 
chlorthalidone, 3511 
Gapidog rei, 3517 
Garazepate dipotassium, 3521 
Goyer, red, 7147 
Gozapine, 3537 

Cocaine hydrochloride, for topical solution, 
3542 

Codeine phosphate, 3548 
Codeine sulfate, 3551 
Colchicine, 3553 
Colestipot hydrochloride, 3555 
Cortisone acetale, 3584 
Curcuminoids, 6919 
Cyanocoba lamin, 3597 
Cyclizine hydrochloride, 3600 
Cyclobenzaprine hydrochloride, 3604 
Cydophosphamide, 3609 
Cyproheptadlne hydrochloride, 3619 
Dapsone, 3638 
Dehydmcholic add, 3643 
Demedocycline hydrochloride, 3647 
Desipramine hydrochloride, 3651 
Desioratadine, 3656 

Desioratadine orally disintegrating, 3658 
Desogestrel and ethinyl estradiol, 3663 
Dexa media sonę, 3674 
Dexchlorpheniramine maleate, 3688 
Dextroamphetarnine sulfate, 3703 
Dtazepam, 3720 
Dichlorphenamide, 3727 
Didofenac potassśum, 3730 
Didofenac sodium and miso prostot 
delayed-release, 3736 
Didofenac sodium delayed-release, 3732 
Didofenac sodium extended-release, 3734 
Dicycfomlne hydrochloride, 3745 
Drdanosine, for oraj suspension, 3750 
Diethylcarbamazine ci tratę, 3753 
Diethylpropion hydrochloride, 3754 
DiethylsUlbestrol, 3756 
DffiunisaJ, 3760 
Digitalis, 3763 
Digitoxjn, 3765 
Digoxin, 3768 
D i hyd rata chys terał, 3774 
Dihydroxyaiuminurn sodium c arbo na te 
chewable, 3778 
Dlltiazem hydrochtoride, 3786 
Dimenhydrinate, 3790 
Di phen hydra minę ci tratę and ibuprofen, 
3799 

Diphenhydramrne and pbenylephrine 
hydrochloride, 3810 

Diphenoxy]ate hydrochloride and atropinę 
sulfate, 3816 
Dipyridamole, 3822 
Dirithramydn delayed-release, 3824 
Disulfiram, 3827 

Qivalproex sodium delayed-release, 3831 
Divalproex sodium extended-release, 3832 
Docusate sodium, 3855 
Donepezil hydrochloride, 3861 


Donepezil hydrochloride orally 
disintegrating, 3863 
Doxa zosin, 3876 

DcwycycNne, 3393 

Doxycydine hyc la te, 3900 
Doxycydine hycla te delayed-release, 3902 
Doxyiamine succinate, 3907 
Dronedarone, 3910 

Drospirenone and ethinyl estradiol, 3916 
Dydrogesterone, 3928 
Dyphylline, 3930 
Dyphylline and guaifenesin, 3932 
£favlrenz, 3947 
Enalapril maleate, 3971 
Enalapril maleate and hydrachlorothiazide, 
3973 

Entacapone, 3988 
Enteeavir, 3992 
Ergocalciferot, 4015 
Ergoloid mesylales, 4018 
Ergoloid mesylates sublingual, 4019 
Ergonovine maleate, 4021 
Ergotaminę tartrate, 4025 
Ergotaminę tartrate and caffeine, 4027 
Ergotaminę tartrate sublingual, 4026 
Eiythromycin, 4036 
Erythromycin delayed-release, 4037 
Erythromycin estolale, 4040 
Erythromycin ethylsuccinate, 4044 
Erythromycin stearate, 4049 
Escitałopram, 4052 
Estazotam, 4062 
Estradiol, 4070 

Estradiol and norethindrone acetate, 4071 
Estrogens, eonjugated, 4081 
Estrogens, esterified, 4085 
Estropipate, 4089 
fcszopiclone, 409) 

Ethacrynic actd, 4094 
Ethambutoł hydrochloride, 4096 
Ethinyl estradiol, 4100 
Ethionamide, 4103 
Ethotoin, 4108 

Ethynodiot di acetate and ethinyl estradiol, 
4110 

Ethynodlol diacelate and mestranol, 4111 
Etldronate disodium, 4113 
Etodolac, 4116 

Etodolac extended-release, 4116 
Ezetimibe, 41 29 
Famotidine, 4140 
Fel ba matę, 4145 

Felodipine extended-release, 4148 
Fenofibrate, 4157 
Fenoprofen calcium, 1163 
Ferro us fumarate, 4169 
Ferrous fumarate and docusate sodium 
extended-release, 4170 
Ferrous gluconate, 4175 
Ferrous sulfate, 4178 
Fexofenadine hydrochloride, 4186 
Fexofenadine hydrochloride and 
pseudoephedrine hydrochloride 
extended-release, 4 1 89 
Finasteride, 4201 
Flavoxate hydrochloride, 4204 
Flecalnlde ace-tate, 4207 
Fluconazole, 4221 
F lud racorti sonę acetate, 4229 
Ffuoxetine, 4263 
Fiuoxymesterone, 4267 
Flurbiprafen, 4280 
Fluvoxamine maleate, 4319 
Folie actd, 4323 
fosinupril sodium, 4337 


FosEnoprif sodium and hydFOchlorothiazide, 
4338 

Furazolidone, 4347 
Furasemide, 4350 
Gabapentin, 4353 
Galantarninę, 4373 
Gariic delayed-release, 6993 
Gemfibrozif, 4389 
Ginkgo, 7010 
Ginseng, American, 6792 
Gfrtseng, Astan, 6809 
GJimepiride, 4402 
Glipizide, 4405 

Glipizide and metformin hydrochloride, 
4407 

Glucosamine, 7014 
Glucosamine and chondrattin sodium 
sulfate, 7012 

Glucosamine, chondroitin sulfate sodium, 
and methylsulfonylmethane, 7019 
Glucosamine and methylsulfonylmethane, 
7017 

Glyburide, 4415 

Glyburide and metformin hydrochloride, 
4418 

Glycopyrrolaie, 4428 
Granisetron hydrochloride, 4443 
CriseofuMn, 1448 
Griseofulyin, ul tramie rosi ze, 4449 
Guaifenesin, 4452 
Guanabenz acetate, 4457 
Guanethidine monosulfate, 4459 
Guanfaerne, 4460 
Cuggul, 7037 
Halazone for solu tron, 4463 
Haloperidol, 4470 
Horn atropinę melhylbromide, 4489 
Hydralazine hydrochloride, 4494 
Hydrochlorothiazlde, 4499 
Hydrach! ora thlazi de and amiloride 
hydrochloride, 2717 
Hydrocodone bitartratę, 4500 
Hydrocodone bitartrate and 
acetaminophen, 4501 
Hydrocodone bitartrate and h oma tropi ne 
methylbromide, 4502 
Hyd racorti sonę, 4509 
Hydrofiumethiazlde, 4523 
Hydromorphone hydrochloride, 4530 
Hydroxychloroquine sulfate, 4535 
Hydroxyzine hydrochloride, 4542 
Hyoscyamine, 4547 
Hyoscyamine sulfate, 4551 
Ibuprofen, 4558 

Ibuprofen and pseudoephedrine 
hydrochloride, 4559 
Imipramine hydrochloride, 4574 
Indapamide, 4585 
lodoqulnol, 4649 
Irbesartan, 4673 

Irbesartan and hydrochlorothiaizrde, 4674 
tsoniazid, 4695 
Isopropamide iodide, 4696 
Isoproterenol hydrochloride, 4702 
Isosorbide dinitrale chewable, 4710 
Isosorbide dinitrate extended-release, 4710 
Isosorbide dinitrate sublingual, 4712 
Isosorbide mononitrate, 4714 
Isosorbide mononitrate extended-release, 
4715 

lsoxsuprine hydrochloride, 4726 
lvermectin, 4734 

lvermectin and pyrantel pa moa te, 4737 
Ketoconazole, 4748 
Ketorofac tromelhamine, 4756 
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Labetalol hydrochloride, 4760 

Larnivudine, 4767 

Lamivudine and zidovudine, 4769 

Lamotrigine, 4772 

Lamotrigine ex ten ded-release, 477A 

lamotrigine, for orał suspension, 4776 

lefiunomide, 4791 

Letrazole, 4793 

Leucovorin cafcium, 4798 

Levamisole hydrochloride, 4805 

Levetiracetam, 4811 

Levetiracetam extended-relea$e, 4812 

Levocarnitine, 4824 

Levocetirizme dihydrochkmde, 4826 

Łevodopa, 4830 

Levofloxacin, 4834 

Levo norgestrel and ethinyl estrad fol, 4837 

Levorphanol tartrate, 4839 

Levothyroxine sodium, 4843 

Uothyronine sod tum, 4861 

Ll0trix, 4862 

Upoić add, alpha, 7078 

Usinopril, 4866 

Usinopril and hydrochlorothiazide, 4867 
Uthium carbonate, 4872 
Lithium carbonate extended-release, 4873 
Łoperamide hydrochloride, 4882 
lopinavir and ritonavir, 4890 
Loratadine, 4899 
Loratadine chewabEe, 4900 
Loratadine orally disintegratlng, 4901 
Lorazeparrt, 4908 
Losartan potassium, 4911 
Losartan potassium and 
hyd rochi ora th i azi de, 4913 
Lovastatin, 4919 
Łysinę hydrochloride, 7087 
Magaldrate, 4931 

Magaldrate and simethicone ehewabfe, 
4933 

Magnesia, 4934 
Magnesium g! u eon a te, 4943 
Magnesium oxide, 4947 
Magnesium saltcylate, 4950 
Magnesium Łrisilicate, 4954 
Maprotifine hydrochloride, 4964 
Mazindol, 4967 
Mebendazole, 4970 
Meca my łamane hydrochloride, 4973 
MedEzine hydrochloride, 4976 
Medroxyprogesterone acetale, 4982 
Mefloquine hydrochloride, 4985 
MegestraJ acetate, 4989 
Melatonin, 7095 
Meloxicam, 4995 
Melphalan, 4997 
Memantine hydrochloride, 5000 
Menadiol sodium diphosphate, 5004 
Menaquinone-7, 7100 
MeperidFne hydrochloride, 5009 
Mephenytoin, 5011 
Mephobarbital, 5013 
Meprobamate, 5019 
Mercaptopurine, 5022 
Mesalamine delayed-release, 5032 
Mesoridazine besylate, 5037 
Metaproterenol sulfate, 5043 
Metaxalone, 5046 
Metformin hydrochloride, 5048 
Metformin hydrochloride extended-release, 
5050 

Methadone hydrochloride, 5063 
Methamphetamine hydrochloride, 5065 
Methazolarmde, 5066 


Methdilazine hydrochloride, 5068 
Methenamine, 5070 
Methenamine hippurate, 5072 
Methenamine mandelate, 5074 
Methenamine mandelate delayed-release, 
5074 

Methimazote, 5076 
Methocarbamol, $079 
Metbotrexate, 5086 
Methscopolamine bromide, 5091 
Methyclothiazide, 5094 
Methylcellulose, 5099 
Methylcobafamin, 7103 
Methyldopa, 5101 

Methyldopa and chlorothiazide, 5101 
Methyldopa and hydrochlorothiazide, 
5103 

Methylergonovme maleate, 5110 
Methylphenidate hydrochloride, 5113 
Methylphenidate hydrochloride extended- 
release, 511 3 
Methylprednisolone, 5118 
MethyI su I fo nyI met h a ne, 7105 
Meihyltestosterony 5126 
Methysergide maleate, 5127 
Metodopramide, 5131 
Metolazone, 5134 

Meto pro lal succinate extended-release, 
5138 

Metoprołot tartrate, 5143 
MetoproloS tartrate and 
hydrochlorothiazide, 5144 
Metronidazole, 5153 
Metronidazole extended-refease, 5154 
Metyrapone, 5157 
Midodrine hydrochloride, 5170 
Milk thistle, 7112 
Minerały 7121 

Minocydine hydrochloride, 5178 
Minocydine hydrochloride extended- 
release, 5178 
Mkioxidil„ 5184 
MErtazapine, 5188 

Mirtazapine orally disintegrating, 5189 
Mitotane, 5196 
Modafinil, 5199 

Memantine hydrochloride, 5203 
Moexipril hydrochloride and 
hydrach lorothrazide, 5205 
Molindone hydrochloride, 5208 
Montelukast sodium, 5222 
Monte! u kast sodium chewable, 5225 
Moricizine hydrochloride, 5230 
Mycophendate mofetil, 5253 
Mycophenolic acid delayed-release, 5257 
Nabumetone, 5262 
Nadolol, 5264 

Nadolol and bendroflumethiazide, 5265 

Nafcilltn sodium, 5268 

Nalidmc add, 5271 

Naltrexone hydrochloride, 5276 

Naproxen, 5284 

Naproxen delayed-release, 5285 

Naproxen sodium, 5287 

Naratriptan, 5290 

Nateglinide, 5297 

Mefazodone hydrochloride, 5299 

Neomycin sulfate, 5302 

Neostigmine bromide, 5327 

Nevirapiny 5333 

Niacin, 5336 

Niacinarmde, 5340 

Niacin extended-release, 5337 

Mifedipine extended-release, 5354 

Nitrofu ran toin, 5366 


Niiroglycerin subfingual, 5372 
Norethindrone, 5382 
Norethindrone acetale, 5387 
Norethindrone acetate and ethEnyl 
estradiol, 5387 

Norethindrone and ethinyl estradiol, 5384 
Norethindrone and mestranol, 5385 
Norfioxacin, 5390 

Morgestimale and ethinyl estradiol, 5393 
Norgestrel, 5395 

Norgestrel and ethinyl estradiol, 5396 
Nys ta tiry 5403 
Ofloxacin, 5413 
Ofanzapine, 5416 

Olanzapine orally disintegrating, 5420 
Ondansetron, 5445 

Ondansetron orally disintegrating, 5448 
Orbiffoxacin, 5452 

Orphenadrfne citrate, aspirin, and caffeine, 
5462 

Orphenadrine citrate extended-release, 
5460 

Oxandrolone, 5483 
Oxaprozin, 5486 
Oxazepam, 5490 
Qxcarbazepine, 5494 
Oxprenolol hydrochloride, 5499 
Oxprenolol hydrochloride extended- 
release, 5499 
Oxtriphy!line, 5501 
Oxtriphy1line extended-release, 5501 
Oxybutynin chloride, 5505 
Gxybutynin chloride extended-release, 
5506 

Oxycodone and acetaminophen, 5517 
Oxycodone and asptrin, 5518 
O xy cod one hydrochloride, 5513 
Oxycodone hydrochloride extended- 
release, 5513 
Oxymethotone, 5525 
Oxymorphgne hydrochloride, 5528 
Qxymorphone hydrochloride extended- 
release, 5530 
Oxytetracydine, 5533 
Pancreatin, 5555 
Pa nc rei i pasę, 5558 

Pantoprazole sodium delayed-release, 5565 
Pa pa i n, for topical solution, 5569 
Papaverine hydrochloride, 557 1 
Paroaetine, 5582 

Paroxetine extended-release, 5583 
Penbutolot sulfate, 5592 
Penie i II aminę, 5596 
Penkiilin C benzathine, 5600 
Peniciflin C potassium, 5606 
Peniciflin V, 5619 
Pemdllin V potassium, 5623 
Pentazocine and acetaminophen, 5625 
Pentazocine and aspirin, 5627 
Pentazocine and naloxone, 5629 
Pentoxifylllne extended-release, 5636 
Pergolide, 5643 
Perindopril erbumine, 5647 
Perphenazine, 5652 
Perphenazine and amitriptylme 
hydrochloride, 5652 
Phenazopyridine hydrochloride, 5656 
Pliendimetrazine tartrate, 5659 
Phenelzine sulfate, 5660 
Phenmetrazine hydrochloride, 5662 
Phenobarbital, S665 
Phentermine hydrochloride, 5673 
Phenylbutazone, 5678 
Phenytephrine hydrochloride, 5685 
PhenyLoin chewable, 5691 
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Phytonadione, 5702 
Piłocarpine hydrochloride, 5707 
Prmozide, 5710 
Pindolol, 5712 
Pioglttazone, 5715 
Pioglitazone and glimepiride, 5716 
Ploglftazone and metfoimin hydrochloride, 
5720 

Piperaiine ci tratę, 5737 
Potassium and sodium bicarbonates and 
citrfc acid effervescent, for orał sol u t Son, 
5759 

Potassium bicarbonate effervescent, for 
ora! solution, 5758 

Potassium bicarbonate and potassium 
chloride effervescent, for ora! solution, 
5759 

Potassium chloride eatended-release, 5766 
Potassium chloride, potassium bicarbonate, 
and potassium dtrate effervescęnt, for 
orał solution, 5769 
Potassium dtrate, 7134 
Potassium dtrate extended-reEease, 5774 
Potassium gluconate, 5779 
Potassium iodide, 5783 
Potassium iodide delayed-release, 5784 
Pravasta£rn sodium, 5801 
Praziquantel, 5804 
PrednisoJone, 5813 
Prednisone, 5824 
Primaquine phosphate, 5830 
Primidone, 5833 
Probenedd, 5835 
Probenedd and colchidne, 5835 
Probucol, 5838 

Procainamide hydrochloride, 5840 
Prnrainamlde hydrochloride extended* 
release, 5840 

Prochlorperazine maleate, 5850 
Procyclrdine hydrochloride, 5852 
Promazrne hydrochloride, 5862 
Promethazine hydrochloride, 5867 
Propafenone hydrochloride, 5880 
Propan theline bromide, 5883 
Propranolol hydrochloride, 5895 
P rop rano! ol hydrochloride and 
hydmchlorothiazide, 5895 
Pro pyl th to u radl, 5901 
Protriptyline hydrochloride, 5904 
Pseudoephedrine hydrochloride, 5907 
Pseudoephedrine hydrochloride extended- 
release, 5908 
Pyrazinamide, 5920 
Pyridostigmine bromide, 5923 
Pyridoxine hydrochloride, 5926 
Pyrilamine maleate, 5928 
Pyrimethamine, 5930 
Pyrvinium pamoate, 5932 
Guazepam, 5933 
Ouetiapine, 5934 

Guetiapine, extended-release, 5937 
Quinapril, 5944 

Guinapril and hydrochlorathiazide, 5942 
Quinidine gluconate extended-release, 

5948 

Quinidine sulfate, 5953 
Quinidine sulfate extended-release, 5954 
Guintne sulfate, 5958 
RaEoxifene hydrochloride, 5967 
Ranitidine, 5977 
Rauwolfia serpentina, 5981 
Repaglinide, 5985 
Reserpine, 5989 

Reserpine and cblorothiazide, 5990 


Reserplne and hydrochlorothiaztde, 5992 
Rhodiolo rosea, 7157 
Rtbavirin, 5999 
Riboflavin, 6002 

Rifampin, isoniazid, and pyrazinamide, 
6012 

Rifampin, isoniazid, pyrazinamide, and 
ethambulol hydrochloride, 6013 
RHuzole, 6015 

Rimantadine hydrochloride, 6017 
ftisedronate sodium, 6035 
Risperidone., 6039 

Risperidone o rally disintegrating, 6041 
Ritodrine hydrochloride, 6044 
Ritonavir, 6054 
Rizatriptan benzoate, 6062 
Rizatriptan benzoate orally disintegrating, 
6064 

Ro pi ni role, 6068 

Ropinirole extended-release, 6070 
Ru fi nam id e, 6084 
Saccharin sodium, 6090 
St, john's w ort fi o we ring top dry extract, 
7173 

Salsalate, 6105 

Scopolamine hydrobromide, 6129 
Selegiline hydrochloride, 6137 
Sennosides, 6145 
Sertraline hydrochloride, 6150 
Sildenafil, 6156 
Simethicone, 6163 
5imvastatin, 6165 
Sitagliptin, 6169 
Sodium bicarbonate, 6178 
Sodtum chloride, 6185 
Sodium chloride, for solution, 6186 
Sodtum fluoride, 6190 
Sodium salicylate, 6207 
Sotalol hydrochloride, 6217 
Soy isoflavones, 7200 
Spironolactone, 6223 
Spironolactone and hydrochlorothiazide, 
6224 

Spirulina, 7205 

Stanozolol, 62 27 

Sucralfate, 6239 

Sulfadiazine, 6256 

5ulfadimethoxine, 6261 

Sulfadoxine and pyrimethamine, 6263 

Sulfamethizole, 6266 

Sulfamethoxazole, 6268 

5ulfamethoxazole and trimethoprim, 62 72 

Sułfapyridine, 6274 

Sułfasalazine, 6276 

Sułfasalazine defayed-release, 6277 

SuIfinpyrażone, 6280 

Suifisoxazole, 6281 

Sulindac, 6284 

Suma tri ptan, 6290 

TadaJafif, 631 2 

Tamoxifen dtrate, 631 7 

Telmisartan, 6353 

Telmisartan and hydrochlorothiazide, 6355 
Terazosin, 6366 
Terblnafrne, 6371 
Terbutaline sulfate, 6377 
Testolactone, 6385 
Tetracydine hydrochloride, 6408 
Tetracydine hydrochloride and novobiocin 
sodium, 6409 

Tetracydine hydrochloride, novobiocin 
sodium, and prednisołone, 6409 
Theophylline*, 6422 

Theophylline, ephedrine hydrochloride, 
and phenobarbiial, 6474 


iheophylline sodium glydnate, 6427 
Thiabendazole chewable, 6429 
Thiamine hydrochloride, 6432 
Thiethyfperazine maleate, 6437 
Thioguanine, 6443 
Thioridazine hydrochloride, 6448 
Thyroid, 6457 

Tfclopidine hydrochloride, 6470 
Tienchi ginseng root and rhizome dry 
extract, 7225 

Tienchi ginseng root and rhizome powder, 
7219 

Ti molo I maleate, 6481 
Ti molo! maleate and hydrochlorothiazide, 
6482 

Tizanidine, 6490 
Tocainide hydrochloride, 6506 
Tolazamide, 6508 
Tolbutamide, 6511 
Toicapone, 6513 
Tolmetin sodium, 6515 
Topiramate, 6525 
Torsem i de, 6529 
Tramadol hydrochloride, 6533 
Tramadol hydrochloride and 
acetaminophen, 2575 
Tramadol hydrochloride extended-release, 
6534 

Trandolaprfl, 6541 
Tranylcypromine, 6543 
Trazodone hydrochloride, 6551 
Triamcinolone, 655? 

Triamterene and hydrochlorothiazide, 6573 
Triazolam, 6575 
Trichloimethiazide, 6577 
Trifluoperazine hydrochloride, 6585 
Triflupromazine hydrochloride, 6588 
Trihexyphenidyl hydrochloride, 6591 
Trimeprazine Lartrale, 6595 
Trimethoprim, 6598 
Trioxsalen, 6601 

Tri pełen nam Ine hydrochloride, 6603 
Triprolidine hydrochloride, 6605 
Triprofidine and pseudoephedrine 
hydrochlorides, 6606 
Trisulfapyrimidines, 6608 
Trospium chforide, 6614 
Ubidecarenone, 7235 
Ursodiol, 6631 
Va[acydovir, 6633 
Vaferian, 7244 
Valgancidovir, 6638 
Valsartan, 6650 

Valsartan and hydrochlorothiazide, 6651 
Venfafaxine, 6664 
Verapamil hydrochloride, 6678 
Verapamif hydrochloride ex te nded-release, 
6680 

Vigabatrin, 6688 
Vinpocetine, 7247 
VItamin A, 6702 

Vitamins with minerals, oil-soluble, 7280 
Vitamins with minerals, oit- and water- 
soluble, 7375 

Vitamins with minerals, water-soluble, 

7451 

Vitamins, oil-soluble, 7258 

Vitamins, oil- and water-soluble, 7318 

Vitamjns, water-soluble, 7412 

Warfarin sodium, 6715 

Zaldtabine, 6733 

Zidovudine, 6743 

Zinc dtrate, 7474 

Zinc gluconate, 6751 

Zinc sulfate, 6758 
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Tablets (continued) 

Zolmitriptan, 6764 

Zolmitriptan orally disintegrating, 6766 

Zolpidem tartrate, 6769 

Zolpidem tartrate extended-rekase, 6771 


Tacrine 

cap su ki, 6300 
hydroehloride, 6300 
Tacrolimus, 6301 
cap su ki, 6304 
orał suspension, 6309 
Tadalafil, 6310 
tablets, 6312 
Tadatafi! compounded 
orał suspension, 6313 
Tagatose, 7949 
Tale, 6314 

Tamoxifen ci tratę, 6316 
tablets, 6317 

Tamsulosln hydroehloride, 6318 
ca psuł es, 6320 
Tannic acid, 2397, 6329 
TS, 2422 

Tape, adhesive, 6329 
Tapioca slarch, 7928 
Tariaric acid, 2397, 7950 
TS, 2422 
Taurine, 6329 
Tazobactam, 6330 
and piperacillin for injection, 5728 
Tc 99m 

albumin aggregated injection, technetium, 

6332 

albumin colloid injection, technetium, 

6333 

albumin injection, technetium, 6331 
apcitide injection, technetium, 6335 
arcitumomab injection, technetium, 6335 
bicisate injection, technetium, 6336 
depreotłde injection, technetium, 6337 
di sofę ni n injection, technetium, 6337 
etidronate injection, technetium, 6338 
exametazime injection, technetium, 6338 
fanolesomab injection, technetium, 6339 
gluceptate injection, technetium, 6340 
lidofenin injection, technetium, 6341 
mebrofenin injection, technetium, 6342 
medronate Injection, technetium, 6343 
mertfattek injection, technetium, 6344 
nofeLumomab merpentan injection, 
technetium, 6345 

ox id rana te injection, technetium, 6345 
pentetate injection, technetium, 6345 
pertechnetate injection, sodium, 6346 
(pyro- and trimeta-) phosphates injection, 
technetium, 6348 

pyrophosphate injection, technetium, 6348 
red blood cetls infection, technetium, 6349 
sestamibi injection, technetium, 6349 
succimer injection, technetium, 6350 
suifur colloid injection, technetium, 6351 
tetrofosmin injection, technetium, 6352 
T-dodecyl mercaptan ethoxylate, 2356 
Technetium 

Tc 99m albumin aggregated injection, 
6332 

Tc 99m albumin colloid injection, 6333 
Tc 99m albumin injection, 6331 
Tc 99m apcitide injection, 6335 
Tc 99m arcitumomab injection, 6335 
Tc 99m bicisate injection, 6336 
Tc 99m depreotide injection, 6337 


rt 99m disofenin injection, 6337 
Tc 99m etidronate injection, 6338 
Tc 99m exametazime injection, 6338 
Tc 99m fanolesomab tnjection, 6339 
Tc 99m gluceptate injection, 6340 
Tc 99m lidofenin injection, 6341 
Tc 99m mebrofenin injection, 6342 
Tc 99m medranate injection, 6343 
Tc 99m mertiatide injection, 6344 
Tc 99m nofetumomab merpentan 
tnjection, 6345 

Tc 99m Gxidronate injection, 6345 
Tc 99m pentetate Injection, 6345 
Tc 99m pertechnetate injection, sodium, 
6346 

Tc 99m pyrophosphate injection, 6348 
Tc 99m (pyra- and trimeta-) phosphates 
injection, 6348 

Tc 99m red blood cells injecUon, 6349 
Tc 99m sestamibi Injection, 6349 
Tc 99m succimer injection, 6350 
Tc 99m suifur colloid injection, 6351 
Tc 99m tetrofosmin injection, 6352 
Telmisartan, 6352 

and hydrochlorathiazide tablets, 6355 
tablets, 6353 
Temazepam, 6357 
capsules, 6359 
Temozolomide, 6360 
orał suspension, 6361 
Temperaturę 
congealing (651), 527 
Teniposide, 6362 
injection, 6363 
Tensile strength (881), 797 
Terazosin 

capsuks, 6364 
hydrach loridc, 6368 
tablets, 6366 
Terbinafine 

hydroehloride, 6372 
orał suspension, 6370 
tablets, 6371 
Terbutailne 
sulfate, 6374 

sulfate inhalatlon aerosol, 6375 
sulfate injection, 6376 
sulfate tablets, 6377 
orał suspension, 6377 
Terconazole, 6378 
TeriparaLtde, 6379 
Terminally sterilized pharmaceutlcal 
products—parametric release (1222), 1753 
Terpin hydra te, 6382 
and codeine orał solution, 6383 
orał solution, 6383 

terr-Butyl hydroperoxide solution, 2397 
Tertiary butyl alcohol, 2330, 2341, 2397 
Test for 1,6-anhydro derivative for 
enoxaparin sodium (207), 261 
Testolactone, 6384 
tablets, 6385 
Tes tostera ne, 6386 
benzoate, 2397 
cy piana te, 6387 
cyplonate injection, 6388 
enanthate, 6388 
enanthate injection, 6389 
pnjectable suspension, 6387 
propionate, 6389 
propionate injection, 6390 
Test papers 
and tndicator, 2408 
indicators and i n di ca tor, 2406 

Test Solutions, 2411 
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Tetanus 

tmmune globulin, 6390 
2',4 r ,5', 7 f -Tetra bromofl uorescei n, 2397 
Tetrabfomophenolphthaiein ethyl ester, 2397 
TS, 2422 

Tetrabutylammonium 
bromide, 2397 
hydrogen sulfate, 2397 
hy drogę n sulfate ion pa i ring reagent, 2397 
hydroxide, 1.0 M in methanof, 2397 
hydroxide, 0.4 M agueous, 2397 
hydroxide 30-hydrate, 2397 
hydroxide In methanol/isopropył alcohol 
(0.1 N), 2435 

hydroxide, tenth-normal (0.1 N), 2434 
iodide, 2397 
phosphate, 2397 

Tetrabuiylammonium hydrogen sulfate 
0.02 M T5, 2422 

Tetrabutylammonium hydroxide, 40 percent 
in wat er, 2397 
Tetracaine, 6390 
and cocaine hydrochlorides and 
epinephrine topica! solution, 3542 
hydroehloride, 6393 

hydroehloride, benzotaine, and butamben 
topi cal aerosol, 2979 

hydroehloride, benzocaine, and butamben 
gel, 2979 

hydroehloride, benzocaine, and butamben 
ointment, 2980 

hydroehloride, benzocaine, and butamben 
to pica! solution, 2981 
hydroehloride cream, 6394 
hydroehloride in dextrose injection, 6397 
hydroehloride injection, 6394 
hydroehloride for injection, 6395 
hydroehloride, neomycin sulfate, and 
i sof lup redo ne acetate ointment, 5309 
hydroehloride, neomycin sulfate, and 
isoftupredone acetate topical powder, 
5310 

hydroehloride ophthalmfc solution, 6396 
hydroehloride topical solution, 6397 
and menthol ointment, 6392 
ointment, 639? 

and procaine hydrochlorides and 
levonordefrin injection, 5844 
2,3,7,8 -Tet ra ch fo rod f b enzo-p-d i oxl n, 13 C- 
labekd, 2397 

2,3,7,8-Tetrachlorodibenzofuran, ’ J CTabeled, 
2398 

1,1,2,2-Tetrachloroethane, 2398 
Tetracosane, 2398 
Tetracycline, 6398 
boluses, 6399 
hydroehloride, 6400 
hydroehloride capsuks, 6402 
hydroehloride for injection, 6404 
hydroehloride, novobiocin sodium, and 
p red ni solone tablets, 6409 
hydroehloride and novobiocin sodium 
tablets, 6409 

hydroehloride and nystatin capsules, 6410 
hydroehloride ointment, 6404 
hydroehloride ophthalmfc ointment, 6405 
hydroehloride ophthatmrc suspension, 

6407 

hydroehloride soluble powder, 6405 
hydroehloride for topical solution, 6406 
hydroehloride orał suspension, 6407 
hydroehloride tablets, 6408 
orał suspension, 6400 
Tetradecane, 2398 

Tetradecylammonium bromide, 2397 
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Tetraethylammonium perchlorate, 2398 
Tetraethylene gtycol, 2393 
Tetraethylene pen ta rolne, 2398 
Tetraheptylammonium bromide, 2398 
TetrahexylammQnium hydrogen sulfate, 2398 
Tetrahydrofuran, 2398 
peroxfdeJree, 2398 
stabilizer-free, 2398 

Tetrahyd ro- 2-f u ra n c a rboxy 1 ic acid, 2 398 
N-(2-Tetra hyd rof u royl}pl pe ra/i ne, 2398 
1 , 2, 3,4-Te t ra hy drona ph Lh a I e n e, 2398 
Tetrahydrozollne hydrochloride, 6410 
rtasal sotution, 6412 
ophthalmic solution, 6412 
Tetra methyl a m moni u m 
brom id e, 2398 

bromide, tenth-mołar (0.1 M), 2435 
chloride, 2398 

chloride, tenlh-molar (OJ M), 2435 
hydroxrde, 2398 
hydroxide, pentahydrate, 2399 
hydroxide solution in methanol, 2399 
hydroxide TS, 2422 
nitrate, 2399 

Tetramethylbenzidine, 2399 
4,4'-Tetra m ethykJla mi n odi phenyl met h a n e r 
2399 

Tetramethylsilane, 2399 
Tetrapropylammonium 
chloride, 2399 

Te trasod i u m e thy lened ia m inete traaceta te, 
2399 

Thalidomlde, 6413 
capsules, 6414 
Thallous chloride, 2399 
Tl 201 injection, 6415 
Theobromine, 2399 
Theophylline, 6416 
capsules, 6417 

extended-release capsules, 6418 
in dextrose injection, 6423 
ephednne hydro chloride, and 
phenobarbital tablets, 6424 
and guaifenesin ca psuł es, 6425 
and guaifenesin orał solution, 6426 
sodium glycinate, 6426 
sodium glycinate orał solution, 6427 
sodium glycinate tablets, 6427 
orał solution, 6420 
orał suspension, 6421 
tablets, 6422 

Theory and practice of eiectrical conductmty 
measurements of Solutions (1644), 2000 
Thermal analysis (891), 798 
Thłabendazole, 6428 
chewabie tablets, 6429 
orał suspension, 6429 
Thiamine 

hydrochloride, 6430 
hydrochloride injection, 6431 
bydrochloride orał solution, 6431 
hydrochloride tablets, 6432 
mononitrate, 6433 
mon on i tratę ora! solution, 6434 
Thiamine assay <531), 407 
Thiazole yellow, 2399 
paper, 2409 

Threthylperazine maleaLe, 6435 
supposrtories, 6435 
tablets, 6437 
Th im erosa I, 6437 
top ital aerosol, 6439 
topical sol u bon, 6440 
tincture, 6441 


Thtn-bycr chrom a tog rap hic identification test 
(201), 256 

Thioacetarnide, 2399 
TS, 2423 

Thioacetamide-glycerin base T5, 2423 
2-Thiobarbituric acid, 2399 
2,2 # -Thiodiethanol, 2399 
Thfoglycolic acid, 2399 
Thioguanine, 6442 
tablets, 644 3 
Th i oni ne a cela te, 2400 
Thiopental sodium, 6444 
for injection, 6445 
Thioridazlne, 6446 
hydrochloride, 6447 
hydrochloride orał solution, 6447 
hydrochloride tablets, 6448 
orał suspension, 6446 
Thiostrepton, 6449 
nystatin, neomydn sulfate, and 
triamdnolone acetonide cream, 5405 
nystatin, neomydn sulfate, and 
triamdnolone acetonide ointment, 5406 
Thiotepa, 6449 
for injection, 6450 
Thiothixene, 6451 
capsules, 6452 
hydrochloride, 6453 
hydrochloride injection, 6453 
hydrochloride for injection, 6454 
hydrochloride orał solution, 6454 
Thiourea, 2400 
Thorium nitrate, 2400 
T5, 2423 
Threonine, 6455 
Thrombin human, 2400 
Thromboplastin, 2400 
Thymtdine, 2400 
Thymol, 2400, 7950 
blue, 2408 
blue TS, 2423 
Thymolphthalein, 2408 
TS, 2423 

Thyroglobuffn, 2400 
Thyroid, 6456 
tablets, 6457 

Tiagabine hydrochloride, 6458 
orał suspension, 6460 
Tiamulin, 6460 
fu ma ratę, 6462 
Ticarcillin 

and davulanic acid fnjection, 6464 
and clavulanrc acid for injection, 6465 
disodtum, 6466 
for mjection, 6463 
monosodium, 6467 
Tidopidine hydrochloride, 6469 
tablets, 6470 

Tienchi ginseng root and rhizome, 7213 
dry extract capsules, 7223 
powder capsules, 7218 
dry extract, 7221 
powder, 7216 
dry extract tablets, 7225 
powder tablets, 7219 
Trgecycline, 6471 
for injection, 6473 
Ti le tarninę 
hydrochloride, 6475 
and zolazepam for injection, 6475 
Tiimicosin, 6476 
injecbon, 6478 
Timofoi 
maleate, 6479 


maleate and hydrochforothJazIde tablets, 
6482 

maleate ophthalmic solution, 6480 
maleate tablets, 6481 
Ti molo! maleate 

and dorzolamide hydrochloride ophthalmic 
solution, 3869 
Tin, 2400 


Tincture 

Belladonna, 2959 
Benzethonium chloride, 2967 
Benzoin, compound, 2985 
Capsicum, 3172 
Cardamom, compound, 7584 
Ginger, 6999 
Green soap, 4445 
lodlne, 4631 
lodlne, strong, 4632 
Lemon, 7733 
Opium, 5450 
Orange peel. Sweet, 7790 
Rhodiola roseo, 7154 
Thimerosal, 6441 
Tolu balsam, 7952 
Valerian, 7243 
Vanilla, 7960 


Tinidazole, 6483 
Tloconazoie, 6485 

Tissue human amnion ch orion membranę 
dehydrated, 6486 
THanium 
daoxide, 6487 
tetrachloride, 2400 
trichloride, 2400 
Lrichloride-sulfurie acid TS, 2423 
trichloride, tenth-norma! (0.1 N), 2435 
trichloride TS, 2423 
Titration, nitrite (451), 366 
Tl tri metry (541), 416 
Uzanidine 

hydrochloride, 6489 
tablets, 6490 
Tl 201 

injection, thallous chloride, 6415 
Tobramycin, 6492 

and dexamethasone ophthalmic ointment, 
6500 

and dexamethasone ophthalmic 
suspension, 6501 

and fluorometholone acetate ophthalmic 
suspension, 6503 
inhalation solution, 6497 
injection, 6493 
for injection, 6494 
ophthalmic ointment, 6495 
ophthalmic solution, 6499 
sulfate, 6504 

Tocainide hydrochloride, 6506 
tablets, 6506 

Tocopherols excfppent, 7951 
Tofazamide, 6507 
tablets, 6508 

Tolazoline hydrochloride, 6509 
injection, 6509 
Tolbutamide, 6510 
for injection, 6511 
tablets, 65T1 
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Tukapcme, 6512 
tablets, 651 3 
o-Tolidine, 2400 
Tolmetin sodium, 6514 
capsules, 6515 
tablet 6515 
Tofnaftate, 6516 
topical aerosol, 651 7 
cream ( 6517 
gel, 6517 

topical powder, 6518 
topical solu don, 6518 
ToUerodrne Łartrate, 6518 
Tolualdehyde, 2400 
p-Tolualdehyde, 2400 
Tolu balsam, 6520 
syrop, 7952 
tincture, 7952 
Toluene, 2400 

p-Toluenesulfonic acid, 2400 
T5, 2423 

p-Totuenesulfonyl-L-arginlne methyf ester 
hydrochloride, 2400 
p-ToIulc acid, 2400 
Toluidine 
blue, 2401 
blue O, 2401 
o-Toluidine, 2400 
p-Toluidine, 2401 

Toma to extract cantaining lycopene, 7084 
Topical aerosols (603), 499 
Topical and transdermal drug products— 
product guality tests {3), 78 


Topical solution 

Aluminum acetate, 2674 
Aluminum subacetate, 2686 
Aluminum sulfate and calcium acetale for, 
2687 

Aluminum sulfate and calcium acetale 
tablets for, 2688 
Aminobenzofc add, 2727 
Benzethonium chloride, 2967 
Benzocaine, 2977 

Benzocaine, butamben, and tetracaine 
hydrochloride, 2981 
Calcium hydroxide, 3143 
Carbamide peroxide, 3186 
CarbolTuchsin, 3198 
Cetylpyridinium chloride, 3344 
Chlorhexidine acetale, 3366 
Chlorhexidine gluconate, 3370 
Ciclopirox, 3411 
Clindamydn phosphate, 3483 
Cbbetasof propionate, 3493 
Clotrimazole, 3527 
Coal tar, 3538 

Cocaine hydro chloride tablets for, 3542 
Cocalne and tetracaine hydrochlorides and 
epinephrine, 3542 
Diethyltoluamide, 3757 
Dimethyl sulfoxide, 3793 
Dydonine hydrochloride, 3927 
Erythromycin, 4036 
Fluocinolone aceton! de, 4241 
Fluocinonide, 4244 
Ftuorouradl, 4259 

Centamidn sulfate and betamethasone 
valerate, 4396 
Gentian violet, 4400 
Ha ki non i de, 4467 
Hydrogen peroxide, 4525 


Hydroqumonc, 4531 
lodine, 4630 
lvermeclin, 4736 
Licfocaine hydrochloride, 4851 
Mafenide acetate for, 4928 
Methoxsa3en, 5089 
MinoxIdil, 5185 
Mometasone furoate, 521 3 
Myrrh, 5260 
Nitrofurażone, 5369 
Nitromersol, 5373 
Papa i n tablets for, 5569 
Phenol, camphorated, 5668 
Podophyfllum resb, 5744 
Povidone-iodine, 5794 
Sodium fluoride and acidulated ph osp ha te, 
6190 

Sodium hypochbrite, 6193 
Tetracaine hydrochloride, 6397 
Tetraoycline hydrochloride for, 6406 
Thimerosal, 6440 
Tolnaftate, 6518 
Tretinoin, 6556 


Topical suspension 

Calamine, 3110 
Ca la minę, phenolated, 3111 
Cidopirox olamine, 3414 
Clindamydn phosphate, 3484 
Penicillrn G, neomydn, polymyxin B, 
hydrocortisone acetate, and 
hydro co rtisone sodium suce i na te, 5597 
Fenidllin G procalne, neomydn and 
poiymyxin B sulfates, and hydrocortisone 
acetate, 5614 
Resorrinol and lulfur, 5994 
Selenium sulfide, 6140 
Sulfacetamide sodium, 6251 
Zbc sulfide, 6758 


Topiramate, 6521 
capsuEes, 6523 
tablets, 6525 
Topiramate compounded 
ora! suspension, 6527 
Torsem i de, 6528 
tablets, 6529 

Total organie carbon (643), 522 
Tragacanth, 7952 
Tramadol hydrochloride, 6531 
and a celami nophen orał suspension, 6538 
and acetaminophen tablets, 2575 
orał suspension, 6532 
tablets, 6533 

extended-release tablets, 6534 
Tramado] hydrochloride compounded, 
veterfnary 

orał suspension, 6539 
Trandolapril, 6540 
tablets, 6541 
Tranexamic add, 6542 
Transdermal system 
do ni dba, 3512 
nicotine, 5345 

Transfer of analytical procedures (1224), 
1778 

Trany tcyprom ine 
sulfate, 6545 
tablets, 6543 


Travoprost, 6547 
ophthalmic solution, 6548 
Trazodone hydrochloride, 6549 
tablets, 6551 
Trehabse, 7953 
Tren bo ione acetate, 6553 
Tretinoin, 6554 
cream, 6555 
gel, 6555 

topical solution, 6556 
Triacetin, 6556 
n-Triacontane, 2401 
Triamcinolone, 6557 
acetonide, 6558 
acetonide cream, 6559 
acetonide dentai pastę, 6561 
acetonide injectabie suspension, 6565 
acetonide topical aerosol, 6559 
acetonide lotfon, 6560 
acetonide and neomydn s uff a te cream, 
5326 

acetonide and nystatin cream, 5407 
acetonide, nystatin, neomydn sulfate, and 
g ramki di n cream, 5404 
acetonide, nystatin, neomydn sulfate, and 
gramie id i n ointment, 5404 
acetonide, nystatin, neomydn sulfate and 
thiostrepton cream, 5405 
acetonide, nystatin, neomydn sulfate, and 
thiostrepton ointment, 5406 
acetonide and nystatin ointment, 5407 
acetonide ointment, 6560 
acetonide nasal spray, 6561 
diacetate, 6565 

dlacetale injectabie suspension, 6566 
d (acetale orał solution, 6566 
hexacetonide, 6567 

hexacetonide injectabie suspension, 6568 
tablets, 6557 

2,4,Ć-Triam ino- 5 -n itrosopyrimidine, 2401 
Triamterene, 6569 
cap&ules, 6569 

and hydfochlorothiazide capsules, 6571 
and hydrach lo rot h i azide tablets, 6573 
Triazolam, 6574 
tablets, 6575 

Tribasic catcium phosphate, 7552 
Tri ba sic sodium phosphate, 7885 
Tri butyl 
ci tratę, 7954 
phosphate, 2401 

Tributylelhyfammomum hydroxide, 2401 
Tributyrin, 2401 
Trichbrmethiazide, 6576 
tablets, 6577 
Tricbbroacetic acid, 2401 
Trichloroethane, 2401 
Trichlgrofluoromethane, 2401 
Tric h lo romonof borom et han e, 7955 
Trichlorotrifluoroethane, 2401 
Tridtrates orał solution, 6577 
Tridocarban, 6578 
Tridosan, 6580 
n-Tricosane, 2401 
Trientlne hydrochloride, 6582 
capsules, 6583 
Triethanotamine, 2401 
Triethylamine, 2401 
hydrochloride, 2401 
phosphate, 2401 
Triethyl dtratę# 7956 
Triethylenediamine, 2402 
Triethylene glycol, 2402 
Trifluoperazine 
hydrochloride, 6584 
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Trlfluoperazine (canttnueó) 
hydrochloride injecttan, 6585 
hydrochloride tablets, 6585 
o rat solution, 6584 
Trifluoroacetic 
acid, 2402 
anhydride, 2402 

Trrfiuoroacelic acid (TPA) in peptides (503J), 
394 

2,2,2-Trifluoroethanoł, 2402 

2,2, 2-Trifl u oroe thyIdi fl uoro me t hyI et her, 

2402 

(m-Trif I u oromet hy I phenyt) 
trimethylammonium hydroxide in 
methanol, 2402 
5-<Trif] uoro m ethy I) u radl, 2402 
a,a,a-Triffuoro-p<resol, 2402 
Tnfluorovinyl chloride polymer, 2402 
Triflupromazfne, 6586 
hydrochloride, 6587 
hydrochloride Injection, 6588 
hydrochloride tablety 6588 
orał suspension, 6586 
Trifluridine, 6589 
Trig ly ceride s med i u m-cha En, 795 7 
Trihexyphenidył hydrochloride, 6589 
extended-release capsules, 6590 
orał solution, 6591 
tablets, 6591 

Trikates orał solution, 6593 
Triketohydrindene hydra te 
TS, 2418, 2423 
Trimeprazine 
orał solution, 6594 
tartrate, 6593 
tartrate tablets, 6595 
Trimethobenzamide hydrochloride, 6595 
capsules, 6596 
injection, 6596 
Trimethoprim, 6597 
and pofymyxin B sullate ophthalmic 
solution, 5754 

and sulfamethGxazole injection, 6269 
and sułfamethoxazote orał suspension, 

6270 

and sulfarrrethoaazole tablets, 6272 
suffate, 6598 
tablets, 6598 

Tri melby face Ihydrazide a m mon fum chloride, 
236], 2402 

Trimethylchlorosilane, 2402 
2,2,4^Trimethyfpentane, 2366, 2402 

2.4.6- Trimethylpyridine, 2402 
N<Trim e Ł hyIs ilyIH m Idazofe, 2403 
Trfmethyltin brom Id e, 2403 
Trimipramine maleate, 6599 

2.4.6- Trinitrobenzenesulfonk: acid, 2403 
Trinitrophenof, 2403 

TS, 2419, 2423 
Trioctylphosphine oxide, 2403 
Trioxsalen, 6600 
tablets, 6601 

Tripelennamine hydrochloride, 6601 
injection, 6602 
tablets, 6603 

1,3,5 -Triph eny Ibenzene, 2403 
Triphenylmethane, 2403 
Triphenylmethanol, 2403 
Tri pheny I tetrazol ium 
chloride, 2403 
chforide TS, 2423 
Triprolidine 
hydrochloride, 6603 
hydrochloride orał solutJon, 6604 
hydrochloride rahlets, 6605 


and pseudoephedrine hydrochlorides orał 
sol u tron, 6606 

and pseudoephedrine hydrochlorides 
tablets, 6606 

Tri s(2-a minoethyI)ami ne, 2403 
Tris(hydroxym ethylja m inometha ne, 2403 
acetate, 2403 
hydrochloride, 2403 

A/-Tris(hydroxymethyl)m et hy fglytine, 2403 
Trisuffapyrimidines 
ora! suspension, 6607 
tablets, 6608 

Tritirachium album proteinase K, 2403 
Trofamine, 7959 
salicylate, 6608 
Tromethamine, 2403, 6609 
carboprost, 3205 
carboprost, Injection, 3206 
for Enjection, 6610 
Tropaeolin OO f 2403 
Tropie arid, 2403 
Tropicamide, 6610 
ophthalmic solution, 6612 
Traplne, 2403 
Trospium chloride, 6613 
tablets, 6614 
Trypan blue, 2403 
Trypsin, crystallized, 6616 
Tryptone, 2403 
Tryptophan, 6617 
5-Hydroxy-l-, 7227 
Ł’Tryptophane r 2403 
Tubeiculin purified protein derivative 
(TubercuHn PPD) t 2404 
Tubocurarine chloride, 2404, 6618 
injection, 6619 
TungStic acid, 2404 
Turmeric, 7228 
powdered, 7230 
extract powdered, 7232 
Turmeric paper, 2409 
Tyl osin, 6619 
granulated, 6620 
injection, 6621 
tartrate, 6622 
TyJoxapol, 6623 
Tyrosine, 6624 
L-Tyrasine disodlum, 2404 
Tyrothrlcin, 6625 


U 

Ubidecarenone, 7233 
capsules, 7234 
tablets, 7235 
Ubiquinol, 7236 
capsules, 7237 

UItraviolet>visible spectroscopy (857), 789 
Ultravrolel>visible spectroscopy^theory and 
practice <1857), 2229 
Undecylenie acid, 6626 
ointment, compound, 6626 
Uniformity of dosage units <905), 802 
Uracil, 2404 
Uranyl acetate, 2404 
cobalt, TS, 2414 
zinc, TS, 2423 
Urea, 2404, 6627 
C 13, 3199 . 

C 13 for orał solution, 3200 
C 14 capsules, 3701 


for injection, 6628 
Urethane, 2404 
Uridine, 2404 
Utsodiol, 6628 
capsules, 6629 
orał suspension, 6630 
tablets, 6631 

USP and NF excipients listed by category, 
7485 

USP policies, xxix 

USP reference standards (11), 104 


V 


Vacdne 

Anthrax adsorbed, 2828 
BCG, 2955 


Vaccines for human use 
bacteriat vaccines (1238), 1943 
generał conslderations <1235), 1905 
polysaccharide and glycoconjugate 
vaccines (1234), 1888 
Vaecinia immune globulin, 6633 
Valacyclovir 
orał suspension, 6633 
tablets, 6633 

ValacyHovir hydrochloride,, 6635 
Valerian, 7238 
extract, powdered, 7241 
powdered, 7240 
tablets, 7244 
tincture, 7243 
VaJeric acid, 2404 
Valerophenone, 2404 
Valgandclovir 
hydrochloride, 663 9 
tablets, 6638 
Validation 

of alternatlye mfcrobiologicaJ methods 
(1223), 1756 

of compendial procedures (1225), 1780 
of mlc robią I recovery from pharmacopelal 
artlcles (1227), 1 787 
Validation of altemative methods to 
antibiotic mfcrobial assays (1223.1), 1770 
Valine, 6642 
Valproate sodium 
injection, 6643 
Valproic acid, 6644 
capsules, 6645 
orał solution, 6646 
Valrubidn, 6646 
intravesical solution, 6648 
Valsartan, 6649 
tablets, 6650 

amlodipine, and hydrachforathiazide 
tablets, 2767 

and amlodipine tablets, 2763 
and hydrochlorothiazide tablets, 6651 
Vanadium pentoxide, 2404 
Vanadyl sulfate, 2404 
Vancomycin, 6654 
hydrochloride, 6656 
hydrochloride capsules, 6658 
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Vancomycin (continued) 
hydra chloride for injection, 6658 
bydrochloride for ora! soi u don, 6660 
injection, 6655 
Vanitla, 7959 
tincture, 7960 
Va nil lin, 7960 

Vapor phflse sterilization 0 229.11), 1847 
Varicel!a-zoster immune globulin, 6661 
Vasopressin, 6662 
injection, 6662 
Vecuronlum bromide, 6663 
Vegetable Oli, hydrogenated, 7961 
Vehicle 

for orał sofution, 7788 
for orał solution, sugar free, 7788 
for orał suspension, 7788 
suspension stru ttu red, 7948 
suspension struciu red, sugar-free, 7948 
Venlafaxine 
hydrach loride, 6666 

hydrochloride extended-release capsules, 
6667 

tablets, 6664 

Vera parni I hydrochlonde, 6674 
extended-felease capsules, 6675 
injection, 66 76 
orał solution, 6677 
orał suspension, 6678 
tablets, 6678 

extended-release tabfets, 6680 
Vardenafil 

bydrochloride, 6660 
Veriffcation of compendlal procedures 
(1226), 1786 
Verteporfin, 6683 
for injection, 6684 


Veterinary 

Atenolol compounded orał suspension, 
2889 

Benazepril hydrochlonde compounded orał 
suspension, 2963 

Buprenorphine compounded buccaJ 
solution, 3069 

Doxycydine compounded orał suspension, 
yeterinary, 3895 

Enalapfil maleate compounded orał 
suspension, 3970 
Methylene blue injection, 5107 
Pergolide orał suspension, 5642 
Potassium bromide orał solution, 5762 
Prednisolone compounded orał suspension, 
5816 

Sodium bromide injection, 6179 
Sodium bromide orał solution, 6180 
Splronolactone compounded orał 
suspension, 6222 

Tramadol hydrachioiide compounded orał 
suspension, 6539 

Vorieonazole compounded ophthalmic 
solution, 6710 

Vibrational ci rc u lar dichroism 
spectroscopytheory and practice (1782}, 
2136 

Vibrational circuiar dichroism spectroscopy 
<782), 649 
Vlgabatnn, 6685 
for orał solution, 6687 
tablets. 6688 
Vinblastlne sulfate, 6690 
for injecLldn, 6691 


Vin cristine sulfate, 6693 
Injection, 6694 
for injection, 6695 


Vinorelbine 
injection, 6698 
tartratę, 6697 
Vinpocetine, 7245 
capsules, 7247 
tablets, 7247 
Vfnyl acetate, 2405 
2-Vmy!pyridine F 2405 
Vi nyI pyrrol idi n one, 2405 
Viral safety evaluation of biotechnofogy 
Products derived from celi lines of human 
or animaf origin <1050), 1067 
Virofogy test methods (1237), 192 2 
Virus testing of human płasma for further 
manufacture <1240), 1956 
Vjscosily—capillary methods <911), 806 
Viscosity—pressure driven methods (914), 
814 

Viscosity—rolling bali method <913), 812 
Viscosity—rotationał methods (912), 808 
Visible particulates in injections (790), 671 
V?tamin 
A, 6699 

A assay (57!), 454 
A capsules, 6700 
A orał iląuld preparation, 6701 
A tablets, 6702 
Bij acdvity assay <171), 242 
C assay (580), 459 
C and zinc lozenges, 7475 
D assay <581}, 462 

D and caldum with minerals tablets, 6864 
D with caldum tablets, 6863 
E, 6703 

E assay (551), 419 
£ capsules, 6705 

E polyethylene glycol succinate, 7961 
E preparation, 6707 
Vitamins 

capsules, oikduble, 7248 
capsules, oil- and water-soluble, 7290 
capsules, water-solubię, 7400 
with minerals capsules, oil- and water- 
solubię, 7336 

with minerals capsules, water-soluble, 

7423 

with minerals orał solution, oil- and water- 
soluble, 7361 

with minerals orał solution, water-soluble, 
7443 

with minerals tablets, oil- and water- 
soluble, 7375 

with minerals tablets, water-soluble, 7451 
with minerals capsules, oil-solubie, 7265 
with minerals orał solution, oil-soluble, 
7275 

with minerals tablets, oil-soluble, 7280 
orał solution, oil-soluble, 7255 
orał solution, oil- and water-soluble, 7309 
tablets, otf-solubfe, 7258 
tablets, oil- and water-soluble, 7318 
tablets, water-soluble, 7412 
Volumetric 
apparatus (31), 110 
Solutions, 2423 
Voriconazole, 6708 
Vonconazofe compounded, yeterinary 
ophthalmic solution, 6710 


W 

Warfarfn sodium, 6712 
for injection, 6714 
tablets, 6715 
Washed sand, 2405 


Water 

Water, 2405 

Ammonia, stronger, 2332, 2395, 2412 
Ammonia, 25 percent, 2332 
Ammonla-free, 2405 
Carbon dioxide-free, 2405 
CetyItrimethylammonium chloride, 25 
percent in, 2345 
conductMty (645), 523 
Deaerated, 2405 
determination (921), 815 
Deuterated, 2350 

D-Cluconic acid, 50 percent in, 2361 

for hemodialysts, 6717 

for hemodiaiysis appiications (1230), 1851 

Hydrazine hydrate, 85% in, 2363 

for Inhalalion, stenie, 6718 

for injection, 6717 

for injection, bacteriostatic, 6717 

for injection, sterile, 6718 

for irrigation, sterile, 6718 

Methylamine, 40 percent in, 2371 

organic-free, 2405 

partlde-free, 2405 

Peppermint, 7797 

for pharmaceuticaJ purposes (1231), 1852 
Pure steam, 6719 
Purlfied, 6719 
Purified, sterile, 6719 
Rosę, ointment, 6079 
Rosę, stronger, 7866 
solid interactions in pharmaceuticai 
Systems (1241), 1966 
Soluble yitamins capsules, 7400 
Soluble yitamins with minerals capsules, 
7423 

Soluble yitamins with minerals orał 
solution, 7443 

Soluble yitamins with minerals tablets, 

7451 

Soluble yitamins tablets, 7412 
Stronger ammonia, 2395 
Vapor delector lube, 2405 
Vitamrns capsules, and oil-sofuble, 7290 
Vitamins with minerals capsules, and oil- 
soluble, 7336 

VHamim with minerals orał solution, and 
oil-soluble, 7361 

Vitamins with minerals tablets, and oil- 
soluble, 7375 

yitamins orał soJution, and oil-soluble, 

7309 

Yitamins tablets, and oil-soluble, 7318 


Wax 

camauba, 7962 
emulsifying, 7963 
microcrys tal linę, 7963 
white, 7964 
yellow, 7964 

Weighing on an analytical ba lance (1251), 
1970 
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Weigh-Zonis 1-71 


Weight variation of dietary supplements 
(2091), 2277 
Wheat 
bran, 6720 
stare h, 7928 
Witch hazel, 672T 

Wound matrfr smali intestinal submutosa, 
6120 

Wrighl'5 stain, 2405 
Written prescription dryg information— 
guidelmes (1265), 1976 


X 


Xanthan gum, 7965 
solution, 7966 
Xanthine, 2405 
Xanthydrof, 2405 
Xenon Xe 127, 6722 
Xenon Xe 133, 6722 
injection, 6722 

X-ray fluorescence spectrom et ry (735), 615 
X-ray fluorescence spectrometry—theory and 
practtce (1735), 2074 
Xyfazme, 6723 
hydrochloride, 6724 
injection, 6725 
Xylene, 2405 
m-Xy!ene, 2405 
o-Xylene, 2405 
p-Xylen e, 2406 
Xylene cyanole FF, 2406 
Kylenol orange, 2408 
TS, 2423 
Xylitol, 7966 

Xylometazo]ine hydrochloride, 6726 
nasal solution, 6726 
Xylose, 2406, 6727 


¥ 

Yeast extract, 2406 
YelJow mercuric oxlde, 2406 
Yohimbine 
hydrochloride, 6729 
injection, 6729 

Yttrbm Y 90 ibritumomab tiuxetan 
injection, 6730 


orał solution, 6741 
tablets, 6743 
Zileuton, 6744 
Zrnc, 2406 
acetale, 2406, 6746 
acetate orał sol l tron, 6747 
aclivated, 2406 
amalgam, 2406 
carbonate, 6747 
chbride, 6748 

chbride, anhydrous, powdered, 2406 

chbride injection, 6749 

dtrate, 7473 

citrate tablets, 7474 

determination (591), 471 

gluconate, 6750 

gluconate tablets, 6751 

oxide, 6752 

oxide neutral, 6753 

oxide ointment, 6754 

oxide pastę, 6754 

oxide and sallcylic acid pastę, 6754 

stearate, 6755 

sulfate, 6756 

sulfate heptahydrate, 2406 
suifate injection, 6756 
sulfate ophthalmic solution, 6757 
sulfate oraE solution, 6757 
sulfate tablets, 6758 
sulfate, twentieth-moiar (0.05 M), 2436 
sulfide to pica! suspenston, 6758 
undecylenate, 6758 
uranyl acetate TS, 2423 
and vitamin C Iczenges, 7475 
Zrnc sulfate 
0.1 M VS, 2436 

Ziprasidone hydrochloride, 6759 
Zireonyl 
nitra te, 2406 
Zolazepam 
hydrochloride, 6762 
and tjletamine for injection, 6475 
Zolmitriptan, 6762 
tablets, 6764 

orally disintegrating tablets, 6766 
Zolpldem tartrate, 6768 
tablets, 6769 

extended-reiease tablets, 6771 
Zonisamide, 6775 
capsules, 6776 
Zonisamide compounded 
oraf suspension, 677 8 


Z 

Zalcitabtne, 6732 
tablets, 6733 
Zaleplon, 6733 
capsules, 6735 
Zanamivir, 6737 
meso-Zeaxanthin, 7470 
preparatlon, 7471 
Zein, 7967 
Zidovudine, 6738 
capsules, 6739 
injection, 6740 
and lamrvudine tablets, 4769 
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